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: 1. Smoke and dust 1. Carbon monoxide

from volcanoes from vehicles
2. Nitrous oxides from
2. Dust storms vehicle exhausts
3. Smoke from 3. Sulphur dioxide from
forest fires power stations
4. Smoke from

power stations









PARTICULATE MATERIALS

P articles of different substances suspended in the
air

In the form of solid particles and liquid droplets
Particles vary widely in size

Different particulate materials are aerosols, dust,
smoke, fumes, mist, fog, fly ash eic.

<~ Fine particles come from a variety of sources:
-diesel trucks and buses
—-consitruction equipment
-powvwwer plants
-woodstoves
-wildfires

Also, Chemical reactions in the atmosphere can
transform gases into fine particles.
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Effects:
< Premature death

o Aggravated asthma
Acute respiratory symptoms
Chronic bronchitis

Decreased lung function (shortness of breath)

0 0 0 0

People with existing heart and lung disease, as well
as the elderly and children, are particularly at risk
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The Greenhouse Effect

s. However, less of
this heat is able to
escape into space
as greenhouse
gases absorb the

2.Some of the
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to space.
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The Greenhouse Effect

1S emitted Dy Electromagnetic

(EM) rachation

42 { 4
J42 W m“ol » Solar rachiation
sOar rackation

-~ -
— L
e N
» ~

the sun

SEh

Clouds refiect Earth's
77 W m? solar aimosphere
emns Z235Wm

of EM radaton

rachalion

168 W m~“ ot The Earth's Ihe Eanh's Clouds and GHGS
solar radiation surtace refiects surface emits reflect 324 W m -
IS absorbed by SOWm : of 390 Wm - of of EM radiation

the earth’'s solar radiation EM radiaton (heat) back 1o Earth
surface




M OG. Smog is

another common
secondary pollutant.
Smog is a yellowish or
blackish fog formed
mainly by a mixture of
pollutants in the
atmosphere which

consists of fine
particles and ground
level ozone. Smog
which occurs mainly
because of air
pollution, can also be
defined as a mixture of
various gases with
dust and water vapor.
Smog also refers to
hazy air that makes
breathing difficult.

SMOG

> Qo Sl s e s
poliution interact with
sunlight. Smog is often
caused by heavy traffic, high
temperatures, sunshine and
calm winds. These are few of
the factors behind increasing
level of air pollution in

atmosphere. During the winter

months when the wind
speeds are low, it helps the
smoke and fog to become
stagnate at a place forming
smog and increasing
pollution levels near the
ground closer to where
people are respiring. It
hampers visibility and
disturbs the environment. The
atmospheric pollutants or
gases that form smog are
released in the air when fuels
are burnt. When sunlight and
its heat react with these gases
and fine particles in the
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Smog affects plant life and
the health of animals and
humans. It is harmful to
humans, animals, plants and
the nature as a whole. Smog
lead to bronchial
diseases.Heavy smog
results in a low production
of the crucial natural
element vitamin D leading to
cases of rickets among
people. Smog can be
responsible for any ailment
from minor pains to deadly
pulmonary diseases such as
lung cancer. Smog is well
known for causing irritation
in the eye. It may also result
in inflammation in the
tissues of lungs; giving rise
to pain in the chest. Other
issues or ilinesses such as
cold and pneumonia are
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EFFECTS OF SMOG

Why smog is harmful

Oomne, thhe main ingredient imn smmog. is one of the most
widespread air poffutants and among the most dangerous.
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Acid Rain’s Environmental Effects:
Acidic Waters

Oxygen Depletion in
Water

Damaged Forests
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WILD LIFE AFFECTED BY POLLUTION
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CFCs CAUSE OZONE DEPLETION

Ultraviolet radiation strikes . . .and causes a chiorine

eéé‘”

and steals an oxy atom to

The chlorine atom collldoo .
a molecule of ordinary oxygen.
When a free atom of oxy .the two oxygen atoms form a
collides with the ehloclno monoxide. . molecu&e of ox . The chiorine
atom is releas .od free to
\ \ / / destroy more ozone.
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Human Health Effects

Exposure to air pollution is
associated with numerous
effects on human health,
including pulmonary, cardiac,
vascular, and neurological
Impairments.

The health effects vary greatly
from person to person. High-risk
groups such as the elderly,
iInfants, pregnant women, and
sufferers from chronic heart and
lung diseases are more
susceptible to air pollution.

Children are at greater risk
because they are generally more
active outdoors and their lungs
are still developing.

| |
Cardiovascular
Disease

h l k Particles

|7

Air Pollution

Disease




Conti.....

 EXxposure to air pollution can cause both acute
(short-term) and chronic (long-term) health effects.

« Acute effects are usually immediate and often
reversible when exposure to the pollutant ends.
Some acute health effects include eye irritation,
headaches, and nausea.

