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ABSTRACT 

Air pollution is one of the biggest problems of our day, not only because it contributes to climate change 

but also because it has a negative effect on public and individual health due to rising morbidity and 

mortality. There are several contaminants that play a significant role in human illness. Particulate 

Matter (PM), which has a varied but extremely small diameter, is one of them. By inhaling it, it damages 

the respiratory and cardiovascular systems, the reproductive and central neurological systems, and 

even causes cancer. Ozone, which protects against UV light in the stratosphere, is detrimental when it is 

present in large quantities below ground level because it also affects the cardiovascular and respiratory 

systems. In addition, air pollutants that are detrimental to people include nitrogen oxide, sulphur 

dioxide, volatile organic compounds (VOCs), dioxins, and polycyclic aromatic hydrocarbons (PAHs). 

High concentrations of carbon monoxide can even result in immediate toxicity when inhaled. 

Depending on the exposure, heavy metals like lead can either cause acute poisoning or chronic 

intoxication when absorbed into the human body. Chronic obstructive pulmonary disease (COPD), 

asthma, bronchiolitis, lung cancer, cardiovascular events, central nervous system dysfunctions, and skin 

illnesses are the primary diseases brought on by the aforementioned drugs. Last but not least, 

environmental pollution-induced climate change has an impact on both natural catastrophes and the 

geographic spread of numerous infectious illnesses. The public must be made aware of the issue, and 

scientific professionals must attack the issue from a variety of angles. National and international 

organisations must confront the rise of this threat and offer viable answers. 

 

1.  Introduction 

Numerous human activities have an impact on the 

environment, which has led to substantial study of how people 

and their physical surrounds interact. The biotic (living things 

and microbes) and abiotic (non-living things) are coupled in 

the environment. (hydrosphere, lithosphere, and atmosphere). 

According to the definition of pollution, it occurs when 

elements that are hazardous to people and other living things 

are released into the environment. Pollutants are toxic solids, 

liquids, or gases that affect our environment and are created in 

greater quantities than usual. 

The air we breathe, the water we drink, and the soil where 

plants grow are all contaminated by human activity, which has 

a negative impact on the environment. The industrial 

revolution was very successful in terms of technology, society, 

and the delivery of many services, but it also brought about the 

generation of large amounts of air pollutants that are dangerous 

to human health. Environmental contamination on a worldwide 

scale is without a doubt seen as a complex international public 

health concern. This significant issue is connected to social, 

economic, legal, and lifestyle choices. Clearly, in our day, 

urbanisation and industrialisation are escalating to 

unprecedented and alarming levels around the world. Given 

that anthropogenic air pollution causes over 9 million deaths 

annually [1], it is one of the greatest global public health risks. 

All of the aforementioned are unquestionably directly 

related to climate change, and if a threat arises, the 

implications might be disastrous for humanity [2]. Multiple 

ecosystems are negatively impacted by climate change and the 

consequences of global warming, leading to challenges with 

food safety, ice and iceberg melting, animal extinction, and 

plant damage [3, 4]. Various health implications of air 

pollution exist. Even on days with little air pollution, 

vulnerable and sensitive people's health might be negatively 

impacted. Chronic obstructive pulmonary disease (COPD), 

coughing, shortness of breath, wheezing, asthma, respiratory 

diseases, and high hospitalisation rates are all strongly 

correlated with short-term exposure to air pollution. (a 

measurement of morbidity). 

Chronic asthma, pulmonary insufficiency, cardiovascular 

illnesses, and cardiovascular mortality are the long-term 

impacts of air pollution. Diabetes appears to be brought on by 

prolonged exposure to air pollution, claims a Swedish cohort 

research [5]. Additionally, it appears that air pollution has a 

number of detrimental health consequences on developing 

humans, including respiratory, cardiovascular, mental, and 

perinatal abnormalities [3], which can result in newborn death 

or chronic disease later in life [6]. 

The higher risk of morbidity and death has been 

recognised in national reports [1]. Studies showing a 

connection between daily ranges of particulate matter (PM) 

concentration and daily mortality were carried out all over the 

world. Climate changes and planetary warming [3] may make 

things worse. Additionally, a rise in hospitalisation (a measure 

of morbidity) has been noted among vulnerable seniors and 
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older people. Due to their ability to enter the most confined 

airways and more readily enter the circulation, fine and 

ultrafine particulate matter appears to be linked to more severe 

diseases [6]. 

People who live in major metropolitan areas are most 

affected by air pollution, which is mostly caused by vehicle 

emissions. Industrial accidents also pose a risk since they 

might disseminate poisonous fog that is lethal to the local 

people. Numerous factors, most notably atmospheric stability 

and wind, affect how pollutants spread [6]. 

Due to overpopulation, unchecked urbanization, and the 

growth of industrialisation, the issue is worse in emerging 

nations [7]. Poor air quality results from this, especially in 

nations with socioeconomic inequalities and a lack of 

knowledge about environmentally sound management 

practises. People are exposed to poor-quality, filthy air at home 

when they utilise fuels like wood fuel or solid fuel for 

household requirements owing to low wages. It is noteworthy 

that three billion people use the aforementioned energy sources 

for cooking and heating on a daily basis [8]. Due to their 

prolonged exposure to indoor air pollution in developing 

nations, the women of the home appear to be at the greatest 

risk for illness development [8, 9]. China is one of the Asian 

nations with the worst air pollution concerns as a result of its 

rapid industrial expansion and overcrowding [10, 11]. Fine 

particles are linked to the lung cancer mortality seen in China 

[12]. As previously mentioned, prolonged exposure has 

negative effects on the cardiovascular system [3, 5].It's 

noteworthy to note that cardiovascular disease has been seen 

more frequently in developed, high-income nations than in 

low-income, emerging nations that are heavily exposed to air 

pollution [13]. In India, when the air quality reaches dangerous 

levels, extreme air pollution has been documented. One of the 

most polluted cities in India is New Delhi. Due to the limited 

visibility brought on by air pollution, flights into and out of 

New Delhi International Airport are frequently cancelled. 

India's rapid industrialisation, urbanization, and surge in 

motorbike use have resulted in pollution in both urban and 

rural regions. Nevertheless, a significant contributor to home 

air pollution in India and Nepal is biomass combustion related 

to demands and practises for cooking and heating [14, 15]. In 

India, there is geographic heterogeneity because various 

climatological regions, populations, and levels of education 

produce varying indoor air quality. For example, north Indian 

states have higher PM 2.5 levels than southern ones (183-214 

µg/m
3
) [16, 17]. This may be due mostly to the frigid 

environment of North Indian regions, where longer stretches at 

home require more heating than they would in the warm 

climate of Southern India.In India, household air pollution is 

linked to serious health impacts, especially in women and 

small children who spend more time indoors. Lung cancer and 

chronic obstructive pulmonary disease (CORD) affect 

predominantly women, whereas acute lower respiratory illness 

affects children under the age of five [18]. 

In December 1952 in London and in 1963 in New York 

City, the number of deaths increased as a result of an 

accumulation of air pollution, particularly sulphur dioxide and 

smoke, reaching 1,500 mg/m
3
 [19]. Based on the monitoring of 

outdoor pollution in six US metropolitan centers, a correlation 

between pollution and mortality has been documented [20]. In 

every instance, it appears that the levels of fine, inhalable, and 

sulphate particles were more closely correlated with mortality 

than the levels of total particulate pollution, aerosol acidity, 

sulphur dioxide, or nitrogen dioxide [20]. 

Additionally, Mexico City and Rio de Janeiro have been 

reported to have exceptionally high pollution levels, followed 

by Milan, Ankara, Melbourne, Tokyo, and Moscow [19]. 

Different types of treatments should definitely be considered, 

depending on the severity of the public health effect. There 

have been reports of success and efficacy in reducing air 

pollution, particularly at the local level. The application of 

adequate technological tools takes into account the emission's 

type, source, and effects on human health and the environment. 

According to Schwela and Köth-Jahr [21], controlling point 

and non-point sources of air pollution is crucial. 

Unquestionably, a thorough emission inventory must list each 

source in a certain location. Topography and meteorology 

should also be taken into account, in addition to the sources 

mentioned above and their nature, as was previously indicated. 

