Air Pollution in Antarctic and Artic Environment due to Anthropogenic Activities and Orographic Effects
Laxmi Kant Bhardwaj 
Amity Institute of Environmental Toxicology, Safety and Management (AIETSM),
Sector-125, Amity University, Noida (India)-201303
Corresponding author’s address: Dr. Laxmi Kant Bhardwaj
                                                         Amity Institute of Environmental Toxicology, Safety  
                                                         and Management (AIETSM), Sector-125 
                                                         Amity University, Noida (India)-201303
Corresponding author’s email ID: bhardwaj.laxmikant@gmail.com
Abstract: Air pollution is a man-made environmental-related problem and has importance globally among all environmental issues. It is defined as an atmospheric situation in which several components are present at high concentrations above their ambient level and produce a quantifiable effect on vegetation, animals, or people. Air pollution and its control are a universal problem and have become a matter of great concern for us in recent years. However, monitoring and measurement of the concentration of air pollutants are most difficult in comparison to monitoring other elements in the environment. Air pollutants are transported to Antarctica and Arctic by the different mechanisms such as long-range atmospheric transport or Grasshopper effects and via anthropogenic activities. After reaching the continents they settle down and remain as such for a long-time due to their persistent nature. They can distress the environment and animals of Antarctica and the Arctic. Generally, dangerous chemicals may pose a risk of health effects, whereas toxic pollutants focus on one physiological response.
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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 atmosphere for a specific duration. It may exist as solid particles, gases, and liquid drops. It is the main cause of the thinning of the ozone (O3) layer in the atmosphere above Antarctica and leading to climate change. Now, these pollutants are moved to Antarctica and the Arctic via different mechanisms. Both continents are pristine and located on the poles of the Earth. They are covered with ice. Antarctica (82.8628° S, 135.0000° E) is located in the South pole and is uninhabited by humans while the Arctic (76.2506° N, 100.1140° W) is located in the North pole and has humans as one of its inhabitants. They are the highest, driest, and coldest region on the earth. They are a sensitive indicator of global change. The polar ice cap holds a record of past atmospheres of tens or even hundreds of thousands of years and allows the study of the changes in the Earth.
Air pollution originates in one country, but its impact may be felt in other countries which are nearby that country. First time, it was documented in the 13th century in London. The Clean Air Act (1963) 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 EC introduced an air quality standard in Europe in 1980 for the measurement of SO2 and suspended particulates. 
USEPA has set NAAQS for the pollutants like nitrogen oxide (NOx), ozone (O3), carbon monoxide (CO), sulphur dioxide (SO2), lead (Pb), and particulate matter under the Clean Air Act Amendments of 1970 (CAAA70). These six pollutants are called criteria pollutants. Grifin (2007) categorized air pollutants into criteria and non-criteria pollutants. Those pollutants whose numerical concentration limit has been established as the dividing mark between poor air quality or acceptable air quality, are known as criteria pollutants, 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 activities, and natural phenomenon like wind-blown dust particles, the air quality of the polar regions has deteriorated. Pesticides like DDT, Endosulfan, etc. have been reported in Antarctica (Bhardwaj et al. 2019 & 2020) and the occurrence of these pollutants supports the aerial transport of these contaminants in the polar region. Hao et al. (2019) have reported that OCPs, PCBs, and PBDEs in the air samples, collected from the Fildes Peninsula, West Antarctica. After travelling a long distance by wind or other factors, these pollutants can be stored in the ice/snow. Bhardwaj et al. (2018) have presented the “Grasshopper” mechanism for the transportation of these pollutants from one continent to another continent. Lebedev et al. (2015) described the “Cold Finger” phenomenon, and in this phenomenon, the chemicals are transported from a warmer area to a colder area (high mountains and Polar Regions).