 Chronic effects are usually not immediate and tend
not to be reversible when exposure to the pollutant
ends.

— Some chronic health effects include decreased
lung capacity and lung cancer resulting from long-
term exposure to toxic air pollutants.



Effects on Human respiratory system

Both gaseous and particulate air
pollutants can have negative
effects on the lungs.

Solid particles can settle on the
walls of the trachea, bronchi, and
bronchioles.

Continuous breathing of polluted
ar can slow the normal
cleansing action of the lungs and
result in more particles reaching
the lower portions of the lung.

Damage to the lungs from air
pollution can inhibit this process
and contribute to the occurrence
of respiratory diseases such as
bronchitis, emphysema, and
cancer.




Dangers of lead and arsenic poisoning
Arsenic Eoisonlng : Lead poisoning
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Sources: Alliance 1o End Childhood Lead Po'iAsoning and news wires The Denver Post




Table 1: Sources, Health and Welfare Effects for Criteria Pollutants

Pollutant

Description

Sources

Health Effects

Welfare Effects

Carbon
Monoxide
(CO)

Colorless, odorless
gas

Motor vehicle exhaust,
indoor sources include
kerosene or wood burning
stoves.

Headaches, reduced mental
alertness, heart attack,
cardiovascular diseases,
impaired fetal development,
death.

Contribute to the formation of
smog.

Sulfur Dioxide
(SO,)

Colorless gas that
dissolves in water
vapor to form acid,
and interact with other
gases and patrticles in
the air.

Coal-fired power plants,
petroleum refineries,
manufacture of sulfuric acid
and smelting of ores
containing sulfur.

Eye irritation, wheezing, chest
tightness, shortness of breath,
lung damage.

Contribute to the formation of
acid rain, visibility impairment,
plant and water damage,
aesthetic damage.

Nitrogen
Dioxide (NO,)

Reddish brown, highly
reactive gas.

Motor vehicles, electric
utilities, and other
industrial, commercial, and
residential sources that
burn fuels.

Susceptibility to respiratory
infections, irritation of the lung
and respiratory symptoms
(e.g., cough, chest pain,
difficulty breathing).

Contribute to the formation of
smog, acid rain, water quality
deterioration, global warming,
and visibility impairment.

Ozone (O,)

Gaseous pollutant
when it is formed in
the troposphere.

Vehicle exhaust and certain
other fumes. Formed from
other air pollutants in the
presence of sunlight.

Eye and throat irritation,
coughing, respiratory tract
problems, asthma, lung
damage.

Plant and ecosystem damage.

Lead (Pb)

Metallic element

Metal refineries, lead
smelters, battery
manufacturers, iron and
steel producers.

Anemia, high blood pressure,
brain and kidney damage,
neurological disorders,
cancer, lowered 1Q.

Affects animals and plants,
affects aquatic ecosystems.

Particulate
Matter (PM)

Very small particles of
soot, dust, or other
matter, including tiny
droplets of liquids.

Diesel engines, power
plants, industries,
windblown dust, wood
stoves.

Eye irritation, asthma,
bronchitis, lung damage,
cancer, heavy metal
poisoning, cardiovascular
effects.

Visibility impairment,
atmospheric deposition,
aesthetic damage.




Table-2: Sources, Effects of Air Pollutants on Vegetables

Pollutants

Sources

Effects on Vegetables

Aldehydes

Photochemical reactions

The upper portions of Alfalfa etc. will be affected to Narcosis if
250 ppm of aldehydes is present for 2 hrs duration.

Ozone (O,)

Photochemical reaction of hydrocarbon
and nitrogen oxides from fuel
combustion, refuse burning, and
evaporation from petroleum products.

All ages of tobacco leaves, beans, grapes, pine, pumpkins and
potato are affected. Fleck, stipple, bleaching, bleached
spotting, pigmentation, growth suppression, and early
abscission are the effects.

Peroxy Acetyl
Nitrate (PAN)

The sources of PAN are the same as
ozone

Young spongy cells of plants are affected if 0.01 ppm of PAN
is present in the ambient air for more than 6 hrs.

Nitrogen dioxide
(NO2)

High temperature combustion of coal, oil,
gas, and gasoline in power plants and
internal combustion engines.

Irregular, white or brown collapsed lesion on intercostals
tissue and near leaf margin. Suppressed growth is observed
in many plants.

Ammonia & Sulfur
dioxide

Thermal power plants, oil and petroleum
refineries.

Bleached spots, bleached areas between veins, bleached
margins, chlorosis, growth suppression, early abscission, and
reduction in yield and tissue collapse occur.

Chlorine (CI2)

Leaks in chlorine storage tanks,
hydrochloric acid mists.

