Air Pollution and Its Effect on Human Health
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Abstract: Air pollution is a man-made environmental-related problem and has importance globally among all environmental issues. It is described as an atmospheric situation in which several components appear at high attention above their ambient level and generate a quantifiable effect on vegetation, animals, and people. Air pollution and its control are a universal problem and have become an issue of great trouble for us in current years. However, monitoring and measurement of the concentration of air pollutants are most difficult in assessment to monitoring other components in the environment. Air pollutants are transported to polar regions by different mechanisms such as long-range atmospheric transport or grasshopper effects and via anthropogenic activities. After reaching the polar regions, they settle down and remain as such for a long-time due to their persistent nature. They can distress the environment and wildlife of the polar regions. Generally, dangerous chemicals may cause a risk of well-being effects, whereas lethal pollutants focus on one physiological reaction. We reviewed the available information on air pollution (occurrence, sources, and harmful effects) in the polar regions. 
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1. Introduction: Air pollution is the pollution of air or can be well-defined as the presence of pollutants in the environment for a specific duration. It may exist as solid particles, gases, and liquid drops. It is the main cause of the weakening of the ozone (O3) layer in the atmosphere above Antarctica and leading to the change in climate (Bhardwaj, 2023). Now, air pollutants are transported to polar regions via different mechanisms. Polar regions were considered pristine land on the Earth. They are the driest, and coldest region and are a sensitive marker of global change. The polar ice holds a record of prior atmospheres of tens or even hundreds of thousands of years and allows the study of the changes in the atmosphere of the Earth.
Air pollution originates in one nation, but its impact may be felt in other nations which are nearby that country. The first time, it was documented in the 13th century in London. The Clean Air Act (CAA) established national standards for air quality. These are of two types, primary standards (PS) and secondary standards (SS). PS set the limits of pollutants to protect the health of the community, children, and asthmatic patients. While SS sets the limits of pollutants to protect against reduced visibility, buildings, crops, and vegetation. The European Commission (EC) introduced an air quality standard in Europe in 1980 for the measurement of sulfur dioxide (SO2) and suspended particulates (Smeets, 1982). 
The United States Environmental Protection Agency (USEPA) has set National Ambient Air Quality Standards (NAAQS) for the pollutants like nitrogen oxide (NOx), O3, carbon monoxide (CO), SO2, lead (Pb), and particulate matter under the Clean Air Act Amendments of 1970 (CAAA70) (Grambsch, 2001). These six pollutants are called criteria contaminants. Grifin (2007) categorized air contaminants into criteria and non-criteria pollutants. Those pollutants whose numerical concentration limit has been established as the separating mark between poor or acceptable air quality, are known as criteria contaminants, while those pollutants which are designated as toxic by legislation, are known as non-criteria pollutants. SO2, O3, NOx, benzene, Pb, PM10, and CO are criteria pollutants. 
Due to anthropogenic actions, and natural phenomena like wind-blown dust elements, the air quality of the polar regions has deteriorated. Scientists reported different pollutants from the Antarctic environment and stated that they came through the long-range atmospheric transport mechanism (Bhardwaj et, al., 2019; Bhardwaj and Jindal, 2020; Bhardwaj et. al., 2021). Hao et. al., (2019) reported several air pollutants like polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs), and organochlorine pesticides (OCPs) in the air samples, collected from the Fildes Peninsula, West Antarctica. After traveling a long distance, these pollutants can be stored in the ice/snow. Bhardwaj et. al., (2018) have presented the “Grasshopper” mechanism for the transportation of pollutants, while Lebedev et. al., (2015) described the “Cold Finger phenomenon” for the transportation of pollutants from one continent to another (Figure 1).  
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Figure 1: Global Transport Processes of Pollutants (Grasshopper Effect)
Persistent organic pollutants (POPs) and mercury (Hg) were the major toxic contaminants and reported in the environment of the Arctic (Sharma et. al., 2013). The presence of halogens in snow, sea ice, aerosols, and seawater causes the depletion of ozone during summer and spring (Abbatt et. al., 2012). Due to anthropogenic actions, such as petrochemical extraction, shipping, and processing, there is the existence of nitrogen in the snow/sea ice (Bartels-Rausch et. al., 2014). The black carbon was found on the surface of snow and atmosphere near the Russian Station in the Arctic continent, and it was due to the flaring of additional natural gas throughout oil extraction (Stohl et. al., 2013). The presence, sources, and harmful effects of air pollution in the polar regions are described in this study.
