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AIR POLLUTION

Air Pollution

Air pollution is the presence of substances in the atmosphere that are harmful to
the health of humans and other living beings, or cause damage to the climate or to
materials. There arc different types of air pollutants, such as gases
(ammonia, carbonmonoxide, sulfurdioxide, nitrousoxides, methane and chlorofluorocarb
ons), particulates (both organic and inorganic), and biological molecules, Air pollution
may cause discases, allergics and even death to humans; it may also cause harm to other
living organisms such as animals and food crops, and may damage the natural or built

environment. Both human activity and natural processes can generate air pollution.

Air pollution is a significant risk factor for a number of pollution-related diseases,
including respiratory infections, heart disease, COPD, stroke and lung cancer. The human
health effects of poor air quality are far reaching, but principally affect the body's
respiratory system and the cardiovascular system. Individual reactions to air pollutants
depend on the type of pollutant a person is exposed to, the degree of exposure, and the
individual's health status and genetics. Indoor air pollution and poor urban air quality are
listed as two of the world's worst toxic pollution problems in the 2008 Blacksmith
Institute World's Worst Polluted Places report. Outdoor air pollution alone causes 2.1 to
4.21 million deaths annually. Overall, air pollution causes the deaths of around 7 million
people worldwide each year, and is the world's largest single environmental health risk.
Productivity losses and degraded quality of life caused by air pbllution are estimated to
cost the world economy $5 trillion per year. Various pollution control technologies and

strategies are available to reduce air pollution.

Air Pollutants
An air pollutant is a material in the air that can have adverse effects on humans and

the ecosystem. The substance can be solid particles, liquid droplets, or gases. A pollutant
can be of natural origin or man-made. Pollutants are classified as primary or secondary.

Primary pollutants are usually produced by processes such as ash from a volcanic eruption.
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Other examples include carbon monoxide gas from motor vehicle exhausts or sulfur
dioxide released from factories. Secondary pollutants are not emitted directly. Rather, they
form in the air when primary pollutants react or interact. Ground level ozone is a prominent
example of a secondary pollutant. Some pollutants may be both primary and secondary:

they are both emitted directly and formed from other primary pollutants.

Pollutants emitted into the atmosphere by human activity include:

« Carbon dioxide (CO2)—Because of its role as a greenhouse gas it has been described
as "the leading pollutant" and "the worst climate pollutant". Carbon dioxide is a natural
component of the atmosphere, essential for plant life and given off by the
human respiratory system. This question of terminology has practical effects, for
example as determining whether the U.S.Clean Air Actis deemed to
regulate CO2 emissions. CO2 currently forms about 410 parts per million (ppm) of
earth's atmosphere, compared to about 280 ppm in pre-industrial times, and billions of
metric tons of CO2 are emitted annually by burning of fossil fuels. CO2 increase in
earth's atmosphere has been accelerating. .

» Sulfur oxides (SOx) — particularly sulfur dioxide, a chemical compound with the
formula SO2. SO2 is produced by volcanoes and in various industrial processes. Coal
and petroleum often contain sulfur compounds, and their combustion generates sulfur
dioxide. Further oxidation of SO2, usually in the presence of a catalyst such as NO2,
forms H2S04, and thus acid rain is formed. This is one of the causes for concern over

the environmental impact of the use of these fuels as power sources.

« Nitrogen oxides (NOx) — Nitrogen oxides, particularly nitrogen dioxide, are expelled
from  high  temperature = combustion, and are also  produced
during thunderstorms by electric discharge. They can be seen as a brown haze dome
above or a plume downwind of cities. Nitrogen dioxide is a chemical compound with
the formula NO2. It is one of several nitrogen oxides. One of the most prominent air
pollutants, this reddish-brown toxic gas has a characteristic sharp, biting odor.

« Carbon monoxide (CO) - CO is a colorless, odorless, toxic gas. It is a product
of combustion of fuel such as natural gas, coal or wood. Vehicular exhaust contributes

to the majority of carbon monoxide let into our atmosphere. It creates a smog type




natural environment and animals,
Volatile organic compounds (VOC) -

They are categorized as cither methane (CH4) or non

exposure.

Particulate matter / particles, alternatively referred to as particulate matter (PM),

atmospheric particulate matter, or fine particles, are tiny particles of solid or liquid
suspended in g gas. In contrast, aeroso] refers to combined particles and gas. Some
particulates occyr naturally, originating from volcanoes, dust storms, forest and
grassland fires, living vegetation, and sea spray. Human activities, such as the burning
of fossil fuels in vehicles, power plants and various industrial processes also generate
significant amounts of aerosols. Averaged worldwide, anthropogenic aerosols—those
made by human activities—currently account for approximately 10 percent of our
atmosphere. Increased levels of fine particles in the air are linked to health hazards
such as heart disease, altered lung function and lung cancer. Particulates are related to
respiratory infections and can be particularly harmful to those already suffering from
conditions like asthma. Persistent free radicals connected to airborne fine particles are
linked to cardiopulmonary disease. Toxic metals, such as lead and mercury, especially
their compounds.

