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ABSTRACT
Environmental chemistry studies what is in the air, water, and soil to study how chemicals enter the environment, what affects they have, and how human activity affects the environment? It also studies the source and extent of pollution and contamination, especially compounds that affect human health, and promote sustainability, conservation, and protection. A better understanding of environmental chemistry can be obtained if it is viewed in perspective of global energy needs and use, the consequences of such use and the disposal of wastes and other products which are very important from the point of view of the sustainable development. Educating students about these is also as much important. The students are generally educated about sustainable development as if it is a different and a new subject whereas it has been a vital part of environmental chemistry though the threat to existence of humanity made us coin this new term.  In this paper we present an overview of the subject considering the factors such as Energy uses, Disposal of chemicals and wastes, Pollution of water, air and soil, Ozone Depletion and Smog. This is done with keeping in mind and to Inculcate a fervour in the students for the study of all this. It will surely lead them to be aware of this issue so that they too can think of devising means and resources for the sustainable development.
Introduction
Environmental chemistry is a much focused branch of chemistry, containing aspects of organic chemistry, analytical chemistry, physical chemistry and inorganic chemistry, as well as more diverse areas, such as biology, toxicology, biochemistry, public health and epidemiology. Environmental chemistry is socially important because it deals with the environmental impact of pollutants, the reduction of contamination and management of the environment. Environmental chemistry study the behaviour of pollutants and their environmental effects on the air, water and soil environments, as well as their effects on human health and the natural environment. Under Environmental chemistry we try to understand how chemicals move through the environment and their effects on human health and the environment itself. This is done through field and laboratory work, including measurements, data interpretation and computer modelling. But before going deeper the basic knowledge about its various aspects and environmental problems and their study is necessary as it’s because of human activities and human requirements that the environment has been put in a constant danger. These requirements and their effect should be studied in detail to save the earth and the mankind’s future.
Energy Needs – Use of Fuels 
Our energy needs are presently being met by the combustion of carbon-containing compounds and, to a lesser extent, by nuclear fuels. The pollution problems that result from such use are presented below. The fossil fuels of concern to us are methane (CH4), gas, oil and coal. 
	Combustion of Fossil Fuels	
1. Methane 
The combustion (total oxidation) given by the equation
 CH4 + 2 O2→ 2H2O + CO2
 Is exothermic, ∆H = -192 kcal/mole, or 192 kcal of heat released per 16g of fuel. 
Methane, found naturally, is considered to be a clean fuel, its use contributing primarily CO2 to the atmosphere. 
2. Coal 
Coal is primarily a mixture of complex organic compounds and consists by weight typically of 65% C, 5% H, 1% O and 10-12% water as moisture. Organic and inorganic compounds containing sulphur are also present. Furthermore, coal also contains hydrocarbon compounds with nitrogen atoms. All of these will produce both SO2 and NO2 upon combustion of the coal. Thus, pollution prevention in this case could be accomplished if SO2, SO3 and NOx were “scrubbed off” instead of released in the atmosphere. It would be clearly uneconomical to remove S and N-containing materials from coal prior to its combustion.
3. Oil 
Oil combustion will also result in the formation of oxides of sulphur and nitrogen. Their removal for environmental reasons must also be achieved to prevent SO2 and NO2   emissions. 
Sulphur-dioxide emissions
Oil and coal contain large amounts of sulphur. Combustion of these fuels results in the emission of sulphur dioxide into the atmosphere. The sulphur content of oil depends on its source. There are very few oils that do not contain sulphur. Oil obtained from the North Sea contains 1% Suffer by weight. Oils from the Middle East contain 4-5% sulphur. All sulphur in crude oil is present as organic molecules, mostly thiophene, C4H4S. Coal can contain several percent by sulphur weight, depending on its source. The sulphur in the coal is present both as organic sulphur and also in the form of metal sulphides, such as FeS2. The sulphur in the oil processed by an average refinery (100,000 barrels per day) amounts to 713 million lbs. of SO2 per year. Furthermore, shale oil, a potential fuel for future use, contains 2% N by weight which must be removed prior to burning the fuel or otherwise nitrogen oxides, which are both toxic and also produce acid rain, would be released in the atmosphere. 

