AIR POLLUTION AND CONTROL ENGINEERING
UNIT I INTRODUCTION

Structure and composition of Atmosphere — Definition, Scope and Scales of Air Pollution—
Sources and classification of air pollutants and their effect on human health, vegetation, animals,
property, aesthetic value and visibility- Ambient Air Quality and Emission standards —Ambient

and stack sampling and Analysis of Particulate and Gaseous Pollutants.
Structure and composition of atmosphere

Atmosphere, composition and structure. Earth's atmosphere is composed of about 78%
nitrogen, 21% oxygen, and 0.93% argon. The remainder, less than 0.1%, contains such trace

gases as water vapor, carbon dioxide, and ozone.

Definition of Air pollutants: Substances introduces into the air, natural or manmade, in
concentrations detrimental to human, plant or animal life, or to property.

Major Classification of Air Pollutants:

1] Primary — Secondary

2] Natural — Manmade

3] Criteria Air Pollutants

4] Physical - chemical - biological

Primary pollutants and secondary pollutants: Primary pollutants are substances that are
directly emitted into the atmosphere from sources. Primary pollutants are those that are emitted
directly from identifiable sources. Secondary air pollutants are those that are produced in the air
by the interaction of two or more primary air pollutant.

Primary Air pollutants:-

(i) Fine (less than 100u) and coarse (more than 100p) suspended particulate matter

(ii) Oxides of sulfur

(iii) Oxides of nitrogen

(iv) Carbon monoxide

(v) Halogens

(vi) Organic compounds

(vii) Radioactive compounds



Secondary Air pollutants:-
(i) Ozone

(if) PAN (peroxi aceyl nitrate)
(iii) Photochemical smog

(iv) Acid mists

Air pollutants arise from both manmade and natural processes. The ambient air quality may be
defined by the concentration of a set of pollutants which may be present in the ambient air we
breathe in. These pollutants may be called criteria pollutants.

Natural Contaminants: Pollen is important natural contaminant because of its peculiar
properties of irritation and allergy sometimes leading to bronchitis, asthma and dermatitis. Pollen
grains are the male gametophytes of gymnosperms and angiosperms and they are discharged into
the atmosphere from plants etc. The air transported pollen grains range mainly between 10 and
50 microns. Manmade refers to any pollutant produced to influence or action of humans.
Aerosols: Aerosols refer to the dispersion of solid or liquid particles of microscopic size in the
air. It can also be defined as a colloidal system in which the dispersion medium is gas and the
dispersed phase is solid or liquid. The term aerosol is applicable until it is in suspension and after
settlement due to its own weight or by addition with other particles (agglomeration) it is no
longer an air pollutant. The diameter of the aerosol may range from 0.01 (or less) micron to 100
micron.

The various aerosols are as follows:-

(i) Dust: Dust is produced by the crushing, grinding and natural sources like windstorms.
Generally the dust particles are over 20 micron in diameter. They do not flocculate but settle
under gravity, but smaller particles like 5 micron form stable suspensions.

(if) Smoke: Smoke is made up of finely divided particles produced by incomplete combustion.
Generally it consists of carbon particles of size less than 1.0 micron.

(iii) Mists: Mist is a light dispersion of minute water droplets suspended in the atmosphere
ranging from 40 to 400 micron in size.

(iv) Fog: Fog is made up of dispersion of water or ice near the earth’s surface reducing visibility
to less than 500 m. In natural fog the size of particles range from 1.0 to 40 micron.

(v) Fumes: Fumes are solid particles generated by condensation from the gaseous state after
volatilization from melted substances. Fumes flocculate and sometimes coalesce. Gases:
Following are the main air pollutant gases

(i) Sulphur dioxide: It is a major air pollutant gas produced by the combustion of fuels like coal.



The main source of electricity production is by burning of fossil fuels in India and the whole
world. The sulphur content of the coal varies from 1 to 4% and fortunately the Indian coal is low
in sulphur content. SO2 is also produced in the metallurgical operations.

(i1) Oxides of nitrogen: Oxides of nitrogen are produced either in the production of nitric acid or
in the automobile exhausts and as the effluent of power plants. Out of the seven oxides of
Nitrogen (N20, NO, NO2, NO3, N203, N204, N205) only nitric oxide and nitrogen dioxide are
classified as the main pollutants. All the oxides of nitrogen are collectively known as NOX.

(iii) Carbon monoxide: It is produced because of the incomplete combustion of coal and other
petroleum products. It is produced in the exhaust of automobiles. In the pollution check of
vehicles mainly CO and unburnt hydrocarbons are measured.

(iv) Hydrogen sulphide: Hydrogen Sulphide is an obnoxious (bad smelling) gas. It is produced
mainly by the anaerobic (in absence of air) decomposition of organic matter. Other air polluting
sulfur compounds are methyl mercaptan (CH3SH) and dimethyl sulphide (CH3-S-CH3) etc.

(v) Hydrogen fluoride: It is an important pollutant even in very low concentrations. It is
produced in the manufacturing of phosphate fertilizers.

(vi) Chlorine and hydrogen chloride: It is mixed in the air either from the leakages from water
treatment plants or other industries where it is produced or used. Hydrogen chloride is also
evolved in various industrial chemical processes. The main effect of chlorine is respiratory
irritation which may be fatal.

(vii) Ozone: It is a desirable gas in the upper layers of atmosphere as it absorbs the UV radiation
of sunlight. But near the earth surface it is a poisonous gas. It makes poisonous chemicals by
photochemical reactions.

(viii) Aldehydes: They are produced by the incomplete oxidation of motor fuels and lubricating
oil. They may also be formed because of photochemical reactions. Formaldehydes are irritating
to the eyes.

Classification according to chemical composition: (Organic — inorganic)
1. Sulfur-containing compounds.

2. Nitrogen-containing compounds.

3. Carbon-containing compounds.

4. Halogen-containing compounds.

5. Toxic substances (any of about).

6. Radiative compounds.



Classification according to physical state:

1. Gaseous.
2. Liquid (aqueous).
3. Solid.

Criteria air pollutants are six major pollutants defined by EPA (Environmental Protection

Agency) for which ambient air standards have been set to protect human health and welfare.

These include :

1. Ozone, O3.

2. Carbon monoxide, CO.
3. Sulfur dioxide, SO2.

4. Nitrogen oxides, NOx.
5. Lead, Pb.

6. Particulates, PM10.

Pollutant Description Sources Health Effects Welfare
Effects
Carbon Colorless, Motor vehicle exhaust, | Headaches reduced Contribute to
Monoxide odorless gas indoor sources include | mental alertness, heart | the
(CO) kerosene or wood attack, cardiovascular | formation of

burning stoves.

diseases, impaired fetal
development, and
death.

smog.

Sulfur Dioxide
(S02)

Colorless gas that
dissolves in water
vapor to form
acid, and interact
with other gases
and particles 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 (NO2)

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 (03) Gaseous Vehicle exhaust and Eye and throat Plant and
pollutant when it certain other fumes. irritation, ecosystem
is formed in the Formed from other air | coughing, respiratory damage
troposphere. pollutants in the tract
presence of sunlight. problems, asthma, lung
damage.

Lead (Pb) Metallic element Metal refineries, lead | Anemia, high blood Affects
smelters, battery pressure, brain and animals
manufacturers, iron Kidney and plants,
and damage, neurological affects
steel producers. disorders, cancer, aquatic

ecosystems.

Particulate Very small Diesel engines, power | Eye irritation, asthma, | Visibility

Matter (PM) particles of soot, plants, industries, bronchitis, lung impairment,

dust, or other windblown dust, wood | damage, atmospheric
matter, including stoves. cancer, heavy metal deposition,
tiny droplets of poisoning, aesthetic
liquids. cardiovascular damage.

effects




Chapter 7

Meteorology and Air Pollution
The earth's atmosphere is about 100 miles deep.

That thickness and volume sometimes are suggested e€nough to dilute
all of the chemicals and particles thrown into it.

However, 95% of this air mass is within 12 milestof earth's surface.

This 12-mile depth contains the air we breathe el & the pollutants we
emit.

This layer, called the troposphere, is where weehawr weather and air
pollution problems.

Weather patterns determine how air contaminantdisgersed and move
through the troposphere, and thus determine theettration of a particular
pollutant that is breathed or the amount depogitedegetation.

An air pollution problem involves three parts:

* The pollution source
* The movement or dispersion of the pollutant
* The recipient

|_ The transport of the pollutant is
| determined by meteorological conditions

W

Source Transport Reclpient
Figure 1. Meteorology of air pollutants.



This chapter concerns itself with the transport ma@ism: how the
pollutants travel through the atmosphere.

The environmental engineer should be conversanigmaith some basic
meteorology to be able to predict the dispersioaiopollutants.

BASIC METEOROLOGY

Pollutants circulate the same way the air in topdsphere circulates.

Air movement is caused by solar radiation and thegular shape of the
earth and its surface, which causes unequal absompt heat by the earth's
surface and atmosphere.

This differential heating and unequal absorptieates a dynamic system.

The dynamic thermal system of the earth's atmospheso vyields
differences in barometric pressure, associated lowhpressure systems
with both hot and cold weather fronts.

Air movement around low-pressure fronts in the Nemh Hemisphere is
counterclockwise and vertical winds are upward, hsondensation and
precipitation take place.

High-pressure systems bring sunny and calm weatlstable atmospheric
conditions - with winds (in the Northern Hemisphespiraling clockwise
and downward.

Low- and high-pressure systems, commonly called loos and
anticyclones, are illustrated in Fig. 2.

Anticyclones are weather patterns of high stahilitywhich dispersion of
pollutants is poor, and are often precursors t@aliution episodes.

The high-pressure area indicates a region of stainlewhere pollutants
build up and do not disperse.



Cold front
front

Anticyclone Cyclone
Figure 2. Anticyclone and cyclone.

Air quality management involves botlontrol of air pollutionsourcesand
effective dispersion of pollutanis the atmosphere.

HORIZONTAL DISPERSION OF POLLUTANTS

The earth receives light energy at high frequemggnfthe sun and converts
this to heat energy at low frequency, which is tretiated back into space.

Heat is transferred from the earth's surface byataah, conduction, and
convection.

Radiationis direct transfer of energy and has little eff@etthe atmosphere.

Conductionis the transfer of heat by physical contact (ttreogphere is a
poor conductor since the air molecules are relptifag apart).

Convectionis transfer of heat by movement of warm air masses

Solar radiation warms the earth and thus the aweabt. This heating is
most effective at the equator and least at thespole



The warmer, less dense air rises at the equatorcaold, becomes more
dense, and sinks at the poles.

If the earth did not rotate then the surface wiattggn would be from the
poles to the equator.

However, the rotation of the earth continually prés new surfaces to be
warmed, so that a horizontal air pressure gradexnts as well as the
vertical pressure gradient.

The resulting motion of the air creates a pattdrwiads around the globe,
as shown by Fig. 18-3.

Wind circulation
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Figure 3. Global wind patterns.

Seasonal and local temperature, pressure and douditions, and local
topography complicate the picture.

Land masses heat and cool faster than water sshhetline winds blow out
to sea at night and inland during the day.



Valley winds result from cooling of air high on mu@ain slopes.

In cities, brick and concrete buildings absorb lieaing the day and radiate
it at night, creating a heat island (Fig. 4), whedts up a self-contained
circulation called a haze hood from which pollusac&nnot escape.

Figure 4. Heat island formed over a city.

Horizontal wind motion is measured as wind velacityind velocity data
are plotted as a wind rose, a graphic picture afdwielocities and the
direction from which the wind came. The wind rogd-ig. 5 shows that the
prevailing winds were from the southwest.
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Figure 5. Typical wind rose.



The three features of a wind rose are:

1. The orientation of each segment, which shows tlmection from
which the wind came

2. The width of each segment, which is proportionah®wind speed

3. The length of each segment, which is proportionalhe percent of
time that wind at that particular speed was confiiag that particular
direction.

Air pollution enforcement engineers sometimes uspoHution rose, a
variation of a wind rose in which winds are plotimaly on days when the
air contamination level exceeds a given amount.

Figure 6 shows pollution roses at three pointst@tbonly for days when the
SO, level exceeded 250 pg/ma3.

() Meteorological data station

Figure 6. Pollution roses for SO2 concentratioreatgr than 250 pg/m3.
The four chemical plants are the suspected sousoeshe roses clearly
point to Plant 3, identifying it as the primary gut.



Note that because the roses indicate the direcfrons which the wind is
coming the apparent primary pollution source isipk&a

Wind is probably the most important meteorologfe&tor in the movement

and dispersion of air pollutants, or, in simplentsy pollutants move
predominantly downwind.

VERTICAL DISPERSION OF POLLUTANTS

As a parcel of air in the earth's atmosphere tigeigh the atmosphere, it
experiences decreasing pressure and thus expands.

This expansion lowers the temperature of the argdaand thereforéne air
cools as it rises

The rate at whickiry aircools as it rises is called the dry adiabaticéajade
and is independent of the ambient air temperature.

The term "adiabatic" means that there is no heataxge between the rising
parcel of air under consideration and the surraumdir.

The dry adiabatic lapse rate may be calculated filmesic physical
principles.

drfdzldry—adiabnﬁc = —9.8°C/km,
where T = temperature and z = altitude.

The actual measured rate at which air cools asasis called the ambient
or prevailing lapse rate.

The relationships between the ambient lapse ratgrendry adiabatic lapse
rate essentially determine the stability of theaaid the speed with which
pollutants will disperse.

These relationships are shown in Fig. 7.
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Figure 7. Ambient lapse rates and the dry adialepise rate.

When the ambient lapse rate is exactly the santheadry adiabatic lapse
rate, the atmosphere has neutral stability.

Superadiabatic conditions prevail when the air e@ajure drops more than
9.8’C/Km (I°C/100m).

Subadiabatic conditions prevail when the air te@mpge drops at a rate less
than 9.8C/Km.

A special case of subadiabatic conditions is theptrature inversion, when
the air temperature actually increases with aldtadd a layer of warm air
exists over a layer of cold air.

Superadiabatic atmospheric conditions are unstabtke favor dispersion;
subadiabatic conditions are stable and result or pispersion; inversions
are extremely stable and trap pollutants, inhigitisspersion.

These conditions may be illustrated by the follayvexample, illustrated in
Fig. 8:
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Figure 8. Stability and vertical air movement.

The air temperature at an elevation of 500 m i£C2@hd the atmosphere is
superadiabatic, the ground level temperature i€30%d the temperature at
an elevation of 1 kmis 10°C.

The (superadiabatic) ambient lapse rate is -20°C/km
If a parcel of air at 500 m moves up adiabatictdyi km, what will be its

temperature? According to the dry adiabatic lapse of - 9.8C/Km the air
parcel would cool by 4.%C to about 15°C.



However, the temperature at 1 km is not 15°C bdC1®@ur air parcel is
5°C warmer than the surrounding air and will coméiro rise.

In short, under subadiabatic conditions, a risiagcel of air keeps right on
going up. Similarly, if our parcel were displaceawhward to, say, 250m,
its temperature would increase by 5o 22.5C.

The ambient temperature at 250 m, however, %250 that our parcel of
air is now cooler than the surrounding air and keap sinking.

There is no tendency to stabilize; conditions fanstability.

Now let us suppose that the ground level tempegaisir22°C, and the
temperature at an elevation of 1 km is 15°C.

The (subadiabatic) ambient lapse rate is no%CHm.

If our parcel of air at 500 m moves up adiabaticsl 1 km, its temperature
would again drop by 4.8 to about 15°C, the same as the temperature of
the surrounding air at 1 km.

Our air parcel would cease rising, since it woudddb the same density as
the surrounding air.

If the parcel were to sink to 250 m, its tempemtwould again be 227,
and the ambient temperature would be a little nioae 20°C.

The air parcel is slightly warmer than the surrangdir and tends to rise
back to where it was. In other words, its vertigation is damped, and it
tends to become stabilized, subadiabatic conditiansr stability and limit
vertical mixing.

Figure 9 is an actual temperature sounding for BAogeles. Note the
beginning of an inversion at about 1000 ft thatspart effective cap on the
city and holds in the air pollution.

This type of inversion is called a subsidence isn®T, caused by a large
mass of warm air subsiding over a city.
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Figure 9. Temperature sounding for Los Angelesi4 ®ctober 1962. The
dotted lines show the dry adiabatic lapse rate.

A more common type is the radiation inversion, eauly radiation of heat

from the earth at night. As heat is radiated, #weheand the air closest to it
cool, and this cold air is trapped under the waimalaove it (Fig. 10).

Noon 6 p.m. Midnight 6 a.m. Noon

T
;

Temperature ——»
Figure 10. Typical ambient lapse rates during angutay and clear night.



Pollution emitted during the night is caught unther "inversion lid."

Atmospheric stability may often be recognized bg ghapes of plumes
emitted from smokestacks as seen in Figs. 11 and 12

. ZF_

Superadiabatic Looping plume

Fanning plume

T~

Inversion over Fumigation
superadiabatic

Figure 11. Plume shapes and atmospheric stability.




Figure 12. Iron oxide dust looping plume from aektaill

Neutral stability conditions usually result in cogiplumes, while unstable
(superadiabatic) conditions result in a highly dispve looping plume.

Under stable (subadiabatic) conditions, the funrmphgne tends to spread
out in a single flat layer.

One potentially serious condition is called fumigat in which pollutants
are caught under an inversion and are mixed ovarggrong lapse rate.

A looping plume also produces high ground-level gaoirations as the
plume touches the ground.

Assuming adiabatic conditions in a plume allowsnestion of how far it
will rise or sink, and what type of plume it willebduring any given
atmospheric temperature condition, as illustrate@xample 1.

EXAMPLE 1.

A stack 100 m tall emits a plume whose temperatige20°C. The

temperature at the ground is 19°C. The ambientlagt® is -4.5 °C /km up
to an altitude of 200 m. Above this the ambientsi&pate is +20°C /km.
Assuming perfectly adiabatic conditions, how higii e plume rise and
what type of plume will it be?

Figure 13 shows the various lapse rates and tempesa
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Figure 13. Atmospheric conditions in Example 1.

The plume is assumed to cool at the dry adiabaped rate 10°C km. The
ambient lapse rate below 200 m is subadiabaticsti®unding air is cooler
than the plume, so it rises, and cools as it rises.

At 225 m, the plume has cooled to 18.7°C, but timbiant air is at this
temperature also, and the plume ceases to rise.

Below 225 m, the plume would have been slightlyicgnit would not have
penetrated 225 m.

Effect of Water in the Atmosphere
The dry adiabatic lapse rate is characteristicrpfai.

Water in the air will condense or evaporate, andamg so will release or
absorb heat, respectively, making calculations lvé tapse rate and
atmospheric stability complicated.

In general, as a parcel of air rises, the waterovap that parcel will
condense and heat will be released.



The rising air will therefore cool more slowly dsrises; the wet adiabatic
lapse rate will in general be less negative thamdily adiabatic lapse rate.

The wet adiabatic lapse rate has been observedrjobetween -6.5 and -
3.5°C /Km.

Water in the atmosphere affects air quality in othays as well.
Fogs are formed when moist air cools and the m@standenses.

Aerosols provide the condensation nuclei, so tbgs ftend to occur more
frequently in urban areas.

Serious air pollution episodes are almost alwaysompanied by fog
(remember that the roots of the word “smog” aredket and “fog”).

The tiny water droplets in fog participate in tltmeersion of S@to H,SO,.

Fog sits in valleys and stabilizes inversions bgvpnting the sun from
warming the valley floor, thus often prolonging pallution episodes.

ATMOSPHERIC DISPERSION

Dispersion is the process by which contaminantseribvough the air and a
plume spreads over a large area, thus reducingcdheentration of the
pollutants it contains.

The plume spreads both horizontally and vertically.

If it is a gaseous plume, the motion of the molesuiollows the laws of
gaseous diffusion.

The most commonly used model for the dispersiogaskeous air pollutants
Is the Gaussian model developed by Pasquill, itlwgases dispersed in the
atmosphere are assumed to exhibit ideal gas behavio



The principles on which the model is based are:

» The predominant force in pollution transport is thied; pollutants
move predominantly downwind.

» The greatest concentration of pollutant molecusealong the plume
center line.

» Molecules diffuse spontaneously from regions ohkigconcentration
to regions of lower concentration.

* The pollutant is emitted continuously, and the emis and dispersion
process is steady state.

Figure 14 shows the fundamental features of thes§an dispersion model,
with the geometric arrangement of source, wind, @lode.

Figure 14. Gaussian dispersion model.

We can construct a Cartesian coordinate systemth&lemission source at
the origin and the wind direction along the x axisteral and vertical
dispersions are along the y and z axes, respegtivel



As the plume moves downwind, it spreads both |Hteamd vertically away
from the plume centerline as the gas molecules rfrove higher to lower
concentrations.

Cross sections of the pollutant concentration alowottp the y and the z axes
thus have the shape of Gaussian curves, as showig.ith4.

Since stack gases are generally emitted at temyesahigher than ambient,
the buoyant plume will rise some distance beforgirieng to travel
downwind.

The sum of this vertical travel distance and thengetric stack height is H,
the effective stack height.

The source of the pollutant plume is, in effectparce elevated above the
ground at elevation

Z=H
and the downwind concentration emanating from #hévated source may
be written

P = 2nuocyo, P 202 P 202 P 202

where

C(x, Yy, z) is the concentration at some point iacgowith coordinates x, v, z,
Q = the emission rate of the pollution source (8),9

u = the average wind speed in ( m/s) ,

o, = the standard deviation of the plume in the gction (m), and

o,, = the standard deviation of the plume in thereaion (m).

The units of concentration are grams per cubic n{gtet). Since pollution

concentrations are usually measured at ground,léval is, for z = O, the
Eqg. usually reduces to

2 H 2
- e (22) (on(-2)
=i ¥ Z

This equation takes into account the reflectiogasdeous pollutants from the
surface of the ground.




We are usually interested in the greatest valuethef ground level
concentration in any direction, and this is theasmration along the plume
centerline; that is, for y = 0.

In this case, the Eg. reduces to

—_H2
C{x,D,G}:me( 2)
TUOyOy 2o;

Finally, for a source of emission at ground le¥ek 0, and the ground level
concentration of pollutant downwind along the plureaterline is given by

C(x,0,0) = 0

T UOy0,

For a release above ground level the maximum dowmshvground level
concentration occurs along the plume centerline nwhige following
condition is satisfied:

H
Uz -_ .
V2
The standard deviatiorsg, andc,, are measures of the plume spread in the
crosswind (lateral) and vertical directions, respety.

They depend on atmospheric stability and on digtdrmn the source.

Atmospheric stability is classified in categorieshfough F, called stability
classesTable 1shows the relationship between stability classidwspeed,
and sunshine conditions.

Table 1. Atmospheric Stability under Various Coraafis

Day Night
Wind speed Incoming solar radiation Thin overcast
at 10 m (m/s) Strong Moderate Slight 1/2 low cloud 3/8 cloud
<2 A A-B B
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D E
>6 C D D D D




Class A is the least stable; Class F is the mablest

In terms of ambient lapse rates, Classes A, B, @Grare associated with
superadiabatic conditions; Class D with neutraldiions; and Classes E
and F with subadiabatic conditions. A seventh, €{asindicates conditions
of extremely severe temperature inversion, butonsaering frequency of
occurrence is usually combined with Class F.

Urban and suburban populated areas rarely achiakigity greater than
Class D, because of the heat island effect; staluilasses E and F are found
in rural and unpopulated areas.

Values for the lateral and vertical dispersion tants,s,, ando,, are given
in Figs. 15 and 16.

Use of the figures is illustrated in the followiBgamples:
EXAMPLE 2

An oil pipeline leak results in emission of I00gihH,S. On a very sunny
summer day, with a wind speed of 3.0 m/s, what lbélthe concentration of
H,S 1.5 km directly downwind from the leak?

From Table 1, we may assume Class B stability. Threm Fig. 15, at x =
1.5 km,oy is approximately 210m and, from Fig. 15, is approximately
160m, and

Q =100 g/h = 0.0278 g/s.

Applying the Eq., we have

C(x,0,0) = %

TUOYO;

0.0278g/s
7(3.0m/s)(210 m)(160 m)

C(1500, 0, 0) = =8.77 x 1078 g/m3 = 0.088 pg/m>
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Figure 15. Standard deviation or dispersion coeffic oy, in the crosswind
direction as a function of downwind distance (Warki Warner 1986).
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Figure 16. Standard deviation or dispersion coeffit o,, in the vertical
direction as a function of downwind distance (Warkd Warner 1986).

EXAMPLE 3

A coal-burning electric generating plant emits kgimin of SQ from a
stack with an effective height of 60m. On a thiolercast evening, with a
wind speed of 5.0 m/s , what will be the grouncelesoncentration of SO
500 m directly downwind from the stack?



From Table 1, we may assume Class D stability. Tfrem Fig. 15, at x =
0.5 km, o, is approximately 35 m ans}, is approximately 19 m, and

Q = 1.10 kg/min = 18 g/s.
In this problem, the release is elevated, and @ m6

Applying the Eq., we have

_H2
C(x,ﬂ,ﬂ}:iexp( 2)
TUCy Oy 20

— (602
18g/s e.xp( (60)

€035,0,0 = e S Gsmaom F \ 2(19)2

)= 11.8 x 10~% g/m’,

Variation of Wind Speed With Elevation

The model used so far assumes that the wind ismumidnd unidirectional,
and that its velocity can be estimated accurately.

These assumptions are not realistic:

Wind direction shifts and wind speed varies witmeai as well as with
elevation.

The variation of wind speed with elevation can lppraximated by a
parabolic wind velocity profile.

That is, the wind speed u at an elevation h maydeulated from the
measured wind speed at a given elevation,tusing the relationship

h n
H:HD h—u—

The exponent n, called the stability parameteani€mpirically determined
function of the atmospheric stability, and is giverlable 2.



Table 2. Relationship between the Stability Paramahd Atmospheric

stability ®
Stability condition n
Large lapse rate (Classes A, B, C) 0.20
Zero or small lapse rate (Class D) 0.25
Moderate inversion (Class E) 0.33
Strong inversion (Classes F and G) 0.50
4 From Wark and Wamner (1986).

Wind is often measured in weather stations at evadion of 10 m above
ground level.

Effective Stack Height

The effective stack height is the height above gdoat which the plume
begins to travel downwind the effective releasenpof the pollutant and the
origin of its dispersion.

A number of empirical models exist for calculatitige plume rise h - the
height above the stack to which the plume risesreadispersing downwind.

Three equations that give a reasonably accurateastof plume rise have
been developed by Carson and Moses (1969) for rdifte stability
conditions.

For superadiabatic conditions

Ah = Q

for neutral stability

h—USS +2649



and for subadiabatic conditions

d 0.5
Ah = —1.94FL + 2_24%,
Hr I

where

V, = stack gas exit speed (in m/s) ,

d = stack diameter (in m), and

Qh = heat emission rate from the stack (in kJ/s).

As before, length is in meters and time is in sespand the heat emission
rate is measured in kilojoules per second.

EXAMPLE 4

A power plant has a stack with a diameter of 2 ™ amits gases with a
stack exit velocity of 15 m/s and a heat emissiate 0of 4,800 kJ/S. The
wind speed is 5 m/s . Stability is neutral. Estentite plume rise. If the
stack has a geometric height of 40 m, what is tfeeteve stack height?

(15)(2) /4800
5 35

= 38.7m

H=40m+ 38.7m = 78.7m.

The accuracy of plume rise and dispersion anaigsist very good.

Un calibrated models predict ambient concentrattongithin an order of
magnitude at best.

To ensure reasonable validity and reliability, thedel should be calibrated
with measured ground level concentrations.

The model discussed applies only to a continuociesdy point source of
emission.



Discrete discontinuous emissions or puffs, largeas that act as sources,
like parking lots, and line sources, like highwase modeled using variants
of the Gaussian approach, but the actual reprasamiased in each case is
quite different.

Computer Models for Assessing Atmospheric Dispersion

A number of computer models that run on a desk@pEeRst for assessing
atmospheric dispersion of pollutants.

These are essentially codifications of the Gausdisipersion equations that
solve the equations many times and output an idoplet.

Some models are;

DEPOSITION 2.0 (U.S. Nuclear Regulatory CommissiNREG/GR-
0006, 1993)

CAP88-PC (US. Department of Energy, ER 8.2, GTNg2)9

RISKIND (Yuan et al. 1993)

HAZCON (Sandia National Laboratories 1991)

TRANSAT (Sandia National Laboratories 1991)

HOTSPOT (Lawrence Livermore National Laboratory9@p

MACCS 2 (Sandia National Laboratories, 1993)

CLEANSING THE ATMOSPHERE

Processes by which the atmosphere cleans itsedfxt, and include the
effect of gravity, contact with the earth’s surfacend removal by
precipitation.

Gravity

Particles in the air, if they are larger than aleutillimeter in diameter, are
observed to settle out under the influence of gyathe carbon particles
from elevated diesel truck exhaust are a very go@nple of such settling.

However, most particles of air pollutants are sraatbugh that their settling
velocity is a function of atmospheric turbulencescesity, and friction, as
well as of gravitational acceleration, and settivagn be exceedingly slow.



Particles smaller than 20 u,m in diameter will seidsettle out by gravity
alone.

Gases are removed by gravitational settling onthé&y are adsorbed onto
particles or if they condense into particulate eratt

Sulfur trioxide, for example, condenses with waterd other airborne
particulates to form sulfate particles.

Particles small enough to stay in the air for apiatele periods of time are
dispersed in the air, but in a slightly differenaynthan gaseous pollutants
are dispersed.

The dispersion equation must be modified by comsidethe settling
velocity of these small particles.

For particles between 1 and 100 um in diameter, sisling velocity
follows Stokes’ law

0
Vi = od® -
t = & 184

where

V. = settling or terminal velocity,
g = acceleration due to gravity,
d = particle diameter,

p = particle density, and

K = viscosity of air.

The settling velocity modifies the Gaussian disjpergquation, to give the
analogous equation

0 —y? (H — (Vix/u))?
€030 = o, P (m exp 2072

¥

for dispersion of small particles, The factor ofthre 0.5 in the first term
arises because falling particles are not refleatdtie ground surface.



The ratew, at which particulate matter is being depositedhenground, is
related to the ambient concentration as shown in

—y2 H—(V 2

whereo = the deposition rate (in g/s?m

EXAMPLE 5

Using the data oExample 3 and assuming that the emission consists of
particles 10 um in diameter and having a density gfcn?, calculate (1)
the ambient ground level concentration at 200 mrdewd along the plume
centerline, and (2) the deposition rate at thatpdihe viscosity of the air is
0.0185 g/m-s at 25°C.

The settling velocity is

_ 2 -5 _\2 (1 g}cma) _
Y= OBm/s 00 M) 66 2 em) (18) 0.0185 g/ms) 2/
From example 3
Q=18g/s
18g/s

€(02,0,0) = 2w (5m/s)(35m)(19m)

' ((.0029 m;s)(zoom)) 2]
60m —
X exp __1 Sm/s r
2 19m

=6.03 x 107 %g/m?
The deposition rate is then

o = (0.0029m/s)(6.03 x 107° g/m>-s)
=175 x 1078 g/m*-s



Surface Sink Absorption

Many atmospheric gases are absorbed by the feaifithe earth’s surface,
including stone, soil, vegetation, bodies of waserd other materials.

Soluble gases like SOdissolve readily in surface waters, and such
dissolution can result in measurable acidification.

Precipitation

Precipitation removes contaminants from the aitvioy methods.

Ruinout is an “incloud” process in which very smpbllutant particles
become nuclei for the formation of rain dropletattrow and eventually
fall as precipitation.

Washout is a “belowcloud” process in which raindahrough the pollutant
particles and molecules, which are entrained byirti@nging rain droplets
or which actually dissolve in the rainwater.

The relative importance of these removal mechanisas illustrated by a
study of SQ emissions in Great Britain, where the surface siokounted
for 60% of the S§ 15% was removed by precipitation, and 25% blewyaw
from Great Britain, heading northwest toward Norveayl Sweden.
CONCLUSION

Polluted air results from both emissions into the aand meteorological
conditions that control the dispersion of thosessions.

Pollutants are moved predominantly by wind, so teay light wind results
in poor dispersion. Other conditions conducive @orpdispersion are:

» Little lateral wind movement across the prevailmgd direction,

» Stable meteorological conditions, resulting in texi vertical air
movement,

» Large differences between day and night air tempesg, and the
trapping of cold air in valleys, resulting in staldonditions,



 Fog, which promotes the formation of secondary ytaftits and
hinders the sun from warming the ground and brepknversions,
and

» High-pressure areas resulting in downward ver@graiovement and
absence of rain for washing the atmosphere.

Air pollution episodes can now be predicted, to s@ntent, on the basis of
meteorological data. The EPA and many state aral &cpollution control
agencies are implementing early warning systemd, acting to curtalil
emissions and provide emergency services in theteg€ a predicted
episode.



UNIT 1
10CV765 APC

Definition of Air pollution : It is the presence of substances in air in siefficconcentration and
for sufficient time, so as to be, or threaten toifjarious to human, plant or animal life, or to

property, or which reasonably interferes with tbenfortable enjoyment of life and property.

The air Act of Govt. of India (amendment 1987) de$ air pollution as “air pollution means any
solid, liquid or gaseous substances present irathmsphere in such concentrations that may
tend to be injurious to human beings or other Gvioreatures or plants or property or

enjoyment”.

Perkins (1974) defined air pollution as “air pallut means the presence in the outdoor
atmosphere of one or more contaminants such asfdosts, gas, mist, odor, smoke or vapor in
guantities or characteristics and of duration saglo be injurious to human, plant or animal life

or to property or which unreasonably interfereshwite comfortable enjoyment of life and

property.”

Atmosphere can be defined as the thin blanketrafuarounding the earth. The clean dry air has

following average composition:-

Component By volume By weight
Nitrogen 78.084% 75.51%
Oxygen 20.946% 23.15%
Argon 0.934% 1.28%
Carbon dioxide 0.033% 0.046%
Neon 18.180 ppm 12.50 ppm
Helium 5.240 ppm 0.72 ppm
Krypton 1.190 ppm 290 ppm
Xenon 0.087 ppm 0.36 ppm
Nitrous oxide 0.500 ppm 1.50 ppm
Methane 2.0 ppm 1.2 ppm
Hydrogen 0.5 ppm 0.03 ppm
Ozone 0.01 ppm




Definition of Air pollutants : Substances introduces into the air, natural onmaae, in

concentrations detrimental to human, plant or ahiifiea or to property.

Major Classification of Air Pollutants:

1] Primary — Secondary
2] Natural — Manmade
3] Criteria Air Pollutants

4] Physical - chemical - biological

Primary pollutants and secondary pollutants: Primary pollutants are substances that are
directly emitted into the atmosphere from sour€@gnary pollutants are those that are emitted
directly from identifiable sources. Secondary allygants are those that are produced in the air

by the interaction of two or more primary air pédint.

Primary Air pollutants:-

() Fine (less than 1Q0 and coarse (more than 1QGuspended particulate matter
(i) Oxides of sulfur

(iif) Oxides of nitrogen

(iv) Carbon monoxide

(v) Halogens

(vi) Organic compounds

(vil) Radioactive compounds

Secondary Air pollutants:-

(i) Ozone

(i) PAN (peroxi aceyl nitrate)
(iif) Photochemical smog

(iv) Acid mists



Air pollutants arise from both manmade and natpratesses. The ambient air quality may be
defined by the concentration of a set of pollutamtsch may be present in the ambient air we

breathe in. These pollutants may be catletkria pollutants.

Natural Contaminants: Pollen is important natural contaminant becauseit®fpeculiar

properties of irritation and allergy sometimes legdo bronchitis, asthma and dermatitis. Pollen
grains are the male gametophytes of gymnospermaragidsperms and they are discharged into
the atmosphere from plants etc. The air transpgrtdigén grains range mainly between 10 and

50 microns. Manmade refers to any pollutant proddoenfluence or action of humans.

Aerosols: Aerosols refer to the dispersion of solid or Igjarticles of microscopic size in the
air. It can also be defined as a colloidal systarwhich the dispersion medium is gas and the
dispersed phase is solid or liquid. The term agrgsapplicable until it is in suspension and after
settlement due to its own weight or by additionhwitther particles (agglomeration) it is no
longer an air pollutant. The diameter of the adrasay range from 0.01 (or less) micron to 100

micron.

The various aerosols are as follows:-

(i) Dust: Dust is produced by the crushing, grinding anduratsources like windstorms.
Generally the dust particles are over 20 micromliameter. They do not flocculate but settle

under gravity, but smaller particles like 5 micfonm stable suspensions.

(i) Smoke: Smoke is made up of finely divided particles proetli by incomplete combustion.

Generally it consists of carbon particles of seslthan 1.0 micron.

(i) Mists: Mist is a light dispersion of minute water drogleduspended in the atmosphere
ranging from 40 to 400 micron in size.

(iv) Fog: Fog is made up of dispersion of water or ice tiearearth’s surface reducing visibility

to less than 500 m. In natural fog the size ofiplad range from 1.0 to 40 micron.



(v) Fumes: Fumes are solid particles generated by condemséioon the gaseous state after

volatilization from melted substances. Fumes fltateuand sometimes coalesce. Gases:

Following are themain air pollutant gases

(i) Sulphur dioxide: It is a major air pollutant gas produced by thebastion of fuels like coal.
The main source of electricity production is by rng of fossil fuels in India and the whole
world. The sulphur content of the coal varies frbno 4% and fortunately the Indian coal is low

in sulphur content. SO2 is also produced in theathegical operations.

(i) Oxides of nitrogen: Oxides of nitrogen are produced either in the potion of nitric acid or
in the automobile exhausts and as the effluentafgp plants. Out of the seven oxides of
Nitrogen (NO, NO, NG, NOs, N,Os, N>O4, N.Os) only nitric oxide and nitrogen dioxide are

classified as the main pollutants. All the oxidésitrogen are collectively known as NO

(iif) Carbon monoxide: It is produced because of the incomplete combusifocoal and other
petroleum products. It is produced in the exhadsawdomobiles. In the pollution check of

vehicles mainly CO and unburnt hydrocarbons aresoredl.

(iv) Hydrogen sulphide: Hydrogen Sulphide is an obnoxious (bad smelliray. dt is produced
mainly by the anaerobic (in absence of air) decasitipm of organic matter. Other air polluting

sulfur compounds are methyl mercaptan §6H) and dimethyl sulphide (GF5-CH;) etc.

(v) Hydrogen fluoride: It is an important pollutant even in very low centrations. It is

produced in the manufacturing of phosphate feetisz

(vi) Chlorine and hydrogen chloride: It is mixed in the air either from the leakagesirwater
treatment plants or other industries where it isdpced or used. Hydrogen chloride is also
evolved in various industrial chemical processese Thain effect of chlorine is respiratory

irritation which may be fatal.



(vii) Ozone:lt is a desirable gas in the upper layers of atiespas it absorbs the UV radiation
of sunlight. But near the earth surface it is asponous gas. It makes poisonous chemicals by

photochemical reactions.

(viii) Aldehydes: They are produced by the incomplete oxidation ofanfuels and lubricating
oil. They may also be formed because of photoch&méactions. Formaldehydes are irritating
to the eyes.

Classification according to chemical composition:@rganic — inorganic)

1. Sulfur-containing compounds.

2. Nitrogen-containing compounds.
3. Carbon-containing compounds.
4. Halogen-containing compounds.
5. Toxic substances (any of about).
6. Radiative compounds.

Classification according to physical state:

1. Gaseous.
2. Liquid (aqueous).
3. Solid.

Criteria air pollutants are six major pollutants defined by EPA (Enviromtaé Protection
Agency) for which ambient air standards have besnts protect human health and welfare.
These include :

1. Ozone, Q.

2. Carbon monoxide, CO.
3. Sulfur dioxide, S@

4. Nitrogen oxides, N©

5. Lead, Pb.

6. Particulates, PM10.



Pollutant Description Sources Health Effects Welfare Effects
Carbon Colorless, Motor vehicle exhaust, Headaches reduced Contribute to the
Monoxide odorless gas indoor sources include mental alertness, heart formation of smog.
(Co) kerosene or wood attack, cardiovascular

burning stoves.

diseases, impaired fetal
development, and death.

Sulfur Dioxide
(5S02)

Colorless gas that
dissolves in water
vapor to form
acid, and interact
with other gases
and particles 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 (NO2)

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 (03) Gaseous Vehicle exhaust and Eye and throat irritation, Plant and

pollutant when it | certain other fumes. coughing, respiratory tract | ecosystem damage.
is formed in the Formed from other air problems, asthma, lung
troposphere. pollutants in the damage.

presence of sunlight.

Lead (Pb) Metallic element | Metal refineries, lead Anemia, high blood Affects animals
smelters, battery pressure, brain and kidney | and plants, affects
manufacturers, iron and | damage, neurological aquatic
steel producers. disorders, cancer, lowered | ecosystems.

Q.

Particulate Very small Diesel engines, power Eye irritation, asthma, Visibility

Matter (PM) particles of soot, plants, industries, bronchitis, lung damage, impairment,

dust, or other windblown dust, wood cancer, heavy metal atmospheric
matter, including | stoves. poisoning, cardiovascular deposition,

tiny droplets of
liquids.

effects.

aesthetic damage.




Emission Sources

Major Classification of Air Pollution Sources:

1] Based on Origin: Natural and Manmade

While man-made air pollution does present heal#tatds, natural sources of air pollution can be
equally dangerous at times. These sources inclugepicked up by wind erosion, the emission

of methane by livestock, and smoke from wildfirgelcanic eruptions are perhaps the largest
single source of air pollution, natural or man-matiat humans have ever dealt with. These can
produce clouds of abrasive volcanic ash and otlaemtul substances such as chlorine and

sulfur.

2] Based on Position: Stationary and Mobile

The sources of air pollution may be classified tatianary point sources (generally industrial in

origin), diffuse or area sources and mobile sou(eesnly cars and trucks).

3] Based on Aix of Releasddorizontal axis (Roadways traffic)
Vertigakis release (Industrial Stacks)
4] Based on Intensity/frequency of releaseéContinuous release (Industrial Stacks)
Instantaneous release (Roadwayciraf

Stationary Sources

The stationary industrial sources are usually diadgsby process type or sub-type. Thus an oil
refining plant also includes large industrial boslas a sub-type. Small and medium scale plants
such as garment or food processing plants maydedldustrial boilers, a common source of air
pollution. The quality and type of fuel used foreegy production are important determinants of
the air pollution potential of a plant. Each tydeptant or activity generally emits more than one
pollutant, and the pollutant emission rate depedghe fuel type and quality, the design of the
plant (and whether fitted with air pollution cortoevices or not), and the activity rate or output

of the plant.



(i) Point source (power plant stacks)
(ii) Area source (forest fires, open burning)

(i) Line Source (highway vehicle exhausts)

Mobile SourcesRefer mainly to emissions from cars, trucks, misdgsiand buses. The fuel
source may be petrol or diesel, and emissions diecexhaust emissions and fugitive emissions.
Vehicle (mobile) source emissions depend on a nurobéctors, including vehicle size, fuel
type, speed and vehicle technology. Total vehiolessions depend on the vehicle population on

the road at a given time.

Chemical Reactions in the Atmosphere

Substances in the top layer of the geosphere, krasviine lithosphere, tend to become more
reduced over time. Biomass (&b) for example is slowly transformed to substarweeiEh have

no oxygen atoms through a sequence of steps, therhpounds with successively larger
carbon to hydrogen ratios and finally to productgshwa form of pure carbon. However,
atmospheric chemical reactions have the opposfertebn substances, causing an atom to
become more oxidized over time in the atmosphetmo8pheric gases that are found in their
reduced states are oxidized stepwise to form imuibstances that are washed out of the
atmosphere in rainfall. Example, dissolution of espheric hydrogen sulfide by rain to form

sulfate molecule.

H,S + H,0 (rain) — S04

Chemical reactions in the atmosphere can occulaaggase collisions between molecules, on
the surfaces of solid particles or in agueous swiuiin water droplets); predominantly acid-base

reactions. Particles spend short residence tim#henatmosphere. Due to this, reactions that
occur on particle surfaces are of minor importainceost cases. Gas phase reactions dominate

the chemical changes that occur to substance iatthosphere.



The most important single species in atmosphergnisiry is the hydroxyl radical (HO-). This
radical is formed by several reactions. Howeveg, ghimary process is one where an O-H bond
of the water molecule is broken to form a hydrogeam (H-) and a hydroxyl radical (HO-). The
hydrogen atom can then react with another watereocnt¢ to form hydrogen and a second
hydroxyl radical, or with an oxygen molecule (OB)form a second hydroxyl radical and an
oxygen atom. The new oxygen atom can then reabtambther water molecule to form two new

hydroxyl radicals.

H & .
‘o X _w H +HO

H+H0O—» H +HO

O+H20 —» 2 HO

Molecules in the atmosphere are continually mownd colliding with one another, as described
by the kinetic-molecular theory. The atmospheral$® continually illuminated during daylight
hours. As a result, absorption of light energy twaspheric molecules can cause photochemical
reactions, reactions that would not occur at noratalospheric temperatures in the absence of
light. Such reactions play an important role inedetining the composition of the atmosphere

itself and the fate of many chemical species thatrbute to air pollution.

Nitrogen dioxide, NO2, is one of the most photocloaly active species in the atmosphere. The
NO2 molecule is an example of a free radical bezatiscontains an unpaired electron,

represented by a next to its formula. When an NQ@®eoule absorbs a photon of light with

energy, the molecule is raised to a higher eneeggl] it becomes an electronically excited
molecule, designated by an asterisk (*).

by *
'N(_')_,(g) —_— '_\I(,')_,



The excited molecule may quickly re-emit a photédight, or the energy may break an N-O
bond to form a nitrogen monoxide (NO) molecule andoxygen atom (O). Both NO and O are

free radicals, because they have one or more w@tpaiectrons each denoted by a dot.

hn

‘NOY(g) — -NO(g) + -0-(g)

Photodissociation is another mechanism of formatioradicals, in which a molecule absorbs an
ultraviolet photon and produces two free radicats @moducts. Molecular oxygen can

photodissociate to form two oxygen atoms.

by
O,(g) — -0-(g) + -O-(g)

Some free radicals, such as an oxygen atom, redbt amother atom or molecule almost
immediately. Others, such as an NO2 molecule, arguite so reactive and are stable enough to

exist for a somewhat longer time. Most radicalshaghly reactive and short-lived.

Fate of air pollutants in the atmosphere

1] NOy, Hydrocarbons, Ozone, Mist: - Formation of phogroital smog
2] SO, NO: - Formation of Acid Mist / Rain
3] SO, CO, Mist: - Formation of coal induced smog

4] [O], NOx, OH - Formation of Ozone

PHOTO CHEMICAL SMOG

Photochemical smog was first described in the 1980s the chemical reaction of sunlight,

nitrogen oxides and volatile organic compounds ha atmosphere, which leaves airborne



particles and ground-level ozone. This noxious arxiof air pollutants can includes Aldehydes,
Nitrogen oxides, such as nitrogen dioxide, Peroylyaitrates

Tropospheric ozone, Volatile organic compounds Aticof these chemicals are usually highly
reactive and oxidizing. Photochemical smog is abergid to be a problem of modern
industrialization. It is present in all modern egj but it is more common in cities with sunny,

warm, dry climates and a large number of motor eleki Because it travels with the wind, it can
affect sparsely populated areas as well.

VOCs + NOx + sunlight-> photochemical smog

Nitric oxide: NO -3 Nitrogen oxides
Nitrogen dioxide: NO2 =

Photochemical smog
Oxidant

0xidants consisting mainly
ofozone (03

@ PAN

@ Aldehyde
@ Acrolein

To begin the chemical process of photochemical sdewvglopment the following conditions
must occur:

e Sunlight.
e The production of oxides of nitrogen (NOXx).
* The production of volatile organic compounds (VQCs)

» Temperatures greater than 18 degrees Celsius.



Nitrogen oxide is an essential ingredient of phb&nical smog that is produced during the high
temperatures associated with combustion of velsiobgigines. Nitrogen oxide is an essential
ingredient of photochemical smog that is producexdnd the high temperatures associated with

combustion of vehicle’s engines.

Formation

Sunlight can break down nitrogen dioxide back mtcogen oxide.
NO2 + sunlight »»» NO + O

The atomic oxygen formed in the above reaction tieacts with one of the abundant oxygen

molecules producing ozone.
O+ 02 »»» 03

Nitrogen dioxide can also react with radicals prEtlfrom volatile organic compounds in a
series of reactions to form toxic products sucpesxyaceyl nitrates.

NO2 + R »»» products such as PAN

Note the symbol R represents a hydrocarbon (a m@eomposed of carbon, hydrogen and
other atoms) which is primarily created from vd&trganic compounds.

Steps

1) Nitrogen oxides generate oxygen atoms

2) Oxygen atoms form hydroxyl radicals

3) Hydroxyl radicals generate hydrocarbon radicals
4) Hydrocarbon radicals form hydrocarbon peroxides
5) Hydrocarbon peroxides form aldehydes

6) Aldehydes form aldehyde peroxides

7) Aldehyde peroxides form peroxy-acyl-nitrates



Health effects

It can cause eye and nose irritation and it drigstiee protective membranes of the nose and

throat and interferes with the body's ability tghfi infection, increasing susceptibility to illness

COAL INDUCED SMOG

Introduction to Smog

Smog is a recent compound word from "smoke" and",fand was coined by Harold Antoine
des Voeux, a doctor, in 1905. Smog refers to lgchigh concentrations of acids, dry acid-
forming compounds, particulates, or other pollugaint stagnant, stable air. Smog’s form when
emissions are prevented from dispersing by stablsimking air masses. They were very
prevalent in European and North American citiesirduffirst part of 20th Century. London
smog’s were infamous in the 19th and early 20thwes and formed every autumn and winter
due to sulphur emissions from coal burning indastrand domestic fires. The most severe
London smog was on 4-10th December 1952, when badth-pressure conditions trapped coal
smoke in foggy air. The output of smoke was inaedasy the cold weather, due to the large
numbers of domestic fires. Sooty smoke produced#t dady concentrations of black smoke of
5000 mgs/m3 (WHO 24 hr. max limit of 100-150), atally average SO2 levels of 3000-4000
mg/m3 (WHO 24 hr. max limit of 100-150). Sulphuacid droplets resulted in pH estimated as

1.4 to 1.9: as acidic as car battery acid.

HSO +HO- HSO
2 4@ 2

2 4(q)
SO +HO - HSO
2(9) 2 2 3(aq)

Chemistry
These are produced by high outputs of SO2, whiehcanverted to acids on contact with

atmospheric moisture. Usually, sulphurous smog®o atontain elevated concentrations of

suspended soot.



Impacts

Visibility was reduced to 5m at times, and Londarsés had to be guided through the street by
men with lanterns during daylight hours. The snagidd for 5 days, eventually extending over a
50km radius. Approx. 4,000 excess deaths occumseasl rasult of inhaling pollution, mainly old
and sick and those with chest problems. Respiratisgases alone accounted for 59 per cent of
the increase in deaths registered in the week gnils December and 76 per cent in the
following week. Bronchitis and emphysema were thw® ttonditions that stood out in the
coroner’s records as showing the greatest incrézmeliovascular disease accounted for 22 per
cent of the increased number of deaths in the etk and 16 per cent in the week ending 20

December. The disaster ultimately led to the intctishn of the Clean Air Acts.

ACID MIST/ RAIN

Definition

Normal Rain water p is slightly acidic due to certain concentration @0, dissolved as

rainwater trickles down atmosphere,
CO+H,0—-HCO*+H*

Acid rain is defined as any type of precipitatioithna g' that is unusually low or lower than 5.7.
Acid rain was first found in Manchester, England. 1852, Robert Angus Smith found the
relationship between acid rain and atmosphericupoh. Though acid rain was discovered in
1852, it wasn't until the late 1960s that sciestisegan widely observing and studying the

phenomenon.
Causes

The principal natural phenomena that contributel-acoducing gases to the atmosphere are
emissions from volcanoes and those from biologmacesses that occur on the land, in
wetlands, and in the oceans. The major biologicalree of sulfur containing compounds is

dimethyl sulfide.



The principal cause of acid rain is sulfuric antlagen compounds from human sources, such as
electricity generation, factories and motor velscl€oal power plants are one of the most
polluting. The gases can be carried hundreds ofielres in the atmosphere before they are
converted to acids and deposited. Factories usedue short funnels to let out smoke, but this
caused many problems, so now, factories have losgeke funnels. The problem with this is

those pollutants get carried far off, where it tesanore destruction.

Sulfur dioxide contributes to about seventy peradracid rain while nitrogen oxides provide the
remaining thirty percent. The sources of sulfurtie atmosphere include coal combustion,
smelting, organic decay, and ocean spray. Appraeiynaninety percent of atmospheric sulfur
results from human activities.

In the atmosphere, sulfur dioxide combines withevaapor to form hydrogen sulfite gas:
SO, + H,0+1/2Q — HSOy

Next, hydrogen sulfite reacts with oxygen to fomfgric acid, a major component of acid rain:
H,SO; + 1/2Q — H,SO

The sources of nitrogen oxides include the combnsif oil, coal and natural gas, forest fires,
bacterial action in soil, volcanic gases, and liggiinduced atmospheric reactions.

In the atmosphere, nitrogen monoxide reacts wilger gas to form nitrogen dioxide gas:
NO + 1/2Q — NO;

Then, nitrogen dioxide reacts with water vaporhia atmosphere to form hydrogen nitrite and
hydrogen nitrate:

2NO, + H;O — HNO, + HNG;

Henceforth, acid rain is a mixture of HNMH.SO, + HCI. however conditions needed to favor

formation of these are sunlight, temperature, hitjilydrocarbons, NQ SQ.



Effects

Both the lower f and higher aluminum concentrations in surface i@ occur as a result of
acid rain can cause damage to fish and other agaaitinals. At p lower than 5 most fish eggs
will not hatch and lower b can kill adult fish. As lakes become more acidiodiversity is
reduced. Soil biology can be seriously damagedciyrain. Some tropical microbes can quickly

consume acids but other microbes are unable toateléow p' and are killed.

Acid rain can slow the growth of forests, causeésaand needles to turn brown and fall off and
die. In extreme cases trees or whole areas oftfomsdie. The death of trees is not usually a
direct result of acid rain; often it weakens tressl makes them more susceptible to other
threats. Some scientists have suggested direct imkuman health, but none have been proven.
However, fine particles, a large fraction of whiate formed from the same gases as acid rain
(sulfur dioxide and nitrogen dioxide), have beepveh to cause illness and premature deaths

such as cancer and other deadly diseases

Toxic metals released into the environment by aaid may enter water supplies or accumulate
in fish and crops. Acid deposition also destroysuss, headstones, buildings, and fountains.

Limestone structures are especially susceptiblausscthey dissolve easily in acidic solutions.

Acid rain can also cause damage to certain buildagerials and historical monuments. Acid
rain can cause weathering on ancient and valuaéees and has caused considerable damage.
This is because the sulfuric acid in the rain cloaity reacts with the calcium compounds in the
stones (limestone, sandstone, marble and granitefeate gypsum, which then flakes off. Acid

rain also causes an increased rate of oxidatiomdor

Control
» Design more efficient automobile engines in ordereduce nitrogen oxide emissions.
» Increase efficiency of power plants that burn doabrder to reduce waste that contains
sulfur dioxide and nitrogen oxide.

