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MODULE 1

Chapter 1 : Introduction To Air Pollution

1-1to 1-27

Syllabus : Introduction to Air Pollution :

Definition, Air

pollutants and its classification and sources of generation.

Emission Inventory. Indoor air pollution. Measurement of

air pollution. Air pollution in India and other countries. Air

Quality Index. Numerical on conversion of units of
pollutants.
1.1 Air Pollution 1-1
1.11 Introduction 1-1
1.2 Air Pollutants and their Classification..........uuu.. 1-1
1.21 Introduction 1-1
1.3 Types of Air Pollutants 1-2
1.31 Introduction 1-2
1.3.2 Primary Air Pollutants 1-2
1.3.3 Carbon Monoxide [CO] 1-2
134 Nitrogen Oxides [ NO, ] 1-3
1.3.5 Sulphur Oxides [ SO, | 1-4
1.3.6 Hydrocarbons (HC) 1-5
1.3.7 Particulates 1-6
1.3.8 The Secondary Air Pollutants 1-8
139 Differences between Primary and Secondary
Pollutants 1-8
1.3.10  Primary Air Pollutants : Sources and Effects............ 1-8
1.4 Emission Inventory 1-9
1.4.1 Introduction 1-9
1.4.2 Aspects of Emission 1-9
1.4.3 Use of Emission Inventory 1-10
1.4.4 Use of Emission Inventory for Policy Making...... 1-10
1.4.5 Use of Emission Inventory for Scientific
Application 1-10
1.5 Causes, Sources and Effects of Indoor
Pollutants 1-10
1.5.1 Introduction 1-10
1.5.2 Types of Indoor Pollutants 1-10
1.5.3 Sources of Indoor Pollutants 1-11
1.5.4 Effects of Indoor Air Pollution ...cccsssssssnnn. 1-11
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1.11.1
1.11.2
1.11.3
1.12

1.12.1
1.12.2
1.12.3

1.13
1.13.1
1.13.2

Factors Affecting the Exposure to Indoor Air

Pollution 1-11
Introduction 1-11
Human Activities 1-11
Geographical and Local Variations.........ne. 1-12
Urban, Suburban and Neighbourhood Variations

in the Indoor Air Quality 1-12
Variations in Indoor Air Quality in the

Building 1-13

General Observations about the Impact of these
Factors on the Quality and Concentration of

Indoor Pollutants 1-13
Investigation of Indoor Air Quality (IAQ)
Problems1- 1-13
Introduction 1-13
Method of Investigation 1-13
Changes in the Indoor Air Quality and

Control of Indoor Pollutants ... 1-14
Introduction 1-14
Indoor Cleaning System 1-15
Introduction 1-15
Mechanical Ventilation 1-15
Types of Mechanical Ventilators.........ecerennn: 1-15
Use of Plants to Control Indoor

Air Pollution 1-16
Introduction 1-16
Best Office Plants to Purify the Indoor Air

and Reduce Pollution 1-16
Radon and Its Decay Product in Indoor Air ....1-17
Introduction 1-17
Source of Radon 1-17
Danger Level of Radon 1-17
Odour Pollution 1-17
Introduction 1-17
Classification of the Sources of Odour ... 1-18
Odorous Chemicals, Emitted from Industrial
Operations 1-18
Methods of Measurement of Odour........cuuuiens 1-19
Introduction 1-19
Terms Associated with the Odour

Measurement 1-19
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1.13.3  Measurement of Odour 1-19
1.14 Control of Odour Pollution 1-20
1.14.1  Introduction 1-20
1.14.2  Odour Control From Area SOUIrces......mmnn: 1-21
1.14.3  Odour Control from Point SOUICeS ....rvvcersssessnnnnes 1-21

1.15 Air Pollution in India and other Countries..... 1-22

1.15.1  Introduction 1-22
1.15.2  The Main causes of Air Pollution in India....cccccoun.. 1-22
1.16 Air Quality Index [AQI] 1-22
1.16.1  Introduction 1-22
1.16.2  Air Pollution in Various Megapolicy

Cities in India 1-23
1.16.3  Air Quality Index [AQI in U.S.A].oeeeeermereemrmsreseeenes 1-23
1.16.4  AQI In the World 1-24
1.16.5 A.Ql of India 1-24
1.17 Conversion of Units of Pollutants ........cuuuenee 1-25
1.17.1  Introduction 1-25
1.18 Numerical on Conversion of

Units of Pollutants 1-26
Chapter 2 : Environmental Effects of Air Pollution

2-1to 2-5

Syllabus : Environmental Effects of Air Pollution : Effects of
air pollutants on human beings, plants, animals, properties
and visibility. Exposure to air pollution. Numerical problems
based on COH, CoHb.

