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OVERVIEW
In Unit 1, we discussed the natural and anthropogenic sources of pollution. In the present Unit (i.e., Unit 2) we will explain the environmental effects of air pollution. We will first consider the environmental effects of air pollution at personal, local, regional, continental and global levels. We will then deal with environmental legislation aspects as they pertain to developing countries by highlighting the problems of legislation enforcements. We will also give some typical abstracted lists of standards for ambient air and emission of gases. We will close the Unit by touching upon noise pollution, which is considered to be an air pollutant.

LEARNING OBJECTIVES

After completing this Unit, you should be able to: 

· discuss the impact of air pollution at different levels; 

· describe the legislative requirements  and standards in order to plan an overall strategy for air pollution control for a given activity; 
· assess  the likely damage of an air pollutant;
· identify air pollutants which are responsible for global warming and  ozone depletion.


2.1
IMPACT OF AIR POLLUTION

We can categorise the environmental effects of air pollution under the following four broad levels: 

(i)
Personal level:  Indoor pollution (i.e., due to cooking), smoking, workplace pollution, gaseous emissions from household solvents and other chemicals cause air pollution at personal level. 

(ii)
Local level:  Build-up of carbon monoxide, oxides of nitrogen, sulphur dioxide at busy road junctions and industrial emissions cause local level air pollution.

(iii)
Regional level:  Acid rain and particle depositions cause regional level air pollution.

(iv)
Continental and global levels:  Global warming and ozone- layer depletion cause continental and global air pollution. 

We will, now, consider the above four levels in detail in Subsections 2.1.1 to 2.1.3.

2.1.1
Personal level

We spend about 85% - 90% of our time indoors. Therefore, the quality of the indoor air is extremely important. Young children, elderly and the sick are likely to spend more time indoors. They are, therefore, particularly susceptible to the adverse effects of pollution. It is estimated that the annual total cost of indoor air pollution including medical costs, losses in productivity, materials and equipment damage, in India, can run into billions of Indian rupees.

Sources of indoor pollution are very diverse. They include the release of organic chemicals from synthetic materials such as carpets, foam insulation, household cleaners, stoves and others. And, we are aware of the ill effects of cigarette smoking, be it active or passive. In addition, the growth and build-up of pathogenic organisms in the ventilation air is known to be a source of communicable diseases. Proper ventilation, adequate building maintenance and removal of pollutant sources, etc., are good strategies in improving indoor air quality. The development of air pollution control techniques at the indoor level must, therefore, be a recognised priority.

2.1.2
Local and regional levels

Air pollution at these levels can affect adversely the health of people, animals and vegetation as well as the non-living materials such as metals, marbles, etc. Further, it hampers visibility, which has serious implications for flight movements, surface transport and other day-to-day routines. In what follows in this Subsection, we will discuss the effects of air pollution on human health, vegetation, materials and visibility.

Effects on human health
The effects of air pollution on living beings vary. They include the following:

· Damage of vital cells causing death.

· Damage of vital cells resulting in an injury or irritation.

· Stunted growth of cells.

· Accelerated or wild growth (i.e., cancerous growth).

The extent of damage by an air pollutant, however, depends upon its concentration, duration of its exposure and the life of the organism attacked. We will elaborate on this, next. 

Most of the air pollutants penetrate the human body through lungs. A healthy person inhales about 16 kg of air per day and if the air is polluted, the intake of oxygen is reduced. The transfer of air pollutants is through absorption in the mucus membrane. As part of the body’s defensive mechanism, however, a sizable portion of the air pollutants trapped in the mucus membrane is discharged with salvia and mucus discharge. Vomiting is another defensive mechanism to reject substances that irritate the stomach. Yet another defensive mechanism is the dilation of the bronchial opening to reduce air intake and to generate increased quantities of mucus. This helps absorb air pollutants for discharge or transfer to a comparatively less sensitive organ like stomach.

