. CHAPTER

Air Pollution

' INYRODUCTION.

Air is ono of the mostimportant constitvents of our environmentL Even a small concenliralion of pollutants
present in'the air becomes more harmiul 1o human health, The clean and pure air, Iree from oulside salid, liquid
ar gaseous polluling subslances (called pollutants), is evidently very essenlial far human health and survival.
Any changein Ihe natural and normal composition of (he air (gither qualitative or quantitative), that may adversely
allecl the fiving system, particularly the human life, invariably ceuses air pollution.

“Air poltution if p?esen! in the autdoor almosphere of one or more ar contaminams {i.e. dust, fumes, gas,
mist, odour, smoke or vapour) in sufficient quantities, of such characteristics and of such duration as fo be or tg
Hvealen to be injuriaus. to human, plant or animaf life or to property or which reasonably interferes with the
comlortable enjoyment of life or property” B

When the quantum of air pollutants exceed the selt cleaning properties of the ambiant air and slart
causing harmtul effects on the human heallh and his surrounding abiotic world, then \he air is said 15 be polluted.

Polluted air is also harmiul to non living materials like metals, stones, woods, paper el¢. These malerials
gets spoiled by the contact with polluled ait sither due o physical corrosive action of polluted air or fand due lo
the chemical attack of the pollutants on such matanal.

7.1 Source and Classification of Air Pollutants

The air pollutants may be usually classified into groups according (o the general nature of source:

(8) Those thal come irom natural sources which include dust, pollen, fungispores and smoke f1om
torest fires and volcanic eruptions.

(b) Those that have anthropogenic sources such as ofiginating from combustion, heating processes
in industries, manufacturing of chemicals, pulp and paper and petroleum products, lood
processing and agricultural products. :

{e} Aerosols (Parliculates): dusl, smoke. mists. fog and fumes

{d) Gasesand vapours.



- Tabte: 7.1 Classification of polfuion
Major Classes | Subclossam Typical membors of subclasuns
Particuldtes Solid Liquid Ousl, smoke, fumos, fly ash Misl, spray
Goson
Organic Hydrocarbans Haang, b trylono, oih . butane, bulodi
Aldehydos and & Fi yde, acelonn
Other organics Chilodnaled trydrezarbors, skeohats
Inorganic Oxides of carbon Carben inenoxtda, cathan dicxde

Oxides of sulfur Sulfur dioxldo, sulfur Inosida

Oxides of nitogen Nilragen dioxide, nilsic oxido !

Cxldes norganlcs Hydroegan sullide, hydrogen flucride, smmonia
7.1.1  Alr Contamlnants Tablo: 7.2

Some of these contaminanls undergo | S.No. Graup Examples .
chemleal reactions wien they enterthe almosphere. 1 | Sulphur compounds S0, §0,, H,S, Marcaplans
‘Asaresult; he end product formed are more harmiyl 2. | Nitrogen compaunds NO OJ' "
than Ihe original contami ‘ np : £ 0T
Iginal conlaminants. For example 3. | Oxygen campound 0. c
unsalurated hydrocarbons react with nitrogen 4' Hal PO 2 20:00, -
dioxide in sunlight (o form smog. - et el e RF, YL ;
5. | Organic compounds Aldchydes, hydrocarbons

712 Matural Cantaminants 6. | Radioaclive compounds | Radioactive gasos

7121 Aerosols

The particles larger than a moleculzs but small eroughto remain suspended in air 2re called aerosols.

7.124 Fumes

-

-

They are fine, solid particles {olten metallic oxides such as zinc and lead oxides) formed by the
condensation of vapour of solid malerials.

Fumes may be from sublimalions, distillation, calcinalion or molten melal processes.

They range in size from 0.03 10 0.3 yim.

Fumes flocculate and coalesce, then sellle oul.

7125 Fly ash

7.126 Mistp

.

They consists of finely divided, noncombustile particies contained influx gases afising from combustion
of coal. o

These mineral or metallic subslances are released when the organic portion of coal is burned.

Like dust, il range in size Irom §.0 10 1000 prm.
Like smoke, il result trom burning and like
fumes, il consisl of inorganic rnelatflic or
rineral sustenance.

Misl consists of liquid parlicles or dropleis Fiy =0

formed by the condensallon of 2 vapour, the
dispersion of a liquld {as in foaming) or the
enactment of a chemical reeclion such as

the formation of sulphunc acid mist, L“f
Mist are ysually less than 10pmindiameter.  1pop~ 100 10 10 ] 0.0

[

0.001
Micromolors

* [ mist concendrallon is high enough to
obscure visibility, the mist is called a fog.

Flg.7.1 Sizesofpaniculatesinmicrometers.
{sdopted from Federal Register)

*  The particutate malter in air may accur in air largaly in sclict form as particles of dusl, smaoke, fume el

I form of liquid it is known as mist and fog.

722 Dust

«  Dustismadsup of small, s6iid particies creared by the breakup ol larger masses !hroughbpmcess‘es
‘fuchas crushing, grinding or blasting rmay came difectly frem the processing or handlling of maieriais
such as coal, cemeril or grains, ' . '

* limay be & by-product of mechanica! process such as the sawing of wood, or made up of residue of
mechanical precess such as the saving of waed, or made up of residue of mechanical operation
such as sand blesting. )

* Capable of temporary suspension in air of other gases, Dusis do nol diffuse, they seltlo under the
influence of gravity. )

*  Dust may range in size from 1 10 10G0 um,

7123 Smoke

Smoke consisls of e, salid particles resulung from e incomplete combustion of organic parli¢ios
such as coal, wood o obacco.

It consis! mainly of carbon and combusiible matenaig,

*  Smoke particle have diamaer tanging from 0.5 10 | pm.

7127 Spray
* [t consists of liquid parlicles formed by the alomization of parent liquids, such as pesticides and
herblcides.
« Spray parlicles ranga in size from 10 lo 1000 jom.
The (otal suspended particulaie matier (TSPM} in air are indicated below intable 7.3.

Table: 7.3 Types of Particulales in susperded matter
8. No. Torm Wooning Examplos
(A Uquid particioy e
1| Mt | Aarosols cansisting of liquid drop acid mist.
2. Fog A I istng of water drepl
B} )
Solld parl{:las
1. | Oumt : Acrosols acrsisung of sobd parlices thatars | Duststorm
|| ionwen inte 1 ait, or ans produced frem
lamer parictes by prindng thom down,
t
2.} Smoke Aamsols ronsisting of soid pamides or o | Cigarello smoke,
mixtuo of sovd and bauid parickas produced | smoka from buming
by chemical reostion, suth as by fires, of garbaga, ate.
1 | Fumws Generally means the sama as smoka, bul | Zine/ foad fumes,
: olien used 1o Indicate acrosols produced by
coexhensation of bol vopeur of matals,




7.2 Gases
Fotlowing are the gases in ar poliulan:s;
(i} Sulphur Dioxide

*  Sulphur Dioxide {50,) is the hasic air pollulant amongs! afl the oxides of sulphur,

80, is anirritant gas, and when inhated, alfects our mucous membranegs.
SO;, is respansible for causing acidily in fogs, smokes and in rain and hence is he major
source of cotrosion of buildings and melallic objects.
*  Themain source of sulphur dioxide is 1he
* Themajor contibutors of SO,
(iiy Carbon Monoxide {CO} !
*  Carbon monoxideis a colouriess, odourloss and toxie gas.

* s producedwhen organic matarials iike natural gas, coal or wood are incompletely burnt.
®  [tis highly poisenous gasand is generally classitied as an asphyxiant,
¢ Chiefsource of carbon monoxi
exhausis. :
(i) Oxides of Nitrogen (NO_}

*  Atmospheric nitrogen may combine with
combustion, to form nitric oxide (NO).

¢ Thanitric oxide (NQ) at low levals is fefatively harmless but at high concenlrations may cause
asphyxiation and respiratory discomfort,

The oxides of nitrogen ofi ginates from aulomobiie
aic.

cnmbus(ion‘o!; {uels, especially coal.
are relineries, chemical plants, municipal ingineration plant etc.

deinthe atmasphere is combustion, especiaily due lo automobile

Oxygen athigh temperalures, as generated during fue}

exhausts, incineration plant, {urnace smokes

Ouf of seven oxides of nitragen (N0, NO, N

©,. NO,, N,0,, N0, N,Og) only nitric axide and
nilrogen dicxide are classified as pollulants,

NOTE: Oxides of nitrogen becomes mare signifi

canl, as lhey are involved in the lormalions of secondary air
poliutants, such as ozone,

{iv) Hydrocarbons (HC)
*  Theyare group of campaounds consisting of carbon and hydrogen atoms,

*  Theyare gither evaporated into the atmosphere from the pelreleum luel supplies or are emitted

out in the antomobiles exhausts that did not burn complelely. They may also be contained in
the fumes of oil refineries, i

HC are washed out of the alr when it rains and ru
causes an oily film on the water surlace,
*  HGare generally divided into twe calegorniesie.
)} =aliphatic group of hydrocarbon
(i} aromatic group of hydrocarban ‘
¢ Aldshydes andbetones are considere
photochemical ocetones of hydrocarb
(v} Hydrogen Sulphide and Mercaptans

*  Hydrogen Sulphide is a foul smelling gas,

ninlo sutface water. Thgir presence in water

 under hydrocarbons, because they are lormed b

v the
ans, as secondary polianis in the almosphere.

ic biologi nland,
*  The major source of its natural emission include anaerabic biological decay processes a
" inmarshes and in Ihe oceans. .
*  Volcanoes and natural vealer springs emil hydrogen sulphide (o some exlent,
+  Maijor sources of hydrogen sulphide is Ihe crafl pulp indusiry. . our The
+*  The other sulphur compound like mercaplans are importanl because 9!1heur slr;)ng ; “m.arias
mercaptons are emilled in mixlures of pollutanis from some pulp mills, pelroleurn re
and chemical manhlacmring plants.
vi) Hydrogen Fluaride ‘ » ‘ . o
“ . ! Hydrogen fluoride is mare impontant in lerms ol injury to vegesation and animals than inlerms
injury to humans,
= HFis animportant air comaminant. - .
*  The major sources of fluorides are the manulactures of phosphate fertilizers, Lhe alurniniur
induslry, brick plants, pottery.

7.3 Primary and Secondary Air Pollutants ) L
The nalural hazardous events like dusl slomms, volcanoes etc. or from human acnwlmns\ n'e"m-:rirl %qe
vioad coal, oil in homes or industrigs or automaobites etc., are called the primary poliulants. The to g
primary pollulants contribute 1o aboul 90% of the global air poliution.
The imporanlt primary alr poliutants are: 5
i) Oxides of Sulphur, parlicularly the Sulphur Dioxi B o ' . |
Eii}) Oxides of Carbon fike Carbon Monoxide (CO) and Carbon Dioxide (CO,). particutarly the Carbon
Monoxide (CO)
(i) Oxide of Nilrogen, like NO, NO, (expressed as NO,)
(iv) Volatile organic compounds, moslly hydrocarbons
(v) Suspended Particulate Matter (SPM}
{vi) Radioaclive Compounds
vii) Halogen Compounds . . "
Lerlain less important primary pollutants are Hydrogen Sulphide, Hydrogen Fluoride and other an1- -
‘These primary pollutants reacl with one another or wilh waler vapour, aided and abelled by Ihe sunlig!
to form enlirely anew sel of pollutant called lhe secondary peflutants,
The import secondary pollutants are: . o
i ii zane (O,
i} " Sulphuric Acid {H,S0O,} {ii}. z . .
?)l) ioti:waln;ehyde: o tiv)-  Peroxy Acelyl-niltale (PAN)
i ¢ ‘ ‘
{v) Photochemical Smog

o i r coal
. ngog is combination of two viords smoke and fog It can be of lwo types photochemical o
induced.

. o
* The Pholochemical smayg is caused by the interactian of some hydrocarbons and oxlldinlf :;:;lﬂ;
nirogen oxides) under the influence af sunlight giving rise (o dangerous peroxy acelyl nitral .

Hydrocarbons + NO, —2"1_, gmng



7.4

7.4

* ltsmain constiluenls are ritrogen oxides, PAN, hydroc arbons, carbon manoxide and ozone.

*  lireduces visibility, causes eye irritalion, damage to vegelable and cracking of rubber.

* Air pollution derived Irom vehicular emission from inlernal combustion engines and industrial fumes
thal react in the atmosphere with sunlight Lo form secondary pollutants, called modern and that alsg
combine wilh the primary emission Lo lorm pholochermical smog.

* Coalinduced smog consisl of smoke, sulphur compound and (ly ash,

Effects of Air Pollution

* One of the most obvious local effects of particles in the atmosphere is a reduction in visibility.

* Thereduction in visibility causes slowdown of air irallic, needing coslly instrument guided landing
System, ’

¢ - The presence of gases in the atmosphere has been causing the most prominent effec! of producing
objectionable odour, lasle or shvious corrosive or chemica! effecis on objecls.

« Duelo chemical and corrasive effects, tha air pollulants have been damaging the extesiors ol buildings
and.cars by breaking down the point emulsion, causing heavy economical losses.

~ «  Dueio acidic lumes several monumenis have been badly spoiled and damaged.

Effects of Alr Pollution on Human Health _

* The adverse eltect of air poliution on human health has remained Ihe prime consideraﬁbn in air
pollution,

*  Sulphur Dloxlde (S0,) : 80, is an irritant gas which effecls mucous membrane when inhaled. It
leads W bronchial spasms. Aslivma palients are badly allecied,

« Carbon Monoxldg (CO} : GO Carbon Monoxide has a sirong alfinity for combining wilh the

haemioglobin of the blood to form carboxyhaemoglobin, COHb. This reduce the abilily of the
haemoglobin to carry oxygen lo the body tissues. CO has about Iwo hundred times the alfinity of
oxygen {or altaching itsell 1o the haemoglobin so that low leve!s of CO can stilf result in high levels
ol COHw. Carbion Manoxide also aflects the ceniral nervous syslem.

* Oxides ol Nilrogen : Among several oxides of nilrogen known Io exist in the ambient air, only two
are Ihought to affect human health, These are nitric oxide (NO) and nitrogen dioxide (NO,). It causes
eye and nasal irrifalion and pumonary discomfon. ’

* Hydrogen sulphide and Mercaplans: H,Sis a foul smelling gas. It is well known for ifs rotten egg
like odour. Exposures 10 hydrogen sulphide for short ‘periods can resull in fatigue of the sense of
smell. k o

* Ozone : O, is a gas hat has an irritant aclion in the respiratory track, reaching much deeper into
lungs than Ihe oxides of sulphur.

v Fluorides : Sirce tluoride is cumulative poison, hydrogen fluoride is less harmful o hurman beings.