Extrapolation of the evaluation of the control policies and 

procedures from the local to the regional to the global scale is 

common. It is possible for air pollution to spread and move 

from one location to another that is far away. The management 

of air pollutants that have a negative impact on human health 

or the environment's ecology entails bringing them down to 

acceptable levels or perhaps getting rid of them altogether. 

Actions are taken by private and public bodies to ensure the 

quality of the air [22]. The WHO and EPA adopted air quality 

standards and recommendations for the various contaminants 

as a management tool [1, 23]. To identify the problematic 

locations, these criteria must be matched to the emissions 

inventory standards using causal analysis and dispersion 

modelling [24]. Typically, actual measurements and emissions 

modelling are used to create inventories [24]. 

We use the usage of catalytic converters in automobiles as 

an illustration of the source-level control measures here. These 

tools catalyse redox processes to transform the pollutants and 

hazardous gases produced by combustion engines into less 

dangerous pollutants [25]. To lessen traffic congestion during 

rush hour, the usage of private vehicles was restricted in 

Greece by monitoring their licence plates [25]. Collectors and 

closed systems can reduce industrial emissions' air pollution to 

levels below the legal minimums [26]. The economic worth of 

the advantages achieved from suggested programmes must be 

estimated in order to implement current air quality 

improvement techniques. These suggested governmental 

policies, directives, and programmes come with expectations 

that must be upheld. 

For the purpose of setting off planning claims, air quality 

limit values, or AQLVs, are established throughout Europe 

[27]. The national air quality limit values in the USA are 

established by the NAAQS (National Ambient Air Quality 

Standards) [27]. Despite the fact that regulations and directives 

are based on various methods, great progress has been made in 

reducing total emissions and the resulting consequences on 

human health and the environment [27]. The USA establishes 

global geographical air quality criteria according to the severity 

of their air quality problem and records all sources of 

pollutants and their precursors, whereas the European Directive 

identifies geographical areas of risk exposure as 
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monitoring/assessment zones to record the emission sources 

and levels of air pollution [27]. In a similar spirit, monies have 

been used to directly or indirectly finance initiatives relating to 

air quality as well as the necessary technological infrastructure. 

These plans concentrate on a list of datasets from 

environmental planning and air quality awareness programmes. 

In metropolitan locations, it is also possible to apply pollution 

control measures for air emissions from machineries, 

machines, and factories. 

The only way for technological innovation to succeed is if 

it can satisfy societal requirements. In order to facilitate the 

provision of information and assessments and help decision-

makers reach the best judgements possible, technology must 

mirror the practises and processes used by persons involved in 

risk assessment and evaluation. In conclusion, the following 

factors must be taken into account when developing an 

effective air quality control strategy: environmental factors, 

ambient air quality conditions, engineering factors, air 

pollutant characteristics, and finally, financial operating costs 

for technological advancement as well as administrative and 

legal costs. Competitiveness via neoliberal ideals is providing 

an answer to environmental problems when the economic 

aspect is taken into account [22]. 

The deployment of a conversation has been sparked by the 

growth of environmental regulation and technology 

advancement. Different political parties, scientists, the media, 

and governmental and non-governmental organisations now 

have disagreements and grounds of conflict due to 

environmental politics [22]. Actions and movements for radical 

environmental activism have been developed [22]. It is 

frequently investigated if and how the development of new 

information and communication technologies (ICTs) has 

affected social movements including activism and 

communication methods [28]. The phrase "digital activism" 

has been used more often and across a wide range of fields 

since the 1990s [29]. Modern digital technology allow for the 

creation of digital activism on environmental concerns. In 

order to seek change in political and social events, gadgets 

with online capabilities, such as laptops or mobile phones, are 

being employed [30]. 

In the current study, we concentrate on the causes of 

environmental pollution in connection to public health and 

offer some suggestions and interventions that can be of interest 

to lawmakers and decision-makers in the field of 

environmental protection. 

 

2.  Sources of exposure 

The usage of large-scale human activities including autos, 

power plants, combustion engines, and industrial machines is 

recognised to release the bulk of environmental contaminants. 

These activities are carried out on such a vast scale that they 

are by far the biggest sources of air pollution, with vehicles 

thought to be responsible for almost 80% of it today [31]. 

Other human activities, such field cultivation methods, petrol 

stations, fuel tank heaters, and cleaning practices, as well as a 

number of natural sources, like volcanic and soil eruptions, and 

forest fires, are all having a little impact on our environment 

[32].  

The primary factor used to categorise air pollutants is the 

sources of the pollution. Because of this, it is important to note 

the four primary sources, which are as follows: Major sources, 

Area sources, Mobile sources, and Natural sources. 

The chemical and fertiliser industries, metallurgical and 

other industrial plants, power plants, refineries, and 

petrochemicals, as well as municipal incineration, are major 

sources of pollution.  

Domestic cleaning tasks, dry cleaning, print businesses, 

and gas stations are a few indoor area sources. 

Automobiles, cars, trains, planes, and other sorts of 

transportation are examples of mobile sources. 

As previously mentioned, physical catastrophes [33] 

including forest fires, volcanic erosion, dust storms, and 

agricultural burning are included in the category of natural 

causes. 

Nevertheless, several categorization schemes have been 

put forward. Groupings based on the source of the pollution are 

another sort of categorization, as seen in the following 

examples: 

When there are significant amounts of contaminants 

present in the air over extended periods of time, it is considered 

to be polluted. Dispersed particles, hydrocarbons, CO, CO2, 

NO, NO2, SO3, etc. are examples of air pollutants. 

High levels of biological, inorganic, and organic charges 

in water pollution [10] have an impact on the water's quality 

[34, 35]. 

Chemical spills or waste disposal including pesticides, 

heavy metals, or hydrocarbons can lead to soil contamination. 

By contaminating precipitation that falls into water and 

soil settings, air pollution can affect the quality of soil and 

water bodies [34, 36]. Notably, acid precipitation can change 

the chemistry of the soil by impacting plants, cultures, and 

water quality [37]. Additionally, soil acidity favours the 

migration of heavy metals, and as a result, metals are flowing 

into the aquatic ecosystem. It is well known that fish and 

animals are poisoned by heavy metals like aluminium. Since 

soils with low calcium carbonate levels are more vulnerable to 

acid rain, soil quality appears to be significant. Snow and 

particle debris also fall into aquatic bodies in addition to rain 

[36, 38]. 

Finally, pollution is categorised according to the kind of 

origin: 

Nuclear and radioactive pollution is caused by the 

management or disposal of radioactive sewage as well as 

nuclear explosions and accidents that release radioactive and 

nuclear pollutants into the water, air, and land. 

Because they are harmful to the environment, plants, 

animals, and people, radioactive materials have the potential to 

pollute bodies of surface water. Numerous radioactive 

chemicals, including radium and uranium, are known to 

accumulate in the bones and to be carcinogenic [38, 39]. 

Machines, trucks, traffic noises, and musical installations 

all contribute to noise pollution, which is damaging to our 

hearing. 

The term "DALYs" was first used by the World Health 

Organization. The DALYs for an illness or health condition are 

calculated as the product of Years of Life Lost (YLL) from 

population premature mortality and Years Lost due to 

Disability (YLD) from those who have the disease or its effects 

[39]. In Europe, noise pollution and air pollution are the two 

primary contributors to disability adjusted life years lost 
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(DALYs). Studies have been done on the potential connections 

between air pollution and noise and health [40]. The effects of 

ambient noise on cardiovascular disease were shown to be 

independent of air pollution, leading the study to conclude that 

DALYs due to noise were more significant than those 

associated to air pollution [40]. Environmental noise need to be 

considered a separate concern to the public's health [40]. 

Changes in the physical, chemical, or biological 

components of the environment (air masses, temperature, 

climate, etc.) result in environmental pollution. 

By introducing hazardous poisonous compounds or raising 

levels above the usual, pollutants damage our ecosystem. The 

aforementioned sources directly create primary pollutants, 

whereas secondary pollutants are released as byproducts of 

primary pollutants. As previously mentioned, pollutants can be 

both natural and manmade, biodegradable or non-

biodegradable. Additionally, they may have a single source (a 

point source) or several sources that are distributed. 

