ATMOSPHERE
Atmosphere is a transparent gaseous envelope around the earth which extends up to 1600Km is held by gravity. It is an insulating blanket of air without which the temperature at the equator would raise the 82oC during the day and drop as low as -140oC at night. It is a dynamic open system subjective to both matter and energy inputs and outputs. It goes on changing continuously. 
Composition of Atmosphere: 
Air is a complex mixture of many gases, water, water vapors and fine particulate matters.

Most of these gases are found in the lower most layer of atmosphere. As we move upward, pressure of these gases decreases.

A. Major gases:

· Nitrogen(N2)= 78.04% by volume

· Oxygen(O2)= 20.95%

B. Minor gases:

· Argon(Ar)= 0.934%
· Carbon Dioxide(CO2)= 0.0314%

C. Gases in tracer amount:

· Neon(Ne), Helium(He), Methane(CH4), Krypton(Kr), Sulphur Dioxide(SO2), Hydrogen(H), Nitrogen Oxides(NOx), Xenon(Xe), Ozone(O3), Carbon Monoxide(CO), Ammonia(NH3), Iodine(I2) etc.

Importance of Atmosphere:
· A man can survive without food for 5 weeks, without water for 5 days and without air for only few minutes.

· The physiological requirements of an average adult are roughly 16Kg air, 1.5Kg food and 2Kg water per day.

· Commonly air constitutes 80%of man’s daily intake by weight. We breathe 22000 times a day inhaling 16Kg of air.

· Regulates temperature of earth’s crust.

· Temperature and pressure determines precipitation which in turn regulates the abundance and composition of biotic communities.

· Contains ozonosphere.

· Quick and effective media for transfer, transport and dissemination of gaseous wastes.

· Effective in checking atmospheric pollution.

· Media for biogeochemical cycles.

Structure of Atmosphere: 

	Region
	Altitude (Km)
	Temperature(oC)
	Important chemical species

	Troposphere
	0-16
	15 to -56 (decreasing)
	N2, O2  , Ar, CO2 , H2O etc.

	Stratosphere
	16-50
	-56 to -2
 (increasing)
	O3

	Mesosphere
	50-85
	-2 to -92 (decreasing)
	O2+, NO+

	Thermosphere
	85-500
	-92 to 12000 (increasing)
	O2+,O+, NO+


·  Troposphere: 
· The distance of troposhere8 is 8 Km from poles and 16 to 18 Km from equator. This is the only layer of the atmosphere whose height is different when we measure it from equator and pole.
· Troposphere contains 70% of the mass of the atmosphere.

· In this layer density decreases exponentially with increasing altitude.

· This layer is more or less homogeneous in the absence of air pollution mainly due to the constant circulation of air masses in this region. The water content varies due to hydrological cycles.

· This is known as turbulent region because of the global energy flow arising from imbalances of heating and cooling rates between the equator and poles.

· In this layer lapse rate is positive. It means that with increase in height temperature decreases at the rate of 6.4OC/Km exponentially in this layer.

· All climatic changes, clouds formation, thunderstorms, dust particles, pollen grains, spores, water vapors, movement of air are restricted to troposphere.

· Twilight at dust and dawn is occurring in this layer. It occurs due to scattering of light by dust particles and water vapors.

· It act as the medium for flight of birds, regulates weather, transmit sound for communication, speedy aviation etc.
Tropopause:

Top of the troposphere which marks the transition between troposphere and stratosphere is called Tropopause. It is marked by temperature showing no further fall with increase in altitude.

· Stratosphere:
· It is the quiescent layer.

· In this layer temperature increases with increase in height.

· In this layer Ozone layer is present at the height of 25 Km from the MSL (Mean Sea Level).

· Because of slow mixing in the stratosphere, the residence times of molecules or particles in this region are quite long. If the pollutants can somehow reach or are injected into the stratosphere, they poses long term global hazard as compared to their impact in the troposphere.

· Ozone is a pollutant in troposphere and beneficial in stratosphere. 

· Ozone layer has two variable holes, a larger over South Pole (Antarctica) and a minor one over North Pole.

· High speed jets usually fly in stratosphere causing ozone depletion by pollution. 

