Sulphur Dioxide SO2
It is colourless gas with a pungent odour. It is produced form combustion of any Sulphur-bearing material. SO2 is always accompanied by a little of SO3. The mixture is denoted by SOx.
                   S    + O2                             SO2
                    2SO2 + O2                                      2SO3
Under the normal humid conditions of the atmosphere, SO3 invariably reacts with water vapour to form droplets of H2SO4.
                 SO3  +  H2O                     H2SO4
Is should be mentioned that SO2 is partially oxidized to SO3 I air by photolytic and catalytic process involving O3, hydrocarbons and NOx in photochemical smog. NOx  exerts the catalytic effect which is the basis of the industrial production of H2O4 by the lead chamber process. The catalytic oxidation can also be take place on soot dust in the presence of metal oxide: 
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Sources  
Natural processes e:g volcanoes, provide 67% of the SOx pollution which is eventually distributed all over the globe.

Man-made sources contribute about 33% of SOx pollution which is however localized in some urban areas. Annual world-wide emission form these sources are 146 and 1.5 × 106 respectively. Among man-made sources, fur coal combustion in stationary sources account for 74%, industries 22% and transportation 2% of the total SOx emission.
In other words, coal fired power station are the major culprit in this respect, followed by the industrial plants.

Sulphate aerosols in urban air are generally smaller the two micron so they can easily penetrate the innermost passages of the lungs of human and cause severe respiratory troubles, particularly among older people.
    Control of SOx pollution :
There are four possible approaches to the removal and contril of SOx emission.
1.Removal of SOx from flue gases
2.Removal of Sulphur from fuel before burning
3.use of low-sulphur fuel

4.Substitution of other energy sources fir fuel combustion
Power plants the major anthropogenic source of SOx pollution, are normally built with tall smokestacks to disperse the plume over a wide area. This reduces the local problem in area far removed from the power plant.

1.Removal of SOx from flue gases

(a) SOx from flue gases van be conveniently eliminated by using chemical scrubbers. The flue stack gases are passed through a slurry of limestone, which absorbs SO2 quite efficiently.

 (b)An alternative process is based on a reaction between HSO4- ions (from SO2) and citrate ions. The flus gas is cooled to 50oC or lower and freed form particulates and traces of H2SO4. It is then led in to an absorption tower and brought into contact with a solution containing citrate ions
The solution is next fed into a closed vessel into which H2S is bubbled.

Sulphur precipitates out and is latter melted and removed from the solution. Part of Sulphur is converted to H2S and circulated to the above system. By this method, about 99% of SO2 is removed from the flue gas and the recovered S of 99.99% is pure.
2.Removal of Sulphur from fuel before burning 

The removal of Sulphur from fuels before burning needs a variety of approaches to handle the various types of fuel and forms of suplhur.
Organically bound S in coal can be removed with difficulty through processes like Carbonization, liquefaction or gasification. Pyritic Sulphur in coal can be eliminated by physical techniques such as grinding followed by washing.

3.Use of low-sulphur fuel

The use of low-sulphur coal to minimize SOx pollution is, however a more costly proposition than using high-sulphur coal.
4.Substitution of other energy sources fir fuel combustion

Alternative energy sources such as hydroelectric plants and nuclear power plants are still not economically viable.
Hydrocarbons

Natural sources, particularly trees, emit large quantities of hydrocarbons in the atmosphere. CH4 is the major naturally occurring hydrocarbon emitted in the atmosphere. It is produced in considerably quantities by bacteria in the anaerobic decomposition of organic matter in water, sediments and soil

                            2(CH2O)                   CO2 + CH4

This reaction take place in the presence of bacteria. 

Natural Sources

Tree, natural gas emission, marsh gas production, anaerobic decomposition. 

Demesticated animals contribute about 85 million tonnes of CH4 to the atmosphere each year. CH4 has a mean residence time of about 3-7 years in the atmosphere.

It has been estimated that anthropogenic courses contribute about 15% of the hydrocarbons emitted to the atmosphere each year.