Different pollutants have different physical and chemical 

characteristics, which explain why they might have different 

levels of toxicity. As an illustration, we argue that because of 

their microscopic size (solid or liquid) in the atmosphere and 

their larger penetration capability, aerosol chemicals [41–43] 

are more dangerous than gaseous compounds. Our respiratory 

system can more easily get rid of gases [41]. Millions of people 

die prematurely each year as a result of these particles, which 

can harm the lungs and even enter the bloodstream [41]. 

Additionally, the generation of secondary organic aerosols 

(SOA) appears to be significantly increased by aerosol acidity, 

while other scientific teams disagree [38]. 
 

3.  Climate and pollution 

Air pollution and climate change are closely related. The 

climate is another element that lowers the standard of our 

planet [44]. Aerosols, methane, black carbon, and tropospheric 

ozone are a few contaminants that have an effect on how much 

sunlight gets into the atmosphere. As a result, the temperature 

of the Earth is increasing, which leads to the melting of 

glaciers, icebergs, and ice. 

Similar to this, climate change will affect the frequency 

and prevalence of both imported and recurrent diseases in 

Europe. The length, timing, and intensity of outbreaks as well 

as the global dispersion of infectious diseases are all 

significantly influenced by climate and weather [45]. 

Mosquito-borne parasitic or viral illnesses are extremely 

climate-sensitive because warming both shortens the 

pathogen's incubation time and changes the vector's geographic 

range. This results in a high frequency of waterborne 

infections, just like how climate change warms water. Malaria, 

cholera, poliomyelitis, and tick-borne encephalitis all seem to 

be making a comeback in Europe as a result of recent 

population movement [46]. 

The spread of infections is connected to natural weather 

disasters like storms, which seem to happen more frequently 

these days [47]. Undernutrition and immune system 

dysregulation are also associated with the emerging diseases 

that are endangering public health [48]. 

As outbreaks of the disease were reported in Italy [49] and 

France [50], the Chikungunya virus "took the aeroplane" from 

the Indian Ocean to Europe. 

Following floods, there appears to have been an upsurge in 

cryptosporidiosis in the Czech Republic and the United 

Kingdom [36, 51]. 

As previously mentioned, aerosol compounds, despite 

their small size, have a significant impact on the climate. Over 

the past 30 years, they have lowered the global temperature by 

scattering a quarter of the sun's rays back into space (the 

albedo phenomenon). 

 

4.  Air pollutants 

The World Health Organization (WHO) provides 

information on six main air pollutants: lead, nitrogen oxides, 

sulphur oxides, ground-level ozone, and particle pollution. 

Groundwater, soil, and air are just a few of the elements of the 

ecosystem that can be severely harmed by air pollution. 

Furthermore, it seriously endangers all living things. In this 

sense, these pollutants are the major subject of our interest 

since they are linked to more serious and broad issues with 

both human health and the environment. A significant 

ecological influence on air pollution is caused by factors such 

as acid rain, global warming, the greenhouse effect, and 

climatic changes [53]. 

 

4.1  Particulate Matter (PM) and health 

Studies that concentrated on either short-term (acute) or 

long-term (chronic) PM exposure have demonstrated a link 

between particulate matter (PM) and unfavourable health 

outcomes. 

Typically, chemical interactions between the various 

pollutants result in the formation of particulate matter (PM) in 

the atmosphere. The size of the particle has a significant 

impact on its penetration [53]. The United States 

Environmental Protection Agency used the term "particulate 

matter" (PM) to refer to these tiny objects [54]. Particulate 

matter (PM) pollution consists of extremely tiny particles with 

dimensions typically 2.5 micrometres and smaller, as well as 

particles with a diameter of 10 micrometres or less, known as 

PM10. 

Tiny liquid or solid droplets included in particulate matter 

can be ingested and have detrimental effects on one's health 

[55]. After inhalation, PM10 particles (<10µm) can penetrate 

the lungs and even enter the bloodstream. Health risks are 

greatest from fine particles, or PM2.5 [6, 56]. 

The consequences of PM on health have been the subject 

of several epidemiological research. Both short-term and long-

term exposures to PM2.5 were found to be positively correlated 

with acute nasopharyngitis [56]. Long-term exposure to PM 

has also been linked to newborn mortality and cardiovascular 

disorders, according to research. 

Due to a lack of spatially resolved daily PM2.5 

concentration data, those studies, which rely on PM2.5 

monitors, are constrained in terms of study region or city area 

and, as a result, are not representative of the full population. 

According to a recent epidemiological study by the Department 

of Environmental Health at the Harvard School of Public 

Health (Boston, MA) [57], an exposure error (Berkson error) 

seems to be produced as PM2.5 concentrations vary spatially, 

and the relative magnitudes of the short- and long-term effects 

are still not fully understood. Based on remote sensing data, the 

researchers created a PM2.5 exposure model to evaluate both 
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short- and long-term human exposures [57]. This model 

enables the assessment of long-term impacts throughout the 

whole population as well as geographic resolution in short-

term effects. 

Additionally, immune system dysfunction and respiratory 

conditions are listed as long-term chronic consequences [58]. It 

is important to note that patients with respiratory and 

cardiovascular problems, diabetes, asthma, pneumonia, and 

other illnesses are more prone to the effects of PM. Since PM2.5 

and PM10 are able to pierce interior spaces, they are closely 

linked to a variety of respiratory system disorders [59, 60]. The 

chemical and physical characteristics of the particles cause 

harmful consequences. Both organic (polycyclic aromatic 

hydrocarbons, dioxins, benzene, and 1-3 butadiene) and 

inorganic (carbon, chlorides, nitrates, sulfates, and metals) 

substances may be found in PM10 and PM2.5 components [55]. 

According to kind and size, PM is separated into four 

major types [61]. 

PM in aerial masses is one type of gas pollutant. 

pollutants such as smog, soot, cigarette smoke, oil smoke, 

fly ash, and cement dust are examples of particulate pollutants. 

Microorganisms (bacteria, viruses, fungus, mold, and 

bacterial spores), cat allergies, household dust and allergens, 

and pollen are all examples of biological contaminants. 

There are several types of dust, such as heavy dust, 

settling dust, and suspended air dust. 

Another fact is that because PM10 and PM2.5 particles are 

so small, their half-lives in the atmosphere are prolonged. This 

allows for their prolonged suspension in the air as well as their 

transfer and spread to far-off locations where people and the 

environment may be exposed to the same level of pollution 

[53]. They have the power to harm forests and crops, alter the 

nitrogen balance in aquatic ecosystems, and acidify bodies of 

water. 

As previously said, PM2.5 are having more severe health 

consequences because to their minute size. The production of 

"haze" in various urban locations is mostly caused by the 

aforementioned tiny particles [12, 13, 61]. 

 

4.2  Ozone impact in the atmosphere 

When oxygen is subjected to a high voltage electric 

discharge, ozone (O3) is created as a gas [62]. It is a powerful 

oxidant that is 52% more potent than chlorine. It develops in 

the stratosphere but might potentially develop as a result of 

photochemical smog chain reactions in the troposphere [63]. 

Ozone may move with air masses and reach locations far 

from its original source [64]. Ozone levels over cities are 

surprisingly low compared to the elevated levels found there, 

which might be damaging for cultures, forests, and plants [65] 

as well as limiting carbon absorption [66]. Ozone's 

antibacterial ability impacts the plant microflora and lowers 

development and yield [47, 48] as well as [67, 68]. In this 

sense, ozone affects other natural ecosystems, affecting the 

species makeup of both microflora [69, 70] and animal species 

[71]. Ozone worsens cellular function and promotes DNA 

damage in epidermal keratinocytes [72]. 

Nitrogen oxides and volatile organic compounds (VOCs) 

released from natural sources and/or as a result of human 

activity combine chemically to form ground-level ozone 

(GLO). 

Inhalation is the typical method of ozone absorption. The 

tear ducts and higher layers of the skin are also impacted by 

ozone [73]. Malondialdehyde production in the upper skin 

layer (epidermis) and vitamin C and E depletion were both 

seen in a research where mice were exposed to high amounts 

of ozone for a brief period of time. Ozone levels are probably 

not affecting the function and integrity of the skin barrier to 

make people more susceptible to skin diseases [74]. 

