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Abstract: Air is necessary for human survival and the preservation of the
environment. The scientific community is concerned about the ongoing
rapid expansion of the population, which uses resources faster, and thus
the accumulation of an enormous amount of waste will gradually worsen
the air quality. The change in the pollutants released in the atmosphere
became more complex throughout human history, and they were
released in huge quantities. The sources of air pollution vary greatly -
from burning fuel, the household, agricultural or mining activities to
natural disasters or significant industrial accidents. New techniques that
monitor the air composition are being developed to ensure air quality
control. The population exposed to these harmful compounds is
predisposed to various health concerns, including skin, cardiovascular,
brain, blood, and lung illnesses. The substances also contribute to global
warming, acid rains and ozone depletion. During the COVID-19 pandemic,
it was noticed that reducing human activities causing pollution leads to
improved air quality, which shows that long-term solutions can also be
found. This paper aims to offer an overview of the air pollution problems
persisting around the globe and present the current state, causes and
evolution of air pollution. Some of the solutions we propose in this article
include energy-saving, public transportation and material recycling. We
also emphasize the need to develop new technologies to control the air
quality and implement a sustainable approach.
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The air quality and the view of the scientific community

In recent years the topic of air pollution has been brought more into
discussion by scientific community. It becomes evident that the ability of the
environment to purify itself does not cope with the amount of pollution caused
by human activity (Tan et al, 2021). The poor quality of air is felt in most cities,
where there are multiple sources of pollution (Fig. 1), and the Global Burden of
Death claimed in 2017 that air pollution caused 4.9 million deaths (Tan et al,
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Figure 1. Sources of air pollution

Energy consumption has grown significantly due to urbanization and
intense human activity in cities (Lin and Zhu, 2018). Overpopulation has led to
a high concentration of pollutants (Hood et al, 2018). Rapid population
expansion, car ownership, solid fuels, and inadequate waste management
practices have contributed to the degradation of air quality in cities, especially
in developing countries (Amegah and Agyei-Mensah, 2016). In addition to the
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increase in global temperature, there are other existing problems due to air
pollution, such as changes in precipitation (Stohl et al, 2015), increased rate of
acid rains (Grennfelt et al, 2020), and ozone depletion (Barnes et al, 2019).
Because of the energy structure stored in coal and fossil fuels, pollutants such
as carbon dioxide, sulfur dioxide, particulate matter, nitrogen oxide, and dioxide
are produced (Stohl et al,, 2015; Lin and Zhu, 2018). Air quality monitoring can
help provide the data to develop a response to the problem of air pollution and
reduce the disease rate attributable to air pollution (Amegah and Agyei-
Mensah, 2016). Society has begun to be aware of the risks of air pollution, and
research is promoted to develop methods of quantifying different pollutants
(Baietal, 2018). To reduce and fight global air pollution in recent years several
measures have been initiated, such as accelerating the deployment of low-carbon,
climate-resilient infrastructure that is critical not only for achieving climate targets
but also for guaranteeing long-term development and equitable economic growth
(Afrifa et al, 2020). Studies to estimate the level of pollution and examine its
impacts on the humans would help scientists to develop techniques for improving
and maintaining air quality (Bai et al,, 2018).