» Increase penalties on industries that do not nepb#ution guidelines.



> Increase tax incentives to industries that do rgaetelines.

» Use alternative energy sources, Increase fundimgaf@rnative energy sources; for
example, give tax incentives to buyers of hybricsca

» Provide tax incentives to companies that use atamm energy sources.

» Add CaCQ (calcium carbonate) to lakes suffering from acidpaksition; calcium
carbonate acts as a buffer, resisting a changé emg lessening the negative effects of

acid rain.

OZONE DEPLETION
Definition

Ozone layer is an umbrella 24 km [15 miles] fromtleagurface, an essential component of the
stratosphere that absorbs short wavelength ultietviadiation from the sun, heating the gases of

the stratosphere in the process. World ozone degiébrated on Sept, 16 of every year.

Stratospheric ozone is measured in Dobson units] [Baimed after G.M.B Dobson who
pioneered the study; [I Dobson unit = 0.01 mm thess of stratospheric ozone], Average ozone
thickness in stratosphere is 300 DU, & when itsfddelow 200 DU, it's considered as Ozone

hole. It is thinnest around equator and thickear peles.

Stratospheric ozone depletion is the term appleethé loss of stratospheric ozone molecules
(O3) and the disruption of Oxygen-Ozone concentragquailibrium in stratosphere [i.e., when

chlorine atoms upset the naturap/@; equilibrium in the stratosphere]. Oxygen molecules
interact with the intense solar radiation presdnth& elevation to form oxygen atoms. The

oxygen atoms thus generated react with other oxygaecules to form ozone D
Causes

Ozone depletion is caused by the release of chlmmafcarbons (CFC's) and other ozone-
depleting substances (ODS), which were used widslyefrigerants, insulating foams, and
solvents. The discussion below focuses on CFCsishielevant to all ODS [NO, N{Xaircraft

exhaust), Br UV rays, [O] Atomic oxygen etc].



Although CFCs are heavier than air, they are ewadlytearried into the stratosphere in a process
that can take as long as 2 to 5 years. When CRH ithe stratosphere, the ultraviolet radiation
from the sun causes them to break apart and retddsane atoms which react with ozone,
starting chemical cycles of ozone destruction tiegtlete the ozone layer. One chlorine atom can
break apart more than 100,000 ozone molecules.

Other chemicals that damage the ozone layer inclodthyl bromide (used as a pesticide),
halons (used in fire extinguishers), and methyloatsform (used as a solvent in industrial
processes). As methyl bromide and halons are brakart, they release bromine atoms, which

are 40 times more destructive to ozone molecules ¢hlorine atoms.

Chapman’s Reaction O, +UW =20

0+0; 505 (ozone production)
O3+ UV — O+ Oy (0zone destruction)
O+0,—= 04 {ozone production)

O3 4+0 = O;+0; (ozone destruction)

Ozone Depletion by CFC'’s

All above reactions occur in the presence of U\srayhile the ¥ set of reactions governs the
oxygen-ozone equilibrium due to its spontaneity.

Effects

Effect of ozone hole include cataract, genetic mta constriction of blood vessels, reduced

crop yield, leukemia, breast cancer, damage to, @gpa culture, etc.,



The higher energy UV radiation absorbed by ozongeiserally accepted to be a contributory
factor to skin cancer. In addition, increased swafblV leads to increased tropospheric ozone,
which is a health risk to humans such as Snow Bbsd [photo keratosis], i.e., inflammation of
cornea (outer coating of eyeball). The most comfoeoms of skin cancer in humans, basal and
squamous cell carcinomas have been strongly linkedVB exposure. Another form of skin
cancer, malignant melanoma, is much less commofabuatore dangerous, being lethal in about
15% - 20% of the cases diagnosed. In India themoistandard for Ozone. However WHO
standard is 100 ppm for 8 hrs. — avg.

Control Measures

The Montreal Protocol, an international agreemeignex by 139 nations, banning the
production of CFCs by the year 2000. We can't makeugh ozone to replace what's been
destroyed, but provided that we stop producing ezepleting substances, natural ozone
production reactions should return the ozone lagemormal levels by about 2050. It is very
important that the world comply with the Montreab#®col; delays in ending production could
result in additional damage and prolong the ozawyerls recovery. Control mechanism stresses
on replacement of the banned chemical by ammot@ans helium etc.
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Effects of air pollution On Human Health

Exposure to air pollution is associated with nurosrceffects on human health,
including pulmonary, cardiac, vascular, and newgigla impairments. The health
effects vary greatly from person to person. Higik-groups such as the elderly, infants,
pregnant women, and sufferers from chronic head Amg diseases are more
susceptible to air pollution. Children are at geeaisk because they are generally more

active outdoors and their lungs are still develgpin

Exposure to air pollution can cause both acuter{dbom) and chronic (long-term)

health effects. Acute effects are usually immedzaté often reversible when exposure
to the pollutant ends. Some acute health effectisidie eye irritation, headaches, and
nausea. Chronic effects are usually not immediatetand not to be reversible when
exposure to the pollutant ends. Some chronic hesffbcts include decreased lung

capacity and lung cancer resulting from long-texposure to toxic air pollutants.

The scientific techniques for assessing health atgp@f air pollution include air
pollutant monitoring, exposure assessment, dosymnaikicology, and epidemiology.
Although in humans pollutants can affect the skiygs and other body systems, they
affect primarily the respiratory system. Air is atieed in through the nose, which acts
as the primary filtering system of the body. Thealinmairs and the warm, humid
conditions in the nose effectively remove the largellutant particles. Both gaseous
and particulate air pollutants can have negatitectf on the lungs. Solid particles can
settle on the walls of the trachea, bronchi, arahthioles. Most of these particles are
removed from the lungs through the cleansing (swegmction of "cilia”, small hair

like outgrowths of cells, located on the walls foé tungs



Gaseous air pollutants may also affect the funaticthe lungs by slowing the action of

the cilia. Continuous breathing of polluted air cdow the normal cleansing action of

the lungs and result in more particles reachinddiver portions of the lung.

The table summarizes the sources, health and weadféects for the Criteria Pollutants.

Pollutant Description | Sources Health Effects Ifdfe
Effects
Carbon Monoxide Colorless, Motor vehicle | Headaches Contribute to
(CO) odorless gas| exhaust, indoor reduced mental the formation
sources alertness, heart of smog.
include attack,
kerosene or | cardiovascular
wood burning | diseases,

stoves.

impaired fetal
development,

and death.

Sulfur Dioxide Colorless Coal-fired Eye irritation, | Contribute to

(S02) gas that power plants, | wheezing, the formation
dissolves in | petroleum chest tightness, of acid rain,
water vapor | refineries, shortness of | visibility
to form acid, | manufacture of breath, lung impairment,
and interact | sulfuric acid damage. plant and water
with other and smelting damage,
gases and | of ores aesthetic
particles in | containing damage.
the air. sulfur.

Nitrogen Dioxide Reddish Motor Susceptibility | Contribute to

(NO2) brown, vehicles, to respiratory | the formation
highly electric infections, of smog, acid
reactive gas.| utilities, and irritation of the | rain, water

other lung and quality

industrial, respiratory deterioration,

commercial, | symptoms global

and residential| (e.g., cough, | warming, and

sources that | chest pain, visibility

burn fuels. difficulty impairment.
breathing).

Ozone (03) Gaseous | Vehicle Eye and throat Plant and
pollutant exhaust and | irritation, ecosystem
when it is certain other | coughing, damage.
formed in fumes. respiratory
the Formed from | tract problems,
troposphere.| other air asthma, lung




pollutants in | damage.
the presence of
sunlight.
Lead (Pb) Metallic Metal Anemia, high | Affects
element refineries, lead| blood pressure, animals and
smelters, brain and plants, affects
battery kidney aquatic
manufacturers, damage, ecosystems.
iron and steel | neurological
producers. disorders,
cancer,
lowered 1Q.
Particulate Matter | Very small | Diesel Eye irritation, | Visibility
(PM) particles of | engines, power asthma, impairment,
soot, dust, on plants, bronchitis, atmospheric
other matter,| industries, lung damage, | deposition,
including windblown cancer, heavy | aesthetic
tiny droplets | dust, wood metal damage.
of liquids. stoves. poisoning,

cardiovascular

effects.

Effects of air pollution On Plants

The effects of pollution on plants include mottediage, “burning” at leaf tips or margins, twig

dieback, stunted growth, premature leaf drop, delapaturity, abortion or early drop of blossoms,

and reduced yield or quality.

In general, the visible injury to plants is of taréypes: (1) collapse of leaf tissue with the

development of necrotic patterns, (2) yellowingtirer color changes, and (3) alterations in growth
or premature loss of foliage. Injury from air poitun can be confused with the symptoms caused by
fungi, bacteria, viruses, nematodes, insects, traral deficiencies and toxicities, and the adverse

effects of temperature, wind, and water.

Factors that govern the extent of damage and tierrevhere air pollution is a problem are (1) type

and concentration of pollutants, (2) distance frima source, (3) length of exposure, and (4)

meteorological conditions.




Effects of air pollution On Materials

(i) Abrasion (loss of material by wind with coargarticles).

(i) Corrosion (acidic effect of rain water).

(iif) Deposition and removal (adhering substancé® ISPM and removal of
material by rusting.

(iv) Direct chemical attack (effect of gases likeZ.

(v) Indirect chemical attack (action of acid orfiisnes on stones like marble,

corrosion of reinforcement due to diffusidrgases in RCC).

MAJOR ENVIRONMENTAL AIR POLLUTION EPISODES

London Smog
Introduction to Smog

Smog is a recent compound word from "smoke" angd",fand was coined by Harold
Antoine des Voeux, a doctor, in 1905. Smog referdotally high concentrations of
acids, dry acid-forming compounds, particulatespthrer pollutants in stagnant, stable
air. Smog’s form when emissions are prevented fdispersing by stable or sinking air

masses.

Introduction to London Smog

They were very prevalent in European and North Acaercities during first part of 20th
Century. London smog’s were infamous in the 19tth early 20th centuries and formed
every autumn and winter due to sulphur emissionsfcoal burning industries and
domestic fires. The most severe London smog wak tth December 1952, when cold,
high-pressure conditions trapped coal smoke in yogg. The output of smoke was
increased by the cold weather, due to the largebewnof domestic fires. Sooty smoke
produced peak daily concentrations of black smdkB080 mgs/m3 (WHO 24 hr max
limit of 100-150), and daily average SO2 levels3600-4000 mg/m3 (WHO 24 hr max
limit of 100-150). Sulphuric acid droplets resuliachH estimated as 1.4 to 1.9: as acidic
as car battery acid.



HSO +HO- HSO
2 4(g) 2 2 4(aq)

SO +HO - HSO
2(g) 2 () 2 3(ag)

Chemistry

These are produced by high outputs of SO2, whietcanverted to acids on contact with
atmospheric moisture. Usually, sulphurous smogse alontain elevated concentrations
of suspended soot.

Impacts

Visibility was reduced to 5m at times, and Londarsds had to be guided through the
street by men with lanterns during daylight hoditse smog lasted for 5 days, eventually
extending over a 50km radius. Approx. 4,000 exassths occurred as a result of
inhaling pollution, mainly old and sick and thosethwchest problems. Respiratory
diseases alone accounted for 59 per cent of thheare in deaths registered in the week
ending 13 December and 76 per cent in the followiegk. Bronchitis and emphysema
were the two conditions that stood out in the ceranrecords as showing the greatest
increase. Cardiovascular disease accounted foreeZgnt of the increased number of
deaths in the first week and 16 per cent in thekwereding 20 December. The disaster

ultimately led to the introduction of the Clean Aicts.

Bhopal Gas Tragedy

INTRODUCTION

The Bhopal gas tragedy was a gas leak incidenndmaland, considered one of the
world's worst industrial disasters. It occurred tie night of 2° and dawn of 3rd
December 1984 at the Union Carbide India Limited(J pesticide plant in Bhopal,
Madhya Pradesh, India. UCIL was the Indian subsyded Union Carbide Corporation.
The plant manufactured Sevin Carbide, among otlestiggdes. MIC was one of the

chemicals processed for the prime reactions.



ACCIDENT

Even before the December 1984 incident, numeroaglents had fore-warned of an
oncoming disaster. During the incident, most of shfety systems were not functioning.
Many valves and lines were in poor condition. T&@kK contained 42 tons of MIC, much
more than what safety rules allowed. During thehtsgf 2—3 December, a large amount
of water is claimed to have entered tank 610. Aaway reaction started, which was
accelerated by contaminants, high temperatureotrat factors. The reaction generated
a major increase in the temperature inside the targver 200 °C (400 °F). This forced
the emergency venting of pressure from the MIC ingldank, releasing a large volume
of toxic gases. The reaction was sped up by theepe of iron from corroding non-
stainless steel pipelines. Workers cleaned pipglimigh water and claim they were not
told to isolate the tank with a pipe slip-blind fgla Owing of this, and the poor

maintenance, the workers consider that water niigté accidentally entered the tank.

IMPACT

A leak of methyl iso-cyanate gas and other chemidam the plant resulted in the
exposure of hundreds of thousands of people. Ti@abimmediate death toll was 2,259
and the government of Madhya Pradesh has confianethl of 3,787 deaths related to
the gas release. Others estimate 8,000 died wittorweeks and another 8,000 or more
have since died from gas-related diseases. When pas at its peak at major hospitals
of the city, the patients could be graded symptaraly into four categories: (i) Minor
eye ailments, throat irritation and cough, (ii) &ev conjunctivitis, Kkeratitis, acute
bronchitis and drowsiness, (iii) Severe pulmonaegema leading to cardio-respiratory
distress, and (iv) Convulsions, followed by cardegpiratory arrest. Intense fatigue and
muscular weakness was another common feature. &idilcriminal cases are pending in
the United States District Court, Manhattan and Ehstrict Court of Bhopal, India,
involving UCC, UCIL employees.

Passing of THE ENVIRONMENTAL PROTECTION ACT, 1986nch PUBLIC
LIABILITY INSURANCE ACT, 1986



Los Angeles Smog

INTRODUCTION

Photochemical smog was first described in the 1980& the chemical reaction of
sunlight, nitrogen oxides and volatile organic comonpds in the atmosphere, which
leaves airborne particles and ground-level ozotés moxious mixture of air pollutants
can includes Aldehydes, Nitrogen oxides, such egen dioxide, Peroxyacyl nitrates
Tropospheric ozone, Volatile organic compounds Alicof these chemicals are usually
highly reactive and oxidizing.

Photochemical smog is considered to be a problemmadern industrialization. It is
present in all modern cities, but it is more comnmorcities with sunny, warm, dry
climates and a large number of motor vehicles. Beeat travels with the wind, it can
affect sparsely populated areas as well.

VOCs + NOx + sunlight-> photochemical smog

Nitric oxide: NO -3 Nitrogen oxides
Nitrogen dioxide: NO2 =

Photochemical smog
Oxidant

0xidants consisting mainly
ofozone (03
@ PAN

555 [wcose || [ oarocarbon P
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To begin the chemical process of photochemical sdevglopment the following
conditions must occur:

e Sunlight.

» The production of oxides of nitrogen (NOx).

e The production of volatile organic compounds (VQCs)
» Temperatures greater than 18 degrees Celsius.



Nitrogen oxide is an essential ingredient of phb&nical smog that is produced during
the high temperatures associated with combustiaeloicle’s engines. Nitrogen oxide is
an essential ingredient of photochemical smog tisatproduced during the high
temperatures associated with combustion of velsi@agines.
Formation
Sunlight can break down nitrogen dioxide back mtcogen oxide.

NO2 + sunlight »»» NO + O

The atomic oxygen formed in the above reaction teacts with one of the abundant
oxygen molecules producing ozone.

O+ 02 »»» 03

Nitrogen dioxide can also react with radicals pr@tlifrom volatile organic compounds
in a series of reactions to form toxic productshsas peroxyacetyl nitrates.

NO2 + R »»» products such as PAN

Note the symbol R represents a hydrocarbon (a m@@omposed of carbon, hydrogen
and other atoms) which is primarily created fronfatite organic compounds.

Steps

1) Nitrogen oxides generate oxygen atoms

2) Oxygen atoms form hydroxyl radicals

3) Hydroxyl radicals generate hydrocarbon radicals
4) Hydrocarbon radicals form hydrocarbon peroxides
5) Hydrocarbon peroxides form aldehydes

6) Aldehydes form aldehyde peroxides

7) Aldehyde peroxides form peroxy-acyl-nitrates

Health effects

It can cause eye and nose irritation and it drigstlee protective membranes of the nose
and throat and interferes with the body's ability fight infection, increasing
susceptibility to illness.



Chapter 3
Air Pollution and M eteor ology

The science of meteorology has great bearing opadiuition. An air pollution problem involves
three parts: the source, the movement of the @oituand the recipient. All meteorological
phenomena are a result of interaction of the eléamheproperties of the atmosphere, heat,
pressure, wind and moisture.

Wind

Wind is simply air in motion. On global or macrokcavind patterns are set up due to unequal
heating of earth surface by solar radiation atefjeator and the polar regions, rotation of the
earth and the difference between conductive capaaif land and ocean masses. Secondary or
mesoscale circulation patterns develop becausheofdgional or local topography. Mountain
ranges, cloud cover, waterbodies, deserts, foresfadtc., influence wind patterns on scales of a
few hundred kilometers. Accordingly a pattern ofnaviis setup, some seasonal and some
permanent. Microscale phenomenon occurs over afdass than 10 km extent. Standard wind
patterns may deviate markedly due to varying iwdil effects of the earth surface, such as,
rural open land, irregular topography and urbarettgment, effect of radiant heat from deserts
and cities, effect of lakes, etc. The movementinétthe mesoscale and microscale levels is of
concern in control of air pollution. A study of aimtovement over relatively small geographical
regions can help in understanding the movemenoblidtants.

It is obviously important in predicting pollutanisdersion to know the direction of wind. The
wind direction and speed data may be collectedyelveur in a month and classified according
to speed and direction. It is then summarized enfdrm of a polar diagram callednd rose.
Figure shows a hypothetical wind rose. The positibrthe spokes show the direction from
which the wind was blowing, the length of varioegments of the spokes show the percent of
time the wind was of the designated speed. Thus the diagram, most often (12% of time) the
wind was from SE; the strongest wind (9-11 m/s) fwaist NW and NNW.

Wind speed (mph

0-3 4-7 B-1213-18 19-24

I mportance of wind rosein air pollution studies

A wind rose is a graphic tool used by meteorolagist
give a succinct view of how wind speed and directoe M
typically distributed at a particular location. dssists in S
city planning and siting of industries.
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An anemometer is a device for measuring wind spaed,is a
common weather station instrumenAnemometers can be
divided into two classes: those that measure tine'sispeed, anc ¥
those that measure the wind's pressure; but as thea close ;
connection between the pressure and the speedesmoaeter
designed for one will give information about bathsimple type
of anemometer, consistS of four hemispherical caash
mounted on one end of four horizontal arms, whickurn were
mounted at equal angles to each other on a vesdiedt. The air
flow past the cups in any horizontal direction tdrihe cups in a
manner that was proportional to the wind speed.réfbee,
counting the turns of the cups over a set timeopigoroduced the
average wind speed for a wide range of speeds. ©@n
anemometer with four cups it is easy to see thatesthe cups
are arranged symmetrically on the end of the arimes,wind
always has the hollow of one cup presented todtiarblowing
on the back of the cup on the opposite end of thgsc
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A weather vane (or weathercock) is an instrumensfmwing the direction of the wind . They

are typically used as an architectural ornamettieéchighest point of a building. Although partly

functional, weather vanes are generally decoratofeen featuring the traditional cockerel

design with letters indicating the points of thengass. Other common motifs include ships,
arrows and horses.

The design of a wind vane is such that the weighevienly distributed on each side of the
surface, but the surface area is unequally dividedhat the pointer can move freely on its axis.
The side with the larger surface area is blown afsay the wind direction, so that the smaller
side, with the pointer, is pivoted to face the walickction. Most wind vanes have directional
markers beneath the arrow, aligned with the gedugcagrections.

Wind vanes, especially those with fanciful shapksnot always show the real direction of a
very gentle wind. This is because the figures dbauhieve the necessary design balance: an
unequal surface area but balanced in weight. Taimlain accurate reading, the wind vane must
be located well above the ground and away fromdngk, trees, and other objects which
interfere with the true wind direction. Changingndi direction can be meaningful when
coordinated with other apparent sky conditions,béng the user to make simple short range
forecasts. From the street level the size of masgthercocks is deceptive.



The mean wind speed variation with altitude isglanetary boundary layer can be represented
by a simple empirical power.

Where: U is the wind at altitude Z

Uy is the wind speed at altitude Z,

& The exponent varies between 0.14 and 0.5 depending
on the roughness of the ground surface as well as on
the temperature stability of the atm.

o = 0.25 for unstable atmosphere

= (.5 for stable condition
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Urbanization negatively impacts the environmentntyaby the production of pollution, the
modification of the physical and chemical propextid the atmosphere, and the covering of the
soil surface. Considered to be a cumulative efdéetl these impacts is the UHI, defined as the
rise in temperature of any man-made area, resuiltirg well-defined, distinct "warm island"
among the "cool sea" represented by the lower temtyre of the area’s nearby natural
landscape.

Though heat islands may form on any rural or urbega, and at any spatial scale, cities are
favoured, since their surfaces are prone to rellzge quantities of heat. Nonetheless, the UHI
negatively impacts not only residents of urbanteglaenvirons, but also humans and their
associated ecosystems located far away from cltidact, UHIs have been indirectly related to
climate change due to their contribution to theegtemuse effect, and therefore, to global
warming.

It is well-known that the progressive replacemeinnhatural surfaces by builtsurfaces, through
urbanization, constitutes the main cause of UHinfation. Natural surfaces are often composed
of vegetation and moisture-trapping soils. Themfohey utilize a relatively large proportion of
the absorbed radiation in the evapotranspiratioacgss and release water vapour that
contributes to cool the air in their vicinity. lromtrast, built surfaces are composed of a high
percentage of non-reflective and water-resistamisitaction materials. As consequence, they
tend to absorb a significant proportion of the decit radiation, which is released as heat.



Vegetation intercepts radiation and produces sliaaiealso contributes to reduce urban heat
release. The decrease and fragmentation of largetated areas such as parks, not only reduces
these benefits, but also inhibits atmospheric ogotiue to horizontal air circulation generated
by the temperature gradient between vegetated drahized areas (i.e. advection), which is
known as the park cool island effect. On the otieend, the narrow arrangement of buildings
along the city’s streets form urban canyons thiaibin the escape of the reflected radiation from
most of the three-dimensional urban surface toespé@bis radiation is ultimately absorbed by
the building walls (i.e. reduced sky view factothus enhancing the urban heat release.
Additional factors such as the scattered and ethitidiation from atmospheric pollutants to the
urban area, the production of waste heat fromandtioning and refrigeration systems, as well
from industrial processes and motorized vehicutaffit (i.e. anthropogenic heat), and the
obstruction of rural air flows by the windward facé the built-up surfaces, have been
recognized as additional causes of the UHI effect

As it would be expected, the characteristic indlova towards warming of urban surfaces is
exacerbated during hot days and heat waves, wileictiorces the air temperature increase,
particularly in ill-ventilated outdoor spaces omén spaces of residential and commercial
buildings with poor thermal isolation. This increaghe overall energy consumption for cooling
(i.e. refrigeration and air-conditioning), hencergasing the energy production by power plants,
which leads to higher emissions of heat-trappirgeghouse gases such as carbon dioxide, as
well as other pollutants such as sulfur dioxidetboa monoxide and particulate matter.
Furthermore, the increased energy demand meansaosi®to citizens and goverments, which
in large metropolitan areas may induce significgdnomic impacts. On the other hand, UHIs
promote high air temperatures that contribute tom&dion of ozone precursors, which combined
photochemically produce ground level ozone.

A direct relationship has been found between UHk#ngity peaks and heat-related illness and
fatalities, due to the incidence of thermal discomnfon the human cardiovascular and
respiratory systems. Heatstroke, heat exhaustemat, syncope,and heat cramps, are some of the
main stress events, while a wide number of diseas®gs become worse, particularly in the
elderly and children. In a similar way, respirataryd lung diseases have shown to be related to
high ozone levels induced by heat events. Othereonelogical impacts of the UHI are
associated with reductions in snowfall frecuena@ed intensities, as well as reductions in the
diurnal and seasonal range of freezing temperatlwastly, high temperatures may produce
physiological and phenological disturbances oraorental plants and urban forests.

There are two main UHI reduction strategies: fitst,increase surface reflectivity (i.e. high
albedo), in order to reduce radiation absorptionudfan surfaces, and second, to increase
vegetation cover, mainly in the form of urban fdseand parks, in order to maximize the
multiple vegetation benefits in controlling the t@enature rises. Reflective surfaces simply
results from light colored or white paint on thefage of a given construction material or from
cover the construction material surface with a ehitembrane. Both techniques have been
mainly applied on roofs and pavements. Cool rooésspecially important in commercial and
residential buildings, where significant energy @ewh for cooling can be saved by reducing
heat gain to the building. Cool pavements have ipdiased on the use of whitened asphalt
roads, a very warm material.

Urban Dust Domes

Urban dust domes are a meteorological phenomenowhich soot, dust, and chemical

emissions become trapped in the air above urbarespdhis trapping is a product of local air
circulations. Calm surface winds are drawn to urbanters, they then rise above the city and
descend slowly on the periphery of the develope®.cbhis cycle is often a cause of smog



through photochemical reactions that occur wheongticoncentrations of the pollutants in this
cycle are exposed to solar radiation. These arereselt of urban heat islands: pollutants
concentrate in a dust dome because convectionplifiifsitants into the air, where they remain
because of somewhat stable air masses producée loylian heat island.

Atmospheric Stability

The ability of the atmosphere to disperse the patits emitted in to it depends to a large extent
on the degree of stability. A comparison of theabditic lapse rate with the environmental lapse
rate gives an idea of stability of the atmosph@/ben the environmental lapse rate and the dry
adiabatic lapse rate are exactly the same, a gapgrcel of air will have the same pressure and
temperature and the density of the surroundingsaamdd experience no buoyant force. Such
atmosphere is said to be neutrally stable whels@ated mass of air neither tends to return to
its original position nor tends to continue itspliEEcement

Lapserate

As a parcel of air rises in the earth's atmospitezgperiences lower and lower pressure from
the surrounding air molecules, and thus it expardss expansion lowers its temperature.
Ideally, if it does not absorb heat from its surrdings and it does not contain any moisture, it
cools at a rate of 1°C/100 m rise. This is knowdrgsadiabatic |lapse rate.

If the parcel moves down it warms up at the sartee Feor a particular place at a particular time,
the existing temperature can be determined by sgndip a balloon equipped with a
thermometer. The balloon moves through the air,ratdvith it. The temperature profile of the
air, which the balloon measures, is called ahiient lapse rate, environmental lapse rate, or
theprevailing lapse rate.

A super-adiabatic lapse rate also called a strapgd rate occurs when the atmosphere
temperature drops more than 1°C/100m. A sub-adeabate also called weak lapse rate, is
characterized by drop of less than 1°C/100 m. Aigpease of weak lapse rate is the inversion,
a condition which has warmer layer above colder air

Dry adiabatic
lapse rate

e Actual {environmental ) lapse rates

. Sub adiabatic
L]

, lapse rates
Height

Super adiabatic
tapse rates

A ~]
K Ciround based
temperature
: inversion

.
-

lemperature

During super-adiabatic lapse rate the atmosphemditions are unstable. If a parcel of air at
500m elevation, at 20°C is pushed upward to 100Gntemperature will come down to 15°C

(according to adiabatic lapse rate). The prevaitergperature is however 10°C at 1000m. The
parcel of air will be surrounded by colder air @ahdrefore will keep moving up.



Similarly if the parcel is displaced downwardswitl become colder than its surroundings and
therefore will move down. Super-adiabatic condisi@ne thus unstable, characterized by a great
deal of vertical air movement and turbulence. Thb-adiabatic condition shown in is by
contrast a very stable system. Consider again @baf air at 500 m elevation at 20°C. If the
parcel is displaced to 1000 m it will cool by 5% 1¥5°C. But the surrounding air would be
warmer. It will therefore fall back to its point ofigin. Similarly if a parcel of air at 500 m is
pushed down, it will become warmer than its surchng and therefore will rise back to its
original position. Thus such systems are charasdry very limited vertical mixing.

Inversion

An inversion is an extreme sub-adiabatic conditimg thus the vertical air movement within
the inversion is almost nill. The two most commondkof inversion aresubsidence inversion
andradiation inversion. The base of the subsidence inversion lies somargistabove earth's
surface. This type of inversion is formed due t@bdtic compression and warming of sinking
air mass to a lower altitude in the region of ahhgyessure center. In the case of radiation
inversion, the surface layers of the atmospherénguthe day receive heat by conduction,
convection and radiation from the earth's surfaw ae warmed. This results in a temperature
profile in the lower atmosphere, which is represdrty a negative temperature gradient. On a
clear night, the ground surface radiates heat aiakky cools. The air layer adjacent to the earth
surface are cooled to a temperature below thdiefayers of air at higher elevations. This type
of the inversion is strongest just before daylightn it may extend to 500 m. It breaks up as the
morning sun heats the ground.
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FIGURE 4 ILLUSTRATIONS OF SUBSIDENCE AND RADIATION INVERSIONS.

Maximum mixing depth

The dispersion of pollutants in the lower atmosphier greatly aided by the convective and
turbulent mixing that takes place. The verticaleextto which this mixing takes place depends
on the environmental lapse rate which varies dilyn&rom season to season and is also
affected by topographical features. The depth efdbnvective mixing layer in which vertical
movement of pollutants is possible, is called thaximum mixing depth (MMD). Figure
illustrates these MMDs for different lapse ratefipes.

These profiles are usually measured at night oly dar the morning. An air parcel at a
temperature (maximum surface temperature for thatmowvarmer than the existing ground
level temperature rises and cools according to badiia lapse rate. The level where its
temperature becomes equal to the surrounding e@sgihe MMD value. Urban air pollution
episodes are known to occur when MMD is 1500 ness.|



MMD

FIGURE § Maxium MIXING DEPTH (MMD) UNDER VARIOUS ATMOSPHERIC CONDITIONS,
{ ADIABATIC PROFILE ——-—, ENVIRONMENTAL PROFILE— ).

Plume Dispersion

Gases that are emitted from stacks are often pusineoly fans. As the turbulent exhaust
gases exit the stack they mix with ambient airsThixing of ambient air into the plume

is called entrainment. As the plume entrains & ity the plume diameter grows as it
travels downwind. These gases have momentum aseihtey the atmosphere. Often
these gases are heated and are warmer than thmooaid In these cases the emitted
gases are less dense than the outside air andesedare buoyant. A combination of the
gases' momentum and buoyancy causes the gasss.tohis is referred to as plume rise
and allows air pollutants emitted in this gas stréa be lofted higher in the atmosphere.
Since the plume is higher in the atmosphere aralfatther distance from the ground,

the plume will disperse more before it reaches gaddevel.

pmm—
e, i

Ah = Plume rise

The final height of the plume, referred to as tHeative stack height (H), is the sum of

the physical stack height (hs) and the plume rd®.(Plume rise is actually calculated
as the distance to the imaginary centerline opthene rather than to the upper or lower
edge of the plume (Figure 6-1). Plume rise depends the stack's physical
characteristics and on the effluent's (stack gdsracteristics. The difference in
temperature between the stack gas (Ts) and amhier{fa) determines the plume
density which affects plume rise. Also, the velpaitf the stack gases which is a
function of the stack diameter and the volumettmwf rate of the exhaust gases
determines the plume’s momentum.



The Gaussian plume model

The present tendency is to interpret dispersioa saterms of the Gaussian model. The
standard deviations are related to the eddy difftiss.

[ 1]

Piwma dispersion coordnate sysem, showing Gaussian dstrivutions in
the hosizontal and verfical directions [Tumear, 1970

Ground level concentration

In this case Z=0
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Dispersion characteristics of stack plumes

Dispersion is the process of spreading out poltugmission over a large area and thus
reducing their concentration. Wind speed and enwmental lapse rates directly
influence the dispersion pattern.

Coning

A coning plume, shown in, occurs under essentially neutrbikty, when
environmental lapse rate is equal to adiabaticdlapte, and moderate to strong winds
occur. The plume enlarges in the shape of a conmajfor part of pollution may be
carried fairly far downwind before reaching ground.

L ooping

Under super-adiabatic condition, both upward andrdeard movement of the plume is
possible. Large eddies of a strong wind caudeoping pattern. Although the large
eddies tend to disperse pollutants over a wideorediigh ground level concentrations
may occur close to the stack.



Fanning

A fanning plume occurs in the presence of a negative lapeentaen vertical dispersion
is restricted. The pollutants disperse at the staght, horizontally in the from of a
fanning plume.

Fumigation

When the emission from the stack is under an inwerkayer, the movement of the
pollutants in the upward direction is restrictedheTpollutants move downwards. The
resulting fumigation can lead to a high ground level concentration dowdwof the
stack.

L ofting

When the stack is sufficiently high and the emigsgabove an inversion layer, mixing
in the upward direction is uninhibited, but downd:anotion is restricted. Sudbfting
plumes do not result in any significant concentratat ground level. However, the
pollutants are carried hundreds of kilometers fthmsource.

Trapping
It occurs when the plume effluent is caught betw®eminversion layers. The diffusion

of the effluent is severely restricted to the ublgaayer between the two unstable
layers.
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Unit—4

10CV765 APC
Industrial Plant Location and Planning

General factors considered while siting an indabtocation include water supply, raw
material supply, proximity to nearest railway ssatiland availability, power supply etc.
Hence it's most evident that air pollution andatsitrol are most ignored.

Following are the factors to be considered whileidiag industrial installation, keeping
in mind air pollution and its impacts.

1] Existing levels of air contaminates

This involves a pre-operational survey, to know ¢hesting level of contaminants under
prevailing meteorological conditions, and if notdagven if any existing industries. This
gives idea if existing pollution levels is high mw. It also gives idea if upcoming
industry will aggravate the pollution levels andhliyw much. It gives idea at what levels
must the pollution be released based on existwvgde

2] Potential effects on the surrounding area

The effect of air pollution shall vary from areadrea depending on its environment and
build forms. Any industrial emission near a citylendanger more lives than that closer
to a forest or un-habituated place.

3] Meteorological factors and the climate

Role of wind direction, wind speed, stability caimhs is pivotal to air pollution. Areas
having more inversions should be avoided.

4] Availability of clean air

Some industries need clean air for production otheir processes. Polluted air shall
make it costlier towards clean-up process and rtsyimpair its regular operations.

5] Topographical features
Industries situated in valleys are more prone tereimpacts during depression, when

compared to flat terrains. As inversions or depoessin a valley system shall result in
more deposition, less dispersion, no circulatiopalfutants.



6] City planning and zoning. (Explanation providedurther sections)

City Planning

Urban Planning is a process of guiding the usedavélopment of land with the aim of
making the city a better place to live and workttiealarly important today as more than
one-half of the world’s population now resides mban places. Cities, towns and other
urban forms are therefore the sites for most ofkimat's activities. Yet in most cities and
towns, land and access to basic resources anctcaegrare usually scarce and unevenly
distributed. Planning is ‘a general activity...thekimg of an orderly sequence of action
that will lead to the achievement of a stated goaoals’ (Hall 2002). It involves written
statements supplemented as appropriate by statigticjections, quantified evaluations
and diagrams. Planning involves an attempt to lieg)e prevailing social and economic
dynamics to achieve particular developmental efts. process has different names e.g.
town & country planning, town planning, city plangi physical planning etc.it may be
thought as a rational (highly technical) and systegonocess of forethought set in motion
by the need to resolve urban and regional problemd,yet it may be interpreted as a
highly political and economistic process.

What do urban planners do?

Determine the best uses of land and resource®foes, businesses, and recreation.
Devise ways to renovate slums, expand cities, nmiziertransportation systems, and
distribute public facilities such as schools antkpa

Urban planners design new communities and develogrgms to revitalize and expand
existing cities.

Regional planners work on a much larger scale, ystgdthe problems of states,
multistate regions, and sometimes entire countries.

Impact of bad planning w.r.t. air pollution

More traffic jams

Irregular dispersions and dissipation air pollusant

More cases of casualty’s w.r.t acute and chrorfeced.

Blocking of regular wind-paths and thereby hampgfiee circulation of air.

Lack of proper planning results in failure of renadneasures, and is aggravated by
increased costs of control equipment. The mainaspfeplanning hence must resort to
industrial zoning. Cumulative zoning in the pass$ hasulted in less availability of land
for industries. This system has now been modifegermissive systems. However this
system has now been modified as permissive systtmwever this system has also
resulted in the crowding of industrial zones withey uses besides industries. The next
system over this is called excusive zonings sysiEms type of planning provided for
compatible uses for each zones, excluding all aikes. In this system suitable industrial
zones are provided and thus there is no air pofiytroblem.



Zoning criteria for industries:

1] Functional requirement: this includes the intedustry linkages, railways siding,
grouping, land traffic generation utilities etc.efie aspects are covered under govt.
policies.

2] Performance characteristics: this includes ttad#fit congestion, obnoxious and
hazardous character of the industries, industt@ance etc. The nuisance includes dust,
heat, smoke, fire, odor etc. It is necessary taelabnoxious industries away from neat
industries. If planning is done in early stagesjritpact analysis can be done for effective
execution.

While classifying industries on basis of differahtzoning, the following aspects might
be followed.

There are 3 categories of industries.

Group 1.] These are smaller industries with a wamé products and with close relations
to cities. Their emissions have very little impaxt the natural environment. These
industries can hence be located on the fringelseotities.

Group 2] These include cottage and small scalesinigis requiring less land but indulge
in creative and artistic productions. These calobated within cities. As they have no or
little adverse effects on the cities.

Group 3] These include big industries with relatvkess number of unit process and
having remote relevance to the central resideatisds of the cities. These have profound
effect on the cities and hence should be locatethraas possible from the residential
vicinities.

The buffer zone for light industries is about Halbmeter, for that of heavy industries it
is 0.6 to 1.5 km. for explosive industries it ism@athan 2 km.
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MEASUREMENT OF SMOKE DENSITY

Dark smoke is partially burned particles of fuel, the resuitimcomplete combustion. It can be
dangerous because small particles are absorbethmiangsWhite smokeis mainly tiny water
droplets, generated when vapour released duringogstion condenses in cool air. Generally,
dark smoke is clearly visible against a light skyt Mifficult to see at night or against a dark
background, white smoke is visible in darkness wiHeminated but will be more difficult to see
against a light sky background. Smoke is commorgasared in terms of its apparent density in
relation to a scale of known greyness.

The most widely-used scale is that developed byeBsor Maximilian Ringelmann of La Station
d'Essais de Machines in Paris in 1888. It has evél$ of density inferred from a grid of black
lines on a white surface which, if viewed from &tdnce, merge into known shades of grey.
There is no definitive chart, rather, Prof. Ringatm provides a specification; where smoke
Level '0' is represented by white, levels '1' td¥¥10mm square grids drawn with 1mm, 2.3mm,
3.7mm and 5.5 mm wide lines and level '5' by adickl It should be remembered that the data
obtained has definite limitations. The apparentkdess of a smoke depends upon the
concentration of the particulate matter in theufit, the size of the particulate, the depth of the
smoke column being viewed, and natural lightingdibons such as the direction of the sun
relative to the observer while the accuracy of ¢hart itself depends on the whiteness of the
paper and blackness of the ink used.



USING THE CHARTS

The large chart on page 4 should be printed widltlblink onto very white card and mounted
vertically on a board. It is preferably fixed tgale or held by an assistant at a sufficient distan
(typically c20m) for the lines to appear to merg®iuniform grey rectangles and to be seen in
line with the top of the chimney. The addition ofnvhite (No. 0) square can provide a useful
indication that both the chart and chimney are Bygilluminated. If a larger chart is needed, the
shaded rectangles can be made up into larger anesosaics. The observer glances from the
smoke, as it issues from the stack, to the chaftrentes the number most nearly corresponding
with the shade of the smoke. A clear stack is @®ras No. 0, and 100 percent black smoke as
No. 5. There is very little value in making a smglbservation. A series of observations should be
made, preferably by two or more observers, ovemdanded period, at regular intervals.

The Miniature Charts are not the official Ringelmann chart, but a hamtgrpretation of it,
intended to be held at arm's length.

SAMPLING
Selection of sampling procedure:

There are two types of sampling — continuous ame @veraged in —situ samplings. Continuous
sampling is carried out by automatic sensors, aptar electrochemical, and spectroscopic
methods which produce continuous records of conatom values. The specific time-averaged
concentration data can then be obtained from cootis records. Time-averaged data can also be
obtained by sampling for a short time — i.e. by glamg a known volume of air for the required
averaging time. Samples are then analyzed by estedl physical, chemical, and biological
methods for the concentration values which areeffextive average over the

period of sampling.

Sampling locations

Sampling locations are in general governed by facli&e objectives, method of sampling and
resources available. If the objective is to studglth hazards and material damages, then
locations should be kept close to the objects whiseeeffects are being studied and should be
kept at breathing level in the population centhespitals, schools, etc. For vegetation, it should
be at foliage level. For background concentratsampling location should be away from the
sources of pollution. It can also be done by gnddithe entire area to get statistically
recommended values. The number of locations howaseends upon the variability of
concentration over the area under survey. A spetkihg may be done to decide the location
besides considering practical factors.

Period of sampling, frequency and duration:

Period, frequency and duration of sampling shoal@propriate to the objectives of the study. It
should be such that the measurable quantitiesapdd in the sample at the end of the sampling.
It is preferable to observe sampling period coesiswith the averaging times for which air
guality standards of the given pollutants are dpeeti



SOURCE SAMPLING METHODOLOGY

Stationary source emissions occur primarily aseeighgas or solid. The ability to collect a
representative sample of particulate or gaseoustpots largely determines the success of the
measurement. Since no single method of measurerarrgccurately analyze every form of
pollutant emitted from an exhaust stack, it is img@ot to understand the properties of particulate
and gaseous pollutants and the methods used tauureghsm.

Distributed Sampling Points.

A representative sample of the effluent is takerfilsy measuring the velocity, as shown in
Figure, then extracting gas from an array of samgptioints distributed over equal areas of the
cross section of the stack or duct. If only gasgmikitants are to be sampled, less sampling
points are required since the stack gases aredsoesl sufficiently mixed.

Velocity
s

Inclined
manometer

Sampling Distributed Over Time.

Each point should be sampled for an equal periotinod, with the total sampling time or run
usually lasting about an hour. Typically, threesane performed after which their results are then
averaged.

Isokinetic Sampling.

When sampling for particles it is essential tha siample be extracted at the same rate at which
the gas is flowing through the stack or duct. Taels gas velocity is measured at each individual
sample point and the sample extraction rate isséeljuto withdraw the sample at the same rate as
the sampled points velocity. This kind of sampliagalledisokinetic sampling and is meant to
ensure that a representative sample, equal in otmatien to the stack, is extracted from the gas
stream (see Figure). If the sample is isokinetie, distribution of particles sizes (from small to
large) entering the probe will be exactly the sam¢hat in the stack gas itself.
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SAMPLING TRAIN

Separation of Gas Constituents.

A known quantity of the stack gas is then drawmrihe stack or duct throughsampling train,

or a leak-proof series of equipment componentsigordd to capture pollutants. Capturing water
vapor and gaseous pollutants is best achieved hgersation—or bubbling the sample gas
through chilledimpingers (sealed glass vessels), some which may containdliceagents to
absorb gases. Solids are captured on filter pag®ch is heated and connected to the probe with
inter-connecting glassware. The first componenthef sampling train is a heated probe, or a
hollow glass tube that is inserted into the staclduct. The last component—a pump—draws
gases through the other pieces of equipment (tbkepffilters and impingers). The volume of
sampled gas is measured by a gas meter and iy faxddausted into the atmosphere through the
orifice, which is used for sample train flow adjusnts at the by-pass valve.

Sample Recovery and Analysis.

Filters are pre-weighed and reagent volumes presumed prior to use. After each run, the
content of each sampling train component is casefecovered to a sealed vessel, then weighed,
measured, or otherwise evaluated under laboratorglitons.

Data Recording.

Throughout each run, appropriate measurement dateeeorded. On a point-by-point basis, the

sampling time, sample train vacuum, differentiaégaures across the gas temperature, orifice
meters, and dry gas meter readings are recordegtages of these values, along with the total

sample gas volume, are then used to calculateshedsults.

Calculation of Results.

The concentration of a pollutant in the sampled igasalculated as the proportion of captured
pollutant's mass to the volume of gas sampled. @hessults are corrected to a standard
temperature and pressure and expressed on a degy bas standardized measure allows the
results of a test performed under specific cond#ito be comparable to a regulatory standard or
other test results.

AIR POLLUTION CONTROL PROCEDURES FOR INDUSTRIES

The control of stationary source emissions can dmraplished through the application of a
sound control strategy. The control strategy resuiior an industrial environmental impact is a
four step process: (1) elimination of the probleourse or operation, (2) modification of the
source operation, (3) relocation of the source,(@hdelection and application of the appropriate
control technology.

Exhaust stacks do not reduce emissions from eostaly source; rather they reduce the local
effects of the pollution by elevating the exhaustam to a point where it can be more effectively
dispersed. High exhaust stacks were an inexpessivgion in the absence of expensive control
technology.



Compliance with emission standards may require uke of control technology, but many
industrial operations have reduced emissions byghg operational methods. Some of these
changes include pretreating process materials, duehaterial substitution, and changes in the
manufacturing process. Another way to comply withission standards is to substitute cleaner
fuels during the refining process. Natural gas kovd-sulfur fuel oil are just two examples of
fuels that emit less pollution during combustiorowéver, cleaner fuels can be more expensive
and can increase national reliance on foreigndoalces. Reduction in emissions from stationary
sources can also be accomplished through incredsadion to plant maintenance.

Use of CONTROL EQUIPMENTS (Control Technology)

A final way to reduce emissions from stationaryrses is through the use of advanced, addon
control technology. Control devices can destroyremover gaseous compounds or particulate
matter for proper disposal or re-use. The pollutontrol operations used to destroy or capture
gases include combustion, adsorption, absorptiond eondensation. Control devices that

implement these processes include thermal incioexacatalytic incinerators, flares, boilers,

process heaters, carbon absorbers, spray towersuaiace condensers.

The most important process parameters for seleaingpollution control equipment are the
exhaust gas characteristics obtained from emissests and process or site characteristics.

Exhaust Gas Characteristics

* Total exhaust gas flow rate

» Exhaust gas temperature

* Required control efficiency

* Particle size distribution

* Particle resistivity

» Composition of emissions

* Corrosiveness of exhaust gas over operating range
* Moisture content

» Stack pressure

» Exhaust gas combustibility and flammability projes

Process or Site Characteristics

» Reuse/recycling of collected emissions

* Availability of space

* Availability of additional electrical power

* Availability of water

* Availability of wastewater treatment facilities
* Frequency of startup and shutdowns

» Environmental conditions

* Anticipated changes in control regulations

* Anticipated changes in raw materials

* Plant type — stationary or mobile



Technologies used to control particulate matteu$oan removing particles from the effluent gas
stream. Many factors (such as particle size anthated characteristics) determine the appropriate
particulate control device for a process.

Devices most commonly used to control particulate atter include

electrostatic precipitators,
fabric filters,

venture scrubbers,
cyclone collectors,
settling chambers.

The following section provides a more detailed dsston of each type of control technology used
for both particulate and gaseous emissions

CONTROL DEVICES FOR PARTICULATE EMISSIONS

Particulate matter is any finely divided liquid solid substance. Examples of particulate matter
include smoke, dust, or some forms of fine mist @centrained in effluent gas streams or
suspended in ambient air. Any particulate less ft@amicrometersyim) in diameter is defined as
PM10 and is regulated as a criteria pollutant. plagose of such regulation is to control smaller,
respirable particles that can bypass the body’pinasry filters and penetrate deeply into the
lungs, which could cause harm to human health. dTexibstances, such as sulfates, sulfites,
nitrates, heavy metals, and polycyclic organic eradte predominantly carried by particles in this
size range. Therefore, control devices used tomagrevent particles from reaching the ambient
air, focus on capturing particulate matdiOum in diameter. Several factors must be considered
when selecting an appropriate particulate contedliak. Typically, particles must be captured
from an effluent gas stream; therefore, charadiesiof the particles and the gas stream will
determine the appropriate control device. Charesties that must be considered include the
particle size and resistivity, exhaust flow ratemperature, moisture content, and various
chemical properties of the exhaust stream such xgdosveness, acidity, alkalinity, and
flammability.

VENTURI SCRUBBERS

Venturi scrubbers use a liquid stream to removiel g@&rticles. A venturi scrubber accelerates the
waste gas stream to atomize the scrubbing liquetitanmprove gas-liquid contact. In a venturi
scrubber, a “throat” section is built into the dtlwt forces the gas stream to accelerate as tite du
narrows and then expands. As the gas enters thareethroat, both gas velocity and turbulence
increase. Depending on the scrubber design, thilsicrg liquid is sprayed into the gas stream
before the gas encounters the venturi throat, dhenthroat, or upwards against the gas flow in
the throat. The scrubbing liquid is then atomized small droplets by the turbulence in the throat
and droplet-particle interaction is increased. Saiesigns use supplemental hydraulically or
pneumatically atomized sprays to augment droplesteyn. However, the disadvantage of these
designs is that clean liquid feed is required toidelogging. After the throat section, the mixture
decelerates, and further impacts occur causingriglets to agglomerate. Once the particles are
captured by the liquid, the wetted PM and excessdi droplets are then separated from the gas
stream by an entrainment section, which usuallysisb® of a cyclonic separator and/or a mist
eliminator. Particle collection efficiencies of wan scrubbers range from 70 to greater than 99
percent, depending on the application. Typicallgnturi scrubbers are applied where it is
necessary to obtain high collection efficiencies fme PM. Thus, they are applicable to
controlling emission sources with high concentragiof submicron PM.



Advantages of Venturi Scrubbers

» Capable of handling flammable and explosive dusts
» Can handle mists in process exhausts

* Relatively low maintenance

» Simple in design and easy to install

» Collection efficiency can be varied

* Provides cooling for hot gases

» Neutralizes corrosive gases and dusts

Disadvantages of Scrubbers

» Effluent liquid can create water pollution protg

» Waste product collected wet

* High potential for corrosion problems

* Requires protection against freezing

* Final exhaust gas requires reheating to avoithleiplume
* Collected PM may be contaminated, and not retjela
* Disposal of waste sludge may be very expensive

ELECTROSTATIC PRECIPITATORS.

An ESP is a PM control device that uses electficales to move particles entrained within an
exhaust stream onto collection surfaces. The ewtdaparticles are given an electrical charge
when they pass through a corona, a region whereogasons flow. Electrodes in the center of
the flow lane are maintained at high voltage andegate the electrical field that forces the
particles to the collector plates. The high voltadectrodes are long wires or rigid “masts”
suspended from a frame in the upper part of the tB&Pun through the axis of each tube. Rigid
electrodes are generally supported by both an uppeéitower frame. The power supplies for the
ESP convert the industrial AC voltage to pulsafd@ voltage in the range of 20,000 to 100,000
volts as needed. The voltage applied to the eléesr@auses the gas between the electrodes to
break down electrically, an action known as a “oerd The electrodes are usually given a
negative polarity because a negative corona suppdnigher voltage than does a positive corona
before sparking occurs. The ions generated in thena follow electric field lines from the
electrode to the collecting pipe. Therefore, edehtede-pipe combination establishes a charging
zone through which the particles must pass.



As larger particles (>10n diameter) absorb many times more ions than spaaticles (>Lim
diameter), the electrical forces are much stroogethe large particles. When the collection plates
are filled to capacity, the particulate is removiedm the plates by “rapping,” which is a
mechanical means to dislodge the particulate. Dhieated particulate material slides downward
into a hopper located below the unit. The collecedficiency of an ESP is quite reliably about 99
percent for particles less than 10 micrometers.d-8Ryeneral, are very expensive to operate and
are not very well suited for use in industrial peses because they are too sensitive to
fluctuations in the gas stream. The Electrostatecipitator (ESP) separates particles from the gas
stream by electrically charging the patrticles.

FABRIC FILTER

In a fabric filter, flue gas is passed throughghtiy woven or felted fabric, causing PM in theeflu
gas to be collected on the fabric by sieving arfteiomechanisms. Fabric filters may be in the
form of sheets, cartridges, or bags, with a nundfethe individual fabric filter units housed
together in a group. Bags are the most common ayabric filter. The dust cake that forms on
the filter from the collected PM can significanthcrease collection efficiency. Fabric filters are
frequently referred to as baghouses because thie fabusually configured in cylindrical bags.
Bags may be 6 to 9m (20 to 30 ft) long and 12.BQd centimeters (cm) (5 to 12 inches) in
diameter. Groups of bags are placed in isolablepaostments to allow cleaning of the bags or
replacement of some of the bags without shuttinggrdahe entire fabric filter). Operating
conditions are important determinants of the chatdabric. Some fabrics (i.e., polyolefins,
nylons, acrylics, polyesters) are useful only ddtreely low temperatures of 95° to 150°C (200°
to 300°F). For high temperature flue gas streanoserinermally stable fabrics such as fiberglass,
Teflon, or Nomex must be used.

The practical application of fabric filters requartne use of a large fabric area in order to aaaid
unacceptable pressure drop across the fabric. Baghsize for a particular unit is determined by
the choice of air-to-cloth ratio, or the ratio aflwmetric airflow to cloth area. The selection of
air-to-cloth ratio depends on the particulate lagdand characteristics, and the cleaning method
used. A high particulate loading will require theeuof a larger baghouse in order to avoid
forming too heavy a dust cake.

Determinants of baghouse performance include tbecfahosen, the cleaning frequency and
methods, and the particulate characteristics. Estwan be chosen which will intercept a greater



fraction of particulate. In order to accomplishsthsome fabrics are coated with a membrane of
very fine openings for enhanced removal of submmiqrarticulate. However, such fabrics tend to
be more expensive. Cleaning intensity and frequesrey important variables in determining
removal efficiency because the dust cake can dffiectine particulate removal capability of a
fabric. Cleaning procedures, which may be too fesjuor too intense, will also lower the
removal efficiency of the fabric filter. On the ethhand, if removal is too infrequent or

too ineffective, then the baghouse pressure drdgpeacome too high.

