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AIR OO1'AMflUNT8 A! T IR SOURCES. 

Air o taminmnto are olacalfted into nata rai 

and 	ticia1 type, or particulate matter and g ssou 

eubøtancee, 'he particulate matter is oub6»divided 

into ooiid m3, iiqil4 typo or auapended and settleable 

type, Under each divr ion;v ioua air omtaxinants 

are dealt along with their a0ur e. 



is. 	IRAL 

Air is a mecbanicl mixture of many gases 

among t hicb Oxygen and Nitrogen are paramount onoe. 

Trace amounts of other gases be in, Orgon, Carbondioxide, 

Hydrogen, Newn,, Krypton# Helium, Ozone and Xenon, plus 

varying account of eater vapour and small quantities of 

microscopic and submicroscopic solid matter called 

permanent impurities. Variations in the percentage of 

normal const ituent a may render the air unfit for use. 

Also the presence of other foroiri material called 

contaminants may pollute the air thus rendering it 

unfit for use. 

1.2, CLA8$I£~ CATIOX48: 

Broadly speaking, the air contaminants can 

be class i `ie d Into tiro groups viz. Natural and Art if:6 

d. al contaminants. The atmosphere is cunt nuouely e 

posed to both Natural and Artificial contaminants. 

gircontaminants may also be classified as Organic or 

Inorganic, visible or invisible, submicroscopic, 

mCZoDcopC or macroscopic, particulate or gaaoouo, 

toxic or haxtlose, Every individual contributes to 

natural contamination by his metabolism and to artificial 



cot ami at ion by his act i Itioe. Pic« 1.1. shove the 
chief sources of air pollution and the main oonfbtituonts 
of many oU uonts. 

12.1., 	tami a is 

The sources of natural, pollution are mfr. 
The ,permanent atmospheric Impurities Con arise from 
such natural proccasea as erosion , viid storm, soa•► 

spray evaporation and volcanic eruption. Also as a 
result of natural phenomenon the atmosphere contains 
gasoa from the de compoait ion of animal and vegetable 
matter, products of 1GtLtbOr2nig action and motorio die- 
,nto'atIon, spores, pollens and bacteria, Nature plays 

a share in promoting chemical reactions in the presence 
of unliht vhioh converts I ooue compounds to irr 
tat ing vapours and tp small droplet o vhidh limit vial,- 
bil.tty 	scattering of lit. Generally the natural 
contaminants are abs bed or r tabilizod, by the atmosphere, 
The concentrations In the air will vc r considerably 
but will range far below the,  concentrat ions caused by 

made activity, 

1.2.2. Artificial Conta manta$ 

Current technical data supportathe idea that 
this contaminants which cause serious pollution oars t h so 
that roailt from man's stn activity. Iien..mado contaminants 
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includes those materials added to the air deliberately 
for purposes of disinfection, including Ozone and various 

chemical canitizers In. addition to the incidental conta- 
mination of the 	by such a processes as combastiori, 
manufacturing, tr ansporat Ion and a ixultu ,The atmos-

phoro is used as a disposal medium for made waste 

products. These iaote products Then subjected to am- 

light and other natural phenomenon, cause complicated 
reactions, this  thd.s Iroduoing a multiplicity of secondary  

effects. The increase in industrial activity and in 
the concentration of all population. has resulted in 
an increase in both the quantity and aDnoentration of 
such waste products which are responsible for serious 
air contamination, 

1.3. t E. CLAS 	CATZ~IIS; 

Air contaminants may also be classified on 
the basis of the origi.n or motbod of formation as 
tollouut3 $ 

1.3.1. Particula't Ilattars 

Ae Lic uid Particulate T atter 
.■n.r r'■rr.rr■rr■.w 

When the pa rt iolos are large and consist most 

,y of water, it is common to speak of the system as a 
` tog, mist or cloud. 



i Two t Tiists are very snail.. airborne droplets of 

materials ibicioxi t in liquid state at normal temperature 

and pressure. Thy may be formed by ccndeneat on of water 

vapour upon suitable nuclei, atomizing  of l,ii .ds, mixing 
violent chemical reactions, electrolytic evolution of 
gases from iiauids or escape of a. dieso3..ed. gas when 
prce x'e 	released. 

i . 	Yargs are airborne droplets formed by conde... 
nation of vapcn.r,, The distinction bot een mist and fog 

is of minor importance since both 'warns are used to 

dicate the particulate state of air borne lie idol 

11i: 	s It is an air mixture of Omoko particles, 
ms's and fog droplets of such small size as to impair 
visibility  in addition to being irritating or harmful. 

2. Solid Particulate Matter 

1. Thto: Oencra y, solid phis .es larger than 10 
microns and smaller than about 100 microns in size arc 
called ductal  Dusts are solid particles projected into 

the air by natural forces  ouch as wind, volcanic Erupt ion 

or earth quakes or by mechanical processes including 

crughin8, grinding, demolition, drilling, shoveling, 

screening and swooping or disintegration and dicperc .on. 

Duata may be ofvarious types viz., mineral type such 

as rock, metal or sand $ Ye table such as grain, flour 

wood cotton or pollen; or Animal including wool,haiz, 



silk, feather and leather+  

The largest sources of ir us trial dusts are 

combbstion processes. About 75 percent of the idduatrial 

duet comes from fuel combust ton. Both liquid and solid 

fuels contain some non. combst ble ash*  some of h:Loh is 
dispersed into the r during combustion. The oombustiou 
of coal in pulverized form in a power plait is considered 
to be one of the chief sources of fine dust in the air„ 

The quantity of dust .dispersed Into the atmosphere in 
a large city amounts to hundreds of tons each day. 
Iron and. $tee1 mills, foundries, nonferrous smelters 

of copper, zinc and lead; piour and cement mills, oil 

re `in riee, and the multitude of large and small. dust 

producers are faced r±th dust problem. Foundry duets 

are particularly difficult to handle because of extro« 

mely fine particlee size a 

Ii. des: OI.id particles smaller than one Micron in 

size are called fumes. 'umea are solid particles commonly 

formed by processes such as combustion, sublimation add 

condensation of vapours from normally solid materials. 

etallic fumes are generated from molten metals and usually 
occur as oxides&  Typical examples are the fumes from 
burning lead ,p  or the zinc oxide produced from zinc vapour. 
saes may also be formed by distillation, galvanization 

or chemical reaction. 
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Ili. nok a i Smokes are extreme2 and. solid particles 

ranging in size from 0.1 micron to O. micron. These 

are produced by incomplete combust .on of organio subs. 

tances such as tobacco, wood, coal oil and other oazs  

bona,  eouo materials. bus eke is tS '2'odmbantly a 
combustible material and consists of a mixture of solid 
particles such as eoit, ash, grit and gritty particles*  

The sauces of smoke are varied . The domestic 

fzro is the main Producer of smoke and it to emitted 

at a 1o!r level. The next largest producer 3s general 
dustr.: Mau„y spokes such as those from wood fires 

or from motor exhaust contain a very high concentration 

of small particles while others, such as black smoke 

from chimneys from the combustion of coal may contain 

fewer particles. The steam locomotive although being 

s a er, is a serious contributor of smoke especially 

in congested areas. 

Particulate matter may bo further divided into 
two classifications viz suspended partionlato matter 

and s httoable pert toulate matter. 
we 	 flatter: The suspended partiC- 

late matter includes both solid particles aid liquid 
droplets, Chemical analysis of samples collected reveals 

the follotr .ng pollutents t 

. Organic% These are end products of an incorp1.etc 

combustion of hydrocarbon fuels. (xrganic prbimlatoo 
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mfr also arise froni natural causes, ouch as rrind erosion 
of egotation. 

ii, h~orideas 'Moot of these compounds are waste or 
by..products of synthetic chemical production, Also 
they are formed by natural sources such as sodium chloride 

found in coastal areas* 

W. i 1uoridoea These may be introduced into the atmos. 
phere by fertilizer, alui plum, steel and ceramic industries. 

jv4 Sulphates These are formed from industrial procesee 

Also Suipher dioxide formed as the combustion end products 

is converted into Sulphuric acid by atmospheric reaction 

and then reacts frith other eubatancoc forming eulphatee. 

v. N±trpteo: These are produced by similar sources aid 

formed in the same manner as that of sulphate o. 

vi. Iles  I1eta3.a and their oxides are contributed. 
by industrial processes and urban activities. Zeasur- 
able or trace quantities of su metals as zjno, copper# 

lead, chrome, iron, nickel oto,•, have been collected. 

vii. Redioaot ;ve later .a e: Radioactive contaminants 
arc physically similar to ordinary Industrial oonta inento 
except that they are highly toxic by nature and may present 
a direct radioactive hoard both internally and externally. 
Therefore more stress is paid to this pollutent than othoro 
in much larger and perhaps more harmful quantities. 



There are three types of hazardous radiations 

viz. alpha radiation, Beta radiation. 	Gama radiation. 

$ome mater als may omit all three typos as they are 

subject to r+adiactive decay c role, others may be predomtn 

antly of one typo rte`cnother,, 

Radioactive materials may originate from atomic 

poop plants and manufacture of radio active ch.om .oaie'. 