* Lead : The major source of fead in urban almosphere is the aulomobile. The elfecls include
gashrointesiinal damage of liver and kidney damage, abnormalities in lertility and pregnancy and
mental developmant of children gets allpcled. i

= Hydrocarbon Vapours : The eflect of i is primarily irritaling. It is a major contribulor 1o eye and
respiratery irfilalion caused by photochermical smag.

* Carcinogenic Agents : These are responsible for cancer, For example, the paly cyclic organic
compound, 3, 4-benzpyrene. Tre"origin of these compounds is in the incomplele combustion of
hydrocarbons,

» Insecticldes : These are not only harmiul for insects bul also poisonous for human ke DDT {Dichloro
Diphenyl Trichloroethylene). They can alfect ihe central nervous sysiem and may altack other vital
organs. Inseclicides/peslicides can also causes premalure fabour and abortion, due to high
goncentralion of presticides in the bady of expeclant mothers.

= Radioaclive Isolopss : The main radioaclive isolopes that may reach ambient air and lodine 131,
Phosphorous 32, Cobalfl 60, strontium 90, Radium 226, Carbon 14, Sulphur 35, Calcium 45 and
Uranium. The serious health effects are anaemia, leukaemia and cancer radioaclive isciopes also
cause genelic defecls and slerilily as well as embryo delects and congenilat mallermation.

= Allarglc Agents : Allergic Agenls are generally recognised by medical personnal that tha air we
brealhe is the nalural carrier of many microscopic organic materials which may acl as allergens. Our
bady reactions 1o such allergens occur mainly in the skin and Lhe respiratory tract.

NOTE: Mercaptans are often added to natural or manulactured gas supplies sothat leakage of gas will be
noliced. ’
742 Effects of Air Pollution on Plants
* The adverse impacts of air pollution are noet limited lo human health alone but plants are also
allgctied by air poliuianis. ,
= The most promingnt air poliulant, which cause severe damage o the planis is {luorine, emitied from
faclories manulacturing aluminium, glass, phosphate, fertilizers elc. lis concentration in excess of
abou1 0.3 pg/m? cause pholo-loxicological elfects on planis.
= Thedamage caused by the air polfutants fike SO, H,F, HCY, CI,, Q;, NOx, NH,, Hg, H,8, HN, PAN,
herbicides, smog elc., {o the plants and vegetation occurs in the leal struclure. The pollulants clog
the stomala of the leal, thereby reducing the inlake of CO,, which adversely atfecls the
pholosynihesis.
*  DryCementi-kiln dusl appears 1o cause liltle damage depeosiled on a ieal surface, yet in the prasence
of moisture, such dust imparls damage and consequential growih inhibition to plant issues.

NOTE 1. Recovery of plant from bydrogen flucride effecl is much slower than SO, altack.
2. Chiorine is more toxic 1o vegetation than SO, by a factor of two or three.

3. Hydrogen chloride is considerably less loxic lo vegstation than §0,,.

7.43  Effects of Air-pollutants on Live Stock Animals
* The adverse health offects of air poflulants on farm animals occur, when animals ¢al the plants,
grasses, fodder and olher vegelaticn, which has been conlaminated by ihe air pollutants.
»  (mponani contaminants that affect the fivestock are:

{i) Fluorine {n} Arsenic {ii} Lead

|
Fluerlne
(i} 1 proves lo be the worst polluiant since callle and sheep are found 10 be more susceplible io
gonsumplion of fluarine.
{iiy The catilc grazing on vegetation thal has been contaminaled with Hluorine may develop fluoresis
(i} Symploms of advanced fluotosis in animals include: fack o! appetites, general il hoaith due to
malnutrition, lowered fertility, reduced milk production and growth relardation.




MIITHIC

When such contaminated vegetalion /s eaten by cattle, they may sulier lrom arsenic poisoning, with
ieading symptoms like salivation, thirst, vomiting, unaasiness feeble and irregutar pulse and respiration,

Leads )
{) Lead contamination of the aimosnhere occurs on account of various industrial sources such ag
smellers, coke ovens and othar coal combustion processes,
(i} The lead-contaminated vegetation, when eaten by live SIO;k animals may cause lead poisoning,

which may cause symptoms fike inability to stand and s_ragben‘ng. prostration, cornplete loss of
appelits, paralysis of digestive lract and diarrhoea, !

744 Effects of Air Pollutant on Materials and Services

» Air poltiants cause dalerioraling elfeats on metaliic surtaces, glass surface, painted surface, building
stones, rubber surfaces etc. along with damaging tha paper and fabric, !

* Dxideofsulphurang nilroger reaclinthe almosphere with waler vapour to form acidic | umes, vhich
altack and damage the melal surface, This problem is acule for the computer, swilch gear and
communication industrigs,

*  Fluorine is highly reactiva, at high aimospheric concentration, may even cause atching of glass on
windows aic, - )

*  Hydragen sulphide in air reacts wilh lead oxide in white paint, Lo form lead sulphate, due o which
white painied curface in door, windows, wallin building tend to acquire brownish tint over night.

*  Agingolubber and symhelic fabric due 1o the atmospheric oxidant, which cause very quick cracking
lypes of rubbor and aging and discolourating of synthetic fabrics,

+ Elecrric cables ang eleciricily poles resulling in power leakaga from high voltage electric cables,
This was caused dueto deposition of particles, which are good conductors of eleclricity or insulator
on electrical poles, resulling in leakage from higli tension fines.

'

745 Effects of Air Pollutant on Aquatic Life

Air paltutant mixing vp with rain cause acidily in {resh water lakes, alfecting aqualic life, especially the
fishes.
74.6 Effects of Alr Pollutant on Glabal and Regional Envirenment ;

Air poliutants may cause acid rains, ozone deplelions and global warming, Ihereby adversely effecting
tha envitonment at regional or giobal level, :

s

7.5 Photochemical Air Pollution -
Photochenrical smogis forrned due (o photochemical oxidation of hydrocarbon and nitrogen oxide,

7.5.1 Nitrogen Dioxide Photochemical Reaction
Ultraviolet tigh! energy is absorbed by NO,
' NO, + v = NO ;
The highly energized molecule (NO,"} saformed then dacompases inlo nitric oxide and atomic oxygen.
’ NO, N0+ O

The alomic oxygen reacls quickly with molecular G, tolorm gzone (Qy,)
0+0,-50,
Qzona may also reacl with NO present to-form NO,and O,
0, + NO—NO, + 0,
* Inthe presence of hydrocarbon olher reactions take place and aldehydes, peroxides and peroxy
acety! nilrale (PAN) are [6fmed.
» Presence of waler vapour may lead to formation of nitric acid (HNO,) alsa.

Flg.7.2 Interaction of atmaspheric nitrogen dioxide phaolytic cycle with hydrocarbons.

7.52 Sulphur Dioxide Photochemical Reaction ' -
Czone (O,} may be formed in the almosphere as a by praduct during photachemical oxidation of sulphur
dioxide to suiphuric acid, However, efliciency of this process is low.
7.53 Aldehyde Photochemical Reaction ‘
Photochemical decomposilion of aldehydes produces lree-radicals and 0,.
. B

Fartors affecting photochemtcal reactlons: The nalure of photochemical reaclions thal.lake place inthe o

atmosphere depends on a number of faclors. Some of these lactors aro:
(i) ~ Light inlensity (i) ~Hydrocarbon reactivity
- {iii) Ratin of hydrocarbons o nilric oxide (v) Prosence of light absarbers
' (v} . Metecrological variables
The height and inlensity of atmospheric inversion is also & prime factor.,

7.6 Photochemical Smogy : - .
Ozone (O,) and PAN (Paroxy Acety! Nitrate) are (he mast significant constients of phatochemisal smog



Effects of photochemlcal smog: There are various effect of Phatochemical Smog :
1. Eyeirritalion - caused by aldehyde, PAN

2. Vegetation damage - caused by 0,.NO,, and PAN

3. Visibility reduclion

4, Cracking of rubber

5. Fading of dyes

7.7 Composition and Structure of the Atmosphere

The almosphere is conceived mainly ol four horizontal {i.e round the globe) layers each characlerized by v

a lemperalure prolile such as. -

(&) Troposphere 00011 km 15 16 -56°C
(b) Stralosphere 1110 50km -56 lo -02°C
{¢) Masosphere 50t0 85 km =02 1o -92°C

{6) Thermosphere 85t0500km  -92 1o 1200°C
) Varying amounts of most of (he gases presentin ihe aimosphere may bs found in each of the four major
laycrs of e almosphere. )
The air in the roposphere consisls of 78 percent nitrogen {N,), 21 percent oxygen {O,). 1 percent argon
{Ar)and 0.03 percen{ carbon dioxide [CO’QJ. Other gases-are prasent in Iraces, most of which are inexl,

7.8 Acid Rain

+ The layer of greatesl inlerest in pollution conira! is the troposphere, since this is the layer in which
mosl living ihings exist. : . ) )

»  One of the most recent changes in (he trophosphere Involves the phenomenen of acid rain.

*  Acid rain or acid deposilion resulls when gaseous emissions of sullur oxidas (SQ,) and nitrogen
oxides (NO,}inleracl wilh waler vapour and sunlight and are chemically converted 10 strong acidic
compounds such as sulphuric acid H,50, and nilric acid HNO,. These compounds, along with
other arganic and incrganic chemicals, are deposited on the earlh as aerosols and particulales {dry
depasilion) or are carried to (he earth by raindrops, snovflakes, fog or dew {Wet deposition). The

ellects ol acid deposilion vary according 1o the sensilivity of the ecosystems upon which the
deposil fall. o

Generally, ‘clean’ rain is slighlly acidic as il dissolves varying amounls of carbon dioxida, If
pHol rain water falls 10 5.6 or berqw then itis callad acid rain (ihe lowest pH value of rain is 5.6
whenilis 'clean').

Effects of acld rain: The effects of acid rain deposiion vary according 1o the sensitivily of the eco-
systerns upon which the deposition fall. :

(i} Acidrainhas caused considerable damage to buildings and monumenis in highly industralized areas,

(i) The growth of Jrees is adversely allected by acid rain. It allects lorpsts and resulls in consequent
vanishing of greenery,

{1ii} Acidily also aflecis sail. A plant riutrient sueh as polassium is gradually leached out of the soil, At
the same lime. a loxic element like zinc accumulatos due 1o acid rain. Beneficial micro-organisms in

ihe soil are reduced. The population of earthworms which are popularly called farmer friands”, is
reduced as ihey cannol lolerate an acidic envimnmgnl,
Remedy: The problem of acid rain is resolve by neutralising the acid with fime. ltis a shont-term measure,
and il is required to be repeated periodically. But il is quite expensive, especially when areas is large.

7.9 Global Warming

¢ Ouralmosphere has a carbon dioxide concentration of aboul 0.03 percent. Hawever This concentration
is observed 10 increase continuously due o burning of coal and fossil fuels with increasing use of
vehicleselc. °

¢ Theeffect of ingreasing concentration of carbon dicxide is the much lalked global warming which is
known as (he green hovse effecl.

* Agreen house is a conslruction of transparent walls and roaf in eold countries o pravide adoquate
heatlo the soil and pfants. The sofar heallenergy pensirates the green house bul is prevented from
escaping, and thus heatremaing within the gresn house keeping it warm. A similar process keeping
the almosphere warm s therelore, called the green housa ellect where ma inly carbon dioxide eniraps
Iheincoming solar heal,

* Due to the presence of green house gasss the heal remains within the almosphere and does not
escape outof it. Thus, the green house gasas ac! like a thermal blanket surrounding the earth,

» Carbon dioxide is the major green house gas which preserves the heal refiecicd back hytheearihs
surface, It is obvious that il lha conceniration of carbon dioxide keeps increasing more and more,
heat will be built up in the aimosphere and on the earth's surface back 1o earth and the aimospharg
temperature will increase, This process provides the basic mechanism for gichal warning.

Green House Gases: The major green house gases are listed as under.
()  Carbon Dicxide (CO,) {i}  Methane {CH,}
(i Nitrous Oxide (N,0) {wv) Chiorofluorocarbon{CFC)

{l} Carbon Dloxids:
* ltis estimated that the concenration ol carbon dioxide in the atmosphere is increasing at the
tate of aboul 1.8 mg/m per year. ’
*+ Themain faciors contributing to he increase in carbon dioxide concentration are : use of fossil
' luels deforestalion, abuse of land and improper agriculiural practices,

* Carbon dioxide absorbsinira red rays causing increase inthe heat level, Thus. the increasing
concentralion of carbon dioxide sets in motion a sorl of heat itap.

i

Doyou know? The conlributioh of carbon dioxide alone towards green house effect is eslimaled 1o be about
57 percent. [ .

() Methene
¢ The meihane concenlralion is increasing at a rate of one peteent and ils capacily 10 absorb heat
is aboul 25 limes more than that of carbon dioxide. Se, although the concentration of methane
is very low in the anosphere, its capacily ol absorbing heal is much more. Therelore, itis also
an important green house gas. ‘

'




¢ Methane is produced as a result of decomposilion of organic substances and enlers Lhe
almosphere. The role of m:thane as an agent of green house elfect is laken as about

12 percent,

{il)) Nitrous Oxide

* The heal absorbing capacily o nitrous oxide is aboul 230 limes more Ihan that of carbon
dioxide, its conlribution for green housa effact is only 6 percen! because of its mueh lower
concenlrationin the almosphere. g ;

* Tha conceniration of nitrous cxide increases inthe atmasghere due to excessive use of nitrogen
lertilizers; increased agricuttural aclivities and intensive vehicular iraffic,

{iv) Chlorofiugro Caibon

¢ The use of chloroliuatocarbon mainly lakes place in the industries that manufacture ralrigerators,

alr conditions fire extinguishers, as cleaning solvents in factory, paints and sprays. )
¢ Thegas damage thaozone fayer that surrounds the globe and allowrs the shorl wave radialion [ls}

reach the sudace of the earth. Thus, the increase ol temperature, but by puncluring tho ozene |

layer andl consequent happenings.