Inhaled ozone has the ability to reach deep into the lungs 

due to its poor water solubility [75]. 

Ozone's toxic effects have been linked to biochemical, 

morphologic, functional, and immunological diseases in 

metropolitan areas across the world [76]. 

The acute effects of ambient ozone concentrations on 

mortality are the main focus of the European project 

(APHEA2) [77]. Over a three-year period, data on daily ozone 

concentrations and fatality rates were reported from several 

European cities. The number of fatalities per day (0.33%), 

respiratory deaths (1.13%), and cardiovascular deaths (0.45%) 

all increased during the warm season of the year when there 

was a rise in ozone concentration. Wintertime saw no change 

in the situation. 

 

4.3  Carbon monoxide (CO) 

When fossil fuels burn incompletely, carbon monoxide is 

created. An inhalation of carbon monoxide can cause 

poisoning, which manifests as headaches, dizziness, weakness, 

nausea, vomiting, and, in the end, unconsciousness. 

Compared to oxygen, carbon monoxide has a far stronger 

affinity for haemoglobin. In a similar vein, those who are 

exposed to high quantities of carbon monoxide over an 

extended length of time may suffer from severe poisoning. 

Hypoxia, ischemia, and cardiovascular illness are seen as a 

result of the loss of oxygen caused by the competitive binding 

of carbon monoxide. 

The greenhouse gases that are closely linked to climate 

change and global warming are impacted by carbon monoxide. 

The temperature of the soil and water should rise as a result, 

and severe weather or storms may develop [68]. 

However, it has been seen to induce greater plant growth 

in laboratory and field trials [78]. 

 

4.4  Nitrogen oxide (NO2) 

Because it is released by car engines, nitrogen oxide is a 

contaminant associated with traffic [79, 80]. It irritates the 

respiratory system and, when breathed at high concentrations, 

causes respiratory illnesses, coughing, wheezing, dyspnea, 

bronchospasm, and possibly pulmonary edoema. Humans 

appear to experience these negative effects at doses over 0.2 

ppm, whereas T-lymphocytes, namely the CD8+ cells and NK 

cells that form our immunological response, are affected at 

quantities above 2.0 ppm [81].According to reports, chronic 

lung illness may be caused by prolonged exposure to high 

concentrations of nitrogen dioxide. The sense of smell may 

become impaired after prolonged NO2 exposure [81]. 

However, other systems outside the respiratory system 

may be affected, as seen by symptoms including eye, throat, 

and nose discomfort [81]. 

Because high amounts of nitrogen dioxide have been 

shown to lower agricultural production and plant development 
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efficiency, they are harmful to vegetation and crops. 

Additionally, NO2 can deteriorate materials' colours and 

diminish visibility [81]. 

 

4.5  Sulfur dioxide (SO2) 

Sulfur dioxide is a dangerous gas that is mostly released 

after the use of fossil fuels or during industrial processes. 0.03 

ppm is the yearly standard for SO2 [82]. Humans, animals, and 

plants are all impacted. People at risk for harm include 

individuals with lung conditions, the elderly, and young 

children. Respiratory irritation, bronchitis, mucus production, 

and bronchospasm are the main health issues linked to sulphur 

dioxide emissions in industrialised areas because it is a sensory 

irritant and penetrates deep into the lung where it is converted 

to bisulfite and interacts with sensory receptors to cause 

constriction. Additionally, skin redness, eye and mucous 

membrane damage (lacrimation and corneal opacity), and 

aggravation of pre-existing cardiovascular disease have also 

been reported [81]. 

Sulfur dioxide emissions appear to be linked to negative 

environmental impacts such soil acidification and acid rain 

[83]. 

 

4.6  Lead 

Lead is a heavy metal that is employed in a variety of 

industrial settings and released into the environment by some 

petrol motors, batteries, radiators, waste incinerators, and 

waste waters [84]. 

Metals, mining, and piston-engine aircraft are other 

significant contributors of lead pollution in the atmosphere. 

Due to its harmful effects on people, animals, and the 

environment, lead poisoning poses a risk to public health, 

particularly in developing nations. 

Lead exposure can happen by eating, inhalation, or skin 

absorption. Lead has also been observed to be transported 

through the placenta because it may pass through unhindered 

[85]. The toxic effects become more damaging the younger the 

foetus is. The foetal nervous system is impacted by lead 

poisoning, and edoema or brain swelling is seen. When lead is 

breathed, the blood, soft tissue, liver, lungs, bones, 

cardiovascular, neurological, and reproductive systems all 

acquire lead. Adults were also noted to experience muscular 

and joint discomfort, memory loss, and lack of attention [85]. 

Because lead is a neurotoxicant that may cause learning 

impairments, memory loss, hyperactivity, and even mental 

retardation, children and infants are highly vulnerable to it, 

even at very low levels. 

Increased lead levels in the environment are detrimental to 

the development of plants and crops. Animals and vertebrates 

with high lead concentrations have neurological consequences. 

 

4.7  Polycyclic aromatic hydrocarbons (PAHs) 

Since the atmosphere is the primary mechanism of their 

dispersion, PAHs are found everywhere in the environment. 

They are found in sediments of tar and coal. Furthermore, they 

come from the incomplete combustion of organic waste that 

occurs in motor exhaust, incineration, and forest fires. 

Benzopyrene, acenaphthylene, anthracene, and fluoranthene 

are examples of PAH chemicals that are known to be 

poisonous, mutagenic, and carcinogenic. They are a significant 

lung cancer risk factor. 

 

4.8  Volatile organic compounds (VOCs) 

Human cancer has been linked to volatile organic 

chemicals (VOCs) such toluene, benzene, ethylbenzene, and 

xylene. Actually, the usage of new goods and materials has led 

to higher VOC concentrations. VOCs contaminate the air 

within buildings and may be harmful to human health. There 

are both immediate and long-term negative impacts on human 

health. Indoor air odours are caused by VOCs. Long-term 

exposure can result in hazardous effects, while short-term 

exposure has been shown to irritate the eyes, nose, throat, and 

mucous membranes. Complex VOC combinations can have 

effects that are synergistic, antagonistic, or neutral, making it 

difficult to predict how harmful they will be. 

 

4.9  Dioxins 

Dioxins occur from both industrial and natural activities, 

including volcanic eruptions and forest fires. They gather in 

meals like meat, dairy products, fish, and shellfish, but they 

concentrate in particular in the fatty tissue of animals. 

Lesions and black patches on the skin may appear as a 

result of brief exposure to high dioxin concentrations. Long-

term exposure to dioxins can result in cancer, immunological, 

endocrine, and neurological system dysfunction, as well as 

issues with development. 

There is no question that using fossil fuels contributes 

significantly to air pollution. This contamination may be 

caused by humans, such as during transportation or agricultural 

and industrial activities. However, contamination from natural 

sources is also conceivable. It is interesting to note that the 

European Air Quality Directive's criteria for air quality are a 

little less stringent than the harsher WHO recommendations. 

 

5.  Health impacts of air pollution 

Particulates Matter and ground-level ozone are the most 

prevalent air contaminants. (PM). Air pollution may be divided 

into two categories: 

Ambient air pollution is the kind that occurs outside. 

The pollution produced by fuel combustion in homes is 

known as indoor pollution. 

People who are exposed to excessive levels of air pollution 

have illness symptoms and states that range in severity. These 

consequences are divided into those that affect health in the 

short- and long-term. 

Older persons, children, people with diabetes, and those 

who have a history of heart disease or lung illness, particularly 

asthma, are among the vulnerable groups that need to be aware 

of health protective measures. 

The relative magnitudes of the short- and long-term 

impacts have not been fully defined [57] due to the various 

epidemiological techniques and exposure mistakes, as it has 

been widely mentioned earlier, according to a recent 

epidemiological research from the Harvard School of Public 

Health. For more effective evaluation of short- and long-term 

human exposure data, new models are proposed [57]. As a 

result, we include both broad concerns for both types of 

impacts in this section as well as the more frequent short- and 

long-term health consequences, which are frequently 
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influenced by the environment, dosage, and individual 

sensitivity. 