The air borne radioactive particles may also be dispersed 

in the atmoophero by atomic bomb explosion. 

b. Settleable Part culates 

,orce particulates are also of importance as 

they settle on the ground and create nuisance 

I.3.2 a! ours and c ass s a 

Vapours are gaseous phase of aubotcncee that 

are liquid or solid in their commonly known state., 

These can be removed from air by condensation. examples 

is elude , asoline , korog lno ,, hoo,.zeno ,, carbon tetr c.hIorido „ 

mer cury , iodine, and camphor. 

The gases and vapoura are uauo „y omitted by 

combustion pro o9 aSO s (internal and external), chemical 
SovYCCS and industrial processes  and other similar pa &e. 

The composition of the gases and vapours varies with the 

nature rf process. Some of the gases and vapours which 

are -oiOaifio,.-nt in community air Co 	nation ind3nde 

carbon monoxide and earbondioxtdo; Sulphur di xido and 



Suipher trioxide, nitrogen dioxide and nitrogen oxide, 

organic acids and partially oxidized organic oom undor. 

gasoline vapours, solvents; thinners, bake oven exhaust 

and , the like; hydrogen chloride, chlorine and fluor rie. 

Gases with noxious odours can also be included in the 

list of gaseous contaminants. Vapours and gaseous amii 

taminants ill be considered in order of their prevalence 

and importance Via, air contaminations 

A* 8ulgh 'F,.IIGases and Vapoures 
ti~lr 

i. Sulphur ioxide. Among all the compounds trhich con-

tribute to atmospheric pollution, those of sulphur are 

the prominant ones. The effect of increa se in the number 

of present day industries is to add to the emission of 

a l typos of sulphur compounds to the atmosphere. The 

largest mass emission consists of sulphur dioxide#gonerated 

by the oxidation of raw sulphur compounds in all typos 

of fuel consumption and in ore .refining. The chief sources 

of ,eulphuz' dioxide in the industrial areas are the 

combustion of fuels, smelting , roasting of sulphide ores., 

refining of metals, combustion of hydrogen su phide, 

in natural gas oil refinery operations and various 

chemical processes,, Damegtia sources and small apartment 

houses also contribute their share but to a little extent 

due to burning of better grade of full, 

ii, o n a phi so 	.o hydrogen sulphide gets readily 

burnt to sulphur dioxide, it Is not oftan released into 

10 
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the atmosphere#  It is one of the constituents of waste 

gases from pulp mill  and is prevalent around eev age 

disposal plants; gas pl t s and mine seepagea, It is 

frequently discharged into the air along with natural 

gas in f1aro from gas fields, 

iii. sulphur 	(Su phurio Acid mist); 1phur .o 

Acid mist is formed dur lug the combustion of sulphur 
dioxide by spontaneous oxidation in the air. It is 
Sometimes discharged into the air from contact acid 

plants at concentrations as high as tuo &raino / cam. ft.. 

The characteristic -white plume may be soon from a di.- 

tanca. In combustion and roasting processes, aulphatoe 

and sulphuric acids Got converted into sulphur dioxide 

either by thermal deconpoeiti,n or by the reducing 
action of crboneous compound®. 

.v., Other &,i:1:phur tc mpounda s There are several other 
wrir+ wYri.iFM . 

Su4bur compounds that may exist In the atmosphere as 

obnoxioup contaminants The pereniphide o of hydrogen 
rihøb are foamed by combination of bydrogon sulphide 

and free sulphur are found in the ,atmopahoro. The other 

compounds being thi phene and mereaptans u.ich are 
readily detected, because of tbeiz extreme odour. These 

are generated from pulp. stile and refineries, 

3. Nitroton.,. Cc n 	s 

lUtrvgen compounds are generally ly not presen t 

in an appreciable quantity in the air no as to croato any  
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pbysiploioal effect.. Rorovor., those may cunt* it to 

theme' share in air pollution by indirect reaatjonea 

They cata3jze the oidation of sup ur dioxide particularly 

In a eous solutions. They are partly responsible for 

the acitty in rain and fog, causing atmospheric corrosion. 

The oxides of nitrogen are formed In the cor-

' soon of some fuels, part is lar y by oxidation of 

r onia. fiiiy are also found In certain wasto gases 

om refineries,, especially those from the regeneration 

of cracking catalysts Those are also released but 
In small concentrations from oezkaln chemical pro ceases 

ouch as manufacture of ai4phurio avid. 
wAmoniat .Amonia .e frequently prosent in the sir. It iS 

discharged from certain refinery operations and from 

chemical plants, 

wllll!/ 	iil~~I~1 I! 

. M 	rr ings Porno IS a i4ely distributed element, 

it is found almost In all coals. Most of the f er ne 

gets evolved on burning coal. Certain clays and iron 

stonoo contain fluorides which decompose on heating. 

Hence brick making from such cloys and smelting of Iron 

stone result in eVo3 tjon of fluorine but In small qantity. 

ii. 'dro n Pii,pridot The most Important halogen comp el .I! r r I!lrlr 	.rwl+lr+.w+rlwi..w 

la Ijc ogon fluoride. It is formed from the volatile 

silican tetra fluoride which yields hydrogen fluoride 
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after being hydro]yzed by the i.oi uro 	Any mat 

erial that conta ,ne calegrnn fluids or the mineral ' ucra 

patite along with aan.d, an treatment with acid it . yield 

ei on tetra uo .d , C equent2y, a ininiwu plants 

and phosphate fertilizer p1 is are sources of bydrogon 

fluorio. keoontZy,  there has boon a considerable use 

of the gas Itself the chemical Industry no %Tell as 

in 	 finer ` pr000rnss. 

. .i._ 'da:Z 	 hlo d  s Soma t1mos the traces of bydroi- 

gon chloride are found in the atmvpahore. It Ia d nchar d 

from certain chemical operationt and in or-all quwntities 

from refineries specially in the regonerat jon of cracking 

oata3jato. The as may a ,so be formed by absorption and 

subsequent oxidation of sulphur diozido by minute droplets 

o.f viater condensed on salt nucell. 

pie Chlor d,.ea;...  Them compounde are the most 

irritant of a . substances,,, especially In the CaOO of  

hhiorinated. aldohydea, kot rhos and nitri3eo. Cyanoeen 

chloride (a toxic Irritant gas) which is formed bry the 

act ion of chorine on hydrogen +7nnido tiro 1tluatria , 

Gaeos uhjoh are knoun to bedo2r,ed. from certain 

Operations ,.. 

D. her ges ad a urst 

j, 	b n d x do mid ten ozido a tIl. tons of poi ids 0- 
carbOndiox jdo and z ancozun©noxide are injectod each day 
into the air by the combustion of coal, oil and decline,, 



These are aioo 'found in mine atmosphere by oxidation 
of c0 g, 

ii. i thUO Amonget the eases, methane is the most 
Important In coal mines, where it is released by tho 
coal in large quarxt .ties. Xr; coal mine atmosphere, 
met bane does not occur in. air ab+o 'o ground level. 
though t 13 cas Is not toZ jo yet it modcreate explosion 

on 5 to 15 percent of methane forms a mixture i1tb 
the air. 

iii. j :t _ oog: The incomplete combustion by hy'i- . 
d o arbour. obtained In a deficiency of a:Lr or by sudden 

cooling of a £ mo, will produce formaldobydo, atrolein 
and other substances trhtch have the phyaio1c ioa3. effects 
at very lo, conoc trat iono. The al iobyd o concentration in 
the air varies not only ritb the nature of the activity of an 
area but also idtb the density of motar traffic. .do} doa are 
fot!ned by inoc npioto oxidation of motor fuel and .ubrioating 
oils. The products of combustion of naturalgas may also can-
tam alde4ydoe.' It io probable that atmospheric conta.. 
mmnation by aldobydo to more due to exhaust and bleu by 
6aos of motor vh .o s tba to th raoto product of 
industrial and hoatmng plant oourc®Q. 

v.~ ______ _: 	 genic poroxidos are found in 
tho air but at concentrations much bolo u 0.1 ,ppm. Those 
are formed by the action of oxygen on 1ydro carbon and 
other Qrgm io vapoura dope o Uy mn the presence of am. 

14 
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'*  on* It is pr sex in The air to The extent of 

0.Ol.jpxa but in some cities the concentration may a ooed 

this by fie $old. Ozone is ad4ed to the a r for pur.. 

poops of disinfection. 

vi.  Benz 1 yreno : It is generally found in coal omoke, 

CigaretteCgarstte smoke and motor o12auet, 



EPF1CTS OP AIR COEAMINAN$  

The deleteroaua o opts of air contamin sate 
on h.uuum beings, 11vetøok plmtsen+ Btrictu oe have 
been + ia cussed. 

—:0t.- 



2.1.1.  
Air Pollutionn Is one of the foremost problems 

in public heath to4er, The aoloteroua effects of 

air contamination upon human beings  are ouch that they 

are not recognised, The damage to tissues of the roe.. 

piratory tract or to other pewta of the body may be so 

gradual that it Is not recojdood by the I djvjdual. of.  f . 

acted at an early  stage. any a 000a morbidity  to this 
loge, may be attributed to a wide variety of diseases. 