* impact of chiorofluorocarhon compared to carbon dioxide is 15000 limes and is about 255
responsible for overall green house alfect, :

Impact of Grasn House Effect: Some undesirable consequences that may{ollow global warning is as
balow: i

* Thelemparalure on earth mayincrease by about 1.5 (0 2°C by theyear 2050, As a resull of increased
temperature, the polar ice capsmay mell vigorously and there would be rise in ocean level threatening
the population near the coastal zongs. .

¢ The llora and fauna would also be adversely affected by the increased temperature. Some of the
organisms may become extincl as Ihey may not be able to tolerate tha high temperatures,

*  Human heaith coutd, simitarly, gel affecteq,

* Sudden ¢changes in tha climate. formalion o cyclones, slability of seasonal cycles are expecled 10
occur,

7.10 Ozone Layer Depletion

* Ozone layerdepletion is the mast dreaded aspect of air pollulions, having wide spread implication,
extending over ihe entire atmosphere. This problem is caused by the reduclion of naturally available
ozane layer inthe almosphera, .

* Outolall earlier described zones of the aimosphere, the second zonei.e. the siratosphere, remains
the mostimportant to man, as it s the slratosphera wihich primarily cantains ozone 9as {O,) chielly
inthe layers between 25 and 40 km above the ground isvel, )

*  This ozone layer cul off short wave fenglh radiations (called uliraviolet radiation) from reaching the
surface of Ihe earth. Therelore, this Process serves as a protective shield to humas life against the
adverse effects of UV like burn and skin cancer. It is obvious (hal any depletion of stralosphere
ozone would bie harmful Lo life on Ihis earth, Hence ozone Jayer is termed as gzone umbyrella,

*  Primaryreason for o/ane layer depletionis CFC {chlorofllucrocarbon) or freons. CFC containg chrerine,
fluotine and carbon and It does nat acour by itself in nature, but is produced only due lo human

activilies. The freons are a group of cholorofiuorocarbons used as aerosol propellants, refrigerantls,
solvents and as gases Jor the production of loamed plaslics.
* Ozoncis deslroyed due lo Ihe phololylic reaction of CFC as shown below.
CFCh ., Cl+ olher substances

and Ci+0ye ., CIO+ O, .

* Maethane, destroys Cf énd thus atfords protection o the ozone layer. Similarly, NO, reacls with CI,
and helps to pravenl the deplelion of ozone layer.

* When Ihere is no chiorine present in flugrocarbons, they are called hydrofluorocarbons. These
substances are a very imponant replacement for chloralluorocarhon because they pose no threat o
the ozone layer as they do not contain chiorine.

« As aresuil of ozone layer, the UV 1ays do nol reach the surface of the earth, and the temperature
does notrise. The carbon dioxide in the atmosphere does nol allow: the release of the reflecied solar
radlalion striking the earth’s surface. Thus il protects the heat lrom being loslout of the globat set up.
Thus ozone and carbon dioxide both contro! the lemperature on the earth,

NOTE: Vienna convenlion and Montreal Protocal was concerned with ozone layer depletion.

7.11 Meteorology and Natural Purification Process )
Pallution problems arise due to almaspharic contaminants, adverse me’teoro!ogncal‘condmons. gr

topegraphical condilions. Because of the close refationship thal exists between air poltution a'nd ceftain armospharic

conditions, itis necessary for the environmental engineer to have a thorough underslanding of meteorology.

7.12 Elemental Properties of the Atmosphere
. The source of all meteorological phenomena is a basic, bul variable, ordering of the efemental
properties of Ihe atmospheric heat, pressure, wind, and moisture.
*  All wealher, including pressurc systems, wind speed and direclion, humidily, lemperatgre. and
precipilation, ullimalely results from variable relalionships of heal, pressure, wind, and maisture. -

Scales of Mation: The inleraclian of Ihg faur elements menfioned above may be ohserved on several

different lavels or scales. These scales of mation are relaled 1o mass movements of air which may be global,

conlingntal, regional. or local in scope. .
According to their geagraphic range of influence. ihe scales of motion may be designaled as macroscale,
mesoscale or microscaje,
() Macroscaie™ ‘ . .

*  Almospheric molion on the macroscale involves e planglary palterns of circulation. the grand
sweep of air currenls over hemispheres. These phenomena occur on s§a1es of thousands of
kilornalers and creates semipermanent high-and low pressure areas over oceans and conlinanls.

- Thedirgction of surface winds is usually controlled by Ihe pressure gradienl and rotation of l‘ha
earth, Because of rotalion of the sarth alang 11s axis he winds are dellected. The force which
deflecis Ihe direction of winds 1s called delflection force

*  This force is also called Coriolis force. Because okCorialis force, all the winds are deﬂntcmd lo
the right in the northern hemisphere while they are defllecled 1o the lel in the southern h.grmsphcre
with respect lo the rotaling earih.



* Thesunsrays heal the earlh near the equator lo a greal extent , the heated air al the equalor
would rise and cool aly fromi the poles would move in o lake place.

{fi) Masoscale

* Secondary ormeasoscale; circulation pallerng develop over regional geographic units, primarily
* because of theinlluence ol regional or local tapography. These phenomena occur on scales of
hundreds of kilomelers.

= Airmovement on thic scale is affected by Lhe conliguration of Ihe earth’s surface - the location
of mountain ranges, oceanic hodies, fareslation, and urban developmenl.

*  LandIronts, and urthan heatislands are lypicaliocal phenomena obsérvable on this scale,

{iliy Microscale o L

. Microscale phenomena accur over areas of less than 10 km and can be exemplilied by lhe
meandering and dispersicn of smoke plumes lrom indusirial stacks. ’

*  Phenomena ol this scale occur within the friclion layer, Ihe layer of aimosphere at ground lavel
where elfecs of frictional stress and thermal changes can cause winds to deviate markadly
[rom a slandard pattern, ‘ ' . : ) .

*  Thefriclional siress encountercd as air moves over and around imegular physical surface such

as buildings, lrees, bushes, or rocks causes mechanical lWrbulence which influences the pallern
of air movement.

 1n oSG,
PPMS0; = S o ol
Molecular weight ol 80, = 64
= 6490l S0, cccupies Y, litre at T°C
1 m9 of SO, will have -sio-(\l,gi"—gx 1000
2
64 % 10°mg
[ITC =z —— =
= 1P 80,8 ¥, % 10°m® of air
| TC= ] WMolecular w4 1 mg
= PPMBTS = | Volume al TG in ive/mole) | me of air
1mg _ (Volume at TCin Iitre!moie) l
= m ofS0; = [ Molecular v pm
20 1205224 F 20
= ;"g of 80, = 5 ppm = 45 ppm
m

NOTE: It is the mavemen of air on mesoscale and microscale levels thal is of vilal concern (o those with the -
coniral of alr poliution, .

7.13 Control of Air Pollution

{Standard temperalure and pressure)

Heat:

* Heatisthe crilical almospheric variable, the majar calalyst of ¢limalic condilions. )

* - The heatenergy in the almosphere comes fram (ke sun or shortwave radiation (about .5 uym)j mostly
in the form of visible light :

«  The earth emils longer wavelengths (average of 10 pm) thanit eceives, mbslly in the form of invisible
heat radiation. .

»... Four impoftant ways in which heal transfer acctrs in (he lroposphore are lhrbugh the greenhouse,
eftact, ine condensalion-evaporalion Gycle, conduclion and conveciion.

CRURAI Convert 120 mg/m? of SO, concentration Il ppm at 20°C.

Solution: We know that all gas at 0°C and almospheric pressure occupies 22.4 fire/moale. i.e, al STP

V, = 22.4tire = !
Volume al 1°C = V, '
PV, AV, ' .
Mo -7{-‘- = ~T— [Fram gas law (lemperature is in Kelvin)] 1
] 2

|
But pressure is always almospheric
= Vo= %(E):W(273+T) - !

; 273 l

wherever necessary.

The air pollulants in atmosphere are conlrolled by natural processes as well as by enginsered syslems

7.13.1 Natural Self Cleansing Properties of the Enviranment

« The various nawral processes which acl as the poflulion removal mechanisms in the atmosphere
such as dispersion, seltling, washoul, rainout and adsorption,
. Although dispersion is not really a rermoval mechanism, it reduces concentration of pollutants at one
:place.
*  Sellling means gravitational settling which
removes relatively large parlicles of ....ﬁ"fﬂ@?‘w
diameter (han 20 micromeler. wiind V-
+ Washout or scavenging is the nalusal
' absorplion process where patliculales or
gaseaus pollulants are collecled inrain or
mist and settle downl wilh thal moisture.
This process, however does nol help in -
removing particles smaller than 1 ymin size.
« Washout occurs below claud lovel. ,\\u\;‘\\—‘\m\
* Rainout is the process - invalving \ \ VA
precipitalion above the cloud level, where
submicron particles present in the Fig:7.3
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zlmcsphere Serve as condensation nuclei, around which draps of water may form and fafloul as rain
rop. :

Ad_sarplio.n 1akes place near the layer of atmosphore closest I the earth's surface, The poliutanis
solid, liquid or gases are allracled io the surface and retained there,
7.132 Engineered System
These are two methods for air paftution conirol:
{a} Dilution {b} Conlral at source
(g} Dilulion 1

(i} In tall chimnays, discharga Ihe contaminants at a higher level from ground where hey get
diluted in Ihe almosphere. '

() Thisteduces. the concenlralion of contaminants at ground level.

{ify The high-rise chimneys spread the emiited smoke ayer alarge area and thus Iransporting the
pollulants over grealer distances.

{iv} Itis however, abvious that the methad does not remove or reduce the pollution load irom the
(otal environment, as a wholz.

{b} Conirol at source
{it Many devices are available to control the pollutanis at the vary soufce itsell, Various devices

are employed depending on lhe Typa ol pollutants {particulates or gaseaus), efficiency thatis

requited and economic factors,

{f) The pollution al source can also be considerably reduced by adopting one or more of Ihe

foliowing strategies:

{a) Changing the location of the indusiry

{b) Changing the type of the fusl for industry
fe} Changing the processof manufa cluring
{d} Mataining good house keeping

{e) lnsta!t'alicn ar{d operalion of properly designed air conlrol equipment devices that help in
reducing pamcuiatemauer and devices that reduce gaseous pollulants.

7.14 Control Devices for Particulates

) .Most gmbt’en: pan.icuiate air poflution is caused by s tatianary sources power plants, industrial processes
and kmcz:weralsons, The primary factors that determina which typas ol equipment is best suiled for a specilic
application are the average parlicle size and particle densily. !

f ﬂ‘le simpfes:devfce‘isme settiing chamber. Itis basically an enlarged'compartment in which the velocily
of ﬂ:le carrier gas is mdt.:ced Thus, the coarse parliculates {more than about 40 pmin size} sellle out under the
action of c:;ravxlg A selting chamber of Ihis type best servers as a pre-cleaner to prevenl Jogéing of 1he main
smali particle collector. Sometimes balfles are added nside the chamber for increased efficiency.

There ate a {ow devices available for controllin i ion, i i
. A g almaspheric pollution. in parlicular
parliculate maiter, as described below ' pariearlore remowatof
{i} Gravilational selliing chambers

*  Thesechambers ate smplein design, operation, maintenance and register a low pressure loss.

«  Like setlling basins in water and Top view
wasle water systemn, sellling Low
chambers in air-poliution-contrl b ‘r';".’;,“y J
syslems provide enlarged areas Outla Nintot flue
to minimize horizontal velacilies  toonsition transition

and allow lime for the vertical
velocily to carry Lhe particle tothe
Nloor.
+  Theusual velocity thiough setlling
chambers is usually beiween 0.5
10 2.5 mfs, but for besl resulls
1he gas flow should be uniformly
maintained at fess \han 0.3 mfs.
«  Only larger sized particles are
separaled out.
"« Alhoughheorelically they should
be able lo remove parliculales
downlaSor 10um, butin actual,
they are nol practical for the
removal of particies much less
than 50 pm In size. So only larger
size particles are separated ou,
*  Their installalion requires rarger
space whila lheir collection
efficiency is less than 50%.
{ll) Centrifugal Gas Collectors
*  Cenvilugal colleclors employ a centrifugal torce instead of gravily 1o separate particles (rom
the gas siream.
* Instead of gravily chamber, cenlrifugat collectors can remove particles which are much smaller
than those that can be removed in gravily seltiing chambers,
There are two lypes of centrifugat colleclors
(8) cyclone colleclors (or separatars)
{p) dynamic precipilators.
(m) Cyclone Collactors
» i congists of a cylindrical shell, conical-base, dust hopper and an inlel where the dusl-laden
gas enters langentially. ‘
*  Thisis a closed chambyer. in which the inlel velocily of the gas (smoke) is translormed imo a
spinning vortex, which helps (o throw oul the particles under the generated cenlrifugal force.
The particles then slide down the chamber walls into the hopper lrom where they come oul.
«  Thaoperaling or separaling clticiency ol a cyclone depends on the magnilude of the centrilugal
force exeried on the particles. The greater the centrifugal force, the Greater the separaling efliciency.
»  Large-dia. cyclone collectors have good calieclion-efliciencies lor particles 40 to 5O pmiin
diameler. High-elficiency cyclones with diamelers of 23 cm or less have good elfliciencies for
panicles from 15 10 20 pm. i

Flg.7.4

Flg.7.5 Gravitational sotding chamber
(Paticulate Emission Coniro! Devices)



range.

IUis relatively inexpensive lo conslruct and operate, and they can handle-large volumes of
gases at temperatures up 10 980°C. Pressure drops across these unils are generally iow and
range from 2.5 (0 20'cm of yater,

The cyclones have been used suceessiully at feed and grain mills, cament plants, re}tilizur
plants, pelroleun relineries, asphall mixing planls and other applicaliens involving large
quanliies of gas conlaining relalively large particies.

Clean gas Cleon gas qul

Cutiol ube

Spin vanes

Colfocted
dusiout

(b} Collector clomant

(@) Cycdonos amanged In parallol
L.e. o multiplo cyclono

Fig.7.6 Cyclone collector (Cyﬁlone separalor)

{b) Dynamic Precipitations

.

(€) Wet Scrubibers

Its imparls-a centrifugal force to he incoming gas by
lhe means of ils rotaling vanes.