The short-term symptoms are transient and can range from 

minor discomfort, such as irritation of the eyes, nose, skin, and 

throat, to more serious conditions, such as asthma, pneumonia, 

bronchitis, and lung and heart issues. Headaches, nausea, and 

lightheadedness can also result from brief exposure to air 

pollution. 

Extended long-term exposure to the pollutants, which is 

damaging to the neurological, reproductive, and respiratory 

systems and causes cancer and, in rare cases, death, can 

exacerbate these issues. 

The chronic long-term consequences can be fatal, lasting 

for years or your whole life. A variety of malignancies may 

also develop over time due to the toxicity of several air 

contaminants. 

As was already mentioned, breathing in air contaminants 

is strongly linked to respiratory illnesses. Through the airways, 

these contaminants will enter the body and gather in the cells. 

The component of the pollutant involved, as well as its source 

and dose, should be matched to the damage to the target cells. 

The country, region, season, and time all have a significant 

impact on health. In connection to the aforementioned criteria 

as well, prolonged exposure to the pollutant should be 

associated with long-term health impacts. 

Dust, benzene, O3, and particulate matter (PMs) all 

seriously harm the respiratory system. Additionally, there is an 

added danger if a respiratory condition like asthma is already 

present. People with a predisposed illness condition are more 

likely to have long-term repercussions. After an acute exposure 

to contaminants, vocal changes may be seen if the trachea is 

affected. Air pollution may cause chronic obstructive 

pulmonary disease (COPD), which raises morbidity and death. 

The primary causes of COPD risk include the long-term 

impacts of air pollution from industry, transportation, and fuel 

burning. 

After exposure to air pollution, several cardiovascular 

consequences have been seen. Long-term exposure-induced 

changes in blood cells may have an impact on how well the 

heart functions. Long-term exposure to traffic emissions has 

been linked to coronary arteriosclerosis, but short-term 

exposure has been linked to hypertension, stroke, myocardial 

infarctions, and heart failure. According to reports, prolonged 

exposure to nitrogen oxide in humans results in ventricular 

hypertrophy. (NO2). 

After prolonged exposure to air pollution, both adults and 

children have experienced neurological impairments. 

Long-term air pollution appears to be linked to 

psychological issues, autism, retinopathy, foetal development, 

and low birth weight [83]. Although the cause of the 

neurodegenerative illnesses (Parkinson's and Alzheimer's) is 

unknown, prolonged exposure to air pollution is thought to be 

a contributing factor. In particular, food and metals are 

mentioned as etiological variables, along with pesticides. 

Among the factors contributing to the onset of 

neurodegenerative illness include oxidative stress, protein 

aggregation, inflammation, and neuronal mitochondrial 

dysfunction. 

Dogs that had long-term exposure to a severely polluted 

location in Mexico showed signs of brain inflammation. In 

adults, it was discovered that PNC immediately elevated the 

levels of the systemic inflammatory markers IL-6 and 

fibrinogen, which may have caused the creation of acute-phase 

proteins. The neurological abnormalities brought on by long-

term air pollution appear to be a result of oxidative stress and 

atherosclerosis development. Inflammation follows oxidative 

stress and appears to be responsible for numerous organs' 

impaired embryonic maturation. Similar to how other elements 

may have a role in developmental maturity, which determines a 

person's susceptibility to long-term air pollution. These include 

factors including birthweight, mother smoking, genetic make-

up, socioeconomic status, and degree of education. 

Diet, beginning with breastfeeding, is another determining 

element, though. Antioxidants, which are an important 

component of our defence against air pollution, are mostly 

obtained from diet. As free radical scavengers, antioxidants 

prevent free radicals from interacting with one another in the 

brain. Similar to this, a person's genetic background may affect 

how susceptible they are to the oxidative stress pathway [60]. 

For instance, in asthmatic infants homozygous for the GSTM1 

null mutation, antioxidant treatment with vitamins C and E 

appears to modify the impact of ozone [61]. Toll-like receptor 

2 of the innate immune system is stimulated by inflammatory 

cytokines secreted in the periphery, such as respiratory 

epithelia. Mice exposed to ambient Los Angeles (CA, USA) 

particulate matter showed such activation in lung lavage, as 

well as the following events resulting in neurodegeneration 

[61]. After lead exposure in children, neurodevelopmental 

morbidities were seen. These kids exhibited aggressive and 

delinquent conduct, had lower IQs, had trouble in school, and 

were hyperactive. The scientific community has petitioned the 

Centers for Disease Control and Prevention (CDC) to lower the 

existing screening standard of 10 µg/dl because there does not 

appear to be a "safe" level of lead exposure. 

It is crucial to note that poor air quality has an effect on 

the immune system, leading to malfunction and 

neuroinflammation. Nevertheless, elevations in blood levels of 

immunoglobulins (IgA, IgM), as well as C3, are seen. Air 

pollution also affects antigen presentation because it causes 

macrophages to overexpress costimulatory molecules including 

CD80 and CD86. 

As the outermost layer of our bodies, skin serves as a 

protective barrier against ultraviolet radiation (UVR) and other 

contaminants. The contaminants that are associated with 

traffic, such as PAHs, VOCs, oxides, and PM, can lead to 

pigmented lesions on our skin. On the one hand, as was already 

said, when pollutants enter the body through the skin or are 

breathed, organ damage is seen since some of these pollutants 

are mutagenic and carcinogenic, notably affecting the liver and 

lung. On the other hand, in heavily polluted metropolitan areas, 

air pollutants (including those in the troposphere) lessen the 

harmful effects of ultraviolet radiation (UVR). Skin aging, 

psoriasis, acne, urticaria, eczema, and atopic dermatitis may all 

be brought on by air pollutants that are absorbed by human 

skin and are typically brought on by exposure to oxides and 

photochemical smoke. Smoking and PM exposure speed up the 

ageing process of the skin by creating wrinkles, dyschromia, 

and spots. Lastly, skin cancer has been linked to pollution. 

When exposed to the aforementioned risks, foetuses and 

children are found to have higher morbidity rates. There have 
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been reports of autism, low birth weight, and impaired foetal 

development. 

The eye is another external organ that could be impacted. 

Contamination often results from suspended contaminants and 

can cause dry eye syndrome, inflammation, retinopathy, or 

asymptomatic eye damage. 

 

6.  Environmental impacts of air pollution 

Both the environment in which we live and our health are 

being harmed by air pollution. The following are the key 

environmental consequences. 

Acid rain is any precipitation, whether wet (rain, fog, 

snow), dry (particles and gas), or a mixture of both, that 

contains deadly levels of nitric and sulfuric acids. They have 

the power to harm plants and trees, damage plantations and 

structures, and even corrode outdoor statues, constructions, and 

sculptures. 

When tiny particles spread out in the air and lessen the 

atmosphere's transparency, haze is created. Gases released into 

the atmosphere by factories, power plants, cars, and vehicles 

are to blame. 

As was previously mentioned, ozone may be found both at 

ground level and in the upper atmosphere (stratosphere). We 

are shielded from the Sun's dangerous ultraviolet (UV) 

radiation by the ozone in the stratosphere. In contrast, ground-

level ozone is a pollutant and is bad for human health. 

Unfortunately, ozone-depleting compounds slowly harm 

stratospheric ozone. (i.e., chemicals, pesticides, and aerosols). 

When the ozone layer in our stratosphere thins, UV radiation 

can enter our atmosphere and harm crops and human life (for 

example, by causing skin cancer). Ozone enters plants through 

their stomata and causes them to shut, which prevents CO2 

transport and lowers photosynthesis. 

Humanity is concerned about the significant issue of 

global climate change. The "greenhouse effect," as is well 

known, maintains the Earth's temperature. Unfortunately, our 

activities have eliminated this protective temperature impact by 

releasing significant volumes of greenhouse gases, and as a 

result, global warming is intensifying and having negative 

consequences on human health, animal welfare, forests, 

wildlife, agriculture, and the aquatic environment. According 

to a research, global warming is raising the health risks for the 

poor. 

As temperatures rise, people who live in shoddy structures 

in nations with warm climates have a significant risk of 

developing health issues connected to the heat. 

