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			Preface

			Sitting in front of the computer and writing a nonfiction book about an important problem plaguing the world today is a massive task. It is a concern very close to my heart and mind and always wanted to bring it to the notice of the audience or the general public. Written in simple language, so that even a non-specialist can understand it, the book is for the masses as it is for the authority and the people concerned. It is a discipline which has to be practiced by the populace and the people in power who can initiate laws and rules. also for scientists involved in research and analytical work.

			This book works on the principles of controlling environmental pollution caused by various means and certain ways in which it can be curtailed. The primary aim is to make the public aware of different air pollutants and their harmful effects. How the masses contribute to aggravating the air pollution scenario and what each individual’s duty is in curbing it by their responsible actions. The detailed study of different air pollutants effect on human health and the result in the totality of air pollution on the world environment and landscape.

			A lot of research went into the detailing where a hands-on approach was applied. Actual sites visited and methods seen and understood and data collected. Together with my inputs and suggestions have come up with unique and novel ways to combat air pollution and its survival. Any solution has to be long lasting, in particular when it relates to human health and mortality rates. So it’s an ongoing process where researchers and environmentalists, keep studying the subject to come up with innovations and improvising on the present methodology.

			The inspiration of the book came when I came across people suffering from asthmatic attacks and severe lung problems due to air pollen or allergic to chemicals floating in the environment. Also the depletion of the ozone layer and global warming due to which world temperatures were changing affecting the lives of living beings and vegetation as well-propelled me to pen my thoughts.

			The world atmosphere is changing because of the disposal of wastes in the wrong way and continuous emission of harmful gas from vehicles and industries. Ignorance of the masses regarding the use of plastics and burning of fossil fuels, releasing hazardous chemicals and gases into the atmosphere is what this book is about. It brings into forefront the still inadequate measures taken for the world environment which are not helping it in a full proof way. Lots need to be done to give a much cleaner and healthy air for our future generations to breathe in. For this, an oath has to be taken by the public to obliterate the use of plastics and be very careful when it comes to disposal of wastes. Throwing it in drains and water basins ruins the ecological balance and leads to clogging and destroying marine lives. Also, improper burning of wastes and fuels releases carbon dioxide into the air and other poisonous gases in the substrate of the atmosphere resulting in rapid air pollution.

			With growing urbanization, industries and power plants have sprouted everywhere, which do not adhere to environmental protection laws, add to the air pollution by emitting toxic gases like sulfur dioxide and nitrogen dioxide in the environment. These lead to further environmental degradation.

			The book helps in bringing to light the different air pollution control engineering methods as well as laws implied for controlling air pollution along with the data regarding the emissions from power plants and human endeavor. The purpose is to enlighten the public and also bring to their notice the ongoing work done by environmentalists and engineers alike to reduce air pollution and bring it to desired levels for humans and plants in totality.

			

			Deforestation for the building of cities and infrastructure has taken a toll on the world environment as trees are a significant source of oxygen needed for human breathing. Plants take in harmful carbon dioxide and release oxygen during photosynthesis. This helps in maintaining the ecological system in general, but with the cutting of trees oxygen level has come down filling the air with harmful toxic gases. Resulting in acid rain and disturbance of the ecosystem.

			This book is a unique take on issues disturbing the world environment and its possible solutions and outcomes. A book for the people implementing laws in regards to harmful emissions from industries and students who want to take this field as their study options.

			The book is divided into chapters with different segments dealing with various issues of air pollution control. Each segment has subheadings making it easier for you to go to the relevant topic. Each topic has been researched broadly, and the applicable data collected and analyzed and then converted into the book to make it easier for the reader to read and understand it.

			The first chapter deals with air pollution and its effect on human health and the landscape in general. It also tackles how the United States dealt with it and its policies towards it. The environmental governing bodies and the removal of air pollutants from the air.

			The second chapter is a synopsis about the impacts it has on the economy and human health. Majorly on the different body systems, it affects human anatomy like the reproductive system, visibility, lungs, etc.

			The third chapter is a summary of the laws, rules and regulations and the legislation passed by the government to control air pollution

			In the fourth chapter, it’s a mathematical analysis of air pollution measurements, emission data, air quality index and also emissions from different sources. Also, it deals with an active and passive sampling of air pollutants.

			The fifth chapter is about meteorological aspects, the atmosphere and the vertical and horizontal movements for air pollution control engineers.

			In the sixth chapter, we come across various models to check air pollution concentration, the quality of air pollutant formation and decaying in the environment

			The seventh chapter is about resource recovery and the fate of air pollutants and how to control them.

			In the eighth, it is all about primary and secondary air pollutants and their particulate size distribution. The behavior of particulates in the atmosphere and their effect on human health.

