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OVERVIEW

Do you know a healthy person inhales about 16 kg of air per day? Imagine the health effects, if the air is polluted! Inhalation of polluted air considerably reduces our intake of oxygen, adversely affecting our health. However, on the one hand, we treat the atmosphere as a vast sink for air pollutants, and, on the other, we take clean air for granted and assume that it is a free and unlimited resource. 

According to a World Bank study (2000), the number of premature deaths due to air pollution in India has increased by almost 30%. One of the reasons for this increase, the study reveals, is indoor air pollution. Air pollutants released indoors are likely to be more harmful to health because people are close to the place of combustion. In fact, indoor air pollution, caused by the combustion of non-commercial sources of fuels such as bio-fuels in homes that are poorly ventilated, kills thousands of young children and women annually. Put differently, children, women and the disabled staying indoor are subjected to pollution levels that may go up to 20 times the acceptable limits. Note that while almost three-fourth of Indian households use fuels such as firewood, crop leftovers, cow dung and other organic wastes, the remainder uses coal, mineral oil and compressed gases.  

Note also that as air pollutants get dispersed throughout the atmosphere, air pollution is not merely a local problem at the villages, large urban centres or industrialised regions. It, indeed, is a global problem. 

Now, are there ways by which we control/prevent air pollution and ensure the present and future generations have abundant supply of clear air? 

In this Course, Air Pollution, we will discuss the important issues pertaining to air pollution and its control/prevention. In the 10 Units that constitute this Course, we will deal with the various sources of air pollution and the environmental and health impacts as well as the appropriate measures to control/prevent air pollution. We will begin the Course by discussing the sources and classification of air pollutants in Unit 1. Subsequently, in Unit 2, we will study the impacts of air pollution at various levels – personal, local, regional, continental and global – and environmental legislations and air quality standards. While Unit 3 considers air pollution measurement, Unit 4 discusses air pollution prevention through process, raw material and operational changes that can be brought about in process industries and other activities. We will then explain the meteorological aspects of air pollution in Unit 5 and list the different air pollution models and their application in Unit 6. In Units 7 and 8, we will discuss the different devices for the separation of particles from polluted gases. In Unit 9, we will consider air pollution control for volatile organic compounds (VOCs) in gases. In Unit 10, we will discuss the different processes and operations for the removal of sulphur dioxide and oxides of nitrogen from the polluted gases.

Against this background, we will begin Unit 1 with an introduction to different pollution sources, classified according to their natural and anthropogenic origins (i.e., human-made activities such as industrial, commercial, etc.). In this Unit, we will also discuss the types of air pollutants and their classification. We will close the Unit by considering the estimation of air pollutants sources.

LEARNING OBJECTIVES

After completing this Unit, you should be able to:

· identify the sources of air pollution and classify air pollutants;

· estimate air pollution load for a given activity.

 

1.1
BASICS OF AIR POLLUTION

Air pollution refers to the undesirable materials in the atmosphere that are either injurious to the health of living organisms or/and otherwise harmful to the materials. The pollutants are carried by winds from one place to another, washed down by rain and settled or converted into other products by atmospheric reactions. As a result, the air that surrounds us, which we inhale, contains undesirable substances that can be injurious to our health, other living organisms (i.e., plants), materials of construction, etc. Note that it is the fine size of these undesirable substances – particles or gaseous molecules – that keeps them in the atmosphere over a long period of time.

Sources of air pollution 

The atmosphere contains a broad spectrum of air pollutants and these are released from the following two sources:

(i) Natural: Some common natural sources of air pollution are volcanoes, forest fires, desert storms, high winds and cyclones, salt sprays from oceans and seas, decomposition of organic matter in swamps and emissions from animals and plants. 

(ii) Anthropogeny: The anthropogenic sources of air pollution include industries, modes of transportation, power plants, grinding and cooking operations, household-heating, burning of wastes, etc. 