The amwt of III health among persons subjected to air 

pollution for long periods of time may very well be 

oijflcant1y greater than the amount of ill..bealth 
among persona Living in areas which are relatively free 
from atmospheric contamination without attracting any 
particular attention. It is only when the more sudden 
outbreak of morbidity aocuro that attention is dram to 

the possible ono ct n of illboalth and air pollution. 

Contaminants may find their usy into man' o 

body through mouth, by Ingestion; throwh the .long#  by 

halation; and through the elm by absorption. Disease 

of the akin itself can be be caused by a wide variety of 

pollutants* In addition to these categories, . contaminants 

16 



may enter the body in other ways and produce harmful 

effects. out of these, the effect duo to inhalation 

WIll be partiCu1rly dealt at the skin absorption is o 

socondai importance to inimlation. 

2.1.2. Classification: 

In order to study the effects of a .rctntaml 

nants on mman beings, they may be classified according 

to their physical state, their chemical composition, 

or their physiological action, prom physiological point 

of view the division can be made as follortrs I 

A, Part ,ca to Natter, 

It n y be subdiv dod into the fo io-rring grouper 

r,itantel Irritating dusts are these  2iob usual y 

produce only local reaotione. Here the concentration 

factor is of fargreater of ifica nce than the durst on 

of exposure. Some of irritant dusts are caustics, lime, 

pi,oric acid, amrnoniani picrato, soap pider and cereals, 

i 	uic dusts= Unlike irritating dusts, tonic dusts 

produce remotee effects which are usually syetomi.a poi,. 

coning* They are c ouly' absorbed Into the blood stream 

through the lungs, digestive tract, or skin and harm 

particular organs. A dust may be both irritating and 

t ozio. 

Among the toxic dusts, lead occupies the first 

17 



place in poisoning offset *  The effect of lead poisoning 

doponde upon the chemical form of the lead and on the 

amount absorbed. Some lead compounds are more toxic 

than othoro.. 

manganese dust aloe creates poisoning which 

results in a slow chronic disease,. - 	.. . 

Arsenio dust is equal.ly poisonous and in some 

cases it has caused lung cancer. The other toxic dusts 

are mercury, zinc, cadmium, phosphorous and -certain 

dyestuff, intermediates. 

add .tion to the above toxic duets, the 

present day atomic energy has Introduced a new potent isI 

hazard to public health. The hazard is quite large 

and to due to air borne, radioactive dusts; The danger 

to h au's health due to radioactive dust is thousands 

of times as great as the danger from ncmrnradioativo 

elements with of course a few exceptions. In some cases, 

radioactive dust has caused lung cancer. 

iii,.  'ibrosiaproducin Dus is Pros silica and abaat os 

dusts are kno n as fibrosis-producing duets. They affect 

the lung and result In the production of fibrous tissue 

or scar tissuo. Those diseases are callod eilioosie 

and aabestosie reapoctjve r They are not very severe 

but further progress of the disease may develop tuber-

ctiloeia which may finally result in death` 

iEI 



Bat silica in its combined form (silicates) is harmless 
except in few cases, 

Asbestosis affects the lung similar to sill 

coaje b ,t it differs in dtaraatercharacter and distribution. The 

further development of the disease to tuberculosis is 

.essa the . case of asbestosis than silicosis. A number 
of cases have indicated that asbestos acts as a contra- 

btztory factor in lung cmcor. 

iv, InortThxs: The word 'inert' indicates that this 

type of dust neither produces fibroustissue In the lunge 
nor Wises systemic poisoning. Th© inert dust may .con. 

stet of materials like coal, mar lb , em©ry and other 
form matters. Although the duet is Inert,, yet it 
may have as adverse effect on well being of the indt» 
vidual. The Inert dust has a capacity to interefere 

with sunlight, thus minimizing the baceter iostitic and 
bacteriocidal effect of the sun's rays and further 1 .. 

creasing the Chance cf air borne respiratory Infection. 

Moreover, when Inhaled along with fihrouais producing 

dusts, it creates a disease known as #mixed dust fibrosis'. 

v. Aliergy ..dua3nR Da 	s This type of dust only 
affects thooe people who are particularly susceptible. 
They may rault in . diseases such as hay fever or asthma. 

lergy producing duets Include pof.en, certain kinds 

of wood dust and cotton dust, feather dust, and :ool. 

13 
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"gip `s ° = oducing Substances: These are usually fumes 
'lSAM Il 1IA A/1 i1~ 

of ma es1mt and zinc oxide which produce metal one fever 

on ishaiation. The met afumo may also occur due to ezpo tare  

to other metals such as copper, cadmium,  manganese; &cn and 

Be Gaseous Substances (Gases and Vapours) 

They may be subdivided into four general groups: 

a*, As„ xiaate: The asplyxiants do not affect the lungs 

directly but creates ixtedexran a i ith the oxidation of 

the tissues. This group can be subdivided into elmplo 

and ohemieal asphyxiants. 

Simple asphyxiant a are physiologically inert 

gases and affect only xihon present in high concentrations 

by producing an atmosphere deficient in oxygen. They 

may cause the dilution of the atmospheric oxy n# to 
certain extent that it may result in the death of the 

person exposed; zaplos of simple aapbyxiaute are nitrogen 

carbondiox de, hydrogen, helium methane, ethane # propane, 

and butane. They use aophrzia in eenloaod spaces. 

'ohs chemical , asphyziants oven in low conce ' 
traticna creates interferencewith normal oxygenation 

of the tissues through their chemical action. Examples 
are carborimonoxide ,cyanide and its compounds. Acute 

cyanide poisoning is quick and death occurs in a very 
short period. 



b. ;Irritants: Irritants aro those gases and vapours 

Thich are corrosive in their ac=tion. They are responsible 

for the inf3.amatiori of the skin, eyes or respriratory 

tract, In causing Inflammation., concentration of the 

irritant plays a more important part than duration of 

exposure, 

Irritants affecting chiefly the -upper reap,.. 
ratory tact are ammonia, sulphur dioxide, aldehydes, 

hydrogen chloride, hydrogen fluoride, ethylene oxide 

and sulphur trioxido. 

Irritants affecting both the upper respirator' 

tract and lung tissues are bromine, chlorine, chlorine 

oxides, fluorine, iodine, ozone, aulibur chlorides, 

phosphorous trichioride,. and phosphorous pentachioride . 

Gsitante affecting main3y the terminal respi.. 

ratory passages and air sacs are apsonic trichioride, 

nitrogen dioxide and nitrogen totraoxide, and phosgene, 

In confined space., these gases may build upto a lethal 

concentration which may findl ,y result in death. 

c. I orCar~ic an prganometa .3.j •c Gases: The inorganic 

and organometaUio gases are those -vrhich contain marc ,ry 

phosphorous, lead, arsenics etc., suoh as diethylsrelno, 

tetraethyl lead, nickel carbonyl, hydrogen arsenide, 

mercury and phosphorous. Those gases give rise to 

poisoning, 
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d. Volatile drugns. This Group acts as simple anesthesia 

and dogs not create any serious systemic effect. I& 

2.1.3. T'tazimum 110 le CQncerttration, 

An average mAn can . et and a certain amount 

of contoivation, Laboratory research, field studies 

and industrial experience have helped in the oatabliali.» 

ment of maximum safe concentration limits. These Units 

are 1 ao' n as maxims allowable concentration (mao) and 

represent the amount of the contaminant to which the 

average worker may be exposed for 8 hours daily without 

significant harmful effects. It is to be borne In mind 

that these safe limits are not fixed values but may vary 

from individual to individual. 

In general, the concentration of gaseous con-

tamivants is expressed as part A c ' c ontaminr nt per million 

parts of air by volume (ppm) • But when the contaminan-t 

is dispersed in the atmosphere in solid or lie i±d form 

such as mist, duet, or fume, its concentration is expo- 

seed in milligrams of the contaminant per cubic meter 

of the air (m tmm3) or in millions of particles per cubic 

foot of air (app cf) . Appendix & gives a list of maximum 

allotiablo conce rations for some of the contaminants, 

2.2. ON LIVESTOCK 

like human beings, air contaminants also cr r to 

deleterious effects on livestock. 3ut the mechanism by 
rhich an animal gets affected is different from that of 

9-2 



,.buman beings, In case of ivostock, the poisoning results 

from eating forage which has become contaminated with 

airborne oxi* substances: 'hus the hazard  hazartt is due to 

ingestion of contaminated forao rather than nhaling 

tho polluted airs 

Air cntamlnauts may be harmful to the livestock 

in two ways„ They i either directly contaminate the 

forages or vegetation in their toxic form or may be first 

absorbed and then react t o form toxic materials, The 

former is a usual case ubilo there is no example for 

the trath of the lattor, 

The air c tam eAts which are generally res+- 

ponsib3.e for poisoning in livestock, , cre arsenic, fluorine, 

and lead. Among these pollutants, fluorine Is the cost 

l azdous cage. 

„ , l s . Arsenic boiSQij r z 	It eras found to be very Coimnon 
rrr .rw.s3~ii..r. rMrrr..irw..~.w 

in - areas around, copper me..to pe and resulted in considerable 

livestock ,lasses. An acute. arsenic poison g also occurs 

ibon arsenic in the form of arsenic triozido or lead. 

arsonate is used in some insecticides. But this Is of 

much smaller dogroe as comparod to that resulting from 

industrial processes. The arsenic poisoning may create 

uneasiness and the anima. may. become oxhaustod. and finally 

collapse. 