Acid Rain
 Acid Rain results from the reactions of SOx (SO2 + SO3) and NOx (NO + NO2) with water. Examples of such acids are below: 
SO2 + 2 H2O → H3O + + HSO3 - (hydrogen sulphite) 
HSO3 - + H2O → H3O + + SO3 2- (sulphite) 
NO2 + 2 H2 O→ H3O + + HNO3 (nitric acid)
 (HSO3 - and SO3 2- are related to H2SO3 which is sulphurous acid)
 The acids thus produced are carried down from the atmosphere to the soil during precipitation. It is important to remember that acid rain will fall on areas that are far removed from the location of the pollution. This occurs because SOx and NOx form stable aerosols in the atmosphere and thus move over the globe. An aerosol is a relatively stable colloidal suspension of gases, liquid and solids in air. When these settle, acid rain is produced. Many lakes in the world are now polluted because of acid rain. At a pH of 4.0 damage to aquatic life occurs. The presence of CO2 in water cannot account for this acidity, as a pH 5.5 results upon CO2 saturation of a clean lake. Beginning in the early 1970’s, numerous lakes in the world have become too acidic to support aquatic life. 
The pollution of lakes, because of acid rain, appears now to be more complicated than originally thought. Some lakes have a pH of 4 but the aquatic life survives, whereas in others it fails. This has now been attributed to the presence of aluminium in the water which results upon acidification of a lake. Aluminium collects in the gills of fish and prevents them from breathing, thus suffocation occurs. If the sediment of a lake is not rich in aluminium-containing minerals, apparently no harm is done. 

The Greenhouse Effect
A. Natural Greenhouse Effect and Gases 
The greenhouse effect is the term given to the natural insulating effect of the earth’s atmosphere due primarily to the presence of greenhouse gases that occur naturally. Natural greenhouse gases are CO2, CH4 and N2o (nitrous oxide). Their presence is necessary, as they help maintain the earth’s energy balance and keep it from cooling down. Energy from the sun is prevented from reaching the earth by many processes including reflection from clouds and absorption by clouds. In addition, the surface of the earth, as it cools, radiates a great deal of the energy it has absorbed back up into the atmosphere (called reradiation). Fortunately, some of this re-radiation is absorbed by the carbon dioxide and water in the upper atmosphere and subsequently radiated back to the surface of the earth. In this way, additional heat is kept within the lower atmosphere. This warming by absorption and reemission of radiation is a more technical definition of the greenhouse effect. 

B.  Unnatural Sources of Greenhouse Gases – Global Warming
 As you know there is considerable concern about enhancement of greenhouse effect. This concern stems from the fact that there has been a huge increase in the greenhouse gases from unnatural sources, mainly the burning of fossil fuels. The atmosphere receives CO2 from many sources including respiration of plants and animals, forest fires and the burning of vegetable matter. This CO2 production is in delicate balance with the uptake of CO2 by plants for photosynthesis and by the oceans that absorb CO2 and precipitate it as MgCO3 and CaCO3. After these natural uses of CO2, there is only 5% left over. Most of this 5% comes from the burning of coal and oil. If we continue to add more CO2 at the present rate, it is thought by some that the surface of the earth may be warmed by several degrees in the next 15 years. Even such a slight warming would cause the polar ice caps to melt and would cause other climatic changes.  
The issue of global warming by the excess CO2 in the atmosphere is no longer the hotly debated topic that it was even several years ago. One alarming conclusion came early on by the IPCC in 1992 that we would be experiencing even more pronounced effects of global warming if not for some cancellation of the accelerated greenhouse effect by haze particles in the upper atmosphere. Haze participles are large blankets of tiny aerosol droplets that originate from volcanic eruptions or from fuel burning that produces SO2 that turns into sulphuric acid droplets. This haze serves to reflect more of the sun’s radiation back to space before it even reaches the earth. The haze is not expected to be able to compensate for the greenhouse effect over a period of several decades, however. 
Thus, according to these estimates, the continuing combustion of fossil fuels may result in our reaching the upper limit of CO2 tolerance soon, and for this reason some researchers suggest that alternate fuels, such as nuclear, be used. Clearly, the greenhouse effect is a serious problem worthy of constant monitoring. 