The gaseous constituents of the atmosphere continuously exchange with water bodies, vegetation and biological organisms. As a result, the atmosphere surrounding us remains a dynamic system. Note that chemical reactions, biological activities, physical operations in the atmosphere as well as deposition and uptake by oceans and the earth produce gases. 

Classification of air pollutants

Air pollution sources, whether natural or anthropogenic, are classified, according to the common features they display. However, note that both the natural and anthropogenic sources produce air pollutants of similar nature. For example, irrespective of whether the combustion occurs in a forest fire (i.e., natural source) or in a boiler producing steam (i.e., anthropogenic source) small particles suspended in gases are formed. Furthermore, similar particle-laden gas is produced when coal is burnt in a household grate. Air pollutants are, thus, classified according to their nature and type, and under the following two broad categories:

(i) Primary pollutants: These refer to pollutants that are directly emitted from a source, e.g., the exhaust of a car containing oxides of nitrogen. 

(ii) Secondary pollutants: These refer to pollutants that are formed as a result of a subsequent reaction with a primary pollutant, e.g., smog, which is formed when oxides of nitrogen combine with hydrocarbons in the presence of sunlight. 

We will discuss these categories in Sections 1.2 and 1.3, respectively. But, before we do so, consider Table 1.1 below that gives the levels of action and scales of air pollution with respect to geographical location, height and time:

Table 1.1

Levels and Scales of Air Pollution Problem

	Level
	Vertical scale
	Time scale
	Level of Action

	Local
	Height of stacks
	Hours
	Municipal

	Urban
	Lower Kilometer
	Days
	District

	Regional
	Troposphere
	Months
	State or National

	Continental
	Stratosphere
	Years
	National or international

	Global
	Atmosphere
	Decades
	International



 

1.2
PRIMARY POLLUTANTS

In Subsections 1.2.1 and 1.2.2, we will discuss primary pollutants such as particulate, i.e., fine particles suspended in air or gas, and gaseous pollutants such as sulphur, nitrogen, carbon and halogen containing compounds.

1.2.1
Particulate pollutants

Particulate pollutants refer to finely divided particles that are more than 0.01 micron (micro-meter) in size. These can be fine droplets of liquids as in fogs and mists or solid particles like soot or those suspended in smoke. Table 1.2 shows the various types of air pollutants classified under the category of particulate: 

Table 1.2

Types of Pollutants: Particulate Category

	Type
	Description

	Aerosols
	Particles dispersed in gases, dp < 0.01 (m

	Dusts
	Solid particle size > 1 (m

	Fog
	Dispersion of fine water / ice in air or gas visible to the eye

	Fume
	Solid particles generated by condensation from volatile state; can be accompanied by chemical reaction, dp < 1(m

	Haze
	Combination of water droplets, pollutant gas and/or dusts, dp < 1(m

	Mists
	Liquids, usually water, formed by condensation in process equipment or atmosphere, normally obtained when direct contact occurs between a gas containing pollutant or moisture and liquid/water, dp > 1(m

	Smog
	A term derived from smoke and fog. Now used loosely for other combinations as well

	Smoke
	Fine gas-borne particles as a result of incomplete combustion of fuels, dp > 1(m

	Soot
	Particles of carbon or hydrocarbons or their agglomerates combined with tar formed during incomplete combustion of fuels, usually, liquid.


The sources of these particulate pollutants include the following:

· Natural sources:  Droughts and strong winds are important climatic factors that affect the particulate concentration in the atmosphere. Droughts, for example, reduce the vegetation cover and expose the soil to the full force of the winds. During a storm, the particulate matter is lifted and carried over long distances. Also, wind action over oceans and seas creates salt sprays. Particulate matter from forest fires is mostly unburnt carbon and ash particles of size corresponding to the size of smoke particles. Particulate matters of natural origin also contain silicates, carbonates and organic materials such as pollens, seeds, fungi, micro-organism, etc. 