23 



24 

b. P1uorine Poieoningt 
nn IrA I~r/ nrlr/lu YOrfI1n11~wplY ~nY 'I~rli'i.141111Y, 

F3. orino is novar present in 

its elemental state but is arrays in the form of jImpurit tea, 

the dispersion of which may result in fluorine poisoning 

in live stock cornonly known as ' f uoros ls'. The extent 

of the Injury caused by fluor its to the livestock depends 

on, the f uoride level maintained in forage over an extended 

period of tins. Fluorine toXicosis in livestock may result 

in dental :t' .uor siso it also attacks the bones of the 

body, retards the o ith and finally r.:sulta in general 

III h3alth of the animal 

o. lead Poisoning; Lead is a cumulative poison and may 

finally result in death.. 

2, . 3I~ PEAT T Si 

Air contamination alto causes injury to vc 

tat ion. Infact a contaminated atmosphere may Injure plant 

life more than animal life, The damage may be caused by 

a small number of contaminants present in relat ivo 1O ?7 

concentration. The main contaminants responsible for 

plant contamination are sulphur dioxide, hydrogen halides, 

and halogens (particularly hydrogen fluoride) , smog gases 

and organic compounds (aldebydps, ketones, organic acids 

and chlorinated compounds)_. in enclosed places like 

greenhouses, ethylene, 1ydrogGn<,yanide and mercury vapour 

have caused in jury to vegetation. There are other conta 

minant such as hydrogen sulphide, nitrogen oxides, Sonia 



and carbon monoxide vh .ch are usually not present in 
h 

hi/conntrat ions s as to be harmful to plant life. 

Plant speclesa are identified by patterno of leaves and 

flo were and by their 	o, 	}z habits. Under normal cam- 

ditions, they develop certain 1 no n characteristics but 

irben they got contaminated due to air pollutants,, they 

develop certain symptoms on the loaves or f3.ouera vhi©h 

reflects to, ards the contaminante re,sponBible for It. 
Effocta of some of the c onism#nents on plants are doalt 

separately as bo o-i ; 

a.  S l 	d.1ojides  Acute eulphur dioxide injury to 

vegetation ror utt© In the killing of sharply defined 

marginal or intorvo a3. areas of the leaf, hicb subse. 
quontly dries up and usually bleach to an ivory colour. 
This, houavor, does not lead to the collapso of the loaf. 

The long a ant hued exposure of the sulphur dioxide leads 
to the build up of the sulphate contont and at length 
the leaf is shed. Different ape dos of plants and the 
some plant V?ovm. in different environments vary in thdAr 

susceptibility ty to sulphur deride. 

b ydzj 	3- u 	t Short exposure of low concentration 

hydrogen fluoride to vegetation usually rooults in ,mdse 

veinal and marginal acute markings. T ho various plants 
affected by hydrogen fluoride are those of pines, conifers, 

rye,, oats, barley, wheat prune, peach, at c. In some 

?5 
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as 
aces suchLfri4t fees, there resilta an a tens . re sb .. 

dding of the in jured leaves. in addition to hydrogen 
flior .do, there are other ,fluoride compounds such as 

silican tetrafl ride tiiøh ie in no way less than 
hydrogen fluoride as an Injurious contaminant to vegetation. 

eCe ,' ..an8 1ua j 1g nta 

I. ChlorinI .I a .ago to vegetation by chlorine is gene. 
rally rare. Infact, chlorine is more toxic to vegeta-
tion and results Inn marginal and nntorvonial injury. 

It damages vegetation like peach, btzokirheat, beams etc. 

ii. Zvdrogen hlori : - Irdrogen Chloride is a xfxicietiy 
loss toxic to vegotat on than sulplmr dioxide. The gas is 
absorbed by the vegetation and roeults in the build~-up of 
chloride on the loavos. The threshold concentration is 
about 100 ppm for a for hours fumigat ion.. 

,ii. Jo ZidosL Nitric o idol ui jury creates 
bro rm margins and black spots on the loaves. it affects 
grain plants and conifer. The damaging effect aocurs 

4 at about 25 ppm concentration. 

iv. Ammonia. 	onia is a gas of Intermediate toxicity. 
But the chat actorist io Injury due to nanonia differs 

from the previously described gases. Practically all 
parts of the leaf are affected rather than any particular 

region. After a long exposure the leafs loses Its colour 



he cone bro n upon drying. 

v. .. 	,. e irdrogon Suiphide is loan toxic to 

leaf tiesue than other gases. Plant damage due t© hydrogen 

eulphide occurs generally dh to accidents which increases 

its ooncentratiou in the a-tmopphero. The main dif orence 

betvtoen injury caused by hydrogen sulphide and sulphur 

dioxide is that hydrogen. sulphide 3njuMe thea yongeot 

lea es rather than the middle aged or older leaves. The 

plants most +aanaitivo to hydrogen sulphide Injury are 

cosmos, radish, poppy,  etc. 

vi. Ett y1an0 It causes injury to the braves even In small 

amounts. It may retard the gz,oititb of the plant and may 

result in tha shedding of the leaves. The most sensitive 

vogetationn are sweet peas, tomatoes and buckwheat. 

vii.. 8nog 	og also causes Injury to leaves of certain 

vogetation. The degree of plant injury depends not only 

upon the quantity of contaminants which contribute to 

smog formation but also upon meteorological fact ors. The 

smog injury may be either duo to gases (smog gas) or due 

t o deposition of og droplets on the leaves. The loaf 

lesions duo smog gas appear as a so.. called f silver leaf' 

on the undor surface of the leaves of many plants such as 

boats, spinach, alfalfa, and many other plants. If the 

smog is severe, the injury may result in the total collapse 

of certain areas. The other type of injury on plant loaves 
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,enough acids alone ddth some tox4oants* This z . mats 
 poti.typo of lesions,* This leaf sport ijury occurs 

in alfalfa, spinach and other plants,, 

2 * 4 * Cpl' STRUCTURES: 

The offecto of air cmtaminants an buildings 

are apparent in resident iai as rroU as in industrial 
yes. It results in the discolourot .tin► and disf$ roment 

of he bu .ldi gs, Sulphur dioxide loads to the developxiiont 
of decay In limestone and other bui3.d n materials contain. 

g carbonates. It also induces dew in the not bouring 
materials tihiah are not directly exposed to sulphur dioxide.. 
The damaging affocta are seen In the form of bliEtorin, 
and. sea . no of the sumacs.. it also contributes in 
the corrosion of some of the metals (,Iron$  steel and zinc) 

used I.n 	dlgja f 

The damage to building duo to emissions of smoke 

and fume is easily +o 	od by their poor appearance. It 

loads to the disfiguration of building by sooty deposits. 

In caco of pmts, omliit plays the most 

important part in deterioration, Air contamination makes 
it to lose its appoatance but does not affect its durability. 

This is con by the blackening of trhite load•baeo paint 
shim it •des in contact with hydrogen sulphl4o. 

C37 



The effects of air pollution on buildings 

varies with tbo cixc mat 	o,.. Some mater.i4a may be more 

cesiaiaxit then. othero. The damage to bi1dngs takes 

place in a short tnie bttt it eeldom leads to any mat 

depth.. 
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A I +5 TP3ING I4W4Q~ 

Dopen4jDg upon the type o f oontai.naut, a .r sump► 

3. g devices have been classified  if 	into two gripe ;  

Particulate matter sampling deuces and Gaseous substances 

aazapl ng dovicea. The f rmer type ;pup, bac been sub. 

divided according to the principle of collection while 

the latter group according to the methods adopted for 

contaminant evaluation In the field and laboratory. 



3.1. GFPEaAX4: 

The solution of an air poll tion problem requires 

sampling and anseie of the contour nested atmosphere,*  The aim 

of sampling is pr .mari to determine types and prop+ rttea 

of impurttiae, degree of cents minat jnn and presence or 

absence of toxic or harmful substances, The collected 

samples also provide4 quantitative Information. The ana3,y-

ale of the ccnta € me present in the samples helps in 

the developmentof remedial measures an establishment 

of base level concentrations for le iolative proposes. 	It 

also gives an idea regarc1xLg the performance of the air 

cleaning equipments and serves as a basis for future 

rofcrence. 

