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AIR POLLUTION CONTROL: MECHANISM 

• Definition

– Air pollution control refer to steps taken to maintain a 
standard of purity of air for good public health; for 
protection of plant and animal life, and property; for 
visibility; and for safe ground and air transportation (OECD, 

1997)

• Air pollution control of removal mechanism can be divided 
into:

– Control of gaseous emission

– Control of particulates emission
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AIR POLLUTION CONTROL: GASEOUS EMISSION 

• The major collection mechanism for gaseous pollutants are:

– Absorption

– Adsorption

– Combustion

– Condensation

• The applicability of each technique depends on the physical 
and chemical properties of the gaseous pollutant and the gas 
stream
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AIR POLLUTION CONTROL: GASEOUS EMISSION 
Gas removal mechanism include:

1) Absorption

– The transfer of gaseous pollutant from 
the air into a contacting liquid such as 
water.

– A gas is dissolved in a liquid, where the 
contaminants diffuses from gas phase 
into the liquid phase

– Gas absorbers are designed to provide 
sufficient mixing of the gas and liquid 
phases

Absorber or 
stripping 
column

Liquid in Gas Out

Liquid out Gas in

Contaminated
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AIR POLLUTION CONTROL: GASEOUS EMISSION 

2) Adsorption

– Contrasted with absorption, 
adsorption is a surface phenomenon 

– Gas adheres to the surface of a solid 
bodies with which they are in 
contact, not destroyed but stored on 
the adsorbent surface until it is 
removed by desorption

– Activated carbon (heated charcoal)is 
commonly used as an adsorbent 
materials.

Regenerative system

Non-Regenerative system
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AIR POLLUTION CONTROL: GASEOUS EMISSION 

3) Combustion

– Rapid, high temperature, gas phase oxidation where the VOCs 
and other gaseous hydrocarbon pollutants is oxidized and 
converted to CO2 and water vapor

– Incineration usually is accomplished in a special incinerator 
called an afterburner. Afterburners are used to control odors, 
destroy toxic compounds, or reduce the amount of photo-
chemically reactive substances released into the air.
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Thermal incinerator
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AIR POLLUTION CONTROL: GASEOUS EMISSION 

4) Condensation

– Volatile contaminant gases are 
removed from a gas stream by 
adjusting the gas stream 
temperature until the gas changes 
into a liquid.

– Condensation devices (condenser) 
are often used in combination 
with other control devices , 
located before absorber, adsorber 
or incinerator.
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AIR POLLUTION CONTROL: PARTICULATES 
EMISSION 

• Particulates pollutants are collected using applied force

• Particle removal mechanisms include separation by:

– Gravity

– Centrifugal force

– Impaction

– Diffusion

– Electrostatic precipitation
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AIR POLLUTION CONTROL: PARTICULATES 
EMISSION 

Particle removal mechanisms:
1) Gravity

• Large particles move slowly through the gas stream are 
overcome by gravity, and collected at the bottom of control 
device

2) Centrifugal force

• The shape or curvature of the collector causes the gas 
stream to rotate in a spiral motion

• The particles lose their kinetic energy as they strike the wall 
of the collector and are separated from the gas stream
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AIR POLLUTION CONTROL: PARTICULATES 
EMISSION 

3) Impaction

• Involves direct contact between particle and object

• The particles is too large to follow the gas stream lines 
around the filter fiber, so its strikes the fiber and left at 
collection surface
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AIR POLLUTION CONTROL: PARTICULATES 
EMISSION 

4) Diffusion 

• Small pollutant particles are continually and regularly 
bombarded gas molecules, causes the particles to move 
in an erratic, zigzag manner

• The particles move through the gas stream until they 
strike an object such as a fiber in a fabric filter system.
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AIR POLLUTION CONTROL: PARTICULATES 
EMISSION 

5) Electrostatic Precipitation

• Uses electrostatic forces. Particles can be charged by 
being subjected to a strong electrical field.

• The charged particle migrate to an oppositely charged 
collection surface and attached



shazwin@utm.my

AIR POLLUTION CONTROL: DEVICES

• The best way to reduce the emission of pollutants is by changing to 
cleaner fuels and processers

• However, pollutants that not eliminated in this way must be 
collected or trapped by appropriate air cleaning devices; as they are 
generated  and before it release into the atmosphere.

• Air quality management sets the tools to control air pollutant 
emissions. Control measurements describes the equipment, 
processes or actions used to reduce air pollution.