· Anthropogenic sources:  Particulate matters are mostly formed due to incomplete combustion of fuels and left-over materials (e.g., ash), when fossil fuels are burnt for power stations, internal combustion engines, household cooking, steam generation, cement manufacturing, and disposal of solid wastes by incineration. (It is not uncommon to see open burning of solid wastes, as the land available for landfill is becoming scarce, even though there are adverse effects of particulate and gaseous emissions due to this and other incineration methods.)

· Household sources:  Burning of coal, wood and cow-dung and other non-commercial sources of fuels for household cooking in urban and rural areas lead to a lot of smoke. The situation becomes worse in winter or cold climates in many of the developing countries, including India. Though the quantity of smoke generated from individual households may be small, the combined effect can be substantial and devastating. Note that the combustion of bio-fuels such as firewood, cow-dung and crop and wood residues for cooking is not very efficient, as the design of combustion units leaves much to be desired.  As a result, a very large proportion of unburnt carbon particles are given out along with the combustion gas.

· Agricultural sources:  Some agricultural crops, e.g., sugar cane, require burning of unwanted undergrowth and leaves before harvesting. Smoke, char and unburnt carbon particles appear in the atmosphere air.

· Industrial sources:  The nature of particles from industrial plants depends on the materials used, products produced as well as the manufacturing process. For example, particle emission from cement factories contains calcium oxide, hydroxides and trace quantities of silica, aluminates and unburnt coal, if coal is used as fuel for the purpose of calcination. In metallurgical plants, particle emission may contain heavy metal sublimates and silicates. Unburnt carbon and ash particles are released, if coal is used for coking and reduction of metallic ores. Calcium hydroxide is commonly associated with emissions from metallurgical units, as limestone is widely employed to form slags with impurities in the ore. Other heavy metal emissions associated with metallurgical plants include arsenic, iron, zinc, cadmium and copper. You must, however, note that particulates vary from industry to industry. 

1.2.2 
Gaseous pollutants

Gaseous pollutants such as SO2, Cl2, NOx, mercury or organic vapour are miscible with air in all proportions. Some of the gaseous pollutants are generated during combustion and others from process industries. Let us now touch upon gaseous pollutants containing sulphur, nitrogen and carbon.

Sulphur-containing compounds

The major sulphur-containing gaseous compounds in the atmosphere are carbonyl sulphide (COS), sulphur dioxide (SO2), hydrogen sulphide (H2S), carbon disulphide (CS2), sulphates and dimethyl sulphide [(CH3) 2S]. The sources of sulphur-containing compounds are combustion of fossil fuels and other organic matter, biological decay and reactions and sea sprays. 

Sulphur dioxide, a colourless gas with a pungent smell, for example, gets readily oxidised in the atmosphere to sulphur trioxide, which forms sulphuric acid with water. Specifically, the ambient sulphur dioxide concentrations result from combustion of sulphur-bearing fuels, smelting of sulphur-bearing metal ores, sulphuric acid plants, other industrial processes and volcanic eruptions. It can have a residence period of 40 days and more in the atmosphere and can, therefore, travel over long distances before removal occurs due to atmospheric reactions. Depending upon meteorological conditions, air pollution resulting from SO2 sources, can extend over distances of over 1000 km up to periods of several days. Note also that anthropogenic emissions of SO2 represent an appreciable fraction of the total flux of sulphur into the atmosphere.

Nitrogen-containing compounds

The important nitrogen-bearing gaseous compounds are nitrous oxide (N2O), Nitrogen oxide (NO), Nitrogen peroxide NO2 and NH3. N2O is a colourless gas, emitted almost entirely through natural processes, principally by the bacterial action in soil and by reactions in the upper atmosphere. Chemically, it is inert at ordinary temperatures. NO is emitted by both natural and anthropogenic sources. The principal anthropogenic source of NO is the combustion of fuels at high temperatures. NO2 is emitted, in small quantities, along with NO during combustion and is also formed when NO gets oxidised to NO2 in the atmosphere. The sum of concentrations of NO and NO2 is designated as nitrogen oxides (NOx) concentration. The atmospheric distribution of NOx is highly non-uniform. Although about 90% of nitrogen oxide gaseous compounds are produced by bacterial action, the contribution from anthropogenic sources can be substantial at a local level. 