Chlorofluorocarbons (CFCs)— harmful to the ozone layer; emitted from products are
currently banned from use. These are gases which are released .from air conditioners,
refrigerators, aerosol sprays, etc. On release into the air, CFCs rise to the strafos;ﬁlere.
Here they come in contact with other gases and damage the ozone layer. This allows

' is can lead to skin cancer, eye
harmful ultraviolet rays to reach the earth's surface. Thi

disease and can even cause damage to plants.




Ammonia — emj 1 i
nia — emitted mainly by agricultural waste. Ammonia is a compound with the
formul i
u a.NH3. It is normally encountered as a gas with a characteristic pungent odor,
Ammonia contributes significantly to the nutritional needs of terrestrial organisms by

Serving as a precursor to foodstuffs and fertilizers, Ammonia, ei
]

;- i | ther directly or
j indirectly, is also a building

block for the synthesis of many pharmaceuticals. Although
in wide use, ammonia is both caustic and hazardous. In the atmosphere, ammonia reacts

with oxides of nitrogen and sulfur to form secondary particles.
e Odors — such as from garbage, sewage, and industrial processes
* Radioactive pollutants— produced by nuclear explosions, nuclear events,

war explosives, and natural processes such as the radioactive decay of radon,

Secondary pollutants include:

» Particulates created from gaseous primary pollutants and compounds in photochemical

smog. Smog is a kind of air pollution. Classic smog results from large amounts of coal
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burning in an area caused by a mixture of smoke and sulfur dioxide. Modern smog
does not usually come from coal but from vehicular and industrial emissions that are
acted on in the atmosphere by ultraviolet light from the sun to form secondary
pollutants that also combine with the primary emissions to form photochemical smog.
e Ground level ozone (O3) formed from NOxand VOCs. Ozone (O3) is a key

constituent of the troposphere. It is also an important constituent of certain regions of

the stratosphere commonly known as the Ozone layer. Photochemical and chemical
| reactions involving it drive many of the chemical processes that occur in the
: atmosphere by day and by night. At abnormally high concentrations brought about by

human activities (largely the combustion of fossil fucl), it is a pollutant and a

constituent of smog.
- Minor air pollutants include:

« A large number of minor hazardous air pollutants. Some of these are regulated in USA

under the Clean Air Act and in Europe under the Air Framework Directive

« A variety of persistent organic pollutants, which can attach to particulates. Persistent

organic pollutants (POPs) are organic compounds that are resistant to environmental
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in the environment, to be capable of long-range
transport, bioaccumulate in human and animal tissue, bio magnify in food chains, and
to have potentially significant impacts on human health and the environment.

« Stationary sources include smoke stacks of fossil fuel power stations (see for
example environmental impact of the coal industry), manufacturing facilities
(factories) and waste incinerators, as well as furnaces and other types of fuel-burning
heating devices. In developing and poor countries, traditional biomass burning is the
major source of air pollutants; traditional biomass includes wood, crop waste and dung.

« Mobile sources include motor vehicles, marine vessels, and aircraft.

« Controlled burn practices in agriculture and forest management. Controlled or

prescribed burning is a technique sometimes used in forest management, farming,

prairie restoration or greenhouse gas abatement. Fire is a natural part of both forest and
grassland ecology and controlled fire can be a tool for foresters. Controlled burning

stimulates the germination of some desirable forest trees, thus renewing the forest.

There are also sources from processes other than combustion

« Fumes from paint, hair spray, varnish, aerosol sprays and other solvents. These can be
substantial; emissions from these sources was estimated to account for almost half of
pollution from volatile organic compounds in the Los Angeles basin in the 2010s.

Waste deposition in landfills, which generate methane. Methane is highly flammable
and may form explosive mixtures with air. Methane is also an asphyxiant and may
displace oxygen in an enclosed space. Asphyxia or suffocation may result if the oxygen

concentration is reduced to below 19.5% by displacement.

« Military resources, such as nuclear weapons, toxic gases, germ warfare and rocketry.

Fertilized farmland may be a major source of nitrogen oxides.

Natural sources

Dust from natural sources, usually large areas of land with little vegetation or no

vegetation




« Radon gas from radioactive deca
adi withi
t1 y within the Earth's crust. Radon i
. Radon is a colorless,

second most frequent cause
of lu i

e £ ' ng cancer, after cigarette smoking,

‘ carbon monoxide from wildfires. During period i i

; RO _ p s of actives wildfires,

ntrolled biomass combustion can make up al 9 i
i . p almost 75% of all air

pollution by concentration.

. Vegetation, in some regions, emits environmentally significant amounts of Volatile
organic compounds (VOCs) on warmer days. These VOCs react with primary
anthropogenic pollutants—specifically, NOx, S02, and anthropogenic organic carbon

E‘ compounds — to produce a seasonal haze of secondary pollutants. Black gum, poplar,
at can produce abundant VOCs.