Animals might have health issues when exposed to 

excessive amounts of pollution because wildlife is burdened by 

hazardous chemicals from the ecosystem's air, soil, or water. 

Birth complications and reproductive failure have been 

documented. 

When excessive levels of nutrients, particularly nitrogen, 

encourage the blossoming of aquatic algae, which can disrupt 

the variety of fish and result in their demise, eutrophication is 

taking place. 

An ecosystem can only withstand a certain amount of 

pollution before it is destroyed, and this amount is directly 

related to the ecosystem's ability to neutralise acidity. This load 

was set at 20 kg per hectare per year by the Canada Acid Rain 

Program. 

As a result, both soil and water are negatively impacted by 

air pollution. There have been reports on the effects of PM as 

an air contaminant on agricultural output and food 

productivity. Its effects on bodies of water have an effect on 

how long living things like fish survive as well as how 

productive they may be. 

Rhythm and metabolism of the photosynthetic process are 

shown to be impaired in plants that have been exposed to 

ozone's impacts. 

Acid rain is created by sulphur and nitrogen oxides, both 

of which are bad for plants and marine life. 

Last but not least, as was already indicated, the major 

danger to our ecosystems (air, water, and soil) and living things 

is the toxicity linked with lead and other metals. 

 

7.  Conclusions 

Dr. Tedros AdhanomGhebreyesus, the general director of 

WHO, referred to air pollution as "the new tobacco" and a 

"silent public health emergency" during the inaugural WHO 

Global Conference on Air Pollution and Health in 2018. 

Children are undoubtedly especially susceptible to air 

pollution, especially while they are developing. Our lives are 

negatively impacted by air pollution in a variety of ways. Due 

to absences from productive work and education, illnesses 

linked to air pollution not only have a significant economic 

cost, but also have a negative societal impact. 

Although eliminating the issue of anthropogenic 

environmental contamination is challenging, a successful 

solution might be envisioned as a close partnership between 

authorities, bodies, and doctors to normalise the condition. To 

properly stop the problem from emerging, governments must 

provide enough information, educate the populace, and involve 

specialists in these matters. 

All industry and power plants need to implement 

technologies to limit air pollution at the source. The reduction 

of GHG emissions to less than 5% by 2012 was one of the 

primary goals of the 1997 Kyoto Protocol. The Copenhagen 

summit in 2009 and the Durban summit in 2011 came after 

this, at which it was resolved to stick with the same course of 

action. Many nations approved the Kyoto protocol and the ones 

that followed. China was one of the forerunners that embraced 

this crucial protocol for the "health" of the planet's ecology and 

climate [3]. As is well known, China's economy is rapidly 

growing, and by 2050—the year the Protocol for Reducing 

Greenhouse Gas Emissions dissolves—its GDP (Gross 

Domestic Product) is predicted to be quite high. 

The Paris accord of 2015, published by the UNFCCC, is a 

more recent international accord that is extremely significant 

for combating climate change. (United Nations Climate 

Change Committee). Numerous UN (United Nations) nations 

as well as the EU member states approved this most recent 

accord. Parties should advocate for actions and initiatives to 

improve several elements of the topic in this way. In order to 

maximise the chances of achieving the aims and goals on the 

essential issue of climate change and environmental pollution, 

it is important to increase education, training, public 

awareness, and involvement. Without a doubt, technology 

advancements make our world simpler, and although it may be 

challenging to lessen the negative effects of gas emissions, we 

might restrict their usage by looking for effective solutions. 
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In conclusion, in addition to properly managing the 

negative health impacts connected with air pollution, a global 

preventative programme should be developed to fight 

anthropogenic pollution. To successfully address the issue, 

sustainable development practises should be used in 

conjunction with research-based knowledge. 

At this stage, successful pollution management depends on 

international collaboration in terms of research, development, 

administration policy, monitoring, and politics. A potent 

instrument for protecting the environment and public health 

has to be designed, and air pollution legislation needs to be 

updated and matched. The major recommendation of this 

article is that, in order to effectively extrapolate experience and 

practise to the worldwide level, we should concentrate on 

establishing local organisations that will support sustainable 

management of ecosystems. 

 

References  
[1] WHO, Air Pollution, WHO, Available online at: 

http://www.who.int/airpollution/en/ (accessed October 5, 

2019). 

[2] F.C. Moores, Climate change and air pollution: exploring 

the synergies and potential for mitigation in industrializing 

countries, Sustainability 1 (2009) 43–54. 

[3] USGCRP, Global Climate Change Impacts in the United 

States, in: Climate Change Impacts by Sectors: Ecosystems, 

United States Global Change Research  Program. 

Cambridge University Press, New York (2009). 

[4] J.R. Marlon, B. Bloodhart, M.T. Ballew, J. Rolfe-Redding, 

C. Roser-Renouf, A. Leiserowitz, How hope and doubt 

affect climate change mobilization, Front. Commun. 4 

(2019) 20. 

[5] I.C. Eze, E. Schaffner, E. Fischer, T. Schikowski, M. Adam, 

M. Imboden, Long- term air pollution exposure and diabetes 

in a population-based Swiss cohort, Environ. Int. 70 (2014) 

95–105. 

[6] R. Kelishadi, P. Poursafa, Air pollution and non-respiratory 

health hazards for children, Arch. Med. Sci. 6 (2010) 483–

95. 

[7] P.M. Manucci, M. Franchini, Health effects of ambient air 

pollution in developing countries, Int. J. Environ. Res. 

Public Health, 14 (2017) 1048. 

[8] Burden of Disease from Ambient and Household Air 

Pollution. Available online: 

http://who.int/phe/health_topics/outdoorair/databases/en/ 

(accessed August 15, 2017). 

[9] D. Hashim, P. Boffetta, Occupational and environmental 

exposures and cancers in developing countries, Ann. Glob. 

Health. 80 (2014) 393–411. 

[10] Y. Guo, H. Zeng, R. Zheng, S. Li, G. Pereira, Q. Liu, The 

burden of lung cancer mortality attributable to fine particles 

in China, Total Environ. Sci. 579 (2017) 1460–1466. 

[11] Q. Hou, XQ An, Y. Wang, J.P. Guo, An evaluation of 

resident exposure to respirable particulate matter and health 

economic loss in Beijing during Beijing 2008 Olympic 

Games, Sci. Total Environ. 408 (2010) 4026–4032. 

[12] H. Kan, R. Chen, S. Tong, Ambient air pollution, climate 

change, and population health in China, Environ. Int. 42 

(2012) 10–19. 

[13] M.S. Burroughs Pena, A. Rollins, Environmental exposures 

and cardiovascular disease: a challenge for health and 

development in low- and middle-income countries, Cardiol. 

Clin. 35 (2017) 71–86. 

[14] A. Kankaria, B. Nongkynrih, S. Gupta, Indoor air pollution 

in india: implications on health and its control, Indian J. 

Comm. Med. 39 (2022) 203–207. 

[15] I. Parajuli, H. Lee, K.R. Shrestha, Indoor air quality and 

ventilation assessment of rural mountainous households of 

Nepal, Int. J. Sust. Built. Env. 5 (2016) 301–311. 

[16] T. Saud, R. Gautam, T.K. Mandal, R. Gadi, D.P. Singh, 

S.K. Sharma, Emission estimates of organic and elemental 

carbon fromhousehold biomass fuel used over the Indo-

Gangetic Plain (IGP), India, Atmos. Environ. 61 (2012) 

212–220. 

[17] D.P. Singh, R. Gadi, T.K. Mandal, T. Saud, M. Saxena, 

S.K. Sharma, Emissions estimates of PAH from biomass 

fuels used in rural sector of Indo-Gangetic Plains of India, 

Atmos. Environ. 68 (2013) 120–126. 

[18] M. Dherani, D. Pope, M. Mascarenhas, K.R. Smith, M.B.N. 

Weber, Indoor air pollution from unprocessed solid fuel use 

and pneumonia risk in children aged under five years: a 

systematic review and meta-analysis, Bull. World Health 

Organ. 86 (2008) 390–394. 

[19] P. Kassomenos, A. Kelessis, M. Petrakakis, N. Zoumakis, 

T. Christides, A.K. Paschalidou. Air Quality assessment in a 

heavily-polluted urban Mediterranean environment through 

Air Quality indices, Ecol. Indic. 18 (2012) 259–268. 