Air pollution over time

Air pollution is closely tied to citizens' daily lives, habits, and behaviours.
History has demonstrated that the public's ability to tolerate air pollution in
urban environments results from a complex and changing inter-relationship
between political, financial and social decisions (Charlesworth, 2019). Air
pollution occurred long before the industrial revolution, approximately 1760,
but it started having a significant impact on the atmosphere, population and
environment once the industrial revolution began in the 19th century
(Meetham et al, 2016). Some claim that the process of air pollution started once
humans started burning fuels. This single act alone would lead to emissions of
different chemical gases in the atmosphere that would alter its composition
(Daly and Zannetti, 2007). The evolution of pollution over time can be
separated into three periods: The Pre Industrial Era, The Age of Smoke, and The
Era of Invisible Threats. In the Pre Industrial Era, smoke generated in
households and small manufacturing works (potteries, smelting furnaces, wood
and charcoal burning) and the use of coal had a considerable impact on the air
quality in the cities (Mosley, 2014). The Age of Smoke represented the period
between the years 1780-1950. The rapid increase of coal usage has generated
an increase in air pollutants that considerably damaged the air quality in urban
areas in different parts of the world (Germany, The United Kingdom, and The
United States). Smokestacks generated by the furnaces of the factories in
important industrial cities substantially helped the spread of pollutants in the
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air in the 19t and early 20t centuries (Mosley, 2014). The Era of Invisible
Threats started in the 1950s and is ongoing. While the coal-based pollution
decreased, new concerns arose from the Alkali industry and the accelerating
use of cars which generated emissions of SO, NO, CO2 (Mosley, 2014). These
gases are responsible for acid rains that negatively impact agriculture, interact
with the sunlight, and form a photochemical ozone smog that can seriously
affect the inhabitants (Rawate, 1980; Dickerson et al, 1997; Tiwary et al, 2018).

Sources of air pollution

Burning fossil fuels

Globally, the primary source of air pollution is burning fossil fuels such as
coal, oil, gasoline, diesel fuel, and natural gas, which has major importance in
several industries, such as transportation, heating, and electricity production
(Perera, 2018). Around 80% of the energy generated by humans stems from
fossil fuels, which shows that humankind highly depends on them. The
combustion of non-renewable fossil fuels generates air pollutants such as
volatile organic compounds, sulfur and nitrogen oxides and black carbon, CO,
CHy, nitrous oxide, CO and hydrocarbons. These gases and compounds alone
can cause severe air pollution, but they can also transform into secondary air
pollutants such as ozone and airborne particulate matter that form the
photochemical smog (Armaroli and Balzani, 2011). Global warming and the
greenhouse effect are the most critical consequences caused by these
compounds in the atmosphere. Ever since humans started burning fossil fuels,
the concentration of CO; in the atmosphere has increased by 25%, leading to
the combustion of fossil fuels and being responsible for almost 65% of the
global greenhouse gas emissions, which has become a severe and alarming
issue that our planet is dealing with (Casper, 2010; Covert et al., 2016).

Agricultural activities

Agriculture is a substantial source of greenhouse gases (GHG),
contributing to poor air quality and causing climate change (Wollenberg et al,
2016). Agriculture is estimated to be responsible for 30% of anthropogenic
GHG emissions (Tubiello et al, 2013). Agriculture-related emissions are
expected to rise in the coming years as the world's population grows, posing a
threat to the environment (Wollenberg et al, 2016). Ruminant animals are the
largest source of agricultural emissions, producing CO2, methane, N,0 through
enteric fermentation (Nayak et al, 2015). Cattle, in particular, are responsible
for more than 60% of farm animal emissions (McAllister et al.,, 2011; Tubiello
et al, 2013). Manure from farm animals is a significant contributor to GHG
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emissions (McAllister et al, 2011; Tubiello et al, 2013). Another significant
source of agricultural air pollution is synthetic fertilizer, which emits harmful
substances into the atmosphere, and rice cultivation, which produces a significant
amount of CO; during the growth process (Tubiello et al., 2013). Farmers have
alimited time between harvests to remove straws and agricultural waste. Burning
is a popular method for crop residue removal because it cleans the field faster
and is less expensive than other methods. These practices are responsible for
emitting up to 50% of total PM10 (the amount of particles that are smaller than
10 pm in diameter) concentrations in China's agricultural regions (Shi et al,
2014). Agricultural fires emit various hazardous gases, including CO, NH3, NOx,
N0, SOz, and hydrocarbons (Bray et al, 2019). Only in Romania this year, in
March 2022, it was estimated that 20.000 hectares of land were set on fire (Fig. 2),
of which 1.000 were forested, where the fire got out of control (Europa Libera
Romania, 2022).