			The ninth is about the different methods employed in cutting air pollution levels. Processes like wet scrubbing, fabric filters or baghouses, the absorption are discussed in detail.

			In the tenth chapter, it is all about volatile organic compounds [VOC], how to control them and what are their sources and dangers to children health.

			The eleventh chapter is about sulfur oxides and their negative impacts on the atmosphere and the health of the public. Methods of removing it and other control technologies.

			This chapter is all about nitrogen oxides, their sources, effects on the environment and human health and technologies used to remove it.

			The thirteenth chapter deals with understanding the different ways of emission of harmful gases like tailpipe emissions, storage, and transfer emissions and their control. The use of direct sustainable energy like bio, hydroelectric solar energy to save the world environment.

			In the fourteenth, it is about air pollutants and the effect on the global ecosystem. Climate changes, acid rain, global warming, and their potential solutions are looked into.

			The last chapter deals with the general mix of toxic gases, their names and their effects on the atmosphere. Various types of poisonous air pollutants, indoor and outdoor and their effects on human health and the ecological balance is also discussed in it.

			Air pollution is volcanic like issue facing the world today and needs to be tackled efficiently and adequately. With innovations and new research and the government’s worldwide taking a keen interest in it, it is also the responsibility of the common man to do his bit to handle air pollution.

			

			Chapter 1

			A Brief About Air Pollution Control

			Air pollution is the infliction of the atmospheric air with foreign particles, gas emissions, dirty smoke or biological degradation which chokes human and animal breathing causing wide-scale harm to all living beings. It is the degradation of the natural air prevalent in the sub-atmospheric level harmful for human existence. Clean air is an essential requirement for breathing to prevent all kinds of diseases and infections.

			The environment is mainly contaminated by two pollutants, one which gets directly emitted in the air and the second which gets emitted in the air due to some chemical reactions. First are known as primary pollutants and the latter ones are known as secondary pollutants.

			Pollution from greenhouse gas emissions and climatic reactions are other factors contributing to an increase in the pollution levels. So there arises a need to control air pollution for the survival of the human race.

			

			Air pollution control aims at controlling pollution at both these levels. Primary pollutants are much easier to manage than secondary pollutants because in the secondary one, the chemical reaction which forms it has to be studied and the compound which triggers it along with its source. This is a problematic area where atmospheric substrata reactions have to be minutely gauged. It gets further complicated if the formation of the secondary pollutant has taken place due to a complex irregular combination of the sources. This is an area of extensive field and laboratory research work involving mathematical analysis which is then simulated on air quality model to learn their effect on air pollutants as they spread and react in the atmospheric air.
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			Fig. 1.1: Classification of Air Pollutants

			Air pollution is also caused by deforestation as well as with the depletion of the ozone layer. Contamination of water and land constructions add up to the pollution levels. Gasses emitted from industries, power, and heat generators waste products, plastics, fuel combustion, and engines.

			Also, there is indoor air pollution along with the outdoors. The components contributing to indoor pollution are organic compounds, natural elements, fuel by-products and the gasses emitted like carbon monoxide, hydrocarbons, carbon dioxide, etc. These poisonous gasses also cause outdoor pollution along with sulfur dioxide, ozone, nitrogen oxide, lead, and other degradable substances. Most of us are aware of outdoor pollution, but in the 80’s, we acknowledged the presence of indoor pollution.

			1.1 	How Air Pollution can Affect Us

			•Reduces the quality and quantity of agricultural products

			•Animal and poultry life are reduced.

			•Soil gets contaminated

			•The vision of humans is affected.

			•It leads to breathing problems and diseases of the lungs.

			It has so many health hazards to humans and animals alike and is equally dangerous for plant and crop life that it poses a severe threat to humankind. So, air pollution needs to be tackled at the grass root level itself. Human life is of primary importance and then comes the rest. There is high congestion of pollution in certain places like highways, truck shops, toll booths, etc. Also in slums and minority community’s toxin levels be high and is a matter of concern.

			Health concerns relating to pollution are neurological, vascular, cardiac, pulmonary disorders. Mortality rates have been directly induced by it. The places where air pollution concentration is high, the cases of asthma attacks are reported more. This can continue for 2 to 3 days and are generally associated with short term exposure but where there is long term exposure to pollutants risk of cancer and other chronic diseases increases. Different races of mankind have been found to react in various measures to exposure to pollutants. Also, old people and small children are adversely affected by it.

			Land, water and coastal ecosystems are severely damaged due to the contamination. Water gets contaminated by acidic deposition which results in loss of aquatic balance. Air also deposits chemicals like mercury in water which is hazardous for marine life and if it gets cycled in the food chain forms the major poisonous substance for all living organisms.