Stratopause:

It is the transitional zone between stratosphere and ionosphere.

· Ionosphere:

· This layer is so called because ionization of atmospheric gases occur in it making a region of electrical conduction. It contains ions and free electrons produced by solar radiation.

· It has two parts:

a) Mesosphere:

· This is also known as middle atmosphere. 

· In this layer temperature decreases due to low level of UV absorption species particularly ozone.

b) Thermosphere:

· It protects the earth from cosmic rays.

· It is important for telecommunication services because it reflects different wavelength of radio waves.

· Intense heat is also generated by constant bombardment of air molecules in the thermosphere.

· A special spectacular feature of the thermosphere is the Phenomena of Auroras. An Aurora is a colorful light display which shimmers in the dark polar nights. The display can be seen almost every night by people within or near the Arctic and Antarctic circles and near the poles.

· In the Northern Hemisphere, the aurora is called Aurora Borealis (Northern Light).

· In Southern Hemisphere it is known as Aurora Australis.

· A layer of atomic oxygen at an altitude of about 200Km absorbs UV rays thereby affecting a substantial increase in temperature.

· Exosphere:
· Height: 500 to 2000Km

· It is composed of light gases like hydrogen and helium.

· The density is such that molecules of the gases rarely collide. They tend to escape the gravitational pull and move directly outwards into space. This is known as Escape velocity. 
· Magnetosphere:

· Height : Above 2000 Km.

· This is the outermost fringe of the atmosphere.

· It is dominated by earth’s magnetic field.

· It has no outer boundary.

· There are two Van Allen Radiation Belts in this region consisting of high energy charged particles and are believed to have been caused by cosmic rays and solar winds.

AIR POLLUTION
It is disequilibrium condition of air caused due to the introduction of foreign elements from natural and man-made sources to the air so that it becomes injurious to biotic and Abiotic communities. WHO defines air pollution as, “ the presence of materials in the air in such concentration which are harmful to man and his environment”. 

Air pollution can be of to types:

1. Indoor air pollution: Indoor environment is the place where human beings live and spend most of their life time whether it is home, office, work place, school, college, market, shop, recreation area, bus, train etc. The person whether rich or poor is continuously exposed to various contaminants present in air, water and food which collectively constitute his/her indoor environment pollution. In India, most of people are living below the poverty line and mainly suffer from indoor environment pollution due to living under unhygienic conditions of slum areas.

2. Outdoor air pollution:   it can be caused by sources like dust, fumes, mist or gases produced by burning of fossil fuels. It leads to injurious phenomenon like smog, greenhouse effect or acid rain.
Sources of Air Pollution: 

A. Natural sources: 
· Volcanic eruptions

· Forest fires

· Marsh gases e.g.- methane

· Deflation of sand and dust.

· Pollen grains of flowers

· Green plants through evapo-transpiration as they releases huge of carbon dioxide.

· Waste disposal

B. Anthropogenic/ Man-Made sources: 
· Population explosion

· Deforestation

· Dust generating processes like grinding, crushing, screening etc.

· Combustion e.g. fuel burning, motor vehicles etc.

· Industrial processes in industries.

· Agricultural activities.

· Nuclear energy activities.

· Mining

· Burning of fossil fuels.

Air Pollutants: 
Any solid, liquid or gaseous substances (including noise) present in the atmosphere in such concentration as may be or tend to be injurious to human beings or other living creatures or plants or property or environment.

           Types of Air Pollutants: 

Solid, liquid and gaseous forms of air pollutants can be classified as follows: 

a) Primary pollutants: Emitted from identifiable sources. Pollutants persisting in the air in the form they are released into it either by human activities or natural events are called primary pollutants. E.g. 

Gaseous: CO, NOx, SO2, HC etc.

Solid: smoke, fly ash, industries, mining, iron, lead and asbestos particles etc.

b) Secondary pollutants: formed in the atmosphere due to chemical interactions among primary pollution or with normal atmospheric constituents. They are formed by chemical reaction amongst the primary pollutants or due to reaction between primary pollutants and components of atmosphere. E.g. PAN (Peroxy Acyl Nitrate), ozone.
Major Air Pollutants and their Affects: 

· Particulate Matter:  It consists of soot, fly ash, dust of various types, pollen grains, spores, fur hairs etc.