Mining activities

Opencast mining is the most common type of mining operation, and it is
known to contribute to air pollution due to dust from haul and transport routes,
which are regarded as an essential source of air pollution (Ghose and Majee,
2000; Mandal et al,, 2012). Furthermore, because they rely on fossil fuels and
coal to generate electricity, several countries use opencast surface mining,

Figure 2. Agricultural fires out of control, Romania, 2022
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which adds the benefit of increasing coal output (Ghose and Majee, 2001). As a
result of these circumstances, opencast mining is being used more frequently,
resulting in the release of a significant amount of dust (suspended and
respirable particles) as well as other gaseous pollutants into the atmosphere
(emissions from vehicles) (Mandal et al, 2012). As a result, the collected coal
dust from opencast mining would pollute the air, affecting the flora and wildlife
in and around the mining sites and posing serious health risks (Pandey et al.,
2014; Nayak and Chowdhury, 2018). For example, several studies have shown
that mining activities (particularly those involving the extraction of minerals
such as coal) negatively influence people in southern Brazil (Honscha et al,
2022). Another example is copper mining in Iran (specifically, the Arasbaran
forest region), which was discovered to negatively influence the region's
wildlife after extensive research (Khazini et al, 2022).

Home activities

Domestic activities are responsible for at least sixty sources of air
pollution worldwide (Pluschke and Schleibinger, 2018). Among them, indoor
tobacco smoking counts along with construction materials and the fuel used for
cooking, heating, and lighting (Hu et al, 2014). Different methods of cooking:
stir-frying, deep or shallow frying and grilling have different emission levels of
particulate matter (Pluschke and Schleibinger, 2018). The control of the
temperature may require heating and cooling of the house. Poor ventilation
caused by preventing the air that is temperature-controlled from escaping the
closed environment inside the house is the main cause that leads to the
accumulation of pollutants inside it (Hu et al, 2014). Chemical repellents are
used for mosquito control, which has become a burning need because of the
high mortality rates caused by mosquito-borne illnesses (Hu et al, 2014). The
most commonly used repellent is the mosquito coil. Other examples include
vaporizers, sprays and ointments that can irritate the airway mucosa due to the
production of gaseous air pollutants. A study identified the volatile organic
compounds from air fresheners, laundry and personal care products, and
cleaning agents, and it identified 156 volatile organic compounds, of which at
least 42 are toxic or hazardous to human health (Apte and Salvia, 2016). The
main volatile organic compounds found indoors are benzene, formaldehyde,
dichloromethane, styrene, acrolein, naphthalene and d-limonene. It has been
found that some of them (benzene, formaldehyde, dichloromethane) may
represent a real threat to human health due to their carcinogenicity, as they can
contribute to several types of cancer, such as leukaemia, lymphoma, kidney and
liver cancer (Dimitroulopoulou et al, 2015; Tsai, 2018). Also, paints and
varnishes used in household activities spread considerable amounts of volatile
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organic compounds (Apte and Salvia, 2016). Carcinogens such as benzopyrene
and particulate matter, carbon monoxide, nitrogen dioxide, sulfur oxides are
emanated by biomass and coal smoke, which constitute hazards for human
health (Ezzati and Kammen, 2002). Among some human activities that cause air
pollution, burning wood also counts because people in semi-rural and urban
areas burn wood during winters to keep their households warm. The gas
kitchen stoves release nitrogen dioxide, a highly reactive gas. A potent oxidizing
agent by nature, nitrogen dioxide reacts with the oxygen and moisture in the air
to form toxic nitrates and nitric acid. The refrigerators use ozone-depleting
aerosol sprays to condition and modulate room temperature (Apte and Salvia,
2016).