Food chains also transfer a small quantity of air pollutants. It has been noticed that edible plants and animals grown within major air pollution sources cause diseases and/or impair human health. For example, milk from cows grazing around aluminum factories is likely to contain fluoride and the rice grown around lead and zinc smelters is known to contain cadmium and other heavy metals. Air pollutants also enter the body through eyes and ears, but the quantities involved are very small compared to those passing through lungs. However, as we know, the eyes are very sensitive and eye irritation and tears are the immediate response to air pollutants, much ahead of the response from respiratory or digestive systems. 

Against this backdrop, let us now discuss the effect of the following individual pollutants on the human health:

· Sulphur dioxide (SO2): This is highly soluble in the mucus membrane and as such, practically all the sulphur dioxide (SO2) in the inhaled air is absorbed in the upper respiratory tract. Exposure to sulphur dioxide of concentration 1 ppm leads to the construction of air passages in the respiratory system. Concentrations higher than 1 ppm can cause irritation of nose and throat, eye irritation and coughing. A very long exposure to the SO2 atmosphere can lead to fatigue and shortness of breath. It has been observed that an exposure to 5 ppm of SO2 for one hour is a high level one and causes broncho-constriction in human beings. A 10 ppm level exposure to sulphur dioxide for one hour is considered a distress level for human beings. Concentrations of SO2 should, therefore, be kept below 0.03 ppm per 24 hours in residential areas, below 0.04 ppm per 24 hours in commercial areas and below 0.06 ppm per 24 hours in industrial areas. As far as possible, an average exposure of below 0.02 ppm per year should be maintained. 

· Particulate matter: In India and other countries, particles of size less than 10 micron in diameter, referred also as PM-10, are being targeted. These tiny particles are of particular concern in regard to human health due to their ability to penetrate into the lower portion of the respiratory tract and lungs, where they contribute to respiratory disorders, reduced lung function and even to lung cancer and premature death. The nature of particulate matter is also important in determining the severity of the environmental or health impacts. Particulate matter that contains heavy metals or pesticide residues, for example, may end up settling into aquatic ecosystem where these contaminants could bioaccumulate in the food chain or cause reproductive and genetic disorders. 

· Ozone and oxidants:  In the presence of sunlight, unburnt hydrocarbons and nitric oxide in the atmosphere react to form ozone, nitrogen dioxide and other oxidants (such as peroxyacetyl nitrate – PAN). Collectively, these products are called oxidants even though ozone is dominant. Ozone by itself is not an eye-irritant but in combination with other hydrocarbons and other oxidants, it causes irritation of eyes.

At a concentration of 0.02 ppm, ozone does not have any significant effect on health. In fact, this concentration level is commonly encountered when ozone is used as a deodorant. The irritating effect of ozone is felt at a concentration of 0.5 ppm with the throat becoming dry and irritation of the upper respiratory tract. We can feel shortness of breath at a concentration of 0.75 ppm. Ozone and other oxidants react with hydrocarbon compounds in the atmosphere to form an eye irritating mixture called smog.

· Carbon monoxide (CO): Motor vehicles are a major source of carbon monoxide. Other sources include wood-burning stoves, incinerators and industries. Carbon monoxide, a colourless and odourless toxic gas, is produced when there is incomplete combustion of fuel. Exposure to elevated levels of CO can lead to physical and visual impairment and even death, as oxygen in the blood is replaced by CO, and this results in reduced delivery of oxygen to organs and tissues in the body. An exposure to 30 ppm of carbon monoxide for extended periods could result in loss of the oxygen carrying capacity of blood by up to 8%. Carbon monoxide affects the central nervous system primarily through the reduction of oxygen supply. It is interesting to note that carbon monoxide is absorbed in the haemoglobin at a rate that is about 250 times that for oxygen. 