The determination of the atmospheric contaminant 

size and concentration requires a suitable equipment which 

may extract a reprrsentat ive sample from a ma or volume of 

air and concentrate the contaminants in such a manner 

as to permit subsequent meSuremeztt. The complete assembly 

consists of a source of vaccum a metering device for the 

measurement of the quantity of gas sampled and ono or more 

of the collection devices. The ata3yoie , of the coleoted 

material ia usually done In a laboratory. Dy proper 

combination of collection technique and analytical  proce-

dure the unite can be devised very specific for a number 

of contaminants. 
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7.2 , TYPOS 01? SACI PLI NG DL O 4S: 

$ampl$ng devices are classified Into two groups: 

3.2.1, Sampling Dovicc s for Particulate Ilatter, 

3,2.2. Sap1ing Sapling 	 devices for Gases an.d Vapours, 

3.2,1. Pert jou ;.ate Natter 	plinp and its valuat o s 

Tho sampling Instrumentsor particulate matto..r 

may be . class .fjed aceord1nc to the physical basis of opo-

ration, under the follotrtn" groups : 

•a ruritr Settling Dviceo: The principle of sottlinj 
wrM+rri.~~.r~.~.n.y i.~rirrrMr 	.~~rM rr.r.- 

technique is adopted in the following oquipaento: 

,. io 2 ,t Ggp *_ .: It is the earliest form of apparatus and 

is meant for open air ompling. It consist of a glass work 
In the form. of a bow). about 1211 in diamotor and this is oupp— 

yrtod oi a metal tripod . A 4ro screen is provided at the 
top for acne protection to the -bow?. Tho collected mate,. 

rial along with. the rain :rator goes Auto a bottle of 

approximately10 litres capacity. 

During sampling u rk the deposit gauge should be go 
located that it is CtUOJJ from any noarby object which may 
othorwjee affect the collection of particulate matter. 

After a month, the gauge is oxamined. About 500. ml of water 

is poured into tha bowl to wash the deposited matter adhered 
to the Inside surfaces of the collecting bottle* The 

co loctt d material is analysed for diosolvod Impurities 
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and urdieoolved. mattoa', The result of the analysis of 

deposited matter are usually expressed in Iona per eq. 

mile per month for a particular area. It is noted that 
the eme t of material collected by lice deposit ga a does 

not represent the ot,t 4 diocbard by tho chimmoyo In 

the area concerned, BO%ievor,, it is a useful instrument 

and Provides vM the measurements of variod typos of 

contaminants precont in the atmoophoro„ 

it. Petri Diehos: Petri diehoe are omployod for quick 

determination of the distribution of deposited matter in 

a given locality. T hey are otpo eed for a poriod of 24 to 

48 hours in a ca 	d dry athor. The dishes care placed 

usual ,y at Intervals of quartormilo to half a silo: 

To deter ins the amount of collect©d mattor, it 

is brushed cm to a tiatch giaea and traighed to cm accurac 

of 0.1 mg, . microscopic or chemical ozaminat ion of the 
coiloctod matorial may be carried out to identify a 
parttou;iar source of pollution. The results are generally 

oxprees,od as the deposits In tons per square Milo per 

month, t7ith the help of potri dish surveys, cant our lines 

of equal pollution may be 4a a on maps. 

.ii• a t~ ►# haDborx It is one of the cimplost mothod 
of eamplinG p ticu].ato matter cud is ,Idoptod for particles 

as muil . ao about I A in size. In this a volume of 

air is entrapped in a iooden clamber and the particulate 

matter is allouod to eoti to an microscope olideo, 
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Settling chambers ore a 'ailablo in different eizo o 

and shapoe. A convenient size consists of a 7aodefl box 
about 1.5 fta square aM provided with a door on one side. 
Microscope oijdea are pro idO on floor, calling and wa is 
of the box. The Chamber is placed jn the path of the 

contsminanted air at a suitable location. If the air to 
be sampled QCCUpieo a logo volume,. it Can be gently 
fanned into the box. After collecting a representative  
amount of dust laden air the chamber is , closed and is kept 
In the some position for about 16 hoe. This results in 

the removal of the particulate matter from the static 
volume oaf air az finally in its oettloment on microscope 

slidos. The slides are studied under a microBoope ad 
the size as troll as concentration are determined, 

ttling cahmbors can also be used for collecting. 
droplets on especially prepared slides which are usually 

coated frith petroleum jolly for droplet presorvatic ie. 

b 	1torat_3on 1eyices: The removal of the particulate 

matter frcn the contaminated air stream by filteration 
provides an ea q► means for sampling. The most important 
factor in filtorat Ion is the particle size. Tho d .ffezem.t 
mechanisms involved during filtoration aM thn size range 
over ihich each is most effective Is as $how in the 
Table 3.1. 
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He ch. n 	3n ~.,V'ecin gl1Gctjons of P ionite matt ar 

ieMa 

Ileoh a►ism 	 Particle diameter 
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Diffusion 
Interception. 

Inortial (impin wont) 

" leotrostatic attraction 

Sieving 

0.3 
1(depends on fiber size) 

0.5 
0.01 to 0 .o 
01 (depends on pore size) 

Prom Table 3.1. it is evident that electrostatic 

attraction, io very affective 	the removal of very small 

aerosol partIolee. Filters made of cortain plastics and 

rosins possess the property of developing auffioicn"bloctrjc 
charge, dur in, oa ling. 

A number of materials are used as filter bodies 

such as por ouzo paper *, ,roue , ceramics, . c0tt on , uool, ,glass-

clothe, packed aoeotos mate, etoi The choice of the filter 
media depends upon the size as veil as the typo of th carte 

tsninant. The following are the types of filters coinmonay  
used in air 'sampling, 

, 	er t_ It is iide) used for sampling explosive 

dusts. The paper thimble apparatus mass use of a wha tznan  

extraction thimble filled i4tb fluffed - out cotton to 

reduce olog, ng and is operated at a sampling rate of 2 cfm 
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from the change in ight of 't dried, thimble,, the duet 

concentration in the air is determined 

i .• 	arya .. lter 	Pjlters consisting of soluble 
sugar orystels can also be used for sampling duo to its 

high affinity for duct particles,, After sampling, the 

(liter Is d .ssolved in some suitable solvent and the roc,. 
.ting auepeneon of the collected partiolos ie studiOd 

microscopically or by sedimentation techniques. This 
method of sampling finds much application in mines. But it 
su oro from a draw back that most of the sugar crystals  

carry enoughcontaminants or dusts in the original form. 

±i1.NocNbrano ltersz The molecular or memb.. 
rare filters (also known by t he trade names of I1 111pore 
and ,soporofilters) are found to be quite suitable for 
air sampling. They are mado of a mixture of cellulose nit-
rate and acetate and remove particulate matter by .  screening 
action. Those 'hers are neax'1y 100 percent efficient for 
particles greeter than 0.1 micron in size. They are comma. 

orcially available as theme typos 	A Ojydrosol  aosa3r „ 

Aft (aerosol assay), AP (aerosol prote iv'e) . 'T o pore 
sizes of these filters arc as shown in the Table 3.2. 

TABS 3.9... 
Pores ze of t'lpmbrano P ltore., 

Filter type 	 App. Pox's size 1G. 

M 	 Ost 0 061' 

Ah 	 O 5 - 0-7 



particle counting and Its size distribution. aro 

determined by a light field mirroocop1c method. be 

particle counts divided by the volume of air sampled gives 
the duet couoentrat,tea,. If the dust concentration is high 

orufficiert volume of air to sampled., the filter can be 
weighed, j..n a balance and the concentration is calculated 

in terms of the wei ght per unit volume of air sampled. Care 

ssc uld be taken to avoid the moisture adsorption. 

Dust concentration can also be determined by 
photometric measurements of dust spots on t ike filter 

paper,, The dzkoning of the filter paper givo c an idea 

regardingthe concen ration of tb3 contaminant„ It is me- 

asured by the light roflactod from the deposit, 

0. , mj oment_ Dov ce_e:  A better developed form of camp 
ling device . is an iirping3r usrkizig on the principle of 

ixnpingemont. In this Instrument a dust laden air stream 

moving at high' velocity Ic a .ewod to strike a stationary 
surface plated perpendicular to the aKio of the air streams 

The sudden Yiange in the direction of flow with the nonce 

quent lose of kinetic +nerd of the contaminant separates 

the particles from the air stream,, A number of instruments 
operating on this , 	.ciple have bean d.ovii.od, The impor.  

taut ones are the Konirastor, Qien' a jet, 8prak,n cascade 
npeetor, Greenbur »: ith apparatus and midget impingor. 
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..  aw  Ken imo er This instrument was originallyvised iri 	w .r .r 

by RJvl . i ►tze and later modified,, In its modified form it 

consists of a nozzle 0.6 mm. in diameter throughh x ich the 
dust laden air is drawn and a lowed to mpingo upon a oar. 
molar collecting plate placed, at a distance of 0.5 rim. 

from the end of t nozzle. The air stream is ;Induced by 

a small valveless sppin oporatod piston gyp. he colloo. 

Ling plate is covered with a thin adhesive (glycerine  jolly) 
f j i ,which traps and retains the dust., 

On passim jj the air througi the konimetor, the 
camp obtained on the collecting plate is In form of a 

spot. Several oempleo can be taken on the same spot so 
as to estimate the average concentration.Provisions 

also made to study thirty such samples on a single plate. 

Koahooter samples can be evaluated by using a 

mi4roecopo with light field Ilumination and provided with 
a holder so as to facilitate the rotation of the collecting  
plate for counter cUfforent samples, The dust, cancentrat. 
ion is expressed in terms of million particles per cu, ft. 
of air. 	 , 

The Kon meter has a low dust collecting off joienc r 
and is unsatisfactory for hti dust concentrations. Bat 
it is oI4 sampling device and is the most compacst 
one. Base and ep ,ed of sampling and counting are the main, 

advantages of this method. 1though the countss are co . 

aiderably below those obtained with othor types  of 



pingera, stet It i quite useful in eatimating the effete 

. ene.e of duet-control methods. 