This process is aboul 7 limes more elfectiva than he . Clear gas oliliet

cyclone type. _:] I ]
This unit can function as an exhaust fan as well a5 8 yyyer

dust collectar. inlel

These are widely used in ceramics, lood and \ X W

pharmaceulical and wood working industries.
These machines cannot work with wel fibrous malerial

7R VoS
that may tend to accumulate onlo he rolating vanes, N TR IR
. “~—Dirty
in these devices, Ihe particulales from the incoming f gasa
gaseous siream are remaved by allowing the llue gases ]
to flow up agains! a lalling water (liquid) sircam. Dirty vaaier ot

In this, particulates mix up with the draplets gelting Fig.7.7 Spiay lower{Also used for
incorporaled imo them, and then fall down and removed. removing gaseous polfutants),

The cleaning efiiciency for units may be as high as 90 percent for parliculatesin Ihe 5 Lo 10 gm

Ans:{a)

Wet scrubber removes gaseous pollutant and parliculate malter incorporating them inte fiquid dreplets .

-Examplé -7.2°
Reason (R): in the wal scrubber water droplets coma inta contact wilh the parllculates.
{a}) both A and A are trye and R Is the correct explanation of A

{b} both A and R are frue but R Is not a correct explanation of A

{c) Alis lrue bul R Is false

(d) A ls false but 8 Is trus

When aqueous chemical solutions, other than water, like fime, polassium carbonate {KCO,.
slurry of MnO and MgO, etc. are used, we achieve the removal ol gaseous pallulants also from
the llue gases.

According (o the contact-power Iheory developed for scrubbars, collection elficiency for well-
designed wet collectors of all lypes is a function of the energy consumed in the air-to-water
contact process. The energy consumed is direclly proportional to the pressure drops and
comparable performance can be expecied from all well designed vl colleciors operaling at or
nearthe pressure drop.

Cleaning efficiency of wet collectors varies direclly wilh he size of the particulates being callected
In addition lo the pressure drop.

Usually, colleclors operating at vary low pressure 1oss will remove only medium 1o coarse size
particles, while collectors operating at higher pressure losses (and therelore increased energy
aulput) will be highly efficient at removing {ine particias.

Most commonly used wet collectors for conlrol of particulale maller - the spray lower, the wat
cyclone serubber and the venturi scrubber.

Assertion (A): Wel scrubber removess pariiculates from a gaseous stresm,

direclly on contact efficiency.

{vl) Spray Towers

'

*

{vi) Wet Cyclens Scrubbers

These are low-cost scrubbers that can be used 16 remove both gaseous and particulale
contaminants. :
The unils cause very little pressure loss and can handle
farge volumes of gases.

Spray Towers are elleclive in removing parlicles in excess
+of 10 pm and modiflication can be done to improve it for
"smaller particles. .

C!o?mod gas

In this scrubbers, high-pressure spray nozzles located in
various placeslwithin the cyclone chamber generales a fine
spray thatintercepld the small panicles entrained inthe swirling
gsses.

The particulate matler thrown 1o the wall is than drained lo
the collection sump.

FFor droplets of 100 pm,; efficiency approaches 100 percent
and 90 to 98 percent removal is achieved for draplets
between 5 and 50 um.

Fig. 2.8 Wet-Cyclonescrubbor




*  Parlicle removal depends on contact with the liquid droplets and is a lunction of the liquid llow
rate and liquid droplel and pariicio sizes,

¢ Efficiencies siightly higler than those obiained with the spray tower can be expecied.

{vili}  Venluri Scrubbers

*  Theyare most elficient for removing Gas infgt ) . Clonned gag
particulate mater in the size ranygs ;
of 0.5 16 5 ym, that makes tham
especially effective for the removal
of submicron particulatas
associated with smoke and fumes.

*  Alvelocilies from 60 1o 180 mis, the
contamnated gas passesthraugh a
ductihat has a venturi shaped throat
seclion. A coarse waler spray is
injected inlo the throal, where it is |
atomized by the high gas velocities,
The liquid droplets collide with the
particles inthe gas stream, and tha
water and particies tall down for later
retnoval,

*  Theycanelficiently remove gasecus as well as particulate contaminanis.

{ix} Electrostatic Precipitators

¢ Inihisprecipitators, the gmilted gas {llue gas}is passed through a highly ionised almosphere

{high-voliage lield) and there in that zona particulates get eleclrically charged with the result
* that Ihey get separated out irom the gaseaus siream with the help of elecirostatic forces,

condonsate out - i

Fig.7.9 Venturiscrubber (also used for
removing gaseous pollulanis)

NOTE: They are extensively used in thermal power planis, pulp and paper indusiries, mining and metallurgicai
indusiries, iron and steel plants, chernical industries, eic,
There are twolypes of eleclrostatic precipitales available, such as:
43} Low vollags two stage unlis : These unils aperate at G000 to 12000 ¥ and are commonly used
Io collect liquid patticles. They have a design capacity of 10 m¥sec for a gas passing with a
velocily o1 0.5 mfs.
{i  Highvollage single stage unils: These unitwark at 30000 10 100000V, They are recommended
for use in large indusirial plants.
Thera are many advanlages associated with eleclrostatia precipilaters as listed below:
0] Very small particies also, wel or dry can be easily lrapped (size about 1 micromelar).
(i} Morethan99% efficiency can be achieved in their lunctioning {usual range ol elficicneyis 95 to
99%).
{1 Inthisil corosive and adhosive pariicles arc absent from the gasses, they reqv_’tire a nominal
maintenance.
fiv}  fhave only few moving parts and thus the requisements of repair, etc. is minimal,
(v} Theycanbeoperated at high temperature (upto 300 1o 450°C),
{vi}  Pressure drops and powor requirement are not very high ;

i

There are few disativantage with these unils: - _ o
i} Tneir installation requires higher initial costs and are sensitive fo variable duct loadings and flow

o \ i essenlial
{ii) Working at high vollages poses risks to personal sately and hence precaulions are .

(i)  The elficiancy of collecting pollutants reduces wilh the passage of lime,

To platos

{a} High Valtage Electrostatic Precipltator {plate type)

Cleangis

Cleangas
@ /,..out

- {b}High Voltage Electrostat]c Precipitator (tube type)

Fig.7.10

Exarple 7.3 " Two electiostalic preciplialors (ESPS) are in seriss. The fractional eh'lclencm: :
ol the upsiram and downslream ESPs for size d, are 80% and 65%, respeclively. What Is the overal
efficiency of the syslem for the same d,;? :

{a) 100% (b} 93%. (c) 80% . (d} 65%

Solutfon:Given data, 1, = B0%: n, = 65% )

Since the elliciency of up;lream Especially is 80%, anly 20% of the paruc?u.lala afe nol removed.

Thase ramaining patticulates wilt lace e downstream Especially whose efficiency is 85%.

65 o
- Particulates removed by downsiream Especially = 20 x 100 = 13%.

The (w0 ESPs are connected in series, therefore the overall e_rhc_uenc:y =80 + 13 =93%,

‘(x)  Fabric Filters . ‘ .
« Inthis system, Ihe particulale laden gas stream passes Ihtough a woven or [efted fabric which

filters out particulate matter, allows a gas (o pass throughit.



* Small parlicles are inilially refainad on the tabric by direct interceplion, inerial impaction, diffusion,
eleclroslalic attraclion and gravitalional settling. = -

* After a dusl mat has formed on lhe fabric, more efficient colleclion of submicton particlo
{89+ percenl) is accomplished by sieving,

* Filter bags usually lubular or envelope shaped are capable of removing mosl particles as smay
3s 0.5 pm and will remove substaniial quantilies of parlicies as smaltas 0.1 ym,

Mechanlsm for shaking
rapping or vidratng bogs

Tubutar it

finer bags %

/7
LT

Cloan
alrount

Diﬂynl-;;:‘ / ) ,

[0} i : iy
Fig.7.17 Bag house fabric filter unit
Advantages
*  Fabric fiter has a high colleclion efficiency over a broad range of particle siies‘.
* “Exiernally llexiple in desigh.
*  Abilily to handle large volumes of Qases at felalfvely high speeds.

* Reasonable operaling pressure drops and pawer requirernents and the ability tohandle a diversily
of salid materials.

* They are particularly useful in many high volume operalions such as cemenlt kiln foundries, steel
lurndces and grain handling plants.

NOTE () The possibility of explosion or fire axists if sparks are discharged ina bag house area wiere

organic dusls are being liltered.
(W) Space limitations may prohibil use of bag house large enough te handle heavy Ipads.
{ifi) Thereis always a slight possibility of ruplure or other adverse ellecls bacause of temperature
tao high for the fabric medium or because of the malsture acidity or alkalinity cantent of the
particulale laden gas sirearn.

Table Ne, ; 7.4 The methods of contro! of air polivtion has been summanzed in labled form.

“{Minimum
Nama of Particle
No.| Machanice: | ot ot |EMctoney| Demorits Pelnciplo of Working and Usos
. -Device [ oo ed .
Inpm

I |Gravilational | >50pm| <50% | Simple 1o dosign | Requicas farger | Tho omitied smokes, when mads 1o pass
Salifing and maintain, |spaca, and| through a seiting chambar, drop som of thelr
Chambers ' and Jov prossure collection| lnger sized parkddes in the chamber, undor

lass. ofiicioncy is alsa | Stcka's . The largest sizo panticl {d} that
low. Only orgor| can ba romovod with 100% efficioncy in such
! slzod particlos | o chambor of Jengih L and heighl M is pven
aro sopataled | byoquation
ou. d-c ? 1By-v, H
g-L.ps
wherse
v = horizonlal volocity of gas passing through
s ha chamber botiveon §.5102.5 misce.
$, = donsilyol particies removod
1 = viscosity of air, ot ha ghon tnmpomlwe In
. SPC
€= factorfor natsting yuab
corddiions In the gas flow ihvough tha
chambar, gancrally Likan oloquaite2.

2. |Contrifugal | S25um | 50-90% | Rotativoly inox | Requis mueh |A p B is B zpedally dos
Callectors pensive simplo 1o | head room: ol | closod chamber, tn which Ihe velogity of the
Including dosign and main- | jeetion offh [inlol gas ic tansfomied inte spinning vodex,
Cydono in roqulros Wss | doncy Is fow Jand the partides from the §4s ar thown out
callector or floor area; enzures | for smollor |endor the conirifugal forco. The parlicles
SCRATJIDr | dry ennbnuous dis- | pasticles, quile | thrown out on the walls of tha chamber, side
and Dyna- posal of coliocled | sensitive to |down to tho hopper. and, aro thus removed,
mic Gusls; low to med- | varinble dust |its eofficdency dopends on the gencratod

erate prossurg 0ss | leadings and | cenlilugal foroe, which in fum, depends on
(250 20 em); can | flowrates, mass of the porticies {44,), nlel gas velodity(v)
handie lorga vob and radius of cyciono {R), and is given by the
umos of gnses ot equation
lomperatures upto F, = ceobifupal Toen gonaratod.
\ 80°C. Cycionos aro o
vAdoly used In In- A =
dusties producing R
largor quantives A g 5 L, . »
of gas eoninining ¥ procip P 9.
|,-Jm%r siredpartic force to the entering gas with tha holp of
elos, liko, Coment rolaling vanos, om is, thus, aboul 7 tmes
oand Forlillser maro offactive than an ordinary Cyclone,
plants, Potroleum Sudh @ unit ean werk as an exhaust fan as
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7.15 Control Devices for Gaseous Pollutants
* The principal gases of concern in air pollution control are the sulphut oxides {SOx). carbon oxites
{especially CO). nitrogen oxides (NOx), organic and inarganic acid gases and hydrocarbons (HC),
Major treatment processes currently avaitable for control of these and other gaseous emission include
adsorplion, absorption, cendensation and combuslion.
* Itls nol easy 10 decide which single or combined air poltulion control technique lo be used {or

slationary sources.

7.151 Adserption Unit

= The pollution contro! process of gas adsorplion involves passing a sream of eflfuent gas through a

porous solid material {ihe adsarbent) contained in an adsorplion bed.

« The surfaces ol the porous solid malerial alitact and hotd the gas (the adsorbate) by either physical

or chemical adsorption,

¢ Inphysical adsorption, the conderisation of gases and vapourson solid at temperalures above dew

" point, depends upon Vander Waals lorce (an inter molecular atiractive lotce).

®  Inchemical adsorption or chemisorplion gas malecule lorms a chamical bond with the adsorbent,

and the gas is held strongly 1o the solid surface by valence lorce.

« The adsorbant commonly employed are activated carbon., aluminium, silica gel and luliets earth,
aclivated carbon beds can very afiectively catch hydrocarbons, H,Sand SO,. Adsorbent is keptin

beds which may be designed as lixed or maving as fluidized beds.

NOTE

prior to passing through the bads,

temperalure,

Adsorption Equipmant: Adsorbers, the device (hat
contain the adsorbenl solid thraugh which the elfiuent gas
must pass, can be designed with hixed, moving or fluidized
beds.

(i). Fixed bed v
+  The unit can be a vertical or horizontal
cylindrical shell.
. In this uni, aclivaled carbon is arranged on
beds or trays in layers, 1.3 cm (0.5 inch)
thick in thin bed adsoroers and grealer than
1.3cm({0.5inch) Ihick in deep-bed adsorbar,
¢ lfmore than one bed is used, the beds can
be arranged called multiple fixed bed
adsorbers,

(i) Generally the adsorbent, except activated carbon, have a lendency of capluring water
belare antacking the gaseous pollutants. Thus water may have lo be cemoved from the gas

(i) ltmay be polnted out, thatalmost all the adsorbents get destroyed at moderalely high
temperatures : 150°C for aclivated carbon, 600°C for molecular sieves, 400°C lor silica gel
and.500°C for activaled alumina. Thus, the devices may become Ineflicient al such high

Stream lo condenser
(cleaning cycie)
C;xrbon\- Tray 1 , "
Conlaminani- m h— Contami
tadon alr S fros nir
Tmy3d -~
7
Ty~
X
Superealed sleam 1 -
{cieaning cyclo)

Fig.7.12 Mulliple fixed-bed adsorber



(i) Moving Bed Adsorber

Rolaling
dsorbe

Inmoving bed adsorber unit, the adsorplion bad activaled carbon fs conlained in a rotating drum,
The fitered air conlaining the gaseous conlaminanl, is moved by the fan inlo the rotating drum
seclion. : )

The vapour laden air enlers porls above the carbon bed, passes Ihrough the cylindrical activated
carbon bed, enlers the space in the inside of this deum, then leaves by poris al tha ends of the
drum,

Alr and gotvent
vapour in

Adtivalod carbon

Fig.7.13 - Moving bed adsotber.