			Invisibility problems in forests become acute due to air pollution. A smoky film envelops the landscape and makes it hazy and indistinct from far off. The air pollutants present in the air absorbs light and reduces the clarity of sight and reduces brightness. In the wild, these air pollutants generate major visibility problems and also endanger wild species.

			

			Due to this, rules and regulations to control and prevent the emission of toxic gases along with other poisonous substances were implied by various governments, across the world which will help in reducing the air pollution levels. To do so, several research centers and observatories have been established for the betterment of our environment and human health. Industrial and traffic rules are made where strict rules have to be followed regarding harmful gas emission. Air quality is tried to maintain by various means and strategies to improve the ecosystem in general. Scientific research and technical inputs are undertaken to bring the air pollution levels to controllable limits.

			1.2 	Rules and Regulations for Air Pollution Control in the US

			Air pollution control policies came into existence way back in the USA when the government realized the effects of it. In the fifties, cities like Chicago, New York, and Los Angeles, with alarming rates of air pollution caught the eye of the governors of the United States. They immediately formed rules and regulations to control it. Then the sixties and seventies saw air pollutants in the air rising due to vehicle gas emissions and smokes from factories and industries. Warning signals came from acid rains as a cross-boundary issue as forests in Germany were getting destroyed increase in the acid levels of water bodies in Scandinavian countries. Emission from minor sources like fuel combustion, carbon dioxide production, community inherent emissions added to the destruction of the environment. The seventies saw the invisible air pollutants increasing in the USA which resulted in accidents which made the US government stand up and take action.

			Due to the increased levels of air pollution across the world as per the incidents reported, the governments were forced to take strong actions to control it. In Donora Penn, in 1948 the toxic gas emissions caused a fog like conditions for 4 days and almost 700 people fell sick, and 20 people died in the US. Another mishap which occurred in the Three Mile Island USA due to radiation of radionuclide made the US government inculcate new legislation and preventive measures.

			1.2.1 	Studies and Research Done for Air Pollution Control in the USA

			After knowing the adverse effects of air pollution, the US government took several strict steps to control it. The history of control goes back a long time when the US Congress came into action and set up committee’s and passed rules. In 1970, an iconic year when the US Congress Amendment bill – Clean Air Act was passed and approved to curb air pollution. It further translated into setting up of the country’s air quality standards. This Clean Air Act is a country level exercise to control the pollution in the air and is a Federal Law of the state. The most potent environmental bills, the first of its kind and one of the most compact laws to control air pollution. Administered by the U.S. Environmental Protection Agency in association with the local, tribal and state governments it implements the rules and regulations in it.

			On 17th December, the 88th Congress of the US enacted the Clean Air Act of 1963

			The Air pollution Control Act of 1955 was the first U.S. Federal Legislation that addressed air pollution. Funds were allocated for research work related to air pollution, which was followed by the 1963 clean air act – a genuine endeavor to control air pollution. A federal program within the U.S. Public Health Service was started which was authorized to do research work into the technicalities of controlling and studying air pollution.

			In 1965, the Motor Vehicle Air Pollution Control Act was passed as an amendment to the previous bill which directed the federal governments to set limits for controlling the emission of pollutants from automobiles.

			In 1967, a second amendment was passed which investigated the air pollution from transport between states and standing source inspections. It also started more research into this matter of pollutant emission inventories’ and ways to control it. More funding was allocated to the states so that by 1970, all 50 states had air pollution control monitoring in place. Regulations were set in for the standard amount of air pollutant emission from both industrial pollution source (stationary) and mobile pollution source (vehicles).

			Amendments to the Air Pollution Act was made in 1990 to look into the increasing problems of ozone layer depletion, acid rain due to deforestation and other poisonous gas emissions. New amendments set Reid vapor pressure (RVP) which studies evaporative emissions from gasoline and formulated new ways for gasoline production.

			President George Bush in his tenure under the leadership of William Reilly passed the amendment to the 1990 clean air act as his most notable accomplishments.

			The Clean Air Act was the first and very important environmental law passed in the US which also has a clause for a citizen suit. Following this most of the states and their local administration have passed federal laws or legislation for enacting the clean air act.

			1.3 	Revolutionary Years in U.S. Environmental Protection Act – 1969-1970

			On 28 January 1969, on drilling an oil well in Santa Barbara, California, there was an outpouring of gassy grey mud with an ear-deafening sound splashing the workers with mucus like substance. The well was sealed for the time, and the matter was finished, but after some days, gas bubbles were seen polluting the water close by. Oil at an approximate rate of 210,000 gallons per day was flowing across the ocean floor, was cutting it and creating a gap and rising to the top of the ocean waves. The residents of this town were alarmed at seeing their beaches spoilt by oil and dead seabirds covered with oil.