[20] D.W. Dockery, C.A. Pope, X. Xu, J.D. Spengler, J.H. Ware, 

M.E. Fay, An association between air pollution and 

mortality in six U.S. cities, N. Engl J. Med. 329 (1993) 

1753–1759. 

[21] D.H. Schwela, I. Koth-Jahr, Leitfaden fur die Aufstellung 

von Luftreinhalteplanen (Guidelines for the Implementation 

of Clean Air Implementation Plans), Landesumweltamt des 

Landes Nordrhein Westfalen, State Environmental Service 

of the State of North Rhine-Westphalia (1994). 

[22] M. Newlands, Environmental Activism, Environmental 

Politics, and Representation: The Framing of the British 

Environmental Activist Movement, Ph.D. Thesis, 

University of East London, United Kingdom (2015). 

[23] NEPIS (National Service Center for Environmental 

Publications), US EPA (Environmental Protection Agency) 

(2017). Available online at: https://www.epa.gov/clean-air-

act-overview/air-pollution-current-and-futurechallenges 

(Accessed August 15, 2017). 

[24] NRC (National Research Council). Available online at: 

https://www.nap.edu/read/10728/chapter/1,2014 (Accessed 

September 17, 2019). 

[25] A. Bull, Traffic Congestion: The Problem and How to Deal 

With It, Santiago: Nationes Unidas, Cepal (2003). 

[26] J. Spiegel, L.Y. Maystre, Environmental Pollution Control, 

Part VII – The Environment, Chapter 55, Encyclopedia of 

Occupational Health and Safety, Available online at: 

http://www.ilocis.org/documents/chpt55e.htm (Accessed 

September 17, 2019). 

[27] European Community Reports, Assessment of the 

Effectiveness of European Air Quality Policies and 

Measures: Case Study 2; Comparison of the EU and US Air 

Quality Standards and Planning Requirements (2004), 

Available online at: 

https://ec.europa.eu/environment/archives/cafe/activities/pdf

/case_study2.pdf (Accessed September 22, 2019). 

[28] R. Gibson, S. Ward, Parties in the digital age; a review, J. 

Represent Democracy 45 (2009) 87–100. 

[29] A. Kaun, J. Uldam, Digital activism: after the hype. New 

Media Soc. 20 (2017) 2099–2106. 

[30] M. Sivitanides, V. Shah, The era of digital activism, in: 

2011 Conference for Information Systems Applied 

Research(CONISAR) Proceedings Wilmington North 

Carolina, USA, Available online at: 



RP Current Trends in Agriculture and Environmental Sciences 

 

 

Page | 63  

 

https://www.arifyildirim.com/ilt510/marcos.sivitanides.vive

k.shah.pdf (Accessed September 22, 2019). 

[31] L. Moller, D. Schuetzle, H. Autrup, Future research needs 

associated with the assessment of potential human health 

risks from exposure to toxic ambient air pollutants, Environ. 

Health Perspect. 102 (1994) 193–210.  

[32] M.Z. Jacobson, P.M.Z. Jacobson, Atmospheric Pollution: 

History, Science, and Regulation, Cambridge University 

Press (2002). p. 206. 

[33] R.H. Stover, Flooding of soil for disease control, in: 

Developments in Agricultural and Managed Forest Ecology, 

D. Mulder (Ed.) Elsevier (1979), Ch. 3, p. 19–28. 

[34] V. Maipa, Y. Alamanos, E. Bezirtzoglou, Seasonal 

fluctuation of bacterial indicators in coastal waters, Microb. 

Ecol. Health Dis. 13 (2001) 143–146. 

[35] E. Bezirtzoglou, D. Dimitriou, A. Panagiou, Occurrence of 

Clostridium perfringens in river water by using a new 

procedure, Anaerobe 2 (1996) 169–173. 

[36] T. Kjellstrom, M. Lodh, T. Mc Michael, G. Ranmuthugala, 

R. Shrestha, S. Kingsland, Air and Water Pollution: Burden 

and Strategies for Control. DCP (2017) Ch. 43, pp. 817–832 

[37] R.K. Pathak, T. Wang, K.F. Ho, S.C. Lee, Characteristics of 

summertime PM2.5 organic and elemental carbon in four 

major Chinese cities: implications of high acidity for water- 

soluble organic carbon (WSOC), Atmos. Environ. 45 (2011) 

318–325. 

[38] L. Bonavigo, M. Zucchetti, H. Mankolli, Water radioactive 

pollution and related environmental aspects, J. Int. Env. 

Appl. Sci. 4 (2009) 357–363. 

[39] World Health Organization (WHO), Preventing Disease 

Through Healthy Environments: Towards an Estimate of 

the Environmental Burden of Disease (2019), p. 1106. 

[40] S.A. Stansfeld, Noise effects on health in the context of air 

pollution exposure, Int. J. Environ. Res. Public Health 12 

(2015) 12735–12760. 

[41] Ethical Unicorn, Everything You Need To Know About 

Aerosols & Air Pollution (2019). Available online at: 

https://ethicalunicorn.com/2019/04/29/everything-you-

need-to-know-about-aerosols-air-pollution/ (Accessed 

October 4, 2019). 

[42] I. Colbeck, M. Lazaridis, Aerosols and environmental 

pollution, Sci. Nat. 97 (2009) 117–131. 

[43] S. Incecik, A. Gertler, P. Kassomenos, Aerosols and air 

quality, Sci. Total Env. 355 (2014) 488–489. 

[44] G. D’Amato, R. Pawankar, C. Vitale, L. Maurizia, Climate 

change and air pollution: effects on respiratory allergy, 

Allergy Asthma Immunol. Res. 8 (2016) 391–395. 

[45] C. Bezirtzoglou, K. Dekas, E. Charvalos, Climate changes, 

environment and infection: facts, scenarios and growing 

awareness from the public health community within Europe, 

Anaerobe 17 (2011) 337–340. 

[46] F. Castelli, G. Sulis, Migration and infectious diseases, 

Clin. Microbiol. Infect. 23 (2017) 283–289. 

[47] J.T. Watson, M. Gayer, M.A. Connolly, Epidemics after 

natural disasters, Emerg. Infect. Dis. 13 (2007) 1–5. 

[48] B. Fenn, Malnutrition in Humanitarian Emergencies, 

Available online at: 

https://www.who.int/diseasecontrol_emergencies/publicatio

ns/idhe_2009_london_malnutrition_fenn.pdf. (Accessed 

August 15, 2017). 

[49] E. Lindh, C. Argentini, M.E. Remoli, C. Fortuna, G. 

Faggioni, E. Benedetti, The Italian 2017 outbreak 

Chikungunya virus belongs to an emerging Aedes 

albopictus–adapted virus cluster introduced from the Indian 

subcontinent, Open Forum. Infect. Dis. 6 (2019) ofy321. 

[50] C. Calba, M. Guerbois-Galla, F. Franke, C. Jeannin, M. 

Auzet-Caillaud, G. Grard, L. Pigaglio, A. Decoppet, 

Preliminary report of an autochthonous chikungunya 

outbreak in France, July to September 2017, Eur. Surveill. 

22 (2017) 17-00647. 

[51] B. Menne, V. Murray, Floods in the WHO European 

Region: Health Effects and Their Prevention. Copenhagen: 

WHO; Weltgesundheits organisation, Regionalbüro für 

Europa (2013). Available online at: 

http://www.euro.who.int/data/assets/pdf_file/0020/189020/e

96853.pdf (Accessed 15 August 2017). 

[52] S.H. Schneider, The greenhouse effect: science and policy, 

Science 243 (1989) 771–781. 

[53] W.E. Wilson, H.H. Suh, Fine particles and coarse particles: 

concentration relationships relevant to epidemiologic 

studies, J. Air Waste Manag. Assoc. 47 (1997) 1238–1249. 

[54] US EPA (US Environmental Protection Agency) (2018), 

Available online at: https://www.epa.gov/pm-

pollution/particulate-matter-pm-basics (Accessed 

September 22, 2018). 