Disasters

A disaster may be a hazard leading to a significant impact on the
environment as well as physical damage and loss of life. Many disasters can
cause air pollution and the other way around. Here it is elaborated on major
pollution caused by earthquakes, eruptions, tsunamis, wars and fire accidents
that occur worldwide at different magnitudes (Chandrappa and Kulshrestha,
2015; Knap and Rusyn, 2016). Disasters like earthquakes, wars and volcanic
eruptions disturb the air quality within airsheds for a long or short period.
Therefore, releasing a large concentration of pollutants may result in an
unpredicted impact, as witnessed in the release of toxic gases in industrial
accidents (Chandrappa and Kulshrestha, 2015). The most noteworthy air
pollution episodes are: in the Meuse Valley, Belgium episode in 1930, where,
due to temperature inversion in the valley, the concentration of pollutants
emitted from industries along the narrow valley increased considerable and led
to the death of about 60 and sickness of 6.000 people in valley (Nemery et al,
2001). Another episode occurred in London, UK in 1952, where the widespread
burning of high-sulfur coal caused a dense smog. This event is known in history
as The Great Smog of London (Polivka, 2018). Extreme air pollution occurred
in 1997 in Sumatra and Indonesian Borneo due to the massive burning of
vegetation and peat for soil cleaning, and it was intensified by an El Nino climate
event (McDonald and Horwell, 2020). Bhopal, India in 1984, Chernobyl, Ukraine
in 1986 and the Fukushima Daiichi, Japan nuclear disaster in 2011 are other
significative events witch led to air pollution. (McDonald and Horwell, 2020).
Wildfires can affect the air quality for thousands of kilometres. Aside from the
smoke, which contains unburned charcoal particles, the emission of carbon
monoxide, ash participles, methyl chloride, methyl bromide, polynuclear
aromatic hydrocarbons, aldehydes, and volatile organic compounds (VOCs)
also affect the air quality (Sapkota et al, 2005). Tsunamis are a sequence of
water waves caused by the movement of a significant amount of water in a body
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of water, and the effect on air pollution depends on the activities in the tsunami-
affected area. In 2011, the nuclear accident at the Fukushima Nuclear Power
Plant resulted in the collapse of three of the plant's nuclear reactors after the
plant was struck by a tsunami triggered by the Tohoku earthquake. The disaster
resulted in the release of large amounts of radioactive materials, making it the
second-largest nuclear disaster after Chernobyl (Chino et al, 2011). Human errors,
negligence and even intentions could cause hazards named anthropogenic
disasters, such as the industrial disaster at Bhopal in 1984 at the Union Carbide
India Limited, where more than 500.000 people were exposed to methyl
isocyanate (MIC). Many major wars in history had severe effects on air quality
(Chandrappa and Kulshrestha, 2015). The largest contemporary military attack
on a European state, Russia's invasion of Ukraine, is having a major impact on
local air quality due to massive troop movements and the destruction of over
1800 buildings (according to Reuters - as of March 2022) in many large
Ukrainian cities such as Odessa, Kiev, and Mariupol. A major threat is the possible
attacks on existing nuclear power plants in Ukraine, along with the threat posed
by nuclear bombs from Russia's arsenal (The Guardian, 2022).