			This came in the notice of the local government and the country at large by newspapers and television. Loud protests and rallies were held by the activists and environmentalists alike to stop the excavation of oil in the Santa Barbara area. Richard Nixon was newly appointed the president of America and on hearing about this incident came on a tour of that place and talked to reporters from the beach. This brought the focus of this oil spill on the national level which is a great danger to the environment. He assured America that he would do everything possible to prevent it.

			This incident was the turning point in the history of the American environmental act. It changed the mindset of an entire generation of Americans towards air pollution. Before it was hardly a topic in the government circles, but now there was a growing concern among the authorities regarding air pollution and environmental issues.

			The incident happened way back in 1969 which led the nation to focus on the adverse effects of air pollution as well as the destruction of the environment. There were several legislations made before too related to air quality and pollution, but the federal government started giving real efforts in 1969, resulting in the implementation of Environmental Protection Agency (EPA), in 1970, by an executive order of resident Richard Nixon. The law brought the issue to the forefront of the law enforcing agencies. The clean air act amendments in 1970 further accentuated the need for national air quality standards.

			Around 1960 environmentalists with the help of air pollution control calculators started noticing an enormous amount of sulfur and acid in the snow and rain at that time. There was even a disturbing element of the disappearance of fishes in rivers and lakes linked to it. It happened due to the increased issue of acid rain. This reiterated the attention of the public, the media and the federal government on the issues of air pollution and environmental cleanup and its implications on people’s health and the animals as well.

			So in 1969, Greenpeace was formed. It was started as a nuclear testing combat organization, but it was turned into an international movement to control air pollution and preserve the air quality and restore the balance in the environment.

			In January 1970, an agreement to form the National Environment Policy Act, (NEPA) is signed. It is a resolution which passes mandates for the effect it will have on the environment when a new construction project for the setting up of new power-plants or highways or industries is undertaken. This was formed after the outcry of the public regarding air pollution and looks after construction, policies, and programs of the government as well as the private parties.

			On 22nd April 1970, Earth Day was formed by environmentalists and the government officials. A huge number of Americans almost approximately twenty million marked the Earth Day which was undertaken as an appeal to the world regarding the need to conserve the environment and the health hazards of polluted air. So, it was a public declaration to protect the environment at any cost for the future generation. The day was marked by massive rallies, demonstration, lectures, and environmental protection work as a way to increase awareness among the general public regarding the benefits of conserving the environment.

			And then in December 1970, EPA (Environment Protection Agency) was created by the then president Richard Nixon. This act was the result of the Earth Day and the NEPA agreement which set a precedent for the setting of this landmark and historic legislation. This was also the cumulative effect of the environmental issues floating in the air everywhere and was the precursor for many amendments to follow later on to restrict air pollution.

			A huge hue and cry of the public in the 1969s and 1970s regarding dirty water, the continuous spoiling of the American continent, pollution, smog was killing the nation’s appeal and creating innumerable health problems. Emission from auto fuels was too high and could lead to congenital disabilities. Some cities started emitting a foul smell, and the clean oxygen air was getting depleted.

			The U.S. was high up in the world in environmental degradation which was sweeping the world all over. The population of the U.S. was 5.7% of the global population in the 1970s but was consuming 40% of the natural resources. This was pretty high in relation to the normal consumption. The reason cited was that the heavy consumption was above the mere economic ability to consume since the idea behind the building up of the U.S. was its vast natural landscape and its virgin territory. This brought to the public domain that what resources they had thought to be infinite was in fact limited and also the land was getting exhausted. There was a significant backlash from all sides to prevent the exploitation of the environment at the hands of some people and industries.

			These events, public demand, the voice of the environmentalists, the media, all came to a head in the 1970s and reached the ears of the president, Richard Nixon which forced him to take adherence of this growing environmental concern. It was a degree of concern for the nation which made him set up the advisory committee to take heed of air pollution problems and its possible solutions.

			1.4 	Policies for Removal of Polluted Air and Gas Emission

			Dirty air is calculated by different air pollution indices and is carried by the pollution regulatory agencies. The EPA has determined the Pollutant Standard Index (PSI) find out the air quality information in the United States. Dirty air is formed with five main pollutants which are nitrogen dioxide, sulfur dioxide, ozone, carbon monoxide along with the total suspended particulate. The calculation is based on a scale of 0-500 where the measurement above 100 implies possible health hazards while the real alerts are declared when the scale goes above 200, 300 and 400 levels. If the range is below 100, air quality is acceptable and within reach.

			We calculate the pollutants emitting from specific sources and measure the quantity of gas emitted from that source. It includes emission from specific plants in operation along with the equation of ambient air pollutant concentrations to definite sources. Gas emission from petrol driven cars and two-wheelers is the most difficult to control.