] oak and willow are some examples of vegetation th

The VOC production from these species result in ozone levels up to eight times higher

than the low-impact tree species.

which produces sulfur, chlorine, and ash particulates

. . Volcanic activity,

II. Reduction Efforts:

ous pollution control technologies
ning and

on. At its most basic level, land-use planning is Jikely to involve z0

and strategies are available to reduce air

e Vari

polluti
transport infrastructure planning..

ssil fuels usage can reduce air pollution drastically. Most effective

e Reduction of Fo
nd power, solar power hydro

is the switch to

power which don't cause air pollution.
searched for its ability t0 reduce air pollution:
to renewable energy-

air pollution is the transition

clean power sources such as wi

e Titanium dioxide has been re
e A very effective means to reduce

IV. 5 Effective Methods to Control Air Pollution

jive methods to Control Air Pollution
n of pollutant in air (d)

are as follows: (a) Sourc® Correction

Some of the effect
Vegetation (€)

Methods (b) Pollution Control equipment (¢) Diffusio

Zoning.




(a) Source Correction Methods:
Industries make a major contribution towards causing air pollution. Formation of pollutants can

be prevented and their emission can be minimized at the source itself.

By carefully investigating the carly stages of design and development in industrial processes €.g.,
those methods which have minimum air pollution potential can be selected to accomplish air-

pollution control at source itself’

These source correction methods are:
(i) Substitution of raw materials:
(ii) Process Modification:

(iii) Modification of Existing Equipment:

(b) Pollution Control Equipment:

Sometimes pollution control at source is not possible by preventing the emission of pollutants.
Then it becomes necessary to install pollution control equipment to remove the gaseous pollutants
from the main gas stream.The pollutants are present in high concentration at the source and as their

distance from the source increases they become diluted by diffusing with environmental air.

Pollution control equipment’s are generally classified into two types:

Pollution Control Equipment
Control devices for Control devices for
particulate contaminants gaseous contaminants
(a) Gravitational settling I
(b) Cyclone separators [ ]
(c) Fabric filters Wet
(d) Electrostatic precipitators oot Dry
rption absorption
(e) Wet colleculm (Scrubbers) mathiods melx;\Pods
I | |
Spray Venturi Cyclonic
tower scrubber scrubber

Control Devices for Particulate Contaminants:




(1) Gravitational Settling Chamber:

For removal of particles exceeding 50 pm in size from polluted gas streams, gravitational settling

chambers are put to use. The particulates having higher density obey Stoke’s law and settle at the
bottom of the chamber from where they are removed ultimately.

(2) Cyclone Separators (Reverse flow Cyclone):

Instead of gravitational force, centrifugal force is utilized by cyclone separators, to separate the
particulate matter from the polluted gas. Centrifugal force, several times greater than gravitational
force, can be generated by a spinning gas stream and this quality makes cyclone separators more

effective in removing much smaller particulates than can possibly be removed by gravitational
settling chambers.

(3) Fabric Filters (Baghouse F ilters):

In a fabric filter system, a stream of the polluted gas is made to pass through a fabric that filters
out the particulate pollutant and allows the clear gas to pass through. The particulate matter is left
in the form of a thin dust mat on the insides of the bag. This dust mat acts as a filtering medium
for further removal of particulates increasing the efficiency of the filter bag to sieve more sub-

micron particles (0.5 pm).

(4) Electrostatic Precipitators:
The electrostatic precipitator works on the principle of electrostatic precipitation i.e. electrically

charged particulates present in the polluted gas are separated from the gas stream under the

influence of the electrical field.

(5) Wet Collectors (Scrubbers):
In wet collectors or scrubbers, the particulate contaminants are removed from the polluted gas

stream by incorporating the particulates into liquid droplets.

Common wet scrubbers are:
(i) Spray Tower (ii) Venturi Scrubber (iii) Cyclone Scrubber

(c) Diffusion of Pollutants in Air:
Dilution of the contaminants in the atmosphere is another approach to the control of air pollution.

If the pollution source releases only a small quantity of the contaminants then pollution is not
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noticeable as those pollutants eastly diffise into the atmosphere but i the quantity of air
contanvinants i beyond the limited capaeity of the environment 1o absorh the contaminants then

pollution is cansed,

(1) Vegetation:
Plants contribute towards controlling afe<pollution by wtilizing earbon dioxide and relensing

oxygen in tho process of photosynthesis, This purifies tho air for the respiration of men and
animals,

Gascous pollutants like carbon monoxide are (ixed by some plants, namely, Coleus Blumerl, Fious
variegata and Phascolus Valgaris, Species of Pinus, Quercus, Pyrus, Juniperus and Vitis depollute

the air by metabolising nitrogen oxides, Plenty of trees should bo planted especially around those

arcas which are declared as high-risk areas of pollution,

(¢) Zoning:
This method of controlling air pollution can be adopted at the planning stages of the ¢ity, Zoning
advocates setting aside of separate arcas for industries 8o that they are far removed from the

residential areas. The heavy industries should not be located 100 elose to each other,
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