Mechanical shaking of the bags has been a poplganiog method for many years because of its
simplicity as well as its effectiveness. In a tygdioperation, dusty gas enters an inlet pipe to the
shaker. Very large particles are removed from theas when they strike the baffle plate in the
inlet duct and fall into the hopper. The particetdden gas is drawn from beneath a cell plate in
the floor and into the filter bags. The gas prosefedm the inside of the bags to the outside and
through the outlet pipe. The particles are colléaia the inside surface of the bags and a filter
cake accumulates. In mechanical shaking unitstdpe of bags are attached to a shaker bar,
which is moved briskly (usually in a horizontal etition) to clean the bags. The shaker bars are
operated by mechanical motors or by hand, in apiptins where cleaning is not required
frequently. Reverse-air cleaning is another poptaaric filter cleaning method that has been
used extensively and improved over the years.dtgentler but sometimes less effective cleaning
mechanism than mechanical shaking. Most reverskaiiic filters operate in a manner similar to
shaker-cleaned fabric filters. Typically, the bage open on bottom, closed on top, and the gas
flows from the inside to the outside of the bagthwdust being captured on the inside. However,
some reverse-air designs collect dust on the autsfidhe bags. In either design, forcing clean air
through the filters in the opposite direction oé thusty gas flow performs reverse-air cleaning.
The change in direction of the gas flow causedtgeto flex and crack the filter cake. In internal
cake collection, the bags are allowed to collapssome extent during reverse-air cleaning. The
bags are usually prevented from collapsing entioglgome kind of support, such as rings that are
sewn into the bags. The support enables the dist tcafall off the bags and into the hopper.
Cake release is also aided by the reverse flovm@fgas because felted fabrics retain dust more
than woven fabrics. Therefore, they are more diffito clean. For this reason, felts are usually
not used in reverse-air systems.

Fabric filters in general provide high collectidifi@encies on both coarse and fine (submicron)
particulates. Typical new equipment design efficiea are between 99% and 99.9%.
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SETTLING CHAMBERS

This type of technology is a part of the groupiof@llution controls collectively referred to as
“precleaners.” They are referred to as precleabecause they are often used to reduce the inlet
loading of particulate matter (PM) to downstrearflemtion devices by removing larger, abrasive
particles. Settling chambers are also referredstgravity settling chambers, gravity collectors,
expansion chambers, and outfall chambers. Thiegause settling chambers are quite effective in
removing only large particles; therefore, they t@nfrequently used in combination with other
control devices. Settling Chambers rely on simplavigation to remove particles from a gas
stream.

Settling Chamber

Settling chambers, which rely on gravitational lsggtas a collection mechanism are the simplest
and oldest mechanical collectors. Settling chamlages generally built in the form of long,
horizontal, rectangular chambers with an inlet @ @end and an exit at the side or top of the
opposite end. Flow within the chamber must be umfand without any macroscopic mixing.
Uniform flow is can be improved by flow straighteset the inlet to the chamber. Hoppers are
used to collect the settled-out material, thougigdscrapers and screw conveyers have also been
employed. The dust removal system must be sealpcetent air from leaking into the chamber
which increases turbulence, causes dust reentrainraed prevents dust from being properly
discharged from the device. There are two primgpes of settling chambers: the expansion
chamber and the multiple-tray chamber. In the egiganchamber, the velocity of the gas stream
is significantly reduced as the gas expands irgelahamber. The reduction in velocity allows
larger particles to settle out of the gas stream.

A multiple-tray settling chamber is an expansiomrober with a number of thin trays closely
spaced within the chamber, which causes the géswohorizontally between them. While the
gas velocity is increased slightly in a multiplaytr chamber, when compared to a simple
expansion chamber, the collection efficiency gdhelimproves because the particles have a
much shorter distance to fall before they are ctdie. Multiple-traysettling chambers have lower
volume requirements than expansion-type settlirgrdiers for the collection of small particles
(<15um). Settling chambers are most effective when ctiig large or dense particles, but often
fail when the chamber becomes plugged with coltediest.



The most common failure of settling chambers ismtigambers become plugged with collected
dust. In expansion settling chambers the pluggiag esult from hopper bridging or hopper
discharge seal failure. Multiple-tray settling chizers may experience plugging of the individual
gas passages. Such failures can be prevented onized by use of hopper level indicators or by
continuous monitoring of the dust discharge. Sclestlinternal inspection can determine areas of
air leakage and condensation, both of which mage&wpper bridging. Normal instrumentation
for a settling chamber generally includes only adidator of differential static pressure. An
increase in static pressure drop can indicate johggg

Advantages of Settling Chambers

* Low capital cost

* Very low energy cost

* No moving parts

* Few maintenance requirements

* Low operating costs

* Excellent reliability

» Low pressure drop through device

» Device not subject to abrasion due to low gasait}
* Provide incidental cooling of gas stream

* Dry collection and disposal

Disadvantages of Settling Chambers

* Relatively low PM collection efficiencies

» Unable to handle sticky or tacky materials

* Large physical size

* Trays in multiple-tray settling chamber may warp

Control of gaseous pollutants from stationary soures - Adsorption

When a gas or vapor is brought into contact wigokd, part of it is taken up by the solid. The
molecules that disappear from the gas either ¢n¢éemside of the solid, or remain on the outside
attached to the surface. The former phenomenoarisedd absorption (or dissolution) and the
latter adsorption. Adsorption is the binding of ewmliles or particles to a surface. In this
phenomenon molecules from a gas or liquid will tiached in a physical way to a surface. The
binding to the surface is usually weak and revésibhe most common industrial adsorbents are
activated carbon, silica gel, and alumina, becabsg have enormous surface areas per unit
weight.

Activated carbon is the universal standard for fmaiion and removal of trace organic
contaminants from liquid and vapor streams. Cardsorption uses activated carbon to control
and/or recover gaseous pollutant emissions. Inocaddsorption, the gas is attracted and adheres
to the porous surface of the activated carbon. Raiheificiencies of 95 percent to 99 percent can
be achieved by using this process. Carbon adsarpsioused in cases where the recovered
organics are valuable. For example, carbon adsor i often used to recover perchloroethylene,
a compound used in the dry cleaning process.

Carbon adsorption systems are either regenerativeo-regenerative. A regenerative system
usually contains more than one carbon bed. As edeaotively removes pollutants, another bed



is being regenerated for future use. Steam is ts@dirge captured pollutants from the bed to a
pollutant recovery device. By "regenerating” theboa bed, the same activated carbon particles
can be used again and again. Regenerative systenused when concentration of the pollutant
in the gas stream is relatively high. Non-regemegasystems have thinner beds of activated
carbon. In a non-regenerative adsorber, the sgehoo is disposed of when it becomes saturated
with the pollutant. Because of the solid waste fmwbgenerated by this type of system, non-
regenerative carbon adsorbers are usually used thkgwollutant concentration is extremely low.

Contaminated
Off-Gas A\ :l.

Steam for
Regeneration
Carbon Carbon
Bed Bed
Bl . | ] e oyl
Treated *
Off-Gas
Regenerative Carbon Adsorption System Non-Regenerative Carbon Adsorption System

Control of gaseous pollutants from stationary soures — Absorption

The removal of one or more selected components &agas mixture by absorption is probably
the most important operation in the control of gase pollutant emissions. Absorption is a
process in which a gaseous pollutant is dissolaed liquid. Water is the most commonly used
absorbent liquid. As the gas stream passes thrtheghquid, the liquid absorbs the gas, in much
the same way that sugar is absorbed in a glassatdrwhen stirred. Absorption is commonly
used to recover products or to purify gas streanag have high concentrations of organic
compounds. Absorption equipment is designed tagehuch mixing between the gas and liquid
as possible. Absorbers are often referred to agbbers, and there are various types of absorption
equipment. The principal types of gas absorptiomigygent include spray towers, packed
columns, spray chambers, and venture scrubbers. pHoged column is by far the most
commonly used for the absorption of gaseous paitataThe packed column absorber has a
column filled with an inert (non-reactive) substansuch as plastic or ceramic, which increases
the liquid surface area for the liquid/gas integfadhe inert material helps to maximize the
absorption capability of the column. In additiome introduction of the gas and liquid at opposite
ends of the column causes mixing to be more efficleecause of the counter-current flow
through the column. In general, absorbers can aehiemoval efficiencies greater than 95
percent. One potential problem with absorptiorhes generation of waste-water, which converts
an air pollution problem to a water pollution preil.
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Unit-6 -- 10CV765 -- APC
AUTOMOBILE POLLUTION

The addition of chemicals released from automoditessions constituting NQ HC's,
CO, SPM, S@ Pb resulting in deterioration of ambient air &nted as automobile
pollution. Five of these are also criteria air ptdnts.

SOURCE, EFFECT AND CONTROL OF AUTOMOBILE POLLUTANTS

1] SO2

The formation of Sulphur di Oxide in exhaust gasesaused by the oxidation of the

sulphur in the fuel during the combustion procdasthe atmosphere however, SO2
combines with moisture to form H2SO4, which thelisfas acid rain, and has been
linked to environmental damage.The major healthceams associated with exposure to
high concentrations of SO2 include effects on Imegt (decreased lung function),

respiratory illness, alterations in pulmonary defs) and aggravation of existing

cardiovascular disease. Children, the elderly, padple with asthma, cardiovascular
disease or chronic lung disease (such as brondrmigsnphysema), are most susceptible
to adverse health effects associated with expdsus®?2.

2] Pb.

Exposure to lead mainly occurs through inhalatibmio and ingestion of lead in food,
paint, water, soil, or dust. Lead accumulates enlibdy in blood, bone, and soft tissue.
Because it is not readily excreted, lead can digetathe kidneys, liver, nervous system,
and other organs. Excessive exposure to lead magecanemia, kidney disease,
reproductive disorders, and neurological impairrsersuch as seizures, mental
retardation, and/or behavioral disorders. Everoat doses, lead exposure is associated
with changes in fundamental enzymatic, energy tesnpand other processes in the body.
Fetuses and children are especially susceptibllwodoses of lead, often suffering
central nervous system damage or slowed growthd Lesy also contribute to
osteoporosis in post-menopausal women.

3] SPM.

The composition and properties of particulateseggreatly and is therefore difficult to
define. Furthermore, there is not a quantitativatienship between the smoke opacity
and the particulate emission. Particle emissiom® fengines can originate from:

a) agglomeration of very small particles of paltlyned fuel,
b) partly burned lub oil;

c) ash content of fuel oil and cylinder lub oil; or

d) sulphates and water.



The smaller particles that are likely responsibleadverse health effects because of their
ability to reach the lower regions of the respirattract. Major concerns for human
health from exposure to PM-10 include: effects oeathing and respiratory systems,
damage to lung tissue, cancer, and premature d€héhelderly, children, and people
with chronic lung disease, influenza, or asthma, especially sensitive to the effects of
particulate matter. Acidic PM-10 can also damageédmmade materials and is a major
cause of reduced visibility.

The most effect method of reducing particulate emiss is to use lighter distillate fuels
however, this leads to added expense. Additiordlatons in particulate emissions can
be achieved by increasing the fuel injection presgo ensure that optimum air-fuel
mixing is achieved, however, as fuel injection ptes increases, the reliability of the
equipment decreases. Much research has also beelnoted on cyclone separators,
which are effective for particle sizes greater tBaium while electrostatic precipitators
are more effective, capable of reduction emissibgsup to 99%. Unfortunately,
precipitators are expensive, prone to clog andaage in size.

4] Unburnt Hydrocarbons.

The emission of unburned hydrocarbons (HC) genenasults from fuel, which is
unburned as a result of insufficient temperatutas Dften occurs near the cylinder wall
(wall quenching) where the temperature of the @/fnixture is significantly less than in
the centre of the cylinder. Bulk quenching can ateour as a result of insufficient
pressure or temperature within the cylinder itsstfll further, HC production may also
be a result of poorly designed fuel injection sysgeinjector needle bounce, excessive
nozzle cavity volumes or fuel jets reaching a qbeager.

Volatile Organic Compounds or VOCs are organic doals that easily vaporize at room
temperature. VOCs include a very wide range of viddial substances, such as
hydrocarbons (for example benzene and toluene)cadions and oxygenates.

Hydrocarbon VOCs are usually grouped into metham# @ther non-methane VOCs.
Methane is an important component of VOCs, its mmmental impact principally
related to its contribution to global warming amdthe production of ground level or
lower atmosphere ozone. Most methane is releast#tetatmosphere via the leakage of
natural gas from distribution systems. Benzene,oa-methane hydrocarbon, is a
colourless, clear liquid. It is fairly stable bughly volatile, readily evaporating at room
temperature. Since 80% of man-made emissions camegetrol-fuelled vehicles, levels
of benzene are higher in urban areas than rurasaBenzene concentrations are highest
along urban roadsides. Evaporation of solventsd dee example in paints, cause a
release of hydrocarbons, oxygenates and halocatbdhe atmosphere.

Some VOCs are extremely harmful, including the icagens benzene, polycyclic
aromatic hydrocarbons (PAHs) and 1,3 butadienez&ss may increase susceptibility to



leukaemia, if exposure is maintained over a peabtime. There are several hundred
different forms of PAH, and sources can be botlunahtand man-made processes. PAHs
can cause cancer. Sources of 1,3 butadiene indlwelemanufacturing of synthetic
rubbers, petrol driven vehicles and cigarette smdkeere is an apparent correlation
between butadiene exposure and a higher risk afecan

HC reduction would most likely only be possiblengsprimary and further secondary
oxidation catalysts.

5] NOx.

NOx is formed during the combustion process wittlie burning fuel sprays and is
deemed one of the most harmful to the environmeuntt @ntributes to acidification,
formation of ozone, nutrient enrichment and to srfmgnation, which has become a
considerable problem in most major cities world-evid

The amount of NOx produced is a function the maxmtemperature in the cylinder,
oxygen concentrations, and residence time. At dglirtemperatures, nitrogen from the
intake air and fuel becomes active with the oxyigetie air forming oxides of nitrogen.
Increasing the temperature of combustion incretisesamount of NOx by as much as 3
fold for every 100C increase. NO is formed first in the cylinder éolled by the
formation of NQ and NO, typically at concentrations of 5% and 1%; resipety. NO2

is soluble and washed out by rain which incredsesctidity level of the soil.

Nitrogen dioxide can irritate the lungs and lowesistance to respiratory infections such
as influenza. The effects of short-term exposure &ill unclear, but continued or
frequent exposure to concentrations that are tilpicauch higher than those normally
found in the ambient air may cause increased inceleof acute respiratory illness in
children. Nitrogen oxides contribute to ozone fotioraand can have adverse effects on
both terrestrial and aquatic ecosystems. Nitrogedes in the air contribute to acid rain
and eutrophication. (Eutrophication occurs wherodybof water suffers an increase in
nutrients that leads to a reduction in the amodnixygen in the water, producing an
environment that is destructive to fish and othemal life.)

The best way to reduce NOx generation, is to regeed cylinder temperatures.

6] CO.

CO is formed due to the incomplete combustion gaaoic material where the oxidation
process does not have enough time or reactant mwwatien to occur completely. In
engines, the formation of CO is determined by timdual mixture in the combustion
chamber and as diesels have a consistently higio &irel ratio, formation of this toxic
gas is minimal. Nevertheless, insufficient combusttan occur if the fuel droplets in a



diesel engine are too large or if insufficient wdnce or swirl is created in the
combustion chamber.

Carbon monoxide enters the bloodstream and redoxggen delivery to the body's

organs and tissues. The health threat from expdeu@® is most serious for those who
suffer from cardiovascular disease. Healthy indiaid are also affected, but only at
higher levels of exposure. Exposure to elevated I&@Is is associated with visual
impairment, reduced work capacity, reduced manaateatity, poor learning ability, and

difficulty in performing complex tasks.

The intensity and frequency of the afore-mentiomegacts essentially depends on
several other factors such as age of the vehigies of fuel used, condition of engine,
type of engine, maintenance and operation modetfutie etc.

PETROL ENGINE vs. DIESEL ENGINE

Petrol engine Diesel engine
High CO, HC’s concentration in Lesser HC’s concentration i.e.,
emissions 1/10 CO that of petrol
Less smoke Major problem odor and smoke, at lefast
80% SPM than in petrol exhaust
Less SO2, NOX,PM More NQ SG,, PM/SPM

Inference: The major pollutants in diesel exhaustssions are a direct result of the
diesel combustion process itself. Diesel enginege haigher compression ratio than
petrol. First air is compressed, then fuel injectdebn ignition but in petrol, air fuel

mixed first, compressed and the n ignited. HC’scemrtration is less, because blowby is
negligible as only air is present in compressiorok& & evaporative emissions.

Hydrocarbons are as well low because diesel uskxsad injection fuel system.

SMOKE

When compared to diesel emissions, petrol emissiomgnore toxic w.r.t. human; while
diesel emissions contribute towards environmentgdaicts. Yet smoke emission from
diesel cannot be ignored.

Maximum smoke is produced when vehicle runs at 60%tal power. It is measured in
Ringlemann’s Scale.



Effects of smoke: Irritation of eye membrane, eambrane and respiratory tract, soiling
of clothes, disfiguring of buildings.

Control means: High A/F ratio, Smokeless fuel — iglehmaintenance - Lean mixture.

2 STROKE ENGINE vs. 4 STROKE ENGINE

When compared to 4 stroke, 2 stroke engine prodonmes pollution [HC's, CO, SPM,
Smoke] as it burns an oil gasoline mixture, butr@dke engine is more powerful, lighter,
less expensive. On the contrary, 4 stroke engwvesgnore mileage, produces less HC'’s
and VOC's [volatile organic carbon] as there isshort circuit of raw fuel.

TYPES OF EMISSIONS

1. Tailpipe emissions:This is what most people think of when they thirikvehicle air
pollution; the products of burning fuel in the velbls engine, emitted from the vehicle's
exhaust system. The major pollutants emitted ireclud

Hydrocarbons: This class is made up of unburnguhdially burned fuel, and is a major
contributor to urban smog, as well as being toXleey can cause liver damage and even
cancer.

Nitrogen oxides (NOx): These are generated wheogen in the air reacts with oxygen
under the high temperature and pressure condifitside the engine. NOx emissions
contribute to both smog and acid rain.

Carbon monoxide (CO): A product of incomplete costlmn, carbon monoxide reduces
the blood's ability to carry oxygen and is dangermupeople with heart disease.

Carbon dioxide (C¢): Emissions of carbon dioxide are considered ttufbecause it
is a significant greenhouse gas and increasinigvels in the atmosphere contributes to
global climate change.

Exhaust emissions contain 100% CO, 100% NQ 100% Pb and 60-65% HC's

2. Blowby/Crankcase emissions20% unburnt HC’s mainly due to leakage of oil viapo
around Worn-out piston rings.

3. Evaporative emissionsThese are produced from the evaporation of funel,aae a
large contributor to urban smog, since these heavadecules stay closer to ground
level. Fuel tends to evaporate in these ways:



Gas tank venting: the heating of the vehicle as the temperaturs figen the night-time
temperature to the hottest temperatures of the rdagn that gasoline in the tank
evaporates, increasing the pressure inside the ahoke atmospheric pressure. This
pressure must be relieved, and before emissionsotahwas simply vented into the
atmosphere.

Running lossesinclude the escape of gasoline vapors from theehngine.Refueling
lossesinclude these can cause a lot of hydrocarbon vapassion. The empty space
inside a vehicle's tank is filled with hydrocarbgases, and as the tank is filled, these
gases are forced out into the atmosphere. In additihere is loss from further
evaporation and fuel spillage.
Bird view of emission of net pollution

65 % from Exhaust + 15 % from Blowby + 20 % Eviagtive = 100%
Bird view of Hydrocarbon emissions [mainly as Benzoyrene]

60 % from Exhaust + 20 % from Blowby + 20 % Eviagive = 100%

Evaporative emissions: 20% HC'S via gas tank ventig, refueling & running losses.

Operation w.r.t Emissions

Mode Unburnt CO NOx AlF
of Operation HC’s [ppm] [% by volume] | [ppm] RATIO
IDLE 750 5.2 30 11:1-12:1
CRUISING 300 0.8 1500 11:1-13:1
ACCELERATION 400 5.2 3000 13:1-15:1
DECELERATION 4000 4.2 60 11:1-12.5:1

Comparative study

When A/F ratio is high, then less CO, HC’s but hid@x

When Vehicle decelerates high HC’s [hydrocarbon]

When vehicle is idle [engine not switched off dgrisignals] high CO, low NQ
moderate HC'’s.

When vehicle accelerates low HC’S , high CO, high @nd high NOx

When vehicle cruises high NOx, low CO, moderate $1&id high CQ



Drawbacks

Pb is released from exhaust as lead halides whiehaacumulative toxin, a chief
environmental pollutant capable of affecting ned&alelopment resulting in lower 1Q.

Also lead acts as poison for catalytic convertdnisTresulted in advent of unleaded
petrol. The alternative used was MTBE. But it hasrbfound to be non-bio-degradable
and possible ground contamination. This resultethénuse of ethanol as anti-knocking
agent to boost octane rating. But ethanol causelstduabsorb moisture from air, over
long time it leads to rusting, corrosion in fueldi Also it is poorly soluble and enhances
possibility of bacterial contamination.

TEL now banned in road sector continues to be usediation fuel as additive called as
AVGAS. The catch is despite using unleaded petha; emissions consist of benzene
which causes cancer, anemia and blood cancer. Ther @ption w.r.t knocking
phenomenon is utilize branched chain alkanes, wigshlts pre ignition, loss of power,
lower octane rating.

Catalytic converters

The air fuel ratio must be so high that all CO feths converted to CQbut if ratio is
less [lack of @], it facilitates formation of CO, Unburnt HC’s, NOAIso due to higher
temperature [2000-250%C], high pressure formation of Nitric oxide takdaqe.

If a car burns fuel with perfect efficiency, itslprexhaust products would be ¢@nd
H,0. Unfortunately not every molecule burns to coripfe Catalytic converter consists
of an array of tubes, each coated with porous demfambedded in this coating are tiny
particles of platinum and rhodium which serve aslgat. Previously YOs, Vanadium
Pentoxide served the purpose.

HC+CO+NG —»H,0+CO+N>

Nowadays Rhodium, Platinum, Palladium serve the @8 3-way catalyst, once the
exhaust heats the converter above°@)Qunwanted molecules bind temporarily to
catalyst and are converted. 95% of HC’s, CO,xN® removed by converter but the
presence of Pb in fuel as lead Halide gets coatedsurface inactivating them. Catalytic
converters have no moving parts, but its limitagiomclude poisoning by lead,
deterioration with time and pressure loss.

Indirect Control measures

Car pool system, eco-friendly fuels, hybrid velsclese of bio fuels, use of alternate
energy such as solar driven, use of unleaded petpohplying to rules and regulation,
frequent periodical emission testing, stringentnmorand enforcement on violation,



Minimizing the use of vehicles by walking for smdiktances, pooling of the vehicles,

switching off the vehicles on red lights, maintamithe vehicles in proper order,

adopting efficient ways of driving, ban on overloay] better design and maintenance of
roads collectively can reduce automobile air pahut

Direct Control measures

The amount of SO2 formed is a function of the suiptontent of the fuel used and
therefore the only effective method of reducing S©Ry reducing the sulphur content of
the fuel. Unfortunately, low-sulphur fuels are maepensive to purchase (10 to 20%
greater cost, when switching from 3.5% to 1% sutpland there is a practical lower

sulphur limit desired as desulphurisation of fwstérs the lubricity of the fuel which can

lead to increase wear on fuel pumps and injectors.

proper operation and maintenance of vehicles

Using catalytic converter for HC’s, CO, NOxgHds

Increasing air-fuel ratio for HC’s, CO and Benzene

Recycling exhaust gas for N(15-25%]

In case of SPM, ensure proper maintenance and tapefaocess, such has change air
filter regularly, change engine oil as per manufemts specification, use moderate

acceleration and avoid slowing of engine atop gear.

The industry may be compelled to manufacture thecles in such a way, i.e. enforcing
the Euro standards, that they produce minimum tzoils.

To maintain the vehicle by its proper servicingn{hg of engine) in such a way that the
exhaust emissions are under control.

Control on the quality of fuel. Use unleaded petrol. Sometimes Kerosene is mixtd w
petrol or diesel (as it is cheaper) than the emnssare more pollutant and are of different
nature.



Unit—7
ACID RAIN

Definition

Normal Rain water pis slightly acidic due to certain concentrationa, dissolved as
rainwater trickles down atmosphere, i.e. £8,0—>HCO>+H"

Acid rain is defined as any type of precipitatioithaa g' that is unusually low or lower
than 5.7. Acid rain was first found in Manchestemgland. In 1852, Robert Angus Smith
found the relationship between acid rain and atiesp pollution. Though acid rain was
discovered in 1852, it wasn't until the late 196 scientists began widely observing
and studying the phenomenon.

Causes

Eruption of volzanic material
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The principal natural phenomena that contribute-pcoducing gases to the atmosphere
are emissions from volcanoes and those from bicddgirocesses that occur on the land,
in wetlands, and in the oceans. The major bioldgsmurce of sulfur containing
compounds is dimethyl sulfide.



The principal cause of acid rain is sulfuric anttagen compounds from human sources,
such as electricity generation, factories and megtricles. Coal power plants are one of
the most polluting. The gases can be carried hdsdog kilometres in the atmosphere

before they are converted to acids and depositctofes used to have short funnels to
let out smoke, but this caused many problems, seo, factories have longer smoke

funnels. The problem with this is those pollutaget carried far off, where it creates

more destruction.

Sulfur dioxide contributes to about seventy percanacid rain while nitrogen oxides
provide the remaining thirty percent. The sourdesutfur in the atmosphere include coal
combustion, smelting, organic decay, and ocearnyspyaproximately ninety percent of
atmospheric sulfur results from human activities.

In the atmosphere, sulfur dioxide combines withewvatapor to form hydrogen sulfite
gas: SQ+ H,0+1/2Q, — H,SO,

Next, hydrogen sulfite reacts with oxygen to foratfric acid, a major component of
acid rain: HSG; + 1/2G, — H,SO4

The sources of nitrogen oxides include the combnsif oil, coal and natural gas, forest
fires, bacterial action in soil, volcanic gaseg] dghting-induced atmospheric reactions.

In the atmosphere, nitrogen monoxide reacts wityger gas to form nitrogen dioxide
gas: NO + 1/2@— NO,

Then, nitrogen dioxide reacts with water vaporhia atmosphere to form hydrogen nitrite
and hydrogen nitrate: 2NG- H,O — HNO, + HNO;

Henceforth, acid rain is a mixture of HN®,SO, + HCI. however conditions needed to
favor formation of these are sunlight, temperathenidity, hydrocarbons, NQ SG..

Effects

Both the lower B and higher aluminum concentrations in surface méiat occur as a
result of acid rain can cause damage to fish aner @tquatic animals. Atplower than 5
most fish eggs will not hatch and lowet? pan kill adult fish. As lakes become more
acidic biodiversity is reduced. Soil biology canderiously damaged by acid rain. Some
tropical microbes can quickly consume acids butothicrobes are unable to tolerate
low p” and are killed.

Acid rain can slow the growth of forests, cause/ésaand needles to turn brown and fall
off and die. In extreme cases trees or whole avéésrest can die. The death of trees is
not usually a direct result of acid rain; oftenwieakens trees and makes them more
susceptible to other threats.

Some scientists have suggested direct links to humealth, but none have been proven.
However, fine particles, a large fraction of whete formed from the same gases as acid



rain (sulfur dioxide and nitrogen dioxide), haveebeshown to cause illness and
premature deaths such as cancer and other deadbséis

Toxic metals released into the environment by aeid may enter water supplies or
accumulate in fish and crops. Acid deposition abistroys statues, headstones,
buildings, and fountains. Limestone structures especially susceptible because they
dissolve easily in acidic solutions.

Acid rain can also cause damage to certain buildwaterials and historical monuments.
Acid rain can cause weathering on ancient and w#uastatues and has caused
considerable damage. This is because the sulfaigcia the rain chemically reacts with
the calcium compounds in the stones (limestoneJstane, marble and granite) to create
gypsum, which then flakes off. Acid rain also cause increased rate of oxidation for
iron.

Control

» Design more efficient automobile engines in orderréduce nitrogen oxide
emissions.

Increase efficiency of power plants that burn doabrder to reduce waste that
contains sulfur dioxide and nitrogen oxide.

Increase penalties on industries that do not niepbHution guidelines.

Increase tax incentives to industries that do rgaetelines.

Use alternative energy sources, Increase fundin@lfernative energy sources;
for example, give tax incentives to buyers of hglwars.

Provide tax incentives to companies that use atem energy sources.

Add CaCaQ (calcium carbonate) to lakes suffering from aagbakition; calcium
carbonate acts as a buffer, resisting a changé' iang lessening the negative
effects of acid rain.
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OZONE DEPLETION

Definition

Ozone layer is an umbrella 24 km [15 miles] fromtlegurface, an essential component
of the stratosphere that absorbs short wavelentjthviolet radiation from the sun,
heating the gases of the stratosphere in the mo®esrid ozone day is celebrated on
Sept, 16 of every year.

Stratospheric ozone is measured in Dobson unitg ji2ithed after G.M.B Dobson who
pioneered the study; [I Dobson unit = 0.01 mm theds of stratospheric ozone],
Average ozone thickness in stratosphere is 300 &When it falls below 200 DU, it's
considered as Ozone hole. It is thinnest aroundtegand thickest near poles.



Stratospheric ozone depletion is the term appl@dhe loss of stratospheric ozone
molecules (@ and the disruption of Oxygen-Ozone concentrateguilibrium in
stratosphere [i.e., when chlorine atoms upset tawiral Q/O; equilibrium in the
stratosphere]. Oxygen molecules interact with titerise solar radiation present at this
elevation to form oxygen atoms. The oxygen atomss thenerated react with other
oxygen molecules to form ozoneg)O

Causes

Ozone depletion is caused by the release of chlmmafcarbons (CFC's) and other
ozone-depleting substances (ODS), which were usddlyvas refrigerants, insulating
foams, and solvents. The discussion below focuseSKCs, but is relevant to all ODS
[NO, NO; (aircraft exhaust), BruUV rays, [O] Atomic oxygen etc].

Although CFCs are heavier than air, they are ewadlytearried into the stratosphere in a
process that can take as long as 2 to 5 years. \WUIk&s reach the stratosphere, the
ultraviolet radiation from the sun causes themreak apart and release chlorine atoms
which react with ozone, starting chemical cyclesobbne destruction that deplete the
ozone layer. One chlorine atom can break apart thare 100,000 ozone molecules.

Other chemicals that damage the ozone layer inclmé¢hyl bromide (used as a

pesticide), halons (used in fire extinguishersy] arethyl chloroform (used as a solvent
in industrial processes). As methyl bromide andihslare broken apart, they release
bromine atoms, which are 40 times more destrudtvezone molecules than chlorine

atoms.

Chapman’s Reaction

O+ =20

0+0; 505 (ozone production)
O3+ UV — O+ Oy (0zone destruction)
O+0,—= 04 {ozone production)
O3 4+0 = O;+0; (ozone destruction)

Ozone Depletion by CFC'’s

CF.Cl, + hv —e CI" + CCIF’
Clm+ O —=ClO” + O,

CIo + O—=ClI" + O,

All above reactions occur in the presence of UVsrayhile the ? set of reactions
governs the oxygen-ozone equilibrium due to its¢maoeity.



Effects

Effect of ozone hole include cataract, genetic mnta constriction of blood vessels,
reduced crop yield, leukemia, breast cancer, darttagep, aqua culture, etc.,

The higher energy UV radiation absorbed by ozoneyeserally accepted to be a
contributory factor to skin cancer. In addition¢crieased surface UV leads to increased
tropospheric ozone, which is a health risk to husnanch as Snow Blindness [photo
keratosis], i.e., inflammation of cornea (outer tawa of eyeball). The most common
forms of skin cancer in humans, basal and squaroelusarcinomas have been strongly
linked to UVB exposure. Another form of skin canaaalignant melanoma, is much less
common but far more dangerous, being lethal in ab6% - 20% of the cases diagnosed.
In India there is no standard for Ozone. However@®&tandard is 100 ppm for 8 hrs —
avg.

Control Measures

The Montreal Protocol, an international agreemégmnesi by 139 nations, banning the
production of CFCs by the year 2000. We can't mak@ugh ozone to replace what's
been destroyed, but provided that we stop producauoge-depleting substances, natural
ozone production reactions should return the ozayer to normal levels by about 2050.

It is very important that the world comply with tiMontreal Protocol; delays in ending

production could result in additional damage andiqg the ozone layer's recovery.

Control mechanism stresses on replacement of thieedlachemical by ammonia, steam,
helium etc.

GREEN HOUSE EFFECT

Introduction

Objects that absorb all radiation upon them aredablackbody" absorbers. The earth is
close to being a black body absorber. Gases, ormttier hand, are selective in their
absorption characteristics. While many gases do absorb radiation at all some

selectively absorb only at certain wavelengths.sehgases that are "selective absorbers
of solar energy are the gases we know as "Greegrldases."

Definition

The greenhouse effect is a phenomenon that ougbte@te a condition in the upper
atmosphere, causing a trapping of excess heat eading to increased surface
temperatures.



Net incoming solar Net outgoing infrared
radiation radiation
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Some solar radiation is
reflected by the earth's
surface and the atmosphere
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solar radiation
343Wm~2
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Some of the infrared
radiation is absorbed
and re-emitted by the
greenhouse gases.
The effect of this is to
warm the surface

and the lower layers
of the atmosphere.

Solar radiation
passes through the
clear atmosphere

Mechanism

The Earth receives energy from the Sun in the fofmadiation. The Earth reflects about
30% of the incident solar flux; the remaining 70% dabsorbed, warming the land,
atmosphere and oceans. The visible solar radidgais the surface, not the atmosphere,
whereas most of the infrared radiation escapinggace is emitted from the upper
atmosphere, not the surface. The infrared photonistesl by the surface are mostly
absorbed by the atmosphere and do not escape lylitectspace. Hence earth’s
greenhouse effect is a natural phenomenon thas helyulates the temperature of our
planet. Simply put, the sun heats the earth andcesointhis heat, rather than escaping
back to space, is trapped in the atmosphere bydslamd greenhouse gases, such as
water vapor and carbon di oxide. If all these gheeise gases were to suddenly
disappear, our planet would be 60° F colder andhabitable.

GREENHOUSE GASSES — SOURCES & SINKS

On Earth, the major natural greenhouse gases ae¥ wapor, which causes about 36—
70% of the greenhouse effect (not including cloudajbon dioxide (Cg), which causes
9-26%; methane (CHl which causes 4-9%; and ozone, which causes 3—7%.

Carbon Dioxide

Sources: Released by the combustion of fossisf(gl, coal, and natural gas), flaring of
natural gas, changes in land use (deforestatiamjrigiand clearing land for agricultural
purposes), and manufacturing of cement.

Sinks: Photosynthesis and deposition to the ocean.

Significance: Accounts for about half of all warmipotential caused by human activity.



Methane

Sources: Landfills, wetlands and bogs, domestgsliock, coal mining, wet rice growing,
natural gas pipeline leaks, biomass burning, amdites.

Sinks: Chemical reactions in the atmosphere.

Significance: Molecule for molecule, methane tréygst 20-30 times more efficiently
than CQ. Within 50 years it could become the most sigaificgreenhouse gas.

Nitrous Oxide [296 times potential than GD

Sources: Burning of coal and wood, as well asmeaifobes’ digestion.

Sinks: Chemical reactions in the atmosphere.

Significance: Long-lasting gas that eventually hemc the stratosphere where it
participates in ozone destruction.

Ozone

Sources: Not emitted directly, ozone is formethm atmosphere through photochemical
reactions involving nitrogen oxides and hydrocarbomnthe presence of sunlight.

Sinks: Deposition to the surface, chemical reastiarthe atmosphere.

Significance: In the troposphere ozone is a patiutdn the stratosphere it absorbs
hazardous ultraviolet radiation.

Chlorofluorocarbons (CFCs)

Sources: Used for many years in refrigerators, matole air conditioners, solvents,
aerosol propellants and insulation.

Sinks: Degradation occurs in the upper atmosphetbeaexpenses of the ozone layer.
One CFC molecule can initiate the destruction ahasy as 100,000 ozone molecules.
Significance: The most powerful of greenhouse gaseaa the atmosphere one molecule
of CFC has about 20,000 times the heat trappingepow a molecule of CO

GLOBAL WARMING - CLIMATE CHANGE

Definition

Global warming is the increase in the average teatpee of the Earth's near-surface air
and oceans in recent decades and its projectethaation.

Impacts
» Consequences may include changes in agricultuesdsyi glacier retreat, reduced

summer stream flows, species extinctions and ise®e& the ranges of disease
vectors.



* The melting of Arctic ice and increased regionaaggpitation can add freshwater
to the oceans, and potentially affect ocean cusrenthe North Atlantic.

» Forest fires could become more frequent.

* Due to the warming; insect outbreaks will increghindisturb large areas of
forest.

* Many Arctic animals, such as polar bears, sealfus@s, and seabirds, rely on
the sea’s biological productivity and on the preseof sea ice, both of which are
highly dependent on climatic conditions.

» Changes in sea surface temperatures or currentd bave a strong effect on
Arctic marine fish stocks, which are an importambd source for the world and
play a vital role in the region’s economy.

» Additional anticipated effects include 18% to 35%cacsample of 1,103 animal
and plant species to be extinct by 2050, baseditomef climate projections.

Control
The world's primary international agreement on catimg global warming is the Kyoto
Protocol, an amendment to the United Nations FraonewConvention on Climate

Change (UNFCCC), negotiated in 1997. The Protoaml rcovers more than 160
countries globally and over 55% of global greenleoges (GHG) emissions.

How to Combat Global Warming

Use Compact Fluorescent Bulbs Change Your AfeiFi

Use Recycled Paper Check Your Water Heater
Use Solar-heated Water Change the AC Filter

Take Shorter Showers Install a Low-Flow Showarth
Buy Products Locally Buy Minimally Packageddss
Buy a Hybrid Car, Bio-fuel driven Buy a Fuel Efent Car,
Carpool When You Can Reduce Garbage

Plant a Tree Buy Organic Food

Replace Old Appliances Use a Push Mower

Unplug Un-Used Electronics Air Dry Your Clothes
Insulate Your Home Switch to Double Pane Wimslo

Bring Cloth Bags to the Market & Turn off Your @puter Whenever Possible



INDOOR AIR POLLUTION

Introduction

The indoor environment represents an important gerevironment in which people
spend a large part of their time each day.

Source

»
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The major sources of indoor air pollution worldwithelude combustion of solid fuels
indoors, tobacco smoking, outdoor air pollutantajssions from construction materials
and furnishings, and improper maintenance of vandih and air conditioning systems.

About half of the world’s population, largely in\wioping countries, relies on traditional
fuels such as biomass (wood, agricultural residunesanimal dung), charcoal and coal as
the primary source of domestic energy.

Use of solid fuels in open or poorly ventilatedve® for cooking and heating exposes an
estimated three billion people to high concentretiof PM and gases that are some 10—
20 times higher than levels commonly found in in&tonal health guidelines (including
the WHO air quality guidelines). Although relatiyatlean sources of household energy
predominate in developed countries, improvementenergy efficiency have led to
homes being relatively airtight, reducing ventdatiand raising indoor pollutant levels.
In such circumstances even minor sources of poftutsuch as gas cookers, new
furnishings, damp conditions, household productsaiurally occurring radon gas, can
lead to significant exposures and recognized hedlétts.



In developing countries, the most significant iséoreindoor air quality is exposure to
pollutants released during combustion of solidgueicluding biomass (wood, dung and
crop residues) or coal (mainly in China), useddooking and heating. The majorities of
households using such fuels are located in po@ wommunities and use inefficient
devices such as earthen or metal stoves in kitchiggisare often poorly ventilated,
resulting in very high exposures.

Sources Outside Building

Contaminated outdoor air
pollen, dust, fungal spores
industrial pollutants
general vehicle exhaust

Emissions from nearby sources

exhaust from vehicles on nearby roads or in parlotgy or garages

loading docks

odors from dumpsters

re-entrained (drawn back into the building) exhawstn the building itself or from
neighboring buildings

unsanitary debris near the outdoor air intake

Soil gas-Radon

leakage from underground fuel tanks

contaminants from previous uses of the site (&gdfills)
pesticides

Equipment-HVAC system

dust or dirt in ductwork or other components

microbiological growth in drip pans, humidifiergyatwork, coils
improper use of biocides, sealants, and/or clearomgpounds
improper venting of combustion products

refrigerant leakage

Non-HVAC equipment

emissions from office equipment (volatile organitnpounds, ozone)
supplies (solvents, toners, ammonia)

emissions from shops, labs, cleaning processes

elevator motors and other mechanical systems

Human Activities

Personal activities
Smoking, cooking
body odor
cosmetic odors



Housekeeping activities

cleaning materials and procedures

emissions from stored supplies or trash

use of deodorizers and fragrances

airborne dust or dirt (e.g., circulated by sweepmng vacuuming)

Maintenance activities

microorganisms in mist from improperly maintainexbling towers
airborne dust or dirt

volatile organic compounds from use of paint, caatkhesives, and other products
pesticides from pest control activities

emissions from stored supplies

Building Components and Furnishings

Locations that produce or collect dust or fibers

textured surfaces such as carpeting, curtainsptnat textiles
open shelving

old or deteriorated furnishings

materials containing damaged asbestos

Impact

Indoor air quality (IAQ) is a term which refers the air quality within and around

buildings and structures, especially as it reldteshe health and comfort of building

occupants. IAQ can be affected by gases (includemdpon monoxide, radon, volatile
organic compounds), particulates, microbial contemis (mould, bacteria) or any mass
or energy stressor that can induce adverse heatititoons.

Sick Building Syndrome, a phenomenon where building occupants experienate ac
health and comfort effects linked to time spenthi@ building. Most of the complainants
report relief soon after leaving the building. Ttwuses of contributing factors to sick
building syndrome are inadequate ventilation & cloaincontamination from indoor and
outdoor sources. Concentrations of indoor pollgare often two to five times higher
than outdoor concentrations. These pollutants cgld bp rapidly indoors to levels much
higher than those usually found outdoors. Thissigeeially true if large amounts of a
pollutant are released indoors. Moreover, "tighteohstruction in newer homes can
prevent pollutants from escaping to the outdoors.

Radon (Rn) gas, a carcinogen, is exuded from thth Ba certain locations and trapped
inside houses.

Building materials including carpeting and plywoemit formaldehyde (H2CO) gas.

Paint and solvents give off volatile organic compds (VOCs) as they dry. Lead paint
can degenerate into dust and be inhaled.



Intentional air pollution is introduced with theeusf air fresheners, incense, and other
scented items.

Controlled wood fires in stoves and fireplaces eald significant amounts of smoke
particulates into the air, inside and out.

Indoor pollution fatalities may be caused by ugpegticides and other chemical sprays
indoors without proper ventilation.

Carbon monoxide (CO) poisoning and fatalities afterocaused by faulty vents and
chimneys, or by the burning of charcoal indoorsta@ift carbon monoxide poisoning can
result even from poorly adjusted pilot lights.

Clothing emits tetrachloroethylene, or other drgariing fluids, for days after dry
cleaning.

Though its use has now been banned in many cosinthie extensive use of asbestos in
industrial and domestic environments in the past le& a potentially very dangerous
material in many localities. Asbestosis is a chromflammatory medical condition
affecting the tissue of the lungs. Sufferers haaseese dyspnea (shortness of breath) and
are at an increased risk regarding several diftayges of lung cancer.

Table 1. Major health-damaging pollutants generated from indoor sources

Pollutant

Major indoor sources

Fine particles

Fuel/tobacco combustion, cleaning operations,
cooking

Carbon monoxide

Fuel/tobacco combustion

Polycyclic aromatic hydrocarbons

Fuel/tobacco combustion, cooking

Nitrogen oxides

Fuel combustion

Sulfur oxides

Coal combustion

Arsenic and fluorine

Coal combustion

Volatile and semi-volatile organic
compounds

Fuel/tobacco combustion, consumer products,
furnishings, construction materials, cooking

Aldehydes Furnishings, construction materials, cooking
Pesticides Consumer products, dust from outside

Asbestos Remodelling/demolition of construction materials
Lead Remodelling/demolition of painted surfaces

Biological pollutants

Damp materials/furnishings, components of climate
control systems, occupants, outdoor air, pets

Radon

Soil under buildings, construction materials

Free radicals and other short-lived,
highly reactive compounds

Indoor chemistry




Biological sources of air pollution are also foumtboors, as gases and airborne
particulates. Pets produce dander, people produsé fdom minute skin flakes and

decomposed hair, dust mites in bedding, carpetith farniture produce enzymes and
micrometre-sized fecal droppings, inhabitants eméthane, mold forms in walls and

generates mycotoxins and spores, air conditionygesns can incubate Legionnaires'
disease and mold, and houseplants, soil and sufirmgirgardens can produce pollen,
dust, and mold.

The presence of many biological agents in the indowironment is due to dampness
and inadequate ventilation. Excess moisture on stlnatl indoor materials leads to
growth of microbes, which subsequently emit spom|s, fragments and volatile
organic compounds into indoor air. Moreover, danggnieitiates chemical or biological
degradation of materials, which also pollutes irrdan

Recent studies estimate that exposure to indogrddiutants associated with household
solid fuel use may be responsible for nearly 1.8ioni excess deaths and about 3% of
the global burden of disease.

Factors governing the indoor air quality problem

Air exchange rate

Indoor rate of removal of pollutants
Outdoor concentration of air pollutant
Infiltration and exfiltration rate.

When there isn't an effective air exchange ratachvis the rate at which outdoor air
replaces indoor air, indoor pollutant levels caoréase. Air exchange rate is managed
through natural and/or mechanical ventilation.

Natural ventilation occurs when air moves througlered doors and windows by wind
or temperature differences. Mechanical ventilaboours when devices such as fans or
air handling systems distribute or move air. A @mopir exchange rate it is vital for
maintaining healthy indoor air.

Control

Source control, filtration and the use of ventdatio dilute contaminants are the primary
methods for improving indoor air quality in mostildings.

Often seen outdoors, indoor plants are the bestralaand economical purifiers available
to combat indoor air pollution.

Properly utilize and maintain air filters and clees
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Unit — 8 (Standards and legislation)

Air Quality and Emission Standards

National Ambient Air Quality Standards

POLLUTANT STANDARD STANDARD
VALLE * TYPE

Carbon Monoxide (CO)

S-hour Aserage D ppm (10 mgfm®) Primary

1-howr Aserage 35 ppm (40 mgfm®) Primary
Nitrogen Dioxide (INO,)

Anmual Anthmetic Mean 0.053 ppm (100 pgim™) Primary & Secondary
Ozone {03}

1-howr Aserage 0.12 ppm (235 ugim™) Primary & Secondary
Lead (Fb)

Quarterly Average 1.5 ughn® Primary & Secondary
Particulate (PM 10)  Pardicles with diamefers of 10 micromefers or less

Anmual Anthmetic Mean 50 ugm® Primary & Secondary

24-howr Aserage 150 ugfm’ Primary & Secondary
Particulate (PM 2.5)  Parficles wilh diamelfers qf 2.5 micromefers or less
Sulfur Dioxide (SO,)

Anmual Anthmetic IMean 0.03 ppm (80 ugm®) Primary

24-howr Asverage 0.14 ppm (365 ugim™) Primary

3-hour Average 0.50 ppm (1300 pgim™) Secondary




EMISSION STANDARD

Emission standards are requirements that set specific limits to the amount of
pollutants that can be released into the environment. Many emissions
standards focus on regulating pollutants released by automobiles (motor
cars) and other powered vehicles but they can also regulate emissions from
industry, power plants, small equipment such as lawn mowers and diesel
generators. Frequent policy aternatives to emissions standards are
technology standards (which mandate Standards generaly regulate the
emissions of nitrogen oxides (NOx), sulfur oxides, particulate matter (PM)
or soot, carbon monoxide (CO), or volatile hydrocarbons (see carbon
dioxide equivalent).

LEGISLATION AND REGULATION
Short title, extent and commencement.
THE AIR (PREVENTION AND CONTROL OF POLLUTION) ACT, 1981

(1) This Act may be called the Air (Prevention and Control of Pollution)
Act, 1981.

(2) It extendsto the whole of India, with effect from 16 May 1981.

(3) It shall come into force on such date as the Central Government may, by
notification in the Official Gazette, appoint.



Definitions.
In this Act, unless the context otherwise requires,-

(@) "air pollutant" means any solid, liquid or gaseous substance 2[(including
noise)] present in the atmosphere in such concentration as may be or tend to
be injurious to human beings or other living creatures or plants or property

or environment;
(b) "air pollution” means the presence in the atmosphere of any air

(c) "approved appliances’ means any equipment or gadget used for the
bringing of any combustible material or for generating or consuming any
fume, gas of particulate matter and approved by the State Board for the
purpose of this Act;

(d) "approved fuel" means any fuel approved by the State Board for the

purposes of this Act;

(e) "automobile" means any vehicle powered either by internal combustion
engine or by any method of generating power to drive such vehicle by

burning fuel;

(h) "chimney" includes any structure with an opening or outlet from or

through which any air pollutant may be emitted,

(i) "control equipment” means any apparatus, device, equipment or system
to control the quality and manner of emission of any ar pollutant and
includes any device used for securing the efficient operation of any
industrial plant;



(j) "emission" means any solid or liquid or gaseous substance coming out of

any chimney, duct or flue or any other outlet;

(k) "industrial plant" means any plant used for any industria or trade
purposes and emitting any air pollutant into the atmosphere;

4[(m) "occupier", in relation to any factory or premises, means the person
who has control over the affairs of the factory or the premises, and includes,
In relation to any substance, the person in possession of the substance;]

Powers and functions of boards

Functions of Central Board.

(1) Subject to the provisons of this Act, and without preudice to the
performance, of its functions under the Water (Prevention and Control of
Pollution) Act, 1L974 (6 of 1974), the main functions of the Central Board
shall be to improve the quality of air and to prevent, control or abate air

pollution in the country.

(2) In particular and without prejudice to the generality of the foregoing
functions, the Central Board may-

(@) advise the Centra Government on any matter concerning the
improvement of the quality of air and the prevention, control or abatement of

air pollution,

(b) plan and cause to be executed a nation-wide programme for the

prevention, control or abatement of air pollution;



(c) co-ordinate the activities of the State and resolve disputes among them;

(d) provide technical assistance and guidance to the State Boards, carry out
and sponsor investigations and research relating to problems of air pollution

and prevention, control or abatement of air pollution;

(e) plan and organise the training of persons engaged or to be engaged in
programmes for the prevention, control or abatement of air pollution on such

terms and conditions as the Central Board may specify;

(f) organise through mass media a comprehensive programme regarding the

prevention, control or abatement of air pollution;

(g) collect, compile and publish technical and statistical data relating to air
pollution and the measures devised for its effective prevention, control or
abatement and prepare manuals, codes or guides relating to prevention,

control or abatement of air pollution;
(h) lay down standards for the quality of air.,

(i) collect and disseminate information in respect of matters relating to air

pollution;
(j) perform such other functions as may be prescribed.

(3) The Central Board may establish or recognise a laboratory or |aboratories
to enable the Central Board to perform its functions under this section

efficiently.



FUNCTIONS OF STATE BOARDS.

(1) subject to the provisions of this Act, and without preudice to the
performance of its functions, if any, under the Water (Prevention and
Control of Pollution) Act, 1974 (Act 6 of 1974), the functions of a State
Board shall be-

(@ to plan a comprehensive programme for the prevention, control or

abatement of air pollution and to secure the execution thereof-,

(b) to advise the State Government on any matter concerning the prevention,

control or abatement of air pollution;
(c) to collect and disseminate information relating to air pollution;

(d) to collaborate with the Centra Board in organising the training of
persons engaged or to be engaged in programmes relating to prevention,
control or abatement of air pollution and to organise mass-education

programme rel ating thereto;

(e) to inspect, at all reasonable times, any control equipment, industrial plant
or manufacturing process and to give, by order, such directions to such
persons as it may consider necessary to take steps for the prevention, control
or abatement of air pollution;

(f) to inspect air pollution control areas at such intervals as it may think
necessary, assess the quality of air therein and take steps for the prevention,

control or abatement of air pollution in such areas,



(g) to lay down, in consultation with the Central Board and having regard to
the standards for the quality of air laid down by the Central Board, standards
for emission of air pollutants into the atmosphere from industrial plants and
automobiles or for the discharge of any air pollutant into the atmosphere

from any other source whatsoever not being a ship or an aircraft:

(h) to advise the State Government with respect to the suitability of any
premises or location for carrying on any industry which is likely to cause air

pollution;

(i) to Perform such other functions as may be prescribed or as may, from
time to time, be entrusted to it by the Centrad Board or the State

Government;

(j) to do such other things and to perform such other acts as it may think
necessary for the proper discharge of its functions and generally for the
purpose of carrying into effect the purposes of this Act.

(2) A State Board may establish or recognise a laboratory or laboratories to

enable the State Board to perform its functions under this section efficiently.
Powers under the Act

Power to declare air pollution control areas

Power to give indructions for ensuring standards for emission from

automobiles.

Power of Board to make application to court for restraining person from

causing air pollution.



Restrictions on use of certain industrial plants.
Power to obtain information.
Power of entry and inspection.
PENALTIES AND PROCEDURE
Penalties for certain acts Whoever-

(@) destroys, pulls down, removes, injures or defaces any pillar, post or stake
fixed in the ground or any notice or other matter put up, incsribed or placed,

by or under the authority of the Board, or

(b) obstructs any person acting under the orders or directions of the Board

from exercising his powers and performing his functions under this Act, or
(c) damages any works or property belonging to the Board, or

(d) fails to furnish to the Board or any officer or other employee of the
Board any information required by the Board or such officer or other

employee for the purpose of this Act, or

(e) fails to intimate the occurrence of the emission of air pollutants into the
atmosphere in excess of the standards laid down by the State Board or the
apprehension of such occurrence, to the State Board and other prescribed

authorities or agencies as required under sub-section (1) of section 23, or

(f) in giving any information which he is required to give under this Act,
makes a statement which is false in any material particular, or



(g) for the purpose of obtaining any consent under section 21, makes a
statement which is false in any material particular shall be punishable with
imprisonment for a term which may extend to three months or with fine

which may extend to 29[ten thousand rupees]| or with both.
Penalty for contravention of provisions of the Act.

Whoever contravenes any of the provisions of this Act or any order or
direction issued thereunder, for which no penalty has been elsewhere
provided in this Act, shall be punishable with imprisonment for a term which
may extend to three months or with fine which may extend to ten thousand
rupees or with both, and in the case of continuing contravention, with an
additional fine which may extend to five thousand, rupees for every day
during which such contravention continues after conviction for the first such

contravention.)
40. Offences by companies.

(1) Where an offence under this Act has been committed by a company,
every person who, a the time the offence was committed, was directly in
charge of, and was responsible to, the company for the conduct of the
business of the company, as well as the company, shall be deemed to be
guilty of the offence and shall be liable to be proceeded against and punished

accordingly:

Provided that nothing contained in this sub-section shall render any such
person liable to any punishment provided in this Act, if he proves that the
offence was committed without his knowledge or that he exercised al due

diligence to prevent the commission of such offence.



AIR POLLUTION INDEX

The Air Pollution Index (APl) is a smple and generdized way to describe
the air quality in. It is calculated from several sets of air pollution data. The
API level is based on the level of 5 atmospheric pollutants, namely sulfur
dioxide (SO2), nitrogen dioxide (NO2), suspended particulates (PM10),
carbon monoxide (CO), and ozone (O3) measured at the monitoring stations.
An air quality index (AQI) is a number used by government agencies to
communicate to the public how polluted the air is currently or how polluted
it is forecast to become. As the AQI increases, an increasingly large
percentage of the population is likely to experience increasingly severe
adverse hedlth effects. Different countries have their own air quality indices
which are not all consistent. Different countries also use different names for
their indices such as Air Quality Health Index, Air Pollution Index and
Pollutant Standards Index.