Carbon-containing compounds  

These compounds can be categorised as follows:

· Organic carbon compounds: Organic carbon compounds, also called hydrocarbons, are basically made up of carbon atoms in combination with hydrogen, oxygen, nitrogen, halogens, etc. Note that there are over 60,000 hydrocarbons in use. The nature of carbon-carbon bond and the presence of other atoms in the molecule govern the properties of hydrocarbons. There is a large number of volatile organic compounds (VOCs) such as ethylene, benzene, toluene, etc., that are emitted into atmosphere from petrochemical processing units, plastic industries, solvent cleaning operation, etc. The solvents used in process industries can be divided into the broad categories of alcohols (e.g., methanol and isopropyl alcohol), ketones (e.g., acetone and methyl-ethyl alcohol), saturated hydrocarbons (e.g., hexane), aromatic hydrocarbons (e.g., benzene and toluene), halogenated hydrocarbons (e.g., tetrachloroethylene) and chlorofluorocarbons (CFCs).

· Inorganic carbon compounds: Carbon dioxide (CO2) and carbon monoxide (CO) are the most abundant air pollutants present in the lower atmosphere. Carbon monoxide is colourless, odourless and poisonous and is produced when there is an incomplete combustion of a fuel. The highest concentration of CO is found in an urban atmosphere where automotive traffic is the heaviest. Carbon dioxide, in nature, is released into the atmosphere during respiration by living bodies and during decomposition of organic matter. Carbon dioxide concentrations in the atmosphere have been continuously increasing largely due to the combustion of fossil fuels (i.e., from cooking, steam-power generation, automotive, etc.), biomass and waste organic matter. Note that in Unit 2, we will discuss how high concentration of CO2 in the atmosphere leads to global warming.

· Halogen-containing compounds: There has been a considerable interest in halogen compounds in the recent past. This stems from the fact that chlorofluorocarbons (CFCs),  used as a refrigerant in sprays, foam blowing and industries, are known to deplete the stratospheric ozone layer. Halogens such as chlorine and bromine are also critical constituents of pesticides, polychlorinated biphenyls (PCBs) and industrial solvents.

CFCs are very stable compounds. It has been observed that the average global concentration of all forms of CFCs, i.e., Freon-11, Freon-12, Freon-113 and Freon-22 are increasing rapidly, touching an annual growth of 10%.


 

1.3
SECONDARY POLLUTANTS

When the primary pollutants discussed in Section 1.2 interact or react with one another or with other normal constituents present in the atmosphere, secondary pollutants are produced.

As a result of complex chemical reactions between volatile organic compounds (VOCs) and nitrogen oxides (NOx), ozone, a principal component of smog is formed. Oxides of nitrogen are generated entirely by transportation and industrial sources, while VOCs are emitted from vehicles, industries and other establishments that use solvents during refuelling operations. In the presence of sunlight, an irradiation of air containing hydrocarbons and nitrogen oxides leads to:

· oxidation of NO to NO2;

· oxidation of hydrocarbons;

· formation of ozone.

Ozone concentration in the lower atmosphere ranges between 20 and 80 ppb. However, in an urban area, this value may reach up to 500 ppb. The frequency and severity of photochemical smog in an area depend upon its climate and topography. Towns and cities with large populations and automobiles, light winds and sunny climates and surrounded by hills possess ideal conditions for the formation of photochemical smog.

You should be able to distinguish lower atmospheric ozone from the stratospheric ozone that provides the crucial, beneficial function of shielding the earth from the harmful effects of ultraviolet radiation.