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Figure: Global Transport Processes of Pollutants (Grasshopper Effect)
Arnold et al. (2016) reported that air pollution affects the polar environments, societies, and climate through the different various sources. These sources may be local and remote. Shindell and Faluvegi (2009) stated that the changes in the air contaminants affect the radiation balance and contribute to polar climate warming. Mercury (Hg) and POPs are the major toxic contaminants in the Arctic (Sharma et al. 2013). Simpson et al. (2007) and Abbatt et al. (2012) reported the presence of halogens in snow, sea-ice, aerosols, and seawater in the Arctic continent and stated that it causes the depletion of ozone during spring and summer. 
Warneke et al. (2010) reported that harmful gases are released from the open fires near the Arctic. Due to anthropogenic activities such as shipping, petrochemical extraction, and processing, there is the existence of nitrogen in the snow/sea ice (Grannas et al. 2007; 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).  
2. Sources of Air Pollution: Emissions are the major cause of air pollution while other causes are transportation engines, burning of solid waste, power, and heat generation. Faulty or diesel-run vehicles, brick kilns, dust from roads & construction sites, and toxic fumes from industries contribute to air pollution. Industries like cement, thermal power plants, steel, mines, refineries, petro-chemicals, and urbanization are the foremost factors responsible for air pollution. As per the study of Friedrich & Reis (2013), air pollutants mainly arise from the combustion process. The use of wood could be a noteworthy source of PAHs and other absorbing or non-absorbing particles. The polar regions (Antarctica & 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). 
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 contribute to the expansion of secondary pollutants (SPs) with different efficiencies. Hydrocarbons (ethane & ethyne) and higher aliphatic hydrocarbons (toluene, benzene, and xylenes) are emitted from vehicles which depend on fuel. Benzene is released in high concentrations (1-50 µg/L in ambient air). NO, and NO2 together called NOx, are released from anthropogenic sources such as stationary sources, i.e. power generation (21 %), and mobile sources, i.e. transport (44 %). Both are known as nitrogen oxides. They have atmospheric lifetimes of approximately five days. After that, they converted into nitric acid and falls with rain. However, NO2 is a precursor of tropospheric ozone while NO does not affect ozone.
3. Health Effects Due to Air Pollution: Air pollution can be injurious to human health. The presence of toxic chemicals in the air badly impacts humans, agriculture, climate, vegetation, and animal life. It can damage the property and environment. Due to an increase of PM10 and PM2.5, people lose lung function and suffer from chronic respiratory and cardiovascular diseases. NO2 also causes respiratory infection. Carbon monoxide (CO) reduces the delivery of oxygen (O2) into the human body, and creates a severe headache, and decreased visual perception. Ingested lead (approximately 75 %) is deposited in the bones and tissues causing brain and kidney damage. Due to air pollution, the growing nervous system of young children is particularly vulnerable. Air pollution has long been known to have a hostile effect on human beings, plants, livestock, and the aquatic ecosystem through acid rain. In the untreated state, benzene has unwanted ecotoxicological properties and is known as a human carcinogen. Often the quantity of the released pollutants has been relatively high in a certain area, so the harmful effects due to the pollutants are more noticeable. 
4. Conclusions and Recommendations: Antarctica and Arctic continents are the coldest and most preserved places on Earth. In some areas, water has been sealed from air and light in continental ice sheets for perhaps millions of years. So, these continents act as a global library for humans for the understanding of preserved ancient data. Over the last few decades, the environment of these continents is now changing due to several anthropogenic activities such as mining, exploration, overfishing, construction, and the introduction of invasive species. These anthropogenic activities trigger the potential dangers which affect climate change. Air pollution negatively affects the health of humans and other wildlife animals and may lead to death. It is a major concern for the countries which are working to improve the air quality. The monitoring of air pollution is carried out by various analytical methods and different measurement instruments. These apparatuses have different specificities and sensitivities. Monitoring plays a serious role in the safety of the environment and is the main component of all happenings to the management. It is a very significant source of data.  
(i) Regular monitoring of the air pollution near the polar regions is necessary for maintaining the pristine land of Antarctica and the Arctic. 
(ii) Emission of CO, NO2, and HCs should be measured by catalytic converters. 
(iii) More strategies for controlling air pollution should be made which will be based on the continuous monitoring of air quality data.
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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