Air quality is defined as a measure of the condition of air relative to the
requirements of one or more biotic species or to any human need or
purpose.[1] To compute the AQI requires an air pollutant concentration from
a monitor or model. The function used to convert from air pollutant
concentration to AQI varies by pollutant, and is different in different
countries. Air quality index values are divided into ranges, and each range is
assigned a descriptor and a color code. Standardized public health advisories

are associated with each AQI range.



PSI Descriptor General Health Effects

0-50 None

51-100 | Moderate Few or none for the general population

101 - 200 | Unhealthy Mild aggravation of symptoms among susceptible persons
i.e. those with underlying conditions such as chronic heart
or lung aillments; transient symptoms of irritation e.g. eye
irritation, sneezing or coughing in some of the healthy
population.

201-300 | Very Moderate aggravation of symptoms and decreased tolerance

Unhealthy in persons with heart or lung disease; more widespread

symptoms of transient irritation in the healthy population.

301 - 400 | Hazardous Early onset of certain diseasesin addition to significant
aggravation of symptoms in susceptible persons; and
decreased exercise tolerance in healthy persons.

Above Hazardous PSI levels above 400 may be life-threatening to ill and

400 elderly persons. Healthy people may experience adverse

symptoms that affect normal activity.

FMZE5 - RUT 105
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UNIT 1
10CV765 APC

Definition of Air pollution : It is the presence of substances in air in siefficconcentration and
for sufficient time, so as to be, or threaten toifjarious to human, plant or animal life, or to

property, or which reasonably interferes with tbenfortable enjoyment of life and property.

The air Act of Govt. of India (amendment 1987) de$ air pollution as “air pollution means any
solid, liquid or gaseous substances present irathmsphere in such concentrations that may
tend to be injurious to human beings or other Gvioreatures or plants or property or

enjoyment”.

Perkins (1974) defined air pollution as “air pallut means the presence in the outdoor
atmosphere of one or more contaminants such asfdosts, gas, mist, odor, smoke or vapor in
guantities or characteristics and of duration saglo be injurious to human, plant or animal life

or to property or which unreasonably interfereshwite comfortable enjoyment of life and

property.”

Atmosphere can be defined as the thin blanketrafuarounding the earth. The clean dry air has

following average composition:-

Component By volume By weight
Nitrogen 78.084% 75.51%
Oxygen 20.946% 23.15%
Argon 0.934% 1.28%
Carbon dioxide 0.033% 0.046%
Neon 18.180 ppm 12.50 ppm
Helium 5.240 ppm 0.72 ppm
Krypton 1.190 ppm 290 ppm
Xenon 0.087 ppm 0.36 ppm
Nitrous oxide 0.500 ppm 1.50 ppm
Methane 2.0 ppm 1.2 ppm
Hydrogen 0.5 ppm 0.03 ppm
Ozone 0.01 ppm




Definition of Air pollutants : Substances introduces into the air, natural onmaae, in

concentrations detrimental to human, plant or ahiifiea or to property.

Major Classification of Air Pollutants:

1] Primary — Secondary
2] Natural — Manmade
3] Criteria Air Pollutants

4] Physical - chemical - biological

Primary pollutants and secondary pollutants: Primary pollutants are substances that are
directly emitted into the atmosphere from sour€@gnary pollutants are those that are emitted
directly from identifiable sources. Secondary allygants are those that are produced in the air

by the interaction of two or more primary air pédint.

Primary Air pollutants:-

() Fine (less than 1Q0 and coarse (more than 1QGuspended particulate matter
(i) Oxides of sulfur

(iif) Oxides of nitrogen

(iv) Carbon monoxide

(v) Halogens

(vi) Organic compounds

(vil) Radioactive compounds

Secondary Air pollutants:-

(i) Ozone

(i) PAN (peroxi aceyl nitrate)
(iif) Photochemical smog

(iv) Acid mists



Air pollutants arise from both manmade and natpratesses. The ambient air quality may be
defined by the concentration of a set of pollutamtsch may be present in the ambient air we

breathe in. These pollutants may be catletkria pollutants.

Natural Contaminants: Pollen is important natural contaminant becauseit®fpeculiar

properties of irritation and allergy sometimes legdo bronchitis, asthma and dermatitis. Pollen
grains are the male gametophytes of gymnospermaragidsperms and they are discharged into
the atmosphere from plants etc. The air transpgrtdigén grains range mainly between 10 and

50 microns. Manmade refers to any pollutant proddoenfluence or action of humans.

Aerosols: Aerosols refer to the dispersion of solid or Igjarticles of microscopic size in the
air. It can also be defined as a colloidal systarwhich the dispersion medium is gas and the
dispersed phase is solid or liquid. The term agrgsapplicable until it is in suspension and after
settlement due to its own weight or by additionhwitther particles (agglomeration) it is no
longer an air pollutant. The diameter of the adrasay range from 0.01 (or less) micron to 100

micron.

The various aerosols are as follows:-

(i) Dust: Dust is produced by the crushing, grinding anduratsources like windstorms.
Generally the dust particles are over 20 micromliameter. They do not flocculate but settle

under gravity, but smaller particles like 5 micfonm stable suspensions.

(i) Smoke: Smoke is made up of finely divided particles proetli by incomplete combustion.

Generally it consists of carbon particles of seslthan 1.0 micron.

(i) Mists: Mist is a light dispersion of minute water drogleduspended in the atmosphere
ranging from 40 to 400 micron in size.

(iv) Fog: Fog is made up of dispersion of water or ice tiearearth’s surface reducing visibility

to less than 500 m. In natural fog the size ofiplad range from 1.0 to 40 micron.



(v) Fumes: Fumes are solid particles generated by condemséioon the gaseous state after

volatilization from melted substances. Fumes fltateuand sometimes coalesce. Gases:

Following are themain air pollutant gases

(i) Sulphur dioxide: It is a major air pollutant gas produced by thebastion of fuels like coal.
The main source of electricity production is by rng of fossil fuels in India and the whole
world. The sulphur content of the coal varies frbno 4% and fortunately the Indian coal is low

in sulphur content. SO2 is also produced in theathegical operations.

(i) Oxides of nitrogen: Oxides of nitrogen are produced either in the potion of nitric acid or
in the automobile exhausts and as the effluentafgp plants. Out of the seven oxides of
Nitrogen (NO, NO, NG, NOs, N,Os, N>O4, N.Os) only nitric oxide and nitrogen dioxide are

classified as the main pollutants. All the oxidésitrogen are collectively known as NO

(iif) Carbon monoxide: It is produced because of the incomplete combusifocoal and other
petroleum products. It is produced in the exhadsawdomobiles. In the pollution check of

vehicles mainly CO and unburnt hydrocarbons aresoredl.

(iv) Hydrogen sulphide: Hydrogen Sulphide is an obnoxious (bad smelliray. dt is produced
mainly by the anaerobic (in absence of air) decasitipm of organic matter. Other air polluting

sulfur compounds are methyl mercaptan §6H) and dimethyl sulphide (GF5-CH;) etc.

(v) Hydrogen fluoride: It is an important pollutant even in very low centrations. It is

produced in the manufacturing of phosphate feetisz

(vi) Chlorine and hydrogen chloride: It is mixed in the air either from the leakagesirwater
treatment plants or other industries where it isdpced or used. Hydrogen chloride is also
evolved in various industrial chemical processese Thain effect of chlorine is respiratory

irritation which may be fatal.



(vii) Ozone:lt is a desirable gas in the upper layers of atiespas it absorbs the UV radiation
of sunlight. But near the earth surface it is asponous gas. It makes poisonous chemicals by

photochemical reactions.

(viii) Aldehydes: They are produced by the incomplete oxidation ofanfuels and lubricating
oil. They may also be formed because of photoch&méactions. Formaldehydes are irritating
to the eyes.

Classification according to chemical composition:@rganic — inorganic)

1. Sulfur-containing compounds.

2. Nitrogen-containing compounds.
3. Carbon-containing compounds.
4. Halogen-containing compounds.
5. Toxic substances (any of about).
6. Radiative compounds.

Classification according to physical state:

1. Gaseous.
2. Liquid (aqueous).
3. Solid.

Criteria air pollutants are six major pollutants defined by EPA (Enviromtaé Protection
Agency) for which ambient air standards have besnts protect human health and welfare.
These include :

1. Ozone, Q.

2. Carbon monoxide, CO.
3. Sulfur dioxide, S@

4. Nitrogen oxides, N©

5. Lead, Pb.

6. Particulates, PM10.



Pollutant Description Sources Health Effects Welfare Effects
Carbon Colorless, Motor vehicle exhaust, Headaches reduced Contribute to the
Monoxide odorless gas indoor sources include mental alertness, heart formation of smog.
(Co) kerosene or wood attack, cardiovascular

burning stoves.

diseases, impaired fetal
development, and death.

Sulfur Dioxide
(5S02)

Colorless gas that
dissolves in water
vapor to form
acid, and interact
with other gases
and particles 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 (NO2)

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 (03) Gaseous Vehicle exhaust and Eye and throat irritation, Plant and

pollutant when it | certain other fumes. coughing, respiratory tract | ecosystem damage.
is formed in the Formed from other air problems, asthma, lung
troposphere. pollutants in the damage.

presence of sunlight.

Lead (Pb) Metallic element | Metal refineries, lead Anemia, high blood Affects animals
smelters, battery pressure, brain and kidney | and plants, affects
manufacturers, iron and | damage, neurological aquatic
steel producers. disorders, cancer, lowered | ecosystems.

Q.

Particulate Very small Diesel engines, power Eye irritation, asthma, Visibility

Matter (PM) particles of soot, plants, industries, bronchitis, lung damage, impairment,

dust, or other windblown dust, wood cancer, heavy metal atmospheric
matter, including | stoves. poisoning, cardiovascular deposition,

tiny droplets of
liquids.

effects.

aesthetic damage.




Emission Sources

Major Classification of Air Pollution Sources:

1] Based on Origin: Natural and Manmade

While man-made air pollution does present heal#tatds, natural sources of air pollution can be
equally dangerous at times. These sources inclugepicked up by wind erosion, the emission

of methane by livestock, and smoke from wildfirgelcanic eruptions are perhaps the largest
single source of air pollution, natural or man-matiat humans have ever dealt with. These can
produce clouds of abrasive volcanic ash and otlaemtul substances such as chlorine and

sulfur.

2] Based on Position: Stationary and Mobile

The sources of air pollution may be classified tatianary point sources (generally industrial in

origin), diffuse or area sources and mobile sou(eesnly cars and trucks).

3] Based on Aix of Releasddorizontal axis (Roadways traffic)
Vertigakis release (Industrial Stacks)
4] Based on Intensity/frequency of releaseéContinuous release (Industrial Stacks)
Instantaneous release (Roadwayciraf

Stationary Sources

The stationary industrial sources are usually diadgsby process type or sub-type. Thus an oil
refining plant also includes large industrial boslas a sub-type. Small and medium scale plants
such as garment or food processing plants maydedldustrial boilers, a common source of air
pollution. The quality and type of fuel used foreegy production are important determinants of
the air pollution potential of a plant. Each tydeptant or activity generally emits more than one
pollutant, and the pollutant emission rate depedghe fuel type and quality, the design of the
plant (and whether fitted with air pollution cortoevices or not), and the activity rate or output

of the plant.



(i) Point source (power plant stacks)
(ii) Area source (forest fires, open burning)

(i) Line Source (highway vehicle exhausts)

Mobile SourcesRefer mainly to emissions from cars, trucks, misdgsiand buses. The fuel
source may be petrol or diesel, and emissions diecexhaust emissions and fugitive emissions.
Vehicle (mobile) source emissions depend on a nurobéctors, including vehicle size, fuel
type, speed and vehicle technology. Total vehiolessions depend on the vehicle population on

the road at a given time.

Chemical Reactions in the Atmosphere

Substances in the top layer of the geosphere, krasviine lithosphere, tend to become more
reduced over time. Biomass (&b) for example is slowly transformed to substarweeiEh have

no oxygen atoms through a sequence of steps, therhpounds with successively larger
carbon to hydrogen ratios and finally to productgshwa form of pure carbon. However,
atmospheric chemical reactions have the opposfertebn substances, causing an atom to
become more oxidized over time in the atmosphetmo8pheric gases that are found in their
reduced states are oxidized stepwise to form imuibstances that are washed out of the
atmosphere in rainfall. Example, dissolution of espheric hydrogen sulfide by rain to form

sulfate molecule.

H,S + H,0 (rain) — S04

Chemical reactions in the atmosphere can occulaaggase collisions between molecules, on
the surfaces of solid particles or in agueous swiuiin water droplets); predominantly acid-base

reactions. Particles spend short residence tim#henatmosphere. Due to this, reactions that
occur on particle surfaces are of minor importainceost cases. Gas phase reactions dominate

the chemical changes that occur to substance iatthosphere.



The most important single species in atmosphergnisiry is the hydroxyl radical (HO-). This
radical is formed by several reactions. Howeveg, ghimary process is one where an O-H bond
of the water molecule is broken to form a hydrogeam (H-) and a hydroxyl radical (HO-). The
hydrogen atom can then react with another watereocnt¢ to form hydrogen and a second
hydroxyl radical, or with an oxygen molecule (OB)form a second hydroxyl radical and an
oxygen atom. The new oxygen atom can then reabtambther water molecule to form two new

hydroxyl radicals.

H & .
‘o X _w H +HO

H+H0O—» H +HO

O+H20 —» 2 HO

Molecules in the atmosphere are continually mownd colliding with one another, as described
by the kinetic-molecular theory. The atmospheral$® continually illuminated during daylight
hours. As a result, absorption of light energy twaspheric molecules can cause photochemical
reactions, reactions that would not occur at noratalospheric temperatures in the absence of
light. Such reactions play an important role inedetining the composition of the atmosphere

itself and the fate of many chemical species thatrbute to air pollution.

Nitrogen dioxide, NO2, is one of the most photocloaly active species in the atmosphere. The
NO2 molecule is an example of a free radical bezatiscontains an unpaired electron,

represented by a next to its formula. When an NQ@®eoule absorbs a photon of light with

energy, the molecule is raised to a higher eneeggl] it becomes an electronically excited
molecule, designated by an asterisk (*).

by *
'N(_')_,(g) —_— '_\I(,')_,



The excited molecule may quickly re-emit a photédight, or the energy may break an N-O
bond to form a nitrogen monoxide (NO) molecule andoxygen atom (O). Both NO and O are

free radicals, because they have one or more w@tpaiectrons each denoted by a dot.

hn

‘NOY(g) — -NO(g) + -0-(g)

Photodissociation is another mechanism of formatioradicals, in which a molecule absorbs an
ultraviolet photon and produces two free radicats @moducts. Molecular oxygen can

photodissociate to form two oxygen atoms.

by
O,(g) — -0-(g) + -O-(g)

Some free radicals, such as an oxygen atom, redbt amother atom or molecule almost
immediately. Others, such as an NO2 molecule, arguite so reactive and are stable enough to

exist for a somewhat longer time. Most radicalshaghly reactive and short-lived.

Fate of air pollutants in the atmosphere

1] NOy, Hydrocarbons, Ozone, Mist: - Formation of phogroital smog
2] SO, NO: - Formation of Acid Mist / Rain
3] SO, CO, Mist: - Formation of coal induced smog

4] [O], NOx, OH - Formation of Ozone

PHOTO CHEMICAL SMOG

Photochemical smog was first described in the 1980s the chemical reaction of sunlight,

nitrogen oxides and volatile organic compounds ha atmosphere, which leaves airborne



particles and ground-level ozone. This noxious arxiof air pollutants can includes Aldehydes,
Nitrogen oxides, such as nitrogen dioxide, Peroylyaitrates

Tropospheric ozone, Volatile organic compounds Aticof these chemicals are usually highly
reactive and oxidizing. Photochemical smog is abergid to be a problem of modern
industrialization. It is present in all modern egj but it is more common in cities with sunny,

warm, dry climates and a large number of motor eleki Because it travels with the wind, it can
affect sparsely populated areas as well.

VOCs + NOx + sunlight-> photochemical smog

Nitric oxide: NO -3 Nitrogen oxides
Nitrogen dioxide: NO2 =

Photochemical smog
Oxidant

0xidants consisting mainly
ofozone (03

@ PAN

@ Aldehyde
@ Acrolein

To begin the chemical process of photochemical sdewvglopment the following conditions
must occur:

e Sunlight.
e The production of oxides of nitrogen (NOXx).
* The production of volatile organic compounds (VQCs)

» Temperatures greater than 18 degrees Celsius.



Nitrogen oxide is an essential ingredient of phb&nical smog that is produced during the high
temperatures associated with combustion of velsiobgigines. Nitrogen oxide is an essential
ingredient of photochemical smog that is producexdnd the high temperatures associated with

combustion of vehicle’s engines.

Formation

Sunlight can break down nitrogen dioxide back mtcogen oxide.
NO2 + sunlight »»» NO + O

The atomic oxygen formed in the above reaction tieacts with one of the abundant oxygen

molecules producing ozone.
O+ 02 »»» 03

Nitrogen dioxide can also react with radicals prEtlfrom volatile organic compounds in a
series of reactions to form toxic products sucpesxyaceyl nitrates.

NO2 + R »»» products such as PAN

Note the symbol R represents a hydrocarbon (a m@eomposed of carbon, hydrogen and
other atoms) which is primarily created from vd&trganic compounds.

Steps

1) Nitrogen oxides generate oxygen atoms

2) Oxygen atoms form hydroxyl radicals

3) Hydroxyl radicals generate hydrocarbon radicals
4) Hydrocarbon radicals form hydrocarbon peroxides
5) Hydrocarbon peroxides form aldehydes

6) Aldehydes form aldehyde peroxides

7) Aldehyde peroxides form peroxy-acyl-nitrates



Health effects

It can cause eye and nose irritation and it drigstiee protective membranes of the nose and

throat and interferes with the body's ability tghfi infection, increasing susceptibility to illness

COAL INDUCED SMOG

Introduction to Smog

Smog is a recent compound word from "smoke" and",fand was coined by Harold Antoine
des Voeux, a doctor, in 1905. Smog refers to lgchigh concentrations of acids, dry acid-
forming compounds, particulates, or other pollugaint stagnant, stable air. Smog’s form when
emissions are prevented from dispersing by stablsimking air masses. They were very
prevalent in European and North American citiesirduffirst part of 20th Century. London
smog’s were infamous in the 19th and early 20thwes and formed every autumn and winter
due to sulphur emissions from coal burning indastrand domestic fires. The most severe
London smog was on 4-10th December 1952, when badth-pressure conditions trapped coal
smoke in foggy air. The output of smoke was inaedasy the cold weather, due to the large
numbers of domestic fires. Sooty smoke produced#t dady concentrations of black smoke of
5000 mgs/m3 (WHO 24 hr. max limit of 100-150), atally average SO2 levels of 3000-4000
mg/m3 (WHO 24 hr. max limit of 100-150). Sulphuacid droplets resulted in pH estimated as

1.4 to 1.9: as acidic as car battery acid.

HSO +HO- HSO
2 4@ 2

2 4(q)
SO +HO - HSO
2(9) 2 2 3(aq)

Chemistry
These are produced by high outputs of SO2, whiehcanverted to acids on contact with

atmospheric moisture. Usually, sulphurous smog®o atontain elevated concentrations of

suspended soot.



Impacts

Visibility was reduced to 5m at times, and Londarsés had to be guided through the street by
men with lanterns during daylight hours. The snagidd for 5 days, eventually extending over a
50km radius. Approx. 4,000 excess deaths occumseasl rasult of inhaling pollution, mainly old
and sick and those with chest problems. Respiratisgases alone accounted for 59 per cent of
the increase in deaths registered in the week gnils December and 76 per cent in the
following week. Bronchitis and emphysema were thw® ttonditions that stood out in the
coroner’s records as showing the greatest incrézmeliovascular disease accounted for 22 per
cent of the increased number of deaths in the etk and 16 per cent in the week ending 20

December. The disaster ultimately led to the intctishn of the Clean Air Acts.

ACID MIST/ RAIN

Definition

Normal Rain water p is slightly acidic due to certain concentration @0, dissolved as

rainwater trickles down atmosphere,
CO+H,0—-HCO*+H*

Acid rain is defined as any type of precipitatioithna g' that is unusually low or lower than 5.7.
Acid rain was first found in Manchester, England. 1852, Robert Angus Smith found the
relationship between acid rain and atmosphericupoh. Though acid rain was discovered in
1852, it wasn't until the late 1960s that sciestisegan widely observing and studying the

phenomenon.
Causes

The principal natural phenomena that contributel-acoducing gases to the atmosphere are
emissions from volcanoes and those from biologmacesses that occur on the land, in
wetlands, and in the oceans. The major biologicalree of sulfur containing compounds is

dimethyl sulfide.



The principal cause of acid rain is sulfuric antlagen compounds from human sources, such as
electricity generation, factories and motor velscl€oal power plants are one of the most
polluting. The gases can be carried hundreds ofielres in the atmosphere before they are
converted to acids and deposited. Factories usedue short funnels to let out smoke, but this
caused many problems, so now, factories have losgeke funnels. The problem with this is

those pollutants get carried far off, where it tesanore destruction.

Sulfur dioxide contributes to about seventy peradracid rain while nitrogen oxides provide the
remaining thirty percent. The sources of sulfurtie atmosphere include coal combustion,
smelting, organic decay, and ocean spray. Appraeiynaninety percent of atmospheric sulfur
results from human activities.

In the atmosphere, sulfur dioxide combines withevaapor to form hydrogen sulfite gas:
SO, + H,0+1/2Q — HSOy

Next, hydrogen sulfite reacts with oxygen to fomfgric acid, a major component of acid rain:
H,SO; + 1/2Q — H,SO

The sources of nitrogen oxides include the combnsif oil, coal and natural gas, forest fires,
bacterial action in soil, volcanic gases, and liggiinduced atmospheric reactions.

In the atmosphere, nitrogen monoxide reacts wilger gas to form nitrogen dioxide gas:
NO + 1/2Q — NO;

Then, nitrogen dioxide reacts with water vaporhia atmosphere to form hydrogen nitrite and
hydrogen nitrate:

2NO, + H;O — HNO, + HNG;

Henceforth, acid rain is a mixture of HNMH.SO, + HCI. however conditions needed to favor

formation of these are sunlight, temperature, hitjilydrocarbons, NQ SQ.



Effects

Both the lower f and higher aluminum concentrations in surface i@ occur as a result of
acid rain can cause damage to fish and other agaaitinals. At p lower than 5 most fish eggs
will not hatch and lower b can kill adult fish. As lakes become more acidiodiversity is
reduced. Soil biology can be seriously damagedciyrain. Some tropical microbes can quickly

consume acids but other microbes are unable toateléow p' and are killed.

Acid rain can slow the growth of forests, causeésaand needles to turn brown and fall off and
die. In extreme cases trees or whole areas oftfomsdie. The death of trees is not usually a
direct result of acid rain; often it weakens tressl makes them more susceptible to other
threats. Some scientists have suggested direct imkuman health, but none have been proven.
However, fine particles, a large fraction of whiate formed from the same gases as acid rain
(sulfur dioxide and nitrogen dioxide), have beepveh to cause illness and premature deaths

such as cancer and other deadly diseases

Toxic metals released into the environment by aaid may enter water supplies or accumulate
in fish and crops. Acid deposition also destroysuss, headstones, buildings, and fountains.

Limestone structures are especially susceptiblausscthey dissolve easily in acidic solutions.

Acid rain can also cause damage to certain buildagerials and historical monuments. Acid
rain can cause weathering on ancient and valuaéees and has caused considerable damage.
This is because the sulfuric acid in the rain cloaity reacts with the calcium compounds in the
stones (limestone, sandstone, marble and granitefeate gypsum, which then flakes off. Acid

rain also causes an increased rate of oxidatiomdor

Control
» Design more efficient automobile engines in ordereduce nitrogen oxide emissions.
» Increase efficiency of power plants that burn doabrder to reduce waste that contains
sulfur dioxide and nitrogen oxide.

» Increase penalties on industries that do not nepb#ution guidelines.



> Increase tax incentives to industries that do rgaetelines.

» Use alternative energy sources, Increase fundimgaf@rnative energy sources; for
example, give tax incentives to buyers of hybricsca

» Provide tax incentives to companies that use atamm energy sources.

» Add CaCQ (calcium carbonate) to lakes suffering from acidpaksition; calcium
carbonate acts as a buffer, resisting a changé emg lessening the negative effects of

acid rain.

OZONE DEPLETION
Definition

Ozone layer is an umbrella 24 km [15 miles] fromtleagurface, an essential component of the
stratosphere that absorbs short wavelength ultietviadiation from the sun, heating the gases of

the stratosphere in the process. World ozone degiébrated on Sept, 16 of every year.

Stratospheric ozone is measured in Dobson units] [Baimed after G.M.B Dobson who
pioneered the study; [I Dobson unit = 0.01 mm thess of stratospheric ozone], Average ozone
thickness in stratosphere is 300 DU, & when itsfddelow 200 DU, it's considered as Ozone

hole. It is thinnest around equator and thickear peles.

Stratospheric ozone depletion is the term appleethé loss of stratospheric ozone molecules
(O3) and the disruption of Oxygen-Ozone concentragquailibrium in stratosphere [i.e., when

chlorine atoms upset the naturap/@; equilibrium in the stratosphere]. Oxygen molecules
interact with the intense solar radiation presdnth& elevation to form oxygen atoms. The

oxygen atoms thus generated react with other oxygaecules to form ozone D
Causes

Ozone depletion is caused by the release of chlmmafcarbons (CFC's) and other ozone-
depleting substances (ODS), which were used widslyefrigerants, insulating foams, and
solvents. The discussion below focuses on CFCsishielevant to all ODS [NO, N{Xaircraft

exhaust), Br UV rays, [O] Atomic oxygen etc].



Although CFCs are heavier than air, they are ewadlytearried into the stratosphere in a process
that can take as long as 2 to 5 years. When CRH ithe stratosphere, the ultraviolet radiation
from the sun causes them to break apart and retddsane atoms which react with ozone,
starting chemical cycles of ozone destruction tiegtlete the ozone layer. One chlorine atom can
break apart more than 100,000 ozone molecules.

Other chemicals that damage the ozone layer inclodthyl bromide (used as a pesticide),
halons (used in fire extinguishers), and methyloatsform (used as a solvent in industrial
processes). As methyl bromide and halons are brakart, they release bromine atoms, which

are 40 times more destructive to ozone molecules ¢hlorine atoms.

Chapman’s Reaction O, +UW =20

0+0; 505 (ozone production)
O3+ UV — O+ Oy (0zone destruction)
O+0,—= 04 {ozone production)

O3 4+0 = O;+0; (ozone destruction)

Ozone Depletion by CFC'’s

All above reactions occur in the presence of U\srayhile the ¥ set of reactions governs the
oxygen-ozone equilibrium due to its spontaneity.

Effects

Effect of ozone hole include cataract, genetic mta constriction of blood vessels, reduced

crop yield, leukemia, breast cancer, damage to, @gpa culture, etc.,



The higher energy UV radiation absorbed by ozongeiserally accepted to be a contributory
factor to skin cancer. In addition, increased swafblV leads to increased tropospheric ozone,
which is a health risk to humans such as Snow Bbsd [photo keratosis], i.e., inflammation of
cornea (outer coating of eyeball). The most comfoeoms of skin cancer in humans, basal and
squamous cell carcinomas have been strongly linkedVB exposure. Another form of skin
cancer, malignant melanoma, is much less commofabuatore dangerous, being lethal in about
15% - 20% of the cases diagnosed. In India themoistandard for Ozone. However WHO
standard is 100 ppm for 8 hrs. — avg.

Control Measures

The Montreal Protocol, an international agreemeignex by 139 nations, banning the
production of CFCs by the year 2000. We can't makeugh ozone to replace what's been
destroyed, but provided that we stop producing ezepleting substances, natural ozone
production reactions should return the ozone lagemormal levels by about 2050. It is very
important that the world comply with the Montreab#®col; delays in ending production could
result in additional damage and prolong the ozawyerls recovery. Control mechanism stresses
on replacement of the banned chemical by ammot@ans helium etc.
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Effects of air pollution On Human Health

Exposure to air pollution is associated with nurosrceffects on human health,
including pulmonary, cardiac, vascular, and newgigla impairments. The health
effects vary greatly from person to person. Higik-groups such as the elderly, infants,
pregnant women, and sufferers from chronic head Amg diseases are more
susceptible to air pollution. Children are at geeaisk because they are generally more

active outdoors and their lungs are still develgpin

Exposure to air pollution can cause both acuter{dbom) and chronic (long-term)

health effects. Acute effects are usually immedzaté often reversible when exposure
to the pollutant ends. Some acute health effectisidie eye irritation, headaches, and
nausea. Chronic effects are usually not immediatetand not to be reversible when
exposure to the pollutant ends. Some chronic hesffbcts include decreased lung

capacity and lung cancer resulting from long-texposure to toxic air pollutants.

The scientific techniques for assessing health atgp@f air pollution include air
pollutant monitoring, exposure assessment, dosymnaikicology, and epidemiology.
Although in humans pollutants can affect the skiygs and other body systems, they
affect primarily the respiratory system. Air is atieed in through the nose, which acts
as the primary filtering system of the body. Thealinmairs and the warm, humid
conditions in the nose effectively remove the largellutant particles. Both gaseous
and particulate air pollutants can have negatitectf on the lungs. Solid particles can
settle on the walls of the trachea, bronchi, arahthioles. Most of these particles are
removed from the lungs through the cleansing (swegmction of "cilia”, small hair

like outgrowths of cells, located on the walls foé tungs



Gaseous air pollutants may also affect the funaticthe lungs by slowing the action of

the cilia. Continuous breathing of polluted air cdow the normal cleansing action of

the lungs and result in more particles reachinddiver portions of the lung.

The table summarizes the sources, health and weadféects for the Criteria Pollutants.

Pollutant Description | Sources Health Effects Ifdfe
Effects
Carbon Monoxide Colorless, Motor vehicle | Headaches Contribute to
(CO) odorless gas| exhaust, indoor reduced mental the formation
sources alertness, heart of smog.
include attack,
kerosene or | cardiovascular
wood burning | diseases,

stoves.

impaired fetal
development,

and death.

Sulfur Dioxide Colorless Coal-fired Eye irritation, | Contribute to

(S02) gas that power plants, | wheezing, the formation
dissolves in | petroleum chest tightness, of acid rain,
water vapor | refineries, shortness of | visibility
to form acid, | manufacture of breath, lung impairment,
and interact | sulfuric acid damage. plant and water
with other and smelting damage,
gases and | of ores aesthetic
particles in | containing damage.
the air. sulfur.

Nitrogen Dioxide Reddish Motor Susceptibility | Contribute to

(NO2) brown, vehicles, to respiratory | the formation
highly electric infections, of smog, acid
reactive gas.| utilities, and irritation of the | rain, water

other lung and quality

industrial, respiratory deterioration,

commercial, | symptoms global

and residential| (e.g., cough, | warming, and

sources that | chest pain, visibility

burn fuels. difficulty impairment.
breathing).

Ozone (03) Gaseous | Vehicle Eye and throat Plant and
pollutant exhaust and | irritation, ecosystem
when it is certain other | coughing, damage.
formed in fumes. respiratory
the Formed from | tract problems,
troposphere.| other air asthma, lung




pollutants in | damage.
the presence of
sunlight.
Lead (Pb) Metallic Metal Anemia, high | Affects
element refineries, lead| blood pressure, animals and
smelters, brain and plants, affects
battery kidney aquatic
manufacturers, damage, ecosystems.
iron and steel | neurological
producers. disorders,
cancer,
lowered 1Q.
Particulate Matter | Very small | Diesel Eye irritation, | Visibility
(PM) particles of | engines, power asthma, impairment,
soot, dust, on plants, bronchitis, atmospheric
other matter,| industries, lung damage, | deposition,
including windblown cancer, heavy | aesthetic
tiny droplets | dust, wood metal damage.
of liquids. stoves. poisoning,

cardiovascular

effects.

Effects of air pollution On Plants

The effects of pollution on plants include mottediage, “burning” at leaf tips or margins, twig

dieback, stunted growth, premature leaf drop, delapaturity, abortion or early drop of blossoms,

and reduced yield or quality.

In general, the visible injury to plants is of taréypes: (1) collapse of leaf tissue with the

development of necrotic patterns, (2) yellowingtirer color changes, and (3) alterations in growth
or premature loss of foliage. Injury from air poitun can be confused with the symptoms caused by
fungi, bacteria, viruses, nematodes, insects, traral deficiencies and toxicities, and the adverse

effects of temperature, wind, and water.

Factors that govern the extent of damage and tierrevhere air pollution is a problem are (1) type

and concentration of pollutants, (2) distance frima source, (3) length of exposure, and (4)

meteorological conditions.




Effects of air pollution On Materials

(i) Abrasion (loss of material by wind with coargarticles).

(i) Corrosion (acidic effect of rain water).

(iif) Deposition and removal (adhering substancé® ISPM and removal of
material by rusting.

(iv) Direct chemical attack (effect of gases likeZ.

(v) Indirect chemical attack (action of acid orfiisnes on stones like marble,

corrosion of reinforcement due to diffusidrgases in RCC).

MAJOR ENVIRONMENTAL AIR POLLUTION EPISODES

London Smog
Introduction to Smog

Smog is a recent compound word from "smoke" angd",fand was coined by Harold
Antoine des Voeux, a doctor, in 1905. Smog referdotally high concentrations of
acids, dry acid-forming compounds, particulatespthrer pollutants in stagnant, stable
air. Smog’s form when emissions are prevented fdispersing by stable or sinking air

masses.

Introduction to London Smog

They were very prevalent in European and North Acaercities during first part of 20th
Century. London smog’s were infamous in the 19tth early 20th centuries and formed
every autumn and winter due to sulphur emissionsfcoal burning industries and
domestic fires. The most severe London smog wak tth December 1952, when cold,
high-pressure conditions trapped coal smoke in yogg. The output of smoke was
increased by the cold weather, due to the largebewnof domestic fires. Sooty smoke
produced peak daily concentrations of black smdkB080 mgs/m3 (WHO 24 hr max
limit of 100-150), and daily average SO2 levels3600-4000 mg/m3 (WHO 24 hr max
limit of 100-150). Sulphuric acid droplets resuliachH estimated as 1.4 to 1.9: as acidic
as car battery acid.



HSO +HO- HSO
2 4(g) 2 2 4(aq)

SO +HO - HSO
2(g) 2 () 2 3(ag)

Chemistry

These are produced by high outputs of SO2, whietcanverted to acids on contact with
atmospheric moisture. Usually, sulphurous smogse alontain elevated concentrations
of suspended soot.

Impacts

Visibility was reduced to 5m at times, and Londarsds had to be guided through the
street by men with lanterns during daylight hoditse smog lasted for 5 days, eventually
extending over a 50km radius. Approx. 4,000 exassths occurred as a result of
inhaling pollution, mainly old and sick and thosethwchest problems. Respiratory
diseases alone accounted for 59 per cent of thheare in deaths registered in the week
ending 13 December and 76 per cent in the followiegk. Bronchitis and emphysema
were the two conditions that stood out in the ceranrecords as showing the greatest
increase. Cardiovascular disease accounted foreeZgnt of the increased number of
deaths in the first week and 16 per cent in thekwereding 20 December. The disaster

ultimately led to the introduction of the Clean Aicts.

Bhopal Gas Tragedy

INTRODUCTION

The Bhopal gas tragedy was a gas leak incidenndmaland, considered one of the
world's worst industrial disasters. It occurred tie night of 2° and dawn of 3rd
December 1984 at the Union Carbide India Limited(J pesticide plant in Bhopal,
Madhya Pradesh, India. UCIL was the Indian subsyded Union Carbide Corporation.
The plant manufactured Sevin Carbide, among otlestiggdes. MIC was one of the

chemicals processed for the prime reactions.



ACCIDENT

Even before the December 1984 incident, numeroaglents had fore-warned of an
oncoming disaster. During the incident, most of shfety systems were not functioning.
Many valves and lines were in poor condition. T&@kK contained 42 tons of MIC, much
more than what safety rules allowed. During thehtsgf 2—3 December, a large amount
of water is claimed to have entered tank 610. Aaway reaction started, which was
accelerated by contaminants, high temperatureotrat factors. The reaction generated
a major increase in the temperature inside the targver 200 °C (400 °F). This forced
the emergency venting of pressure from the MIC ingldank, releasing a large volume
of toxic gases. The reaction was sped up by theepe of iron from corroding non-
stainless steel pipelines. Workers cleaned pipglimigh water and claim they were not
told to isolate the tank with a pipe slip-blind fgla Owing of this, and the poor

maintenance, the workers consider that water niigté accidentally entered the tank.

IMPACT

A leak of methyl iso-cyanate gas and other chemidam the plant resulted in the
exposure of hundreds of thousands of people. Ti@abimmediate death toll was 2,259
and the government of Madhya Pradesh has confianethl of 3,787 deaths related to
the gas release. Others estimate 8,000 died wittorweeks and another 8,000 or more
have since died from gas-related diseases. When pas at its peak at major hospitals
of the city, the patients could be graded symptaraly into four categories: (i) Minor
eye ailments, throat irritation and cough, (ii) &ev conjunctivitis, Kkeratitis, acute
bronchitis and drowsiness, (iii) Severe pulmonaegema leading to cardio-respiratory
distress, and (iv) Convulsions, followed by cardegpiratory arrest. Intense fatigue and
muscular weakness was another common feature. &idilcriminal cases are pending in
the United States District Court, Manhattan and Ehstrict Court of Bhopal, India,
involving UCC, UCIL employees.

Passing of THE ENVIRONMENTAL PROTECTION ACT, 1986nch PUBLIC
LIABILITY INSURANCE ACT, 1986



Los Angeles Smog

INTRODUCTION

Photochemical smog was first described in the 1980& the chemical reaction of
sunlight, nitrogen oxides and volatile organic comonpds in the atmosphere, which
leaves airborne particles and ground-level ozotés moxious mixture of air pollutants
can includes Aldehydes, Nitrogen oxides, such egen dioxide, Peroxyacyl nitrates
Tropospheric ozone, Volatile organic compounds Alicof these chemicals are usually
highly reactive and oxidizing.

Photochemical smog is considered to be a problemmadern industrialization. It is
present in all modern cities, but it is more comnmorcities with sunny, warm, dry
climates and a large number of motor vehicles. Beeat travels with the wind, it can
affect sparsely populated areas as well.

VOCs + NOx + sunlight-> photochemical smog

Nitric oxide: NO -3 Nitrogen oxides
Nitrogen dioxide: NO2 =

Photochemical smog
Oxidant

0xidants consisting mainly
ofozone (03
@ PAN

555 [wcose || [ oarocarbon P
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To begin the chemical process of photochemical sdevglopment the following
conditions must occur:

e Sunlight.

» The production of oxides of nitrogen (NOx).

e The production of volatile organic compounds (VQCs)
» Temperatures greater than 18 degrees Celsius.



Nitrogen oxide is an essential ingredient of phb&nical smog that is produced during
the high temperatures associated with combustiaeloicle’s engines. Nitrogen oxide is
an essential ingredient of photochemical smog tisatproduced during the high
temperatures associated with combustion of velsi@agines.
Formation
Sunlight can break down nitrogen dioxide back mtcogen oxide.

NO2 + sunlight »»» NO + O

The atomic oxygen formed in the above reaction teacts with one of the abundant
oxygen molecules producing ozone.

O+ 02 »»» 03

Nitrogen dioxide can also react with radicals pr@tlifrom volatile organic compounds
in a series of reactions to form toxic productshsas peroxyacetyl nitrates.

NO2 + R »»» products such as PAN

Note the symbol R represents a hydrocarbon (a m@@omposed of carbon, hydrogen
and other atoms) which is primarily created fronfatite organic compounds.

Steps

1) Nitrogen oxides generate oxygen atoms

2) Oxygen atoms form hydroxyl radicals

3) Hydroxyl radicals generate hydrocarbon radicals
4) Hydrocarbon radicals form hydrocarbon peroxides
5) Hydrocarbon peroxides form aldehydes

6) Aldehydes form aldehyde peroxides

7) Aldehyde peroxides form peroxy-acyl-nitrates

Health effects

It can cause eye and nose irritation and it drigstlee protective membranes of the nose
and throat and interferes with the body's ability fight infection, increasing
susceptibility to illness.



Chapter 3
Air Pollution and M eteor ology

The science of meteorology has great bearing opadiuition. An air pollution problem involves
three parts: the source, the movement of the @oituand the recipient. All meteorological
phenomena are a result of interaction of the eléamheproperties of the atmosphere, heat,
pressure, wind and moisture.

Wind

Wind is simply air in motion. On global or macrokcavind patterns are set up due to unequal
heating of earth surface by solar radiation atefjeator and the polar regions, rotation of the
earth and the difference between conductive capaaif land and ocean masses. Secondary or
mesoscale circulation patterns develop becausheofdgional or local topography. Mountain
ranges, cloud cover, waterbodies, deserts, foresfadtc., influence wind patterns on scales of a
few hundred kilometers. Accordingly a pattern ofnaviis setup, some seasonal and some
permanent. Microscale phenomenon occurs over afdass than 10 km extent. Standard wind
patterns may deviate markedly due to varying iwdil effects of the earth surface, such as,
rural open land, irregular topography and urbarettgment, effect of radiant heat from deserts
and cities, effect of lakes, etc. The movementinétthe mesoscale and microscale levels is of
concern in control of air pollution. A study of aimtovement over relatively small geographical
regions can help in understanding the movemenoblidtants.

It is obviously important in predicting pollutanisdersion to know the direction of wind. The
wind direction and speed data may be collectedyelveur in a month and classified according
to speed and direction. It is then summarized enfdrm of a polar diagram callednd rose.
Figure shows a hypothetical wind rose. The positibrthe spokes show the direction from
which the wind was blowing, the length of varioegments of the spokes show the percent of
time the wind was of the designated speed. Thus the diagram, most often (12% of time) the
wind was from SE; the strongest wind (9-11 m/s) fwaist NW and NNW.

Wind speed (mph

0-3 4-7 B-1213-18 19-24

I mportance of wind rosein air pollution studies

A wind rose is a graphic tool used by meteorolagist
give a succinct view of how wind speed and directoe M
typically distributed at a particular location. dssists in S
city planning and siting of industries.
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An anemometer is a device for measuring wind spaed,is a
common weather station instrumenAnemometers can be
divided into two classes: those that measure tine'sispeed, anc ¥
those that measure the wind's pressure; but as thea close ;
connection between the pressure and the speedesmoaeter
designed for one will give information about bathsimple type
of anemometer, consistS of four hemispherical caash
mounted on one end of four horizontal arms, whickurn were
mounted at equal angles to each other on a vesdiedt. The air
flow past the cups in any horizontal direction tdrihe cups in a
manner that was proportional to the wind speed.réfbee,
counting the turns of the cups over a set timeopigoroduced the
average wind speed for a wide range of speeds. ©@n
anemometer with four cups it is easy to see thatesthe cups
are arranged symmetrically on the end of the arimes,wind
always has the hollow of one cup presented todtiarblowing
on the back of the cup on the opposite end of thgsc
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A weather vane (or weathercock) is an instrumensfmwing the direction of the wind . They

are typically used as an architectural ornamettieéchighest point of a building. Although partly

functional, weather vanes are generally decoratofeen featuring the traditional cockerel

design with letters indicating the points of thengass. Other common motifs include ships,
arrows and horses.

The design of a wind vane is such that the weighevienly distributed on each side of the
surface, but the surface area is unequally dividedhat the pointer can move freely on its axis.
The side with the larger surface area is blown afsay the wind direction, so that the smaller
side, with the pointer, is pivoted to face the walickction. Most wind vanes have directional
markers beneath the arrow, aligned with the gedugcagrections.

Wind vanes, especially those with fanciful shapksnot always show the real direction of a
very gentle wind. This is because the figures dbauhieve the necessary design balance: an
unequal surface area but balanced in weight. Taimlain accurate reading, the wind vane must
be located well above the ground and away fromdngk, trees, and other objects which
interfere with the true wind direction. Changingndi direction can be meaningful when
coordinated with other apparent sky conditions,béng the user to make simple short range
forecasts. From the street level the size of masgthercocks is deceptive.



The mean wind speed variation with altitude isglanetary boundary layer can be represented
by a simple empirical power.

Where: U is the wind at altitude Z

Uy is the wind speed at altitude Z,

& The exponent varies between 0.14 and 0.5 depending
on the roughness of the ground surface as well as on
the temperature stability of the atm.

o = 0.25 for unstable atmosphere

= (.5 for stable condition

Urban Heat | dands
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Urbanization negatively impacts the environmentntyaby the production of pollution, the
modification of the physical and chemical propextid the atmosphere, and the covering of the
soil surface. Considered to be a cumulative efdéetl these impacts is the UHI, defined as the
rise in temperature of any man-made area, resuiltirg well-defined, distinct "warm island"
among the "cool sea" represented by the lower temtyre of the area’s nearby natural
landscape.

Though heat islands may form on any rural or urbega, and at any spatial scale, cities are
favoured, since their surfaces are prone to rellzge quantities of heat. Nonetheless, the UHI
negatively impacts not only residents of urbanteglaenvirons, but also humans and their
associated ecosystems located far away from cltidact, UHIs have been indirectly related to
climate change due to their contribution to theegtemuse effect, and therefore, to global
warming.

It is well-known that the progressive replacemeinnhatural surfaces by builtsurfaces, through
urbanization, constitutes the main cause of UHinfation. Natural surfaces are often composed
of vegetation and moisture-trapping soils. Themfohey utilize a relatively large proportion of
the absorbed radiation in the evapotranspiratioacgss and release water vapour that
contributes to cool the air in their vicinity. lromtrast, built surfaces are composed of a high
percentage of non-reflective and water-resistamisitaction materials. As consequence, they
tend to absorb a significant proportion of the decit radiation, which is released as heat.



Vegetation intercepts radiation and produces sliaaiealso contributes to reduce urban heat
release. The decrease and fragmentation of largetated areas such as parks, not only reduces
these benefits, but also inhibits atmospheric ogotiue to horizontal air circulation generated
by the temperature gradient between vegetated drahized areas (i.e. advection), which is
known as the park cool island effect. On the otieend, the narrow arrangement of buildings
along the city’s streets form urban canyons thiaibin the escape of the reflected radiation from
most of the three-dimensional urban surface toespé@bis radiation is ultimately absorbed by
the building walls (i.e. reduced sky view factothus enhancing the urban heat release.
Additional factors such as the scattered and ethitidiation from atmospheric pollutants to the
urban area, the production of waste heat fromandtioning and refrigeration systems, as well
from industrial processes and motorized vehicutaffit (i.e. anthropogenic heat), and the
obstruction of rural air flows by the windward facé the built-up surfaces, have been
recognized as additional causes of the UHI effect

As it would be expected, the characteristic indlova towards warming of urban surfaces is
exacerbated during hot days and heat waves, wileictiorces the air temperature increase,
particularly in ill-ventilated outdoor spaces omén spaces of residential and commercial
buildings with poor thermal isolation. This increaghe overall energy consumption for cooling
(i.e. refrigeration and air-conditioning), hencergasing the energy production by power plants,
which leads to higher emissions of heat-trappirgeghouse gases such as carbon dioxide, as
well as other pollutants such as sulfur dioxidetboa monoxide and particulate matter.
Furthermore, the increased energy demand meansaosi®to citizens and goverments, which
in large metropolitan areas may induce significgdnomic impacts. On the other hand, UHIs
promote high air temperatures that contribute tom&dion of ozone precursors, which combined
photochemically produce ground level ozone.

A direct relationship has been found between UHk#ngity peaks and heat-related illness and
fatalities, due to the incidence of thermal discomnfon the human cardiovascular and
respiratory systems. Heatstroke, heat exhaustemat, syncope,and heat cramps, are some of the
main stress events, while a wide number of diseas®gs become worse, particularly in the
elderly and children. In a similar way, respirataryd lung diseases have shown to be related to
high ozone levels induced by heat events. Othereonelogical impacts of the UHI are
associated with reductions in snowfall frecuena@ed intensities, as well as reductions in the
diurnal and seasonal range of freezing temperatlwastly, high temperatures may produce
physiological and phenological disturbances oraorental plants and urban forests.

There are two main UHI reduction strategies: fitst,increase surface reflectivity (i.e. high
albedo), in order to reduce radiation absorptionudfan surfaces, and second, to increase
vegetation cover, mainly in the form of urban fdseand parks, in order to maximize the
multiple vegetation benefits in controlling the t@enature rises. Reflective surfaces simply
results from light colored or white paint on thefage of a given construction material or from
cover the construction material surface with a ehitembrane. Both techniques have been
mainly applied on roofs and pavements. Cool rooésspecially important in commercial and
residential buildings, where significant energy @ewh for cooling can be saved by reducing
heat gain to the building. Cool pavements have ipdiased on the use of whitened asphalt
roads, a very warm material.

Urban Dust Domes

Urban dust domes are a meteorological phenomenowhich soot, dust, and chemical

emissions become trapped in the air above urbarespdhis trapping is a product of local air
circulations. Calm surface winds are drawn to urbanters, they then rise above the city and
descend slowly on the periphery of the develope®.cbhis cycle is often a cause of smog



through photochemical reactions that occur wheongticoncentrations of the pollutants in this
cycle are exposed to solar radiation. These arereselt of urban heat islands: pollutants
concentrate in a dust dome because convectionplifiifsitants into the air, where they remain
because of somewhat stable air masses producée loylian heat island.

Atmospheric Stability

The ability of the atmosphere to disperse the patits emitted in to it depends to a large extent
on the degree of stability. A comparison of theabditic lapse rate with the environmental lapse
rate gives an idea of stability of the atmosph@/ben the environmental lapse rate and the dry
adiabatic lapse rate are exactly the same, a gapgrcel of air will have the same pressure and
temperature and the density of the surroundingsaamdd experience no buoyant force. Such
atmosphere is said to be neutrally stable whels@ated mass of air neither tends to return to
its original position nor tends to continue itspliEEcement

Lapserate

As a parcel of air rises in the earth's atmospitezgperiences lower and lower pressure from
the surrounding air molecules, and thus it expardss expansion lowers its temperature.
Ideally, if it does not absorb heat from its surrdings and it does not contain any moisture, it
cools at a rate of 1°C/100 m rise. This is knowdrgsadiabatic |lapse rate.

If the parcel moves down it warms up at the sartee Feor a particular place at a particular time,
the existing temperature can be determined by sgndip a balloon equipped with a
thermometer. The balloon moves through the air,ratdvith it. The temperature profile of the
air, which the balloon measures, is called ahiient lapse rate, environmental lapse rate, or
theprevailing lapse rate.

A super-adiabatic lapse rate also called a strapgd rate occurs when the atmosphere
temperature drops more than 1°C/100m. A sub-adeabate also called weak lapse rate, is
characterized by drop of less than 1°C/100 m. Aigpease of weak lapse rate is the inversion,
a condition which has warmer layer above colder air

Dry adiabatic
lapse rate

e Actual {environmental ) lapse rates

. Sub adiabatic
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During super-adiabatic lapse rate the atmosphemditions are unstable. If a parcel of air at
500m elevation, at 20°C is pushed upward to 100Gntemperature will come down to 15°C

(according to adiabatic lapse rate). The prevaitergperature is however 10°C at 1000m. The
parcel of air will be surrounded by colder air @ahdrefore will keep moving up.



Similarly if the parcel is displaced downwardswitl become colder than its surroundings and
therefore will move down. Super-adiabatic condisi@ne thus unstable, characterized by a great
deal of vertical air movement and turbulence. Thb-adiabatic condition shown in is by
contrast a very stable system. Consider again @baf air at 500 m elevation at 20°C. If the
parcel is displaced to 1000 m it will cool by 5% 1¥5°C. But the surrounding air would be
warmer. It will therefore fall back to its point ofigin. Similarly if a parcel of air at 500 m is
pushed down, it will become warmer than its surchng and therefore will rise back to its
original position. Thus such systems are charasdry very limited vertical mixing.

Inversion

An inversion is an extreme sub-adiabatic conditimg thus the vertical air movement within
the inversion is almost nill. The two most commondkof inversion aresubsidence inversion
andradiation inversion. The base of the subsidence inversion lies somargistabove earth's
surface. This type of inversion is formed due t@bdtic compression and warming of sinking
air mass to a lower altitude in the region of ahhgyessure center. In the case of radiation
inversion, the surface layers of the atmospherénguthe day receive heat by conduction,
convection and radiation from the earth's surfaw ae warmed. This results in a temperature
profile in the lower atmosphere, which is represdrty a negative temperature gradient. On a
clear night, the ground surface radiates heat aiakky cools. The air layer adjacent to the earth
surface are cooled to a temperature below thdiefayers of air at higher elevations. This type
of the inversion is strongest just before daylightn it may extend to 500 m. It breaks up as the
morning sun heats the ground.
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FIGURE 4 ILLUSTRATIONS OF SUBSIDENCE AND RADIATION INVERSIONS.

Maximum mixing depth

The dispersion of pollutants in the lower atmosphier greatly aided by the convective and
turbulent mixing that takes place. The verticaleextto which this mixing takes place depends
on the environmental lapse rate which varies dilyn&rom season to season and is also
affected by topographical features. The depth efdbnvective mixing layer in which vertical
movement of pollutants is possible, is called thaximum mixing depth (MMD). Figure
illustrates these MMDs for different lapse ratefipes.

These profiles are usually measured at night oly dar the morning. An air parcel at a
temperature (maximum surface temperature for thatmowvarmer than the existing ground
level temperature rises and cools according to badiia lapse rate. The level where its
temperature becomes equal to the surrounding e@sgihe MMD value. Urban air pollution
episodes are known to occur when MMD is 1500 ness.|



MMD

FIGURE § Maxium MIXING DEPTH (MMD) UNDER VARIOUS ATMOSPHERIC CONDITIONS,
{ ADIABATIC PROFILE ——-—, ENVIRONMENTAL PROFILE— ).

Plume Dispersion

Gases that are emitted from stacks are often pusineoly fans. As the turbulent exhaust
gases exit the stack they mix with ambient airsThixing of ambient air into the plume

is called entrainment. As the plume entrains & ity the plume diameter grows as it
travels downwind. These gases have momentum aseihtey the atmosphere. Often
these gases are heated and are warmer than thmooaid In these cases the emitted
gases are less dense than the outside air andesedare buoyant. A combination of the
gases' momentum and buoyancy causes the gasss.tohis is referred to as plume rise
and allows air pollutants emitted in this gas stréa be lofted higher in the atmosphere.
Since the plume is higher in the atmosphere aralfatther distance from the ground,

the plume will disperse more before it reaches gaddevel.

pmm—
e, i

Ah = Plume rise

The final height of the plume, referred to as tHeative stack height (H), is the sum of

the physical stack height (hs) and the plume rd®.(Plume rise is actually calculated
as the distance to the imaginary centerline opthene rather than to the upper or lower
edge of the plume (Figure 6-1). Plume rise depends the stack's physical
characteristics and on the effluent's (stack gdsracteristics. The difference in
temperature between the stack gas (Ts) and amhier{fa) determines the plume
density which affects plume rise. Also, the velpaitf the stack gases which is a
function of the stack diameter and the volumettmwf rate of the exhaust gases
determines the plume’s momentum.