Monitoring of air pollution

Methods for measuring air pollutants

Over the past half-century, developed countries monitored concentrations
of the primary pollutants known to damage health and destroy the environment.
They focused on the most populated areas to assess daily, monthly or annual
concentrations. Although greater spatial and temporal assessment of the
pollution was desired, the costs of acquiring and operating sufficiently robust
and accurate instruments are not feasible from an economic point of view. The
motivation to develop cheap, responsive air quality monitoring devices that can
be deployed in large numbers in specific areas can provide enough data to
obtain the expected air quality resolution. Indeed, over the last decade, many
researchers, entrepreneurs and manufacturers have been pursuing the
development, implementation and evaluation of lower-cost devices measuring
air pollution (Cross et al, 2017). Two main methods are used in assessing the
degree of air pollution: an analytical method based on using sensors for measuring
the chemical and physical properties of the air (Michulec et al, 2005), and a
relatively new technology that uses living systems such as microorganisms to
measure the concentration of contaminants in the atmosphere (Gavrilescu et al,
2015). The analytical methods resort to techniques that can measure more
precise concentrations of pollutants. The applied analytic approaches can be
chosen regarding the volatility of the air contaminant (Michulec et al, 2005).
These techniques are sensor-based systems that monitor the pollutants such as
NOx, O3, SO, CO (Lewis et al, 2016). These consist of a sensor element that can
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detect, interact and measure the pollutants, a transducer that transforms the
sensor's response into an electrical signal, and a device that stores and displays
the data (Snyder et al, 2013). The primary type of sensors that are used for
measuring the air quality is those that detect and measure the interaction
between the sensor material and compound of interest, or the photometrical
method that can display the absorption or emission of light (Michulec et al,
2005; Snyder et al, 2013). The analytic method implies using an electrochemical
cell and metal oxide semiconductors, and the photometrical method resorts to
instruments that measure the non-dispersive infrared absorption and ultraviolet
absorption (Snyder et al, 2013). The sensors are desired to become more
accessible and easier to use for most people because, in this case, every person can
monitor the quality of air around the location they live in and contribute to a
more extensive database regarding the situation of pollution (Sun et al, 2016).

Biosensors represent one specific sensor that gained attention over the
past years. Biosensors are instruments capable of detecting analytes by using a
biological pathway or system (Nigam and Shukla, 2015). These consist of the
following components: a recognition element of biological nature (genetically
modified microorganisms, antibodies, proteins, DNA fragments, enzymes), a
transducer or detector (optical, electrochemical, piezoelectrical, thermal or
calorimetric) and a signal processing system (Fig. 3) (Salgado et al, 2011).

This method is accessible and low cost, given that microorganisms have
arapid growth rate and can quickly adapt to any living conditions. The bacterial
systems can also be engineered to detect a specific kind of air pollutant, making
this method highly efficient in monitoring the air quality. Enzymes isolated from
microorganisms can also be incorporated into the sensors for more precise
assessment. Furthermore, these devices are quite small and can be easily installed
in different areas to monitor air pollution. They can detect air contaminants
instantly, without preparing a sample or separating the analyte from its matrix.
One major disadvantage would be that biosensors are usually designed only to
recognize one pollutant per biosensor (Nigam and Shukla, 2015).
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Figure 3. Elements of a biosensor
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Health and environmental effects

Human health problems (direct and indirect)

The increasing concern about the consequences of air pollution led to
more research on the subject. Epidemiological studies have shown a direct
correlation between decreased lung function, cardiovascular disease, increased
hospital admissions, mortality and concentrations of pollutants in the air (Kelly,
2003). One of the most disquieting outcomes of air pollution is the negative impact
on pregnant women, newborns and children, considered more vulnerable
(Vizcaino et al, 2016; Mannucci and Franchini, 2017). Numerous studies show that
exposure to polluted air may cause miscarriages, reduce women's fertility, or
trigger health problems in newborns due to mother transmission of pollutants
(Vizcaino et al, 2016). The respiratory system is also heavily affected.
Irritations of the respiratory tract and damaged alveoli are common health
issues triggered by air pollution (Kampa and Castanas, 2008; Mannucci and
Franchini, 2017). Cardiovascular disease is caused mainly by carbon monoxide
that binds to haemoglobin, reducing the capacity to transfer oxygen and
diminishing the transfer of oxygen in the organism (Kampa and Castanas,
2008). Dioxins and heavy metals are dangerous pollutants that can induce
neuropathies and damage the kidney or liver cell affection (Kampa and
Castanas, 2008). PAH (polycyclic aromatic hydrocarbons) are strongly genotoxic
and carcinogenic and are found in high concentrations in the air of urban areas
(Singh et al,, 2007). Air pollution also causes atherosclerosis in long exposure
(Kinzli et al, 2011). More research is still in process to increase the knowledge
regarding the interaction between air pollution and the human body. Effective
methods to prevent such health problems are also being investigated (West et al,
2016).