· Oxides of nitrogen: Oxides of nitrogen take part in photochemical reactions in the atmosphere, the products of which cause an irritation of the eyes and reduce visibility. Nitrogen dioxide, brownish in colour, is a common urban air pollutant. It is a highly reactive gas that irritates the respiratory system and can lead to bronchitis and other acute respiratory conditions. 

· Asbestos: Asbestos, regarded as a wonder material in the last century, is a widely available mineral in nature with excellent physical and chemical properties. The deposition of asbestos fibres in the lungs, however, results in stiffening of lungs and other reactions. Mesothelioma, a malignant tumor is caused by asbestos fibres in the lungs and abdominal cavity.

· Heavy metals: Metals and their compounds appear in the effluent gases coming out of foundries, smelting furnaces, metallurgical operations and others. The most common heavy metal air pollutant is lead. It is still being used as an anti-knock additive in gasoline, though its use is being reduced in stages.

· Lead: It affects the central and peripheral nervous system causing ailments such as lead encephalitis, commonly called wrist drop. Lead ingestion by growing children results in mental retardation. It is also responsible for anemia and gastrointestinal cramps. In addition, some ill effects of lead on kidneys and heart have also been reported. 

· Cadmium: It is generated in lead, zinc and copper smelting plants, and is a widely used metal in pigments, alloys and catalysts. After absorption by the body, cadmium finds its way into blood cells, which then carry them to liver and kidneys where they are stored. It also gets stored in pancreas and salivary glands. Cadmium affects the phosphorous metabolism of the body leading to thinning of bones.    

· Mercury: It has traditionally been used in medicine, electrical appliances, cosmetics and industry, although the use of mercury is on the decline in medicines and disinfectants. Solid-waste incinerators are the major sources of mercury. Metallic mercury is stable and is not readily absorbed by the human body. However, under anaerobic conditions, mercury reacts with organic substances to form ethyl mercury, which in turn gets readily absorbed by the human body. The common indicators of mercury poisoning are tremors in the body and other behavioural disturbances.

· Arsenic: It exists in trivalent and pentavalent forms and the former is more toxic than the latter. Arsenic is emitted from power stations and smelting units, as it is an impurity in coal and mineral ores of copper, lead and zinc. Arsenic causes skin irritation and under long exposure and inhalation can cause skin and lung cancer.

· Chromium and chromates: These are found in chemical industries producing chromates. Workers exposed to chromates report nasal perforation, skin irritation and lung cancer.

Effects on vegetation
The effects of air pollutants on plants are often described as either visible or subtle. Visible effects are identifiable by major physiological damage to the plant cells by air pollutants, while subtle effects of air pollutants include changes in growth, yields and reproduction. We will now discuss the effect of individual air pollutants on vegetation.

· Ozone: The effect of ozone on leaf markings depends on leaf types. In broad leaf plants, pigment changes occur on upper surfaces. In grasses, white patches are found on both sides of leaves.

· Sulphur dioxide:  In broad leaf plants, sulphur dioxide causes bleaches that vary from white to brown. Cotton, wheat and barley are sensitive to sulphur dioxide. Corn and celery are resistant to sulphur dioxide.

· Nitrogen dioxide: The effects of nitrogen dioxide on vegetation are similar to those of sulphur dioxide except that at high concentration, the damage is more discernable during the night than in the day.

· Chlorine: The effect of chlorine on vegetation is similar to sulphur dioxide, and defoliation may occur with no leaf symptoms. 

· Hydrogen sulphide: Acute exposure to hydrogen sulphide affects the plant tissues. (Similarly animals are also affected by air pollution in different ways.)

Effect on materials
Air pollutants damage the materials due to:

· deposition of soot and particles on buildings, clothes, etc;

· fading of paints and dyes;

· corrosion of metals and cracking of rubber tyres;

· accelerated weathering of building materials like limestone, marble, etc.