2. Sources of Air Pollution: Air pollution affects the polar environments, societies, and climate through the different various sources and these sources may be local and remote (Arnold et. al., 2016). Emissions are the chief cause of air pollution while other causes are power, transportation engines, burning of solid waste, and heat generation. Faulty vehicles, dust from construction & road sites, brick kilns, and poisonous fumes from industries contribute to air pollution. Cement industries, thermal power plants, steel, mines, refineries, and petrochemicals are the foremost factors blameable for air pollution. As per the study of Friedrich and Reis (2013), air pollutants mainly arise from the combustion process. The use of wood could be a noteworthy source of polycyclic aromatic hydrocarbons (PAHs) and other absorbing or non-absorbing particles. The polar regions (Antarctica and Arctic) are the receiver of air pollutants from various sources. The resident sources of air pollution are already influencing the atmospheric composition (Marelle et. al., 2016). The local discharge of air pollutants is increasing due to the increased number of populations, mining activities, urbanization, and infrastructure development (Andrew, 2014). 
Volatile organic pollutants (VOCs), which include hydrocarbons (HCs), halocarbons, and oxygenates, are directly released from various sources. These sources may be anthropogenic as well as natural sources. They can be put into the expansion of secondary pollutants (SPs) with distinct efficiencies. Hydrocarbons (ethyne & ethane) and advanced aliphatic hydrocarbons (toluene, xylenes, and benzene) are emitted from vehicles that depend on fuel. Benzene is released in high concentrations (1-50 µg/L) in ambient air (Esmaelnejad et. al., 2015). Nitrogen oxide (NO), and nitrogen dioxide (NO2) are together called NOx. They are released from power generation (static sources), and transport (mobile sources). They have lifetimes of ~ five days. After that, they altered into nitric acid (HNO3) and fall with rain. However, NO2 is a predecessor of tropospheric ozone while NO does not impact ozone.
3. Health Effects Due to Air Pollution: Air pollution can be injurious to human health. The existence of poisonous chemicals in the air badly impacts humans, agriculture, climate, vegetation, and animal life. It can damage the property and environment. Due to an increase in PM10 and PM2.5, people lose lung function and suffer from cardiovascular and chronic respiratory diseases. NO2 also causes respiratory disease. CO decreases the oxygen (O2) delivery into the human, and starts a severe headache, and decreased visual view. Ingested lead (Pb) (~ 75 %) is left in the tissues and bones and causes kidney and brain damage. Due to air pollution, the developing nervous system of children is particularly susceptible. Air pollution has long been known to have a hostile impact on humans, aquatic ecosystems, plants, and livestock through acid rain. In the untreated state, benzene can cause cancer.  Often the quantity of the emitted pollutants has been comparatively high in a certain area, so the dangerous effects due to the pollutants are more noticeable. The changes in the air contaminants impact the balance of radiation and influence polar climate warming (Shindell and Faluvegi, 2009). 
4. Conclusions and Recommendations: Over the last few decades, air pollution is a most important concern for developing as well as developed nations. The environment of these countries is now changing due to several activities such as mining, construction, vehicular emissions, etc. Air pollution negatively affects the health of humans and other wildlife animals and may lead to death. It also affects the environment of the polar region. After traveling long distances, air pollutants reached the polar region and settle down in the ice for a long time. Researchers are working to minimize this issue and giving several recommendations to solve this problem. These recommendations are as follows.
(i) Globally, regular monitoring of air pollution is necessary. 
(ii) More sophisticated instruments are required for the analysis of air pollutants. 
(iii) Emission of CO, NO2, and HCs should be measured by catalytic converters. 
(iv)  More strategies for controlling air pollution should be made by the authority. 
5. Abbreviation: 
EC = European Commission
USEPA = United States Environmental Protection Agency
NAAQS = National Ambient Air Quality Standards
OCPs = Organochlorine Pesticides 
PCBs = Polychlorinated Biphenyls 
PBDEs = Polybrominated Diphenyl Ethers 
POPs = Persistent Organic Pollutants 
PAHs = Polycyclic Aromatic Hydrocarbons
VOCs = Volatile Organic Pollutants
NO2 = Nitrogen Dioxide
NO = Nitrogen Oxide 
CO = Carbon monoxide 
O2 = Oxygen 
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