[55] K. Cheung, N. Daher, W. Kam, M.M. Shafer, Z. Ning, J.J. 

Schauer, Spatial and temporal variation of chemical 

composition and mass closure of ambient coarse particulate 

matter (PM10–2.5) in the Los Angeles area, Atmos. Environ. 

45 (2011) 2651–2662. 

[56] L. Zhang, Y. Yang, Y. Li, Z.M. Qian, W. Xiao, X. Wang, 

Shortterm and long-term effects of PM2.5 on acute 

nasopharyngitis in 10 communities of Guangdong, China, 

Sci. Total Env. 688 (2019) 136–142. 

[57] I. Kloog, B. Ridgway, P. Koutrakis, B.A. Coull, J.D. 

Schwartz, Long- and short-term exposure to PM2.5 and 

mortality using novel exposure models, Epidemiology 24 

(2013) 555–561. 

[58] New Hampshire Department of Environmental Services, 

Current and Forecasted Air Quality in New Hampshire, 

Environmental Fact Sheet (2019), Available online at: 

https://www.des.nh.gov/organization/commissioner/pip/fact

sheets/ard/documents/ard-16.pdf (Accessed September 22, 

2019). 

[59] A.D. Kappos, P. Bruckmann, T. Eikmann, N. Englert, U. 

Heinrich, P. Hoppe, Health effects of particles in ambient 

air, Int. J. Hyg. Environ. Health 207 (2004) 399–407. 

[60] N. Boschi (Ed.), Defining an educational framework for 

indoor air sciences education, in: Education and Training in 

Indoor Air Sciences, Springer Science & Business Media, 

Luxembourg (2012), p. 245. 

[61] M.R. Heal, P. Kumar, R.M. Harrison, Particles, air quality, 

policy and health, Chem. Soc. Rev. 41 (2012) 6606–6630. 

[62] E. Bezirtzoglou, A. Alexopoulos, Ozone history and 

ecosystems: a goliath from impacts to advance industrial 

benefits and interests, to environmental and therapeutical 

strategies, in: Ozone Depletion, Chemistry and Impacts 

(2009), p. 135–145. 

[63] V. Villanyi, B. Turk, B. Franc, Z. Csintalan, Ozone 

Pollution and its Bioindication, in: Air Pollution, V. 

Villanyi (Ed.), Intech Open, London (2010). 

[64] Massachusetts Department of Public Health, Massachusetts 

State Health Assessment, MA, Boston (2017). Available 

online at: 

https://www.mass.gov/files/documents/2017/11/03/2017%2

0MA%20SHA%20final%20compressed.pdf (Accessed 

October 30, 2017). 

[65] G. Lorenzini, C. Saitanis, Ozone: A Novel Plant 

“Pathogen.” in: Abiotic Stresses in Plant, L. Sanita di 

Toppi, B. Pawlik-Skowronska (Eds.) Springer Link (2003), 

pp. 205–29. 

[66] S. Fares, R. Vargas, M. Detto, A.H. Goldstein, J. Karlik, E. 



Jaivir Singh 

 

 

Page | 64  

 

Paoletti, Tropospheric ozone reduces carbon assimilation in 

trees: estimates from analysis of continuous flux 

measurements, Glob. Change Biol. 19 (2013) 2427–2443. 

[67] H. Harmens, G. Mills, F. Hayes, L. Jones, D. Norris, J. 

Fuhrer, Air Pollution and Vegetation, ICP Vegetation 

Annual Report 2006/2007 (2012). 

[68] L.D. Emberson, H. Pleijel, E.A. Ainsworth, M. den Berg, 

W. Ren, S. Osborne, Ozone effects on crops and 

consideration in crop models, Eur. J. Agron. 100 (2018) 19–

34. 

[69] A. Alexopoulos, S. Plessas, S. Ceciu, V. Lazar, I. 

Mantzourani, C. Voidarou, Evaluation of ozone efficacy on 

the reduction of microbial population of fresh cut lettuce 

(Lactuca sativa) and green bell pepper (Capsicum annuum), 

Food Control 30 (2013) 491–496. 

[70] A. Alexopoulos, S. Plessas, Y. Kourkoutas, C. Stefanis, S. 

Vavias, C. Voidarou, Experimental effect of ozone upon the 

microbial flora of commercially produced dairy fermented 

products, Int. J. Food Microbiol. 246 (2017) 5–11. 

[71] A. Maggio, M. Fagnano, Ozone damages to mediterranean 

crops: physiological responses, Ital. J. Agron. 13 (2008) 

13–20. 

[72] J.T. McCarthy, E. Pelle, K. Dong, K. Brahmbhatt, D. 

Yarosh, N. Pernodet, Effects of ozone in normal human 

epidermal keratinocytes, Exp. Dermatol. 22 (2013) 360–

361. 

[73] WHO, Health Risks of Ozone From Long-Range 

Transboundary Air Pollution, Available online at: 

http://www.euro.who.int/data/assets/pdf_file/0005/78647/E

91843.pdf (Accessed August 15, 2019). 

[74] J.J. Thiele, M.G. Traber, K. Tsang, C.E. Cross, L. Packer, 

In vivo exposure to ozone depletes vitamins C and E and 

induces lipid peroxidation in epidermal layers of murine 

skin, Free Radic. Biol. Med. 23 (1997) 365–391. 

[75] G.E. Hatch, R. Slade, L.P. Harris, W.F. Mc Donnell, R.B. 

Devlin, H.S. Koren, Ozone dose and effect in humans and 

rats, A comparison using oxygen-18 labeling and 

bronchoalveolar lavage, Am. J. Respir. Crit. Care Med. 150 

(1994) 676–683. 

[76] M. Lippmann, Health effects of ozone, A critical review, 

JAPCA 39 (1989) 672–695. 

[77] A. Gryparis, B. Forsberg, K. Katsouyanni, A. Analitis, G. 

Touloumi, J. Schwartz, Acute effects of ozone on mortality 

from the “air pollution and health: a European approach” 

project, Am. J. Respir. Crit. Care Med. 170 (2004) 1080–

1087. 

[78] W. Soon, S.L. Baliunas, A.B. Robinson, Z.W. Robinson, 

Environmental effects of increased atmospheric carbon 

dioxide, Climate Res. 13 (1999) 149–164. 

[79] J. Richmont-Bryant, R.C. Owen, S. Graham, M. Snyder, S. 

Mc Dow, M. Oakes, Estimation of on-road NO2 

concentrations, NO2/NOX ratios, and related roadway 

gradients from near-road monitoring data, Air Qual. Atm. 

Health 10 (2017) 611–625. 

[80] T.W. Hesterberg, W.B. Bunn, R.O. Mc Clellan, A.K. 

Hamade, C.M. Long, P.A. Valberg, Critical review of the 

human data on short-term nitrogen dioxide (NO2) 

exposures: evidence for NO2 no-effect levels, Crit. Rev. 

Toxicol. 39 (2009) 743–781. 

[81] T.M. Chen, J. Gokhale, S. Shofer, W.G. Kuschner, Outdoor 

air pollution: nitrogen dioxide, sulfur dioxide, and carbon 

monoxide health effects, Am. J. Med. Sci. 333 (2007) 249–

256. 

[82] US EPA, Table of Historical SO2 NAAQS, Sulfur US EPA, 

Available online at: 

https://www3.epa.gov/ttn/naaqs/standards/so2/s_so2_histor

y.html (Aaccessed October 5, 2019). 

[83] WHO Regional Office of Europe (2000), Available online 

at: 

https://euro.who.int/_data/assets/pdf_file/0020/123086/AQ

G2ndEd_7_4Sulfuroxide.pdf  

[84] A. Pruss-Ustun, L. Fewrell, P.J. Landrigan, J.L. Ayuso-

Mateos, Lead exposure, Comparative Quantification of 

Health Risks, World Health Organization. Available online 

at: 

https://www.who.int/publications/cra/chapters/volume2/149

5-1542.pdf?ua=1 

[85] R.A. Goyer, Transplacental transport of lead, Environ. 

Health Perspect 89 (1990) 101–105. 

 

Publisher’s Note: Research Plateau Publishers stays 

neutral with regard to jurisdictional claims in published 

maps and institutional affiliations.

 