Decontamirnialed
{ili) Fluidized Bad Adsorbars rgas Slream
*  ltconlains a shallow, lloating bed of adsorgenl, Expanded
*  Inthis, air flows upward, expanding Ite bed ang ) -—"b‘;}f '(zp?mdas
suspanding or Iluidizing the adsorbent. A:tu;aled\ circulate
*  The exnanding and lluidizing of the adsoroent = ot I ‘,’a‘s'ﬁi'm’"
provides inlimale contact between Ihe contaminated Settied
gas and the adsorbent and prevents channeling autivated.|
prablems oflen associaled with fixed beds. carbon ||
*  Once the gaseous contaminanl has been adsorbed, (no??ll:tt:
the cleaned air slream passes lhrougr‘\ a dust  congition) [}~ " Supporting
colleclor before being discharged into the U U”l/diﬂ'usign
almosphere. - grale

7.152 Absorption Unlts

*  Absorplion or scrubbing involves bringing comaminated
eflluent gas (the absorbatc or solute} inlo contact with a
liquid absorbent (the solvent) so What one or more
constiruents of the effluent gas are removed, treatad or
modilied by the liquid absarbent, :

Conlaminaled gas infet

Fig.7.14 Fluldized adsorber bed
configuration

Liquid absorbents may utilize eilher chernical {reactive}or physical {nonreaclive) change to remove
poliutants, The reactive liquid absorbent (waler and limestone) may be used lo remove sulphur
dioxide [rom flue gases. When a non reactive absorbent is used, gases are dissolved without chemical
change.

NOTE: For effective removal of $0,, aqueous solulions of alkall and alkaline earths {Na, NH,, MgOC, Ca0)

Absorption units are designed as spray towers, packed lowers, ray lowers (plale lowers} and
venturi scrubbers.

Cleangas
{i} Spray Towers outiet
¥ Theycanharidle (airly large volumes of gas with relalively r-—‘-/-’,‘ ’iL_/"‘ Moistun

(i} Plate or Tray Towers

lite pressure drop and rgasonably high efficiency of
removal as fong as gaseous conlaminant concentralions
are lairly low.

*  Theyere also ellective for dual removal of panicutate

" and gaseous contaminants, since lhey can handle gas

gases wilh fairly high concentrations of parliculates  ilot
withoul plugging.

*  Assmallerthe-droplel size and greater the turbulence,
‘the more chance lor absorption of the gas.

*  Sincespray lowers have much less gas liguid interfacial
area than most other types of absorbers, they are
generally less effeclive in removal
of gaseous contaminanis.

Exhaust

Fig.7.15 Spray wower
{From controlechniques)

Cleon

*  They conlain horizonlal trays or
plales designed 1o provids large
liquid gas interfacial areas.

* In the perforated plale column,

' lhe absorbent enters [rgm the
side of tha column rear the lop
and spills across the top sleve
ray. The liquid flows across this
rays, over a weir, and lo a

' downpipe Ihal directs (he flow 10
the next ray down. This Zigzag
flow conlinues until the liquid
reaches the boltam of the
column,

»  Thepolluted air, inlré)duced atonp
side of the bottomn of the column
rises up Ibrough the operings in

L s flg.7.16
each vay and itis the rising gas .
that prevents the liquid from Sigue plate tower
P a o {From shaheen}

draining’ lhreugh' the openings
rather than through the downpipe. Ugu



*  Throughrepesled contact belween air and liquid, gaseous contaminanis are removed, and the
clean air emerges from the top of the column.
(i) Packed Towers .
* Inthistower, packing is uscd 1o increase the conlact lime batween vaponr and liguid.
*  Thamalerial chosen for pébking nas alarge surlace-lo-volume ratio and a large void ralio that
olfers minimum resistance to gas Ilow, also are light weight and virlually unbreakable.

*  Flowlhrough a packed Iaw?.r is counter current, with ga? enlering at the bottom of 1he tower and
liquid entering at the top. Liquid flow over the surface of qle packing in a thin film, alferding
conlinuous contact wilh the gases. )

*  Packed lowers become easily clogged when gases with high particutate loads are introduced
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Fig.7.17 Countercurrent-flow packed tawer: (a)1ower, {b) packing

{iv] Vantuy! Scrubbers
*  Avenlui serubbers, a cocurrent unil in which the gas and the absorbing solulion are brough!
into contactin or near the venture throat and moved togelther inlo an entrainment saparalor,

*  The gas liquid midure is then separaled by the centrifugal forco of the liquid draplets as Ihe
clean gas stream moves lo the exit.

*  Venuri scrubbers also remove particulate matter,
: Clian gas outiat

r

Separater

Liquid
absorbanl inlet

Tt
glt:‘t F‘h’”"‘"\____\-
‘lglﬁsbwlbmt

contaminant
solution outiol

Fig.7.18 Yenturiscrubber

7.15.3 Condensation Units

«  Acompound will condense al a given lemperature il ils parial pressure is increased untilit is egual
10 or greater than its vapour pressure at that iemperature. If lhe tlemperature of a gaseous mixture is
reducedto its saluration iemperature, ils vapour pressure equals ils panticle pressure and condensation
will ocaur, This is a princip{e behind this technique.

« Condensation equipment are basically lwo lypes — surlacae and conlacl condensers.

* Inasurface condenser, pﬁysical adsorplion plays a key role, since conlaminanis are adsorbed onlo
a surlace as the gaseous compound condenses.

e Ina conlacl,condéhser. the vapour and cooling medium are bratghl imo diract contacl. Contact
condenser are less expensive and more llexible than surlace condensers, and they are more efficient
in removing organic compounds,

NOTE: Howaver, Ihe lacl that use of contact condensers can create a watef‘pollulion problem some time
restricts their use. )

« Condensation process, ganerally cansidered as pretrealment devices {or air pollution control, and
condensers ara used in conjuction with after burners, absorbers or adsorption units.

tclu:m qas out
GCooling modim  Cioan gas out Dity gasin
I t o3
‘ -' ‘, .
|| waterin
DArty ——-
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¥ }
Coaling Condensalo out .Cooling medium; wate! of oif
nw:;ni:m ’ : ) Woler and conjensato out

Fig.7.19 Surfacecondenser Fig.72¢0 Contactcondenser

7.15.4 Combustion Unit

= Itis a major sdurce of air pollution, combyustion or incineration is also the basis for animportant air
pallution conlrol process, inwhich, objeclive is lo cenvert he air conlaminanis o innocuous carbon
dioxide and waler, )

= For elfligient combustion lo oceur, il is necessary o have \he proper combinalicn of four basic

elemenis oxygen, lemperature, turbulence and lime,
» The combustion equipment used in it is designed 10 push oxidation reaclions as close as possible
" locompletion, leaving a minimurn of unburned compounds.

NOTE: Sool and carben monoxide are by-products of cambustion al low oxidation, while catbon diofde Is a
by producl of combustion in the presence of sullicient oxygen.



*  Depending upon the conlaminanl being axidized, diract lfame combuslion, thermal combustion
(aller burners) and calalytic combustion methods can be used 1o conirol air polluiion.
{i} Direct lame combustion
*  Here waste gases are bumed directly in a combuslor with or without the addilion of a
supplemenlary fuel.
* Insome cases, heal valus and oxygen content of the wasle gases are sullicient (o aliow them

toburn on their own, In ather cases. introducing air and or adding a small amount of supplement
fuel will bring Ihe gaseous mixture (o ils combuslion point.

¢ Theyare frequenlly used in petrochemical plants and refineries.

Flare bp
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Fig.7.21 Stéaminjection iype {a}flare, {b) close-up of flare head

{ii) Thermal Cambustion
~ *  Incases where the conceniration of combustible gaseous pollulants is lco low (o make a direcl
llame incineralion feasible, in that case. a thermial incinerator or after burner are used.
*  The wasle gas is preheated. afier by use of a heal exchangeﬁ(a recuperalor or regengrator)
ulilizing heat produced by the thermal incineralor itsedl.
. The temperature of operations depends upon the nallira ol the pollulants in the waste gas.
Common temperature lie between 538 to 927°C, with operaling temperalure uplo 1o 1093°C.

NOTE: Thermal alter burners must be carefully designed (o provide safe eflicient operalion, since incamplele
burning can produce undersirable by products (not only carbon dioxide). '
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(i) Catalytic Combustion
*, Acatalystaccelerates ine rale of oxidation witheut itsell under going a chemical change, thus
reducing the residences, or dwell, lime reguired for incineration,
*  Theycan be used when combustible material in the waste gas are 106 low fo make direct lame
incineration feasible.

NOTE: Therral incineration may require residence limes 20 16 50 time greater than catalyiic incineration.

*»  Catalylic combustion processes have been used 1o conlrol S0, NOx, hydrocarbens and carbons
mornoside (CO).
¢+ Example of calalysts
v () Forremoving SO, - Vanadium Penloxide (2t high tlemparature}.
() Forlreating NQx - Platinum melals
(i) For hydrocarbons - Aclivated Alumina
(iv) Tooxidise CO ang CO,. - Palladium 11 {Pd [¥) and Cu {1}

' Preheat bumer, Hal potiied gas Catalyst
R4
/ i / 315-480°C 475-600°C
Fuel I
N e o
Al —- —
Bcrer st gas out

-7
Fan lo mix gases o disvibute then ovendy

Fig.7.24 Catelyticincinerator



7.16 Automotive Emission Control

The chief conlents of uncontrolled amissions of an aulomabde consist of Iol!owmg conslituents
CO  05t064% i
HC 30010 1000 ppm
NOx 500103000 ppm

* Emissions from pelrol engines conlain greater conconlralions of HC and GO, whilé. the four stroke

diesel engines {buses and trucks) contain greater concenlr'dﬁpns of NO in addition to thick smoke
and particutate matter, !

*  Froper burning of the engine and carburettor halps in the con‘uol of pallutant emission.

» Calalytic convertors help in oxidising CO and HC inte CO,. They also reduce NO inlo nitrogen. These
converlors are generally mode of enable metals fike platinum, palladium etc. Aulomobile emissions
also possess 80 and lead compnunds

* These metal calalysts arc very active and they reslst sulphur poisoning. They can be used either in
form ol pellels or as a monolithic one pisce metal,

* A catalylic convertor is placed inside the tail exhaust pipe and the emission is allowed inlo the
atmosphere anly aller passing through this device.

= However, thera is soma hesitationin using the converiors because hay somewhal reduce the efiiciency
of the engine.

Do Maximum pefmissible carbon monoxide emission while idling
You ? = 3%percars
Know & = 4.5% for 2 and 3 wheelers

= The Honorable Supreme Courl of India, while dealing wilh tha public interest fitigation (PIL), has
already ordered on 29/04/1993 thal all the new cars {pelrol as well as diesel driven) to be sold in Dethi
and its surrounding towns included in National Capilal Aegion (NCR) must contirm to Lhe siricler
internatienal pollution control norms- EURO wel 1/6/1999, and slill more siricler norms-EURO 1L wal
174/200D. These Europeans norms are already being followed in advance countries.

7.17 Dispersion of Air Pollutants into the Atmosphere

When once a pocket of smoke, conlaining air poliutants, is released into the atmosphere from a source
like antautomobile or afactory chimney, it gets dispersed into the atm osphere inlo various directions depending
upon the prevailing winds and temperature and pressure conditions in the environment.

Lapse Rate: In the roposphere, the temperature of the arnbient air usually decrease wilh an increase in
attitude, This rate of temperature changs is calied the lapse rate, Thiis rate will dilfer from place to place and from
time to time even at the same place.

(i} Environmental lapse rate {ELA)Y Ambient fapse rate: The ELR can be delerminac by sending up

a balloon eguipped with a thermometer. The ballbon moves threugh the air, nol with it, and the

. lemporatre gradient of ambient air, which the rising balloon measures is called the ambient lapse
rate, the environmenlal iapse rate or the prevalling lapse rale.

Adlabalic lapso rate (A LLR.)

varying batwoen 9.8 “Cikm
106 *Clkm
2000
Enviceamental
o E.LR)
Haight 1500 ’/Inmomm( )
above the .
ground 10001
In melres
5001

Flg.7.25 Thechange of temperature with helghtin the environment, called ELR

{ii) Adiabatic Lapse Rale
= When a parcel of air, which is holter and lighter 1han ihe surrounding air is reteassd, then

natwrally il tends 1o rise up, until of coursa, it reaches 1o a level at which fts own temperaiure B
and densily becomes equal (o that of the surrounding using the law of conservation of energy
and gas faw. Therelors, it has bean possible 10 mathematically calculale this-rale ol dacrease
of temperature with heighl, catled adiabalic lapse rate.

«  Aspecitind parcel of alr whose lemperalure 15 greater than Ihat of the ambient air lends torise
until it reaches a level at which its own lemperalure and density equal to that of the aimosphare
that surrounds it. Thus, a parce! of anificially heated air (e.g. stack gas or automobile exhaust)
rises, expands, becomes lighter and cools. The rate at which the iemperalure decreases as the
parcel gains aliitude {ihe lapse rate} may be considerably difterent fromihe ambient lapse rale
of the airthrough which the parce! moves.

*  Dryairexpancling adiabatically, cools at rale of 8.8°C per kilometer and it is called dry adiabalic
lapse rale,

«  Inwal, as in dry adiabalic pracess, a salurated parcel of air rises and cools, Temperalure
changes of the parcal are due lo liberation of latent heal as well as of expansion of the air. Wel
adiabatic lapse cate (6°Cfkm) is thus lesser than dry adiabatic lapse rale.