If 0.10 ppm is present for at least 2 hrs, the epidermis and
mesophyll of plants will be affected.

Hydrogen fluoride,
Silicon
tetrafluoride

Phosphate rock processing, aluminum
industry, and ceramic works and
fiberglass manufacturing.

Epidermis and mesophyll of grapes, large seed fruits, pines
and fluorosis in animals occur if 0.001 ppm of HF is present
for 5 weeks.

Pesticides &
Herbicides

Agricultural operations

Defoliation, dwarfing, curling, twisting, growth reduction and
killing of plants may occur.

Particulates

Cement industries, thermal power plants,
blasting, crushing and processing
industries.

Affects quality of plants, reduces vigor & hardness and
interferences with photosynthesis due to plugging leaf
stomata and blocking of light.

Mercury (Hg)

Processing of mercury containing ores,
burning of coal and oil.

Greenhouse crops, and floral parts of all vegetations are
affected; abscission and growth reduction occur in most of
the plants.
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Dangers of lead and arsenic poisoning
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Air pollution control:
Principles of controls, source control



Source Control Technology

« 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.

* The selection of control technologies depends on
environmental, engineering, economic factors
and pollutant type.



Settling Chambers

« Settling chambers use the force of gravity to remove solid
particles.

« The gas stream enters a chamber where the velocity of the
gas is reduced. Large particles drop out of the gas and are
recollected in hoppers. Because settling chambers are
effective in removing only larger particles, they are used in
conjunction with a more efficient control device.

Figure: Settling chambers



Cyclones

The general principle of Inertia
separation Is that the particulate-laden
gas Is forced to change direction. As gas
changes direction, the Inertia of the
particles causes them to continue in the
original direction and be separated from
the gas stream.

The walls of the cyclone narrow toward
the bottom of the unit, allowing the
particles to be collected in a hopper.

The cleaner air leaves the cyclone
through the top of the chamber, flowing
upward in a spiral vortex, formed within a
downward moving spiral.

Cyclones are efficient in removing large
particles but are not as efficient with
smaller particles. For this reason, they
are used with other particulate control
devices.

Clean gas
exits

Outlet tub e s

Ditygas”¥ 1 ____Cylinder

enters

Collected
dust exits

Figure: Cyclone Collector



 Venturi

Venturi Scrubbers

scrubbers use a
liguid stream to remove
solid particles.

In the venturi scrubber,
gas laden with particulate
matter passes through a
short tube with flared ends
and a constricted middle.

This constriction causes
the gas stream to speed
up when the pressure is
Increased.

Clean gas
exits scrubber

Gas enters 1
scrubber T

In throat, gas velocity &
turbulence increase oo Ot
e LG

.. Seperator

Scrubbing liquid is

atomized & droplent L
particle interaction
is increased

Figure: Venturi scrubber components



Conti....

* The difference in velocity and pressure resulting
from the constriction causes the particles and water
to mix and combine.

 The reduced velocity at the expanded section of
the throat allows the droplets of water containing
the particles to drop out of the gas stream.

* Venturi scrubbers are effective in removing small
particles, with removal efficiencies of up to 99
percent.

* One drawback of this device, however, is the
production of wastewater.



Fabric Filters

* Fabric filters, or baghouses, remove dust from a
gas stream by passing the stream through a
porous fabric. The fabric filter Is efficient at
removing fine particles and can exceed efficiencies
of 99 percent in most applications.

Cutaway of
filter bag wall

Figure: Fabric filter (baghouse) components



Conti.....

« The selection of the fiber material and fabric
construction Is important to baghouse
performance.

« The fiber material from which the fabric Is made
must have adequate strength characteristics at
the maximum gas temperature expected and
adequate chemical compatibility with both the
gas and the collected dust.

* One disadvantage of the fabric filter is that high-
temperature gases often have to be cooled
before contacting the filter medium.



Electrostatic Precipitators (ESPs)

An ESP Is a particle
control device that uses Chine e s

Negative electrode

electrical forces to move Negatively _ connected to eleclrical

cha'gedw\i'e pfer source

l\;
ﬁ %

Grounded collecting plate N Dry gas enters

the particles out of the
flowing gas stream and
onto collector plates.

with positive charge Hopper to

Discharge

The ESP places electrical
charges on the particles,
causing them to be
attracted to oppositely
charged metal plates
located in the precipitator.

discharge electrode Ssecay i
ionizing field or corona

collection electrode

Figure: Electrostatic precipitator components



Conti....

« The particles are removed from the plates by
"rapping"” and collected in a hopper located below the
unit.

« The removal efficiencies for ESPs are highly variable;
however, for very small particles alone, the removal
efficiency is about 99 percent.

« Electrostatic precipitators are not only used in utility
applications but also other industries (for other
exhaust gas particles) such as cement (dust), pulp &
paper (salt cake & lime dust), petrochemicals (sulfuric
acid mist), and steel (dust & fumes).