Global warming

Air quality has become a severe concern in many industrialized countries
and a growing one for the rest of the globe due to the enormous increase in
emissions pollutants due to economic and industrial expansion (D'Amato et al.,
2016). Owing to the growing relevance of air quality, many scientists have
begun to link air pollution to global warming (Manisalidis et al, 2020), as the
climate is an important factor that may affect air quality (Orruetal, 2017). High
quantities of greenhouse gases, such as CO2, methane, tropospheric ozone, and
aerosols, build up in the Earth's atmosphere and influence the amount of solar
radiation received, which can contribute to climate change and global warming
(D'Amato et al, 2016; Orru et al, 2017; Manisalidis et al, 2020). As a result,
climate change is predicted to worsen air quality, and because the quantity of
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solar energy we receive is reduced, the temperature of the Earth is rising, which
may result in melting ice and an increase in the prevalence of diseases in many
modern populations (Gibson, 2015; Orru et al., 2017; Manisalidis et al,, 2020).
Therefore, it seems to be likely that climate change may impact air pollution
exposure through modifying weather patterns, human-caused air pollution
levels, and biogenic emissions, as well as the type and distribution of allergens
released into the air (Bernard et al, 2001; Orru et al, 2017).

Acid rains

Acid rain refers to the atmospheric deposition of acidic constituents that
impact the Earth in the rain, snow, particulates, gases, and vapour (Burns et al.,
2016). That was one of the most critical environmental issues during the last
decades of the twentieth century and the largest environmental threat (Grennfelt
etal, 2020).

Coal is a source that contains the substances necessary for the formation
of acid rain. It is currently the largest energy source on Earth, used in electricity
generation. The main components of coal are carbon, sulfur, oxygen, hydrogen,
small compounds of nitrogen. After combustion, these react with oxygen and
produce carbon dioxide and monoxide, sulfur dioxide and trioxide, nitrogen
dioxide and nitric oxide, forming acid rains. The emission of the gases has been
directly and indirectly correlated with skin, cardiovascular, brain, blood and
lung diseases and different types of cancers (Munawer, 2018). Furthermore,
acid rains negatively affect soil fertility and the normal functioning of plants at
all stages of growth and development by acidifying the soil and surface water,
depositing on leaves and changing the symbiotic microbial community (Xalxo
and Sahu, 2017). Marine life is also affected by harming the food chain and
interferential acid and oxygen circulation, damaging the gills and causing heart
problems in fish (Shammas et al,, 2020).

Ozone depletion

Ozone depletion has a significant impact on environmental climate
change. These changes harm the environment and the globe's population by
affecting human health, fauna, and crops (Barnes et al, 2019). It can lead to
higher exposure to UV radiation since stratospheric ozone is known to absorb
considerable amounts of UV radiation. This type of radiation triggers various
problems, such as photo-ageing, skin cancer, cataracts and photosensitivity
disorder (Lucas et al, 2015; Barnes et al, 2019). Despite past worries about the
harmful effects of UV-B radiation on global plant production due to stratospheric
ozone loss, this radiation is an energetic driver of a wide variety of plant responses.
Rapid advancements across a variety of organizational scales indicate that
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essential plant responses to UV-B radiation, such as alterations in secondary
metabolism, improved photoprotection, up-regulation of the antioxidative
response, and changed pest and disease attack resistance, could be exploitable
in the sense of a sustainable contribution to the strengthening of global food
supply (Wargent and Jordan, 2013). In low concentrations, it favours vitamin D
synthesis, which is beneficial for human health (Lucas et al, 2015; Barnes et al,
2019).