Air Pollution Control
Air pollution control is an important component in the clean-up of our environment. In each country legislation regulates automobile emission pollutants and sulphur oxide emissions from the combustion of fossil fuels. Hydrocarbon emission CxHy, are also of concern because they contribute to photochemical smog. To reduce air pollution by vehicles Catalytic converters were introduced. Exhaust passes through the converter and mixes with oxygen which oxidizes carbon monoxide and hydrocarbons to carbon dioxide and water. Hydrogen which is produced in the catalytic converter from reaction of CO with H2O reduces nitrogen oxides (NOx) to nitrogen and water. Legislation regulates the quantity of the pollutants, CO, CxHy, and NOx, that can be emitted from moving vehicles (automobiles). 
A. Where the NOx does come from in car exhaust? 
The NOx is formed at the high temperatures (>1200˚C) in the combustion chamber of vehicles. The source of the N2 and O2 is from air that is drawn into the car’s engine.
 N2(g) + O2(g)  2NO(g) 
This reaction is endothermic (requires heat) and therefore is occurs more easily at the high temperatures in the engine.
      B. Principal Oxides of Nitrogen NOx Found in Automobile Exhaust is of two different types:
 1. NO-- The colourless NO (nitric oxide) molecules react with oxygen to form brown nitrogen dioxide, NO2. The NO-NO2 equilibrium is depicted below. 
           2NO2 (g) + O2 (g) 2NO (g) 
2. NO2           The toxicity of NO2 (nitrogen dioxide) results from its reaction with moisture to yield nitric acid. Lung tissue is attacked when NO2 is inhaled. Both NO and NO2, formed by nature during electrical storms, are carried to the ground in the form of nitric acid precipitation. These dilute quantities of nitric acid act as a fertilizer. Of course, in higher concentrations, nitric acid is harmful and contributes to acid rain. 
Reactions to produce NO and NO2 that are triggered by electricity or heat are: 
N2 (g) + O2 (g) 2NO (g) 
2NO (g) + O2 (g)  2NO2 (g)
 3NO2 (g) + H2O 2HNO3 + NO (g)
{Redox Reactions}
 A third Oxide of Nitrogen is not found in Automobile Exhaust 
3 N2O In addition to NO and NO2, there is another oxide of interest, dinitrogen monoxide or nitrous oxide, N2O, also known as laughing gas, which is not found in automobile exhaust. It is relatively nontoxic and is used as an anaesthetic. If N2O is heated too strongly it breaks up into elements according to the equation:
                                                    ∆H = +18.65 kcal/mole (+78.03KJ/mole) 
2N2O (g) 2N2 (g) + O2 (g)    (Endothermic) 
Because N2O supports combustion, hot rod and race car drivers sometimes use it to enhance the power output of their engines: 