			The U.S. government has endeavored to protect public health since 1970. EPA together with regulatory programs and voluntary partnership programs does its bit in protecting the environment and toxic fuel emission. The clean air combination programs aim at decreasing hazardous greenhouse gas emissions, increase energy utility, bring down the regular air pollution.

			

			Clean air act has reduced air pollution for more than forty-five years now as industrialization has grown and the economy has risen in the U.S. This has brought down tremendously, environmental loss from dirty air. Health concerns for humans have decreased. They inhale a much cleaner air than the highly polluted one and so chronic health issues related to polluted air has reduced like an asthmatic attack. Also, the expenses for maintaining clean air is less than the accrued benefit.

			Restrictions imposed on fuel emission from vehicles like new cars, trucks and non-road engines have greatly improved the environment. To control the emission of dirty air, State of the art techniques are employed. Industries have to take the certificate for the restricted amount of gas emission and should not exceed the limit. Acid rain caused by power plants has also been taken under control by reducing the dangerous gas emission which in turn has benefitted the health of the general public. Dirty, toxic emissions by cell phones and radiations by mobile towers and factories have become much less than before. Polluted air floating between the states has been controlled. Several steps are taken by the Federal Government of the US to keep the ozone layer intact. This has percolated as a lesser amount of skin cancers and cataracts in humans.

			The decrease in dirty air and emission control has made the visibility much brighter in the national parks of the U.S. The beautiful far off landscape can be seen vividly now due to less haze.

			The EPA act has furthered the cause for advancement in technology related to dirty air removal that helps in reducing toxic emissions and also lower cost for pollution control. It has brought rules and regulations to control air pollutants that cause climatic changes and ocean acidification and deployed clean technologies which help ion dirty air removal to protect public health, the environment and birds and animals.

			The aggregate national emission from the six common environment pollutants has dropped from 73%, and this enhanced the production of the gross domestic product by 324 per cent. This has been a combined effort of the state, local and tribal governments, the EPA, environmental fundamentalists, private and public companies all together hand in hand to save the world from a common life-threatening problem. It has a great as well as a positive effect on the quality of the air we inhale resulting in public health. The emissions from the motor vehicles is a lot cleaner because of the new motor vehicle act which has set standards for the amount of fuel emission. So, we see because of this act the Americans have better quality air to breathe and are at a lower risk of premature death or other serious health hazards.
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			Fig 1.2: Comparison of Growth Areas and Emissions, 1980-2015

			One can see the comparison of growth areas and emissions rate in the above figure. It simply states the need for imposing strict rules and regulations to control the emissions.

			1.5 	Various Problems Raised Due to Air Pollution

			Air pollution far exceeds the problems we can even imagine; thus no one should take it lightly. Simply dangerous for future generations and also for us it has far-reaching effects which we are not aware of. Coughs, headaches and sore throat are the side effects of this air pollution. In the United States, 40 per cent of the population approximately 134 million people are facing problems like premature deaths and diseases due to bad air quality. It can further result in cancer, heart diseases, respiratory and lung issues like asthma.

			The U.S. has been dealing with the problem of air pollution since the industrial revolution happens in the United States. As per the surveys were done in 2009, it was seen that 60% of the residents of America were living in air polluted areas above the standard levels of pollution which resulted in sickness and diseases.

			Marine life gets severely damaged, and the cycle gets back again to humans through them. Beaches are spoiled, and water pollutants kill sea life and infect the ocean water. Rivers, reservoirs, lakes, and seas are overflowing with poisonous chemicals and other pollutants leading to degradation of the water. Plastics and waste are common water pollutants. Water pollution leads to deaths and approximately caused 1.8 million deaths in 2015. Waterborne pathogens spread diseases like cholera, giardia, and even typhoid.

			Due to the increase in air pollutants in the US, there are various areas where the visibility got reduced by 70 per cent. All this is because of soot and smog which is formed due to the emissions from automobiles like trucks, cars, trucks as well as other engines which are not on-road. Industrial emissions from incinerators, power plants and factories as well as emission happening due to the burning of fossil fuels such as natural gas, coal, etc. Even a tiny particle of soot is risky because they can enter the lungs or bloodstream of living beings and escalate problems like bronchitis, strokes and lead to premature deaths. It causes allergies and irritation and eye problem like cataract. The air pollutants increase the symptoms of diseases and trigger attacks.

			There are various toxic air pollutants emitted due to the combustion of gasoline, gas, or coal such as lead, benzene, mercury and dioxins as per EPA which resulted in many lung, eye, and skin infections if come in contact for a short time, whereas long term contact can result in blood and other disorders.