«  Sincea rising parcel o emilled smokes will normally, neither be [ully dry nor fulty saturaled. the
aclual adiabalic lapse rate (ALR), representing cooling of the emitted smokes will be somewhere
belween me dry adiabalic rale (9.8"C/km) and wet adiabatic rale (6°C/km).

s . Thelhree major relalive position of ELR line with reference 1o ALR line are discussed below:

{a) Super Adiabatic Lapse Rete

*  ‘WheniheELR is more lhan the ALR lhen ambient lapse rate is super adiabatic and the
environment is said (o unstable. The atmosphere Is said to be unstable as long as a
rising parcel of air remain warmer {07 descending parcel remains cooler) than lthe
surrcunding air, since such a parce! will cantinue to accelerale in the direction of the
dlsplaccmenl

»  Dispersion.of pollutants will be rapid due-lo rapid venlical mixing of the air making Iha
envirenmenl unstable,
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{b) Sub-adlabalic Lapse Rala
+ When ELR is less than the ALR the

environment set lo be slable and this s .
prevailing environmenlal lapse rate is T 2000  ALR— ) \ e EL R
called lhe sub-adiabalic lapse rate (as it B 4500}
is less than adiabalic lapse rate). g 1006 NN

« - Whan rising parcel ol air arrives al an ;ﬂ.
aliitude in a colder and denser siate than sy i
the sumounding aif Ihe resullant downvzard S T

buoyancy force pushes lhe displaced

Tarop. in ‘C -
parcel of alr eanthwaard and away from Lhe Fig.7.27
direction of displacement, )

*  Under such condition, the atmosphere is said to be sleble.
(c) Neutral

*  WhenELR equals the ALR and bolh the lines coincide the environment in such a case is
called neutral,

'7.18 Negative Lapse Rate and Inversion

When the temperature of tho environmenl (i.e ambienl air) i lncreas es wnh altilude then the la psarale
becomes inverted or negalive from ‘normal slate.

Negalive lapse rale accurs under conditions usually referred to as inversion (a slaje in which the
warmer air lies over the colder air below),

Such siluation may occur near the earlhs surlace or al grealer height in the tropasphere but U
inversian of lemperalure near the earth’s surlace is of very shorl duration because the radiation of
heatfrom (he earih’s surface during daylime warms up the cold air layer which soon disappears and
lemperature inversionalso disappears.

NOTE: Such lemperature invarsion represents a highly stable environment,

There are lwa lypes ol inversions:

1

Radiation inversion 2. Subsidence inversion

7.18.1 Radiation [nversion

L]

Isothermal {no changa in
Radiation Inversion Is a phenomenon occurring from 5‘“"‘"“""’"““‘““‘"
the unequal cooling rates for the eanh and the air above
the earth.

In other words, when the earth cools rapidly and more
quickly lhan the air above il, then nalurally the
temperalure in the environment will be fess at the earth
and willincrease above it, causing negalive lapse rala
and inversion conditions.

This type of inversion may exlends a lew hundred
melers inlo the fiction layer and is characteristically a
noclurnal phenomenon that is likely to break up easily wilh the rays oi Morning sun.

Such an inversion in the environment, helps in formation of fog when air is wel and simullanecusly
calches gases and particulale malier, as it stops their upward lifting thereby crealing concentration
of pofiutants in our close environment,

itis also called ground surface inversion.

Nogatva

Norma! fapza mia

lapsa rais

ML, In molras —
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Fig.7.28

7.18.2 Subsidence Inversion

This is usually associated with a high pressure sysiem and is caused by the characteristic sinking or
subsiding motion ol air in a high pressure area. i.e, anli cyclones.

Such inversion layers may be formed {rom the ground surface to around 1600 mor so.

itis afso called mechanical inversion.

NOTE: Somelimes, both the radiation as well as subsidence inversion may ocour simullanecusly, causing
what is known as double inversion.

Elavalion, km  —
2
[sothermal
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Fig.7.29 Relationship of the ambient lapse rates to the dry adiabatic rate

7.19 impact of Winds on Dispersion of Pollutants

The moving air is knowa as wind. Such a movement in the air is caused by the unequal distribution
of atmospheric temperalure and pressure over the earth's surface and is largely influenced by the
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rolationof lt.xe earlh, The direction of winds is always from high pressure areas to low pressure areas
butthe Coriolis force tends lo dallect the air currents out of thase expected patterns. ‘
Regional and local geographical and topographica! fealures may also affect the direction and speed
ol winds. ‘

The quicker heating and coofing of the aarth as compared o the neighbouring sea, may also cause
the .ﬂowt?Isea breezes (from seato land) during day time and flow of (and breezes {fromland 0 sea)
during nighls after sun-sat respeclivoiy. Such a wind pattern may also contribute 10 air pollution
problems. o ,

In the friction layer (zone of atmosphere beneath 700 lo 1000 r%*a abova the earth ;sura'ace) al the
carl's surface, wind are generally gusly and chnngeabl_é‘ primarily due to locally generated
mechanical or thermat turbulence, )

Speed is usually messurad by an anemometer ata height say Z, knawing the wind ve facity (U, at
anemomater helght {7}, velocity uat any other height Zby using the formula,

*
ff
{2

Where kis a constant /9 forfarge lapse rales and 1/3 for marked inversians, average normal value
being 1/7. .

The dire?linn and speed of surface winds primarily govern the drift and ditfusion of palluted gases
ﬂfld particulate emission from aulomotiles and faclorles ete, ernitted near lhe ground levels. Tha
higher the wind speed al or near the point of emission, the more rapidly the poliutants would be
carrind away from the source.

Gustiness which is directly propartions! to the wind speed is ancther impartant characteristic of

surface winds and delermines the exient 1o which he pollutanis are mixed and diluted with he
ambient air.

NOTE: Wind speed and the concentration of poliviant, both are inversaly proportional to each other.

7.20 Plume Behaviour
* Plume canbe defined as the pathiaken by continuous discharge of gaseous ellluents emitied from

a chimney of slack . The shape of the

depends upon localized air stabflity. .
= Typical types of environmental conditions, characterised by dillerent :elalive'posilions of

environmentaf lapse rate and adiabatic {a
toxer almosphere {less than 300 m abov

behavior are mentioned below:

(i} Loaping plume

Looping plume has wavy characier and occurs
in super adiabatic environmenls which
produces highly unstable atrnosphere, because
of rapid miring. (Fig. 7.30)

High turbulence helps in rapid dispersion of
tte plume, but high concentration 1ouch the
ground.

path and the concentration disiribution of gaseous plumes

pse rate lines, which are generally encountered in the
e the ground). The manner in which the emitled plume

2

u

Fig.7.30 LoopingPlume

(i) Neulral plums

{lif) Conlng plums z

*  Neulral plume is he upward verlical rise of lhe plume
from the stack, which occurs whea the ELR is equal lo
ALR, (Fig. 7.31)

«  Theupward lilling ol the plume will continue (il it reaches
an air of densily similar to \hal of the plume itsell.

*  Theneutral plumes lend Lo cone, when the wind velocily
is greater than 32 km/h and when cloud cover blocks
the solar radiation by day and lerrestrial radiation by
night.

= Conning plume occurs under sub-adiabalic -
conditions. :

*  The plume dispersion is known as coning,
because the plume makes a cone like shape
abaut the plume line.
(iv} Fanning plume T
*  Undar exlrame inversion condilions in lhe Conning plure
presence of light wind, lanning plume occurs. ;

+ - Thesewill be no vertical mixing and the plume
wilt extend harizonlally aver large dislances.
Such a plume patlem is called a fanning plume.
{Fig. 7.33) ’

{v) Lofling plums

Where there exisls a strong super adiabalic
lapse rate above a surface inversion, then the
plume is said 10 be loRing.

" Such a plume has minimurn downward mixing

as ils downward motion is prevented by
inversion, but the upwarg mixing will be quite
wibulent and rapid. The dispersion of poliutanis
will therefore, be rapid and no concentralion
will touch the ground, Hence, this would be
the moslideal case lor disparsion of emission
~Fig. 7.34.

Lufling is the most favouradle plume lype as
far as ground leval concentrations and s one
of the major goals of tall-slack operation,

{vi} Furnigaling Plume )
=  Whenaninversion layer occur at ashatl dislance above (he top of the stack and super adiabatic
condilions prevail balow the stack, then Lhe plume is said 1o be fumigaling.

Fig.7.34 Lofting pluma



*  The condilions for (umigalion are just the
inversion of lofling plume.

*  Thapollutanis cannot escape above Ihe top
of the stack because of inversion layer and
they will be broughl down near the ground -
due ta turbulence in the region above the
ground and belew the inversion, caused by
slrong lapse rale.

*  This represents worst case of aimospheric
conditions for dispersion.

{vil) Trapping Plume

*  When inversion layers occurs above the
emission sourca, as well as below the source,
then naturally, the emitted plume will neither
go up, nar will it go down and would remain
conlined belween Ihe two inversions,

«  Suchapiume is called a trapping plume and
is considered a bad candition for dispersion,
as the dispersion cannot go above a certain
height.

:

u

Fig.735 Fumigating plume

Fig.7.36 Trapping plume

Exémple 7.4
concenirations at a dislance of two km downwind a1 (a) The centre (ing of the plume, and (b} at a |
crosswind distance of 0.5 km on either sids of the centrg line.

Solutlon:
(a) Cancentralion at x = 2 km afong cenlre line of plume, means y=0andx=2km. Thls conceniration
is given by equalion as;

o= s tord)
o= 220 (forx = 2 km and C class) |

163.1
8319 z‘:u)-zgm,m3

2.0 = 3.14:-:8):1301220(9) 2x(130)

0]

22710 x(e) ' gmin?® = 227 x 107 x( g’

G-')O 19

= 227x107% x 7 = 1,878 % 10 gmym3

= 1878 x 10 *gmim? = 18784 gmfm“.l
{b) Concentration al.x = 2km and y = 0.5km (i.e., 500 m) is given by equalion as;

Q MLy
;—nfe) 20} <€ 20}

%

ra

v, y) = oo

From the data given in abave example, determine ihe ground leva! ! '

where, o, = 130 {for ¥ = 2 km and C class) !

- 163.19 5%y
3 14x8x130x

(1.878 % 107 - (g)2 %8 gmym® = 1.878 x 10~ x 0.0755 gmvm?
0,142 x 10~ gmim3 = 14.2 & gmym?

u

7.21 Design of Stack Height ;
Considering the Gaussian plume mode! with a number of assumption and such variable Jaclors, Central
Board for prevenlion and controkof water pollution (Wevs Delhi), through ils publication : Emission Ragulation {July
1984) as well as under ils publication litled “A Melhod 1o Delermine Chimeny Height”
{f) For chimney emilling particulale matter
h= ?4{0‘))0” {heightin meler)
where,  h = height ol chimney
' O .= paniculate maller emission {tonnes/nours)
{if} For chimney emitting SO,
h = 14(Q,}'A (heightin meter}
where, Q, = SO, emission (kgfhour}
{#iiy Ninimum Values
The board has specilied that the calculated chimney height or a given parliculate malter and SO,
emissions by the above lwo equalions should be subjecl to tha following minimum values.
(i} For chimney adopied for industries in general (excep! thermal power planis) - 30m
(il Forthermal power plants above 200 MW and below S00 MW capacily 220m
{ily Forlhermal power planis having grealer than 500 MW capacity 275 m

_Effective Helght of a Stack

The value of H used in equalion is the effeclive height of he stack {chimney) and nol its actual height.
This effective height consists of aclual haight {#) plus the height {Ah) o which the plume rises above the stack
batore levelling oul, as shownin figure.

H=h+ah )

Where, h = aclual height of stack inm

Ah = Plume heightinm .
There exists several equations for calculating the plume height
ah; aut ot whiclhy, Helland's eguation is often used,

peosefiz) o

Ah = rise of plume above the sfack inm
v, = slack gas velocily i.e., efflux emission velocily fraim the stack in m/sec
D = inside exit dia. of siack in m

= wind speed inm/sec

£ = almospheric pressure in milli-bars

sh=2 Dlt 542, 5{5» \O‘GPD(

Which



T, = slack gas temperature in °K

T, = air lemperalure in °K
Equation (4} is quite suitable for computing ah from neulral conditions. For unstable conditions, the
above value of Ahshould be increased by 10 1o 20%, and for slable condilions, it should be decreaseq
by 20 o 10%.
Ancther frequently used equation for computing ah is given by Davidson and Brayant, as

p(.‘.’i}uf)_}rs“ra |
Ah= " l —T'—] T

5
Af the terms used in this equalion have the same meaning as lor equation (i)
The Bureau of indian Standards (BIS), earlizr knows as 5], has, through their code No. IS : 88291978
suggested the foliowing empirical lormulas for computing plume rise {Ah):
{a)  For hot etiluents with hieat release of tho order of 105 calfsec or more

(i

i

Q UE]
ah = 0.84(12. +o.oem—l*r AW
Where O, = heat release in calories paf second, hand «have the same meaning as for equation
(9 and {i) ’ .
{b}  Fornot very hot releases, and which can be counted as momentum sources above
3v.D
=u v

Where v, and D have the same meaning as above.
Determine the elective heighl of a stack, with the following glven data:
{a} Physical stack Is 180 m iall with 0.95 minsida diamatar.
{b} Wind velocity is 2.75 m/sec :
{c) Alriemperaturs Is 20°C
{d} Barometric pressure Is 1000 millibars
{e} Stack gas velocilyis 11.12 m/sec
{fy Stack gas temperaturs Is 160°C

Solution: . i
The given data is symbalised as below: )
h=180m D=085m u=2.75mfsec
T,=20°C =20+ 273=293K £ = 1000 millibars v, = 11.12 msec
7,=160°C =160 + 273 =433K
Using equation, we have
ane Y Bl1is i o08x 109 Bl
v T,
_ 11.12x0.95 3 433 - 293
= 575 [l.5+ 2.88x10™ %1000 x0‘95x-——-z-é-3—-]
11.12x085], . 268x0.95%140
= . =8.9
275 {1 5+ R ] 2m i

o ah=892m

H = Elleclive height ol stack

= h+4ah=180+B.92=188.92m

- D iliistrative Exampics

mpe '.6‘ A factory uses 1.5 ML of luel oll per monlh. The exhaust gases from the
factory contain the loliowing quantilles of poliutants per ML per year.