Types of particulate matter on the basis of particle size:

1. Settle able: Particle size is more than 10µm
2. Suspended: Particle size is between 2-10µm
3. Respirable: Particle size is less than 2µm.
· Important points:

· Fly ash:  fine particulate matter produced by burning of coal.
· Aerosols:  Particle size is more than 1µm.
· Cotton dust causes pneumoconiosis (lung fibrosis) called BYSINOSIS.
· ASBESTOSIS caused by asbestos fibers.
· SILICOSIS caused by silica e.g. in stone grinding.
· SIDEROSIS caused due to iron mills.
· Excess of pollen grains and spores causes’ allergic reaction in several human beings called HAY FEVER. 
                      Effects of particulate matter: 

1. Deteriorate the quality of articles.

2. Clog stomata and cover leaf surface reducing photosynthesis.

3. Produce allergic reactions, bronchial asthma and chronic bronchitis.

· Carbon Dioxide: It is a colourless, odourless, non-toxic gas that is one of the components of air. It is emitted during combustion, cement production and respiration.
Effects of CO2:

1. Green house effect and global warming. 

2. Headache and nausea.
3. Ocean acidification.
· Carbon Monoxide: It is a colourless, odourless, non-irritating but very poisonous gas. It is produced by the incomplete combustion of fossil fuels such as natural gas, coal or wood. Cars, trucks, buses, small engines and some industrial processes are major sources. Wood stoves, cigarette smoke and forest fires are also sources of CO. 
Effects of CO:
1. Decreases the nitrogen fixing ability in plants, causes leaf drop and leaf curling.

2. Haemoglobin present in blood has more affinity for CO than for oxygen. Thus, CO combines with haemoglobin and form Carboxyhaemoglobin. This Carboxyhaemoglobin causes hypoxia (oxygen deficiency in body) and may causes death due to anoxia (CO-Poisoning).

3. At 10ppm concentration causes giddiness, headache, laziness, exhaustion, psychomotor disturbances, and cardiovascular malfunctions and decreased vision.
4. It also effects nitrogen fixing ability of plants and causes green house effect.
· Sulphur Oxides: It is produced by the chemical interactions between sulphur and oxygen. It is produced by volcanoes and in various industrial processes. Since coal and petroleum often contains sulphue compounds, the combustion of fossil fuels (asoline, oil, natural gas) generates SOx. It is also released from petroleum refineries, paper mills, coal burning thermal power plants, smelting, industrial boilers. 
Effects of Sox: 

1. Causes acid rain.

2. Chlorosis (yellowing of leaves) and necrosis (death of tissues) in vegetation.

3. Discoloration and deterioration of buildings (e.g. Taj Mahal) sculptures, painted surfaces, leather, corrosion of metals.

4. Causes irritation of eyes, asthma, bronchitis, emphysema, higher death rate in aged persons.

5. Kills fish and various mutagenic properties (genetic changes, cancer etc.)

· Nitrogen Oxides: Nitrogen and oxygen combine during high temperature combustion to form nitrogen oxides which are colourless and odourless gases. Nitrogen dioxide is one of the most prominent air pollutants. It is a reddish-brown toxic gas with a characteristic sharp, biting odour. NOx comes from burning fuels in motor-vehicles, power plants, industrial boilers and firewood burning. It is also produced from forest fires. 
Effects of SOx:

1. Produces brown air or reddish brown haze and give rise to photochemical smog.

2. Form PAN with hydrocarbons.

3. Corrosion of metals, fading and deterioration of textiles.

4. Produces lesions, necrosis, defoliation, die-back and death of many plants.

5. Causes eye irritation, lung odema, blood congestion, dilation of arteries, and injury to lungs, liver and kidneys.

6. Mutagenic properties and produce cancer.

Effects of Air Pollutants in General:

1. On Plants:

· Tissue collapse.

· Chlorosis i.e. the loss of chlorophyll in leaves.

· Poor growth.