Control of gaseous pollutants from
stationary sources

« The most common method for controlling
gaseous pollutants is the addition of add-on
control devices to recover or destroy a pollutant.

« There are four commonly used control
technologies for gaseous pollutants:

— Absorption,

— Adsorption,

— Condensation, and

— Incineration (combustion)



Absorption

« The removal of one or more
selected components from a gas
mixture by absorption is probably
the most important operation in
the control of gaseous pollutant
emissions.

e Absorption Is a process in which
a gaseous pollutant is dissolved
In a liquid.

« Water is the most commonly
used absorbent liquid.

« As the gas stream passes
through the liquid, the liquid
absorbs the gas, in much the
same way that sugar is absorbed Typical Packed Column Diagram
In a glass of water when stirred.




Conti....

 Absorbers are often referred to as scrubbers, and there
are various types of absorption equipment.

« The principal types of gas absorption equipment
Include spray towers, packed columns, spray
chambers, and venture scrubbers.

« In general, absorbers can achieve removal efficiencies
grater than 95 percent. One potential problem with
absorption is the generation of waste-water, which
converts an air pollution problem to a water pollution
problem.



Adsorption

« When a gas or vapor is brought into contact with a
solid, part of it is taken up by the solid. The molecules
that disappear from the gas either enter the inside of
the solid, or remain on the outside attached to the
surface. The former phenomenon Is termed
absorption (or dissolution) and the latter adsorption.

« The most common industrial adsorbents are
activated carbon, silica gel, and alumina, because
they have enormous surface areas per unit weight.

« Activated carbon is the universal standard for
purification and removal of trace organic
contaminants from liquid and vapor streams.



 Carbon adsorption systems are either regenerative or non-regenerative.

— Regenerative system usually contains more than one carbon bed.
As one bed actively removes pollutants, another bed is being
regenerated for future use.

— Non-regenerative systems have thinner beds of activated carbon.
In a non-regenerative adsorber, the spent carbon is disposed of
when it becomes saturated with the pollutant.

Clean Gas

8 g Steamfor
Regeneration

Carbon Bed

Steam
Generator

Condenlsae Out

\

Regenerative Carbon Non-Regenerative Carbon
Adsorption System Adsorption System



Condensation

« Condensation is the process of converting a gas
or vapor to liquid. Any gas can be reduced to a
liguid by lowering its temperature and/or
Increasing Its pressure.

 Condensers are typically used as pretreatment
devices. They can be used ahead of absorbers,
absorbers, and incinerators to reduce the total
gas volume to be treated by more expensive
control equipment. Condensers used for pollution
control are contact condensers and surface
condensers.



In a contact condenser,
the gas comes Into
contact with cold liquid.

In a surface condenser,
the gas contacts a cooled
surface In which cooled
liquid or gas is circulated,
such as the outside of the
tube.

Removal efficiencies of
condensers typically
range from 50 percent to
more than 95 percent,
depending on design and
applications.

Water & Condensate Outlet

Contact condenser

Cooling Gas

M:ﬂ:m Non-Condensable Inlet

¥y [ o= }

Surface condenser



Incineration

* Incineration, also known as combustion, is most used
to control the emissions of organic compounds from
process industries.

 This control technique refers to the rapid oxidation of
a substance through the combination of oxygen with a
combustible material in the presence of heat.

- When combustion is complete, the gaseous stream Is
converted to carbon dioxide and water vapor.

« Equipment used to control waste gases by
combustion can be divided in three categories:
— Direct combustion or flaring,
— Thermal incineration and
— Catalytic incineration.



Direct combustor

* Direct combustor is a device in which air and all
the combustible waste gases react at the burner.
Complete combustion must occur
Instantaneously since there is no residence
chamber.

« A flare can be used to control almost any
emission stream containing Vvolatile organic
compounds. Studies conducted by EPA have
shown that the destruction efficiency of a flare is
about 98 percent.



In thermal incinerators the combustible waste gases

pass over or around a burner flame Iinto a residence

chamber where oxidation of the waste gases Is
completed.

Thermal incinerators can destroy gaseous pollutants at

efficiencies of greater than 99 percent when operated

correctly.

Emission Sources
Dilution Air

-

Aux Fud bustlon L waste Gas . Secondary - Stack
Aux A' Chamber Preheder Engine Recovery a

e L

Thermal incinerator general case




Catalytic incinerators are very similar to thermal

Incinerators. The main difference is that after passing

through the flame area, the gases pass over a catalyst
bed.

A catalyst promotes oxidation at lower temperatures,
thereby reducing fuel costs. Destruction efficiencies
greater than 95 percent are possible using a catalytic
Incinerator.
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