{) Particulale matter = 4 tyear

iy $0,:20yyear

(liy NOx:5 tiyear )

i ther : 3 Yyaar

g\;)ler:ﬁﬁl?e?a‘:eoheigm o‘l!rha chimney requlred for the sala dispersion of tha paliutants

Solution: . i
The concentrations of NOx, HC. CO and others are generally vary much less lhan the concentration of

50, in various induslries. Hence \he Board has made only S0, as the criterion for design, aleng with (he
parliculate mater.
{a) Height of chimney an the basis of particulale matler,
. : h=T40 ppzr
Particulate matler emission = 4{1.5 x 12} = T2 {fyear
Assuming 300 working days in a year, and 24 hours working a day,
72
%= So0x24
h=74(0.10% =21.34m
{b) Heighl of chimney on the basis of SO,

= 0,01 /hour

h= 140y :
Now, SO, emission = 20{1.5 x 12} = 360 year
360
= ————= 0,05 Ifyear = 50 kgihr
0 300 x 24 i .

h=14(50)'F =51.58m
~Required height of chimney = 52 m{maximum of 21,34 m and 51,58 m}

‘ -Important Expressions, -

1. Largesi size pa'rt‘;cle {d) that can be remaved 100% efticiency in such a chamber ol reng1h Lrand
height s given Dy :
18uY,-H
\ gl

2. Predicting poliulant concentraten through Dispersion models and equation.

i P2y where C= concentration of pallution (gmym?), Q= pollulant enussion
_7{-_ ' _! rate gmysec, u = mean wind velocity (misec). x and
y = downwind and crosswind horizorval distance {m},

d=C

__Q
C_R_LE-G), &

Aot o



6, = plumes slandard deviation in (m), +
heighl of slock

3. Elfeclive Heighl of Slock

Pluma Rise {A f) — BIS suggesied the tollowing emgirical lormulas

. V.-D
Abs= —“U—[LS +2.68x 10‘3P-D[T’;—T")]

4

where, Ah = fise of plume above stock (m), V; = slock gas velocily
D = inside exi diameter ol stock {m), v = wind speed {mfsec)
% = stockgas temperalure ink, T, = air temperalire.

= almospheric pressure in milli-bars

(@) For hol eflluents wilh heal release of the order of 105 calfsec or more

Vel
Ah=084(12.44 009 /) 2
i

where,

Qy = Heal release In calories

{b) Fornotvery hotr ichc: » ‘
ry hot refease and which can be counied as momenium sources above

Ahs= v, D
u
4. Minimum Chimnay Height
(9} h= 740y
where, @, = particulate matter emission in lonnefhr, # = Chimney Height (m)
@ fr= 14(Q)"A
where, Q. = 80, emission in kgfhr
Summary = Ducl, smoke, mist, fog and fumes comes under Aerosal {particulate) type of air pollulants,

SO, is one of lhe principal constituents of air polliitanis and ma
reflineries, chemical plants, municipal in cinaration planis ele.
CQis a highly poisonous gas and is generally classified as an asphyxiant,
Photochemical smog is caused by the interaction of some hydrocarbons and oxidants

(llialnly Nlllogell OXIGES) under the ir "Uﬂ‘llce ol sunlight am I {0 dan erous (OX
sunl
g g rse ang pe ¥

jor contributors of §Q; are

Acid rain resulls when gaseous emissions of Sulphur oxide {(SOx) and nitrogen oxide (NOx)
interact with waler vapour and sunlighl and are chemlcally converted lo strong acidic
compounds (H,80, and HNO,) along with other organic and inorganic chemicals. ’

The Green house gases act like a thermal blankal surrounding the earth as due to the

presence of grecn house gasas lhe heal remail i
ns wilhin the aimospher
escape out of il Phere and doss ol

Electrostatic precipilators are extensively used In thermal power planis, pump and paper

u:dusmes, mining and melaliurgical industries, iron and sleel plants, chemical industries
elc. '

= efleclive

Qi

0.2

Q3

Q4

-

Q * Ohjéctive. Brait Teasers

Match List-1with List-if and select the correct
answer using the codes given below the lists:

List-l List-l1
A CO 1. Greenfouse eliecl
B. CO, 2. Acid rains
C. S0, 3. Acute loxicity
D. NO,, 4. Ozone liberation at
ground level

Codes:

s B C b
&) 3 2 1 4
o 2 3 ] 3
o0 3 1 2 4
d 4 1 2 3

The almosphere exiends uplo a height of
10,000 km. IL is divided inlo the following lour
Ihermal layers:

1, Mesosphere 2. Stralosphere

3. Themmosphers 4. Troposphere

The correct sequence of these starting from
the surface of the earth upwards is

a 2.4.1,3 k) 4.21.3

{c) 42,3, 1 {d) 2,4.3.1

\hich of the following air pollutants isfare
responsible for photochemical smog?

1. Oxides of nitrogen

2. Ozong

3. Unbumt hydrocarbons

4. Carbon monoxide

Select the correct answer using the codes

given below: :
(a) 1alone ()] 2i 3,and 4
{c) 1.3and 4 ey 1 andls

Match Llsl-I (Equipment} with List-il

{Poliutants removed) and select the correc

answer using the cades given below the lisls:
List-1

A. Elecirostatic precipitators

B. Cyclones

Q5

Q.8

Q.7

Wet scrubbers
Adsorbers
List-ll
Coarse particles
Fine dusl
Gas
. Sulphur dioxide
Codes:
A
@ 1
© 2
e 2
@ 1

taich Lisl-l {Paliutanis} with List-1 {Sources})
and selectihe correct answer using the codes
given below the fisls:
List-I
Agcidwaler
S0,
o
. Flyash

List-ii
1. ¥oleanoaes
2, Aulomobiles
3. Themnal power station
4, Mining
Codes:

A

@)y 4
)y 4
© 1
(g 1

o

ol

m‘s—nl\'ﬁm
AA WO
W > s

"
MmO
[XR SR A w ]

Aerosol is

{a) carbon particles of microscopic size

(o) dispersionof small sofid orliquid pariicies
ingaseous media

(¢} linely diviced particles of ash

{d) diffused liquid particles

Match Listl {Air pollulant} with List-il

{Environmental effect) and select the-correct

answer using the codes given below the lists:




Qs

Qg

Q.10

Q.11

List{
A. Carbonmonoxide
8. Parliculale matter
C. Nitrogenoxides
D

. Sulphur dioxide a1
Ust-il
1. Respiratory distress for living beings
2. Chemical reaction with haemoglobin in
blood Q.18
3. PReduction in visibility and aeroallergens
camier
4. Pholochemical smog Ena!mosphere
Codes:
A B ¢ D
@ 2 3 1. 4
v 3 2 4 1 o
€ 2 3 4 1
¢ 3 2 1 4

I carbon monoxide s released atthe rate of
0.03 m¥min from a gasoline engine and 50
ppm is the threshold fimit for an 8 hour
exposure, the quantity ol air which dililes the
contaminant o a safs leve! will be

{a} 60m¥Ymin {b) 600 m¥min
{c} 80mYs {d)} 600m¥s Q.15

Which one of the [ollowing plume behaviours
oceurswhen almospheric inversion begins from
the ground leve! and conlinuss?

13} Looping {b} Fumigation

{c) Coning {d) Fanning

Which one of the lollowing poliutants or pairs
of poflutants is formed due to photochomical
reactions?

{a COalone

{0} O,andPAN
{c} PANandNH, 2

{d) NH,andCO

Inlhe context of basic conceptof an ecological

syslem, the most appropriale definition of

ecology is that il is a sludy of the

{a) interretationship between organisms and
the environment

{b) feia!ionship of human species with the
indusiry

Q.18

i

(c} falationship of human species with nNalura|
fesources ‘

{d) relationship ol human species with air

Organisms thal mineralize organic malter ; in
an ecosysterfiare called

(@) producers {b) consumers

(c). decomp&:ers (d} carnivorous

Consudel four commen air pollutants found in
urban environments, NO, S0, Sootand O,
Among these which one is the secondary air
pollutant?
@ O,
fc} S0,

{b) NO
{d) Sool

Which of the foliowing air pollulants are
responsible for the greenhause eflect?
1. Melhang
2. Catbon dioxide
3. Chioroliuorocarbons
4. Nilrogen oxidas

. Selectthe comrectanswer using the codes given
balow:
a) 2and 3
(¢) 1,3and 4

(b} tand2
{d) 1.2.3and4

Which of the following pair.é are correctly

matched?

1. Ringelmann chart : To grade density o
smoke

2. Pneumoconiosis D|sease caused due 1o
coaldusi

3. PAN:Secondary ait poliutant

Select e correct answer using the codes given
below:

{a) 2and3
{c) Tand3

{b) 1and2
(d) 1,2and 3

Elevation and temperalure dala for places are
tabulated below.:

Elevation 'm’ | 1emp. °C
1 2125
444 15.70

based an dala, lapse rate can be referred as
{a) super-adiabatic (b) sub-adiabalic
{c) neulral {d} inversion

Q.17  The lollowing is a well known lormuta for
eslimaling the plume rise:

An =-\-I—"~q(15+000859—l}
U v,d
where Lhe letters have beir usual meaning.
The estimated plume rise (by the above
formula) with a stack gas having heat emission
rate 2000 kJfs, the wind speed 4 /s, stack
gas speed B m/s inside a slack diameter ol

matthe lop is

(a) 7.8m

{b) 87m

{c) 3.15m

@ 2254 00024n)

0.18  In sampling of stack gases for measurement
ol concenlration of Suspended Particulate
Matler {SPM), the (lue gases are sucked inlhe
instrument at
{a) any rale of llow from mid diameter ol

chimney
{b} any pointof chimney cross-section and at
any rale of {low )
{¢) a constanl rate ol llow but at four
equidislani paints along the diameler
{d) controlied positions and conlrolled
velecities along he chimney dianeter o
gelisokinetic condilions
Q.19 - Which ane of the [olfowing proceduresis used
" for sampling of the flue gas in a chimney for
SPM? )
{a) Isolhermalsampling
{b} Isokinetic.sampling
{c) Adiabalic congdition
{d) Variable rate of sampling
Q.20 Thegraph shows lhe relationship of ambient

lapse rates tohe dry adiabatic lapse rate under
dillerent conditions of stabilily. Malch stabilily
siuations A, B, C and D {as givenin he graph)
with the classes of slability as follows:

1, Superadiabatic 2. Dry adiabatic

3. Subadiabalic 4, Inversion

154
E B = A
PR T E
2 a £
3 e\ \%
w !
085 :
B\
2eC temp. (°C)
Select (he correct answer using the codes given
belove:
A B C D
@y 3 4 1 2
) 4 3 2 1
0 3 4 2 1
@ 4 3 1 2 i
Q.21 Which type ol hghl energy is effectively
absorbed by CO, in the lower boundary althe
roposphera?
{a) X-rays (o} UV-rays

{c) Visible light (d} Indrared rays

Q.22 Whichoneo! the following pairs 15 not correclly

matched?

Plume Behaviour Atmaspheric Condition

(a}Looping : Stable

(b)Fumigalion : Inversionabove and
lapse below Ihe stack

(c)Fanning ;. Inversion

{(d)Trapping  : Inversion above and

below the stack wilh
lapse in beteeen

Q.23 Whlc‘ho e of ihe following pairs is not correclly

matched?

{2) Coriolis effect : Theellcet of earth's rotation
an wind girection and velocity

{b) PAN:Found during photochemical smog

{c) Cyclone:Employedlicrpa niculate matier
removal

(d) Wind rose : Employed in forecast of
pollulant dispersion in ambient air

Q.24 Match List-1 (Air pollutant} with List=il (impacl
on human health) and selectthe carrect answer
using the codes given below the lists:



Q25

Q.28

Q.27

Q.28

Q.29

List-l

. Paniculates

.- Carbon monoxide

. Sulphur oxides

. Photochemical cxidanis
List-1
Impairs ransport of 0, in bloodstream
Irrilation of mucous membranes of
respiralory iracl

3. Causes coughing, shorlness of breath,

headache, etc.
4. Causes respiralory iliness
Codes:

OOm>»

N o=

A 8 C D
@ 2 3 4 1
®. 4 1.2 3
© 2 1 4 2
(M 4 3 2 1

Which type of plume may occur during winter
nighls?

(a) Looping
¢} Coning

(b) Inversion
{d) Lofling

Prneumoconiosis is caused due lo inhalation
of which one of the follovéng? )

(a} Sitica {6) NO,

{c) Lead (d) Cadmium

Which one of he following conditions al
automobile gives maximum unburned
hydrocarbons?
fa) idiing

{c} Acceleration

{h} Criise
{d) Deceleration

Electrostatic preciphator is mosl useful for
which one of the following industrigs?

{a) Tarnery

{b) Hydroelectric power generalion

(C} Thermal power generalion

{d) Texlile lactory

Biological magnilication of pesticides lakes
place thraugh which of the tallowing?

{a) Populalion pyramids

(b) Hydrolegic cycle

(e} Foodchaing

() Aircycle

Q.30

Q.1

Q.32

Q.33

Q.34

Q.35

Q.36

Which one of lhe following toxie gases has
physialogical action as asphyxiant?

{& SO, {b) NO,

(e} Cl, {} CO

Assuming annual ravel for each vehicte (o b
20000 km, whal is the quantity of NO
praduced from 50000 vehicles wilh emissfor;
rale of 2.0 ghuntvehicle?

(a) 1800tonnes (b) 1900 tonnes

{c) 2000tonnes {d) 2100 lonnes

it
What are Ihe air pollulants responsible lor acid
‘rair. wilhin and downwind areas of major
industrial emissions? :
(@) Hydrogansulphide and oxides of nitrogen
{b} Sulphur dioxlde and oxides of nitrogen
{c) Carbondioxide and hydrogen sullide
(d) Methane and hydrogen sullide '

Consider Iha lolfowing air pollutanis:
1.-NO, 2. PAN

3. _002' 4. CO

Whlch ol the above air paliutants isfare present
in a0 auto exhaust gas?