Corrosion, colour fading and weathering may be due to chemical reactions between air pollutants and the medium. The chemical reactions could be either direct (e.g., reaction of sulphurous acid with limestone) or indirect (e.g., degradation of leather by sulphur dioxide or the formation of electrochemical ion couples resulting in metal corrosion.) Moisture content of air, its temperature and velocity/circulation determine the extent of damage due to air pollutants. Moreover, sunlight and the protective measures taken also control the extent of material damage. 

Let us now consider the effect of moisture, presence of soot/charcoal dust, nature of corrosion products and temperature on material damage:

· Moisture or humidity: Moisture is an important factor in chemical reactions between air pollutants and materials as well as the corrosion of the latter. Most gaseous air pollutants form acidic solutions with water. These acidic solutions attach alkaline materials such as limestone, marble and corals. And, the ionic charge of the electrolytic solutions accelerates electrochemical reactions resulting in corrosion of the metal or its dissolution. 

· Presence of soot and other fine particles: These increase the rate of corrosion of metals as they provide active sites for moisture to condense. A differential potential between particles and the metal surface accelerates the corrosion reaction.

· Nature of corrosion particles: A number of corrosion products are the hydrated compounds such as copper sulphate and calcium sulphate. These hydrated compounds attract more water to hasten the corrosion process. In some cases, metal ions generated during corrosion catalyse the oxidation of weak acids formed by air pollutants. For example sulphur dioxide forms a weak acid with water, called sulphurous acid. The metal ions formed catalyse the oxidation of weak sulphurous acid to sulphuric acid, which is a strong acid and reacts with materials.

· Temperature: Temperature increases the mobility of ions and the reactivity of chemicals and hence the corrosion process. The adverse effects of air pollutants are, therefore, more pronounced under warmer weather conditions. 

Effect on visibility
Most of the gaseous air pollutants are transparent and colourless. The only exception is the brown coloured NO2. Note that bromine, iodine and some organic vapour are also coloured, but they are not emitted into the atmosphere in significant amounts. Most visible effects of air pollution are caused by interaction of suspended particles with visible light. Whether light is absorbed or scattered by the particle depends on the size of the latter in relation to the wavelength of light. If the particle size is more than the wavelength of light, for example, the latter will be absorbed. On the other hand, if the size of the particle is comparable to the wavelength of visible light (i.e., 0.3 - 0.7 micron), the latter will be scattered. In both the situations, however, the visibility for objects at a distance is low.

Visibility is better in dry climates than in moist ones because fine particles absorb moisture from the atmosphere and grow to a size at which they start scattering light. The light scattering and absorbing properties of particles are used to estimate emissions of particles in plumes from stacks and other sources by determining the plume opacity that is a measure of the colouration of the gases emitted through the stack.  When the visibility is low, it has adverse effects on movement of people, transportation in air and on land. This effect is more pronounced in winter than in other seasons because of temperature inversion that often occurs when the ambient temperature is low. 

2.1.3
Continental and global effects

If the gases in the Earth’s atmosphere were perfect, the hot gases from the Equator will rise up to a few kilometers and the cold air from the polar regions will move almost at sea level towards the Equator. But, this is not so: the viscosity of gases, uneven land surface, forces induced by the Earth’s rotation, uneven heating due to the Earth’s tilt and water evaporation create a complex gas movement in the atmosphere that is responsible for the Earth’s weather system. As a result of this weather system, changes are brought about in the surrounding atmosphere with repercussions at the continental and global levels. These include the following:   

· Particulate matter adsorbs air pollutants, provides a nucleus for moisture to condense and serves as a catalyst for oxidation of some gaseous pollutants.

· Moisture and water droplets absorb gaseous acid anhydrides such as carbon dioxide, sulphur dioxide, nitrogen oxides and hydrogen sulphide to form acidic solutions. Carbon dioxide forms the weak carbonic acid, which gets easily neutralised by the natural alkalinity present in most lakes and river waters. Sulphur dioxide forms sulphurous acid that is initially a weak acid but in the presence of trace quantities of metal pollutants and oxygen, gets oxidised to sulphuric acid that is a strong acid. The acidic gas and solutions result in acidic rain that increases the acidity of lakes and other water bodies to a point of killing aquatic life. Similarly acidification of soil results in death and destruction of forests. 