The effects of the COVID-19 pandemic on air quality

The COVID-19 pandemic that has led to nationwide lockdowns has had a
massive impact on everyday life by challenging the healthcare system, forcing
businesses to close down, limiting transportation and halting international
travel (Berman and Ebisu, 2020). As a result, lower air pollutants such as CO2,
CO, SO2, NO2, particulate matter (PM), ozone and other volatile organic
compounds (VOCs) have been registered. Daily human activities such as
burning fossil fuels, car emissions, biomass burning, and other industrial
processes are the main sources of these air pollutants in the atmosphere, thus
the most logical assumption would be that halting activities would decrease
these compounds in the atmosphere. This hypothesis has been confirmed by
several studies which tracked the decline of most air pollutants in the
atmosphere since the outbreak of the COVID-19 pandemic (Ghahremanloo et
al, 2021). In addition, countries like China, USA, and several European cities
have registered a significant drop in nitrogen dioxide and other air pollutants
compared to data collected in early 2020 and previous years (Berman and
Ebisu, 2020). Moreover, research data provided by Le Quéré et al (2020)
suggests that the daily global emissions of CO2 have decreased by -17% since
the beginning of the lockdowns in march 2020 compared to CO2 emissions
registered in 2019. Interesting but not surprising is that the emissions of air
pollutants have drastically decreased in the regions that were epicentres of the
COVID-19 pandemic, such as China, Italy, Spain, and USA, where down to 30%
were registered (Barua and Nath, 2021).

Solutions for remediation of air quality

Energy saving

Energy saving is viewed as a favourable solution to reduce air pollution
by developing new technologies that can operate with a smaller quantity of
energy and resources. One aspect of lifestyle that can reduce the amount of
energy is to create buildings design that can optimize the use of sunlight. For
example, using atrium is shown to save energy and decrease carbon footprint
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(Sher et al, 2019). Furthermore, natural ventilation can save energy as well. A
better natural ventilation strategy in buildings can reduce energy consumption
(Tong et al, 2016). The development of automated vehicles could also
contribute to energy saving by using advanced sensors that analyse and interact
with other automated vehicles offering the most economical driving (Vahidi
and Sciarretta, 2018). However, the best method to reduce air pollution by
energy-saving is implementing new technology in a big factory that optimizes
energy use and introduces a law regulating emission (Zhang et al,, 2018).

Material recycling

Recycling is the process of converting waste into new products. This
process reduces fresh raw materials consumption, the use of energy, air and
water pollution and the emission of greenhouse gases (Banerjee, 2015).
Particles, sulfur dioxide, nitrogen oxides, ozone, carbon monoxide, volatile
organic compounds (VOCs) and polycyclic aromatic hydrocarbons (PAHs) are
among the most important pollutants of outdoor air results from zootechnical
farms, burning fossil fuels, wood, factories, and others. (Saxena and Naik, 2018;
Domingo and Rovira, 2020). Reducing the amount of waste sent to sites and
burners would significantly improve the air quality. Some researchers found
that methods such as collection types, curbing, dropping, a single strike, or pay-
as-you-throw (PAYT) impact the success of a recycling program. Increased
service departure from the PAYT system in municipalities could improve air
quality (Giovanis, 2014).