,. iel J'e .plot 	to 	This. impingement device 
eras introduced 'by Ovens a d to somevhat similarr to the 

gonimeter.  . In this insbument, the air sample (50 ml. or 

more) ie 	first draun through a moistening chamber and 

then throui a stream wed recta ulcer nozzle of 0.1 cn 
Z t.4 n, in dimension. Tho air f a .y Impinges on a 
glass cover placed in ae air tit chamber whichs pro 
ded iig a hand gip. The high velocity air owing out 
of the nozzles undergoes a pressure drop which subsopzentiy 
lovers the temperature rosult,inG in the Oondnsation of 
moisture on the dust particles. This helps in the colloos 

Lion of the particles on the cover glass whicb is not given 
any adhesive Boating as in the case ►f Zonimoter'. Later on 
the moisture goes avay leaving the duet on the cover ,sass. 

The ribbm of dust obta od on the glass cover i3 
not unif m and as such createsdifficulty' in counting. 
It possesses all the disadvantages as that of Konimeter 

in addition to varying efficiencies depending upon the 

pull on the pump plunger. Hatch and Thompson have mod :Wd 
this instrument vhiob enables to obtain sixteen samples on 
a sirnlo cover slip. 

The cover slip i i.th dust depoa3t Ie mounted with 
it o -side dogn on a microscope slide and examined od under a 
microscope faith dark field illumination. The dust c , 	- 



concentration is 3zpreosed as in case of on1aeter, 

. .. son ca.actor! This i s a better farm of 

impingement device„ in this s nmsnt ( ,g. 3.1) the 
dust laden air .passes through a number of lots of de ea. 
ing apertures, and as such the speed of air through the jets 

becomes progressively greater, This rseute in the sjmuj..t. 

oneous collection of particles by impingement on glass plates 

as x}well as their classification according to size ranges. 
The largest particles collected on the s ..s opposite the 

first jet and the smallest ones on the slide opposite the 
last jet, 

The collected material on the slide is ezaminod 
under on electron mi.oroscops. The separation of the 
particles according to varied size ranges affords facility 
In counting. Cascade impactor is more efficient that single, 
jot-.typo inotrwnont aa can be used effectively for sampling. 
of particles over a wide size range. 

iv. A o_ 4pu5 Sm 1npinger In tbjs device dusty 
afar i.s dram through a Jet'and impinged against a rotating 
drum, This .eaves black. sr grog marks on the ihite paper 

rapped round the drum. T?r ovisi can is made for the automatic 
ro cording of the ducat , Conoontratjon from the shaded inton» 
city of the dust spot. 
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V. t revn urg 	njth A garatusa It is a standard impingar 
MGM >~1Y111MI y W 	I 1 

(Pig. 3,2) and is wido33J used for dust sampling. The air 
is drain. through an orifice 23 mm. In di.aauetor at the, 

rate of I cubic foot per minute and impinged against a 
glass plate located perpendicularly at a distsrice of 

5 saw, from the orifice. The bottom of the sample flask 

air also servo as the plate. The plate is covered with 

distilleder (at least 1" in deepth) or some other 

liquid to collect dust particles on impingement{ The air 

is usually drams, with the help of an ale stricall r driven 

air pump, 

The device is an efficient one for sampling 

all air borne duet above 0.7,&t in diameter, Iotrevor,  , 
by arranging o impingor flasks ixi series,, the particles 

which are generally belo i 0.S' Ax in size, can also be 
sampled,; 

. 	The sample collected, in the impinger flask Is 

fluted with sampling  medium (die, it .ed inter or some 
ether . i uid) depending upon the size of the sample $ the 

duEt t ncentraton and the method of count;. After 

proper agitation o;' the impinger flask,, sufficient samplo 

is transferred into a clean aedzjck-Rater call for coup. 

ting the particles under a microscope 4th light field 

illumination. A micropro joctor can also be used for both 
counts and particle size determinations. 
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V`.  4reenbt rg - J cIb A aratuo: It is a standard impingor 

(Wig., '3.2) and is sddo3 used for duet samples. The air 

is dram. though an or Tice 23 mm. In diameter at the 

rate of I cubic foot per minute and Impinged against a 

glass plate located perpndicularl3 at a distance of 

5 Mm. from the or .fice. The bottom of the sample flask 

may also serve as the plate. The plate is covered ith 

distilled meter (at least 1" in de'epth) or some other 

liquidto collect Oust particles on impingement, The air 

to ueuaUy d r`a!n ulth the help of an ole trieally driven 

air gip. 

_ The device to on efficient one for sampling 

all air borne duct above t .7 A in diameter, Rotovor, 
by arranging two impingor flasks In series, the particles 

which are genora y below O.5' ,4i In SiZS , can also bo 
soled. 

The sample coliectod in the impinger flask i.e 

diluted with sampling mod3 im (dist .lei water or some 

other liquid) depending upon the sj.zo of the a nple, the 

dust concentration and the method of oount ,ng. der 

proper agitation of the Impinger flask*  sufficient somp3.o 

is transferred into a clean sec g. oak-Rater cell for coun.+ 

tom,, the particles under a microscope with light field 

Illumination. A micropro joctor can also be used for both 

counts and particle size determinations. 
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vi. The l-Ild t,~ p 	it is similar to the cenburg.. 

3nith standard Impinger.. In place of electrically driven 

pump • it is provided, with a hand operated pump. By hand 

cranking the air Is 4rawn through an orifice of I mm. in 

diameter at the rate of 2,8 litres per minute. The  

camp . ,g and the counting are done In the some manner as 
the standard p ez'. I fidget i.mpinger is quite 

efficient in sampling the dust particles rangig in size 
fr. 0.7 to 10,j i . It can also be used for sampling 
fl mmablo dust for uhicsh standard impinger cannot be used. 

d.L. .Tberma,.-Pry ci itat ©x . vices vicpst Thermal prei4pitatore  

are more eflioient than the I,mpactora, especially' in the 

collection of partle.3oo le$3 than l ft 	in size. The 

oporati, principle off' thin Instrument tics first pointed 
out by A3.tkdn in 18'73, The particulate sampling in done 
by tang advantage of the presence  of patticlee.►:' res 
atmosphere aruud a hot surface. When the duet laden 	;. 

air is passed between a heated wire and adjacent coated. 

g ss plates, the f a particles that are repelled tram the 

hot wire , collect on the glass plates according to size 

In the direction of air travel. The thermal , roeipitator 
appears to precipitate all tho fine particles, but it sh.. 
ould be operated at loin air flc rates. These flow ratos 
can be Increased by replacing the wire by a flat ribbon. 
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Green and Matson devised a thermal precipitator 
(?ig. 3,3.) for the collection of industrial dust eamplea. In 

this the dustyr air is dz'an b -Bator displacement through a 

slot 0.051 x 0,95 =0 in cross section at about 0.7xnl./miuute. 

A micbrrxxe wire of 0,025 c . in diameter in . cater oontraUy 

in the slot,. 'Thisvivo is boater electrically to a temperature 

e f 100°C. The walls. of th© e t are formed kf 3/4" cover Qlipo 

backed by brass blocks for cooling. t passing the air boti en 

the hot wire and the cool surface of tb coyer glass, the cus. 

ponded duet part idea axe deposited upon the cover slips, 
The particle .  +Counting of the deposited tntter Is done under 

a microscope. To facilitate particle aoUnting,., skin 

provided the plates pitch an oscillating mechanism y that the 
part idles are spread over a lergor area 4th more uniform 

distribution, A further lmprovcmoixt Is attains by rotating  

the collection plate. ''hv rmal precipitators are a cost '1OO5 

e 'ficient for all dust par. isles ranging in size trom0.2 ..20.3,4. 
e, Elect 	t a P±pt4ion 	i000s 	L+ o roetat,ic 

precipitation is a very efficient method for collecting. 

all -types of small particulate matter, Both alternating  

( ) enc duct current (DO) preoipitatoru have been w ad 

as air sampling devIoes. They are more advantageous over 

the other sampling devices In that the air flow rates are  

high enough. which result in the rapid collection of the 

weighable material. To facilitate accurate weighing, the 

weIght of the collecting electrode is usually kept loll. 
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The particulate collection unit of tre proeipitator 

consists of electrically grounded cello cuing surfaces or 

I electrodes in the shape of pipes or plates and 't1 th rgod 

electrode in the form of giro or rod is located at the 

contra of the pipe ox' mIdTtay betvoen the grounded plates. 

The charged electrode 	keptinsulated from the collecting 

electrode as ;weU as tho shell of the ingulator is conneotod 

to the source of high voltage current: The voltage used 

ranges :troz 8000 to 30,000 volts, On passing the dust 
laden air through the collect ,on unit, the pc rtir#ioa got 

charged and under the influon o, of the existing olectroat. 

aatis fiel4, thei are driven in a direction perpendicular 

to the air motes, a .d are precipitated to the collecting 

surfaces. A mjobalancG t ay be used to igh the collecting 

electrode before and, after sampling so as to determine 

d .rectiy the treitxht of the dust co '"~ ted. The weight of 

the deposit can also be determined 'fir u3i $ng a small 

beaker ( 1 3 ml) Into which the collected material has boon 

transfo ed by rapping  or some other device. 