			Dioxins are mostly found in food but in small quantities also present in the air causes liver problems and can harm the immune, nervous and endocrine systems, and the reproductive system in the long run. Children’s brain damage and kidney problem can be caused by lead in large quantities, and small quantities can reduce kids IQ and learning abilities. Mercury can severely affect our central nervous system.

			Emission from greenhouse gases leads to global warming by trapping the heat from the earth in the atmosphere and thus lead to climatic changes and warmer temperatures. This also leads to extreme weather conditions, rising sea levels, deaths because of hot weather, and the increase in the transmission of infectious diseases like Lyme.

			Pollen, mold, and allergens from grass, trees, and weeds, fly in the air and are carried by wind gets enlarged by climatic changes and causes health problems. They get attached to human clothes and activities and do not come under the government act but are hazardous to health.

			So we see air pollutants cause not one but a family of problems and are a major risk for all.

			

			1.6 	Dispersion of Air Pollution and Vehicular Transmission

			Transport is the movement caused by the average timing of the wind flow. The airborne pollutants associated with vehicular emissions are studied with extensive field and modelling experiments. Pollutants can travel long distances of hundreds of kilometres and so carry infection from one place to another. The study of transport and dispersion of pollutants affect vehicular emissions and air quality. The United States is both a receptor and source for pollutants travelling long distances. They flow across borders and travel between continents and are major sources for public health threats, low visibility, poor water quality, and infrastructure material damage.

			As the United States is a receptor country, it receives air pollution from international sources. The impact of international pollutant transport is significant in air quality planning. Concerns regarding international pollution transport, chemicals like POPs have been banned in the United States, but still, their continuous exposure is a matter to be discussed. A vaster study of the dynamics of long-range transport of pollutants is required, but still, there is quantitative evidence to suggest the contamination of the pristine Arctic environments. To know the magnitude of impact on the ecosystem visibility, human health and other issues more analysis has to be conducted so that a cohesive and cooperative international control strategy can be developed.

			Long range transport pollutants are basically of four classes – ozone and its precursors (O3), particulate matter (PM) and its precursors and persistent organic pollutants. Traditional transport models are used to quantify receptor regions concentration of air pollutants.

			Emissions from transports and dispersion of pollutants over long distances have impacted air quality and the degradation of the environment. In remote and rural areas concentrations of harmful pollutants were found. Researchers have investigated the transport of chemicals over long distances and receptor countries. Pollutants other than ozone and its precursors travel across long distances and affect precipitation quality in nonurban areas. Study of the rate of dry deposition of transport-related pollutants is critical to study its impact on the environment and as a consequence human health.

			Exposure to transport related pollutants of humans is associated on three scales of distance that is near field, urban and regional. Direct exposure is felt when sitting inside vehicles, or from the flow of pollutants from other vehicles.

			

			Federal, state and local agencies are in the process of understanding and managing the effect of long-range transport of pollutants on the health of the public. They have come to a consensus that huge quantities of pollutants travel long distances in fact from one continent to another. The atmospheric conditions of North America are conducive and act as a transport receptor in attracting pollutants into the mid-latitude free troposphere. The strong winds blow the pollutants far and wide and transport it over long distances. To identify the effect, it has on the local air quantity is tough. After doing a study, the researchers showed that the long-range pollutants caused due to the outside sources could have a severe effect on the United States non-domestic sources, under certain circumstances. It can also have an impact on air quality as well as on the environment to a great extent. To keep the air pollution levels in control, the US has employed even more strict emission control strategies which can give clean air to the public.

			1.7 	Measurement Scales for Determining Air Quality

			The air quality index, AQI, in any country is used by the government to assess the air quality and also inform the public about the pollution levels in the air currently and also tries to analyze how dirty the air is going to get later on. If the AQI increases a large percentage of the public is going to have increasing health issues. So different nations have set up different air quality indices to measure dirty air corresponding to every nation set air quality scales.

			EPA in the United States is one of the prominent agencies working in this area. They have their own research and development center to monitor as well as to measure various types of air pollution. They even have their manufacturing unit which helps them in producing as well as improving methods, instruments, techniques and other machinery to analyze the air quality. These tools further help the agency in controlling the emissions, providing a clean environment and better health to the public.

			To enhance the air supervision techniques, EPA is using lower costs and portable air measurable technology in compliance with the National Ambient Air Quality Standards. It includes both stationary and mobile real-time measuring methods used to identify the toxic chemicals resulting in air pollution in specific areas such as railway tracks, power plants, ports, factories, oil and gas operations. It can even be used to determine air standards of the identified pollutants. In highly sensitive areas, air sensor tools are set up at a place or set up as a sensor network for fenceline monitoring.