Use of public transport

In populated urban areas, the main contributor to air pollution is heavy
traffic, leading to vehicular emissions (Sun et al, 2019). Several studies outline
that pollution stemming from motor vehicles in urban areas increases rapidly
and represents a considerable percentage of the total pollution in cities (Pan et
al, 2016). Different solutions are being implemented to decrease the high level
of pollution caused by the car traffic. One effective method is the investment
and promotion of public transport infrastructures. A plethora of studies and
evidence prove that establishing and expanding a public transport system
significantly reduces CO, and NOx (nitrogen oxides) emissions generated by
cars (Sun et al, 2019). In cities such as Taipei, Mexico City and urban areas in
China, the implementation of a public transport system has shown to actively
contribute to the decrease of the pollution generated by car emissions (Chen
and Whalley, 2012; Bel and Holst, 2018, Sun et al, 2019). Further research
conducted in London suggests that the active use of public transport is responsible
for a noticeable decrease in gases such as CO; and NOx concentration in the air of
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urban areas (Ma et al, 2021). Moreover, according to Rojas-Rueda et al. (2012)
replacing cars with public transport in the city of Barcelona, Spain could help
reduce the level of mortality linked to the inhalation of fine particulate matter,
which is released into the atmosphere. CO2 emissions are also estimated to
drop significantly by using means of public transportation, which could lead to
an even lower death rate caused by air pollution (Rojas-Rueda et al, 2012).

Air pollution control technologies

Biofiltration is a technology that allows the control of air pollution. It
implies transforming gases and vapours that can oxidize into mostly innocuous
end products with the help of microorganisms. It was used successfully in many
industries, such as the chemical and food sectors, but further research is needed
to implement this method in other fields to stop air pollution (Janni et al, 2001).
Another effective method for controlling air pollution would be cloth filtering,
which uses baghouses to filter dust particles. These baghouses can filter large
amounts of different dust particles and have a modular design that requires
large floors. Another disadvantage is that it cannot operate in moist
environments or under fire hazards (Cooper and Alely, 2010).

Sustainable approaches

Air pollution is a significant concern in both developed and developing
countries. It is critical to minimize air pollution and raise public consciousness
to create sustainable cities for the future; however, this remains an open challenge
(Kumar et al, 2014). Citizens' science initiatives have been introduced over the
years to track the environment and raise public awareness, but most of these
works are of a contribution type, in which trained researchers design, prepare,
and analyse tasks while citizens participate (Silva and Medes, 2012). By
engaging local communities and stakeholders, citizen science can be used as a
"tool" to increase public awareness of air pollution (Mahajan et al, 2020). Every
citizen can mitigate air pollution through behavioural changes in their lifestyles,
such as reducing energy consumption in transport, households and supplies
(Rickenbacker et al., 2019).

Furthermore, it is well recognized that motor vehicle transportation is
responsible for approximately 70% of all environmental emissions since
exhaust gases are known for being the source of various pollutants (Sofia et al,
2020). As a result, initiatives aimed at improving travel behaviour are critical.
Every resident should take advantage of public transportation such as buses,
trams, metros, and trains as much as possible and travel actively using
alternatives like walking and cycling (Xia et al, 2015). On a global scale, the joint
effort to minimise carbon dioxide emissions will improve air quality. When
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fossil fuels are burned, oxygen combines with hydrogen to produce water or
with carbon to produce carbon dioxide. These reactions release heat, which is
used as energy. Therefore, a significant reduction in carbon dioxide emissions,
together with increased energy efficiency, will contribute to achieving the
energy security goals of countries and regions by encouraging a more efficient,
versatile and diversified energy mix (Ibafiez-Forés et al,, 2013). Society and its
decision-makers, who prioritize various valuable energy goals such as climate
change mitigation, environmental pollution, and energy security, may shape the
future energy system in various directions (Harlan and Ruddell, 2011; Sofia et
al, 2020).

Conclusions

Scientists have addressed the poor air quality topic more frequently in
recent years, especially since the environmental capacity of self-purification
does not cope with the number of pollutants that humans produce. Sources
such as burning fossil fuels, agriculture, mining, household activities, natural
disasters are just a few of the main causes that affect human health and cause
global warming and acid rains. More people are aware that air pollution is a big
problem, and they try to remediate this by energy saving, recycling, using public
transport and finding technologies that control air pollution. Air pollution
monitoring is necessary for environment and population as well. Scientific
research is vital to help the public understand the effects of air pollution and
spread awareness about this topic and its consequences.
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