Air & fuel + N2O → CO2 + H2O + N2 

Emission Control Requirements 
Prior to 1978 the principal emission control targets had been hydrocarbons (CxHy) and CO. Till that year, emission standards required the reduction of NOx in auto exhausts. To understand why control of these pollutants is not easy, consider that a typical auto exhaust mixture is composed of alkanes, alkenes, aromatics.
<1%CO, 10% CO2, .01% NOx, 10% H2O, 2% O2 with remainder being N2
Ozone and Photochemical Reactions
To understand both ozone depletion and photochemical smog reactions we must consider ozone, a beneficial ingredient at high altitudes in the atmosphere (stratosphere) that screens us from the sun’s ultraviolet radiation. 
A. Formation of Ozone: Ozone, O3 protects us from the intense ultraviolet radiation of the sun by absorbing this high energy radiation. Ozone is formed by the reaction of O2 with high energy radiation to give O atoms which themselves react with O2to give O3.
a.    O2 O + O 
b.    O + O2 → O3 
Ozone can decompose by the photochemical reaction below by absorbing lower energy ultraviolet radiation. 
O3 O2 + O + heat 
B. Ozone Depletion
(1) Nitric oxide depletes ozone 
NO put into the atmosphere from the combustion of fuels contributes to ozone depletion as follows: 
a.     NO (g) + O3 (g) → NO2 (g) + O2 (g) 
b.    NO2 (g) + O (g) → NO (g) + O2 (g) 
Note that nitrogen oxides are not removed during ozone depletion, but are regenerated.
 (2) Freons deplete ozone 
Freons are put into the atmosphere by aerosol can products and refrigeration unit leakage. Freons are a class of hydrocarbons called chlorofluorohydrocarbons. These contribute to the destruction of ozone according to the reactions below:
 CF2Cl2  CF2Cl˙ + Cl˙ 
(Note CF2Cl˙ and Cl˙ are free radicals with an unpaired electron)
 CFCl3 CFCl2˙ + Cl˙ 
Then ozone destruction occurs as follows: 
Cl˙ + O3 → ClO˙ + O2 ClO˙ + O → Cl˙ + O2 (the reactive Cl radical is regenerated) 
Smog
Smog is a kind of air pollution, originally named for the mixture of smoke and fog in the air. Classic smog results from large amounts of coal burning in an area and is caused by a mixture of smoke and sulphur dioxide. In the 1950s a new type of smog, known as Photochemical Smog, was first described. Thus it is of two types:

1 London smog
2 Photochemical smog
         1    London smog 
This type of smog results from air-born SO2 which reacts with moisture to form sulphurous acid and causes lung irritation. 
2 Photochemical (Los Angeles)smog 
This type of smog requires the presence of NOx and ozone; the smog is brown because of the presence of NO2.
The ingredients for photochemical smog are: 

A. sunlight 
B. NOx 
C. hydrocarbons 

Los Angeles and Mexico City are considered to be the most polluted cities in the world, with Mexico City being the worst example of air pollution. At an 8000 foot high elevation (less oxygen in the air), it is situated in a bowl arrangement that traps pollutants from the estimated population of about 18 million. There is little environmental control, and photochemical smog impairs visibility considerably. 
NOx results from the combustion of fuels; unburned hydrocarbons from the evaporation of fuels (e.g. gasoline at the gas stations). The following reactions are involved in photochemical smog:

               Nitrogen Dioxide Cycle 
NO2 (g) NO (g) + O
 O + O2 (g) → O3 (g) 
O3 + NO (g) → NO2 (g) + O2 (g) 

Note that ozone is produced in this cycle. It is ironic that build-up of ozone is occurring in the lower atmosphere where we don’t want it; while at the same time it is being depleted in the upper atmosphere where we need it.
          Conclusion
Man-made emissions have contributed to two conditions that are under close scrutiny by the scientific community and the developed nations world–wide first is Global warming which is an increase due to Green House Gases the second is Ozone depletion in upper stratosphere. The effects of which could be disastrous for mankind if timely steps are not taken at all levels. For our efforts to build up and disseminate greater knowledge about man-made climate change, and to lay the foundations for the measures that are needed to counteract such change we know now much more to provide greater substance to that concern thanks to environmental chemistry. A branch of chemistry which is studying, observing, analysing and solving many of the environmental problems of today.
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