			

			National Ambient Air Quality Standards

			Table 1.1: NAAQS Given By US EPA
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							Particles with diameters of 10 micrometers or less

						
					

					
							
							Annual Arithmetic Mean

						
							
							50 μg/m3

						
							
							 

						
							
							Primary & Secondary

						
					

					
							
							24-hour Average

						
							
							150 μg/m3

						
							
							 

						
							
							Primary & Secondary

						
					

					
							
							Particulate (PM 2.5)

						
							
							Particles with diameters of 2.5 micrometers or less

						
					

					
							
							Annual Arithmetic Mean

						
							
							15 μg/m3

						
							
							 

						
							
							Primary & Secondary

						
					

					
							
							24-hour Average

						
							
							65 μg/m3

						
							
							 

						
							
							Primary & Secondary

						
					

					
							
							Sulfur Dioxide (SO2)

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Annual Arithmetic Mean

						
							
							0.030 ppm

						
							
							(80 μg/m3)

						
							
							Primary

						
					

					
							
							24-hour Average

						
							
							0.14 ppm

						
							
							(365 μg/m3)

						
							
							Primary

						
					

					
							
							3-hour Average

						
							
							0.50 ppm

						
							
							(1300 μg/m3)

						
							
							Secondary

						
					

				
			

			GMAP or Geospatial Measurement of Air Pollution is a measure used by EPA to identify the emission sources along with the general local index air pollution dynamics near specific areas like oil and gas factories, roads, industries, ports, etc. This is a research program in which vehicles with air pollution tools having an integrated high time resolution is used to measure the source emissions and quantify other air pollutants. EPA is upgrading the mobile air sensor technology with the help of Google street view cars as per the ACLIMA Incorporation. Advanced data on air pollutants and identifying the different sensors for different areas and their best standards for indoor and outdoor atmospheres are developed and more advanced technologies created. The EPA researches to bring higher standards of measuring scales for dirty air in partnership with other similar agencies working on environmental issues.
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			Fig 1.3: Geospatial Measurement of Air Pollution

			Federal Reference and Equivalency Method: EPA researchers have developed this method which can measure six main air pollutant chemicals in the air, accurately. To met the National Ambient Air Quality Standards, this method is considered as the golden way to measure the standards. These are used by the states and other agencies to implement rules and regulations pertaining to air pollutants.

			Aircraft Emission Methods: It is the technology by which emission from the aircraft is measured which is a common source of air pollution all over the world. Researchers are working on it to develop and implement methods to measure real-time the air pollution caused by these air carriers. An approach to measure black carbon and aircraft particle radiation have been developed, and advance research is going on. Emissions of non-volatile particulate matter (nvPM) from engines of commercial aeroplanes, etc., can be measured with the help of Black Carbon Measurement Method.

			EPA’s National Air Toxics Trend Station Network (NATTS), Urban Air Toxics Monitoring Program (UATMP) as well as the Community Scale Air Toxics Ambient Monitoring Program (CSATAM) receive data from the States using Toxic Organic (TO) methods to analyze air toxics or the presence of higher levels of chemicals in the air. EPA has a system of reviewing the prevalent TO methods and tries to upgrade and improve the most effective priority methods. Recently used methods for measuring air toxics in ambient air are given in the Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air – Second Edition.

			EPAs exclusive testing methods: These methods are used by the researchers to determine the gaseous and particulate emissions from stationary diesel generators and diesel engines. Pre and post-combustion control methods are used to collect and assess more data on the patterns of emissions from these immobile things.

			The OTM 33 method: This method is used for controlling the benzene emissions from oil refineries with the help of a passive sampler. It comes under the fenceline monitoring technology which is regulated by EPA. It can be used to measure the emissions from stationary sources like coal-fired power plants, etc. making them more relevant as per the air pollution standards.

			Analytical Chemical and Optical Methods: This is used to develop as well as apply the sampling techniques along with other methods to determine and measure exactly the inorganic and carbonaceous elements of gases and fine particulate matter from different ambient areas and various points of harmful emissions. For further toxicology research activities, data is being collected from various research work done by the scientists across the world requiring in-depth knowledge of analytical chemical methodology which is used for determining toxic air pollutants so that it can be brought back to a desired acceptable level. These units and standards developed by the EPA to protect the environment go a long way in preserving the atmosphere and provides clean air for breathing and improving public health in totality.
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			Chapter 2

			How Air Pollution Can Affect Us

			Did you know that an average person inhales 7-8 liters air per minute which is around 11,000 liters of air each day? Imagine people are breathing contaminated and filthy air in the most polluted countries in the world. And the most shocking part, even if you are living in a city where the air pollution level is low, you are still likely to inhale air pollutants. Statistically speaking, globally, nine out of ten people are exposed to levels of air pollutants that exceed World Health Organization safe levels. And these tiny particles which are as small as a molecule easily infiltrate your body, hence attacking your lungs.