 

1.4
ESTIMATION OF AIR POLLUTANT SOURCES

The aim of estimation of air pollution from different source groups such as transportation, domestic fuel use, industry, municipal solid waste combustion, etc., is to follow emission inventory from year to year. An emission inventory is important due to various reasons including the following:

· identifying an industry or source generating the largest quantity of air pollutants;

· limiting future growth in an area having high pollution;

· planning effective pollution control strategy for further growth;

· developing a basis for ambient air quality air gas emission standards; 

· comparing the performance of existing manufacturing  processes with the state of art processes in terms of raw material utilisation and effluent gas emissions. 

While making a pollution inventory, we must consider the following points: 

(i)
Description of the boundaries of the study area. For a factory, the description is about the outer boundary, while for a city, it is about the physical features that govern the movement of air (e.g., hills). For inventories on a natural scale, national boundaries should be chosen.

(ii)
Identification of pollution sources and sinks. The sources can be large industries, power stations, incinerators and  residential areas that use coal, wood and other biomass. Sinks refer to large water bodies, forest or plant cover, building materials, etc.

(iii)
Collection of the emission generation rate of individual pollutants from published literature, fuel consumption rates, efficiency of control equipment, stack-monitoring data, etc. In the case of backyard burning, data on biomass production rate and consumption, solid waste generation, etc., would be useful. You should select compounds in the emission inventory depending upon specific industrial activity in the area. Components such as SO2, NOx, CO, suspended particles and lead are always included.

(iv)
Estimation of losses in sinks from absorption data in water and building materials. Generally, these losses are quite negligible as compared to the quantities generated. Scrubbing due to rain is similarly neglected, unless the emission inventory is to be used to determine the impact of the emissions on water bodies, vegetation and soil.

(v)
Creation of a database on emission inventory. The database should be updated continuously.

(vi)
Identification of factors affecting the quantities of emissions released from an activity, industrial or any other. The factors include source type, unit of activity, source size, process or design particulars, source age and technological sophistication, source maintenance and operating practices, type and quality of raw materials, type, design and age of control systems and ambient conditions.

1.4.1
Emission factors

To estimate or test the emission rate of a pollutant from an activity, we require its flow rate and concentration. While estimation may be easy for a simple, well-defined source such as a power plant, it may be difficult for a poorly defined source such as CO from forest fire or dust from an unpaved village road. Furthermore, these tests are possible only for an existing facility. More often, we are also called upon to estimate the emissions from a new facility before it is built. To meet these needs, however, emission factor documents are available. The World Health Organisation (WHO), the Environmental Protection Agency of the United States and others have compiled the results of past emission tests and organised them in such a way as to facilitate easy application. Table 1.3 gives a representative summary of the emission factors for thermal power plants: 

Table 1.3

Emission Factor Summary (Abstracted) From 

Pulverized Coal - Dry Bottom Furnaces

	Process
	Unit
	TSP

Kg/U
	SO2
Kg/U
	NOx
Kg/U
	CO

Kg/U
	VOC

Kg/U

	Uncontrolled
	tonne
	5A
	19.5S
	10.5
	0.3
	0.055

	Multicyclones
	"
	1.25A
	"
	"
	"
	"

	ESP-High Efficiency

        Low S

        Otherwise
	"

"
	0.33A

>0.01A
	"

"
	"

"
	"

"
	"

"

	Fabric Filter
	"
	0.01A
	"
	"
	"
	"

	Flue gas desulphurisation
	tonne
	0.035A
	19.5S
	10.5
	0.3
	0.055


S = percent sulphur in coal and A = percent ash content in coal.

Now, consider Table 1.4, which gives a representative summary of the emission factors for vehicles:

Table 1.4

Emission Factor Summary (Abstracted) For 

Vehicles - Unit: G/Km (WHO)

	Process
	Unit
	TSP

Kg/U
	SO2
Kg/U
	NOx
Kg/U
	CO

Kg/U
	VOC

Kg/U
	Lead

Kg/U

	Urban Driving

Engine <1400 cc
	1000 km

1 tonne fuel
	0.07

1.1
	1.27S

20S
	1.5

23.75
	15.73

248.3
	2.23

35.25
	0.09Pb

1.35 Pb

	Engine 1400- <2000 cc
	1000 km

1 tonne fuel
	0.07

0.86
	1.62 S

20 S
	1.78

22.02
	15.73

194.7
	2.23

27.65
	0.13Pb

1.35 Pb

	Engine >2000cc
	1000 km

1 tonne fuel
	0.07

0.76
	1.85 S

20 S
	2.51

27.11
	15.73

169.7
	2.23

24.09
	0.13Pb

1.35 Pb



S and Pb respectively represent the percentage of sulphur and lead in the fuel. 