Slectrootatic sampler usually handles contaminated 

air or gas stream upto 1200 dog. P. he presence of moisture 

does not affect the col:Lection. efficiency. The precipitator 

should be operated such #hat the rolatonehip of tube dia«. 

motor # airflow and voltage must be within certain limits 
in order to approach the maximum efficiency of 100 peroeAt. 

This device Xe suitable for sampling fumes# smokes, or 

other suspended matter with a particle size below 3/4"' /a 

in diameter. It Is, however,, not suitable for sampling in 
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The particulate collection unit of the precipitator 

consists, of electrically coundod colic cting Surfaces or 

electrodes In the shape of pipes or plates and thn charged 

electrode in the form of iire or rod is located o$ the 
Centre of the pipe or midway bet! en the c*utded plates, 

The charged electrode 	kept insulated from the collect ing  
electrode asell as the oholl. of the ingulator is connected 
to the source of high voltage current. The voltage used 

ranges from 8000 to 30,000 volts, On passing the dust 
laden air through the collection unit, the pox tic loe got 
charged ani under the influence, of the existing olectroat.. 
at is f io 4, thei are drives in a direction perpendicular + 

to the air motes. and are precipitated on the collecting 
surfaces. A miorobaian co may be used to i,oigh the collecting 

electrode before and after sampling so as to determine 

directly the weight of the dust collected. The tioight of 
the deposit can aioo be 4etorm ned ,y' .4~8 a small 

beaker 110 ml) into which the collected material has been 
trs ef`orrod by rapping ox' some oth©r device. 

S .eotrootattc sampler usually handles contaminated 
air or gas stream upto 1200 dog. P, The presence of moisture 
does not affect the collection efficiency. The prooipitater 
should be operated such that the relationship of tube dia- 
motor * airflow and voltage must be within certain lmits, 
in order to ap roach the maximum efficiency of 100 poreeAt. 
This device is suitable for sampling fumes, smokes, or 
other suspended matter with a particle size below 3/4" /u. 
in diameter, It is, homvor,  , not suitable for sampling In 



flammable atmospheres, 

3,2.2 	m 	and alu!t io.n 	es 	ups: 

A. othods r' 	uant1ttivoieaii1ke 	t P 3.d3 
4 	 Inteza$y Q4orad jtjonz fort 
oZ the gases and V pours in the air may be detected and 
estimated by their ebaracteristic odours and ritant 
effects; The odes can be Classified Into six classes 

3 

as tOl1ouB2 spI , fLowory, fruity, resinous (turpentine) 
foul and acorchod. Odours atro boat determined by the 
rjrst and second. inhalat jne0  Katz and Alison devised 
the o4our and Irritation scales as shown in Table 3.3 
and 3.4 

ua Xtonsitjes.  

Dees 	Intensity. 	Description: 
0 	 To odour 	To detectable odour. 
I 	 Vc17 5a2nt 	i. but p sit l 	` percept•, 

ibis odour. 

2 	Fain' 	ieak odour , roadiLy porcep4. 

tib o. 
3 	Zas y not ,ceabie' Moderate itsnsit r. 
4 	.S rong 	'ogont t  torciblo odour 
5 	Very strong 	ztenoe offe ct $, may irritate. 

LI 



Table 

Irritant ale Jasai i itat o an 	+ rr t ;to 

Degree 	Intensity 	Description. 

0. 	No Irritation Not detectable., 
Faint 	Just peroaptibie,not painful. 
Moderate 	i4oderate irritation, mid-trot' 

bet seen I and 3. 

3. 	Strong 	Discomforting$  painful, but 
may be endured, 

4, 	Intolerable 	.Exceedingly painful, cannot 
be endured voluntary. 

Although the odour and irritation method of 
evaluating expr surds is very useful, yet it suffers fr= 

some limitations. It does not offer any record, Moreover 

the sensitivity of the sense of smell varies from lad. 

vi4ual to Individual, and the sense fatigues rapidly. Ao 

this method ivea only a rough estimation regarding the 
concontrat ,an of gaseous contominsata. 

be  4crtah .e Ra ,d Indlcat3 	v ce 	These devices 
are not epecifjc. But they are quite ad ntageous due to 

their portability and immediate availability of results, 

it I, err,,, feromo s 	The most 'tidoly used p1 rsical instrument 
is the 50 cm. portable gas intortercmoter, This instrument 
accurately measures minute changes In rofractivity due to 
the presence of gaaoous contaminatte In the air stream. The 
comparison is usually made with dry air from vhcb carbon.. 
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dioxide is re oved ana the dry lir Is me,3ntained O. the 

eamO temperature and pressure as that of the contaminated 

air. The instrument mar be 0a34brate.d. against knoern 00nC3-. 
tr atlon of gaseous contaminant in the airwithin. the r ga 

for which it .10 to be employed, 1t may also be ,ca braced 

for absolute refractivitycoo (refractivity factor) . 

Not the instrument scale reading can be dire otly ccmvorted 

to concentration value t r urging unit refractivity change 

due to the presence of gaoeoue contrminante 
terforometer reading z refractivity factor 

(of instrument) 
OVapour in a 

Unit r0 acttvity cion (of vapour) 4 

It • i8 to be noted that the refractivity of a mixture of 

apcur is the sum of th refractivitios of ti compcnents. 

As such interteromety method is more specific if the sue• 

pig air contains a single ,riot w o mtaminont: , 

A. pl r a .e +Qr~ t a~ 	Stu 

 

For the determination of 
A IAA 	I MR AY~I AIYA~A ~AIYI h~ II IA~A~yI 

0arbon.a.l.oaidc, Ozygon, nitrogen, metre and some other 

combust blee, including carbon aandx de in hi4i concentr . 

at one,, 	et • ,has absorption device is o convenient means 

of oetimation It consists of a 100 m. a buret and four 

ppots. 'be firót three pipote contain sodium 'droxido, 

aJaline pyro llato, sM acid cuprone chloride s olut ion 

for the O o tion of oarborAd d xide,* oxygen and oarbo 

monozl4o respootive2y.. The fourth pipet . Is a elOU OOmbe- 

Lion pipet f r burning comfit ible gases. The va3=0 of 

the absorbed gas is readdirectly by noting the increase 

in the meter level of moatrnriitg tube. The limit of eccura W 
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Is 0.2 to 0.3 percent. The chief application of this 
device is in the € nalysis of the atmopahoro In mines. 

Ui. 	 Do ti+ g s _ These devices are meant for 

Elamflible , aaoe and vapouro. The e taminated air is 

drams across a plMjnum filament rhich is heat ,  d by a dry 

cell. This filament Forms one am of a heatatoe bridge 
and is balanced against another heated filament in an 
in'yt atmosphere before it is used for contaminant evalua 

tion. On  draving the sample air across the hot filament, 
any combustible gas present is burned catalytically. This 
Increases the tooperaturo of the filament and consequently 

results It at inoreaso in rooictanoo to tb flow of eloc 
trinity;  The increase in roajotanco is proportional to the 
amount of flammable gases or vapours In th3 sample air an d 
the concentration is directly Rpasurod-,  bar meter: Theca 
►strumant o are very use 	in evaluating fire and explosion  

'Dsnzene indicator' and 'Carbon ma iutide 3 ,dicat' 
are the examples of combustion devices, All the combustion 

devices should be chocked periodically against known mjztures 
of the vapour to be analyzed. 

V. U tao1ot 8orpne 	In the so devices, 
ultraviolet absorption is w ad for the evaluation of mercury 

vapors, triohlorootizylono and some other vapou o. xn the 
device for measuring trichlorostbylone, light 09 a famed 
uavolongtb in the ultraviolet range io passed through an 

absorption cell date a cell sensitive to ultraviolet lid. 
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When an air seinpie free of dust and containing vapours 

having an opacity to 3: ,;fit of this wave length is passed 

through the cell,, the depletion of tzniesion is mews r. 

red and this is proportional to th concentration of the 

vapour pre sent, 

e. 	a pct 	d. data VIedipis 	Some of the gaseous 

contaminazt a maa be eo locted in a liquid medium contained 

In sc rt2bbere Or imp ngere, The volume of the 	sampled 

air which brings a change In the colour of the liquid med- 

ium, Is measured. The colour change ,s used to estimate 

the concentration of 	gaseous contaminant. inmoni.a, 

bydrgon sulphide, sulphur dioxide, bydxogen cyanide, acid 

gases# etc., can be determined, by this method. This method 

of concentration determination is quite aewrratew The 

ac curaj usually depends upon gas sampled and the off I« 

cienc r of the s bber. 

d. 	b i. 	an 	box'.. Thilb6 ec 	~evo iaes: 

These devices such as I13A bydrgon sulphide detector, arc. 

mat i.e k ydro rbou detector nd P. 8, (PaUado- 1phito) 

Carbon monoxide detector are used for quick and app rox ate 

doterresat ion of gaseous contaminants . Sample air Is dram 

tthrough 
the 	els 

u 	Sranflhiu 	by bend pump or rubber aspirating 

	

Abulb, The 	 prognated In different compounds are used 

depending Upon the type of contaminant to be determined, 

The presence of the gaseous cntarninnt in the sample air 

changes the colour of the get. Ths change In the colour o» t 
el the 	is used for quantitativa osti mat ion, by matching 
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ittb, standard colour cards. The length of the ooloure t 

o1umn or the volumo of a plo air necessary to produce a 

desired colour may bo used for the determination of gasooufl  

contaminant . The vo1imo . of air sampled is measured by the 

number t of piston otrokko. The gels pre6nated in dj `erent 

compounds are used dopend.ing upon th© type of ca tom ,nant 

to be determined. 