Automobiles are the major source in this respect. An approximate break up of global hydrocarbon emission is given below:

Petroleum 55%

Coal 3.3%

Wood 2.2%

Incinerators and refuse burning 28.3%

Solvent evaporation 11.3%

Hydrocarbons from human activities are generally found in areas of highly population density where the maximum damage to human beings and plants can occur.

Furthermore, its topography and climate contribute to a high laod of ambient hydrocarbons. About 20 different hydrocarbons were identified and analyzed. Among them may of made of: ethane and ethylene, acetylene and propane, n-butane, isopentane, toluene, n-penatne, m-xylene and iso-butane.

The concentration of these hydrocarbons varied with traffic density as function of the hour of day.

Hydrocarbons are removed from the atmosphere by several chemical and photochemical reactions. They are thermodynamically unstable towards oxidation and tend to be oxidized through a series of steps. The end product are CO2, solid organic particulate matter that settles from the atmosphere or water-soluble products e:g acids and aldehyde which are washed by rain.
Effects of Air Pollution

ACID RAIN

Much of the NOx and SOx entering the atmosphere are converted into HNO3 and H2SO4 respectively. The detailed photochemical reactions in the atmosphere are summarized:

PICTURE
HNO3 is converted as a precipitate or as particulate nitrates after reaction with bases (NH3, particulate lime).

PICTURE

The presence of hydrocarbons and NOx step up the oxidation rate of the reaction. In water droplets, ions such as Mn (II), Fe (II), Ni (II) and Cu (II) catalyze the oxidation reaction. Soot particles are also known to be strongly involved in catalyzing the oxidation of SO2.

HNO3 and H2SO4 combine with HCl from HCl emission (both by natural and anthropogenic sources) to generate acidic precipitation which is widely known as acid rain. Acid rain is major pollution problem in some areas.

Acid  rain causes extensive damage to buildings and sculptural material of marble, limestone, slate, mortar etc.These materials become pitted and weakened mechanically as the soluble sulphate are leached out by rainwater. 

PICTURE
In 1958 rain in Europe showed a pH of 5 but by 1962it was 4.5 in Netherlands. Sweden experienced rainfall at pH 4.5 in 1966. The acid rain damage leaves of trees and plants and retarded the growth of Swedish forests.  

It may be noted that these forest are important natural resourses for the production of wood pulp, paper and board.

In 1979 it was estimated 20,000 lakes of Sweden were suffering loss of flora and fauna.The fish mortality was increasing. The Sulphur emission rate for Europe was up to 70 Metric tonnes per year.H2SO4 and particles of Cd and Pb are deposited on the winter snows and when these melts, the pollutants enter the rivers and lakes. This occurs at a time when fish spawning and hatching occur thereby killing the fish eggs.

The acid rain that fell during the conference was depositing S at the rate of 3.5 gm-3 every year.

An estimated 25%of this acid rain came from U.K which deposited on Sweden in the year 40,000 tons of S in smoke from heavy industry carried by prevailing winds across the North Sea.

The actual values are subjected to variation depending on the time and location of collection of the acid rain water sample.The trend however, remains the same H2SO4 is the major contributor to acid precipitation, HNO3 ranks second and HCl third in thid respect.

Acid precipitation shows a correction with the prior movement of the air mass over major sources of anthropogenic Sulphur and nitrogen oxide emission. 

SMOG

Combination of fog and smoke is called smog.

There are two types of smog

1. Photochemical smog

2.Reducing smog

1. Photochemical smog
The majority of the harmful effects of  hydrocarbon pollution are not due to the hydrocarbons themselves, but the products of photochemical reactions in which they are involved. Hydrocarbons do not react readily with sunlight, but they are reactive toward other substances produced photochemically. 

An important characteristics of atmosphere which are loaded  with large quantities of automobile exhausts, trapped by an inversion layer and at the same time exposed to intense sunlight, is the formation of photochemical oxidants in the atmosphere. This give rise to the phenomenon of photochemical smog .
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