· Drooping of leaves.

· Small fruits.

2. On Animals:

·  Lung cancer

· Irritation of eyes, mucous membrane.

· Pulmonary congestion chronic bronchitis.

· Fluorosis in cattle.

· Changes blood chemistry.

· Allergic reaction.

3. On Others:

·  Loss of atmospheric clarity.

· Corrode metals and paints.

Common Air Pollutants, their Sources and Pathological Effects on Man:

	Pollutant 
	Source 
	Effect on man 

	Sulphur dioxide (SO2 )
	Coal and oil combustion
	Causes chest constriction, headache, vomiting and death from respiratory ailments.

	Nitrogen oxides (NOx)
	Soft coal, automobile exhaust
	Inhibits cilia action so that soot and dust penetrate far into the lungs.

	Hydrogen sulphide (H2S)
	Refineries, chemical industries and bituminous fuels
	Nausea, irritate eyes and throat.

	 Carbon monoxide(CO)
	Burning of coal, gasoline, motor exhausts
	Reduces oxygen carrying capacity of blood.

	Hydrogen cyanide (HCN)
	Blast furnace, chemical manufacturing, metal plating
	Interferes with nerve cells, produces dry throat, indistinct vision, headache.

	Ammonia (NH3 )
	Explosive, dye making, fertilizer plants.
	Inflames upper respiratory passages

	Phosgene/ Carbonyl Chloride
	Chemical and dye making
	Induce coughing, irritation and fatal pulmonary oedema.

	Aldehydes 
	Thermal decomposition of soil, fats or glycerol
	Irritate nasal and respiratory tracks.

	Arsenic 
	Process involving metal or acids containing arsenic soldering
	Damage RBC’s in blood, kidneys and jaundice.

	SPM
	Incinerators and almost all manufacturing process.
	Causes emphysema, eye irritation, cancer


IMPORTANT POINTS: 
1) Carbon dioxide disappears at the height of 20 Km in the atmosphere.

2) Oxygen disappears at the height of 110 Km in the atmosphere.

3) Nitrogen diapers at the height of 130 Km in the atmosphere.

4) Beyond 80Km atmosphere mainly consists of hydrogen.

5) Bhopal gas tragedy occurred on 2nd December 1984 due to the leakage of phosgene and methyl-isocyanate from Union Carbide Factory, a fertilizer factory.

6) Smog= Smoke+ Fog.

7) Los Angeles smog incident occurred in 1946. This is photochemical smog incident.

8) London smog occurred in 1952. This is classical smog incident.

9) Photochemical smog is formed over cities or towns at high temperature due to still air, emission of NOx and hydrocarbons from automobile exhaust.

NO2 + O2 = NO (Inside engine)

2NO + O2 = 2NO2 (inside atmosphere)

NO2 = NO + O (in the presence of sunlight)
O2 + O = O3
O3 + HC = Aldehydes + Ketones
NO + HC + O2 = NO2 + PAN

This is brown / grey color air. Secondary pollutants are involved here.

10)  Classical smog is a dark brown and opaque smog occurs at low temperature and contains H2S, SO2, and smoke and dust particles. It is formed by condensation of water vapors with H2S and SO2 over dust or smoke particles. Secondary pollutants are absent here.
Permissible Limits of Ambient Air Quality
	Pollutant
	Average time
	Concentration in Ambient Air (µg/m3)

	
	
	Industrial area
	Residential area
	Sensitive area

	SO2
	24 hrs
	120
	80
	30

	NOx
	24 hrs
	120
	80
	30

	SPM
	24 hrs
	500
	200
	100

	RSPM
	24 hrs
	150
	100
	75

	CO
	8 hrs
	5000
	2000
	1000


Control Measures:
· Strong legal step should be taken against violating firms, people, industries etc.

· Proper enforcement and knowledge of environment education.

· People should be made aware of clean air and its importance.

· Strict use of unleaded petrol in all gas stations should be done.

· Open disposal of waste should be prohibited.

· Chimneys installation in the industries.

· Use of catalytic converters in the automobiles so that oxides of sulphur and nitrogen must be reduced.

· Afforestation and reforestation. 
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