• The extent of pollution reduction varies among technologies and 
measures.
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CYCLONE SEPARATOR

1.Dirty airstream flow 
in a spiral path inside a 
cylindrical chamber

2. From a tangential 
direction at the outer 
wall of the device, 
forming a vortex as it 
swirls within the 
chamber

3. The larger 
particulates move 
outward and are forced 
against the chamber 
wall

4. Slowed by friction 
with the wall surface, 
large particulates slide 
down the wall into a 
conical dust hopper at 
the bottom of the 
cyclone.

5. The cleaned air 
swirls upward in a 
narrower spiral 
through an inner 
cylinder and emerges 
from an outlet at the 
top Centrifugal 

force

Cylindrical shell

Conical base

Dust hopper



shazwin@utm.my

CYCLONE SEPARATOR

• Advantages of cyclone separator

– Low capital cost

– Easy operation and 
maintenance

– Efficient for particle size greater 
than 10µm

• Disadvantages of cyclone 
separator

– Not very efficient for particles 
less than 10µm

– Not adequate to meet stringent 
air pollution regulations
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HOW A CYCLONIC DUST COLLECTOR WORKS

How a Cyclonic Dust Collector Works.mp4
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BAGHOUSE FILTER

1. A typical baghouse 
comprises an array of 
long, narrow bags that 
are suspended upside 
down in a large 
enclosure

2. Dust-laden air is 
blown upward through 
the bottom of the 
enclosure by fans. 

3. Particulates are 
trapped inside the 
filter bags, while the 
clean air passes 
through the fabric and 
exits at the top of the 
baghouse.

4. The bags are cleaned 
by removing the excess 
layer of surface dust. 
After removed, it falls 
into a hopper below 
and can be collected 
for disposal or further 
use

fabric

tubular or 

envelope shape



shazwin@utm.my

BAGHOUSE FILTER
• Advantages of baghouse filter

– High collection efficiencies even for 
very small particles (< 5µm)

– Can operate on a wide variety of 
dust types

– Modular design and can be pre-
assembled at the factory

• Disadvantages of baghouse filter 
– Require large floor areas
– Fabrics can be harmed by high 

temperatures or corrosive chemicals
– Cannot operate in moist 

environments; reduce efficiencies
– Potential for fire & explosion
– High capital cost



shazwin@utm.my

BAGHOUSE BASICS 

Baghouse Basics.mp4
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ELECTROSTATIC PRECIPITATOR 

1. In an electrostatic 
precipitator, particles 
suspended in the 
airstream are given an 
electric charge as they 
enter the unit and are 
then removed by the 
influence of an electric 
field

2. A high voltage 
of direct current as 
much as 100,000 volts, 
is applied to the 
discharge electrodes to 
charge the particles

4. Particles that stick to 
the collection plates 
are removed 
periodically when the 
plates are shaken, or 
rapped

3. Charged particles 
then are attracted to 
oppositely charged 
collection electrodes, 
on which they become 
trapped.

Collection plate

Discharge

Electrodes

(wire)
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ELECTROSTATIC PRECIPITATOR 

• Advantages of electrostatic precipitator

– Very high efficiencies, even for small 
particles

– Can handle large volume of gases

– Can be designed for a wide range of gas 
temperature

• Disadvantages of electrostatic precipitator 

– High capital cost

– Cannot control gaseous emissions

– Once installed the unit is not very flexible 
to changes in operating conditions

– Requires large floor areas

– Might not work on particulates with very 
high electrical resistivity
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WORKING PRINCIPLE OF ELECTROSTATIC 
PRECIPITATOR

Electrostatic Precipitators.mp4
Electrostatic Precipitators.mp4
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WET SCRUBBERS
1. Wet scrubbers trap 
suspended particles by 
direct contact with a 
spray of water or other 
liquid

2.In a spray-tower 
scrubber, an upward-
flowing airstream is 
washed by water 
sprayed downward 
from a series of 
nozzles.

3. In orifice 
scrubbers and wet-
impingement 
scrubbers, the air-
and-droplet mixture 
collides with a solid 
surface.
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WET SCRUBBERS

• Advantages of wet scrubber
– Can handle flammable and explosive 

dust with little risk
– Provide gas absorption and dust 

collection in a single unit
– Can handle mist or moist type 

pollutants
– Provide cooling of hot gases
– Acidic gases and dust can be 

neutralized

• Disadvantages of wet scrubber 
– High potential for corrosive problems
– High capital cost
– Effluent liquid can create water 

pollution problems
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WET SCRUBBER WORKING ANIMATION 

Wet Scrubber working animation.mp4
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STANDARDS AND 
REGULATIONS 
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AIR POLLUTANT INDEX (API)

• API- reporting the quality of air or level of air pollution at any 
particular area

• Developed in easily understood ranges of values, instead of 
using the actual concentrations of air pollutants.