The Gaussian plume model

The present tendency is to interpret dispersioa saterms of the Gaussian model. The
standard deviations are related to the eddy difftiss.

[ 1]

Piwma dispersion coordnate sysem, showing Gaussian dstrivutions in
the hosizontal and verfical directions [Tumear, 1970

Ground level concentration

In this case Z=0
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Dispersion characteristics of stack plumes

Dispersion is the process of spreading out poltugmission over a large area and thus
reducing their concentration. Wind speed and enwmental lapse rates directly
influence the dispersion pattern.

Coning

A coning plume, shown in, occurs under essentially neutrbikty, when
environmental lapse rate is equal to adiabaticdlapte, and moderate to strong winds
occur. The plume enlarges in the shape of a conmajfor part of pollution may be
carried fairly far downwind before reaching ground.

L ooping

Under super-adiabatic condition, both upward andrdeard movement of the plume is
possible. Large eddies of a strong wind caudeoping pattern. Although the large
eddies tend to disperse pollutants over a wideorediigh ground level concentrations
may occur close to the stack.



Fanning

A fanning plume occurs in the presence of a negative lapeentaen vertical dispersion
is restricted. The pollutants disperse at the staght, horizontally in the from of a
fanning plume.

Fumigation

When the emission from the stack is under an inwerkayer, the movement of the
pollutants in the upward direction is restrictedheTpollutants move downwards. The
resulting fumigation can lead to a high ground level concentration dowdwof the
stack.

L ofting

When the stack is sufficiently high and the emigsgabove an inversion layer, mixing
in the upward direction is uninhibited, but downd:anotion is restricted. Sudbfting
plumes do not result in any significant concentratat ground level. However, the
pollutants are carried hundreds of kilometers fthmsource.

Trapping
It occurs when the plume effluent is caught betw®eminversion layers. The diffusion

of the effluent is severely restricted to the ublgaayer between the two unstable
layers.
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Unit—4

10CV765 APC
Industrial Plant Location and Planning

General factors considered while siting an indabtocation include water supply, raw
material supply, proximity to nearest railway ssatiland availability, power supply etc.
Hence it's most evident that air pollution andatsitrol are most ignored.

Following are the factors to be considered whileidiag industrial installation, keeping
in mind air pollution and its impacts.

1] Existing levels of air contaminates

This involves a pre-operational survey, to know ¢hesting level of contaminants under
prevailing meteorological conditions, and if notdagven if any existing industries. This
gives idea if existing pollution levels is high mw. It also gives idea if upcoming
industry will aggravate the pollution levels andhliyw much. It gives idea at what levels
must the pollution be released based on existwvgde

2] Potential effects on the surrounding area

The effect of air pollution shall vary from areadrea depending on its environment and
build forms. Any industrial emission near a citylendanger more lives than that closer
to a forest or un-habituated place.

3] Meteorological factors and the climate

Role of wind direction, wind speed, stability caimhs is pivotal to air pollution. Areas
having more inversions should be avoided.

4] Availability of clean air

Some industries need clean air for production otheir processes. Polluted air shall
make it costlier towards clean-up process and rtsyimpair its regular operations.

5] Topographical features
Industries situated in valleys are more prone tereimpacts during depression, when

compared to flat terrains. As inversions or depoessin a valley system shall result in
more deposition, less dispersion, no circulatiopalfutants.



6] City planning and zoning. (Explanation providedurther sections)

City Planning

Urban Planning is a process of guiding the usedavélopment of land with the aim of
making the city a better place to live and workttiealarly important today as more than
one-half of the world’s population now resides mban places. Cities, towns and other
urban forms are therefore the sites for most ofkimat's activities. Yet in most cities and
towns, land and access to basic resources anctcaegrare usually scarce and unevenly
distributed. Planning is ‘a general activity...thekimg of an orderly sequence of action
that will lead to the achievement of a stated goaoals’ (Hall 2002). It involves written
statements supplemented as appropriate by statigticjections, quantified evaluations
and diagrams. Planning involves an attempt to lieg)e prevailing social and economic
dynamics to achieve particular developmental efts. process has different names e.g.
town & country planning, town planning, city plangi physical planning etc.it may be
thought as a rational (highly technical) and systegonocess of forethought set in motion
by the need to resolve urban and regional problemd,yet it may be interpreted as a
highly political and economistic process.

What do urban planners do?

Determine the best uses of land and resource®foes, businesses, and recreation.
Devise ways to renovate slums, expand cities, nmiziertransportation systems, and
distribute public facilities such as schools antkpa

Urban planners design new communities and develogrgms to revitalize and expand
existing cities.

Regional planners work on a much larger scale, ystgdthe problems of states,
multistate regions, and sometimes entire countries.

Impact of bad planning w.r.t. air pollution

More traffic jams

Irregular dispersions and dissipation air pollusant

More cases of casualty’s w.r.t acute and chrorfeced.

Blocking of regular wind-paths and thereby hampgfiee circulation of air.

Lack of proper planning results in failure of renadneasures, and is aggravated by
increased costs of control equipment. The mainaspfeplanning hence must resort to
industrial zoning. Cumulative zoning in the pass$ hasulted in less availability of land
for industries. This system has now been modifegermissive systems. However this
system has now been modified as permissive systtmwever this system has also
resulted in the crowding of industrial zones withey uses besides industries. The next
system over this is called excusive zonings sysiEms type of planning provided for
compatible uses for each zones, excluding all aikes. In this system suitable industrial
zones are provided and thus there is no air pofiytroblem.



Zoning criteria for industries:

1] Functional requirement: this includes the intedustry linkages, railways siding,
grouping, land traffic generation utilities etc.efie aspects are covered under govt.
policies.

2] Performance characteristics: this includes ttad#fit congestion, obnoxious and
hazardous character of the industries, industt@ance etc. The nuisance includes dust,
heat, smoke, fire, odor etc. It is necessary taelabnoxious industries away from neat
industries. If planning is done in early stagesjritpact analysis can be done for effective
execution.

While classifying industries on basis of differahtzoning, the following aspects might
be followed.

There are 3 categories of industries.

Group 1.] These are smaller industries with a wamé products and with close relations
to cities. Their emissions have very little impaxt the natural environment. These
industries can hence be located on the fringelseotities.

Group 2] These include cottage and small scalesinigis requiring less land but indulge
in creative and artistic productions. These calobated within cities. As they have no or
little adverse effects on the cities.

Group 3] These include big industries with relatvkess number of unit process and
having remote relevance to the central resideatisds of the cities. These have profound
effect on the cities and hence should be locatethraas possible from the residential
vicinities.

The buffer zone for light industries is about Halbmeter, for that of heavy industries it
is 0.6 to 1.5 km. for explosive industries it ism@athan 2 km.
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MEASUREMENT OF SMOKE DENSITY

Dark smoke is partially burned particles of fuel, the resuitimcomplete combustion. It can be
dangerous because small particles are absorbethmiangsWhite smokeis mainly tiny water
droplets, generated when vapour released duringogstion condenses in cool air. Generally,
dark smoke is clearly visible against a light skyt Mifficult to see at night or against a dark
background, white smoke is visible in darkness wiHeminated but will be more difficult to see
against a light sky background. Smoke is commorgasared in terms of its apparent density in
relation to a scale of known greyness.

The most widely-used scale is that developed byeBsor Maximilian Ringelmann of La Station
d'Essais de Machines in Paris in 1888. It has evél$ of density inferred from a grid of black
lines on a white surface which, if viewed from &tdnce, merge into known shades of grey.
There is no definitive chart, rather, Prof. Ringatm provides a specification; where smoke
Level '0' is represented by white, levels '1' td¥¥10mm square grids drawn with 1mm, 2.3mm,
3.7mm and 5.5 mm wide lines and level '5' by adickl It should be remembered that the data
obtained has definite limitations. The apparentkdess of a smoke depends upon the
concentration of the particulate matter in theufit, the size of the particulate, the depth of the
smoke column being viewed, and natural lightingdibons such as the direction of the sun
relative to the observer while the accuracy of ¢hart itself depends on the whiteness of the
paper and blackness of the ink used.



USING THE CHARTS

The large chart on page 4 should be printed widltlblink onto very white card and mounted
vertically on a board. It is preferably fixed tgale or held by an assistant at a sufficient distan
(typically c20m) for the lines to appear to merg®iuniform grey rectangles and to be seen in
line with the top of the chimney. The addition ofnvhite (No. 0) square can provide a useful
indication that both the chart and chimney are Bygilluminated. If a larger chart is needed, the
shaded rectangles can be made up into larger anesosaics. The observer glances from the
smoke, as it issues from the stack, to the chaftrentes the number most nearly corresponding
with the shade of the smoke. A clear stack is @®ras No. 0, and 100 percent black smoke as
No. 5. There is very little value in making a smglbservation. A series of observations should be
made, preferably by two or more observers, ovemdanded period, at regular intervals.

The Miniature Charts are not the official Ringelmann chart, but a hamtgrpretation of it,
intended to be held at arm's length.

SAMPLING
Selection of sampling procedure:

There are two types of sampling — continuous ame @veraged in —situ samplings. Continuous
sampling is carried out by automatic sensors, aptar electrochemical, and spectroscopic
methods which produce continuous records of conatom values. The specific time-averaged
concentration data can then be obtained from cootis records. Time-averaged data can also be
obtained by sampling for a short time — i.e. by glamg a known volume of air for the required
averaging time. Samples are then analyzed by estedl physical, chemical, and biological
methods for the concentration values which areeffextive average over the

period of sampling.

Sampling locations

Sampling locations are in general governed by facli&e objectives, method of sampling and
resources available. If the objective is to studglth hazards and material damages, then
locations should be kept close to the objects whiseeeffects are being studied and should be
kept at breathing level in the population centhespitals, schools, etc. For vegetation, it should
be at foliage level. For background concentratsampling location should be away from the
sources of pollution. It can also be done by gnddithe entire area to get statistically
recommended values. The number of locations howaseends upon the variability of
concentration over the area under survey. A spetkihg may be done to decide the location
besides considering practical factors.

Period of sampling, frequency and duration:

Period, frequency and duration of sampling shoal@propriate to the objectives of the study. It
should be such that the measurable quantitiesapdd in the sample at the end of the sampling.
It is preferable to observe sampling period coesiswith the averaging times for which air
guality standards of the given pollutants are dpeeti



SOURCE SAMPLING METHODOLOGY

Stationary source emissions occur primarily aseeighgas or solid. The ability to collect a
representative sample of particulate or gaseoustpots largely determines the success of the
measurement. Since no single method of measurerarrgccurately analyze every form of
pollutant emitted from an exhaust stack, it is img@ot to understand the properties of particulate
and gaseous pollutants and the methods used tauureghsm.

Distributed Sampling Points.

A representative sample of the effluent is takerfilsy measuring the velocity, as shown in
Figure, then extracting gas from an array of samgptioints distributed over equal areas of the
cross section of the stack or duct. If only gasgmikitants are to be sampled, less sampling
points are required since the stack gases aredsoesl sufficiently mixed.

Velocity
s

Inclined
manometer

Sampling Distributed Over Time.

Each point should be sampled for an equal periotinod, with the total sampling time or run
usually lasting about an hour. Typically, threesane performed after which their results are then
averaged.

Isokinetic Sampling.

When sampling for particles it is essential tha siample be extracted at the same rate at which
the gas is flowing through the stack or duct. Taels gas velocity is measured at each individual
sample point and the sample extraction rate isséeljuto withdraw the sample at the same rate as
the sampled points velocity. This kind of sampliagalledisokinetic sampling and is meant to
ensure that a representative sample, equal in otmatien to the stack, is extracted from the gas
stream (see Figure). If the sample is isokinetie, distribution of particles sizes (from small to
large) entering the probe will be exactly the sam¢hat in the stack gas itself.
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SAMPLING TRAIN

Separation of Gas Constituents.

A known quantity of the stack gas is then drawmrihe stack or duct throughsampling train,

or a leak-proof series of equipment componentsigordd to capture pollutants. Capturing water
vapor and gaseous pollutants is best achieved hgersation—or bubbling the sample gas
through chilledimpingers (sealed glass vessels), some which may containdliceagents to
absorb gases. Solids are captured on filter pag®ch is heated and connected to the probe with
inter-connecting glassware. The first componenthef sampling train is a heated probe, or a
hollow glass tube that is inserted into the staclduct. The last component—a pump—draws
gases through the other pieces of equipment (tbkepffilters and impingers). The volume of
sampled gas is measured by a gas meter and iy faxddausted into the atmosphere through the
orifice, which is used for sample train flow adjusnts at the by-pass valve.

Sample Recovery and Analysis.

Filters are pre-weighed and reagent volumes presumed prior to use. After each run, the
content of each sampling train component is casefecovered to a sealed vessel, then weighed,
measured, or otherwise evaluated under laboratorglitons.

Data Recording.

Throughout each run, appropriate measurement dateeeorded. On a point-by-point basis, the

sampling time, sample train vacuum, differentiaégaures across the gas temperature, orifice
meters, and dry gas meter readings are recordegtages of these values, along with the total

sample gas volume, are then used to calculateshedsults.

Calculation of Results.

The concentration of a pollutant in the sampled igasalculated as the proportion of captured
pollutant's mass to the volume of gas sampled. @hessults are corrected to a standard
temperature and pressure and expressed on a degy bas standardized measure allows the
results of a test performed under specific cond#ito be comparable to a regulatory standard or
other test results.

AIR POLLUTION CONTROL PROCEDURES FOR INDUSTRIES

The control of stationary source emissions can dmraplished through the application of a
sound control strategy. The control strategy resuiior an industrial environmental impact is a
four step process: (1) elimination of the probleourse or operation, (2) modification of the
source operation, (3) relocation of the source,(@hdelection and application of the appropriate
control technology.

Exhaust stacks do not reduce emissions from eostaly source; rather they reduce the local
effects of the pollution by elevating the exhaustam to a point where it can be more effectively
dispersed. High exhaust stacks were an inexpessivgion in the absence of expensive control
technology.



Compliance with emission standards may require uke of control technology, but many
industrial operations have reduced emissions byghg operational methods. Some of these
changes include pretreating process materials, duehaterial substitution, and changes in the
manufacturing process. Another way to comply withission standards is to substitute cleaner
fuels during the refining process. Natural gas kovd-sulfur fuel oil are just two examples of
fuels that emit less pollution during combustiorowéver, cleaner fuels can be more expensive
and can increase national reliance on foreigndoalces. Reduction in emissions from stationary
sources can also be accomplished through incredsadion to plant maintenance.

Use of CONTROL EQUIPMENTS (Control Technology)

A final way to reduce emissions from stationaryrses is through the use of advanced, addon
control technology. Control devices can destroyremover gaseous compounds or particulate
matter for proper disposal or re-use. The pollutontrol operations used to destroy or capture
gases include combustion, adsorption, absorptiond eondensation. Control devices that

implement these processes include thermal incioexacatalytic incinerators, flares, boilers,

process heaters, carbon absorbers, spray towersuaiace condensers.

The most important process parameters for seleaingpollution control equipment are the
exhaust gas characteristics obtained from emissests and process or site characteristics.

Exhaust Gas Characteristics

* Total exhaust gas flow rate

» Exhaust gas temperature

* Required control efficiency

* Particle size distribution

* Particle resistivity

» Composition of emissions

* Corrosiveness of exhaust gas over operating range
* Moisture content

» Stack pressure

» Exhaust gas combustibility and flammability projes

Process or Site Characteristics

» Reuse/recycling of collected emissions

* Availability of space

* Availability of additional electrical power

* Availability of water

* Availability of wastewater treatment facilities
* Frequency of startup and shutdowns

» Environmental conditions

* Anticipated changes in control regulations

* Anticipated changes in raw materials

* Plant type — stationary or mobile



Technologies used to control particulate matteu$oan removing particles from the effluent gas
stream. Many factors (such as particle size anthated characteristics) determine the appropriate
particulate control device for a process.

Devices most commonly used to control particulate atter include

electrostatic precipitators,
fabric filters,

venture scrubbers,
cyclone collectors,
settling chambers.

The following section provides a more detailed dsston of each type of control technology used
for both particulate and gaseous emissions

CONTROL DEVICES FOR PARTICULATE EMISSIONS

Particulate matter is any finely divided liquid solid substance. Examples of particulate matter
include smoke, dust, or some forms of fine mist @centrained in effluent gas streams or
suspended in ambient air. Any particulate less ft@amicrometersyim) in diameter is defined as
PM10 and is regulated as a criteria pollutant. plagose of such regulation is to control smaller,
respirable particles that can bypass the body’pinasry filters and penetrate deeply into the
lungs, which could cause harm to human health. dTexibstances, such as sulfates, sulfites,
nitrates, heavy metals, and polycyclic organic eradte predominantly carried by particles in this
size range. Therefore, control devices used tomagrevent particles from reaching the ambient
air, focus on capturing particulate matdiOum in diameter. Several factors must be considered
when selecting an appropriate particulate contedliak. Typically, particles must be captured
from an effluent gas stream; therefore, charadiesiof the particles and the gas stream will
determine the appropriate control device. Charesties that must be considered include the
particle size and resistivity, exhaust flow ratemperature, moisture content, and various
chemical properties of the exhaust stream such xgdosveness, acidity, alkalinity, and
flammability.

VENTURI SCRUBBERS

Venturi scrubbers use a liquid stream to removiel g@&rticles. A venturi scrubber accelerates the
waste gas stream to atomize the scrubbing liquetitanmprove gas-liquid contact. In a venturi
scrubber, a “throat” section is built into the dtlwt forces the gas stream to accelerate as tite du
narrows and then expands. As the gas enters thareethroat, both gas velocity and turbulence
increase. Depending on the scrubber design, thilsicrg liquid is sprayed into the gas stream
before the gas encounters the venturi throat, dhenthroat, or upwards against the gas flow in
the throat. The scrubbing liquid is then atomized small droplets by the turbulence in the throat
and droplet-particle interaction is increased. Saiesigns use supplemental hydraulically or
pneumatically atomized sprays to augment droplesteyn. However, the disadvantage of these
designs is that clean liquid feed is required toidelogging. After the throat section, the mixture
decelerates, and further impacts occur causingriglets to agglomerate. Once the particles are
captured by the liquid, the wetted PM and excessdi droplets are then separated from the gas
stream by an entrainment section, which usuallysisb® of a cyclonic separator and/or a mist
eliminator. Particle collection efficiencies of wan scrubbers range from 70 to greater than 99
percent, depending on the application. Typicallgnturi scrubbers are applied where it is
necessary to obtain high collection efficiencies fme PM. Thus, they are applicable to
controlling emission sources with high concentragiof submicron PM.



Advantages of Venturi Scrubbers

» Capable of handling flammable and explosive dusts
» Can handle mists in process exhausts

* Relatively low maintenance

» Simple in design and easy to install

» Collection efficiency can be varied

* Provides cooling for hot gases

» Neutralizes corrosive gases and dusts

Disadvantages of Scrubbers

» Effluent liquid can create water pollution protg

» Waste product collected wet

* High potential for corrosion problems

* Requires protection against freezing

* Final exhaust gas requires reheating to avoithleiplume
* Collected PM may be contaminated, and not retjela
* Disposal of waste sludge may be very expensive

ELECTROSTATIC PRECIPITATORS.

An ESP is a PM control device that uses electficales to move particles entrained within an
exhaust stream onto collection surfaces. The ewtdaparticles are given an electrical charge
when they pass through a corona, a region whereogasons flow. Electrodes in the center of
the flow lane are maintained at high voltage andegate the electrical field that forces the
particles to the collector plates. The high voltadectrodes are long wires or rigid “masts”
suspended from a frame in the upper part of the tB&Pun through the axis of each tube. Rigid
electrodes are generally supported by both an uppeéitower frame. The power supplies for the
ESP convert the industrial AC voltage to pulsafd@ voltage in the range of 20,000 to 100,000
volts as needed. The voltage applied to the eléesr@auses the gas between the electrodes to
break down electrically, an action known as a “oerd The electrodes are usually given a
negative polarity because a negative corona suppdnigher voltage than does a positive corona
before sparking occurs. The ions generated in thena follow electric field lines from the
electrode to the collecting pipe. Therefore, edehtede-pipe combination establishes a charging
zone through which the particles must pass.



As larger particles (>10n diameter) absorb many times more ions than spaaticles (>Lim
diameter), the electrical forces are much stroogethe large particles. When the collection plates
are filled to capacity, the particulate is removiedm the plates by “rapping,” which is a
mechanical means to dislodge the particulate. Dhieated particulate material slides downward
into a hopper located below the unit. The collecedficiency of an ESP is quite reliably about 99
percent for particles less than 10 micrometers.d-8Ryeneral, are very expensive to operate and
are not very well suited for use in industrial peses because they are too sensitive to
fluctuations in the gas stream. The Electrostatecipitator (ESP) separates particles from the gas
stream by electrically charging the patrticles.

FABRIC FILTER

In a fabric filter, flue gas is passed throughghtiy woven or felted fabric, causing PM in theeflu
gas to be collected on the fabric by sieving arfteiomechanisms. Fabric filters may be in the
form of sheets, cartridges, or bags, with a nundfethe individual fabric filter units housed
together in a group. Bags are the most common ayabric filter. The dust cake that forms on
the filter from the collected PM can significanthcrease collection efficiency. Fabric filters are
frequently referred to as baghouses because thie fabusually configured in cylindrical bags.
Bags may be 6 to 9m (20 to 30 ft) long and 12.BQd centimeters (cm) (5 to 12 inches) in
diameter. Groups of bags are placed in isolablepaostments to allow cleaning of the bags or
replacement of some of the bags without shuttinggrdahe entire fabric filter). Operating
conditions are important determinants of the chatdabric. Some fabrics (i.e., polyolefins,
nylons, acrylics, polyesters) are useful only ddtreely low temperatures of 95° to 150°C (200°
to 300°F). For high temperature flue gas streanoserinermally stable fabrics such as fiberglass,
Teflon, or Nomex must be used.

The practical application of fabric filters requartne use of a large fabric area in order to aaaid
unacceptable pressure drop across the fabric. Baghsize for a particular unit is determined by
the choice of air-to-cloth ratio, or the ratio aflwmetric airflow to cloth area. The selection of
air-to-cloth ratio depends on the particulate lagdand characteristics, and the cleaning method
used. A high particulate loading will require theeuof a larger baghouse in order to avoid
forming too heavy a dust cake.

Determinants of baghouse performance include tbecfahosen, the cleaning frequency and
methods, and the particulate characteristics. Estwan be chosen which will intercept a greater



fraction of particulate. In order to accomplishsthsome fabrics are coated with a membrane of
very fine openings for enhanced removal of submmiqrarticulate. However, such fabrics tend to
be more expensive. Cleaning intensity and frequesrey important variables in determining
removal efficiency because the dust cake can dffiectine particulate removal capability of a
fabric. Cleaning procedures, which may be too fesjuor too intense, will also lower the
removal efficiency of the fabric filter. On the ethhand, if removal is too infrequent or

too ineffective, then the baghouse pressure drdgpeacome too high.

Mechanical shaking of the bags has been a poplganiog method for many years because of its
simplicity as well as its effectiveness. In a tygdioperation, dusty gas enters an inlet pipe to the
shaker. Very large particles are removed from theas when they strike the baffle plate in the
inlet duct and fall into the hopper. The particetdden gas is drawn from beneath a cell plate in
the floor and into the filter bags. The gas prosefedm the inside of the bags to the outside and
through the outlet pipe. The particles are colléaia the inside surface of the bags and a filter
cake accumulates. In mechanical shaking unitstdpe of bags are attached to a shaker bar,
which is moved briskly (usually in a horizontal etition) to clean the bags. The shaker bars are
operated by mechanical motors or by hand, in apiptins where cleaning is not required
frequently. Reverse-air cleaning is another poptaaric filter cleaning method that has been
used extensively and improved over the years.dtgentler but sometimes less effective cleaning
mechanism than mechanical shaking. Most reverskaiiic filters operate in a manner similar to
shaker-cleaned fabric filters. Typically, the bage open on bottom, closed on top, and the gas
flows from the inside to the outside of the bagthwdust being captured on the inside. However,
some reverse-air designs collect dust on the autsfidhe bags. In either design, forcing clean air
through the filters in the opposite direction oé thusty gas flow performs reverse-air cleaning.
The change in direction of the gas flow causedtgeto flex and crack the filter cake. In internal
cake collection, the bags are allowed to collapssome extent during reverse-air cleaning. The
bags are usually prevented from collapsing entioglgome kind of support, such as rings that are
sewn into the bags. The support enables the dist tcafall off the bags and into the hopper.
Cake release is also aided by the reverse flovm@fgas because felted fabrics retain dust more
than woven fabrics. Therefore, they are more diffito clean. For this reason, felts are usually
not used in reverse-air systems.

Fabric filters in general provide high collectidifi@encies on both coarse and fine (submicron)
particulates. Typical new equipment design efficiea are between 99% and 99.9%.
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SETTLING CHAMBERS

This type of technology is a part of the groupiof@llution controls collectively referred to as
“precleaners.” They are referred to as precleabecause they are often used to reduce the inlet
loading of particulate matter (PM) to downstrearflemtion devices by removing larger, abrasive
particles. Settling chambers are also referredstgravity settling chambers, gravity collectors,
expansion chambers, and outfall chambers. Thiegause settling chambers are quite effective in
removing only large particles; therefore, they t@nfrequently used in combination with other
control devices. Settling Chambers rely on simplavigation to remove particles from a gas
stream.

Settling Chamber

Settling chambers, which rely on gravitational lsggtas a collection mechanism are the simplest
and oldest mechanical collectors. Settling chamlages generally built in the form of long,
horizontal, rectangular chambers with an inlet @ @end and an exit at the side or top of the
opposite end. Flow within the chamber must be umfand without any macroscopic mixing.
Uniform flow is can be improved by flow straighteset the inlet to the chamber. Hoppers are
used to collect the settled-out material, thougigdscrapers and screw conveyers have also been
employed. The dust removal system must be sealpcetent air from leaking into the chamber
which increases turbulence, causes dust reentrainraed prevents dust from being properly
discharged from the device. There are two primgpes of settling chambers: the expansion
chamber and the multiple-tray chamber. In the egiganchamber, the velocity of the gas stream
is significantly reduced as the gas expands irgelahamber. The reduction in velocity allows
larger particles to settle out of the gas stream.

A multiple-tray settling chamber is an expansiomrober with a number of thin trays closely
spaced within the chamber, which causes the géswohorizontally between them. While the
gas velocity is increased slightly in a multiplaytr chamber, when compared to a simple
expansion chamber, the collection efficiency gdhelimproves because the particles have a
much shorter distance to fall before they are ctdie. Multiple-traysettling chambers have lower
volume requirements than expansion-type settlirgrdiers for the collection of small particles
(<15um). Settling chambers are most effective when ctiig large or dense particles, but often
fail when the chamber becomes plugged with coltediest.



The most common failure of settling chambers ismtigambers become plugged with collected
dust. In expansion settling chambers the pluggiag esult from hopper bridging or hopper
discharge seal failure. Multiple-tray settling chizers may experience plugging of the individual
gas passages. Such failures can be prevented onized by use of hopper level indicators or by
continuous monitoring of the dust discharge. Sclestlinternal inspection can determine areas of
air leakage and condensation, both of which mage&wpper bridging. Normal instrumentation
for a settling chamber generally includes only adidator of differential static pressure. An
increase in static pressure drop can indicate johggg

Advantages of Settling Chambers

* Low capital cost

* Very low energy cost

* No moving parts

* Few maintenance requirements

* Low operating costs

* Excellent reliability

» Low pressure drop through device

» Device not subject to abrasion due to low gasait}
* Provide incidental cooling of gas stream

* Dry collection and disposal

Disadvantages of Settling Chambers

* Relatively low PM collection efficiencies

» Unable to handle sticky or tacky materials

* Large physical size

* Trays in multiple-tray settling chamber may warp

Control of gaseous pollutants from stationary soures - Adsorption

When a gas or vapor is brought into contact wigokd, part of it is taken up by the solid. The
molecules that disappear from the gas either ¢n¢éemside of the solid, or remain on the outside
attached to the surface. The former phenomenoarisedd absorption (or dissolution) and the
latter adsorption. Adsorption is the binding of ewmliles or particles to a surface. In this
phenomenon molecules from a gas or liquid will tiached in a physical way to a surface. The
binding to the surface is usually weak and revésibhe most common industrial adsorbents are
activated carbon, silica gel, and alumina, becabsg have enormous surface areas per unit
weight.

Activated carbon is the universal standard for fmaiion and removal of trace organic
contaminants from liquid and vapor streams. Cardsorption uses activated carbon to control
and/or recover gaseous pollutant emissions. Inocaddsorption, the gas is attracted and adheres
to the porous surface of the activated carbon. Raiheificiencies of 95 percent to 99 percent can
be achieved by using this process. Carbon adsarpsioused in cases where the recovered
organics are valuable. For example, carbon adsor i often used to recover perchloroethylene,
a compound used in the dry cleaning process.

Carbon adsorption systems are either regenerativeo-regenerative. A regenerative system
usually contains more than one carbon bed. As edeaotively removes pollutants, another bed



is being regenerated for future use. Steam is ts@dirge captured pollutants from the bed to a
pollutant recovery device. By "regenerating” theboa bed, the same activated carbon particles
can be used again and again. Regenerative systenused when concentration of the pollutant
in the gas stream is relatively high. Non-regemegasystems have thinner beds of activated
carbon. In a non-regenerative adsorber, the sgehoo is disposed of when it becomes saturated
with the pollutant. Because of the solid waste fmwbgenerated by this type of system, non-
regenerative carbon adsorbers are usually used thkgwollutant concentration is extremely low.

Contaminated
Off-Gas A\ :l.

Steam for
Regeneration
Carbon Carbon
Bed Bed
Bl . | ] e oyl
Treated *
Off-Gas
Regenerative Carbon Adsorption System Non-Regenerative Carbon Adsorption System

Control of gaseous pollutants from stationary soures — Absorption

The removal of one or more selected components &agas mixture by absorption is probably
the most important operation in the control of gase pollutant emissions. Absorption is a
process in which a gaseous pollutant is dissolaed liquid. Water is the most commonly used
absorbent liquid. As the gas stream passes thrtheghquid, the liquid absorbs the gas, in much
the same way that sugar is absorbed in a glassatdrwhen stirred. Absorption is commonly
used to recover products or to purify gas streanag have high concentrations of organic
compounds. Absorption equipment is designed tagehuch mixing between the gas and liquid
as possible. Absorbers are often referred to agbbers, and there are various types of absorption
equipment. The principal types of gas absorptiomigygent include spray towers, packed
columns, spray chambers, and venture scrubbers. pHoged column is by far the most
commonly used for the absorption of gaseous paitataThe packed column absorber has a
column filled with an inert (non-reactive) substansuch as plastic or ceramic, which increases
the liquid surface area for the liquid/gas integfadhe inert material helps to maximize the
absorption capability of the column. In additiome introduction of the gas and liquid at opposite
ends of the column causes mixing to be more efficleecause of the counter-current flow
through the column. In general, absorbers can aehiemoval efficiencies greater than 95
percent. One potential problem with absorptiorhes generation of waste-water, which converts
an air pollution problem to a water pollution preil.
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Unit-6 -- 10CV765 -- APC
AUTOMOBILE POLLUTION

The addition of chemicals released from automoditessions constituting NQ HC's,
CO, SPM, S@ Pb resulting in deterioration of ambient air &nted as automobile
pollution. Five of these are also criteria air ptdnts.

SOURCE, EFFECT AND CONTROL OF AUTOMOBILE POLLUTANTS

1] SO2

The formation of Sulphur di Oxide in exhaust gasesaused by the oxidation of the

sulphur in the fuel during the combustion procdasthe atmosphere however, SO2
combines with moisture to form H2SO4, which thelisfas acid rain, and has been
linked to environmental damage.The major healthceams associated with exposure to
high concentrations of SO2 include effects on Imegt (decreased lung function),

respiratory illness, alterations in pulmonary defs) and aggravation of existing

cardiovascular disease. Children, the elderly, padple with asthma, cardiovascular
disease or chronic lung disease (such as brondrmigsnphysema), are most susceptible
to adverse health effects associated with expdsus®?2.

2] Pb.

Exposure to lead mainly occurs through inhalatibmio and ingestion of lead in food,
paint, water, soil, or dust. Lead accumulates enlibdy in blood, bone, and soft tissue.
Because it is not readily excreted, lead can digetathe kidneys, liver, nervous system,
and other organs. Excessive exposure to lead magecanemia, kidney disease,
reproductive disorders, and neurological impairrsersuch as seizures, mental
retardation, and/or behavioral disorders. Everoat doses, lead exposure is associated
with changes in fundamental enzymatic, energy tesnpand other processes in the body.
Fetuses and children are especially susceptibllwodoses of lead, often suffering
central nervous system damage or slowed growthd Lesy also contribute to
osteoporosis in post-menopausal women.

3] SPM.

The composition and properties of particulateseggreatly and is therefore difficult to
define. Furthermore, there is not a quantitativatienship between the smoke opacity
and the particulate emission. Particle emissiom® fengines can originate from:

a) agglomeration of very small particles of paltlyned fuel,
b) partly burned lub oil;

c) ash content of fuel oil and cylinder lub oil; or

d) sulphates and water.



The smaller particles that are likely responsibleadverse health effects because of their
ability to reach the lower regions of the respirattract. Major concerns for human
health from exposure to PM-10 include: effects oeathing and respiratory systems,
damage to lung tissue, cancer, and premature d€héhelderly, children, and people
with chronic lung disease, influenza, or asthma, especially sensitive to the effects of
particulate matter. Acidic PM-10 can also damageédmmade materials and is a major
cause of reduced visibility.

The most effect method of reducing particulate emiss is to use lighter distillate fuels
however, this leads to added expense. Additiordlatons in particulate emissions can
be achieved by increasing the fuel injection presgo ensure that optimum air-fuel
mixing is achieved, however, as fuel injection ptes increases, the reliability of the
equipment decreases. Much research has also beelnoted on cyclone separators,
which are effective for particle sizes greater tBaium while electrostatic precipitators
are more effective, capable of reduction emissibgsup to 99%. Unfortunately,
precipitators are expensive, prone to clog andaage in size.

4] Unburnt Hydrocarbons.

The emission of unburned hydrocarbons (HC) genenasults from fuel, which is
unburned as a result of insufficient temperatutas Dften occurs near the cylinder wall
(wall quenching) where the temperature of the @/fnixture is significantly less than in
the centre of the cylinder. Bulk quenching can ateour as a result of insufficient
pressure or temperature within the cylinder itsstfll further, HC production may also
be a result of poorly designed fuel injection sysgeinjector needle bounce, excessive
nozzle cavity volumes or fuel jets reaching a qbeager.

Volatile Organic Compounds or VOCs are organic doals that easily vaporize at room
temperature. VOCs include a very wide range of viddial substances, such as
hydrocarbons (for example benzene and toluene)cadions and oxygenates.

Hydrocarbon VOCs are usually grouped into metham# @ther non-methane VOCs.
Methane is an important component of VOCs, its mmmental impact principally
related to its contribution to global warming amdthe production of ground level or
lower atmosphere ozone. Most methane is releast#tetatmosphere via the leakage of
natural gas from distribution systems. Benzene,oa-methane hydrocarbon, is a
colourless, clear liquid. It is fairly stable bughly volatile, readily evaporating at room
temperature. Since 80% of man-made emissions camegetrol-fuelled vehicles, levels
of benzene are higher in urban areas than rurasaBenzene concentrations are highest
along urban roadsides. Evaporation of solventsd dee example in paints, cause a
release of hydrocarbons, oxygenates and halocatbdhe atmosphere.

Some VOCs are extremely harmful, including the icagens benzene, polycyclic
aromatic hydrocarbons (PAHs) and 1,3 butadienez&ss may increase susceptibility to



leukaemia, if exposure is maintained over a peabtime. There are several hundred
different forms of PAH, and sources can be botlunahtand man-made processes. PAHs
can cause cancer. Sources of 1,3 butadiene indlwelemanufacturing of synthetic
rubbers, petrol driven vehicles and cigarette smdkeere is an apparent correlation
between butadiene exposure and a higher risk afecan

HC reduction would most likely only be possiblengsprimary and further secondary
oxidation catalysts.

5] NOx.

NOx is formed during the combustion process wittlie burning fuel sprays and is
deemed one of the most harmful to the environmeuntt @ntributes to acidification,
formation of ozone, nutrient enrichment and to srfmgnation, which has become a
considerable problem in most major cities world-evid

The amount of NOx produced is a function the maxmtemperature in the cylinder,
oxygen concentrations, and residence time. At dglirtemperatures, nitrogen from the
intake air and fuel becomes active with the oxyigetie air forming oxides of nitrogen.
Increasing the temperature of combustion incretisesamount of NOx by as much as 3
fold for every 100C increase. NO is formed first in the cylinder éolled by the
formation of NQ and NO, typically at concentrations of 5% and 1%; resipety. NO2

is soluble and washed out by rain which incredsesctidity level of the soil.

Nitrogen dioxide can irritate the lungs and lowesistance to respiratory infections such
as influenza. The effects of short-term exposure &ill unclear, but continued or
frequent exposure to concentrations that are tilpicauch higher than those normally
found in the ambient air may cause increased inceleof acute respiratory illness in
children. Nitrogen oxides contribute to ozone fotioraand can have adverse effects on
both terrestrial and aquatic ecosystems. Nitrogedes in the air contribute to acid rain
and eutrophication. (Eutrophication occurs wherodybof water suffers an increase in
nutrients that leads to a reduction in the amodnixygen in the water, producing an
environment that is destructive to fish and othemal life.)

The best way to reduce NOx generation, is to regeed cylinder temperatures.

6] CO.

CO is formed due to the incomplete combustion gaaoic material where the oxidation
process does not have enough time or reactant mwwatien to occur completely. In
engines, the formation of CO is determined by timdual mixture in the combustion
chamber and as diesels have a consistently higio &irel ratio, formation of this toxic
gas is minimal. Nevertheless, insufficient combusttan occur if the fuel droplets in a



diesel engine are too large or if insufficient wdnce or swirl is created in the
combustion chamber.

Carbon monoxide enters the bloodstream and redoxggen delivery to the body's

organs and tissues. The health threat from expdeu@® is most serious for those who
suffer from cardiovascular disease. Healthy indiaid are also affected, but only at
higher levels of exposure. Exposure to elevated I&@Is is associated with visual
impairment, reduced work capacity, reduced manaateatity, poor learning ability, and

difficulty in performing complex tasks.

The intensity and frequency of the afore-mentiomegacts essentially depends on
several other factors such as age of the vehigies of fuel used, condition of engine,
type of engine, maintenance and operation modetfutie etc.

PETROL ENGINE vs. DIESEL ENGINE

Petrol engine Diesel engine
High CO, HC’s concentration in Lesser HC’s concentration i.e.,
emissions 1/10 CO that of petrol
Less smoke Major problem odor and smoke, at lefast
80% SPM than in petrol exhaust
Less SO2, NOX,PM More NQ SG,, PM/SPM

Inference: The major pollutants in diesel exhaustssions are a direct result of the
diesel combustion process itself. Diesel enginege haigher compression ratio than
petrol. First air is compressed, then fuel injectdebn ignition but in petrol, air fuel

mixed first, compressed and the n ignited. HC’scemrtration is less, because blowby is
negligible as only air is present in compressiorok& & evaporative emissions.

Hydrocarbons are as well low because diesel uskxsad injection fuel system.

SMOKE

When compared to diesel emissions, petrol emissiomgnore toxic w.r.t. human; while
diesel emissions contribute towards environmentgdaicts. Yet smoke emission from
diesel cannot be ignored.

Maximum smoke is produced when vehicle runs at 60%tal power. It is measured in
Ringlemann’s Scale.



Effects of smoke: Irritation of eye membrane, eambrane and respiratory tract, soiling
of clothes, disfiguring of buildings.

Control means: High A/F ratio, Smokeless fuel — iglehmaintenance - Lean mixture.

2 STROKE ENGINE vs. 4 STROKE ENGINE

When compared to 4 stroke, 2 stroke engine prodonmes pollution [HC's, CO, SPM,
Smoke] as it burns an oil gasoline mixture, butr@dke engine is more powerful, lighter,
less expensive. On the contrary, 4 stroke engwvesgnore mileage, produces less HC'’s
and VOC's [volatile organic carbon] as there isshort circuit of raw fuel.

TYPES OF EMISSIONS

1. Tailpipe emissions:This is what most people think of when they thirikvehicle air
pollution; the products of burning fuel in the velbls engine, emitted from the vehicle's
exhaust system. The major pollutants emitted ireclud

Hydrocarbons: This class is made up of unburnguhdially burned fuel, and is a major
contributor to urban smog, as well as being toXleey can cause liver damage and even
cancer.

Nitrogen oxides (NOx): These are generated wheogen in the air reacts with oxygen
under the high temperature and pressure condifitside the engine. NOx emissions
contribute to both smog and acid rain.

Carbon monoxide (CO): A product of incomplete costlmn, carbon monoxide reduces
the blood's ability to carry oxygen and is dangermupeople with heart disease.

Carbon dioxide (C¢): Emissions of carbon dioxide are considered ttufbecause it
is a significant greenhouse gas and increasinigvels in the atmosphere contributes to
global climate change.

Exhaust emissions contain 100% CO, 100% NQ 100% Pb and 60-65% HC's

2. Blowby/Crankcase emissions20% unburnt HC’s mainly due to leakage of oil viapo
around Worn-out piston rings.

3. Evaporative emissionsThese are produced from the evaporation of funel,aae a
large contributor to urban smog, since these heavadecules stay closer to ground
level. Fuel tends to evaporate in these ways:



Gas tank venting: the heating of the vehicle as the temperaturs figen the night-time
temperature to the hottest temperatures of the rdagn that gasoline in the tank
evaporates, increasing the pressure inside the ahoke atmospheric pressure. This
pressure must be relieved, and before emissionsotahwas simply vented into the
atmosphere.

Running lossesinclude the escape of gasoline vapors from theehngine.Refueling
lossesinclude these can cause a lot of hydrocarbon vapassion. The empty space
inside a vehicle's tank is filled with hydrocarbgases, and as the tank is filled, these
gases are forced out into the atmosphere. In additihere is loss from further
evaporation and fuel spillage.
Bird view of emission of net pollution

65 % from Exhaust + 15 % from Blowby + 20 % Eviagtive = 100%
Bird view of Hydrocarbon emissions [mainly as Benzoyrene]

60 % from Exhaust + 20 % from Blowby + 20 % Eviagive = 100%

Evaporative emissions: 20% HC'S via gas tank ventig, refueling & running losses.

Operation w.r.t Emissions

Mode Unburnt CO NOx AlF
of Operation HC’s [ppm] [% by volume] | [ppm] RATIO
IDLE 750 5.2 30 11:1-12:1
CRUISING 300 0.8 1500 11:1-13:1
ACCELERATION 400 5.2 3000 13:1-15:1
DECELERATION 4000 4.2 60 11:1-12.5:1

Comparative study

When A/F ratio is high, then less CO, HC’s but hid@x

When Vehicle decelerates high HC’s [hydrocarbon]

When vehicle is idle [engine not switched off dgrisignals] high CO, low NQ
moderate HC'’s.

When vehicle accelerates low HC’S , high CO, high @nd high NOx

When vehicle cruises high NOx, low CO, moderate $1&id high CQ



Drawbacks

Pb is released from exhaust as lead halides whiehaacumulative toxin, a chief
environmental pollutant capable of affecting ned&alelopment resulting in lower 1Q.

Also lead acts as poison for catalytic convertdnisTresulted in advent of unleaded
petrol. The alternative used was MTBE. But it hasrbfound to be non-bio-degradable
and possible ground contamination. This resultethénuse of ethanol as anti-knocking
agent to boost octane rating. But ethanol causelstduabsorb moisture from air, over
long time it leads to rusting, corrosion in fueldi Also it is poorly soluble and enhances
possibility of bacterial contamination.

TEL now banned in road sector continues to be usediation fuel as additive called as
AVGAS. The catch is despite using unleaded petha; emissions consist of benzene
which causes cancer, anemia and blood cancer. Ther @ption w.r.t knocking
phenomenon is utilize branched chain alkanes, wigshlts pre ignition, loss of power,
lower octane rating.

Catalytic converters

The air fuel ratio must be so high that all CO feths converted to CQbut if ratio is
less [lack of @], it facilitates formation of CO, Unburnt HC’s, NOAIso due to higher
temperature [2000-250%C], high pressure formation of Nitric oxide takdaqe.

If a car burns fuel with perfect efficiency, itslprexhaust products would be ¢@nd
H,0. Unfortunately not every molecule burns to coripfe Catalytic converter consists
of an array of tubes, each coated with porous demfambedded in this coating are tiny
particles of platinum and rhodium which serve aslgat. Previously YOs, Vanadium
Pentoxide served the purpose.

HC+CO+NG —»H,0+CO+N>

Nowadays Rhodium, Platinum, Palladium serve the @8 3-way catalyst, once the
exhaust heats the converter above°@)Qunwanted molecules bind temporarily to
catalyst and are converted. 95% of HC’s, CO,xN® removed by converter but the
presence of Pb in fuel as lead Halide gets coatedsurface inactivating them. Catalytic
converters have no moving parts, but its limitagiomclude poisoning by lead,
deterioration with time and pressure loss.

Indirect Control measures

Car pool system, eco-friendly fuels, hybrid velsclese of bio fuels, use of alternate
energy such as solar driven, use of unleaded petpohplying to rules and regulation,
frequent periodical emission testing, stringentnmorand enforcement on violation,



Minimizing the use of vehicles by walking for smdiktances, pooling of the vehicles,

switching off the vehicles on red lights, maintamithe vehicles in proper order,

adopting efficient ways of driving, ban on overloay] better design and maintenance of
roads collectively can reduce automobile air pahut

Direct Control measures

The amount of SO2 formed is a function of the suiptontent of the fuel used and
therefore the only effective method of reducing S©Ry reducing the sulphur content of
the fuel. Unfortunately, low-sulphur fuels are maepensive to purchase (10 to 20%
greater cost, when switching from 3.5% to 1% sutpland there is a practical lower

sulphur limit desired as desulphurisation of fwstérs the lubricity of the fuel which can

lead to increase wear on fuel pumps and injectors.

proper operation and maintenance of vehicles

Using catalytic converter for HC’s, CO, NOxgHds

Increasing air-fuel ratio for HC’s, CO and Benzene

Recycling exhaust gas for N(15-25%]

In case of SPM, ensure proper maintenance and tapefaocess, such has change air
filter regularly, change engine oil as per manufemts specification, use moderate

acceleration and avoid slowing of engine atop gear.

The industry may be compelled to manufacture thecles in such a way, i.e. enforcing
the Euro standards, that they produce minimum tzoils.

To maintain the vehicle by its proper servicingn{hg of engine) in such a way that the
exhaust emissions are under control.

Control on the quality of fuel. Use unleaded petrol. Sometimes Kerosene is mixtd w
petrol or diesel (as it is cheaper) than the emnssare more pollutant and are of different
nature.



Unit—7
ACID RAIN

Definition

Normal Rain water pis slightly acidic due to certain concentrationa, dissolved as
rainwater trickles down atmosphere, i.e. £8,0—>HCO>+H"

Acid rain is defined as any type of precipitatioithaa g' that is unusually low or lower
than 5.7. Acid rain was first found in Manchestemgland. In 1852, Robert Angus Smith
found the relationship between acid rain and atiesp pollution. Though acid rain was
discovered in 1852, it wasn't until the late 196 scientists began widely observing
and studying the phenomenon.

Causes
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The principal natural phenomena that contribute-pcoducing gases to the atmosphere
are emissions from volcanoes and those from bicddgirocesses that occur on the land,
in wetlands, and in the oceans. The major bioldgsmurce of sulfur containing
compounds is dimethyl sulfide.



The principal cause of acid rain is sulfuric anttagen compounds from human sources,
such as electricity generation, factories and megtricles. Coal power plants are one of
the most polluting. The gases can be carried hdsdog kilometres in the atmosphere

before they are converted to acids and depositctofes used to have short funnels to
let out smoke, but this caused many problems, seo, factories have longer smoke

funnels. The problem with this is those pollutaget carried far off, where it creates

more destruction.

Sulfur dioxide contributes to about seventy percanacid rain while nitrogen oxides
provide the remaining thirty percent. The sourdesutfur in the atmosphere include coal
combustion, smelting, organic decay, and ocearnyspyaproximately ninety percent of
atmospheric sulfur results from human activities.

In the atmosphere, sulfur dioxide combines withewvatapor to form hydrogen sulfite
gas: SQ+ H,0+1/2Q, — H,SO,

Next, hydrogen sulfite reacts with oxygen to foratfric acid, a major component of
acid rain: HSG; + 1/2G, — H,SO4

The sources of nitrogen oxides include the combnsif oil, coal and natural gas, forest
fires, bacterial action in soil, volcanic gaseg] dghting-induced atmospheric reactions.

In the atmosphere, nitrogen monoxide reacts wityger gas to form nitrogen dioxide
gas: NO + 1/2@— NO,

Then, nitrogen dioxide reacts with water vaporhia atmosphere to form hydrogen nitrite
and hydrogen nitrate: 2NG- H,O — HNO, + HNO;

Henceforth, acid rain is a mixture of HN®,SO, + HCI. however conditions needed to
favor formation of these are sunlight, temperathenidity, hydrocarbons, NQ SG..

Effects

Both the lower B and higher aluminum concentrations in surface méiat occur as a
result of acid rain can cause damage to fish aner @tquatic animals. Atplower than 5
most fish eggs will not hatch and lowet? pan kill adult fish. As lakes become more
acidic biodiversity is reduced. Soil biology canderiously damaged by acid rain. Some
tropical microbes can quickly consume acids butothicrobes are unable to tolerate
low p” and are killed.

Acid rain can slow the growth of forests, cause/ésaand needles to turn brown and fall
off and die. In extreme cases trees or whole avéésrest can die. The death of trees is
not usually a direct result of acid rain; oftenwieakens trees and makes them more
susceptible to other threats.

Some scientists have suggested direct links to humealth, but none have been proven.
However, fine particles, a large fraction of whete formed from the same gases as acid



rain (sulfur dioxide and nitrogen dioxide), haveebeshown to cause illness and
premature deaths such as cancer and other deadbséis

Toxic metals released into the environment by aeid may enter water supplies or
accumulate in fish and crops. Acid deposition abistroys statues, headstones,
buildings, and fountains. Limestone structures especially susceptible because they
dissolve easily in acidic solutions.

Acid rain can also cause damage to certain buildwaterials and historical monuments.
Acid rain can cause weathering on ancient and w#uastatues and has caused
considerable damage. This is because the sulfaigcia the rain chemically reacts with
the calcium compounds in the stones (limestoneJstane, marble and granite) to create
gypsum, which then flakes off. Acid rain also cause increased rate of oxidation for
iron.

Control

» Design more efficient automobile engines in orderréduce nitrogen oxide
emissions.

Increase efficiency of power plants that burn doabrder to reduce waste that
contains sulfur dioxide and nitrogen oxide.

Increase penalties on industries that do not niepbHution guidelines.

Increase tax incentives to industries that do rgaetelines.

Use alternative energy sources, Increase fundin@lfernative energy sources;
for example, give tax incentives to buyers of hglwars.

Provide tax incentives to companies that use atem energy sources.

Add CaCaQ (calcium carbonate) to lakes suffering from aagbakition; calcium
carbonate acts as a buffer, resisting a changé' iang lessening the negative
effects of acid rain.
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OZONE DEPLETION

Definition

Ozone layer is an umbrella 24 km [15 miles] fromtlegurface, an essential component
of the stratosphere that absorbs short wavelentjthviolet radiation from the sun,
heating the gases of the stratosphere in the mo®esrid ozone day is celebrated on
Sept, 16 of every year.

Stratospheric ozone is measured in Dobson unitg ji2ithed after G.M.B Dobson who
pioneered the study; [I Dobson unit = 0.01 mm theds of stratospheric ozone],
Average ozone thickness in stratosphere is 300 &When it falls below 200 DU, it's
considered as Ozone hole. It is thinnest aroundtegand thickest near poles.



Stratospheric ozone depletion is the term appl@dhe loss of stratospheric ozone
molecules (@ and the disruption of Oxygen-Ozone concentrateguilibrium in
stratosphere [i.e., when chlorine atoms upset tawiral Q/O; equilibrium in the
stratosphere]. Oxygen molecules interact with titerise solar radiation present at this
elevation to form oxygen atoms. The oxygen atomss thenerated react with other
oxygen molecules to form ozoneg)O

Causes

Ozone depletion is caused by the release of chlmmafcarbons (CFC's) and other
ozone-depleting substances (ODS), which were usddlyvas refrigerants, insulating
foams, and solvents. The discussion below focuseSKCs, but is relevant to all ODS
[NO, NO; (aircraft exhaust), BruUV rays, [O] Atomic oxygen etc].

Although CFCs are heavier than air, they are ewadlytearried into the stratosphere in a
process that can take as long as 2 to 5 years. \WUIk&s reach the stratosphere, the
ultraviolet radiation from the sun causes themreak apart and release chlorine atoms
which react with ozone, starting chemical cyclesobbne destruction that deplete the
ozone layer. One chlorine atom can break apart thare 100,000 ozone molecules.

Other chemicals that damage the ozone layer inclmé¢hyl bromide (used as a

pesticide), halons (used in fire extinguishersy] arethyl chloroform (used as a solvent
in industrial processes). As methyl bromide andihslare broken apart, they release
bromine atoms, which are 40 times more destrudtvezone molecules than chlorine

atoms.

Chapman’s Reaction

O+ =20

0+0; 505 (ozone production)
O3+ UV — O+ Oy (0zone destruction)
O+0,—= 04 {ozone production)
O3 4+0 = O;+0; (ozone destruction)

Ozone Depletion by CFC'’s

CF.Cl, + hv —e CI" + CCIF’
Clm+ O —=ClO” + O,

CIo + O—=ClI" + O,

All above reactions occur in the presence of UVsrayhile the ? set of reactions
governs the oxygen-ozone equilibrium due to its¢maoeity.



Effects

Effect of ozone hole include cataract, genetic mnta constriction of blood vessels,
reduced crop yield, leukemia, breast cancer, darttagep, aqua culture, etc.,

The higher energy UV radiation absorbed by ozoneyeserally accepted to be a
contributory factor to skin cancer. In addition¢crieased surface UV leads to increased
tropospheric ozone, which is a health risk to husnanch as Snow Blindness [photo
keratosis], i.e., inflammation of cornea (outer tawa of eyeball). The most common
forms of skin cancer in humans, basal and squaroelusarcinomas have been strongly
linked to UVB exposure. Another form of skin canaaalignant melanoma, is much less
common but far more dangerous, being lethal in ab6% - 20% of the cases diagnosed.
In India there is no standard for Ozone. However@®&tandard is 100 ppm for 8 hrs —
avg.

Control Measures

The Montreal Protocol, an international agreemégmnesi by 139 nations, banning the
production of CFCs by the year 2000. We can't mak@ugh ozone to replace what's
been destroyed, but provided that we stop producauoge-depleting substances, natural
ozone production reactions should return the ozayer to normal levels by about 2050.