{a) 1only () 1and2

{q) 2and 3 () 1,3and4a

During temperalure inversion in almosphere,
air pollutants lend 10

{a) accumulale above inversion layer

(b} accumulate below inversion layer

(c) disperse lalerally ‘

{d) disperse veriically

The mean indoor aitborne Chiorofarm (CHC.)
concentration in a room was determined lo bae
0.4 pg/m?,

Use the following dala: T = 293K, P = 1 .
aimosphere, B = B2.05 x 109 alm-n¥mol-K,
Atomlc weights: C = 12, H = 1, Cl = 35.5,
This cancentralion expressed in pans per billion
(volume basis, ppbv} is equal (o

@ 1.00 ppbv (b} 0.20 ppbv

(c) 0.10 ppby {d) 0.08 ppby

The dispersion of pollutants in atmosphere is
maximum when

Q3?7

Q.38

Q.38

{a} environmenlal lapse rate is greater (han
agdtabatic 1apserale

{t} environmental Iapse rale is less than
atfiabalic lapserale

{c) environmental lapse rale is equal to
adiabalic lapse rale

(d) maximum mixing depth is equal lo zero

Total suspended particularte matter (TSP}
conceniration inambient air is to be measured
using & high volume sampler. The filler used
for this purpose had an inilial dry weight of
9,787 g. The lilter was mounted in the sampler
and the initial air llow rale through the filter
was sl a1 1.5 m%min. Sampling continued for
24 haurs, The aiflow after 24 houws was
measured to be 1.4 m3min. The dry waight of
the lilter papor after 24 hour sampling was
10,283 g. Assuming a linear decfine in the air
fiow rate during sampling, what is the 24 hour
average TSP concentration inthe ambientair?
(@) 59.2ug/m® {b) 11B.6pug/m?
(c) 237.5pgim?  (d) 5744pgin’

Two primary air pollulants are

(a) sulphur oxide and ozone

{b) nitregen oxide and peroxyacelylnitrale
(¢) sulphur oxide and hydrocarbon

{d} ozone and peroxyacelylnitrale

Malch List-I with List-ll and select the correct
answer by using the codes given below the
lists:
List-1 List-ll
A Corioliseffect 1. Rolationof earth
B. Fumigation 2. Lapserale and
vertical lemp. profile
C. ! Ozone layer 3. Ipversion
D. Max. mixing 1 Dobson
depth (mixing height) | ‘
Codes:
A B C D
ay 2 t+ 4 3
m 2 1 3 4
& 1 3 2 4
@ v 3 4 2

Q.40

An air parcel having AC® temperalure moves
{rom ground level 1o 500 m elavation in dry air
following lhe "adiabalic lapse rate”. The
resulling temperature of air parcel al 500 m
elevationwillbe
{a) 3BC

{cy 41C

{b) 3I|/C
{d) 4C

Directions: The following items consists of two
siatements; one labelied as 'Asserfion (A} and e
other as ‘Reason {RY'. You are 10 examine these two
stalemants carelully and selecl the answers 10 these
items using the codes given below:

Q.41

Q.42

Q.43

Q.44

Codes:

{aj bothAand Raretue and Rishe carrecl
explanationof A

1b) bothAand Rare lrua but A is notacorrect
explanation of A

{c) Aistrue bul Ris false

() Alsfalse but Ris wue

Asserilon (A): Intecenl years, there has been
a progressive Increase in the percentage ol
solar ultraviolel rays reaching the earih’s
surface,

Reason {R): In the last lew years, there has
beena progressive Increasein he percentage
of carbon dioxide in the earth’s almosphere.

Assartion {A): The surlace of sea waleris on
the rise. :

Reason {R): Athick layer of gases enveloping
the eanthdoes not allow heatlo pass imospace
from the earth at a rate which is as much as
the rale at which ihe heal coming from space
penetrates il towards tho earh.

Assarlion (A): Traflic ‘Smog' is ikely lo occur
in regions where vehicle mileage s
considerable and there is a low incidence of
suntight.

Reason (R): Trallic 'Smog’ is caused by he
reaction of oxides of nitrogen and some of the
hydrocarbons in presence of bright sunlight.

Assertion (A): Air pollutant congeniration and
lime of retenticn increase due to inversion.



1.

6.
11.
16.
21,
26.
31,
36.
41,

Reason (R): During winler, he heavy cold 2yt
in the atmosphere retains the hol toxic
poEiutanls?oralcngerpenodmthealrmspme
: Answers . ’
(c) 2.(b) 3.(d) 4.{p) 5. (a}
(b} 7.(c) 8.{b) 9. (d) 10.(n)
{a) 12. {c}) 13. (a) 14. (d) 15.{d)
{a) 17. (8) 18. (d)y 19. (b) 20. (b)
(d) 22. (a) 23. (d) 24. {b) 25.(d)
{8) 27. (a) 28.(c) 28. (c) 30.(d)
{c} 32. (b} 33. (d) 34. {b) 35.(c)
{a) 37.(c) 38. (c) 39. (d) 40.({a)
(b} 42. (a) 43 (d) 44. (b}

Hints and Explanations:

Ans.d (o)

Ans.3

Carbon monoxide affect human aerobic
melahofism by forming carboxyhaem i
oglobin
{CoHb).
Oxldesolndrogtm(NO )mcludes-m!nconde
{NO}. nitragen dioxide {NO,), nitrous oxide
(NQO!. nitrogen sesquloxida (N,0,), Nilregen
letroxide (N, 0, yand nitrogen pentoxide (N,O,).
NG and NO, are of primary concern as air
pol!utar}ts. NO, plays major role in tha
production of secondary air polfutant ozane
G,).
50, is responsible for acid rains as it combines
s.'mhvsrater vapour 1o form secondary pofiutants
like H,50, which cause acidity.

(d)

Pnotochemically, ihe hydrocarbons and NO
are the necessary ingredients Io producé
pholochemical smog.

Unbumt Hydracarbons

4 sarighl
0. Wiz o nuogen * SNOY

The ?ncf product ol these photochemical
reac{tons is photochemicat smog consisting
of air contaminants such as Q,, PAN,

aldehydes, ketones, alky! nilratas and carbon
monoxide. i

Thus, oxides of nilrogen and unburny
" hydrocarbons are responsible for causing
photochemical smog.

Ans4 (b)

(i) Eleclrcstanc precipitator (High vollage} is
used for > f-mm but can collact subrmicron
parucreéalso

(i} Cyclone collector {based on centrifugal

forcg) is used for 5 lo 25 mm size parlicle

(i) Wet scrubber are used lor gaseous
pollulants

(iv) Adsorbers are specific lo gases. A
r.eaclive liguld adsorbent {water or
limestone} may be used to remove 50
trom flue gases, ’

Ans6 (b}

Aerosols or particulales orisuspended
particulate malter is defined as the liquid or
solid particles when they are suspended in
gaseous medium. The lerm asrosol is usad
during the time iL is suspended in air. Aller the
particlais setiled down, the term ceases Lo ba
valid,

Ans,B (b)

&
Quanlity of air = % x003 = 600 m¥min

Ans. 10 (b}

Photochemical reactions form O,, PAN,
{ormatdehyde, ale. .

Ans.12{c)

Oecomposer class includes saprophytic
organisms that help in nutrienls and element
recycling process. These are bacleria. lungi
and protozoans. They reduce organic matl;r
10 simple compounds and alements.

Ans.13 ()

Soct is a general term that refers to impure
carbon parlicles rasulling fromi the incomplete
combustian of hydracarbans. Soot, as an air

borne contaminani in the environment has
rnany dilterent sources but Ihey are all ihc
result of some form of pyrolysis.

Ans. 14 (d)

Carbon dioxide is considered to be major
greenhouse gas, asilis responsible for abaut
£0% ol the lotal greenhouse ellecl caused by
allthe greenhouse gases. Other green-house
gases are CH,, NO, and chlorofluoro carbons.

Ans.16 (a)

Ambient lapse rate ' )
' . 21.25~15.70x1000
(444 -4)
= 12.6°Cfion > 9.8°C/m
‘When the ambient lapse rate exceeds the
adiabalic lapse rate, the ambienl lzpse rate
is said 10 be super adiabalic.

Ans.17 (a)

wind Speed v = 4 mis

Stack gas speed V, = Bmifs
Diamelerd=1m

Heal rise G, = 2000 kJ/s

We know Lhat elfective height of slack.

Ah= Y. xd
u

[15+0009?x O }
V. xd

Bﬂ].—_Y.Bm

Al = 8—:-][1 5+0.0097x

Ans.18 (d)

To obtain representative samples. selection
of sampling site and the number of sampling
painl are the most important factors. The gas
sireamin the stack is normally under rbulent
ltow condition and any llow disturbance would
result in non-uniform and unstable qas flow
profiles and non-unilorm parlicle conceniration
patlerns. The other important faclor in slack
sampling is high temperalure and high
velocities of Ihe gases encounlered inside the
siack, Therefare isokinelic technique is
adopted for parliculato laden gas stream, in

this (echnique a sample is drawn inlo the
probe such thatthe candition at the tip of the
probe is same as (hose in the free gas siream
atthe sampling point, ltcan ba carried oulin

1w Ways |

1. By compuling point velocily of liee stream

by Pitel ube and adjusling sampling
velocity.

2. By using a hull lype of sampling probe, in

which 1he slalic pressurcs measured
belween lhe inner and ouler probevalls is
' palanced.

Ans.21(d)

CO,ismajor greenhouse gas and absorbslong
wave radiations like infrared radiation.

Ans.22 (&)

inlooping, Environmental Lapse (ELR)is more
than Adiabatic Lapse Rale (ALR) so
almospherais unslable.

Ans.23 (d)

Wind rose diagram reprasenis direclion,
{requency and velocily of the winds in a
particular location. The direclion of wind is
characlerisiically from high pressure Lo low, but
the Coriolis force tends o dellect air currents
out of these expected pattems. Wind speed:
is measured by an anemometer, an instrument
ypically consisting of three or four
hemispherical cups arrangeoonave rtical axis.
A pollution rase is used lor plotling the daia
necessary lo determing the source direction
of specific air contaminants. The velocily of
wind determines lhe ravel time of a particulale
to a receptor and also lhe dispersion ralz of
air conlaminants.
Cyclone is a low pressue syslem in the
~ porthen hemisphere. Horizontal air movement
is anliclockwise and Ihe vertical movement is
upward, Low pressure syslems are usually
associated wilh cloudy skies. qusty winds and
atmospheric instability, and the farmation of
tronts. Under such unstable conditions



_dispersion of pollutanis is likely, and air
pollution problems are minimal.

Cyclone colleclors are cenlrilugal colleciors
used for removal ol 5-25 pm size particulate
matler.

Ans.31 (c)

NO, emilted by 50000 vehicles = 2,0 x 50000
= 100000 gfkm

NO, produced by 50000 vehicles for a dislance
of 20000 km

=100000 x 20000 x 105 1onnes = 2000 lonnes

Ans.33 (d}

PAN {peroxyacetyl nitrate) is a secondary
pollulant which i§ formed in the aimosphece
by a pholechemical reaction or by hydrolysis
or oxidation. Alkenes like ethylene in Lhe
presence of sunlighl reacl which nitragen
dioxide al high concenirations lo-form PAN and
Ozane (0,). This slhyiene is produced in
aulomabile exhausls and not PAN which is a
secondary pollutanl.

Ans.34 (b)

When the lemperature of the environment
increasas wilh altilude, then the lapse rate
becomesinverled or negative from ils normal
slatle. Negative lapse rale occurs under
condilion, usually referred:to as inversion, a
slateinwhich he warmer air lies over the colder
air below. The radialion inversion is a
phenomenon dceurring fram the unagual
cooling rales for the earth and air above the
earth, Such an inversion in the enviranment
helps in formation of fog when air is wet, and
simultaneously calches gases and parliculate
matter, asil stops heir upward lilting, thereby
crealing concentralion of poliulants in our close
environmenl.

Ans,35 (d)

The relalion betveen pg/m® and ppm 1s

1ppm x molecular mass of

pollutant in g/mat 4
tpgm= — e 10UV
a4 Limol ol pollulant at given L

temp. and pressure (V)

By Avogadro's law, we know that »

A _ BV
R
where P, = 1almosphere;
T, =0°C=273K
V, = volume al 0°C at 1 almosphera
=224 Limol
Given . £, = 1almosphere;
T, = 293K
v AUT
T
Vo= 22.4x293
2= 273
- V, = 24.04 LUmo!
0.4 ng/m? of CHCI,

_ CHClyinppmx 118.5x10°

24,04
= CHC{; in ppm = B.0469 » 10°5
CHCL in ppby = B.0463 x 105 x 107
= (.08 ppbv

Ans.36 (8)

When the environment lapse rata is more than
the adiabalic lapse rate, a rising parcel of warm
lighter air {poliulants} will continue ta il up;
whereas a parcel of heavier cogler air will
conlinue lo come dovn, In such circumslances,
the environmentis unstable and the dispersion
of polliitants will be rapid due o marked vertical
mixing of the air.

Ans, 37 {c)

Average airllow rale

1.5+1.4
2
Total airfiew through the sampler during 24 hours
= 1.45x 24 x 60 = 2088 m°
TSP concentration in the arnbient air

10283-9.767Y '
. [ ____.zagé_)xto" = 237.5 pg/m?

= 1.45 m3min

Ans.3B (c)

Sulphur dioxide carban monoxide, nitrogen
oxides, lead, hydrocarbons, allergic agents ke

pollens ang spores and radioaclive
subslances are primary paliutants.

Sulphuric acid, ozone, lormaldehydes and
peroxyacylnitralas (PAN) are secondary
pollutants,

Ans.40 (a)

Dry air coals at the rale ¢! 9.8°C per kmand it
is cafled dry adiabatic lapse rate. In saturaled
{wel} air, lhis rate is ca!c:ulaled 1o be 6°C per
Kkm and is known as we! adiabalic lapse rate.
Resulling lemperature of air

0-98x
=40-88Bx 1000
= 40-49=351C

Ans.41(b)

Depletion of ozone layer {in siratosphese and
mesosphere) has led laincreased exposure
of earlh's surface 1o ulireviolel radiation. The

" ozone dapleling substances are chlorefiuoro

carbons {CFCs).
Increased percentage of carben dioxide has
led to global warming (greenhause effect).

Ans.42 {a)

Enlrapping of infrared radiation emil!ed_ from
earih’s surface by greenhouse gases resulls
in increase of temperalure. This causss
melting of polar ice caps and high mountains.
The melted ica llows lo oceans and the surface
of sea water is on fise due 6 this.

Ans.44 {d}

The most common form of surlace-based
inversion is Ihe radiational inversion. R occurs
whereever, the surface of the earth can become
cooler during Ihe night and winiers by the
thermal radiation of energy. As a resull of a
decrease in temperalure of the ground, the
lower atmosphere in contact with il loses
sensibie heal through conduction, conversion,
angd more importantly, radiation. Consequently
atemperalura inversion, is selup between the
cool low-level air and the warmer air above.
This type of inversion is mos! pronounced
during tha late night and early morning hours
and is sometimes called a rochurnal inversion.
The sffects of stable low-leve! air are evident
parly intheday when the smake from chimnay's
"and small firesis confined close tothe ground.