• It is calculated based on 5 major air pollutants :

– Sulphur Dioxide (SO2)

– Nitrogen Dioxide (NO2)

– Carbon Monoxide (CO)

– Suspended particulate matter of less than 10microns size 
(PM10)

– Ground Level Ozone (O3 )
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Measured in ppm (parts per million) or µg/m3 (micrograms per 
cubic meter)
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AIR POLLUTANT INDEX: HEALTH EFFECT

API Status Health Effect Health Advice

0-50 Good
Low pollution without any 
bad effect on health 

No restriction for outdoor 
activities to the public. 
Maintain healthy lifestyle 

51-100 Moderate
Moderate pollution that 
does not pose any bad effect 
on health 

No restriction for outdoor 
activities to the public. 
Maintain healthy lifestyle 

101-200 Unhealthy Worsen the health condition 
of high risk people who is 
the people with heart and 
lung complications 

Limited outdoor activities for 
the high risk people. Public 
need to reduce the extreme 
outdoor activities
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AIR POLLUTANT INDEX: HEALTH EFFECT

API Status Health Effect Health Advice

201-300 Very
Unhealthy

Worsen the health condition 
and low tolerance of physical 
exercises to people with 
heart and lung complications. 
Affect public health. 

Old and high risk people are 
advised to stay indoor and 
reduce physical activities. 
People with health 
complications are advised to 
see doctor 

>300 Hazardous
Hazardous to high risk people 
and public health 

Old and high risk people are 
prohibited for outdoor 
activities. Public are advised to 
prevent from outdoor activities 

>500 Emergency Hazardous to high risk people 
and public health 

Public are advised to follow 
orders from National Security 
Council and always follow the 
announcement in mass media



shazwin@utm.my

RECENT CRISIS: HAZE (15 SEPTEMBER 2015)

Haze Crisis_ Malaysia Closes Schools in 5 States.mp4
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ENVIRONMENTAL QUALITY ACT 1974

OBJECTIVE
 Prevent, Remove, Control pollution and Improve the 
environment

RELATED SECTION
 SECTION 22 : Restrictions  on Pollution of the 
Atmosphere
 SECTION 29A : Prohibition on Open Burning  
 SECTION 29AA : Exclusion from “Open Burning”
 SECTION 29B : Owner / Occupier of Premises Liable for 
Open Burning 
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EQA 1974 : SECTION 22
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EQA 1974 : SECTION 22 (CONT’)
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EQA 1974 : SECTION 29A
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ENVIRONMENTAL QUALITY (CLEAN AIR) 
REGULATIONS 1978

• Came into force on the 1st October 1978

• Apply to :

– any premises used for any industrial or trade 
purposes, 

– any facility or process that discharged or is 
capable of discharging air impurities into open air;

– every chimney;

– every industrial plant; and

– every fuel burning equipment.
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ENVIRONMENTAL QUALITY (CLEAN AIR) 
REGULATIONS 1978
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ENVIRONMENTAL QUALITY (CLEAN AIR) 
REGULATIONS 1978
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ENVIRONMENTAL QUALITY (PRESCRIBED 
ACTIVITIES) (OPEN BURNING) ORDER 2000
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ENVIRONMENTAL QUALITY (PRESCRIBED 
ACTIVITIES) (OPEN BURNING) ORDER 2000

List of PRESCRIBED ACTIVITIES for open burning :

 Burning of any diseased plants

 Burning of carcasses of infected animal, bird

 Burning of solid or liquid fuels in the course of carrying out 
research into the causes and control of fires

 Burning of plant from a land clearing for the cultivation of 
food crops 

 Burning of paddy stalks prior to replant

 Burning of sugar cane leaves prior to harvest in an area < 20 
hectares
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List of PRESCRIBED ACTIVITIES for open burning : 
(CONT’)

 Burning of plants for land clearing for the purpose of planting 
or replanting plant crops in area < 2 ha/day

 Burning of pineapple stumps prior to replant, which is dry 
prior to burning, in area < 6 ha/day

 Burning of any articles as part of religious rites or worshipping 
activities

 Cremation

 Camp fire which is not carried out at any peat soil (tanah 
gambut) area

 Outdoor grilles, barbecues which is not carried out at any peat 
soil area
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List of PRESCRIBED ACTIVITIES for open burning : 
(CONT’)

 Burning of agricultural plant for land clearing for the purpose 
of planting or replanting of plant crops by subsistence farmers 
in rural areas which is not carried out at any peat soil area

 Burning of leaves, tree branches and yard trimmings in 
villages in rural areas which is not carried out at any peat soil 
area

 Burning of flammable gases where the industrial flare is 
properly operated
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THAT’S ALL…