It is very important that the world comply with tiMontreal Protocol; delays in ending

production could result in additional damage andiqg the ozone layer's recovery.

Control mechanism stresses on replacement of thieedlachemical by ammonia, steam,
helium etc.

GREEN HOUSE EFFECT

Introduction

Objects that absorb all radiation upon them aredablackbody" absorbers. The earth is
close to being a black body absorber. Gases, ormttier hand, are selective in their
absorption characteristics. While many gases do absorb radiation at all some

selectively absorb only at certain wavelengths.sehgases that are "selective absorbers
of solar energy are the gases we know as "Greegrldases."

Definition

The greenhouse effect is a phenomenon that ougbte@te a condition in the upper
atmosphere, causing a trapping of excess heat eading to increased surface
temperatures.



Net incoming solar Net outgoing infrared
radiation radiation

{}240Wm2 {}240Wm2

Some solar radiation is
reflected by the earth's
surface and the atmosphere

Incoming
solar radiation
343Wm~2

103Wm2

Some of the infrared
radiation is absorbed
and re-emitted by the
greenhouse gases.
The effect of this is to
warm the surface

and the lower layers
of the atmosphere.

Solar radiation
passes through the
clear atmosphere

Mechanism

The Earth receives energy from the Sun in the fofmadiation. The Earth reflects about
30% of the incident solar flux; the remaining 70% dabsorbed, warming the land,
atmosphere and oceans. The visible solar radidgais the surface, not the atmosphere,
whereas most of the infrared radiation escapinggace is emitted from the upper
atmosphere, not the surface. The infrared photonistesl by the surface are mostly
absorbed by the atmosphere and do not escape lylitectspace. Hence earth’s
greenhouse effect is a natural phenomenon thas helyulates the temperature of our
planet. Simply put, the sun heats the earth andcesointhis heat, rather than escaping
back to space, is trapped in the atmosphere bydslamd greenhouse gases, such as
water vapor and carbon di oxide. If all these gheeise gases were to suddenly
disappear, our planet would be 60° F colder andhabitable.

GREENHOUSE GASSES — SOURCES & SINKS

On Earth, the major natural greenhouse gases ae¥ wapor, which causes about 36—
70% of the greenhouse effect (not including cloudajbon dioxide (Cg), which causes
9-26%; methane (CHl which causes 4-9%; and ozone, which causes 3—7%.

Carbon Dioxide

Sources: Released by the combustion of fossisf(gl, coal, and natural gas), flaring of
natural gas, changes in land use (deforestatiamjrigiand clearing land for agricultural
purposes), and manufacturing of cement.

Sinks: Photosynthesis and deposition to the ocean.

Significance: Accounts for about half of all warmipotential caused by human activity.



Methane

Sources: Landfills, wetlands and bogs, domestgsliock, coal mining, wet rice growing,
natural gas pipeline leaks, biomass burning, amdites.

Sinks: Chemical reactions in the atmosphere.

Significance: Molecule for molecule, methane tréygst 20-30 times more efficiently
than CQ. Within 50 years it could become the most sigaificgreenhouse gas.

Nitrous Oxide [296 times potential than GD

Sources: Burning of coal and wood, as well asmeaifobes’ digestion.

Sinks: Chemical reactions in the atmosphere.

Significance: Long-lasting gas that eventually hemc the stratosphere where it
participates in ozone destruction.

Ozone

Sources: Not emitted directly, ozone is formethm atmosphere through photochemical
reactions involving nitrogen oxides and hydrocarbomnthe presence of sunlight.

Sinks: Deposition to the surface, chemical reastiarthe atmosphere.

Significance: In the troposphere ozone is a patiutdn the stratosphere it absorbs
hazardous ultraviolet radiation.

Chlorofluorocarbons (CFCs)

Sources: Used for many years in refrigerators, matole air conditioners, solvents,
aerosol propellants and insulation.

Sinks: Degradation occurs in the upper atmosphetbeaexpenses of the ozone layer.
One CFC molecule can initiate the destruction ahasy as 100,000 ozone molecules.
Significance: The most powerful of greenhouse gaseaa the atmosphere one molecule
of CFC has about 20,000 times the heat trappingepow a molecule of CO

GLOBAL WARMING - CLIMATE CHANGE

Definition

Global warming is the increase in the average teatpee of the Earth's near-surface air
and oceans in recent decades and its projectethaation.

Impacts
» Consequences may include changes in agricultuesdsyi glacier retreat, reduced

summer stream flows, species extinctions and ise®e& the ranges of disease
vectors.



* The melting of Arctic ice and increased regionaaggpitation can add freshwater
to the oceans, and potentially affect ocean cusrenthe North Atlantic.

» Forest fires could become more frequent.

* Due to the warming; insect outbreaks will increghindisturb large areas of
forest.

* Many Arctic animals, such as polar bears, sealfus@s, and seabirds, rely on
the sea’s biological productivity and on the preseof sea ice, both of which are
highly dependent on climatic conditions.

» Changes in sea surface temperatures or currentd bave a strong effect on
Arctic marine fish stocks, which are an importambd source for the world and
play a vital role in the region’s economy.

» Additional anticipated effects include 18% to 35%cacsample of 1,103 animal
and plant species to be extinct by 2050, baseditomef climate projections.

Control
The world's primary international agreement on catimg global warming is the Kyoto
Protocol, an amendment to the United Nations FraonewConvention on Climate

Change (UNFCCC), negotiated in 1997. The Protoaml rcovers more than 160
countries globally and over 55% of global greenleoges (GHG) emissions.

How to Combat Global Warming

Use Compact Fluorescent Bulbs Change Your AfeiFi

Use Recycled Paper Check Your Water Heater
Use Solar-heated Water Change the AC Filter

Take Shorter Showers Install a Low-Flow Showarth
Buy Products Locally Buy Minimally Packageddss
Buy a Hybrid Car, Bio-fuel driven Buy a Fuel Efent Car,
Carpool When You Can Reduce Garbage

Plant a Tree Buy Organic Food

Replace Old Appliances Use a Push Mower

Unplug Un-Used Electronics Air Dry Your Clothes
Insulate Your Home Switch to Double Pane Wimslo

Bring Cloth Bags to the Market & Turn off Your @puter Whenever Possible



INDOOR AIR POLLUTION

Introduction

The indoor environment represents an important gerevironment in which people
spend a large part of their time each day.

Source

»
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The major sources of indoor air pollution worldwithelude combustion of solid fuels
indoors, tobacco smoking, outdoor air pollutantajssions from construction materials
and furnishings, and improper maintenance of vandih and air conditioning systems.

About half of the world’s population, largely in\wioping countries, relies on traditional
fuels such as biomass (wood, agricultural residunesanimal dung), charcoal and coal as
the primary source of domestic energy.

Use of solid fuels in open or poorly ventilatedve® for cooking and heating exposes an
estimated three billion people to high concentretiof PM and gases that are some 10—
20 times higher than levels commonly found in in&tonal health guidelines (including
the WHO air quality guidelines). Although relatiyatlean sources of household energy
predominate in developed countries, improvementenergy efficiency have led to
homes being relatively airtight, reducing ventdatiand raising indoor pollutant levels.
In such circumstances even minor sources of poftutsuch as gas cookers, new
furnishings, damp conditions, household productsaiurally occurring radon gas, can
lead to significant exposures and recognized hedlétts.



In developing countries, the most significant iséoreindoor air quality is exposure to
pollutants released during combustion of solidgueicluding biomass (wood, dung and
crop residues) or coal (mainly in China), useddooking and heating. The majorities of
households using such fuels are located in po@ wommunities and use inefficient
devices such as earthen or metal stoves in kitchiggisare often poorly ventilated,
resulting in very high exposures.

Sources Outside Building

Contaminated outdoor air
pollen, dust, fungal spores
industrial pollutants
general vehicle exhaust

Emissions from nearby sources

exhaust from vehicles on nearby roads or in parlotgy or garages

loading docks

odors from dumpsters

re-entrained (drawn back into the building) exhawstn the building itself or from
neighboring buildings

unsanitary debris near the outdoor air intake

Soil gas-Radon

leakage from underground fuel tanks

contaminants from previous uses of the site (&gdfills)
pesticides

Equipment-HVAC system

dust or dirt in ductwork or other components

microbiological growth in drip pans, humidifiergyatwork, coils
improper use of biocides, sealants, and/or clearomgpounds
improper venting of combustion products

refrigerant leakage

Non-HVAC equipment

emissions from office equipment (volatile organitnpounds, ozone)
supplies (solvents, toners, ammonia)

emissions from shops, labs, cleaning processes

elevator motors and other mechanical systems

Human Activities

Personal activities
Smoking, cooking
body odor
cosmetic odors



Housekeeping activities

cleaning materials and procedures

emissions from stored supplies or trash

use of deodorizers and fragrances

airborne dust or dirt (e.g., circulated by sweepmng vacuuming)

Maintenance activities

microorganisms in mist from improperly maintainexbling towers
airborne dust or dirt

volatile organic compounds from use of paint, caatkhesives, and other products
pesticides from pest control activities

emissions from stored supplies

Building Components and Furnishings

Locations that produce or collect dust or fibers

textured surfaces such as carpeting, curtainsptnat textiles
open shelving

old or deteriorated furnishings

materials containing damaged asbestos

Impact

Indoor air quality (IAQ) is a term which refers the air quality within and around

buildings and structures, especially as it reldteshe health and comfort of building

occupants. IAQ can be affected by gases (includemdpon monoxide, radon, volatile
organic compounds), particulates, microbial contemis (mould, bacteria) or any mass
or energy stressor that can induce adverse heatititoons.

Sick Building Syndrome, a phenomenon where building occupants experienate ac
health and comfort effects linked to time spenthi@ building. Most of the complainants
report relief soon after leaving the building. Ttwuses of contributing factors to sick
building syndrome are inadequate ventilation & cloaincontamination from indoor and
outdoor sources. Concentrations of indoor pollgare often two to five times higher
than outdoor concentrations. These pollutants cgld bp rapidly indoors to levels much
higher than those usually found outdoors. Thissigeeially true if large amounts of a
pollutant are released indoors. Moreover, "tighteohstruction in newer homes can
prevent pollutants from escaping to the outdoors.

Radon (Rn) gas, a carcinogen, is exuded from thth Ba certain locations and trapped
inside houses.

Building materials including carpeting and plywoemit formaldehyde (H2CO) gas.

Paint and solvents give off volatile organic compds (VOCs) as they dry. Lead paint
can degenerate into dust and be inhaled.



Intentional air pollution is introduced with theeusf air fresheners, incense, and other
scented items.

Controlled wood fires in stoves and fireplaces eald significant amounts of smoke
particulates into the air, inside and out.

Indoor pollution fatalities may be caused by ugpegticides and other chemical sprays
indoors without proper ventilation.

Carbon monoxide (CO) poisoning and fatalities afterocaused by faulty vents and
chimneys, or by the burning of charcoal indoorsta@ift carbon monoxide poisoning can
result even from poorly adjusted pilot lights.

Clothing emits tetrachloroethylene, or other drgariing fluids, for days after dry
cleaning.

Though its use has now been banned in many cosinthie extensive use of asbestos in
industrial and domestic environments in the past le& a potentially very dangerous
material in many localities. Asbestosis is a chromflammatory medical condition
affecting the tissue of the lungs. Sufferers haaseese dyspnea (shortness of breath) and
are at an increased risk regarding several diftayges of lung cancer.

Table 1. Major health-damaging pollutants generated from indoor sources

Pollutant

Major indoor sources

Fine particles

Fuel/tobacco combustion, cleaning operations,
cooking

Carbon monoxide

Fuel/tobacco combustion

Polycyclic aromatic hydrocarbons

Fuel/tobacco combustion, cooking

Nitrogen oxides

Fuel combustion

Sulfur oxides

Coal combustion

Arsenic and fluorine

Coal combustion

Volatile and semi-volatile organic
compounds

Fuel/tobacco combustion, consumer products,
furnishings, construction materials, cooking

Aldehydes Furnishings, construction materials, cooking
Pesticides Consumer products, dust from outside

Asbestos Remodelling/demolition of construction materials
Lead Remodelling/demolition of painted surfaces

Biological pollutants

Damp materials/furnishings, components of climate
control systems, occupants, outdoor air, pets

Radon

Soil under buildings, construction materials

Free radicals and other short-lived,
highly reactive compounds

Indoor chemistry




Biological sources of air pollution are also foumtboors, as gases and airborne
particulates. Pets produce dander, people produsé fdom minute skin flakes and

decomposed hair, dust mites in bedding, carpetith farniture produce enzymes and
micrometre-sized fecal droppings, inhabitants eméthane, mold forms in walls and

generates mycotoxins and spores, air conditionygesns can incubate Legionnaires'
disease and mold, and houseplants, soil and sufirmgirgardens can produce pollen,
dust, and mold.

The presence of many biological agents in the indowironment is due to dampness
and inadequate ventilation. Excess moisture on stlnatl indoor materials leads to
growth of microbes, which subsequently emit spom|s, fragments and volatile
organic compounds into indoor air. Moreover, danggnieitiates chemical or biological
degradation of materials, which also pollutes irrdan

Recent studies estimate that exposure to indogrddiutants associated with household
solid fuel use may be responsible for nearly 1.8ioni excess deaths and about 3% of
the global burden of disease.

Factors governing the indoor air quality problem

Air exchange rate

Indoor rate of removal of pollutants
Outdoor concentration of air pollutant
Infiltration and exfiltration rate.

When there isn't an effective air exchange ratachvis the rate at which outdoor air
replaces indoor air, indoor pollutant levels caoréase. Air exchange rate is managed
through natural and/or mechanical ventilation.

Natural ventilation occurs when air moves througlered doors and windows by wind
or temperature differences. Mechanical ventilaboours when devices such as fans or
air handling systems distribute or move air. A @mopir exchange rate it is vital for
maintaining healthy indoor air.

Control

Source control, filtration and the use of ventdatio dilute contaminants are the primary
methods for improving indoor air quality in mostildings.

Often seen outdoors, indoor plants are the bestralaand economical purifiers available
to combat indoor air pollution.

Properly utilize and maintain air filters and clees
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Unit — 8 (Standards and legislation)

Air Quality and Emission Standards

National Ambient Air Quality Standards

POLLUTANT STANDARD STANDARD
VALLE * TYPE

Carbon Monoxide (CO)

S-hour Aserage D ppm (10 mgfm®) Primary

1-howr Aserage 35 ppm (40 mgfm®) Primary
Nitrogen Dioxide (INO,)

Anmual Anthmetic Mean 0.053 ppm (100 pgim™) Primary & Secondary
Ozone {03}

1-howr Aserage 0.12 ppm (235 ugim™) Primary & Secondary
Lead (Fb)

Quarterly Average 1.5 ughn® Primary & Secondary
Particulate (PM 10)  Pardicles with diamefers of 10 micromefers or less

Anmual Anthmetic Mean 50 ugm® Primary & Secondary

24-howr Aserage 150 ugfm’ Primary & Secondary
Particulate (PM 2.5)  Parficles wilh diamelfers qf 2.5 micromefers or less
Sulfur Dioxide (SO,)

Anmual Anthmetic IMean 0.03 ppm (80 ugm®) Primary

24-howr Asverage 0.14 ppm (365 ugim™) Primary

3-hour Average 0.50 ppm (1300 pgim™) Secondary




EMISSION STANDARD

Emission standards are requirements that set specific limits to the amount of
pollutants that can be released into the environment. Many emissions
standards focus on regulating pollutants released by automobiles (motor
cars) and other powered vehicles but they can also regulate emissions from
industry, power plants, small equipment such as lawn mowers and diesel
generators. Frequent policy aternatives to emissions standards are
technology standards (which mandate Standards generaly regulate the
emissions of nitrogen oxides (NOx), sulfur oxides, particulate matter (PM)
or soot, carbon monoxide (CO), or volatile hydrocarbons (see carbon
dioxide equivalent).

LEGISLATION AND REGULATION
Short title, extent and commencement.
THE AIR (PREVENTION AND CONTROL OF POLLUTION) ACT, 1981

(1) This Act may be called the Air (Prevention and Control of Pollution)
Act, 1981.

(2) It extendsto the whole of India, with effect from 16 May 1981.

(3) It shall come into force on such date as the Central Government may, by
notification in the Official Gazette, appoint.



Definitions.
In this Act, unless the context otherwise requires,-

(@) "air pollutant" means any solid, liquid or gaseous substance 2[(including
noise)] present in the atmosphere in such concentration as may be or tend to
be injurious to human beings or other living creatures or plants or property

or environment;
(b) "air pollution” means the presence in the atmosphere of any air

(c) "approved appliances’ means any equipment or gadget used for the
bringing of any combustible material or for generating or consuming any
fume, gas of particulate matter and approved by the State Board for the
purpose of this Act;

(d) "approved fuel" means any fuel approved by the State Board for the

purposes of this Act;

(e) "automobile" means any vehicle powered either by internal combustion
engine or by any method of generating power to drive such vehicle by

burning fuel;

(h) "chimney" includes any structure with an opening or outlet from or

through which any air pollutant may be emitted,

(i) "control equipment” means any apparatus, device, equipment or system
to control the quality and manner of emission of any ar pollutant and
includes any device used for securing the efficient operation of any
industrial plant;



(j) "emission" means any solid or liquid or gaseous substance coming out of

any chimney, duct or flue or any other outlet;

(k) "industrial plant" means any plant used for any industria or trade
purposes and emitting any air pollutant into the atmosphere;

4[(m) "occupier", in relation to any factory or premises, means the person
who has control over the affairs of the factory or the premises, and includes,
In relation to any substance, the person in possession of the substance;]

Powers and functions of boards

Functions of Central Board.

(1) Subject to the provisons of this Act, and without preudice to the
performance, of its functions under the Water (Prevention and Control of
Pollution) Act, 1L974 (6 of 1974), the main functions of the Central Board
shall be to improve the quality of air and to prevent, control or abate air

pollution in the country.

(2) In particular and without prejudice to the generality of the foregoing
functions, the Central Board may-

(@) advise the Centra Government on any matter concerning the
improvement of the quality of air and the prevention, control or abatement of

air pollution,

(b) plan and cause to be executed a nation-wide programme for the

prevention, control or abatement of air pollution;



(c) co-ordinate the activities of the State and resolve disputes among them;

(d) provide technical assistance and guidance to the State Boards, carry out
and sponsor investigations and research relating to problems of air pollution

and prevention, control or abatement of air pollution;

(e) plan and organise the training of persons engaged or to be engaged in
programmes for the prevention, control or abatement of air pollution on such

terms and conditions as the Central Board may specify;

(f) organise through mass media a comprehensive programme regarding the

prevention, control or abatement of air pollution;

(g) collect, compile and publish technical and statistical data relating to air
pollution and the measures devised for its effective prevention, control or
abatement and prepare manuals, codes or guides relating to prevention,

control or abatement of air pollution;
(h) lay down standards for the quality of air.,

(i) collect and disseminate information in respect of matters relating to air

pollution;
(j) perform such other functions as may be prescribed.

(3) The Central Board may establish or recognise a laboratory or |aboratories
to enable the Central Board to perform its functions under this section

efficiently.



FUNCTIONS OF STATE BOARDS.

(1) subject to the provisions of this Act, and without preudice to the
performance of its functions, if any, under the Water (Prevention and
Control of Pollution) Act, 1974 (Act 6 of 1974), the functions of a State
Board shall be-

(@ to plan a comprehensive programme for the prevention, control or

abatement of air pollution and to secure the execution thereof-,

(b) to advise the State Government on any matter concerning the prevention,

control or abatement of air pollution;
(c) to collect and disseminate information relating to air pollution;

(d) to collaborate with the Centra Board in organising the training of
persons engaged or to be engaged in programmes relating to prevention,
control or abatement of air pollution and to organise mass-education

programme rel ating thereto;

(e) to inspect, at all reasonable times, any control equipment, industrial plant
or manufacturing process and to give, by order, such directions to such
persons as it may consider necessary to take steps for the prevention, control
or abatement of air pollution;

(f) to inspect air pollution control areas at such intervals as it may think
necessary, assess the quality of air therein and take steps for the prevention,

control or abatement of air pollution in such areas,



(g) to lay down, in consultation with the Central Board and having regard to
the standards for the quality of air laid down by the Central Board, standards
for emission of air pollutants into the atmosphere from industrial plants and
automobiles or for the discharge of any air pollutant into the atmosphere

from any other source whatsoever not being a ship or an aircraft:

(h) to advise the State Government with respect to the suitability of any
premises or location for carrying on any industry which is likely to cause air

pollution;

(i) to Perform such other functions as may be prescribed or as may, from
time to time, be entrusted to it by the Centrad Board or the State

Government;

(j) to do such other things and to perform such other acts as it may think
necessary for the proper discharge of its functions and generally for the
purpose of carrying into effect the purposes of this Act.

(2) A State Board may establish or recognise a laboratory or laboratories to

enable the State Board to perform its functions under this section efficiently.
Powers under the Act

Power to declare air pollution control areas

Power to give indructions for ensuring standards for emission from

automobiles.

Power of Board to make application to court for restraining person from

causing air pollution.



Restrictions on use of certain industrial plants.
Power to obtain information.
Power of entry and inspection.
PENALTIES AND PROCEDURE
Penalties for certain acts Whoever-

(@) destroys, pulls down, removes, injures or defaces any pillar, post or stake
fixed in the ground or any notice or other matter put up, incsribed or placed,

by or under the authority of the Board, or

(b) obstructs any person acting under the orders or directions of the Board

from exercising his powers and performing his functions under this Act, or
(c) damages any works or property belonging to the Board, or

(d) fails to furnish to the Board or any officer or other employee of the
Board any information required by the Board or such officer or other

employee for the purpose of this Act, or

(e) fails to intimate the occurrence of the emission of air pollutants into the
atmosphere in excess of the standards laid down by the State Board or the
apprehension of such occurrence, to the State Board and other prescribed

authorities or agencies as required under sub-section (1) of section 23, or

(f) in giving any information which he is required to give under this Act,
makes a statement which is false in any material particular, or



(g) for the purpose of obtaining any consent under section 21, makes a
statement which is false in any material particular shall be punishable with
imprisonment for a term which may extend to three months or with fine

which may extend to 29[ten thousand rupees]| or with both.
Penalty for contravention of provisions of the Act.

Whoever contravenes any of the provisions of this Act or any order or
direction issued thereunder, for which no penalty has been elsewhere
provided in this Act, shall be punishable with imprisonment for a term which
may extend to three months or with fine which may extend to ten thousand
rupees or with both, and in the case of continuing contravention, with an
additional fine which may extend to five thousand, rupees for every day
during which such contravention continues after conviction for the first such

contravention.)
40. Offences by companies.

(1) Where an offence under this Act has been committed by a company,
every person who, a the time the offence was committed, was directly in
charge of, and was responsible to, the company for the conduct of the
business of the company, as well as the company, shall be deemed to be
guilty of the offence and shall be liable to be proceeded against and punished

accordingly:

Provided that nothing contained in this sub-section shall render any such
person liable to any punishment provided in this Act, if he proves that the
offence was committed without his knowledge or that he exercised al due

diligence to prevent the commission of such offence.



AIR POLLUTION INDEX

The Air Pollution Index (APl) is a smple and generdized way to describe
the air quality in. It is calculated from several sets of air pollution data. The
API level is based on the level of 5 atmospheric pollutants, namely sulfur
dioxide (SO2), nitrogen dioxide (NO2), suspended particulates (PM10),
carbon monoxide (CO), and ozone (O3) measured at the monitoring stations.
An air quality index (AQI) is a number used by government agencies to
communicate to the public how polluted the air is currently or how polluted
it is forecast to become. As the AQI increases, an increasingly large
percentage of the population is likely to experience increasingly severe
adverse hedlth effects. Different countries have their own air quality indices
which are not all consistent. Different countries also use different names for
their indices such as Air Quality Health Index, Air Pollution Index and
Pollutant Standards Index.

Air quality is defined as a measure of the condition of air relative to the
requirements of one or more biotic species or to any human need or
purpose.[1] To compute the AQI requires an air pollutant concentration from
a monitor or model. The function used to convert from air pollutant
concentration to AQI varies by pollutant, and is different in different
countries. Air quality index values are divided into ranges, and each range is
assigned a descriptor and a color code. Standardized public health advisories

are associated with each AQI range.



PSI Descriptor General Health Effects

0-50 None

51-100 | Moderate Few or none for the general population

101 - 200 | Unhealthy Mild aggravation of symptoms among susceptible persons
i.e. those with underlying conditions such as chronic heart
or lung aillments; transient symptoms of irritation e.g. eye
irritation, sneezing or coughing in some of the healthy
population.

201-300 | Very Moderate aggravation of symptoms and decreased tolerance

Unhealthy in persons with heart or lung disease; more widespread

symptoms of transient irritation in the healthy population.

301 - 400 | Hazardous Early onset of certain diseasesin addition to significant
aggravation of symptoms in susceptible persons; and
decreased exercise tolerance in healthy persons.

Above Hazardous PSI levels above 400 may be life-threatening to ill and

400 elderly persons. Healthy people may experience adverse

symptoms that affect normal activity.
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UNIT 1
10CV765 APC

Definition of Air pollution : It is the presence of substances in air in siefficconcentration and
for sufficient time, so as to be, or threaten toifjarious to human, plant or animal life, or to

property, or which reasonably interferes with tbenfortable enjoyment of life and property.

The air Act of Govt. of India (amendment 1987) de$ air pollution as “air pollution means any
solid, liquid or gaseous substances present irathmsphere in such concentrations that may
tend to be injurious to human beings or other Gvioreatures or plants or property or

enjoyment”.

Perkins (1974) defined air pollution as “air pallut means the presence in the outdoor
atmosphere of one or more contaminants such asfdosts, gas, mist, odor, smoke or vapor in
guantities or characteristics and of duration saglo be injurious to human, plant or animal life

or to property or which unreasonably interfereshwite comfortable enjoyment of life and

property.”

Atmosphere can be defined as the thin blanketrafuarounding the earth. The clean dry air has

following average composition:-

Component By volume By weight
Nitrogen 78.084% 75.51%
Oxygen 20.946% 23.15%
Argon 0.934% 1.28%
Carbon dioxide 0.033% 0.046%
Neon 18.180 ppm 12.50 ppm
Helium 5.240 ppm 0.72 ppm
Krypton 1.190 ppm 290 ppm
Xenon 0.087 ppm 0.36 ppm
Nitrous oxide 0.500 ppm 1.50 ppm
Methane 2.0 ppm 1.2 ppm
Hydrogen 0.5 ppm 0.03 ppm
Ozone 0.01 ppm




Definition of Air pollutants : Substances introduces into the air, natural onmaae, in

concentrations detrimental to human, plant or ahiifiea or to property.

Major Classification of Air Pollutants:

1] Primary — Secondary
2] Natural — Manmade
3] Criteria Air Pollutants

4] Physical - chemical - biological

Primary pollutants and secondary pollutants: Primary pollutants are substances that are
directly emitted into the atmosphere from sour€@gnary pollutants are those that are emitted
directly from identifiable sources. Secondary allygants are those that are produced in the air

by the interaction of two or more primary air pédint.

Primary Air pollutants:-

() Fine (less than 1Q0 and coarse (more than 1QGuspended particulate matter
(i) Oxides of sulfur

(iif) Oxides of nitrogen

(iv) Carbon monoxide

(v) Halogens

(vi) Organic compounds

(vil) Radioactive compounds

Secondary Air pollutants:-

(i) Ozone

(i) PAN (peroxi aceyl nitrate)
(iif) Photochemical smog

(iv) Acid mists



Air pollutants arise from both manmade and natpratesses. The ambient air quality may be
defined by the concentration of a set of pollutamtsch may be present in the ambient air we

breathe in. These pollutants may be catletkria pollutants.

Natural Contaminants: Pollen is important natural contaminant becauseit®fpeculiar

properties of irritation and allergy sometimes legdo bronchitis, asthma and dermatitis. Pollen
grains are the male gametophytes of gymnospermaragidsperms and they are discharged into
the atmosphere from plants etc. The air transpgrtdigén grains range mainly between 10 and

50 microns. Manmade refers to any pollutant proddoenfluence or action of humans.

Aerosols: Aerosols refer to the dispersion of solid or Igjarticles of microscopic size in the
air. It can also be defined as a colloidal systarwhich the dispersion medium is gas and the
dispersed phase is solid or liquid. The term agrgsapplicable until it is in suspension and after
settlement due to its own weight or by additionhwitther particles (agglomeration) it is no
longer an air pollutant. The diameter of the adrasay range from 0.01 (or less) micron to 100

micron.

The various aerosols are as follows:-

(i) Dust: Dust is produced by the crushing, grinding anduratsources like windstorms.
Generally the dust particles are over 20 micromliameter. They do not flocculate but settle

under gravity, but smaller particles like 5 micfonm stable suspensions.

(i) Smoke: Smoke is made up of finely divided particles proetli by incomplete combustion.

Generally it consists of carbon particles of seslthan 1.0 micron.

(i) Mists: Mist is a light dispersion of minute water drogleduspended in the atmosphere
ranging from 40 to 400 micron in size.

(iv) Fog: Fog is made up of dispersion of water or ice tiearearth’s surface reducing visibility

to less than 500 m. In natural fog the size ofiplad range from 1.0 to 40 micron.



(v) Fumes: Fumes are solid particles generated by condemséioon the gaseous state after

volatilization from melted substances. Fumes fltateuand sometimes coalesce. Gases:

Following are themain air pollutant gases

(i) Sulphur dioxide: It is a major air pollutant gas produced by thebastion of fuels like coal.
The main source of electricity production is by rng of fossil fuels in India and the whole
world. The sulphur content of the coal varies frbno 4% and fortunately the Indian coal is low

in sulphur content. SO2 is also produced in theathegical operations.

(i) Oxides of nitrogen: Oxides of nitrogen are produced either in the potion of nitric acid or
in the automobile exhausts and as the effluentafgp plants. Out of the seven oxides of
Nitrogen (NO, NO, NG, NOs, N,Os, N>O4, N.Os) only nitric oxide and nitrogen dioxide are

classified as the main pollutants. All the oxidésitrogen are collectively known as NO

(iif) Carbon monoxide: It is produced because of the incomplete combusifocoal and other
petroleum products. It is produced in the exhadsawdomobiles. In the pollution check of

vehicles mainly CO and unburnt hydrocarbons aresoredl.

(iv) Hydrogen sulphide: Hydrogen Sulphide is an obnoxious (bad smelliray. dt is produced
mainly by the anaerobic (in absence of air) decasitipm of organic matter. Other air polluting

sulfur compounds are methyl mercaptan §6H) and dimethyl sulphide (GF5-CH;) etc.

(v) Hydrogen fluoride: It is an important pollutant even in very low centrations. It is

produced in the manufacturing of phosphate feetisz

(vi) Chlorine and hydrogen chloride: It is mixed in the air either from the leakagesirwater
treatment plants or other industries where it isdpced or used. Hydrogen chloride is also
evolved in various industrial chemical processese Thain effect of chlorine is respiratory

irritation which may be fatal.



(vii) Ozone:lt is a desirable gas in the upper layers of atiespas it absorbs the UV radiation
of sunlight. But near the earth surface it is asponous gas. It makes poisonous chemicals by

photochemical reactions.

(viii) Aldehydes: They are produced by the incomplete oxidation ofanfuels and lubricating
oil. They may also be formed because of photoch&méactions. Formaldehydes are irritating
to the eyes.

Classification according to chemical composition:@rganic — inorganic)

1. Sulfur-containing compounds.

2. Nitrogen-containing compounds.
3. Carbon-containing compounds.
4. Halogen-containing compounds.
5. Toxic substances (any of about).
6. Radiative compounds.

Classification according to physical state:

1. Gaseous.
2. Liquid (aqueous).
3. Solid.

Criteria air pollutants are six major pollutants defined by EPA (Enviromtaé Protection
Agency) for which ambient air standards have besnts protect human health and welfare.
These include :

1. Ozone, Q.

2. Carbon monoxide, CO.
3. Sulfur dioxide, S@

4. Nitrogen oxides, N©

5. Lead, Pb.

6. Particulates, PM10.



Pollutant Description Sources Health Effects Welfare Effects
Carbon Colorless, Motor vehicle exhaust, Headaches reduced Contribute to the
Monoxide odorless gas indoor sources include mental alertness, heart formation of smog.
(Co) kerosene or wood attack, cardiovascular

burning stoves.

diseases, impaired fetal
development, and death.

Sulfur Dioxide
(5S02)

Colorless gas that
dissolves in water
vapor to form
acid, and interact
with other gases
and particles 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 (NO2)

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 (03) Gaseous Vehicle exhaust and Eye and throat irritation, Plant and

pollutant when it | certain other fumes. coughing, respiratory tract | ecosystem damage.
is formed in the Formed from other air problems, asthma, lung
troposphere. pollutants in the damage.

presence of sunlight.

Lead (Pb) Metallic element | Metal refineries, lead Anemia, high blood Affects animals
smelters, battery pressure, brain and kidney | and plants, affects
manufacturers, iron and | damage, neurological aquatic
steel producers. disorders, cancer, lowered | ecosystems.

Q.

Particulate Very small Diesel engines, power Eye irritation, asthma, Visibility

Matter (PM) particles of soot, plants, industries, bronchitis, lung damage, impairment,

dust, or other windblown dust, wood cancer, heavy metal atmospheric
matter, including | stoves. poisoning, cardiovascular deposition,

tiny droplets of
liquids.

effects.

aesthetic damage.




Emission Sources

Major Classification of Air Pollution Sources:

1] Based on Origin: Natural and Manmade

While man-made air pollution does present heal#tatds, natural sources of air pollution can be
equally dangerous at times. These sources inclugepicked up by wind erosion, the emission

of methane by livestock, and smoke from wildfirgelcanic eruptions are perhaps the largest
single source of air pollution, natural or man-matiat humans have ever dealt with. These can
produce clouds of abrasive volcanic ash and otlaemtul substances such as chlorine and

sulfur.

2] Based on Position: Stationary and Mobile

The sources of air pollution may be classified tatianary point sources (generally industrial in

origin), diffuse or area sources and mobile sou(eesnly cars and trucks).

3] Based on Aix of Releasddorizontal axis (Roadways traffic)
Vertigakis release (Industrial Stacks)
4] Based on Intensity/frequency of releaseéContinuous release (Industrial Stacks)
Instantaneous release (Roadwayciraf

Stationary Sources

The stationary industrial sources are usually diadgsby process type or sub-type. Thus an oil
refining plant also includes large industrial boslas a sub-type. Small and medium scale plants
such as garment or food processing plants maydedldustrial boilers, a common source of air
pollution. The quality and type of fuel used foreegy production are important determinants of
the air pollution potential of a plant. Each tydeptant or activity generally emits more than one
pollutant, and the pollutant emission rate depedghe fuel type and quality, the design of the
plant (and whether fitted with air pollution cortoevices or not), and the activity rate or output

of the plant.



(i) Point source (power plant stacks)
(ii) Area source (forest fires, open burning)

(i) Line Source (highway vehicle exhausts)

Mobile SourcesRefer mainly to emissions from cars, trucks, misdgsiand buses. The fuel
source may be petrol or diesel, and emissions diecexhaust emissions and fugitive emissions.
Vehicle (mobile) source emissions depend on a nurobéctors, including vehicle size, fuel
type, speed and vehicle technology. Total vehiolessions depend on the vehicle population on

the road at a given time.

Chemical Reactions in the Atmosphere

Substances in the top layer of the geosphere, krasviine lithosphere, tend to become more
reduced over time. Biomass (&b) for example is slowly transformed to substarweeiEh have

no oxygen atoms through a sequence of steps, therhpounds with successively larger
carbon to hydrogen ratios and finally to productgshwa form of pure carbon. However,
atmospheric chemical reactions have the opposfertebn substances, causing an atom to
become more oxidized over time in the atmosphetmo8pheric gases that are found in their
reduced states are oxidized stepwise to form imuibstances that are washed out of the
atmosphere in rainfall. Example, dissolution of espheric hydrogen sulfide by rain to form

sulfate molecule.

H,S + H,0 (rain) — S04

Chemical reactions in the atmosphere can occulaaggase collisions between molecules, on
the surfaces of solid particles or in agueous swiuiin water droplets); predominantly acid-base

reactions. Particles spend short residence tim#henatmosphere. Due to this, reactions that
occur on particle surfaces are of minor importainceost cases. Gas phase reactions dominate

the chemical changes that occur to substance iatthosphere.



The most important single species in atmosphergnisiry is the hydroxyl radical (HO-). This
radical is formed by several reactions. Howeveg, ghimary process is one where an O-H bond
of the water molecule is broken to form a hydrogeam (H-) and a hydroxyl radical (HO-). The
hydrogen atom can then react with another watereocnt¢ to form hydrogen and a second
hydroxyl radical, or with an oxygen molecule (OB)form a second hydroxyl radical and an
oxygen atom. The new oxygen atom can then reabtambther water molecule to form two new

hydroxyl radicals.

H & .
‘o X _w H +HO

H+H0O—» H +HO

O+H20 —» 2 HO

Molecules in the atmosphere are continually mownd colliding with one another, as described
by the kinetic-molecular theory. The atmospheral$® continually illuminated during daylight
hours. As a result, absorption of light energy twaspheric molecules can cause photochemical
reactions, reactions that would not occur at noratalospheric temperatures in the absence of
light. Such reactions play an important role inedetining the composition of the atmosphere

itself and the fate of many chemical species thatrbute to air pollution.

Nitrogen dioxide, NO2, is one of the most photocloaly active species in the atmosphere. The
NO2 molecule is an example of a free radical bezatiscontains an unpaired electron,

represented by a next to its formula. When an NQ@®eoule absorbs a photon of light with

energy, the molecule is raised to a higher eneeggl] it becomes an electronically excited
molecule, designated by an asterisk (*).

by *
'N(_')_,(g) —_— '_\I(,')_,



The excited molecule may quickly re-emit a photédight, or the energy may break an N-O
bond to form a nitrogen monoxide (NO) molecule andoxygen atom (O). Both NO and O are

free radicals, because they have one or more w@tpaiectrons each denoted by a dot.

hn

‘NOY(g) — -NO(g) + -0-(g)

Photodissociation is another mechanism of formatioradicals, in which a molecule absorbs an
ultraviolet photon and produces two free radicats @moducts. Molecular oxygen can

photodissociate to form two oxygen atoms.

by
O,(g) — -0-(g) + -O-(g)

Some free radicals, such as an oxygen atom, redbt amother atom or molecule almost
immediately. Others, such as an NO2 molecule, arguite so reactive and are stable enough to

exist for a somewhat longer time. Most radicalshaghly reactive and short-lived.

Fate of air pollutants in the atmosphere

1] NOy, Hydrocarbons, Ozone, Mist: - Formation of phogroital smog
2] SO, NO: - Formation of Acid Mist / Rain
3] SO, CO, Mist: - Formation of coal induced smog

4] [O], NOx, OH - Formation of Ozone

PHOTO CHEMICAL SMOG

Photochemical smog was first described in the 1980s the chemical reaction of sunlight,

nitrogen oxides and volatile organic compounds ha atmosphere, which leaves airborne



particles and ground-level ozone. This noxious arxiof air pollutants can includes Aldehydes,
Nitrogen oxides, such as nitrogen dioxide, Peroylyaitrates

Tropospheric ozone, Volatile organic compounds Aticof these chemicals are usually highly
reactive and oxidizing. Photochemical smog is abergid to be a problem of modern
industrialization. It is present in all modern egj but it is more common in cities with sunny,

warm, dry climates and a large number of motor eleki Because it travels with the wind, it can
affect sparsely populated areas as well.

VOCs + NOx + sunlight-> photochemical smog

Nitric oxide: NO -3 Nitrogen oxides
Nitrogen dioxide: NO2 =

Photochemical smog
Oxidant

0xidants consisting mainly
ofozone (03

@ PAN

@ Aldehyde
@ Acrolein

To begin the chemical process of photochemical sdewvglopment the following conditions
must occur:

e Sunlight.
e The production of oxides of nitrogen (NOXx).
* The production of volatile organic compounds (VQCs)

» Temperatures greater than 18 degrees Celsius.



Nitrogen oxide is an essential ingredient of phb&nical smog that is produced during the high
temperatures associated with combustion of velsiobgigines. Nitrogen oxide is an essential
ingredient of photochemical smog that is producexdnd the high temperatures associated with

combustion of vehicle’s engines.

Formation

Sunlight can break down nitrogen dioxide back mtcogen oxide.
NO2 + sunlight »»» NO + O

The atomic oxygen formed in the above reaction tieacts with one of the abundant oxygen

molecules producing ozone.
O+ 02 »»» 03

Nitrogen dioxide can also react with radicals prEtlfrom volatile organic compounds in a
series of reactions to form toxic products sucpesxyaceyl nitrates.

NO2 + R »»» products such as PAN

Note the symbol R represents a hydrocarbon (a m@eomposed of carbon, hydrogen and
other atoms) which is primarily created from vd&trganic compounds.

Steps

1) Nitrogen oxides generate oxygen atoms

2) Oxygen atoms form hydroxyl radicals

3) Hydroxyl radicals generate hydrocarbon radicals
4) Hydrocarbon radicals form hydrocarbon peroxides
5) Hydrocarbon peroxides form aldehydes

6) Aldehydes form aldehyde peroxides

7) Aldehyde peroxides form peroxy-acyl-nitrates



Health effects

It can cause eye and nose irritation and it drigstiee protective membranes of the nose and

throat and interferes with the body's ability tghfi infection, increasing susceptibility to illness

COAL INDUCED SMOG

Introduction to Smog

Smog is a recent compound word from "smoke" and",fand was coined by Harold Antoine
des Voeux, a doctor, in 1905. Smog refers to lgchigh concentrations of acids, dry acid-
forming compounds, particulates, or other pollugaint stagnant, stable air. Smog’s form when
emissions are prevented from dispersing by stablsimking air masses. They were very
prevalent in European and North American citiesirduffirst part of 20th Century. London
smog’s were infamous in the 19th and early 20thwes and formed every autumn and winter
due to sulphur emissions from coal burning indastrand domestic fires. The most severe
London smog was on 4-10th December 1952, when badth-pressure conditions trapped coal
smoke in foggy air. The output of smoke was inaedasy the cold weather, due to the large
numbers of domestic fires. Sooty smoke produced#t dady concentrations of black smoke of
5000 mgs/m3 (WHO 24 hr. max limit of 100-150), atally average SO2 levels of 3000-4000
mg/m3 (WHO 24 hr. max limit of 100-150). Sulphuacid droplets resulted in pH estimated as

1.4 to 1.9: as acidic as car battery acid.

HSO +HO- HSO
2 4@ 2

2 4(q)
SO +HO - HSO
2(9) 2 2 3(aq)

Chemistry
These are produced by high outputs of SO2, whiehcanverted to acids on contact with

atmospheric moisture. Usually, sulphurous smog®o atontain elevated concentrations of

suspended soot.



Impacts

Visibility was reduced to 5m at times, and Londarsés had to be guided through the street by
men with lanterns during daylight hours. The snagidd for 5 days, eventually extending over a
50km radius. Approx. 4,000 excess deaths occumseasl rasult of inhaling pollution, mainly old
and sick and those with chest problems. Respiratisgases alone accounted for 59 per cent of
the increase in deaths registered in the week gnils December and 76 per cent in the
following week. Bronchitis and emphysema were thw® ttonditions that stood out in the
coroner’s records as showing the greatest incrézmeliovascular disease accounted for 22 per
cent of the increased number of deaths in the etk and 16 per cent in the week ending 20

December. The disaster ultimately led to the intctishn of the Clean Air Acts.

ACID MIST/ RAIN

Definition

Normal Rain water p is slightly acidic due to certain concentration @0, dissolved as

rainwater trickles down atmosphere,
CO+H,0—-HCO*+H*

Acid rain is defined as any type of precipitatioithna g' that is unusually low or lower than 5.7.
Acid rain was first found in Manchester, England. 1852, Robert Angus Smith found the
relationship between acid rain and atmosphericupoh. Though acid rain was discovered in
1852, it wasn't until the late 1960s that sciestisegan widely observing and studying the

phenomenon.
Causes

The principal natural phenomena that contributel-acoducing gases to the atmosphere are
emissions from volcanoes and those from biologmacesses that occur on the land, in
wetlands, and in the oceans. The major biologicalree of sulfur containing compounds is

dimethyl sulfide.



The principal cause of acid rain is sulfuric antlagen compounds from human sources, such as
electricity generation, factories and motor velscl€oal power plants are one of the most
polluting. The gases can be carried hundreds ofielres in the atmosphere before they are
converted to acids and deposited. Factories usedue short funnels to let out smoke, but this
caused many problems, so now, factories have losgeke funnels. The problem with this is

those pollutants get carried far off, where it tesanore destruction.

Sulfur dioxide contributes to about seventy peradracid rain while nitrogen oxides provide the
remaining thirty percent. The sources of sulfurtie atmosphere include coal combustion,
smelting, organic decay, and ocean spray. Appraeiynaninety percent of atmospheric sulfur
results from human activities.

In the atmosphere, sulfur dioxide combines withevaapor to form hydrogen sulfite gas:
SO, + H,0+1/2Q — HSOy

Next, hydrogen sulfite reacts with oxygen to fomfgric acid, a major component of acid rain:
H,SO; + 1/2Q — H,SO

The sources of nitrogen oxides include the combnsif oil, coal and natural gas, forest fires,
bacterial action in soil, volcanic gases, and liggiinduced atmospheric reactions.

In the atmosphere, nitrogen monoxide reacts wilger gas to form nitrogen dioxide gas:
NO + 1/2Q — NO;

Then, nitrogen dioxide reacts with water vaporhia atmosphere to form hydrogen nitrite and
hydrogen nitrate:

2NO, + H;O — HNO, + HNG;

Henceforth, acid rain is a mixture of HNMH.SO, + HCI. however conditions needed to favor

formation of these are sunlight, temperature, hitjilydrocarbons, NQ SQ.



Effects

Both the lower f and higher aluminum concentrations in surface i@ occur as a result of
acid rain can cause damage to fish and other agaaitinals. At p lower than 5 most fish eggs
will not hatch and lower b can kill adult fish. As lakes become more acidiodiversity is
reduced. Soil biology can be seriously damagedciyrain. Some tropical microbes can quickly

consume acids but other microbes are unable toateléow p' and are killed.

Acid rain can slow the growth of forests, causeésaand needles to turn brown and fall off and
die. In extreme cases trees or whole areas oftfomsdie. The death of trees is not usually a
direct result of acid rain; often it weakens tressl makes them more susceptible to other
threats. Some scientists have suggested direct imkuman health, but none have been proven.
However, fine particles, a large fraction of whiate formed from the same gases as acid rain
(sulfur dioxide and nitrogen dioxide), have beepveh to cause illness and premature deaths

such as cancer and other deadly diseases

Toxic metals released into the environment by aaid may enter water supplies or accumulate
in fish and crops. Acid deposition also destroysuss, headstones, buildings, and fountains.

Limestone structures are especially susceptiblausscthey dissolve easily in acidic solutions.

Acid rain can also cause damage to certain buildagerials and historical monuments. Acid
rain can cause weathering on ancient and valuaéees and has caused considerable damage.
This is because the sulfuric acid in the rain cloaity reacts with the calcium compounds in the
stones (limestone, sandstone, marble and granitefeate gypsum, which then flakes off. Acid

rain also causes an increased rate of oxidatiomdor

Control
» Design more efficient automobile engines in ordereduce nitrogen oxide emissions.
» Increase efficiency of power plants that burn doabrder to reduce waste that contains
sulfur dioxide and nitrogen oxide.

» Increase penalties on industries that do not nepb#ution guidelines.



> Increase tax incentives to industries that do rgaetelines.

» Use alternative energy sources, Increase fundimgaf@rnative energy sources; for
example, give tax incentives to buyers of hybricsca

» Provide tax incentives to companies that use atamm energy sources.

» Add CaCQ (calcium carbonate) to lakes suffering from acidpaksition; calcium
carbonate acts as a buffer, resisting a changé emg lessening the negative effects of

acid rain.

OZONE DEPLETION
Definition

Ozone layer is an umbrella 24 km [15 miles] fromtleagurface, an essential component of the
stratosphere that absorbs short wavelength ultietviadiation from the sun, heating the gases of

the stratosphere in the process. World ozone degiébrated on Sept, 16 of every year.

Stratospheric ozone is measured in Dobson units] [Baimed after G.M.B Dobson who
pioneered the study; [I Dobson unit = 0.01 mm thess of stratospheric ozone], Average ozone
thickness in stratosphere is 300 DU, & when itsfddelow 200 DU, it's considered as Ozone

hole. It is thinnest around equator and thickear peles.

Stratospheric ozone depletion is the term appleethé loss of stratospheric ozone molecules
(O3) and the disruption of Oxygen-Ozone concentragquailibrium in stratosphere [i.e., when

chlorine atoms upset the naturap/@; equilibrium in the stratosphere]. Oxygen molecules
interact with the intense solar radiation presdnth& elevation to form oxygen atoms. The

oxygen atoms thus generated react with other oxygaecules to form ozone D
Causes

Ozone depletion is caused by the release of chlmmafcarbons (CFC's) and other ozone-
depleting substances (ODS), which were used widslyefrigerants, insulating foams, and
solvents. The discussion below focuses on CFCsishielevant to all ODS [NO, N{Xaircraft

exhaust), Br UV rays, [O] Atomic oxygen etc].



Although CFCs are heavier than air, they are ewadlytearried into the stratosphere in a process
that can take as long as 2 to 5 years. When CRH ithe stratosphere, the ultraviolet radiation
from the sun causes them to break apart and retddsane atoms which react with ozone,
starting chemical cycles of ozone destruction tiegtlete the ozone layer. One chlorine atom can
break apart more than 100,000 ozone molecules.

Other chemicals that damage the ozone layer inclodthyl bromide (used as a pesticide),
halons (used in fire extinguishers), and methyloatsform (used as a solvent in industrial
processes). As methyl bromide and halons are brakart, they release bromine atoms, which

are 40 times more destructive to ozone molecules ¢hlorine atoms.

Chapman’s Reaction O, +UW =20

0+0; 505 (ozone production)
O3+ UV — O+ Oy (0zone destruction)
O+0,—= 04 {ozone production)

O3 4+0 = O;+0; (ozone destruction)

Ozone Depletion by CFC'’s

All above reactions occur in the presence of U\srayhile the ¥ set of reactions governs the
oxygen-ozone equilibrium due to its spontaneity.

Effects

Effect of ozone hole include cataract, genetic mta constriction of blood vessels, reduced

crop yield, leukemia, breast cancer, damage to, @gpa culture, etc.,



The higher energy UV radiation absorbed by ozongeiserally accepted to be a contributory
factor to skin cancer. In addition, increased swafblV leads to increased tropospheric ozone,
which is a health risk to humans such as Snow Bbsd [photo keratosis], i.e., inflammation of
cornea (outer coating of eyeball). The most comfoeoms of skin cancer in humans, basal and
squamous cell carcinomas have been strongly linkedVB exposure. Another form of skin
cancer, malignant melanoma, is much less commofabuatore dangerous, being lethal in about
15% - 20% of the cases diagnosed. In India themoistandard for Ozone. However WHO
standard is 100 ppm for 8 hrs. — avg.

Control Measures

The Montreal Protocol, an international agreemeignex by 139 nations, banning the
production of CFCs by the year 2000. We can't makeugh ozone to replace what's been
destroyed, but provided that we stop producing ezepleting substances, natural ozone
production reactions should return the ozone lagemormal levels by about 2050. It is very
important that the world comply with the Montreab#®col; delays in ending production could
result in additional damage and prolong the ozawyerls recovery. Control mechanism stresses
on replacement of the banned chemical by ammot@ans helium etc.
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Effects of air pollution On Human Health

Exposure to air pollution is associated with nurosrceffects on human health,
including pulmonary, cardiac, vascular, and newgigla impairments. The health
effects vary greatly from person to person. Higik-groups such as the elderly, infants,
pregnant women, and sufferers from chronic head Amg diseases are more
susceptible to air pollution. Children are at geeaisk because they are generally more

active outdoors and their lungs are still develgpin

Exposure to air pollution can cause both acuter{dbom) and chronic (long-term)

health effects. Acute effects are usually immedzaté often reversible when exposure
to the pollutant ends. Some acute health effectisidie eye irritation, headaches, and
nausea. Chronic effects are usually not immediatetand not to be reversible when
exposure to the pollutant ends. Some chronic hesffbcts include decreased lung

capacity and lung cancer resulting from long-texposure to toxic air pollutants.

The scientific techniques for assessing health atgp@f air pollution include air
pollutant monitoring, exposure assessment, dosymnaikicology, and epidemiology.
Although in humans pollutants can affect the skiygs and other body systems, they
affect primarily the respiratory system. Air is atieed in through the nose, which acts
as the primary filtering system of the body. Thealinmairs and the warm, humid
conditions in the nose effectively remove the largellutant particles. Both gaseous
and particulate air pollutants can have negatitectf on the lungs. Solid particles can
settle on the walls of the trachea, bronchi, arahthioles. Most of these particles are
removed from the lungs through the cleansing (swegmction of "cilia”, small hair

like outgrowths of cells, located on the walls foé tungs



Gaseous air pollutants may also affect the funaticthe lungs by slowing the action of

the cilia. Continuous breathing of polluted air cdow the normal cleansing action of

the lungs and result in more particles reachinddiver portions of the lung.

The table summarizes the sources, health and weadféects for the Criteria Pollutants.

Pollutant Description | Sources Health Effects Ifdfe
Effects
Carbon Monoxide Colorless, Motor vehicle | Headaches Contribute to
(CO) odorless gas| exhaust, indoor reduced mental the formation
sources alertness, heart of smog.
include attack,
kerosene or | cardiovascular
wood burning | diseases,

stoves.

impaired fetal
development,

and death.

Sulfur Dioxide Colorless Coal-fired Eye irritation, | Contribute to

(S02) gas that power plants, | wheezing, the formation
dissolves in | petroleum chest tightness, of acid rain,
water vapor | refineries, shortness of | visibility
to form acid, | manufacture of breath, lung impairment,
and interact | sulfuric acid damage. plant and water
with other and smelting damage,
gases and | of ores aesthetic
particles in | containing damage.
the air. sulfur.

Nitrogen Dioxide Reddish Motor Susceptibility | Contribute to

(NO2) brown, vehicles, to respiratory | the formation
highly electric infections, of smog, acid
reactive gas.| utilities, and irritation of the | rain, water

other lung and quality

industrial, respiratory deterioration,

commercial, | symptoms global

and residential| (e.g., cough, | warming, and

sources that | chest pain, visibility

burn fuels. difficulty impairment.
breathing).

Ozone (03) Gaseous | Vehicle Eye and throat Plant and
pollutant exhaust and | irritation, ecosystem
when it is certain other | coughing, damage.
formed in fumes. respiratory
the Formed from | tract problems,
troposphere.| other air asthma, lung




pollutants in | damage.
the presence of
sunlight.
Lead (Pb) Metallic Metal Anemia, high | Affects
element refineries, lead| blood pressure, animals and
smelters, brain and plants, affects
battery kidney aquatic
manufacturers, damage, ecosystems.
iron and steel | neurological
producers. disorders,
cancer,
lowered 1Q.
Particulate Matter | Very small | Diesel Eye irritation, | Visibility
(PM) particles of | engines, power asthma, impairment,
soot, dust, on plants, bronchitis, atmospheric
other matter,| industries, lung damage, | deposition,
including windblown cancer, heavy | aesthetic
tiny droplets | dust, wood metal damage.
of liquids. stoves. poisoning,

cardiovascular

effects.