2.4 Effects of Poor Visibility 2-3
2.4.1 Introduction 2-3
2.4.2 Visibility Controlling Parameters........eremnes 2-3
2.4.3 Seasonal and Regional Variations in the
Visibility 2-4
2.5 The Measurement of Visibility ........ccoumnmseusesiesnnns 2-4
2.5.1 Introduction 2-4
2.5.2 Measuring the Visibility during
Rainfall Snowfall 2-4
2.5.3 Measuring the visibility in Polluted Air......ccccceeeennnn. 2-4
2.6 Numericals Based on COH, CoHb.......cccouuninnniinnnns 2-4
Chapter 3: Measurement and Control Technology of
Air Pollutant 3-1 to 3-30
Syllabus : Measurement and Control technology of Air

Pollutants: methods to measure ambient air pollution and

stack emissions, high volume sampler, wind rose diagram.

Control Technology : Control Devices Principles, operations
and types, simple hoods and ducts. Settling chambers,
cyclones, electrostatic precipitators (ESP), Filters, scrubbers,
absorption towers and incinerators. Collection efficiencies
for laminar and turbulent flows for settling chambers,
particle cut size for cyclone, ESP Concept of frictional and
overall efficiencies. Design criteria for filters, scrubbers,

absorption towers and incinerators

21 Effects of Air Pollution 2-1
211 Introduction 2-1
2.1.2 Air Pollution and Human Health.......cinicenen. 2-1
2.1.3 Air Pollution and Vegetation 2-2
2.1.4 Air Pollution and Animals 2-2
2.2 Air pollution Effects on Non-livings.........ccucuuenses 2-2
221 Effects on material /Properties.....eennnees 2-2
2.2.2 Effects on climate 2-2
2.3 Effects of Air Pollution on Visibility.......cuiunen 2-3
2.3.1 Introduction 2-3
2.3.2 Visibility and Haze 2-3

3.1 Methods to Measure the Ambient

Air Pollution 3-1
3.11 Introduction 3-1
3.1.2 Purpose of Ambient Air 3-1
3.1.3 Methods Used to Collect the Ambient Air

Sampling and Analysis 3-1
3.2 Air Sampling Methods 3-2
3.21 Introduction 3-2
3.2.2 Sedimentation Method 3-2
3.2.3 The Filtration Method 3-2
3.3 Precipitation Method to Collect

Air Pollutants 3-2
3.31 Introduction 3-2
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3.7.2
3.7.3
3.74
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3.8.2
3.8.3
3.9
39.1
39.2
393
3.10
3.10.1
3.10.2

3.10.3

3.10.4

3.10.5

Thermal Precipitation 3-2
Electronic Precipitation 3-3
Air sampling of the Gaseous Pollutants.............. 3-3
Introduction 3-3
Absorption Sampling Method 3-3
Adsorption Sampling Method 3-3
Condensation Sampling 3-3
Basis Consideration of Sampling Sites........ccueeun 3-4
Introduction 3-4
Site Selection 3-4
Site Selection Criteria 3-4
High Volume Air Sampler 3-4
Introduction 3-4
Working of High Volume Air Sampler......ceeernen. 3-5
Stack Emission Monitoring for Particulates

and Gaseous Matter 3-5
Introduction 3-5
Emission Monitoring of Stacks ........eeesesnenens 3-6

What If the Stack Emission Limits are Crossed ?....3-6

Isokinetic Sampling 3-6
Sampling Train for Stack Sampling ........ccceeeeeneerens 3-6
Location of Sampling Ports and

Travers Points 3-7
Introduction 3-7
The Sampling Ports 3-7
Location of Traverse Points 3-7
Wind Roses Diagram 3-8
Introduction 3-8
The Mechanisms of Wind RoOSeS......mmmnininnns 3-8
Use of Wind Rose Diagrams 3-10
Control of Air Pollution 3-11
Introduction 3-11
Modification in the Process by the

Raw Materials 3-11
Modification in the Process by Changing

the Fuel 3-11
Modification in Process Equipment to Control

Air Pollution 3-12
Modification in Production Process to

Reduce the Air Pollution 3-12
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3.17.1
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3.18