· Under extreme conditions, acid rains affect leaves, weaken and ultimately kill plant life. 

· Very tall stacks are used to disperse air pollutants at local and regional levels. As a result, in some cases, the pollutants are transported over long distances across the national boundaries. Due to subsequent ecological interactions in the affected areas, the effects of air pollution at the continental level take long time to detect.

· Carbon dioxide and methane are the major sources for greenhouse effect and global warming. These gases allow the solar radiation to pass through but trap the low temperature radiation reflected from the Earth. Both of them are generated from natural and anthropogenic sources including fossil fuels such as coal, oil and natural gas. (However, note that alternative energy sources such as solar energy, wind and biomass are being harnessed, to a limited extent, to meet the current energy needs. But, there is a public resistance to nuclear power development. Effective agreements to curtail carbon dioxide emissions may, therefore, take a long time to materialise.)

· Chlorofluorocarbons (CFCs) along with other solvents are considered anthropogenic sources of chemicals responsible for thinning of the ozone layer.  CFC is widely used in households and industry as a solvent, a refrigerant and a propellent. The control of CFC generation, development and use of replacement chemicals have been subjects of international agreements. Thinning of ozone layer allows a higher dosage of solar ultraviolet rays to pass through the Earth’s atmosphere. (Note that ultra violet radiation is a major cause of skin cancer.)

· Air pollutants get deposited through dry and wet deposition. Wet deposition is primarily the scrubbing effect of rain and condensation of water vapour, while dry deposition is due to the settlement of fine particles on vegetation and ground surfaces. Strong winds carry these air pollutants over long distances, across national and continental boundaries. 

· The content of carbon dioxide in the atmospheric air keeps on increasing with the combustion of increasing quantities of fossil fuels at homes, in vehicles, for power generation, in industries and others. Predictions have been made about the increase of the Earth’s temperature due to the global warming effect of carbon dioxide inputs into the atmosphere and about the change in weather patterns due to heat transmission from the Equator to the poles. It is also predicted that typhoons and cyclones will increase in their frequency and intensity. The level of sea- water, similarly, is expected to increase which may submerge some of the low-lying cities, islands and farms.


So far, we have looked at air pollution levels and their impacts in general. Shouldn’t we think of ways of controlling air pollution? In Section 2.2, we will explain the legislation to control air pollution. Subsequently, in Section 2.3, we will consider the standards to maintain air quality. 

 

2.2
ENVIRONMENTAL LEGISLATION

In this Section, we will discuss environmental legislation with particular reference to India. Accordingly, in Subsection 2.2.1, we will explain the salient features of environmental legislation in India, as it pertains to air pollution prevention and control, and then in Subsection 2.2.2, we will touch upon some legislative enactments.   

2.2.1
Legislation

Environmental legislation in India is not a composite one. Put differently, it is limited in scope and deals with only one aspect of environmental protection at a time, e.g., water pollution control, air pollution control, etc. For example, the legislation on water was enacted in the Indian Parliament in 1974 and that of the air in 1981. The Environmental Protection Act followed in 1986, immediately after the Bhopal tragedy. Despite the piecemeal approach towards environmental protection, the Indian policy is reasonable, as this step-by-step approach covering different aspects of pollution (such as water, air, etc.) is expected to eventually form a comprehensive policy.

Let us now touch upon some salient aspects of air prevention and control Act (1981) of India the application of this Act. 