Effects of air pollution On Plants

The effects of pollution on plants include mottediage, “burning” at leaf tips or margins, twig

dieback, stunted growth, premature leaf drop, delapaturity, abortion or early drop of blossoms,

and reduced yield or quality.

In general, the visible injury to plants is of taréypes: (1) collapse of leaf tissue with the

development of necrotic patterns, (2) yellowingtirer color changes, and (3) alterations in growth
or premature loss of foliage. Injury from air poitun can be confused with the symptoms caused by
fungi, bacteria, viruses, nematodes, insects, traral deficiencies and toxicities, and the adverse

effects of temperature, wind, and water.

Factors that govern the extent of damage and tierrevhere air pollution is a problem are (1) type

and concentration of pollutants, (2) distance frima source, (3) length of exposure, and (4)

meteorological conditions.




Effects of air pollution On Materials

(i) Abrasion (loss of material by wind with coargarticles).

(i) Corrosion (acidic effect of rain water).

(iif) Deposition and removal (adhering substancé® ISPM and removal of
material by rusting.

(iv) Direct chemical attack (effect of gases likeZ.

(v) Indirect chemical attack (action of acid orfiisnes on stones like marble,

corrosion of reinforcement due to diffusidrgases in RCC).

MAJOR ENVIRONMENTAL AIR POLLUTION EPISODES

London Smog
Introduction to Smog

Smog is a recent compound word from "smoke" angd",fand was coined by Harold
Antoine des Voeux, a doctor, in 1905. Smog referdotally high concentrations of
acids, dry acid-forming compounds, particulatespthrer pollutants in stagnant, stable
air. Smog’s form when emissions are prevented fdispersing by stable or sinking air

masses.

Introduction to London Smog

They were very prevalent in European and North Acaercities during first part of 20th
Century. London smog’s were infamous in the 19tth early 20th centuries and formed
every autumn and winter due to sulphur emissionsfcoal burning industries and
domestic fires. The most severe London smog wak tth December 1952, when cold,
high-pressure conditions trapped coal smoke in yogg. The output of smoke was
increased by the cold weather, due to the largebewnof domestic fires. Sooty smoke
produced peak daily concentrations of black smdkB080 mgs/m3 (WHO 24 hr max
limit of 100-150), and daily average SO2 levels3600-4000 mg/m3 (WHO 24 hr max
limit of 100-150). Sulphuric acid droplets resuliachH estimated as 1.4 to 1.9: as acidic
as car battery acid.



HSO +HO- HSO
2 4(g) 2 2 4(aq)

SO +HO - HSO
2(g) 2 () 2 3(ag)

Chemistry

These are produced by high outputs of SO2, whietcanverted to acids on contact with
atmospheric moisture. Usually, sulphurous smogse alontain elevated concentrations
of suspended soot.

Impacts

Visibility was reduced to 5m at times, and Londarsds had to be guided through the
street by men with lanterns during daylight hoditse smog lasted for 5 days, eventually
extending over a 50km radius. Approx. 4,000 exassths occurred as a result of
inhaling pollution, mainly old and sick and thosethwchest problems. Respiratory
diseases alone accounted for 59 per cent of thheare in deaths registered in the week
ending 13 December and 76 per cent in the followiegk. Bronchitis and emphysema
were the two conditions that stood out in the ceranrecords as showing the greatest
increase. Cardiovascular disease accounted foreeZgnt of the increased number of
deaths in the first week and 16 per cent in thekwereding 20 December. The disaster

ultimately led to the introduction of the Clean Aicts.

Bhopal Gas Tragedy

INTRODUCTION

The Bhopal gas tragedy was a gas leak incidenndmaland, considered one of the
world's worst industrial disasters. It occurred tie night of 2° and dawn of 3rd
December 1984 at the Union Carbide India Limited(J pesticide plant in Bhopal,
Madhya Pradesh, India. UCIL was the Indian subsyded Union Carbide Corporation.
The plant manufactured Sevin Carbide, among otlestiggdes. MIC was one of the

chemicals processed for the prime reactions.



ACCIDENT

Even before the December 1984 incident, numeroaglents had fore-warned of an
oncoming disaster. During the incident, most of shfety systems were not functioning.
Many valves and lines were in poor condition. T&@kK contained 42 tons of MIC, much
more than what safety rules allowed. During thehtsgf 2—3 December, a large amount
of water is claimed to have entered tank 610. Aaway reaction started, which was
accelerated by contaminants, high temperatureotrat factors. The reaction generated
a major increase in the temperature inside the targver 200 °C (400 °F). This forced
the emergency venting of pressure from the MIC ingldank, releasing a large volume
of toxic gases. The reaction was sped up by theepe of iron from corroding non-
stainless steel pipelines. Workers cleaned pipglimigh water and claim they were not
told to isolate the tank with a pipe slip-blind fgla Owing of this, and the poor

maintenance, the workers consider that water niigté accidentally entered the tank.

IMPACT

A leak of methyl iso-cyanate gas and other chemidam the plant resulted in the
exposure of hundreds of thousands of people. Ti@abimmediate death toll was 2,259
and the government of Madhya Pradesh has confianethl of 3,787 deaths related to
the gas release. Others estimate 8,000 died wittorweeks and another 8,000 or more
have since died from gas-related diseases. When pas at its peak at major hospitals
of the city, the patients could be graded symptaraly into four categories: (i) Minor
eye ailments, throat irritation and cough, (ii) &ev conjunctivitis, Kkeratitis, acute
bronchitis and drowsiness, (iii) Severe pulmonaegema leading to cardio-respiratory
distress, and (iv) Convulsions, followed by cardegpiratory arrest. Intense fatigue and
muscular weakness was another common feature. &idilcriminal cases are pending in
the United States District Court, Manhattan and Ehstrict Court of Bhopal, India,
involving UCC, UCIL employees.

Passing of THE ENVIRONMENTAL PROTECTION ACT, 1986nch PUBLIC
LIABILITY INSURANCE ACT, 1986



Los Angeles Smog

INTRODUCTION

Photochemical smog was first described in the 1980& the chemical reaction of
sunlight, nitrogen oxides and volatile organic comonpds in the atmosphere, which
leaves airborne particles and ground-level ozotés moxious mixture of air pollutants
can includes Aldehydes, Nitrogen oxides, such egen dioxide, Peroxyacyl nitrates
Tropospheric ozone, Volatile organic compounds Alicof these chemicals are usually
highly reactive and oxidizing.

Photochemical smog is considered to be a problemmadern industrialization. It is
present in all modern cities, but it is more comnmorcities with sunny, warm, dry
climates and a large number of motor vehicles. Beeat travels with the wind, it can
affect sparsely populated areas as well.

VOCs + NOx + sunlight-> photochemical smog

Nitric oxide: NO -3 Nitrogen oxides
Nitrogen dioxide: NO2 =

Photochemical smog
Oxidant

0xidants consisting mainly
ofozone (03
@ PAN
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To begin the chemical process of photochemical sdevglopment the following
conditions must occur:

e Sunlight.

» The production of oxides of nitrogen (NOx).

e The production of volatile organic compounds (VQCs)
» Temperatures greater than 18 degrees Celsius.



Nitrogen oxide is an essential ingredient of phb&nical smog that is produced during
the high temperatures associated with combustiaeloicle’s engines. Nitrogen oxide is
an essential ingredient of photochemical smog tisatproduced during the high
temperatures associated with combustion of velsi@agines.
Formation
Sunlight can break down nitrogen dioxide back mtcogen oxide.

NO2 + sunlight »»» NO + O

The atomic oxygen formed in the above reaction teacts with one of the abundant
oxygen molecules producing ozone.

O+ 02 »»» 03

Nitrogen dioxide can also react with radicals pr@tlifrom volatile organic compounds
in a series of reactions to form toxic productshsas peroxyacetyl nitrates.

NO2 + R »»» products such as PAN

Note the symbol R represents a hydrocarbon (a m@@omposed of carbon, hydrogen
and other atoms) which is primarily created fronfatite organic compounds.

Steps

1) Nitrogen oxides generate oxygen atoms

2) Oxygen atoms form hydroxyl radicals

3) Hydroxyl radicals generate hydrocarbon radicals
4) Hydrocarbon radicals form hydrocarbon peroxides
5) Hydrocarbon peroxides form aldehydes

6) Aldehydes form aldehyde peroxides

7) Aldehyde peroxides form peroxy-acyl-nitrates

Health effects

It can cause eye and nose irritation and it drigstlee protective membranes of the nose
and throat and interferes with the body's ability fight infection, increasing
susceptibility to illness.



Chapter 3
Air Pollution and M eteor ology

The science of meteorology has great bearing opadiuition. An air pollution problem involves
three parts: the source, the movement of the @oituand the recipient. All meteorological
phenomena are a result of interaction of the eléamheproperties of the atmosphere, heat,
pressure, wind and moisture.

Wind

Wind is simply air in motion. On global or macrokcavind patterns are set up due to unequal
heating of earth surface by solar radiation atefjeator and the polar regions, rotation of the
earth and the difference between conductive capaaif land and ocean masses. Secondary or
mesoscale circulation patterns develop becausheofdgional or local topography. Mountain
ranges, cloud cover, waterbodies, deserts, foresfadtc., influence wind patterns on scales of a
few hundred kilometers. Accordingly a pattern ofnaviis setup, some seasonal and some
permanent. Microscale phenomenon occurs over afdass than 10 km extent. Standard wind
patterns may deviate markedly due to varying iwdil effects of the earth surface, such as,
rural open land, irregular topography and urbarettgment, effect of radiant heat from deserts
and cities, effect of lakes, etc. The movementinétthe mesoscale and microscale levels is of
concern in control of air pollution. A study of aimtovement over relatively small geographical
regions can help in understanding the movemenoblidtants.

It is obviously important in predicting pollutanisdersion to know the direction of wind. The
wind direction and speed data may be collectedyelveur in a month and classified according
to speed and direction. It is then summarized enfdrm of a polar diagram callednd rose.
Figure shows a hypothetical wind rose. The positibrthe spokes show the direction from
which the wind was blowing, the length of varioegments of the spokes show the percent of
time the wind was of the designated speed. Thus the diagram, most often (12% of time) the
wind was from SE; the strongest wind (9-11 m/s) fwaist NW and NNW.

Wind speed (mph

0-3 4-7 B-1213-18 19-24

I mportance of wind rosein air pollution studies

A wind rose is a graphic tool used by meteorolagist
give a succinct view of how wind speed and directoe M
typically distributed at a particular location. dssists in S
city planning and siting of industries.
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An anemometer is a device for measuring wind spaed,is a
common weather station instrumenAnemometers can be
divided into two classes: those that measure tine'sispeed, anc ¥
those that measure the wind's pressure; but as thea close ;
connection between the pressure and the speedesmoaeter
designed for one will give information about bathsimple type
of anemometer, consistS of four hemispherical caash
mounted on one end of four horizontal arms, whickurn were
mounted at equal angles to each other on a vesdiedt. The air
flow past the cups in any horizontal direction tdrihe cups in a
manner that was proportional to the wind speed.réfbee,
counting the turns of the cups over a set timeopigoroduced the
average wind speed for a wide range of speeds. ©@n
anemometer with four cups it is easy to see thatesthe cups
are arranged symmetrically on the end of the arimes,wind
always has the hollow of one cup presented todtiarblowing
on the back of the cup on the opposite end of thgsc
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A weather vane (or weathercock) is an instrumensfmwing the direction of the wind . They

are typically used as an architectural ornamettieéchighest point of a building. Although partly

functional, weather vanes are generally decoratofeen featuring the traditional cockerel

design with letters indicating the points of thengass. Other common motifs include ships,
arrows and horses.

The design of a wind vane is such that the weighevienly distributed on each side of the
surface, but the surface area is unequally dividedhat the pointer can move freely on its axis.
The side with the larger surface area is blown afsay the wind direction, so that the smaller
side, with the pointer, is pivoted to face the walickction. Most wind vanes have directional
markers beneath the arrow, aligned with the gedugcagrections.

Wind vanes, especially those with fanciful shapksnot always show the real direction of a
very gentle wind. This is because the figures dbauhieve the necessary design balance: an
unequal surface area but balanced in weight. Taimlain accurate reading, the wind vane must
be located well above the ground and away fromdngk, trees, and other objects which
interfere with the true wind direction. Changingndi direction can be meaningful when
coordinated with other apparent sky conditions,béng the user to make simple short range
forecasts. From the street level the size of masgthercocks is deceptive.



The mean wind speed variation with altitude isglanetary boundary layer can be represented
by a simple empirical power.

Where: U is the wind at altitude Z

Uy is the wind speed at altitude Z,

& The exponent varies between 0.14 and 0.5 depending
on the roughness of the ground surface as well as on
the temperature stability of the atm.

o = 0.25 for unstable atmosphere

= (.5 for stable condition
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Urbanization negatively impacts the environmentntyaby the production of pollution, the
modification of the physical and chemical propextid the atmosphere, and the covering of the
soil surface. Considered to be a cumulative efdéetl these impacts is the UHI, defined as the
rise in temperature of any man-made area, resuiltirg well-defined, distinct "warm island"
among the "cool sea" represented by the lower temtyre of the area’s nearby natural
landscape.

Though heat islands may form on any rural or urbega, and at any spatial scale, cities are
favoured, since their surfaces are prone to rellzge quantities of heat. Nonetheless, the UHI
negatively impacts not only residents of urbanteglaenvirons, but also humans and their
associated ecosystems located far away from cltidact, UHIs have been indirectly related to
climate change due to their contribution to theegtemuse effect, and therefore, to global
warming.

It is well-known that the progressive replacemeinnhatural surfaces by builtsurfaces, through
urbanization, constitutes the main cause of UHinfation. Natural surfaces are often composed
of vegetation and moisture-trapping soils. Themfohey utilize a relatively large proportion of
the absorbed radiation in the evapotranspiratioacgss and release water vapour that
contributes to cool the air in their vicinity. lromtrast, built surfaces are composed of a high
percentage of non-reflective and water-resistamisitaction materials. As consequence, they
tend to absorb a significant proportion of the decit radiation, which is released as heat.



Vegetation intercepts radiation and produces sliaaiealso contributes to reduce urban heat
release. The decrease and fragmentation of largetated areas such as parks, not only reduces
these benefits, but also inhibits atmospheric ogotiue to horizontal air circulation generated
by the temperature gradient between vegetated drahized areas (i.e. advection), which is
known as the park cool island effect. On the otieend, the narrow arrangement of buildings
along the city’s streets form urban canyons thiaibin the escape of the reflected radiation from
most of the three-dimensional urban surface toespé@bis radiation is ultimately absorbed by
the building walls (i.e. reduced sky view factothus enhancing the urban heat release.
Additional factors such as the scattered and ethitidiation from atmospheric pollutants to the
urban area, the production of waste heat fromandtioning and refrigeration systems, as well
from industrial processes and motorized vehicutaffit (i.e. anthropogenic heat), and the
obstruction of rural air flows by the windward facé the built-up surfaces, have been
recognized as additional causes of the UHI effect

As it would be expected, the characteristic indlova towards warming of urban surfaces is
exacerbated during hot days and heat waves, wileictiorces the air temperature increase,
particularly in ill-ventilated outdoor spaces omén spaces of residential and commercial
buildings with poor thermal isolation. This increaghe overall energy consumption for cooling
(i.e. refrigeration and air-conditioning), hencergasing the energy production by power plants,
which leads to higher emissions of heat-trappirgeghouse gases such as carbon dioxide, as
well as other pollutants such as sulfur dioxidetboa monoxide and particulate matter.
Furthermore, the increased energy demand meansaosi®to citizens and goverments, which
in large metropolitan areas may induce significgdnomic impacts. On the other hand, UHIs
promote high air temperatures that contribute tom&dion of ozone precursors, which combined
photochemically produce ground level ozone.

A direct relationship has been found between UHk#ngity peaks and heat-related illness and
fatalities, due to the incidence of thermal discomnfon the human cardiovascular and
respiratory systems. Heatstroke, heat exhaustemat, syncope,and heat cramps, are some of the
main stress events, while a wide number of diseas®gs become worse, particularly in the
elderly and children. In a similar way, respirataryd lung diseases have shown to be related to
high ozone levels induced by heat events. Othereonelogical impacts of the UHI are
associated with reductions in snowfall frecuena@ed intensities, as well as reductions in the
diurnal and seasonal range of freezing temperatlwastly, high temperatures may produce
physiological and phenological disturbances oraorental plants and urban forests.

There are two main UHI reduction strategies: fitst,increase surface reflectivity (i.e. high
albedo), in order to reduce radiation absorptionudfan surfaces, and second, to increase
vegetation cover, mainly in the form of urban fdseand parks, in order to maximize the
multiple vegetation benefits in controlling the t@enature rises. Reflective surfaces simply
results from light colored or white paint on thefage of a given construction material or from
cover the construction material surface with a ehitembrane. Both techniques have been
mainly applied on roofs and pavements. Cool rooésspecially important in commercial and
residential buildings, where significant energy @ewh for cooling can be saved by reducing
heat gain to the building. Cool pavements have ipdiased on the use of whitened asphalt
roads, a very warm material.

Urban Dust Domes

Urban dust domes are a meteorological phenomenowhich soot, dust, and chemical

emissions become trapped in the air above urbarespdhis trapping is a product of local air
circulations. Calm surface winds are drawn to urbanters, they then rise above the city and
descend slowly on the periphery of the develope®.cbhis cycle is often a cause of smog



through photochemical reactions that occur wheongticoncentrations of the pollutants in this
cycle are exposed to solar radiation. These arereselt of urban heat islands: pollutants
concentrate in a dust dome because convectionplifiifsitants into the air, where they remain
because of somewhat stable air masses producée loylian heat island.

Atmospheric Stability

The ability of the atmosphere to disperse the patits emitted in to it depends to a large extent
on the degree of stability. A comparison of theabditic lapse rate with the environmental lapse
rate gives an idea of stability of the atmosph@/ben the environmental lapse rate and the dry
adiabatic lapse rate are exactly the same, a gapgrcel of air will have the same pressure and
temperature and the density of the surroundingsaamdd experience no buoyant force. Such
atmosphere is said to be neutrally stable whels@ated mass of air neither tends to return to
its original position nor tends to continue itspliEEcement

Lapserate

As a parcel of air rises in the earth's atmospitezgperiences lower and lower pressure from
the surrounding air molecules, and thus it expardss expansion lowers its temperature.
Ideally, if it does not absorb heat from its surrdings and it does not contain any moisture, it
cools at a rate of 1°C/100 m rise. This is knowdrgsadiabatic |lapse rate.

If the parcel moves down it warms up at the sartee Feor a particular place at a particular time,
the existing temperature can be determined by sgndip a balloon equipped with a
thermometer. The balloon moves through the air,ratdvith it. The temperature profile of the
air, which the balloon measures, is called ahiient lapse rate, environmental lapse rate, or
theprevailing lapse rate.

A super-adiabatic lapse rate also called a strapgd rate occurs when the atmosphere
temperature drops more than 1°C/100m. A sub-adeabate also called weak lapse rate, is
characterized by drop of less than 1°C/100 m. Aigpease of weak lapse rate is the inversion,
a condition which has warmer layer above colder air

Dry adiabatic
lapse rate

e Actual {environmental ) lapse rates

. Sub adiabatic
L]

, lapse rates
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Super adiabatic
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During super-adiabatic lapse rate the atmosphemditions are unstable. If a parcel of air at
500m elevation, at 20°C is pushed upward to 100Gntemperature will come down to 15°C

(according to adiabatic lapse rate). The prevaitergperature is however 10°C at 1000m. The
parcel of air will be surrounded by colder air @ahdrefore will keep moving up.



Similarly if the parcel is displaced downwardswitl become colder than its surroundings and
therefore will move down. Super-adiabatic condisi@ne thus unstable, characterized by a great
deal of vertical air movement and turbulence. Thb-adiabatic condition shown in is by
contrast a very stable system. Consider again @baf air at 500 m elevation at 20°C. If the
parcel is displaced to 1000 m it will cool by 5% 1¥5°C. But the surrounding air would be
warmer. It will therefore fall back to its point ofigin. Similarly if a parcel of air at 500 m is
pushed down, it will become warmer than its surchng and therefore will rise back to its
original position. Thus such systems are charasdry very limited vertical mixing.

Inversion

An inversion is an extreme sub-adiabatic conditimg thus the vertical air movement within
the inversion is almost nill. The two most commondkof inversion aresubsidence inversion
andradiation inversion. The base of the subsidence inversion lies somargistabove earth's
surface. This type of inversion is formed due t@bdtic compression and warming of sinking
air mass to a lower altitude in the region of ahhgyessure center. In the case of radiation
inversion, the surface layers of the atmospherénguthe day receive heat by conduction,
convection and radiation from the earth's surfaw ae warmed. This results in a temperature
profile in the lower atmosphere, which is represdrty a negative temperature gradient. On a
clear night, the ground surface radiates heat aiakky cools. The air layer adjacent to the earth
surface are cooled to a temperature below thdiefayers of air at higher elevations. This type
of the inversion is strongest just before daylightn it may extend to 500 m. It breaks up as the
morning sun heats the ground.
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FIGURE 4 ILLUSTRATIONS OF SUBSIDENCE AND RADIATION INVERSIONS.

Maximum mixing depth

The dispersion of pollutants in the lower atmosphier greatly aided by the convective and
turbulent mixing that takes place. The verticaleextto which this mixing takes place depends
on the environmental lapse rate which varies dilyn&rom season to season and is also
affected by topographical features. The depth efdbnvective mixing layer in which vertical
movement of pollutants is possible, is called thaximum mixing depth (MMD). Figure
illustrates these MMDs for different lapse ratefipes.

These profiles are usually measured at night oly dar the morning. An air parcel at a
temperature (maximum surface temperature for thatmowvarmer than the existing ground
level temperature rises and cools according to badiia lapse rate. The level where its
temperature becomes equal to the surrounding e@sgihe MMD value. Urban air pollution
episodes are known to occur when MMD is 1500 ness.|



MMD

FIGURE § Maxium MIXING DEPTH (MMD) UNDER VARIOUS ATMOSPHERIC CONDITIONS,
{ ADIABATIC PROFILE ——-—, ENVIRONMENTAL PROFILE— ).

Plume Dispersion

Gases that are emitted from stacks are often pusineoly fans. As the turbulent exhaust
gases exit the stack they mix with ambient airsThixing of ambient air into the plume

is called entrainment. As the plume entrains & ity the plume diameter grows as it
travels downwind. These gases have momentum aseihtey the atmosphere. Often
these gases are heated and are warmer than thmooaid In these cases the emitted
gases are less dense than the outside air andesedare buoyant. A combination of the
gases' momentum and buoyancy causes the gasss.tohis is referred to as plume rise
and allows air pollutants emitted in this gas stréa be lofted higher in the atmosphere.
Since the plume is higher in the atmosphere aralfatther distance from the ground,

the plume will disperse more before it reaches gaddevel.
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Ah = Plume rise

The final height of the plume, referred to as tHeative stack height (H), is the sum of

the physical stack height (hs) and the plume rd®.(Plume rise is actually calculated
as the distance to the imaginary centerline opthene rather than to the upper or lower
edge of the plume (Figure 6-1). Plume rise depends the stack's physical
characteristics and on the effluent's (stack gdsracteristics. The difference in
temperature between the stack gas (Ts) and amhier{fa) determines the plume
density which affects plume rise. Also, the velpaitf the stack gases which is a
function of the stack diameter and the volumettmwf rate of the exhaust gases
determines the plume’s momentum.



The Gaussian plume model

The present tendency is to interpret dispersioa saterms of the Gaussian model. The
standard deviations are related to the eddy difftiss.

[ 1]

Piwma dispersion coordnate sysem, showing Gaussian dstrivutions in
the hosizontal and verfical directions [Tumear, 1970

Ground level concentration

In this case Z=0
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Dispersion characteristics of stack plumes

Dispersion is the process of spreading out poltugmission over a large area and thus
reducing their concentration. Wind speed and enwmental lapse rates directly
influence the dispersion pattern.

Coning

A coning plume, shown in, occurs under essentially neutrbikty, when
environmental lapse rate is equal to adiabaticdlapte, and moderate to strong winds
occur. The plume enlarges in the shape of a conmajfor part of pollution may be
carried fairly far downwind before reaching ground.

L ooping

Under super-adiabatic condition, both upward andrdeard movement of the plume is
possible. Large eddies of a strong wind caudeoping pattern. Although the large
eddies tend to disperse pollutants over a wideorediigh ground level concentrations
may occur close to the stack.



Fanning

A fanning plume occurs in the presence of a negative lapeentaen vertical dispersion
is restricted. The pollutants disperse at the staght, horizontally in the from of a
fanning plume.

Fumigation

When the emission from the stack is under an inwerkayer, the movement of the
pollutants in the upward direction is restrictedheTpollutants move downwards. The
resulting fumigation can lead to a high ground level concentration dowdwof the
stack.

L ofting

When the stack is sufficiently high and the emigsgabove an inversion layer, mixing
in the upward direction is uninhibited, but downd:anotion is restricted. Sudbfting
plumes do not result in any significant concentratat ground level. However, the
pollutants are carried hundreds of kilometers fthmsource.

Trapping
It occurs when the plume effluent is caught betw®eminversion layers. The diffusion

of the effluent is severely restricted to the ublgaayer between the two unstable
layers.
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Unit—4

10CV765 APC
Industrial Plant Location and Planning

General factors considered while siting an indabtocation include water supply, raw
material supply, proximity to nearest railway ssatiland availability, power supply etc.
Hence it's most evident that air pollution andatsitrol are most ignored.

Following are the factors to be considered whileidiag industrial installation, keeping
in mind air pollution and its impacts.

1] Existing levels of air contaminates

This involves a pre-operational survey, to know ¢hesting level of contaminants under
prevailing meteorological conditions, and if notdagven if any existing industries. This
gives idea if existing pollution levels is high mw. It also gives idea if upcoming
industry will aggravate the pollution levels andhliyw much. It gives idea at what levels
must the pollution be released based on existwvgde

2] Potential effects on the surrounding area

The effect of air pollution shall vary from areadrea depending on its environment and
build forms. Any industrial emission near a citylendanger more lives than that closer
to a forest or un-habituated place.

3] Meteorological factors and the climate

Role of wind direction, wind speed, stability caimhs is pivotal to air pollution. Areas
having more inversions should be avoided.

4] Availability of clean air

Some industries need clean air for production otheir processes. Polluted air shall
make it costlier towards clean-up process and rtsyimpair its regular operations.

5] Topographical features
Industries situated in valleys are more prone tereimpacts during depression, when

compared to flat terrains. As inversions or depoessin a valley system shall result in
more deposition, less dispersion, no circulatiopalfutants.



6] City planning and zoning. (Explanation providedurther sections)

City Planning

Urban Planning is a process of guiding the usedavélopment of land with the aim of
making the city a better place to live and workttiealarly important today as more than
one-half of the world’s population now resides mban places. Cities, towns and other
urban forms are therefore the sites for most ofkimat's activities. Yet in most cities and
towns, land and access to basic resources anctcaegrare usually scarce and unevenly
distributed. Planning is ‘a general activity...thekimg of an orderly sequence of action
that will lead to the achievement of a stated goaoals’ (Hall 2002). It involves written
statements supplemented as appropriate by statigticjections, quantified evaluations
and diagrams. Planning involves an attempt to lieg)e prevailing social and economic
dynamics to achieve particular developmental efts. process has different names e.g.
town & country planning, town planning, city plangi physical planning etc.it may be
thought as a rational (highly technical) and systegonocess of forethought set in motion
by the need to resolve urban and regional problemd,yet it may be interpreted as a
highly political and economistic process.

What do urban planners do?

Determine the best uses of land and resource®foes, businesses, and recreation.
Devise ways to renovate slums, expand cities, nmiziertransportation systems, and
distribute public facilities such as schools antkpa

Urban planners design new communities and develogrgms to revitalize and expand
existing cities.

Regional planners work on a much larger scale, ystgdthe problems of states,
multistate regions, and sometimes entire countries.

Impact of bad planning w.r.t. air pollution

More traffic jams

Irregular dispersions and dissipation air pollusant

More cases of casualty’s w.r.t acute and chrorfeced.

Blocking of regular wind-paths and thereby hampgfiee circulation of air.

Lack of proper planning results in failure of renadneasures, and is aggravated by
increased costs of control equipment. The mainaspfeplanning hence must resort to
industrial zoning. Cumulative zoning in the pass$ hasulted in less availability of land
for industries. This system has now been modifegermissive systems. However this
system has now been modified as permissive systtmwever this system has also
resulted in the crowding of industrial zones withey uses besides industries. The next
system over this is called excusive zonings sysiEms type of planning provided for
compatible uses for each zones, excluding all aikes. In this system suitable industrial
zones are provided and thus there is no air pofiytroblem.



Zoning criteria for industries:

1] Functional requirement: this includes the intedustry linkages, railways siding,
grouping, land traffic generation utilities etc.efie aspects are covered under govt.
policies.

2] Performance characteristics: this includes ttad#fit congestion, obnoxious and
hazardous character of the industries, industt@ance etc. The nuisance includes dust,
heat, smoke, fire, odor etc. It is necessary taelabnoxious industries away from neat
industries. If planning is done in early stagesjritpact analysis can be done for effective
execution.

While classifying industries on basis of differahtzoning, the following aspects might
be followed.

There are 3 categories of industries.

Group 1.] These are smaller industries with a wamé products and with close relations
to cities. Their emissions have very little impaxt the natural environment. These
industries can hence be located on the fringelseotities.

Group 2] These include cottage and small scalesinigis requiring less land but indulge
in creative and artistic productions. These calobated within cities. As they have no or
little adverse effects on the cities.

Group 3] These include big industries with relatvkess number of unit process and
having remote relevance to the central resideatisds of the cities. These have profound
effect on the cities and hence should be locatethraas possible from the residential
vicinities.

The buffer zone for light industries is about Halbmeter, for that of heavy industries it
is 0.6 to 1.5 km. for explosive industries it ism@athan 2 km.
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MEASUREMENT OF SMOKE DENSITY

Dark smoke is partially burned particles of fuel, the resuitimcomplete combustion. It can be
dangerous because small particles are absorbethmiangsWhite smokeis mainly tiny water
droplets, generated when vapour released duringogstion condenses in cool air. Generally,
dark smoke is clearly visible against a light skyt Mifficult to see at night or against a dark
background, white smoke is visible in darkness wiHeminated but will be more difficult to see
against a light sky background. Smoke is commorgasared in terms of its apparent density in
relation to a scale of known greyness.

The most widely-used scale is that developed byeBsor Maximilian Ringelmann of La Station
d'Essais de Machines in Paris in 1888. It has evél$ of density inferred from a grid of black
lines on a white surface which, if viewed from &tdnce, merge into known shades of grey.
There is no definitive chart, rather, Prof. Ringatm provides a specification; where smoke
Level '0' is represented by white, levels '1' td¥¥10mm square grids drawn with 1mm, 2.3mm,
3.7mm and 5.5 mm wide lines and level '5' by adickl It should be remembered that the data
obtained has definite limitations. The apparentkdess of a smoke depends upon the
concentration of the particulate matter in theufit, the size of the particulate, the depth of the
smoke column being viewed, and natural lightingdibons such as the direction of the sun
relative to the observer while the accuracy of ¢hart itself depends on the whiteness of the
paper and blackness of the ink used.



USING THE CHARTS

The large chart on page 4 should be printed widltlblink onto very white card and mounted
vertically on a board. It is preferably fixed tgale or held by an assistant at a sufficient distan
(typically c20m) for the lines to appear to merg®iuniform grey rectangles and to be seen in
line with the top of the chimney. The addition ofnvhite (No. 0) square can provide a useful
indication that both the chart and chimney are Bygilluminated. If a larger chart is needed, the
shaded rectangles can be made up into larger anesosaics. The observer glances from the
smoke, as it issues from the stack, to the chaftrentes the number most nearly corresponding
with the shade of the smoke. A clear stack is @®ras No. 0, and 100 percent black smoke as
No. 5. There is very little value in making a smglbservation. A series of observations should be
made, preferably by two or more observers, ovemdanded period, at regular intervals.

The Miniature Charts are not the official Ringelmann chart, but a hamtgrpretation of it,
intended to be held at arm's length.

SAMPLING
Selection of sampling procedure:

There are two types of sampling — continuous ame @veraged in —situ samplings. Continuous
sampling is carried out by automatic sensors, aptar electrochemical, and spectroscopic
methods which produce continuous records of conatom values. The specific time-averaged
concentration data can then be obtained from cootis records. Time-averaged data can also be
obtained by sampling for a short time — i.e. by glamg a known volume of air for the required
averaging time. Samples are then analyzed by estedl physical, chemical, and biological
methods for the concentration values which areeffextive average over the

period of sampling.

Sampling locations

Sampling locations are in general governed by facli&e objectives, method of sampling and
resources available. If the objective is to studglth hazards and material damages, then
locations should be kept close to the objects whiseeeffects are being studied and should be
kept at breathing level in the population centhespitals, schools, etc. For vegetation, it should
be at foliage level. For background concentratsampling location should be away from the
sources of pollution. It can also be done by gnddithe entire area to get statistically
recommended values. The number of locations howaseends upon the variability of
concentration over the area under survey. A spetkihg may be done to decide the location
besides considering practical factors.

Period of sampling, frequency and duration:

Period, frequency and duration of sampling shoal@propriate to the objectives of the study. It
should be such that the measurable quantitiesapdd in the sample at the end of the sampling.
It is preferable to observe sampling period coesiswith the averaging times for which air
guality standards of the given pollutants are dpeeti



SOURCE SAMPLING METHODOLOGY

Stationary source emissions occur primarily aseeighgas or solid. The ability to collect a
representative sample of particulate or gaseoustpots largely determines the success of the
measurement. Since no single method of measurerarrgccurately analyze every form of
pollutant emitted from an exhaust stack, it is img@ot to understand the properties of particulate
and gaseous pollutants and the methods used tauureghsm.

Distributed Sampling Points.

A representative sample of the effluent is takerfilsy measuring the velocity, as shown in
Figure, then extracting gas from an array of samgptioints distributed over equal areas of the
cross section of the stack or duct. If only gasgmikitants are to be sampled, less sampling
points are required since the stack gases aredsoesl sufficiently mixed.

Velocity
s

Inclined
manometer

Sampling Distributed Over Time.

Each point should be sampled for an equal periotinod, with the total sampling time or run
usually lasting about an hour. Typically, threesane performed after which their results are then
averaged.

Isokinetic Sampling.

When sampling for particles it is essential tha siample be extracted at the same rate at which
the gas is flowing through the stack or duct. Taels gas velocity is measured at each individual
sample point and the sample extraction rate isséeljuto withdraw the sample at the same rate as
the sampled points velocity. This kind of sampliagalledisokinetic sampling and is meant to
ensure that a representative sample, equal in otmatien to the stack, is extracted from the gas
stream (see Figure). If the sample is isokinetie, distribution of particles sizes (from small to
large) entering the probe will be exactly the sam¢hat in the stack gas itself.



Filter

—_—

Isokinetic

collection of

T~

particles

Vn=1Vs
Vn
Where:
Vn = Velocity of gas in the nozzle
Vs = Velocity of gas in the stack

Vs

SAMPLING TRAIN

Temperature Senzars

Heated Glass { TT——
Frobe / Impingers
/
1 4 2
e
S Type Pito? Y
hdanometer
He ated / .\
- Silica
; Impinger Em phy
Filter Solution el
Temperature Sensors
\’E];I‘)\““.@ By-Fass % alve
Driﬁce___%l:
Diry as —
‘_,.-" hleter ‘1
hdanometer /L
AirTight

Fump



SAMPLING TRAIN

Separation of Gas Constituents.

A known quantity of the stack gas is then drawmrihe stack or duct throughsampling train,

or a leak-proof series of equipment componentsigordd to capture pollutants. Capturing water
vapor and gaseous pollutants is best achieved hgersation—or bubbling the sample gas
through chilledimpingers (sealed glass vessels), some which may containdliceagents to
absorb gases. Solids are captured on filter pag®ch is heated and connected to the probe with
inter-connecting glassware. The first componenthef sampling train is a heated probe, or a
hollow glass tube that is inserted into the staclduct. The last component—a pump—draws
gases through the other pieces of equipment (tbkepffilters and impingers). The volume of
sampled gas is measured by a gas meter and iy faxddausted into the atmosphere through the
orifice, which is used for sample train flow adjusnts at the by-pass valve.

Sample Recovery and Analysis.

Filters are pre-weighed and reagent volumes presumed prior to use. After each run, the
content of each sampling train component is casefecovered to a sealed vessel, then weighed,
measured, or otherwise evaluated under laboratorglitons.

Data Recording.

Throughout each run, appropriate measurement dateeeorded. On a point-by-point basis, the

sampling time, sample train vacuum, differentiaégaures across the gas temperature, orifice
meters, and dry gas meter readings are recordegtages of these values, along with the total

sample gas volume, are then used to calculateshedsults.

Calculation of Results.

The concentration of a pollutant in the sampled igasalculated as the proportion of captured
pollutant's mass to the volume of gas sampled. @hessults are corrected to a standard
temperature and pressure and expressed on a degy bas standardized measure allows the
results of a test performed under specific cond#ito be comparable to a regulatory standard or
other test results.

AIR POLLUTION CONTROL PROCEDURES FOR INDUSTRIES

The control of stationary source emissions can dmraplished through the application of a
sound control strategy. The control strategy resuiior an industrial environmental impact is a
four step process: (1) elimination of the probleourse or operation, (2) modification of the
source operation, (3) relocation of the source,(@hdelection and application of the appropriate
control technology.

Exhaust stacks do not reduce emissions from eostaly source; rather they reduce the local
effects of the pollution by elevating the exhaustam to a point where it can be more effectively
dispersed. High exhaust stacks were an inexpessivgion in the absence of expensive control
technology.



Compliance with emission standards may require uke of control technology, but many
industrial operations have reduced emissions byghg operational methods. Some of these
changes include pretreating process materials, duehaterial substitution, and changes in the
manufacturing process. Another way to comply withission standards is to substitute cleaner
fuels during the refining process. Natural gas kovd-sulfur fuel oil are just two examples of
fuels that emit less pollution during combustiorowéver, cleaner fuels can be more expensive
and can increase national reliance on foreigndoalces. Reduction in emissions from stationary
sources can also be accomplished through incredsadion to plant maintenance.

Use of CONTROL EQUIPMENTS (Control Technology)

A final way to reduce emissions from stationaryrses is through the use of advanced, addon
control technology. Control devices can destroyremover gaseous compounds or particulate
matter for proper disposal or re-use. The pollutontrol operations used to destroy or capture
gases include combustion, adsorption, absorptiond eondensation. Control devices that

implement these processes include thermal incioexacatalytic incinerators, flares, boilers,

process heaters, carbon absorbers, spray towersuaiace condensers.

The most important process parameters for seleaingpollution control equipment are the
exhaust gas characteristics obtained from emissests and process or site characteristics.

Exhaust Gas Characteristics

* Total exhaust gas flow rate

» Exhaust gas temperature

* Required control efficiency

* Particle size distribution

* Particle resistivity

» Composition of emissions

* Corrosiveness of exhaust gas over operating range
* Moisture content

» Stack pressure

» Exhaust gas combustibility and flammability projes

Process or Site Characteristics

» Reuse/recycling of collected emissions

* Availability of space

* Availability of additional electrical power

* Availability of water

* Availability of wastewater treatment facilities
* Frequency of startup and shutdowns

» Environmental conditions

* Anticipated changes in control regulations

* Anticipated changes in raw materials

* Plant type — stationary or mobile



Technologies used to control particulate matteu$oan removing particles from the effluent gas
stream. Many factors (such as particle size anthated characteristics) determine the appropriate
particulate control device for a process.

Devices most commonly used to control particulate atter include

electrostatic precipitators,
fabric filters,

venture scrubbers,
cyclone collectors,
settling chambers.

The following section provides a more detailed dsston of each type of control technology used
for both particulate and gaseous emissions

CONTROL DEVICES FOR PARTICULATE EMISSIONS

Particulate matter is any finely divided liquid solid substance. Examples of particulate matter
include smoke, dust, or some forms of fine mist @centrained in effluent gas streams or
suspended in ambient air. Any particulate less ft@amicrometersyim) in diameter is defined as
PM10 and is regulated as a criteria pollutant. plagose of such regulation is to control smaller,
respirable particles that can bypass the body’pinasry filters and penetrate deeply into the
lungs, which could cause harm to human health. dTexibstances, such as sulfates, sulfites,
nitrates, heavy metals, and polycyclic organic eradte predominantly carried by particles in this
size range. Therefore, control devices used tomagrevent particles from reaching the ambient
air, focus on capturing particulate matdiOum in diameter. Several factors must be considered
when selecting an appropriate particulate contedliak. Typically, particles must be captured
from an effluent gas stream; therefore, charadiesiof the particles and the gas stream will
determine the appropriate control device. Charesties that must be considered include the
particle size and resistivity, exhaust flow ratemperature, moisture content, and various
chemical properties of the exhaust stream such xgdosveness, acidity, alkalinity, and
flammability.

VENTURI SCRUBBERS

Venturi scrubbers use a liquid stream to removiel g@&rticles. A venturi scrubber accelerates the
waste gas stream to atomize the scrubbing liquetitanmprove gas-liquid contact. In a venturi
scrubber, a “throat” section is built into the dtlwt forces the gas stream to accelerate as tite du
narrows and then expands. As the gas enters thareethroat, both gas velocity and turbulence
increase. Depending on the scrubber design, thilsicrg liquid is sprayed into the gas stream
before the gas encounters the venturi throat, dhenthroat, or upwards against the gas flow in
the throat. The scrubbing liquid is then atomized small droplets by the turbulence in the throat
and droplet-particle interaction is increased. Saiesigns use supplemental hydraulically or
pneumatically atomized sprays to augment droplesteyn. However, the disadvantage of these
designs is that clean liquid feed is required toidelogging. After the throat section, the mixture
decelerates, and further impacts occur causingriglets to agglomerate. Once the particles are
captured by the liquid, the wetted PM and excessdi droplets are then separated from the gas
stream by an entrainment section, which usuallysisb® of a cyclonic separator and/or a mist
eliminator. Particle collection efficiencies of wan scrubbers range from 70 to greater than 99
percent, depending on the application. Typicallgnturi scrubbers are applied where it is
necessary to obtain high collection efficiencies fme PM. Thus, they are applicable to
controlling emission sources with high concentragiof submicron PM.



Advantages of Venturi Scrubbers

» Capable of handling flammable and explosive dusts
» Can handle mists in process exhausts

* Relatively low maintenance

» Simple in design and easy to install

» Collection efficiency can be varied

* Provides cooling for hot gases

» Neutralizes corrosive gases and dusts

Disadvantages of Scrubbers

» Effluent liquid can create water pollution protg

» Waste product collected wet

* High potential for corrosion problems

* Requires protection against freezing

* Final exhaust gas requires reheating to avoithleiplume
* Collected PM may be contaminated, and not retjela
* Disposal of waste sludge may be very expensive

ELECTROSTATIC PRECIPITATORS.

An ESP is a PM control device that uses electficales to move particles entrained within an
exhaust stream onto collection surfaces. The ewtdaparticles are given an electrical charge
when they pass through a corona, a region whereogasons flow. Electrodes in the center of
the flow lane are maintained at high voltage andegate the electrical field that forces the
particles to the collector plates. The high voltadectrodes are long wires or rigid “masts”
suspended from a frame in the upper part of the tB&Pun through the axis of each tube. Rigid
electrodes are generally supported by both an uppeéitower frame. The power supplies for the
ESP convert the industrial AC voltage to pulsafd@ voltage in the range of 20,000 to 100,000
volts as needed. The voltage applied to the eléesr@auses the gas between the electrodes to
break down electrically, an action known as a “oerd The electrodes are usually given a
negative polarity because a negative corona suppdnigher voltage than does a positive corona
before sparking occurs. The ions generated in thena follow electric field lines from the
electrode to the collecting pipe. Therefore, edehtede-pipe combination establishes a charging
zone through which the particles must pass.



As larger particles (>10n diameter) absorb many times more ions than spaaticles (>Lim
diameter), the electrical forces are much stroogethe large particles. When the collection plates
are filled to capacity, the particulate is removiedm the plates by “rapping,” which is a
mechanical means to dislodge the particulate. Dhieated particulate material slides downward
into a hopper located below the unit. The collecedficiency of an ESP is quite reliably about 99
percent for particles less than 10 micrometers.d-8Ryeneral, are very expensive to operate and
are not very well suited for use in industrial peses because they are too sensitive to
fluctuations in the gas stream. The Electrostatecipitator (ESP) separates particles from the gas
stream by electrically charging the patrticles.

FABRIC FILTER

In a fabric filter, flue gas is passed throughghtiy woven or felted fabric, causing PM in theeflu
gas to be collected on the fabric by sieving arfteiomechanisms. Fabric filters may be in the
form of sheets, cartridges, or bags, with a nundfethe individual fabric filter units housed
together in a group. Bags are the most common ayabric filter. The dust cake that forms on
the filter from the collected PM can significanthcrease collection efficiency. Fabric filters are
frequently referred to as baghouses because thie fabusually configured in cylindrical bags.
Bags may be 6 to 9m (20 to 30 ft) long and 12.BQd centimeters (cm) (5 to 12 inches) in
diameter. Groups of bags are placed in isolablepaostments to allow cleaning of the bags or
replacement of some of the bags without shuttinggrdahe entire fabric filter). Operating
conditions are important determinants of the chatdabric. Some fabrics (i.e., polyolefins,
nylons, acrylics, polyesters) are useful only ddtreely low temperatures of 95° to 150°C (200°
to 300°F). For high temperature flue gas streanoserinermally stable fabrics such as fiberglass,
Teflon, or Nomex must be used.

The practical application of fabric filters requartne use of a large fabric area in order to aaaid
unacceptable pressure drop across the fabric. Baghsize for a particular unit is determined by
the choice of air-to-cloth ratio, or the ratio aflwmetric airflow to cloth area. The selection of
air-to-cloth ratio depends on the particulate lagdand characteristics, and the cleaning method
used. A high particulate loading will require theeuof a larger baghouse in order to avoid
forming too heavy a dust cake.

Determinants of baghouse performance include tbecfahosen, the cleaning frequency and
methods, and the particulate characteristics. Estwan be chosen which will intercept a greater



fraction of particulate. In order to accomplishsthsome fabrics are coated with a membrane of
very fine openings for enhanced removal of submmiqrarticulate. However, such fabrics tend to
be more expensive. Cleaning intensity and frequesrey important variables in determining
removal efficiency because the dust cake can dffiectine particulate removal capability of a
fabric. Cleaning procedures, which may be too fesjuor too intense, will also lower the
removal efficiency of the fabric filter. On the ethhand, if removal is too infrequent or

too ineffective, then the baghouse pressure drdgpeacome too high.

Mechanical shaking of the bags has been a poplganiog method for many years because of its
simplicity as well as its effectiveness. In a tygdioperation, dusty gas enters an inlet pipe to the
shaker. Very large particles are removed from theas when they strike the baffle plate in the
inlet duct and fall into the hopper. The particetdden gas is drawn from beneath a cell plate in
the floor and into the filter bags. The gas prosefedm the inside of the bags to the outside and
through the outlet pipe. The particles are colléaia the inside surface of the bags and a filter
cake accumulates. In mechanical shaking unitstdpe of bags are attached to a shaker bar,
which is moved briskly (usually in a horizontal etition) to clean the bags. The shaker bars are
operated by mechanical motors or by hand, in apiptins where cleaning is not required
frequently. Reverse-air cleaning is another poptaaric filter cleaning method that has been
used extensively and improved over the years.dtgentler but sometimes less effective cleaning
mechanism than mechanical shaking. Most reverskaiiic filters operate in a manner similar to
shaker-cleaned fabric filters. Typically, the bage open on bottom, closed on top, and the gas
flows from the inside to the outside of the bagthwdust being captured on the inside. However,
some reverse-air designs collect dust on the autsfidhe bags. In either design, forcing clean air
through the filters in the opposite direction oé thusty gas flow performs reverse-air cleaning.
The change in direction of the gas flow causedtgeto flex and crack the filter cake. In internal
cake collection, the bags are allowed to collapssome extent during reverse-air cleaning. The
bags are usually prevented from collapsing entioglgome kind of support, such as rings that are
sewn into the bags. The support enables the dist tcafall off the bags and into the hopper.
Cake release is also aided by the reverse flovm@fgas because felted fabrics retain dust more
than woven fabrics. Therefore, they are more diffito clean. For this reason, felts are usually
not used in reverse-air systems.

Fabric filters in general provide high collectidifi@encies on both coarse and fine (submicron)
particulates. Typical new equipment design efficiea are between 99% and 99.9%.
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SETTLING CHAMBERS

This type of technology is a part of the groupiof@llution controls collectively referred to as
“precleaners.” They are referred to as precleabecause they are often used to reduce the inlet
loading of particulate matter (PM) to downstrearflemtion devices by removing larger, abrasive
particles. Settling chambers are also referredstgravity settling chambers, gravity collectors,
expansion chambers, and outfall chambers. Thiegause settling chambers are quite effective in
removing only large particles; therefore, they t@nfrequently used in combination with other
control devices. Settling Chambers rely on simplavigation to remove particles from a gas
stream.

Settling Chamber

Settling chambers, which rely on gravitational lsggtas a collection mechanism are the simplest
and oldest mechanical collectors. Settling chamlages generally built in the form of long,
horizontal, rectangular chambers with an inlet @ @end and an exit at the side or top of the
opposite end. Flow within the chamber must be umfand without any macroscopic mixing.
Uniform flow is can be improved by flow straighteset the inlet to the chamber. Hoppers are
used to collect the settled-out material, thougigdscrapers and screw conveyers have also been
employed. The dust removal system must be sealpcetent air from leaking into the chamber
which increases turbulence, causes dust reentrainraed prevents dust from being properly
discharged from the device. There are two primgpes of settling chambers: the expansion
chamber and the multiple-tray chamber. In the egiganchamber, the velocity of the gas stream
is significantly reduced as the gas expands irgelahamber. The reduction in velocity allows
larger particles to settle out of the gas stream.

A multiple-tray settling chamber is an expansiomrober with a number of thin trays closely
spaced within the chamber, which causes the géswohorizontally between them. While the
gas velocity is increased slightly in a multiplaytr chamber, when compared to a simple
expansion chamber, the collection efficiency gdhelimproves because the particles have a
much shorter distance to fall before they are ctdie. Multiple-traysettling chambers have lower
volume requirements than expansion-type settlirgrdiers for the collection of small particles
(<15um). Settling chambers are most effective when ctiig large or dense particles, but often
fail when the chamber becomes plugged with coltediest.



The most common failure of settling chambers ismtigambers become plugged with collected
dust. In expansion settling chambers the pluggiag esult from hopper bridging or hopper
discharge seal failure. Multiple-tray settling chizers may experience plugging of the individual
gas passages. Such failures can be prevented onized by use of hopper level indicators or by
continuous monitoring of the dust discharge. Sclestlinternal inspection can determine areas of
air leakage and condensation, both of which mage&wpper bridging. Normal instrumentation
for a settling chamber generally includes only adidator of differential static pressure. An
increase in static pressure drop can indicate johggg

Advantages of Settling Chambers

* Low capital cost

* Very low energy cost

* No moving parts

* Few maintenance requirements

* Low operating costs

* Excellent reliability

» Low pressure drop through device

» Device not subject to abrasion due to low gasait}
* Provide incidental cooling of gas stream

* Dry collection and disposal

Disadvantages of Settling Chambers

* Relatively low PM collection efficiencies

» Unable to handle sticky or tacky materials

* Large physical size

* Trays in multiple-tray settling chamber may warp

Control of gaseous pollutants from stationary soures - Adsorption

When a gas or vapor is brought into contact wigokd, part of it is taken up by the solid. The
molecules that disappear from the gas either ¢n¢éemside of the solid, or remain on the outside
attached to the surface. The former phenomenoarisedd absorption (or dissolution) and the
latter adsorption. Adsorption is the binding of ewmliles or particles to a surface. In this
phenomenon molecules from a gas or liquid will tiached in a physical way to a surface. The
binding to the surface is usually weak and revésibhe most common industrial adsorbents are
activated carbon, silica gel, and alumina, becabsg have enormous surface areas per unit
weight.

Activated carbon is the universal standard for fmaiion and removal of trace organic
contaminants from liquid and vapor streams. Cardsorption uses activated carbon to control
and/or recover gaseous pollutant emissions. Inocaddsorption, the gas is attracted and adheres
to the porous surface of the activated carbon. Raiheificiencies of 95 percent to 99 percent can
be achieved by using this process. Carbon adsarpsioused in cases where the recovered
organics are valuable. For example, carbon adsor i often used to recover perchloroethylene,
a compound used in the dry cleaning process.

Carbon adsorption systems are either regenerativeo-regenerative. A regenerative system
usually contains more than one carbon bed. As edeaotively removes pollutants, another bed



is being regenerated for future use. Steam is ts@dirge captured pollutants from the bed to a
pollutant recovery device. By "regenerating” theboa bed, the same activated carbon particles
can be used again and again. Regenerative systenused when concentration of the pollutant
in the gas stream is relatively high. Non-regemegasystems have thinner beds of activated
carbon. In a non-regenerative adsorber, the sgehoo is disposed of when it becomes saturated
with the pollutant. Because of the solid waste fmwbgenerated by this type of system, non-
regenerative carbon adsorbers are usually used thkgwollutant concentration is extremely low.

Contaminated
Off-Gas A\ :l.

Steam for
Regeneration
Carbon Carbon
Bed Bed
Bl . | ] e oyl
Treated *
Off-Gas
Regenerative Carbon Adsorption System Non-Regenerative Carbon Adsorption System

Control of gaseous pollutants from stationary soures — Absorption

The removal of one or more selected components &agas mixture by absorption is probably
the most important operation in the control of gase pollutant emissions. Absorption is a
process in which a gaseous pollutant is dissolaed liquid. Water is the most commonly used
absorbent liquid. As the gas stream passes thrtheghquid, the liquid absorbs the gas, in much
the same way that sugar is absorbed in a glassatdrwhen stirred. Absorption is commonly
used to recover products or to purify gas streanag have high concentrations of organic
compounds. Absorption equipment is designed tagehuch mixing between the gas and liquid
as possible. Absorbers are often referred to agbbers, and there are various types of absorption
equipment. The principal types of gas absorptiomigygent include spray towers, packed
columns, spray chambers, and venture scrubbers. pHoged column is by far the most
commonly used for the absorption of gaseous paitataThe packed column absorber has a
column filled with an inert (non-reactive) substansuch as plastic or ceramic, which increases
the liquid surface area for the liquid/gas integfadhe inert material helps to maximize the
absorption capability of the column. In additiome introduction of the gas and liquid at opposite
ends of the column causes mixing to be more efficleecause of the counter-current flow
through the column. In general, absorbers can aehiemoval efficiencies greater than 95
percent. One potential problem with absorptiorhes generation of waste-water, which converts
an air pollution problem to a water pollution preil.