3.18.1
3.18.2
3.18.3
3.19

3.19.1
3.19.2

Measures to Control Air Pollution .........cceuuniun 3-12
Introduction 3-12
Control of Particulate Matters........mmmn 3-13
Settling Chamber 3-13
Working Principle and Design Criteria of

Settling Chamber 3-14
Simple Hoods and Ducts 3-14
Introduction 3-14
Designing Local Exhaust System ... 3-14
The Hood Design Basics 3-15
Control of Particulate Matter.......couummmmsssnnans 3-15
Introduction 3-15
Gravity Settling Chamber 3-15
Cyclone Collector 3-16
Electrostatic Precipitator 3-16
Wet Scrubbers 3-17
Other Types of Scrubbers 3-18
Fabric Filters/Bag Filters 3-18
Natural Emissions 3-19
Introduction 3-19
Control of Air Pollution at Source.........cceunsruns 3-20
Introduction 3-20
Absorption in Liquid 3-20
Adsorption on Solid Surface 3-20
Condensation to a Liquid 3-20
Conversion to a Less Toxic Gas of

Non-Polluted Gas 3-20

Control of Air Pollution from Automobiles.....3-21

Introduction 3-21
Various IC engine pollutants, are controlled

as under 3-21
Absorption Tower 3-22
Introduction 3-22
Objectives of the Absorption TOWETS.......cuerereeenns 3-22
Designing of Absorption TOWeTS....eeermnereeenes 3-22
Incinerators 3-23
Introduction 3-23
Designing of Incinerator 3-23
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3.20 Collection Efficiencies for Laminar and
Turbulent Flows for settling Chambers............ 3-24
3.20.1 Introduction 3-24
3.21 Particle cut Size for Cyclone ........ccvmnimsensesnens 3-24
3.21.1 Introduction 3-24
3.22 ESP Concept of Frictional and Overall
Efficiencies 3-24
3.22.1 Introduction 3-24
3.22.2  ESP Efficiency Calculator 3-25
3.23 Design Criteria 3-25
3.23.1 Design Criteria Filters 3-25
3.23.2  Design Criteria for SCrubbers.......ereeesmreseeenes 3-25
3.23.3  Design Criteria of Absorption TOWers.......cccuueeeres 3-26
3.23.4  Design Criteria for InCinerators ... 3-26
3.24 Examples on Air Pollution 3-27
Chapter 4: Meteorological Process and Air Quality
Monitoring 4-1 to 4-26
Syllabus Meteorological process and air quality

monitoring: Large scale wind circulation geotropic wind,
gradient wind, cyclone, anticyclone, planetary boundary
layer. Lapse rate, stability conditions, wind velocity profile,
maximum mixing depth, topographic effects. Plum
patterns, plum dispersion, Gaussian model for predicting
concentration, downwind from a single source, diffusion
coefficients, Turner's stability categories and graphs for
dispersion estimates. Maximum ground level
concentration, inversion effects, distance touching ground
modification of Gaussian model to predict particulate

dispersion, plume rise, modified Holland equation for small

source.

4.1 Meteorological Parameters 4-1
411 Introduction 4-1
4.1.2 Importance of Meteorological Parameters............... 4-1
4.2 Primary and Secondary Meteorological

Factors 4-2
4.2.1 Introduction 4-2
4.2.2 Wind Speed and Direction 4-2

4.2.3
4.2.4
4.2.5
4.2.6
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4.3.1
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4.3.3
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4.4.1
4.4.2
4.4.3
4.5

4.5.1
4.5.2
4.5.3
454
4.5.5
4.5.6
4.6

4.6.1
4.6.2
4.6.3
4.7

4.7.1
4.7.2

4.7.3

4.7.4

4.8

4.8.1
4.8.2
4.8.3
4.8.4

Temperature and Sun light 4-2
Humidity 4-2
Rainfall 4-3
Solar Radiation 4-3

Instruments used to Collect Weather Data........ 4-3

Introduction 4-3
Wind velocity - Anemometer 4-3
Temperature / Solar Radiation ....eeesne 4-3
Moisture / Humidity 4-4
Rain Fall 4-5
Solar Radiation 4-5
Large Scale Winds Circulation.......commessesieseass 4-5
Introduction 4-5
Temperature Zone of the Earth 4-6
Pressure Belts 4-6
Large Scale Winds 4-7
Introduction 4-7
Geotropic 4-7
Gradient Winds / Globular / Yearly Winds............... 4-8
Seasonal Winds 4-9
Cyclonic Winds 4-9
Anti-Cyclones 4-10
The Planetary Layer of Atmosphere..........c.euuu.. 4-11
Introduction 4-11
The Structure of Atmosphere 4-11
Importance of Planetary Layer.....eemeeenes 4-13
Temperature Lapse Rate 4-14
Introduction 4-14
Atmospheric Lapse Rate / Environmental