			Even though our respiratory system includes protective barriers called pulmonary defense mechanism which prevents the development of lung diseases by detoxifying and preventing the entrance of pathogenic organism, yet air pollutants enter triggering inflammation. These wanted particles breakthrough releasing toxic compounds in our body which deeply penetrates straight to our bloodstream, hence sowing the seeds of cancer. As this unbroken cycle continuous during our lifetime, these foreign materials start constricting out blood vessels and slowly increase blood pressure until one day, we get a stroke. Air pollution is an invisible but a deadly problem. It can result in asthma, lung disease, irregular heart rhythms, heart diseases, stroke, dementia and many more such abnormal condition to a human body. Summing it all up, air pollutants affect our lungs, heart, and brain.

			In our previous chapter, we learned about air pollution, its type, and their sources. In this chapter, we will further elaborate on why air pollution is a problem? Why is it hazardous and what are the common effects that we ought to be aware of? How does it affect global warming, environment and specifically, our human bodies?

			2.1 	The Effects of Air Pollution

			2.1.1 	Environmental Degradation

			Air pollution causes severe environmental damages and diversity. Studies have proven that some of the species animal and plants show an irreversible effect due to environmental contamination, hence, putting these species on the verge of extinction.

			Air pollution is harmful and hazardous since they release unwanted gasses into the atmosphere directly. It can have severe adverse effects on the environment.

			Global Warming

			The atmosphere consists of several gases. CO2 is one of them. It is about 412 ppm which is a normal and non-toxic amount. CO2 is at a tiny portion in the atmosphere (0.040%) and constitutes only 3.6% of the greenhouse effect. But since 1945, CO2 has been increasing by only 0.008%. Even a tiny amount of an increase in CO2 can lead rise in temperature!

			The long-term rise in average earth temperate is known as Global warming. Does an increase in earth’s temperature affect the environment? Yes, it increases sea levels, ocean acidification, precipitation, and expands deserts in the subtropical region of the earth. It also decreases glaciers, permafrost and sea ice in the Arctic regions. Due to this, we observe extreme weather conditions such as droughts, wildfires, heaving rainfall followed by a disastrous flood and of course, the most common of all, unbearable heat waves.

			

			Effects of Global Warming on The Habitat and Surroundings

			A) Rapid Decline in Arctic Sea

			Global warming is continuously putting the life of the Arctic sea ice in a precarious position. It is now vulnerable to winter temperature anomalies. In 2017, the Arctic had 448,000 square miles less sea ice than usual! There is a massive decline in sea ice, and according to a recent study, the ice extending over the Arctic sea will be less than 1 million square km between 2025 – 2030. And by the year, 2050 there will be no Arctic ice in the summer.

			B) A rise in Extreme Weather Changes

			According to a data analysis report carried from 1960 to 2010, shows that heat waves and droughts have been appearing more in the world with an increased frequency. Since 1980, we have observed extreme wet and dry lands within the monsoon days.

			Heat waves cause mortality. In the USA alone, it killed 2190 between 1992 to 2011. Additionally, extreme weather conditions such as heat waves can cause excessive psychosocial stress to a degree where violent crimes are committed such as assault, murder, and rape.

			Heat waves are extremely disastrous as they dry out the vegetation hence, causing a massive drought. And in some cases, it can start a wildfire. In 2003, heat waves were responsible for destroying 3,010 square kilometres of forest in Portugal. The estimated damage was over €1 billion.

			Although few reports have been observed on health effects due to hot weather conditions caused heat waves, they still are responsible for deaths annually that is more than any natural disasters such as lightning, rain, floods, hurricanes, and tornadoes. Karl Swanberg, a forecaster at the National Weather Service, reported that heat waves caused about 20,000 death between the year 1936 and 1975.

			C) Abrupt Changes in Ocean Properties

			Ocean acidity has drastically increased while the oxygen level decreased. If we talk about temperature and water, the rise in temperature makes the oxygen levels less soluble in water. Since the CO2 concentration is more, it dissolves in water instead of oxygen. That is the reason, why ocean acidity increases.

			Ocean acidity should is usually measured by pH value which should be less than 7 (normal). If the levels are more than 7, the ocean becomes harder for organisms to live in. As per the estimations done by the researchers, 30–40% of the carbon dioxide released due to human activities in the air which gets dissolved in the water bodies, i.e., lakes, rivers and oceans.

			Ocean species are greatly affected by this kind of unnatural quality of water. Only few may benefit higher concentration of CO2 like the photosynthetic algae and seagrasses, but on the other hand, it lowers environmental calcium carbonate saturation hence, affecting various species like the oysters, clams, sea urchins, deep sea corals, and more.
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