Liguid In |—b Gas Out

L J |

Absorber or
Stripping Column

i 1t

Liquid DU!J e (G 15, Y
Typical packed column diagram



Unit-6 -- 10CV765 -- APC
AUTOMOBILE POLLUTION

The addition of chemicals released from automoditessions constituting NQ HC's,
CO, SPM, S@ Pb resulting in deterioration of ambient air &nted as automobile
pollution. Five of these are also criteria air ptdnts.

SOURCE, EFFECT AND CONTROL OF AUTOMOBILE POLLUTANTS

1] SO2

The formation of Sulphur di Oxide in exhaust gasesaused by the oxidation of the

sulphur in the fuel during the combustion procdasthe atmosphere however, SO2
combines with moisture to form H2SO4, which thelisfas acid rain, and has been
linked to environmental damage.The major healthceams associated with exposure to
high concentrations of SO2 include effects on Imegt (decreased lung function),

respiratory illness, alterations in pulmonary defs) and aggravation of existing

cardiovascular disease. Children, the elderly, padple with asthma, cardiovascular
disease or chronic lung disease (such as brondrmigsnphysema), are most susceptible
to adverse health effects associated with expdsus®?2.

2] Pb.

Exposure to lead mainly occurs through inhalatibmio and ingestion of lead in food,
paint, water, soil, or dust. Lead accumulates enlibdy in blood, bone, and soft tissue.
Because it is not readily excreted, lead can digetathe kidneys, liver, nervous system,
and other organs. Excessive exposure to lead magecanemia, kidney disease,
reproductive disorders, and neurological impairrsersuch as seizures, mental
retardation, and/or behavioral disorders. Everoat doses, lead exposure is associated
with changes in fundamental enzymatic, energy tesnpand other processes in the body.
Fetuses and children are especially susceptibllwodoses of lead, often suffering
central nervous system damage or slowed growthd Lesy also contribute to
osteoporosis in post-menopausal women.

3] SPM.

The composition and properties of particulateseggreatly and is therefore difficult to
define. Furthermore, there is not a quantitativatienship between the smoke opacity
and the particulate emission. Particle emissiom® fengines can originate from:

a) agglomeration of very small particles of paltlyned fuel,
b) partly burned lub oil;

c) ash content of fuel oil and cylinder lub oil; or

d) sulphates and water.



The smaller particles that are likely responsibleadverse health effects because of their
ability to reach the lower regions of the respirattract. Major concerns for human
health from exposure to PM-10 include: effects oeathing and respiratory systems,
damage to lung tissue, cancer, and premature d€héhelderly, children, and people
with chronic lung disease, influenza, or asthma, especially sensitive to the effects of
particulate matter. Acidic PM-10 can also damageédmmade materials and is a major
cause of reduced visibility.

The most effect method of reducing particulate emiss is to use lighter distillate fuels
however, this leads to added expense. Additiordlatons in particulate emissions can
be achieved by increasing the fuel injection presgo ensure that optimum air-fuel
mixing is achieved, however, as fuel injection ptes increases, the reliability of the
equipment decreases. Much research has also beelnoted on cyclone separators,
which are effective for particle sizes greater tBaium while electrostatic precipitators
are more effective, capable of reduction emissibgsup to 99%. Unfortunately,
precipitators are expensive, prone to clog andaage in size.

4] Unburnt Hydrocarbons.

The emission of unburned hydrocarbons (HC) genenasults from fuel, which is
unburned as a result of insufficient temperatutas Dften occurs near the cylinder wall
(wall quenching) where the temperature of the @/fnixture is significantly less than in
the centre of the cylinder. Bulk quenching can ateour as a result of insufficient
pressure or temperature within the cylinder itsstfll further, HC production may also
be a result of poorly designed fuel injection sysgeinjector needle bounce, excessive
nozzle cavity volumes or fuel jets reaching a qbeager.

Volatile Organic Compounds or VOCs are organic doals that easily vaporize at room
temperature. VOCs include a very wide range of viddial substances, such as
hydrocarbons (for example benzene and toluene)cadions and oxygenates.

Hydrocarbon VOCs are usually grouped into metham# @ther non-methane VOCs.
Methane is an important component of VOCs, its mmmental impact principally
related to its contribution to global warming amdthe production of ground level or
lower atmosphere ozone. Most methane is releast#tetatmosphere via the leakage of
natural gas from distribution systems. Benzene,oa-methane hydrocarbon, is a
colourless, clear liquid. It is fairly stable bughly volatile, readily evaporating at room
temperature. Since 80% of man-made emissions camegetrol-fuelled vehicles, levels
of benzene are higher in urban areas than rurasaBenzene concentrations are highest
along urban roadsides. Evaporation of solventsd dee example in paints, cause a
release of hydrocarbons, oxygenates and halocatbdhe atmosphere.

Some VOCs are extremely harmful, including the icagens benzene, polycyclic
aromatic hydrocarbons (PAHs) and 1,3 butadienez&ss may increase susceptibility to



leukaemia, if exposure is maintained over a peabtime. There are several hundred
different forms of PAH, and sources can be botlunahtand man-made processes. PAHs
can cause cancer. Sources of 1,3 butadiene indlwelemanufacturing of synthetic
rubbers, petrol driven vehicles and cigarette smdkeere is an apparent correlation
between butadiene exposure and a higher risk afecan

HC reduction would most likely only be possiblengsprimary and further secondary
oxidation catalysts.

5] NOx.

NOx is formed during the combustion process wittlie burning fuel sprays and is
deemed one of the most harmful to the environmeuntt @ntributes to acidification,
formation of ozone, nutrient enrichment and to srfmgnation, which has become a
considerable problem in most major cities world-evid

The amount of NOx produced is a function the maxmtemperature in the cylinder,
oxygen concentrations, and residence time. At dglirtemperatures, nitrogen from the
intake air and fuel becomes active with the oxyigetie air forming oxides of nitrogen.
Increasing the temperature of combustion incretisesamount of NOx by as much as 3
fold for every 100C increase. NO is formed first in the cylinder éolled by the
formation of NQ and NO, typically at concentrations of 5% and 1%; resipety. NO2

is soluble and washed out by rain which incredsesctidity level of the soil.

Nitrogen dioxide can irritate the lungs and lowesistance to respiratory infections such
as influenza. The effects of short-term exposure &ill unclear, but continued or
frequent exposure to concentrations that are tilpicauch higher than those normally
found in the ambient air may cause increased inceleof acute respiratory illness in
children. Nitrogen oxides contribute to ozone fotioraand can have adverse effects on
both terrestrial and aquatic ecosystems. Nitrogedes in the air contribute to acid rain
and eutrophication. (Eutrophication occurs wherodybof water suffers an increase in
nutrients that leads to a reduction in the amodnixygen in the water, producing an
environment that is destructive to fish and othemal life.)

The best way to reduce NOx generation, is to regeed cylinder temperatures.

6] CO.

CO is formed due to the incomplete combustion gaaoic material where the oxidation
process does not have enough time or reactant mwwatien to occur completely. In
engines, the formation of CO is determined by timdual mixture in the combustion
chamber and as diesels have a consistently higio &irel ratio, formation of this toxic
gas is minimal. Nevertheless, insufficient combusttan occur if the fuel droplets in a



diesel engine are too large or if insufficient wdnce or swirl is created in the
combustion chamber.

Carbon monoxide enters the bloodstream and redoxggen delivery to the body's

organs and tissues. The health threat from expdeu@® is most serious for those who
suffer from cardiovascular disease. Healthy indiaid are also affected, but only at
higher levels of exposure. Exposure to elevated I&@Is is associated with visual
impairment, reduced work capacity, reduced manaateatity, poor learning ability, and

difficulty in performing complex tasks.

The intensity and frequency of the afore-mentiomegacts essentially depends on
several other factors such as age of the vehigies of fuel used, condition of engine,
type of engine, maintenance and operation modetfutie etc.

PETROL ENGINE vs. DIESEL ENGINE

Petrol engine Diesel engine
High CO, HC’s concentration in Lesser HC’s concentration i.e.,
emissions 1/10 CO that of petrol
Less smoke Major problem odor and smoke, at lefast
80% SPM than in petrol exhaust
Less SO2, NOX,PM More NQ SG,, PM/SPM

Inference: The major pollutants in diesel exhaustssions are a direct result of the
diesel combustion process itself. Diesel enginege haigher compression ratio than
petrol. First air is compressed, then fuel injectdebn ignition but in petrol, air fuel

mixed first, compressed and the n ignited. HC’scemrtration is less, because blowby is
negligible as only air is present in compressiorok& & evaporative emissions.

Hydrocarbons are as well low because diesel uskxsad injection fuel system.

SMOKE

When compared to diesel emissions, petrol emissiomgnore toxic w.r.t. human; while
diesel emissions contribute towards environmentgdaicts. Yet smoke emission from
diesel cannot be ignored.

Maximum smoke is produced when vehicle runs at 60%tal power. It is measured in
Ringlemann’s Scale.



Effects of smoke: Irritation of eye membrane, eambrane and respiratory tract, soiling
of clothes, disfiguring of buildings.

Control means: High A/F ratio, Smokeless fuel — iglehmaintenance - Lean mixture.

2 STROKE ENGINE vs. 4 STROKE ENGINE

When compared to 4 stroke, 2 stroke engine prodonmes pollution [HC's, CO, SPM,
Smoke] as it burns an oil gasoline mixture, butr@dke engine is more powerful, lighter,
less expensive. On the contrary, 4 stroke engwvesgnore mileage, produces less HC'’s
and VOC's [volatile organic carbon] as there isshort circuit of raw fuel.

TYPES OF EMISSIONS

1. Tailpipe emissions:This is what most people think of when they thirikvehicle air
pollution; the products of burning fuel in the velbls engine, emitted from the vehicle's
exhaust system. The major pollutants emitted ireclud

Hydrocarbons: This class is made up of unburnguhdially burned fuel, and is a major
contributor to urban smog, as well as being toXleey can cause liver damage and even
cancer.

Nitrogen oxides (NOx): These are generated wheogen in the air reacts with oxygen
under the high temperature and pressure condifitside the engine. NOx emissions
contribute to both smog and acid rain.

Carbon monoxide (CO): A product of incomplete costlmn, carbon monoxide reduces
the blood's ability to carry oxygen and is dangermupeople with heart disease.

Carbon dioxide (C¢): Emissions of carbon dioxide are considered ttufbecause it
is a significant greenhouse gas and increasinigvels in the atmosphere contributes to
global climate change.

Exhaust emissions contain 100% CO, 100% NQ 100% Pb and 60-65% HC's

2. Blowby/Crankcase emissions20% unburnt HC’s mainly due to leakage of oil viapo
around Worn-out piston rings.

3. Evaporative emissionsThese are produced from the evaporation of funel,aae a
large contributor to urban smog, since these heavadecules stay closer to ground
level. Fuel tends to evaporate in these ways:



Gas tank venting: the heating of the vehicle as the temperaturs figen the night-time
temperature to the hottest temperatures of the rdagn that gasoline in the tank
evaporates, increasing the pressure inside the ahoke atmospheric pressure. This
pressure must be relieved, and before emissionsotahwas simply vented into the
atmosphere.

Running lossesinclude the escape of gasoline vapors from theehngine.Refueling
lossesinclude these can cause a lot of hydrocarbon vapassion. The empty space
inside a vehicle's tank is filled with hydrocarbgases, and as the tank is filled, these
gases are forced out into the atmosphere. In additihere is loss from further
evaporation and fuel spillage.
Bird view of emission of net pollution

65 % from Exhaust + 15 % from Blowby + 20 % Eviagtive = 100%
Bird view of Hydrocarbon emissions [mainly as Benzoyrene]

60 % from Exhaust + 20 % from Blowby + 20 % Eviagive = 100%

Evaporative emissions: 20% HC'S via gas tank ventig, refueling & running losses.

Operation w.r.t Emissions

Mode Unburnt CO NOx AlF
of Operation HC’s [ppm] [% by volume] | [ppm] RATIO
IDLE 750 5.2 30 11:1-12:1
CRUISING 300 0.8 1500 11:1-13:1
ACCELERATION 400 5.2 3000 13:1-15:1
DECELERATION 4000 4.2 60 11:1-12.5:1

Comparative study

When A/F ratio is high, then less CO, HC’s but hid@x

When Vehicle decelerates high HC’s [hydrocarbon]

When vehicle is idle [engine not switched off dgrisignals] high CO, low NQ
moderate HC'’s.

When vehicle accelerates low HC’S , high CO, high @nd high NOx

When vehicle cruises high NOx, low CO, moderate $1&id high CQ



Drawbacks

Pb is released from exhaust as lead halides whiehaacumulative toxin, a chief
environmental pollutant capable of affecting ned&alelopment resulting in lower 1Q.

Also lead acts as poison for catalytic convertdnisTresulted in advent of unleaded
petrol. The alternative used was MTBE. But it hasrbfound to be non-bio-degradable
and possible ground contamination. This resultethénuse of ethanol as anti-knocking
agent to boost octane rating. But ethanol causelstduabsorb moisture from air, over
long time it leads to rusting, corrosion in fueldi Also it is poorly soluble and enhances
possibility of bacterial contamination.

TEL now banned in road sector continues to be usediation fuel as additive called as
AVGAS. The catch is despite using unleaded petha; emissions consist of benzene
which causes cancer, anemia and blood cancer. Ther @ption w.r.t knocking
phenomenon is utilize branched chain alkanes, wigshlts pre ignition, loss of power,
lower octane rating.

Catalytic converters

The air fuel ratio must be so high that all CO feths converted to CQbut if ratio is
less [lack of @], it facilitates formation of CO, Unburnt HC’s, NOAIso due to higher
temperature [2000-250%C], high pressure formation of Nitric oxide takdaqe.

If a car burns fuel with perfect efficiency, itslprexhaust products would be ¢@nd
H,0. Unfortunately not every molecule burns to coripfe Catalytic converter consists
of an array of tubes, each coated with porous demfambedded in this coating are tiny
particles of platinum and rhodium which serve aslgat. Previously YOs, Vanadium
Pentoxide served the purpose.

HC+CO+NG —»H,0+CO+N>

Nowadays Rhodium, Platinum, Palladium serve the @8 3-way catalyst, once the
exhaust heats the converter above°@)Qunwanted molecules bind temporarily to
catalyst and are converted. 95% of HC’s, CO,xN® removed by converter but the
presence of Pb in fuel as lead Halide gets coatedsurface inactivating them. Catalytic
converters have no moving parts, but its limitagiomclude poisoning by lead,
deterioration with time and pressure loss.

Indirect Control measures

Car pool system, eco-friendly fuels, hybrid velsclese of bio fuels, use of alternate
energy such as solar driven, use of unleaded petpohplying to rules and regulation,
frequent periodical emission testing, stringentnmorand enforcement on violation,



Minimizing the use of vehicles by walking for smdiktances, pooling of the vehicles,

switching off the vehicles on red lights, maintamithe vehicles in proper order,

adopting efficient ways of driving, ban on overloay] better design and maintenance of
roads collectively can reduce automobile air pahut

Direct Control measures

The amount of SO2 formed is a function of the suiptontent of the fuel used and
therefore the only effective method of reducing S©Ry reducing the sulphur content of
the fuel. Unfortunately, low-sulphur fuels are maepensive to purchase (10 to 20%
greater cost, when switching from 3.5% to 1% sutpland there is a practical lower

sulphur limit desired as desulphurisation of fwstérs the lubricity of the fuel which can

lead to increase wear on fuel pumps and injectors.

proper operation and maintenance of vehicles

Using catalytic converter for HC’s, CO, NOxgHds

Increasing air-fuel ratio for HC’s, CO and Benzene

Recycling exhaust gas for N(15-25%]

In case of SPM, ensure proper maintenance and tapefaocess, such has change air
filter regularly, change engine oil as per manufemts specification, use moderate

acceleration and avoid slowing of engine atop gear.

The industry may be compelled to manufacture thecles in such a way, i.e. enforcing
the Euro standards, that they produce minimum tzoils.

To maintain the vehicle by its proper servicingn{hg of engine) in such a way that the
exhaust emissions are under control.

Control on the quality of fuel. Use unleaded petrol. Sometimes Kerosene is mixtd w
petrol or diesel (as it is cheaper) than the emnssare more pollutant and are of different
nature.



Unit—7
ACID RAIN

Definition

Normal Rain water pis slightly acidic due to certain concentrationa, dissolved as
rainwater trickles down atmosphere, i.e. £8,0—>HCO>+H"

Acid rain is defined as any type of precipitatioithaa g' that is unusually low or lower
than 5.7. Acid rain was first found in Manchestemgland. In 1852, Robert Angus Smith
found the relationship between acid rain and atiesp pollution. Though acid rain was
discovered in 1852, it wasn't until the late 196 scientists began widely observing
and studying the phenomenon.

Causes
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The principal natural phenomena that contribute-pcoducing gases to the atmosphere
are emissions from volcanoes and those from bicddgirocesses that occur on the land,
in wetlands, and in the oceans. The major bioldgsmurce of sulfur containing
compounds is dimethyl sulfide.



The principal cause of acid rain is sulfuric anttagen compounds from human sources,
such as electricity generation, factories and megtricles. Coal power plants are one of
the most polluting. The gases can be carried hdsdog kilometres in the atmosphere

before they are converted to acids and depositctofes used to have short funnels to
let out smoke, but this caused many problems, seo, factories have longer smoke

funnels. The problem with this is those pollutaget carried far off, where it creates

more destruction.

Sulfur dioxide contributes to about seventy percanacid rain while nitrogen oxides
provide the remaining thirty percent. The sourdesutfur in the atmosphere include coal
combustion, smelting, organic decay, and ocearnyspyaproximately ninety percent of
atmospheric sulfur results from human activities.

In the atmosphere, sulfur dioxide combines withewvatapor to form hydrogen sulfite
gas: SQ+ H,0+1/2Q, — H,SO,

Next, hydrogen sulfite reacts with oxygen to foratfric acid, a major component of
acid rain: HSG; + 1/2G, — H,SO4

The sources of nitrogen oxides include the combnsif oil, coal and natural gas, forest
fires, bacterial action in soil, volcanic gaseg] dghting-induced atmospheric reactions.

In the atmosphere, nitrogen monoxide reacts wityger gas to form nitrogen dioxide
gas: NO + 1/2@— NO,

Then, nitrogen dioxide reacts with water vaporhia atmosphere to form hydrogen nitrite
and hydrogen nitrate: 2NG- H,O — HNO, + HNO;

Henceforth, acid rain is a mixture of HN®,SO, + HCI. however conditions needed to
favor formation of these are sunlight, temperathenidity, hydrocarbons, NQ SG..

Effects

Both the lower B and higher aluminum concentrations in surface méiat occur as a
result of acid rain can cause damage to fish aner @tquatic animals. Atplower than 5
most fish eggs will not hatch and lowet? pan kill adult fish. As lakes become more
acidic biodiversity is reduced. Soil biology canderiously damaged by acid rain. Some
tropical microbes can quickly consume acids butothicrobes are unable to tolerate
low p” and are killed.

Acid rain can slow the growth of forests, cause/ésaand needles to turn brown and fall
off and die. In extreme cases trees or whole avéésrest can die. The death of trees is
not usually a direct result of acid rain; oftenwieakens trees and makes them more
susceptible to other threats.

Some scientists have suggested direct links to humealth, but none have been proven.
However, fine particles, a large fraction of whete formed from the same gases as acid



rain (sulfur dioxide and nitrogen dioxide), haveebeshown to cause illness and
premature deaths such as cancer and other deadbséis

Toxic metals released into the environment by aeid may enter water supplies or
accumulate in fish and crops. Acid deposition abistroys statues, headstones,
buildings, and fountains. Limestone structures especially susceptible because they
dissolve easily in acidic solutions.

Acid rain can also cause damage to certain buildwaterials and historical monuments.
Acid rain can cause weathering on ancient and w#uastatues and has caused
considerable damage. This is because the sulfaigcia the rain chemically reacts with
the calcium compounds in the stones (limestoneJstane, marble and granite) to create
gypsum, which then flakes off. Acid rain also cause increased rate of oxidation for
iron.

Control

» Design more efficient automobile engines in orderréduce nitrogen oxide
emissions.

Increase efficiency of power plants that burn doabrder to reduce waste that
contains sulfur dioxide and nitrogen oxide.

Increase penalties on industries that do not niepbHution guidelines.

Increase tax incentives to industries that do rgaetelines.

Use alternative energy sources, Increase fundin@lfernative energy sources;
for example, give tax incentives to buyers of hglwars.

Provide tax incentives to companies that use atem energy sources.

Add CaCaQ (calcium carbonate) to lakes suffering from aagbakition; calcium
carbonate acts as a buffer, resisting a changé' iang lessening the negative
effects of acid rain.
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OZONE DEPLETION

Definition

Ozone layer is an umbrella 24 km [15 miles] fromtlegurface, an essential component
of the stratosphere that absorbs short wavelentjthviolet radiation from the sun,
heating the gases of the stratosphere in the mo®esrid ozone day is celebrated on
Sept, 16 of every year.

Stratospheric ozone is measured in Dobson unitg ji2ithed after G.M.B Dobson who
pioneered the study; [I Dobson unit = 0.01 mm theds of stratospheric ozone],
Average ozone thickness in stratosphere is 300 &When it falls below 200 DU, it's
considered as Ozone hole. It is thinnest aroundtegand thickest near poles.



Stratospheric ozone depletion is the term appl@dhe loss of stratospheric ozone
molecules (@ and the disruption of Oxygen-Ozone concentrateguilibrium in
stratosphere [i.e., when chlorine atoms upset tawiral Q/O; equilibrium in the
stratosphere]. Oxygen molecules interact with titerise solar radiation present at this
elevation to form oxygen atoms. The oxygen atomss thenerated react with other
oxygen molecules to form ozoneg)O

Causes

Ozone depletion is caused by the release of chlmmafcarbons (CFC's) and other
ozone-depleting substances (ODS), which were usddlyvas refrigerants, insulating
foams, and solvents. The discussion below focuseSKCs, but is relevant to all ODS
[NO, NO; (aircraft exhaust), BruUV rays, [O] Atomic oxygen etc].

Although CFCs are heavier than air, they are ewadlytearried into the stratosphere in a
process that can take as long as 2 to 5 years. \WUIk&s reach the stratosphere, the
ultraviolet radiation from the sun causes themreak apart and release chlorine atoms
which react with ozone, starting chemical cyclesobbne destruction that deplete the
ozone layer. One chlorine atom can break apart thare 100,000 ozone molecules.

Other chemicals that damage the ozone layer inclmé¢hyl bromide (used as a

pesticide), halons (used in fire extinguishersy] arethyl chloroform (used as a solvent
in industrial processes). As methyl bromide andihslare broken apart, they release
bromine atoms, which are 40 times more destrudtvezone molecules than chlorine

atoms.

Chapman’s Reaction

O+ =20

0+0; 505 (ozone production)
O3+ UV — O+ Oy (0zone destruction)
O+0,—= 04 {ozone production)
O3 4+0 = O;+0; (ozone destruction)

Ozone Depletion by CFC'’s

CF.Cl, + hv —e CI" + CCIF’
Clm+ O —=ClO” + O,

CIo + O—=ClI" + O,

All above reactions occur in the presence of UVsrayhile the ? set of reactions
governs the oxygen-ozone equilibrium due to its¢maoeity.



Effects

Effect of ozone hole include cataract, genetic mnta constriction of blood vessels,
reduced crop yield, leukemia, breast cancer, darttagep, aqua culture, etc.,

The higher energy UV radiation absorbed by ozoneyeserally accepted to be a
contributory factor to skin cancer. In addition¢crieased surface UV leads to increased
tropospheric ozone, which is a health risk to husnanch as Snow Blindness [photo
keratosis], i.e., inflammation of cornea (outer tawa of eyeball). The most common
forms of skin cancer in humans, basal and squaroelusarcinomas have been strongly
linked to UVB exposure. Another form of skin canaaalignant melanoma, is much less
common but far more dangerous, being lethal in ab6% - 20% of the cases diagnosed.
In India there is no standard for Ozone. However@®&tandard is 100 ppm for 8 hrs —
avg.

Control Measures

The Montreal Protocol, an international agreemégmnesi by 139 nations, banning the
production of CFCs by the year 2000. We can't mak@ugh ozone to replace what's
been destroyed, but provided that we stop producauoge-depleting substances, natural
ozone production reactions should return the ozayer to normal levels by about 2050.

It is very important that the world comply with tiMontreal Protocol; delays in ending

production could result in additional damage andiqg the ozone layer's recovery.

Control mechanism stresses on replacement of thieedlachemical by ammonia, steam,
helium etc.

GREEN HOUSE EFFECT

Introduction

Objects that absorb all radiation upon them aredablackbody" absorbers. The earth is
close to being a black body absorber. Gases, ormttier hand, are selective in their
absorption characteristics. While many gases do absorb radiation at all some

selectively absorb only at certain wavelengths.sehgases that are "selective absorbers
of solar energy are the gases we know as "Greegrldases."

Definition

The greenhouse effect is a phenomenon that ougbte@te a condition in the upper
atmosphere, causing a trapping of excess heat eading to increased surface
temperatures.



Net incoming solar Net outgoing infrared
radiation radiation

{}240Wm2 {}240Wm2

Some solar radiation is
reflected by the earth's
surface and the atmosphere

Incoming
solar radiation
343Wm~2

103Wm2

Some of the infrared
radiation is absorbed
and re-emitted by the
greenhouse gases.
The effect of this is to
warm the surface

and the lower layers
of the atmosphere.

Solar radiation
passes through the
clear atmosphere

Mechanism

The Earth receives energy from the Sun in the fofmadiation. The Earth reflects about
30% of the incident solar flux; the remaining 70% dabsorbed, warming the land,
atmosphere and oceans. The visible solar radidgais the surface, not the atmosphere,
whereas most of the infrared radiation escapinggace is emitted from the upper
atmosphere, not the surface. The infrared photonistesl by the surface are mostly
absorbed by the atmosphere and do not escape lylitectspace. Hence earth’s
greenhouse effect is a natural phenomenon thas helyulates the temperature of our
planet. Simply put, the sun heats the earth andcesointhis heat, rather than escaping
back to space, is trapped in the atmosphere bydslamd greenhouse gases, such as
water vapor and carbon di oxide. If all these gheeise gases were to suddenly
disappear, our planet would be 60° F colder andhabitable.

GREENHOUSE GASSES — SOURCES & SINKS

On Earth, the major natural greenhouse gases ae¥ wapor, which causes about 36—
70% of the greenhouse effect (not including cloudajbon dioxide (Cg), which causes
9-26%; methane (CHl which causes 4-9%; and ozone, which causes 3—7%.

Carbon Dioxide

Sources: Released by the combustion of fossisf(gl, coal, and natural gas), flaring of
natural gas, changes in land use (deforestatiamjrigiand clearing land for agricultural
purposes), and manufacturing of cement.

Sinks: Photosynthesis and deposition to the ocean.

Significance: Accounts for about half of all warmipotential caused by human activity.



Methane

Sources: Landfills, wetlands and bogs, domestgsliock, coal mining, wet rice growing,
natural gas pipeline leaks, biomass burning, amdites.

Sinks: Chemical reactions in the atmosphere.

Significance: Molecule for molecule, methane tréygst 20-30 times more efficiently
than CQ. Within 50 years it could become the most sigaificgreenhouse gas.

Nitrous Oxide [296 times potential than GD

Sources: Burning of coal and wood, as well asmeaifobes’ digestion.

Sinks: Chemical reactions in the atmosphere.

Significance: Long-lasting gas that eventually hemc the stratosphere where it
participates in ozone destruction.

Ozone

Sources: Not emitted directly, ozone is formethm atmosphere through photochemical
reactions involving nitrogen oxides and hydrocarbomnthe presence of sunlight.

Sinks: Deposition to the surface, chemical reastiarthe atmosphere.

Significance: In the troposphere ozone is a patiutdn the stratosphere it absorbs
hazardous ultraviolet radiation.

Chlorofluorocarbons (CFCs)

Sources: Used for many years in refrigerators, matole air conditioners, solvents,
aerosol propellants and insulation.

Sinks: Degradation occurs in the upper atmosphetbeaexpenses of the ozone layer.
One CFC molecule can initiate the destruction ahasy as 100,000 ozone molecules.
Significance: The most powerful of greenhouse gaseaa the atmosphere one molecule
of CFC has about 20,000 times the heat trappingepow a molecule of CO

GLOBAL WARMING - CLIMATE CHANGE

Definition

Global warming is the increase in the average teatpee of the Earth's near-surface air
and oceans in recent decades and its projectethaation.

Impacts
» Consequences may include changes in agricultuesdsyi glacier retreat, reduced

summer stream flows, species extinctions and ise®e& the ranges of disease
vectors.



* The melting of Arctic ice and increased regionaaggpitation can add freshwater
to the oceans, and potentially affect ocean cusrenthe North Atlantic.

» Forest fires could become more frequent.

* Due to the warming; insect outbreaks will increghindisturb large areas of
forest.

* Many Arctic animals, such as polar bears, sealfus@s, and seabirds, rely on
the sea’s biological productivity and on the preseof sea ice, both of which are
highly dependent on climatic conditions.

» Changes in sea surface temperatures or currentd bave a strong effect on
Arctic marine fish stocks, which are an importambd source for the world and
play a vital role in the region’s economy.

» Additional anticipated effects include 18% to 35%cacsample of 1,103 animal
and plant species to be extinct by 2050, baseditomef climate projections.

Control
The world's primary international agreement on catimg global warming is the Kyoto
Protocol, an amendment to the United Nations FraonewConvention on Climate

Change (UNFCCC), negotiated in 1997. The Protoaml rcovers more than 160
countries globally and over 55% of global greenleoges (GHG) emissions.

How to Combat Global Warming

Use Compact Fluorescent Bulbs Change Your AfeiFi

Use Recycled Paper Check Your Water Heater
Use Solar-heated Water Change the AC Filter

Take Shorter Showers Install a Low-Flow Showarth
Buy Products Locally Buy Minimally Packageddss
Buy a Hybrid Car, Bio-fuel driven Buy a Fuel Efent Car,
Carpool When You Can Reduce Garbage

Plant a Tree Buy Organic Food

Replace Old Appliances Use a Push Mower

Unplug Un-Used Electronics Air Dry Your Clothes
Insulate Your Home Switch to Double Pane Wimslo

Bring Cloth Bags to the Market & Turn off Your @puter Whenever Possible



INDOOR AIR POLLUTION

Introduction

The indoor environment represents an important gerevironment in which people
spend a large part of their time each day.

Source

»

imalHale & Danee e : Bocki S
—cy

Tobacco

o um o

Ghemicals Damp Basements

The major sources of indoor air pollution worldwithelude combustion of solid fuels
indoors, tobacco smoking, outdoor air pollutantajssions from construction materials
and furnishings, and improper maintenance of vandih and air conditioning systems.

About half of the world’s population, largely in\wioping countries, relies on traditional
fuels such as biomass (wood, agricultural residunesanimal dung), charcoal and coal as
the primary source of domestic energy.

Use of solid fuels in open or poorly ventilatedve® for cooking and heating exposes an
estimated three billion people to high concentretiof PM and gases that are some 10—
20 times higher than levels commonly found in in&tonal health guidelines (including
the WHO air quality guidelines). Although relatiyatlean sources of household energy
predominate in developed countries, improvementenergy efficiency have led to
homes being relatively airtight, reducing ventdatiand raising indoor pollutant levels.
In such circumstances even minor sources of poftutsuch as gas cookers, new
furnishings, damp conditions, household productsaiurally occurring radon gas, can
lead to significant exposures and recognized hedlétts.



In developing countries, the most significant iséoreindoor air quality is exposure to
pollutants released during combustion of solidgueicluding biomass (wood, dung and
crop residues) or coal (mainly in China), useddooking and heating. The majorities of
households using such fuels are located in po@ wommunities and use inefficient
devices such as earthen or metal stoves in kitchiggisare often poorly ventilated,
resulting in very high exposures.

Sources Outside Building

Contaminated outdoor air
pollen, dust, fungal spores
industrial pollutants
general vehicle exhaust

Emissions from nearby sources

exhaust from vehicles on nearby roads or in parlotgy or garages

loading docks

odors from dumpsters

re-entrained (drawn back into the building) exhawstn the building itself or from
neighboring buildings

unsanitary debris near the outdoor air intake

Soil gas-Radon

leakage from underground fuel tanks

contaminants from previous uses of the site (&gdfills)
pesticides

Equipment-HVAC system

dust or dirt in ductwork or other components

microbiological growth in drip pans, humidifiergyatwork, coils
improper use of biocides, sealants, and/or clearomgpounds
improper venting of combustion products

refrigerant leakage

Non-HVAC equipment

emissions from office equipment (volatile organitnpounds, ozone)
supplies (solvents, toners, ammonia)

emissions from shops, labs, cleaning processes

elevator motors and other mechanical systems

Human Activities

Personal activities
Smoking, cooking
body odor
cosmetic odors



Housekeeping activities

cleaning materials and procedures

emissions from stored supplies or trash

use of deodorizers and fragrances

airborne dust or dirt (e.g., circulated by sweepmng vacuuming)

Maintenance activities

microorganisms in mist from improperly maintainexbling towers
airborne dust or dirt

volatile organic compounds from use of paint, caatkhesives, and other products
pesticides from pest control activities

emissions from stored supplies

Building Components and Furnishings

Locations that produce or collect dust or fibers

textured surfaces such as carpeting, curtainsptnat textiles
open shelving

old or deteriorated furnishings

materials containing damaged asbestos

Impact

Indoor air quality (IAQ) is a term which refers the air quality within and around

buildings and structures, especially as it reldteshe health and comfort of building

occupants. IAQ can be affected by gases (includemdpon monoxide, radon, volatile
organic compounds), particulates, microbial contemis (mould, bacteria) or any mass
or energy stressor that can induce adverse heatititoons.

Sick Building Syndrome, a phenomenon where building occupants experienate ac
health and comfort effects linked to time spenthi@ building. Most of the complainants
report relief soon after leaving the building. Ttwuses of contributing factors to sick
building syndrome are inadequate ventilation & cloaincontamination from indoor and
outdoor sources. Concentrations of indoor pollgare often two to five times higher
than outdoor concentrations. These pollutants cgld bp rapidly indoors to levels much
higher than those usually found outdoors. Thissigeeially true if large amounts of a
pollutant are released indoors. Moreover, "tighteohstruction in newer homes can
prevent pollutants from escaping to the outdoors.

Radon (Rn) gas, a carcinogen, is exuded from thth Ba certain locations and trapped
inside houses.

Building materials including carpeting and plywoemit formaldehyde (H2CO) gas.

Paint and solvents give off volatile organic compds (VOCs) as they dry. Lead paint
can degenerate into dust and be inhaled.



Intentional air pollution is introduced with theeusf air fresheners, incense, and other
scented items.

Controlled wood fires in stoves and fireplaces eald significant amounts of smoke
particulates into the air, inside and out.

Indoor pollution fatalities may be caused by ugpegticides and other chemical sprays
indoors without proper ventilation.

Carbon monoxide (CO) poisoning and fatalities afterocaused by faulty vents and
chimneys, or by the burning of charcoal indoorsta@ift carbon monoxide poisoning can
result even from poorly adjusted pilot lights.

Clothing emits tetrachloroethylene, or other drgariing fluids, for days after dry
cleaning.

Though its use has now been banned in many cosinthie extensive use of asbestos in
industrial and domestic environments in the past le& a potentially very dangerous
material in many localities. Asbestosis is a chromflammatory medical condition
affecting the tissue of the lungs. Sufferers haaseese dyspnea (shortness of breath) and
are at an increased risk regarding several diftayges of lung cancer.

Table 1. Major health-damaging pollutants generated from indoor sources

Pollutant

Major indoor sources

Fine particles

Fuel/tobacco combustion, cleaning operations,
cooking

Carbon monoxide

Fuel/tobacco combustion

Polycyclic aromatic hydrocarbons

Fuel/tobacco combustion, cooking

Nitrogen oxides

Fuel combustion

Sulfur oxides

Coal combustion

Arsenic and fluorine

Coal combustion

Volatile and semi-volatile organic
compounds

Fuel/tobacco combustion, consumer products,
furnishings, construction materials, cooking

Aldehydes Furnishings, construction materials, cooking
Pesticides Consumer products, dust from outside

Asbestos Remodelling/demolition of construction materials
Lead Remodelling/demolition of painted surfaces

Biological pollutants

Damp materials/furnishings, components of climate
control systems, occupants, outdoor air, pets

Radon

Soil under buildings, construction materials

Free radicals and other short-lived,
highly reactive compounds

Indoor chemistry




Biological sources of air pollution are also foumtboors, as gases and airborne
particulates. Pets produce dander, people produsé fdom minute skin flakes and

decomposed hair, dust mites in bedding, carpetith farniture produce enzymes and
micrometre-sized fecal droppings, inhabitants eméthane, mold forms in walls and

generates mycotoxins and spores, air conditionygesns can incubate Legionnaires'
disease and mold, and houseplants, soil and sufirmgirgardens can produce pollen,
dust, and mold.

The presence of many biological agents in the indowironment is due to dampness
and inadequate ventilation. Excess moisture on stlnatl indoor materials leads to
growth of microbes, which subsequently emit spom|s, fragments and volatile
organic compounds into indoor air. Moreover, danggnieitiates chemical or biological
degradation of materials, which also pollutes irrdan

Recent studies estimate that exposure to indogrddiutants associated with household
solid fuel use may be responsible for nearly 1.8ioni excess deaths and about 3% of
the global burden of disease.

Factors governing the indoor air quality problem

Air exchange rate

Indoor rate of removal of pollutants
Outdoor concentration of air pollutant
Infiltration and exfiltration rate.

When there isn't an effective air exchange ratachvis the rate at which outdoor air
replaces indoor air, indoor pollutant levels caoréase. Air exchange rate is managed
through natural and/or mechanical ventilation.

Natural ventilation occurs when air moves througlered doors and windows by wind
or temperature differences. Mechanical ventilaboours when devices such as fans or
air handling systems distribute or move air. A @mopir exchange rate it is vital for
maintaining healthy indoor air.

Control

Source control, filtration and the use of ventdatio dilute contaminants are the primary
methods for improving indoor air quality in mostildings.

Often seen outdoors, indoor plants are the bestralaand economical purifiers available
to combat indoor air pollution.

Properly utilize and maintain air filters and clees



10CV765 / AIR POLLUTION AND CONTROL / R.G.

Unit — 8 (Standards and legislation)

Air Quality and Emission Standards

National Ambient Air Quality Standards

POLLUTANT STANDARD STANDARD
VALLE * TYPE

Carbon Monoxide (CO)

S-hour Aserage D ppm (10 mgfm®) Primary

1-howr Aserage 35 ppm (40 mgfm®) Primary
Nitrogen Dioxide (INO,)

Anmual Anthmetic Mean 0.053 ppm (100 pgim™) Primary & Secondary
Ozone {03}

1-howr Aserage 0.12 ppm (235 ugim™) Primary & Secondary
Lead (Fb)

Quarterly Average 1.5 ughn® Primary & Secondary
Particulate (PM 10)  Pardicles with diamefers of 10 micromefers or less

Anmual Anthmetic Mean 50 ugm® Primary & Secondary

24-howr Aserage 150 ugfm’ Primary & Secondary
Particulate (PM 2.5)  Parficles wilh diamelfers qf 2.5 micromefers or less
Sulfur Dioxide (SO,)

Anmual Anthmetic IMean 0.03 ppm (80 ugm®) Primary

24-howr Asverage 0.14 ppm (365 ugim™) Primary

3-hour Average 0.50 ppm (1300 pgim™) Secondary




EMISSION STANDARD

Emission standards are requirements that set specific limits to the amount of
pollutants that can be released into the environment. Many emissions
standards focus on regulating pollutants released by automobiles (motor
cars) and other powered vehicles but they can also regulate emissions from
industry, power plants, small equipment such as lawn mowers and diesel
generators. Frequent policy aternatives to emissions standards are
technology standards (which mandate Standards generaly regulate the
emissions of nitrogen oxides (NOx), sulfur oxides, particulate matter (PM)
or soot, carbon monoxide (CO), or volatile hydrocarbons (see carbon
dioxide equivalent).

LEGISLATION AND REGULATION
Short title, extent and commencement.
THE AIR (PREVENTION AND CONTROL OF POLLUTION) ACT, 1981

(1) This Act may be called the Air (Prevention and Control of Pollution)
Act, 1981.

(2) It extendsto the whole of India, with effect from 16 May 1981.

(3) It shall come into force on such date as the Central Government may, by
notification in the Official Gazette, appoint.



Definitions.
In this Act, unless the context otherwise requires,-

(@) "air pollutant" means any solid, liquid or gaseous substance 2[(including
noise)] present in the atmosphere in such concentration as may be or tend to
be injurious to human beings or other living creatures or plants or property

or environment;
(b) "air pollution” means the presence in the atmosphere of any air

(c) "approved appliances’ means any equipment or gadget used for the
bringing of any combustible material or for generating or consuming any
fume, gas of particulate matter and approved by the State Board for the
purpose of this Act;

(d) "approved fuel" means any fuel approved by the State Board for the

purposes of this Act;

(e) "automobile" means any vehicle powered either by internal combustion
engine or by any method of generating power to drive such vehicle by

burning fuel;

(h) "chimney" includes any structure with an opening or outlet from or

through which any air pollutant may be emitted,

(i) "control equipment” means any apparatus, device, equipment or system
to control the quality and manner of emission of any ar pollutant and
includes any device used for securing the efficient operation of any
industrial plant;



(j) "emission" means any solid or liquid or gaseous substance coming out of

any chimney, duct or flue or any other outlet;

(k) "industrial plant" means any plant used for any industria or trade
purposes and emitting any air pollutant into the atmosphere;

4[(m) "occupier", in relation to any factory or premises, means the person
who has control over the affairs of the factory or the premises, and includes,
In relation to any substance, the person in possession of the substance;]

Powers and functions of boards

Functions of Central Board.

(1) Subject to the provisons of this Act, and without preudice to the
performance, of its functions under the Water (Prevention and Control of
Pollution) Act, 1L974 (6 of 1974), the main functions of the Central Board
shall be to improve the quality of air and to prevent, control or abate air

pollution in the country.

(2) In particular and without prejudice to the generality of the foregoing
functions, the Central Board may-

(@) advise the Centra Government on any matter concerning the
improvement of the quality of air and the prevention, control or abatement of

air pollution,

(b) plan and cause to be executed a nation-wide programme for the

prevention, control or abatement of air pollution;



(c) co-ordinate the activities of the State and resolve disputes among them;

(d) provide technical assistance and guidance to the State Boards, carry out
and sponsor investigations and research relating to problems of air pollution

and prevention, control or abatement of air pollution;

(e) plan and organise the training of persons engaged or to be engaged in
programmes for the prevention, control or abatement of air pollution on such

terms and conditions as the Central Board may specify;

(f) organise through mass media a comprehensive programme regarding the

prevention, control or abatement of air pollution;

(g) collect, compile and publish technical and statistical data relating to air
pollution and the measures devised for its effective prevention, control or
abatement and prepare manuals, codes or guides relating to prevention,

control or abatement of air pollution;
(h) lay down standards for the quality of air.,

(i) collect and disseminate information in respect of matters relating to air

pollution;
(j) perform such other functions as may be prescribed.

(3) The Central Board may establish or recognise a laboratory or |aboratories
to enable the Central Board to perform its functions under this section

efficiently.



FUNCTIONS OF STATE BOARDS.

(1) subject to the provisions of this Act, and without preudice to the
performance of its functions, if any, under the Water (Prevention and
Control of Pollution) Act, 1974 (Act 6 of 1974), the functions of a State
Board shall be-

(@ to plan a comprehensive programme for the prevention, control or

abatement of air pollution and to secure the execution thereof-,

(b) to advise the State Government on any matter concerning the prevention,

control or abatement of air pollution;
(c) to collect and disseminate information relating to air pollution;

(d) to collaborate with the Centra Board in organising the training of
persons engaged or to be engaged in programmes relating to prevention,
control or abatement of air pollution and to organise mass-education

programme rel ating thereto;

(e) to inspect, at all reasonable times, any control equipment, industrial plant
or manufacturing process and to give, by order, such directions to such
persons as it may consider necessary to take steps for the prevention, control
or abatement of air pollution;

(f) to inspect air pollution control areas at such intervals as it may think
necessary, assess the quality of air therein and take steps for the prevention,

control or abatement of air pollution in such areas,



(g) to lay down, in consultation with the Central Board and having regard to
the standards for the quality of air laid down by the Central Board, standards
for emission of air pollutants into the atmosphere from industrial plants and
automobiles or for the discharge of any air pollutant into the atmosphere

from any other source whatsoever not being a ship or an aircraft:

(h) to advise the State Government with respect to the suitability of any
premises or location for carrying on any industry which is likely to cause air

pollution;

(i) to Perform such other functions as may be prescribed or as may, from
time to time, be entrusted to it by the Centrad Board or the State

Government;

(j) to do such other things and to perform such other acts as it may think
necessary for the proper discharge of its functions and generally for the
purpose of carrying into effect the purposes of this Act.

(2) A State Board may establish or recognise a laboratory or laboratories to

enable the State Board to perform its functions under this section efficiently.
Powers under the Act

Power to declare air pollution control areas

Power to give indructions for ensuring standards for emission from

automobiles.

Power of Board to make application to court for restraining person from

causing air pollution.



Restrictions on use of certain industrial plants.
Power to obtain information.
Power of entry and inspection.
PENALTIES AND PROCEDURE
Penalties for certain acts Whoever-

(@) destroys, pulls down, removes, injures or defaces any pillar, post or stake
fixed in the ground or any notice or other matter put up, incsribed or placed,

by or under the authority of the Board, or

(b) obstructs any person acting under the orders or directions of the Board

from exercising his powers and performing his functions under this Act, or
(c) damages any works or property belonging to the Board, or

(d) fails to furnish to the Board or any officer or other employee of the
Board any information required by the Board or such officer or other

employee for the purpose of this Act, or

(e) fails to intimate the occurrence of the emission of air pollutants into the
atmosphere in excess of the standards laid down by the State Board or the
apprehension of such occurrence, to the State Board and other prescribed

authorities or agencies as required under sub-section (1) of section 23, or

(f) in giving any information which he is required to give under this Act,
makes a statement which is false in any material particular, or



(g) for the purpose of obtaining any consent under section 21, makes a
statement which is false in any material particular shall be punishable with
imprisonment for a term which may extend to three months or with fine

which may extend to 29[ten thousand rupees]| or with both.
Penalty for contravention of provisions of the Act.

Whoever contravenes any of the provisions of this Act or any order or
direction issued thereunder, for which no penalty has been elsewhere
provided in this Act, shall be punishable with imprisonment for a term which
may extend to three months or with fine which may extend to ten thousand
rupees or with both, and in the case of continuing contravention, with an
additional fine which may extend to five thousand, rupees for every day
during which such contravention continues after conviction for the first such

contravention.)
40. Offences by companies.

(1) Where an offence under this Act has been committed by a company,
every person who, a the time the offence was committed, was directly in
charge of, and was responsible to, the company for the conduct of the
business of the company, as well as the company, shall be deemed to be
guilty of the offence and shall be liable to be proceeded against and punished

accordingly:

Provided that nothing contained in this sub-section shall render any such
person liable to any punishment provided in this Act, if he proves that the
offence was committed without his knowledge or that he exercised al due

diligence to prevent the commission of such offence.



AIR POLLUTION INDEX

The Air Pollution Index (APl) is a smple and generdized way to describe
the air quality in. It is calculated from several sets of air pollution data. The
API level is based on the level of 5 atmospheric pollutants, namely sulfur
dioxide (SO2), nitrogen dioxide (NO2), suspended particulates (PM10),
carbon monoxide (CO), and ozone (O3) measured at the monitoring stations.
An air quality index (AQI) is a number used by government agencies to
communicate to the public how polluted the air is currently or how polluted
it is forecast to become. As the AQI increases, an increasingly large
percentage of the population is likely to experience increasingly severe
adverse hedlth effects. Different countries have their own air quality indices
which are not all consistent. Different countries also use different names for
their indices such as Air Quality Health Index, Air Pollution Index and
Pollutant Standards Index.

Air quality is defined as a measure of the condition of air relative to the
requirements of one or more biotic species or to any human need or
purpose.[1] To compute the AQI requires an air pollutant concentration from
a monitor or model. The function used to convert from air pollutant
concentration to AQI varies by pollutant, and is different in different
countries. Air quality index values are divided into ranges, and each range is
assigned a descriptor and a color code. Standardized public health advisories

are associated with each AQI range.



PSI Descriptor General Health Effects

0-50 None

51-100 | Moderate Few or none for the general population

101 - 200 | Unhealthy Mild aggravation of symptoms among susceptible persons
i.e. those with underlying conditions such as chronic heart
or lung aillments; transient symptoms of irritation e.g. eye
irritation, sneezing or coughing in some of the healthy
population.

201-300 | Very Moderate aggravation of symptoms and decreased tolerance

Unhealthy in persons with heart or lung disease; more widespread

symptoms of transient irritation in the healthy population.

301 - 400 | Hazardous Early onset of certain diseasesin addition to significant
aggravation of symptoms in susceptible persons; and
decreased exercise tolerance in healthy persons.

Above Hazardous PSI levels above 400 may be life-threatening to ill and

400 elderly persons. Healthy people may experience adverse

symptoms that affect normal activity.
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B.E. DEGREE EXAMINATIONS
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SUB.CODE :SE8SEB
SUB.NAME : AIR POLLUTION AND CONTROL ENGINEERING

Time: 3 Hours Maximum Marks: 100
1. () Discuss in detail about the effects of air pollution on human beings and animals?
(20)
Or
(b) (i) Describe the method of analysis for oxides of nitrogen. (10)
(if) Write a note on "Ozone layer depletion™. (10)
2. (a) Write short notes on following:
(i) Atmosphere Stability (10)
(i) Air pollution indices (10)
Or

(b) Explain with neat sketches, how different atmospheric conditions give rise to
different kinds of plume. (20)

3. (a) Explain with neat sketches the principle and working of the following:
(i) Cyclone Separator (10)

(ii) Electro static precipitator (10)

Or
(b) Explain in detail about gravitational settling chambers with neat sketch. (20)

4. (a) (i) Write the general principle involved in absorption. (10)
(if)Explain the criteria to achieve high performance in gas absorption equipment?
(10)
Or

(b) Write a brief note about control and monitoring of gaseous pollutants on
environment. (20)

5. (a) Explain the methods that could be adopted to control Noise source by design. (20)
Or

(b) Discuss about the effects of noise pollution. (20)
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1.

(10)

2.

(@) (i) Write the sources and classification of air pollutants. (10)
(ii) Discuss the chemical methods of analysis of air pollutants.

Or

(b) (i) Discuss the global warming -pollutants responsible, their sources and impacts
(10)
(ii) Briefly explain the methods of sampling for gaseous pollutants? (10)

Explain the role meteorological elements in the dispersion of air pollutants in the
atmosphere. (20)
Or

(b) (1) What is adiabatic lapse rate? Discuss the types of adiabatic lapse rate? (10)
(if) Mention and explain the types of sampling of gaseous pollutants? (10)

(@) (i) Explain the cyclonic spray scrubber with a neat sketch?  (10)
(if) What are the Advantages and Disadvantages of electro static precipitators (10)

Or

(b) (i) Write short notes on settling chamber. (10)
(i) What is bag house filter? How it works? What are the operational problems
involved? (10)

(a) Discuss the sources of pollutants and its control in a cement industry? (20)

Or
(b) Compare the functions of Central and State Pollution Control Board in the area of

air pollution control. (20)



5. (a) (i) How could noise control be achieved at the source by design?  (10)
(if) How does noise pollution impact on human beings? (10)

Or

(b) State and discuss the various sources of noise pollution. (20)
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1. () (i) Write the sources and classification of air pollutants. (10)
(i) Discuss the chemical methods of analysis of air pollutants. (10)
Or
(b) (i) Explain the effects of CO, SO, and heavy metals on human being. (10)
(ii) List out the methods for quantitative analysing of air pollutants? (10)
2. (a) (i) Explain the significance of wind rose diagram ? (10)

(if) With neat sketch, explain how different atmospheric conditions give rise to
different kind of plume. (10)
Or

(b) Describe with neat sketches the plume dispersion under different stability classes.
(20)

3. (a) With a neat sketch, explain the working principle of bag filter. Give the equation
for average velocity coming to the filter surface? (20)
Or
(b) Explain in detail about gravitational settling chambers with neat sketch. (20)

4. (a) (i) Explain briefly about the methods of biological air treatment system.  (10)
(ii) Briefly discuss on types of carbon adsorption system with suitable neat sketch.
(10)

Or

(b) Explain air quality standards and air quality monitoring. (20)



5. (a) Explain in briefly the major factor and action that may help in noise abatement in
a modern society. (20)
Or

(b) State and discuss the various sources of noise pollution. (20)

B R R o o o R R R R R R R R R AR R R S R R R R R R AR R R R R R R R R R R R R AR AR R R R R R R AR R R R R R R R R R AR AR R R R R X







B.E. CIVIL ENGINEERING
IV YEAR VII SEMESTER
AIR POLLUTION AND CONTROL ENGINEERING
TWO MARKS QUESTIOM BANKS

Unit |
1. Define Air pollution?
2. Define primary and secondary air pollutants.
3. List out the types of air pollutants.
4. With a neat sketch show the different layers of atmosphere.
5. Define air pollutants.
6. Define global warming.
7. Name any two effects on plants and also pollutants responsible.
8. What are the instruments used for sampling of waste gases?
9. List out air pollutants responsible for ozone layer depletion.
10. List out the emission standards

Unit 1l

1. Mention two effects of air pollution on meteorological conditions.
2. Write the methods of measurement of meteorological parameters in ambient air.
3. What is wind rose?
4. Define lapse rate.
5. What do you understand by Air Quality Standards?
6. What is dry adiabatic lapse rate?
7. Define atmospheric stability.
8. Define plume rise.
9. Define Environmental lapse rate.

10. Define stack gas sampling.
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10.

Unit 111

Write the formula to calculate the efficiency in cyclone separators.

What is control efficiency?

Define electrostatic precipitation.

Mention any two control equipment for removing fine particulate matters.
State the two broad methods for controlling the gaseous pollutants.
Define Venturi scrubbers.

What do you mean by Gravity seperators?

What are the advantages of scrubbers?

Define Venturi scrubbers.

. What is gravitational settling chamber?

Unit IV

Mention the environmental legislation for air pollution control.

How the gaseous pollutants can be controlled?

What do you understand by biofilter?

Differentiate adsorption and absorption.

Define air quality monitoring.

Name the equipment that uses the principle of absorption for the removal of gaseous
pollutant.

What are the types of condensation system?

Define absorbers.

Distinguish between Contact condenser and Surface condenser.

. What is the chemical composition of air?

Unit VvV

Define Indoor air pollution.

Define power of sound.

Define "Hearing Threshold Level"?(HTL)

List the various ill effects of noise pollution.

Identify the primary sources of environmental noise.

What is acoustic zoning?

What are the various indoor air pollutants?

Define sick building syndrome.

What are the effects of noise on human health?

List out the control and preventive measures of noise pollution.
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