1.4.2
Emission inventory for urban areas: A case

For purposes of this discussion, we will take the example of Mumbai. The metropolitan area of Mumbai is one of the most developed and industrialised areas in India. The city is spread over an area of 437 square kilometers and is densely populated and urbanised. The average population density of the city is about 25,000 per square kilometer. Due to rapid growth in industrialisation and urbanisation, the pollution load in the city has increased enormously. The city may be divided into three zones namely, residential, commercial and industrial. However, except for a few pockets of exclusively residential areas, Mumbai can be considered a mixed zone.

Greater Mumbai is commercially and industrially a major city in India. It accounts for more than 200 textile mills and over 2,500 factories producing a varying range of products. A majority of textile mills are located in the central part of the city comprising heavy industries such as refineries, chemical units and thermal plants. The northern part of the city is industrially developed with a number of foundries, steel and automobile units.  The western part of the city has other engineering units, while the eastern part of the city has pharmaceutical industries, dairies, etc.

Mumbai, in its wake of multi-sided development, faces a problem of atmospheric pollution arising due to emissions from industries, vehicle traffic and uncontrolled combustion. However, while some major industrial units have installed pollution control devices reducing further emissions to some extent, the increase in the number of vehicles, and therefore pollution, is a veritable cause for concern in Mumbai. 

Using fuel consumption data as well as emissions factors, Table 1.5 summarises total emissions from different sources in Mumbai:

Table 1.5

Total Pollution Emissions From 

Different Sources In Greater Bombay

	
	Tonnes of total emissions

	Item
	1970
	1978
	1983
	1986
	2000

	Domestic
	34
	43
	47
	54
	92

	Commercial and Industrial
	5
	6
	6
	7
	11

	Industrial
	438
	573
	564
	644
	655

	Power Generation
	122
	122
	49
	47
	48

	Transportation
	400
	647
	1664
	1314
	1930

	Total
	999
	1331
	1730
	2066
	2736


As Table 1.5 suggests, the projected total emissions from the industrial and power generation may not be much due to shifting of industries and power units from the metropolis, but the air 

pollution levels in other sectors are expected to increase. What is true for Mumbai may also be generally applicable for Delhi and other towns in India and in the rest of the South-East Asian region.


1.4.3 
Pollution standard index (PSI)

Pollution standard index (PSI) is commonly used to depict an overall assessment of the ambient air quality at a given time. It is widely used in USA after its adoption by the Environmental Protection Agency (EPA). This index converts ambient air pollution concentration into a simple number between 0 and 500 and assigns a category (e.g., very good, very poor, etc.) In Table 1.6, we present the pollution standard index (PSI) for different concentrations of pollutants in micrograms/m3 except carbon monoxide, which is expressed in mg/m3:

Table 1.6

Pollution Standard Index (PSI) and 

Pollutant Concentrations

	Value of the Index
	24 hour

TSP*
	8 hour

CO
	1 hour

O3
	24 hour

SO2
	1 hour

NO2

	0
	0
	0
	0
	0
	0

	50
	75
	5
	118
	80
	-

	100
	260
	10
	235
	365
	-

	200
	375
	17
	400
	800
	1130

	300
	625
	34
	800
	1600
	2260



* Total suspended particles

We can use the values of concentrations of ambient air pollutants to determine the PSI, which can, in turn, be employed to describe and predict air quality index illustrated in Table 1.7: 

Table 1.7

Five Air Quality Index Categories

	Category
	PSI range
	Description

	0-15
	Very good
	Air quality levels that meet long-term goals normally occurring in areas having a pristine environment with no local human-made sources of air contaminants.