Lapse Rate 4-14
Environmental Lapse Rate (E.L.R.) and

Adiabatic Lapse Rate (A.L.R.) cnmcrenmresnsesesnnn 4-14
Relationship between E.L.R. and A.L.R. /

Process of Inversion 4-14
Plume Patterns 4-17
Introduction 4-17
Looping 4-17
Neutral Plume 4-17
Coning Plume 4-17
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5.4.2 Functions of CPCB 5-3
543 Air Monitoring 5-3
544 Type of Data Required to be Collected ........cowweerurinene 5-4
5.4.5 Ambient Air Quality Measurement..........coeeenenee 5-4
5.5 Green House Effect (GHE) 5-6
5.5.1 Introduction 5-6
5.5.2 Effects of Global Warming 5-6
5.5.3 Prevention of Green House EffeCt....isnn. 5-6
5.6 Ozone Layer Depletion 5-7
5.6.1 Introduction 5-7
5.6.2 Importance of Ozone Layer 5-7
5.7 Acid Rain 5-8
571 Introduction 5-8
5.7.2 Effects of Acid Rain 5-8
Chapter 6 : Noise Pollution 6-1 to 6-22

4.8.5 Fanning Plume 4-18
4.8.6 Lofting Plume 4-18
4.8.7 Fumigating Plume 4-18
4.8.8 Trapping Plume 4-19
4.9. Turner’s Stability Categories 4-19
4.10 Gaussian Diffusion Model for Finding

Ground Level Concentration ..., 4-19
4.10.1 Introduction 4-19
4.10.2  General Assumption of G. P.M....ccomenmmeessmsesinnnns 4-19
4.10.3  Restrictions for G. P. M 4-20
4.10.4 Modification of Gaussians Model......miens 4-20
411 Formulae for Effective Stack Height

(As per CPCB norms) 4-20
4.11.1 Introduction 4-20
411.2 Minimum Stack Height for Steam Generation

Boiler 4-20
4.11.3 Diesel Generation Sets 4-22
4.12 Numericals 4-22
Chapter 5: Current Issues on Air Pollution and Global

Legal Aspects 5-1 to 5-9

Syllabus : Current Issues on Air Pollution and Global -Legal
Aspects, air pollution laws, Indian standards- emission and
air quality standards Greenhouse effect/ Global warming,

Ozone Pollution, Acid Rain.

Syllabus : Noise Pollution : definition and introduction, the

effects of noise, characteristics of sound and its
measurement, levels of noise and problems, noise rating
system, noise level standards, sources of noise and their

noise levels, noise abatement and control.

5.1 Air Pollution : A Universal Issue ......cumnnmsininnns 5-1
51.1 Introduction 5-1
5.1.2 Cause of Air Pollution 5-1
5.2 Legal Aspects of Air Pollution ........cccoconnmncisenesnnnnns 5-2
521 Introduction 5-2
5.2.2 Concept of Clean Air 5-2
523 Brief Summary of Air (Prevention and Control of
Pollution) Act, 1981 5-2
5.2.3.1 Brief Summery of the Environmental Protection Act
1986 5-2
5.3 Emission Standards in India 5-3
5.4 Air Quality Standards in India .......coeninnnscisesnnennns 5-3
5.4.1 Introduction 5-3

6.1 Noise Pollution 6-1
6.1.1 Introduction 6-1
6.1.2 Important Sources of Noise Pollution ... 6-1
6.2 Measurement of Sound / Noise Intensity........... 6-2
6.2.1 Introduction 6-2
6.3 Effects of Noise Pollution 6-3
6.3.1 Introduction 6-3
6.3.2 Physical Effects / Audio logical Effects.......cccueeerennnn. 6-3
6.3.3 Physiological Effects 6-3
6.3.4 Psychological Effects 6-3
6.3.5 Measures to Control the Noise Pollution.......cccuu.. 6-3
6.4 Important Terminologies 6-4
6.4.1. Frequency of Sound 6-4
6.4.2 Wave Length 6-4
6.4.3 Sound Pressure Level 6-4
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