Under this Act, air pollution means the presence of solid, liquid or gaseous substances in the atmosphere in such concentrations as may or tend to be injurious to human beings, living creations plants, property or the environment. The Central Pollution Control Board and the State Pollution Control Boards are mandated to enforce the Act. For example, the functions of the Central Pollution Control Board are to:

· advise the Central Government on matters concerning the improvement of the quality of air and the prevention, control and abatement of air pollution;

· plan and execute a nation-wide programme for the prevention, control or abatement of air pollution;

· provide technical assistance and guidance to the State Pollution Control Boards to carry out and sponsor investigations and research studies relating to problems of air pollution and prevention, control or abatement of air pollution;

· plan and organise training of persons engaged, or to be engaged, in programmes for prevention, control or abatement of air pollution;

· organise through mass media a comprehensive programme regarding the prevention, control and abatement of pollution; 

· lay down standards for quality of air;

· collect and disseminate information concerning matters relating to air pollution;

· coordinate the activities of State Pollution Control Boards. 

2.2.2
Legislative enactments 

The air pollution Act has provisions for taking restrictive and prohibitive measures as is the case, for example, with the water pollution Act. In the case of air, the pollution has to be prevented at the source itself unlike in the case of water where the trade effluents can be collected and transported to a treatment facility. Therefore, for the large number of air pollution sources such as domestic, combustion, automotive exhausts, small-scale industrial boilers, etc., the approach will have to be different from that adopted for water pollution control. 

Consider the following legislative enactments covering air pollution in India: 

(i)
The Air ((Prevention and Control of Pollution) Act – 1981. This Act includes both industrial pollution control and automotive pollution control.

(ii)
The Air (Prevention and Control of Pollution) Rules – 1982.

(iii)
The Noise Pollution Control Act – 1986. (This is included in the amended Air Pollution Control Act).

(iv)
The Environmental (Protection) Act  – 1986. Air, water, noise and hazardous wastes are included in this Act. 

(v)
The Environmental (Protection) Rules – 1986.

(vi)
Hazardous Wastes (Management and Handling) Rules – 1989.

(vii)
Manufacture, Storage and Import of Hazardous Chemicals Rules – 1989.

(viii)
The EIA Notification (on EIA of Development Projects) – 1994. (EIA is made compulsory for large projects.)

(ix)
Environmental Audit Rules – 1992.

(x)
The Public Liability Insurance Act – 1992.

(xi)
Implementation of Standards Notification – 1993.

(xii)
Notification on Lead-free Petrol and Catalytic Converters for Vehicles in Metropolitan Cities – 1995.

(xiii)
Biomedical Wastes (Management and Handling) Rules – 1999.

(xiv)
Lead Batteries (Management and Handling) Rules – 2000.


To effectively manage air quality, we require ambient air and gas emission standards.  We will discuss these standards, next. 

 

2.3
AIR QUALITY STANDARDS

Standards specifying allowable emission can either be related to the quality of the air in the surrounding atmosphere or to gaseous emissions from a production unit. When these pertain to the former, they are referred to as ambient air quality standards and when these pertain to the latter, they are referred to as emission standards. Ambient air quality standards are useful for the protection of the health of living populations, animals and of property, whereas the emission standards are preferable for planning pollution control strategy.

We will explain ambient air quality standards and emission standards, respectively, in Subsections 2.3.1 and 2.3.2.

2.3.1
Ambient air quality standards

In India, for the purpose of ambient air standards, various areas in a Province/State are classified into three categories, viz., A, B and C by the State Pollution Control Boards concerned based on the land-use pattern. Category A, for example, covers industrial and mixed-use areas, category B covers residential and rural areas, and category C covers sensitive areas such as sanctuaries, national parks, hill stations, etc. Table 2.1 below gives the ambient air quality standards for four pollutants, viz., suspended particulate matter (SPM), sulphur dioxide (SO2), oxides of nitrogen (NO2) and carbon monoxide (CO) in micrograms per normal cubic meter (at NTP, 1 atmosphere pressure):