	15-31
	Good
	Air quality levels that have no known adverse effects on human or animal health and negligible effects on vegetation, property or aesthetic value.

	32-49
	Moderate
	Air quality levels that have negligible effects on human or animal health but may adversely affect very sensitive vegetation, property or aesthetic value.

	50-99
	Poor
	Air quality levels that may have adverse effects on sensitive members of human or animal population, or may cause significant damage to vegetation, property or aesthetic value.

	( 100
	Very poor
	Air quality levels that may have adverse effects on the health of large segments of the exposed population.


Note that the highest PSI determines the overall PSI.

Table 1.8 gives the measured concentrations of ambient air in Delhi on a particular day: 

Table 1.8

Concentrations of ambient air in Delhi

	24 hour total suspended particles (TSP)
	280 (g/Nm3

	24 hour Sulphur dioxide
	80 (g/Nm3

	8 hour Carbon monoxide
	7 mg/ Nm3

	1 hour Ozone
	200 (g/Nm3


We note that the value of the PSI is dominated by the TSP and its value is well above 100. The quality of air in Delhi can, therefore, be described as very poor.

SUMMARY

We began this Unit by describing the natural and anthropogenic sources of pollutants. We then grouped the pollutants into two categories – primary and secondary. Under the category of primary pollutants, we discussed particulate and gaseous pollutants with respect to their sources and compounds. We closed the Unit with a discussion on the estimation of air pollutant sources and, in that context, explained emission factors and PSI.  
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Unit 1


Model Answers to Learning Activities
LEARNING ACTIVITY 1.1
The type and nature of pollutants varies with the place of work. If you are working in an office the likely list of pollutants may be as follows:

· Fine particles of dust suspended in air.

· Organic solvents emitted from furniture, carpets, paints, etc.

· Pollutants associated with cigarette smoke (if we have colleagues who smoke.) The pollutants associated with cigarette smoke include fine particles of smoke, carbon dioxide, carbon monoxide, nicotine and other organic compounds. 

The likely pollutants in a town or city are fine particulate matter suspended in the air, sulphur dioxide, oxides of nitrogen, carbon monoxide and air pollutants associated with vehicular pollutants, viz., all the above four pollutants and hydrocarbons.

LEARNING ACTIVITY 1.2
Primary pollutants are those that are directly emitted from the source. Some of the primary pollutants are particulate matter, carbon dioxide, carbon monoxide, oxides of nitrogen, oxides of sulphur, hydrogen sulphide, carbon disulphide, ammonia and solvents like alcohols, hexane, benzene, toluene, tetrachloroethylene and chlorofluro hydrocarbons (CFCs).

LEARNING ACTIVITY 1.3
A secondary pollutant is one, which is formed as a result of a reaction among the primary pollutants. Some of the examples of secondary pollutants are photochemical smog, ozone, acid rain and sulphate compounds.

LEARNING ACTIVITY 1.4
From Table 1.3, it can be seen that the SO2 emitted from a given coal is given by the following identity:

SO2 produced in kg/tonne  = 19.5 ( S

where, S = percentage of sulphur in the coal.

The SO2 content in Dhanbad coal = 0.7 %

Therefore the amount of SO2 produced from Dhanbad coal


= 19.5 ( 0.7

= 13.65 kg/tonne










































































































(LEARNING ACTIVITY 1.4





Suppose that pulverized Dhanbad coal containing 0.7% sulphur is burnt with sufficient excess air. Estimate the quantity of SO2 coming out with the flue gases in kg/tonne of coal.





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 1.3





List some of the secondary air pollutants.





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 1.2





List some of the primary air pollutants.





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 1.1





List some of the main air pollutants you find at your place of work and in the town you live.





Note:


a)	Write your answer in the space given below.


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