Table 2.1 

Ambient Air Quality Standards: India

	Category/Area
	Concentration in micorgrams/Nm3

	
	SPM
	SO2
	NO2
	CO

	A. Industrial and Mixed use
	500
	120
	120
	2000

	B. Residential and Rural
	200
	80
	80
	1000

	C. Sensitive
	100
	30
	30
	500


2.3.2
Emission standards

In Table 2.2, we present an abstracted version of Indian emission standards: 

Table 2.2

Indian Emission Standards (Abstracted)

	
	
	
	Emission Limits, mg/Nm3

	Industry
	Pollutant
	Capacity/ Process unit
	Protected Area
	Any other area

	Cement
	SPM
	Capacity ( 200 tpd

Capacity > 200 tpd
	250

150
	400

250

	Thermal Power Plant
	SPM
	Boiler Size

< 200 MW

( 200 MW
	150

150
	350

150

	Iron & Steel
	SPM
	Sintering Plant

Steel Making:

Normal operation

Oxygen Lancing
	
	150

150

400

	Fertiliser

(Urea)
	SPM
	Prilling Tower
	
	50

	Thermal Power Plant
	SO2
	Boiler Size:

( 200 MW

200 to 500 MW

>500 MW
	Stack Height = H = 14 Q

Where Q = emission rate of SO2 in kg/hr

Stack Height = H = 220 m

Stack Height = H = 275 m

	Sulphuric Acid Plant
	SO2 

Acid mist
	Single conversion single absorption

Double conversion, double absorption

For both processes


	10 kg/tonne of 100 percent acid produced

4 kg/tonne of 100 percent acid

50 mg/Nm3

	Refineries
	SO2
	Crude processing
	30 kg SO2/tonne of crude processed


Note that some of these standards are based on effluent gas concentration and others on technology employed, size of the unit and total emission rate. In the case of thermal power plants, the height of the stack is to be specified depending on the emission rate of SO2 in kg/hr. As Indian coals contain low sulphur, dilution of gases through appropriate stack height is found to be an adequate measure for the handling of SO2 in thermal power stations. Table 2.3 below gives the emission guideline values in g/km for petrol-driven vehicles:   

Table 2.3

Emission Standards: Petrol-Driven Vehicles (Abstracted)

	Category of vehicles
	CO

G/km
	HC + NOx
G/km

	Passenger cars

Two-wheelers

Three-wheelers
	2.72

2.0

4.0
	0.97

2.0

2.0


Table 2.4 below gives the emission guideline values in g/km for diesel-driven vehicles:

Table 2.4 

Emission Standards: Diesel-Driven Vehicles (Abstracted)

	Category of vehicles
	CO

G/kWh
	Hydrocarbons

(HC)

g/kWh
	NOx
	SPM

	Heavy vehicles (3.5 tonnes and above)
	4.5
	1.1
	8.0
	0.36

	Light vehicles (<3.5 tonnes)
	2.72
	1.1
	8.0
	0.61


The threshold limiting values of gaseous pollutants given in Table 2.5 below represent concentration levels beyond which exposure for 24 hours or more will be positively harmful to workers, living bodies including plants:

Table 2.5 

Threshold Limiting Values of Air Pollutants (Abstracted)

	Substance
	Limiting Value

	Fluorine

Carbon monoxide 

Carbon dioxide 

Sulphur dioxide

Hydrogen sulphide

Nitric oxide

Nitrogen peroxide 

Carbon disulphide

Cotton Dust

Liquefied Petroleum Gas

Ozone

Ammonia
	ppm

50 ppm

5000 ppm

5 ppm

10 ppm

25 ppm

5ppm

1 ppm

2000 mg/N m3
1000 ppm

0.1 ppm

100 ppm


2.3.3
Noise pollution

Noise has recently been recognised as a pollutant in India. Of all the pollutants, it is the most insidious and a menace to people living in densely populated regions. There is ample medical evidence that it affects hearing, speech and general behaviour of people exposed to it over extended periods of time. We express noise level as a weighted average sound-pressure level in decibels dBa. You will normally find background noise level in quiet surroundings in the range of 30 to 40 dBa. A boiler-house compressor can give noise level between 85 and 95 dBa. A heavy road traffic at a distance of 4m can give a noise level of 90 dBa. 

Table 2.6 gives the ambient air quality standards, as they pertain to noise:

Table 2.6 

Noise: Ambient Air Quality Standards 

	
	
	Limits in decibels, weighted average

	Area Code
	Category of Area
	Day Time
	Night Time

	A

B

C

D
	Industrial Area

Commercial Area

Residential Area

Silence Zone
	75

65

55

50
	70

55

45

40


Note:Daytime: between 6-21 hours, Night time:  between 21 hours – 6.00 hours, Silence zone: areas around 100 m from hospitals, educational institutions, law courts, etc. 

It is clear from Table 2.6 that the specified noise level standards are fairly low and every effort should be made to keep them at these low levels.


SUMMARY

In this Unit, we discussed the impact of air pollution at various levels – personal, local, regional, continental and global. We also suggested that indoor pollution, i.e., air pollution from indoor combustion of commercial and non-commercial sources of energy such as coal, wood, dung cakes, etc., in poorly ventilated houses is a major contributor to health problems. We then discussed the legislative aspects of pollution control and the constraints in enforcing legislation with particular reference to India. We closed the Unit with by discussing air quality standards, as they pertain to India. 

Unit 2


Model Answers to Learning Activities
LEARNING ACTIVITY 2.1
The activities that contribute to air pollution from a given locality vary from place to place. The typical activities that contribute to air pollution for a given locality may be listed as follows:

· Vehicular emission

· Burning of firewood, coal and other biomass materials.

· Construction activities.

· Industrial activities.

· Agricultural sprays.

Sulphur dioxide is emitted from the combustion of coal and other fossil fuels. When we are exposed to sulphur dioxide of concentration of up to 1 ppm, it leads to constriction of air passages of the respiratory system. Higher concentrations cause irritation of nose, eyes and coughing. An exposure to still higher concentrations leads to fatigue and shortness of breath.

LEARNING ACTIVITY 2.2
The monument Taj Mahal is made out of marble; the main constituent of marble stone is calcium carbonate, which is an alkaline material. The acidic gases emitted by foundries, refineries and locomotives at the railway yards react with calcium carbonate vigorously. As a result, the marble of the monument can loose its strength, disintegrate and finally crumble.

LEARNING ACTIVITY 2.3
1 part per million (ppm) of SO2 = 1 ml of pure SO2 per m3 of air

at NTP (0o Celsius, 1 atmosphere pressure) 

22.4 litres of pure SO2 contains ( 64 g of SO2  (= 64 x 106 (g)

1 ml of SO2 
( 
64 x 106_




22.4 x 103

                        (  
2857 (g

1 part per million (ppm) 
(
1 ml of SO2




             1 m3 of air




            (  
2857 (g / m3 of air

                    0.03 ppm 
(  
2857 x 0.03



                    
(
85.71 (g / m3 ​​​​of air












































































































(LEARNING ACTIVITY 2.3





While considering the emission standards of sulphur dioxide, the concentration was expressed in terms of ppm (parts per million). Sometimes it is desirable to express this concentration in terms of micro gram per normal cubic meter. Suppose that in an industrial atmosphere the concentration of sulphur dioxide was found to be 0.03 ppm. Convert this concentration into micrograms per normal cubic meter. Note normal cubic meter represents volume at NTP.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 2.2





Foundries located in and around the city are reportedly affecting the Taj Mahal in Agra. What do you think are the likely adverse effects? Why should they occur?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 2.1





Find out at least 5 activities in your locality that contribute to air pollution and identify at least one air pollutant from these activities and its likely ill effects.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.

