D, N thodtiRo1R Labor at 	.fin s is 

a. 	ejdrocarbona Cqmbuotiion AppratueSeveral 

devices have ben used for the combustion of halogonated 

I rdrooarbon . vapours in the atmosphere. In the combustion 

tubs iothod, the contaminated air is pao®ed through a 

boated ' bo co3srtae.n;g a plr .tom f il. The product of 

combustion are co].locted in a suitablo flask and the 

concentration is determined by titration in the laboratory. 

In the modified combustion method knoun as the sulphur lemp 

method,, some suitable media is used for ocxibbing the 

vapour from the air and this may be then harried in the -

lamps. ho combustion methods are generally used for 

the determination of chloride, bromides, iodide, organ,ie 

halo no end acid halogens. As organic halogens cannot be 

differentiated from aojd halogens their concentrations 

o=n be doter ,nod by itering out the acid halogens. 

bi 
r
A
'Md rr go  iwrirrri 

jar , um t~Qight: This method is 
applicable 

 

 to gaaos and vapours of high molecular iioight 

and moderate toxicity. The usual adsorbent is cm activated 

charcoal or relics, gal placed in a wofgh.iug tube which is 
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provided frith a ti.1.ter on either aide of the a .00rbent.. The 

filter prooeding the adsorbent is meant for 'the removal 

of o rbond,l ide and water vapour from the air sampled. The 

filter failo ing the adooxbant ie used to collect carbon 

dioxide and water which may be bat ir the adsorbent as tae 

air Is passed over It. ' he contaminated air is dram through 

the adsorbent at a constant ratio and after a suitable .a 3e 

collected the tube with its contents is ieighod, The 

difference the wed of the tube before and after 
aamplin:; gives the concentration of the gaseous contaminant, ,; 

m 
this aeorbtionAooUecta an Integrated sample and is more 
applicable to gases of high concentration hich reduced 

the sampling period. 

c, 	oratpneJoitr . ami~'aturoj Most of tio lrapoura 
may be concentrated by condensation on passing the air 

through a +rzhomber immersed in a .or' temperature bath. The 

air Is paeeeA at a e3QU rate so ae to rest it in Gffoctivo 

condensation and eliminate any loss of the condensed material. 

The Common refrigeratnts used for maintaining ion tomperat.. 

uro are ice, solid carbon dioxide# liquid nitrogen or liquid 

oxygen, he equipment employed for sampling depends upon 

material being collected, the quantity, and the precision 

required. Moreover the equipment should be so designed that 

choking of the passage with ice or solid contaminant pond. 
eneed from the air js avoided. The concentration of the 
vapour may be determined either by reigbin or moa ring 
the volume of the condensed material, 
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d. oliection 	Absar t n 	atipn. f gJa.baZ~t 
ir sI t The collecting device may be a scrubber or im 

pingpr and the co eetlug medium may be granulated silica 
gel or a lic td of to volat t3j.t r, The ec,tamjnnt is 
her adsorbed or absoxboa. In some cases, it may be retained 
by chemical. read ton. The collected sample is brought to 
the . bor'atcr y whore It .i, exalted by various means such 
as colorimetrie, volumetric, poi aspic, or spectrographic 

.analyses. 

0. fl 2 rxm4, 

• no4L. 	The infrared cpeatzaneter is a red- 
lativoij neii tool and is used for the evaluation of o anic 

matter In the air : It is qutte acetwate and. is adopted 

for control purposes ter for standardization. In this 
method absorption of anoray by almost all aromatic subatan~. 

,coo j the infrared region is used for both gaalitativo azd  
quantitative ana3yate. 

The apparatus consists of a heat sourr , a Priem 
to isolate the desired energy region, a cell for placing 

a suitable thiciess of material, for analysts in the path 

of the radiation,, and a d000tor for moaeurind the radiation. 

The .seaus contaminant is collected either by freortug 

or by i baorption technique. A cobinat.lan of these two 

teC i( es may also be used to provide sufficient matter 

for infrared analysis. It in to be borne In mind that 

the absorption ]4 1d used should have no interfering 
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absorptjon bands In the a i if icant range of t1 contaminant 

to be analysed. The absorption of oner, r in the infrared 

region is proportional to the concentration of absorbent 

In the solution. 

2 • Ul , of 	voral organic coivonto, oapo- 

oiaily in the aromat4.c aeries, have chaxraoterisitc absorp-
tion patterns In the ultraviolet region of the spectrum. 

be pattern is used o recognize the solvent while its 

capacity at opedific wave length is used to estimate tho 

concentration,, The sample is collected as in the case 

of infrared analysis. 

Si  Z,ight Abøpi"ptjor 	Visible light opootromotry 

is similar to infrared and ultraviolet spoctromotry. Flit 

there are very fern compounds which giv,: distinctive abo . 

sorption patterns in light spoctrometry. 

f.  t g Ch cc a# 	This method is particularly suited 

to a complex mixture iwherd the componetts may be separated 

without any chemical change. Instruments are used to f5rao. 

t ionate vapours and measure their thermal conduct vitiec. 

The measurement of the thermal conductivity of the vapour 

is related to its concentration. The paints, thinners end 

other volatile .00lvontu are determined by thic method: 
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C C14S7~ ERA' O~'.5 	1 C 	. oINAIQN  

Before adopting air contamination  contorni.xution control methods 
a number of factors such ae pint boat±on, topograp Y, 

met + ologr, characteristics of contaminants, legal 
re qu remento , no ighbour hood requirements and soon any have  

been canoidered, 
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The decision to apply  available methods of air -. 

cleaning to control air +contamination,. depends upon a number 

of f actors come of them ar3 

4.1. INWSTR ,4 	ANT. LOG AT ION 	ZOVIrat *. 

In determining the location of an Industrial plants 

the factor of air contamination due to its operation should 

be taken into account along 't lth the otb r factors ' J'hich 

may be nocosery for the running of the pleat. If  it is to 

be located near On agricultural area, proper consideration 

should be ivort to possible damage to the vegetation due to. 

the re.ldasod contain naAts, This will help in determining 

the level to iihich the contaminant evoluticia should be 

controlled. The rn gligenc of this impo 	t factor has 

proved to be an expensive error for many largo past under-

takings. It is usually easier and lose expensive to avail 

of the control methods at the .nitial(desieA)Otago than aa' 

a later stage uhan the plant is constructed and put to 

oporat ion; 

than a new plant is to be located in an already 

industrialized areas  a preliminary s'urvoy of the existing 

levels of contaminants is es.,outial. This provides with 

an idea regarding the extent to which the contaminants ca n 

be added fro the nov sourcea without producing harmful aff-

ects. Fran in cases vihero the area under consideration 

gets polluted due to eontammats from ov.toido oourcos, the 

air pollution survey .ia helpful in relation 'tQ the contamine.. 



tion level. 

4. 2.  T 0RgGRAPH i 

It is an Important factor from plant location as 

e11 as air contomination point of vier. The ability of the 

atmosphere to disperse contaminants depends markedly upon 

local topographical features, Emioeion. from plants located 

at land xrator bouadrios, In undulating; or hilly terrain, 

in valleys and in to cat ion e of various othor types present 

different problem In air contominat ion control. 2t4 Mø 

The ideal topograp1 r is a comparatively level terrain 

in * re in i boro the avera wind velocity is of the ordor 

of 10 mph or morel and urhera doep tompor: Lure inversions are 

a rare occurring. But even in eases of level land$  some 

microfeaturos as the character of the surface affect the 

local vex'tjc l distribution of temperature as -well as the 

wind. 

in case of plants situated in coastal ar3aa, 

a ,r circulation between the sea and land is an Important 

feature in dispersion of the contaminants. In day time, 

there is on-shore braze which to reversed during night, 

and becomes the land breeze. The land breeze blobs toil rda 

mater and thus helps in dispersal of the contaminants which 

may otherwise get accumu .'It©d said result In higher ,oaten. 

tration level. 

•jib 
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Valley sites require serious considerations than 

level or undulating terrain, ape cially rhen the average 

grind velocity is less than 10 mph. In fact, valley is a 

poor site for largo industrial pinto. The contaminants 

disch gsd from industrial operations get trapped below 

he level of the surrounding ills. The condition becomes 

much gorse C,f the plcit  is surrounded ' y a relatively narrow 

valley with mountalno rising fa1r),y steep on either side. 

During the day time, the solar heat results in an upward 

br©t*zo along the slopea uh .le at nidnt , a mountain bso ze 

elopes dorm resulting in the accumulation of pollutants 

above the vslloy floor. 

Recent wind tumel. toots have indicatod that the 

height and 	o f the surroundin buildings causes a 

change in the wind pattern ern which may subs o quont 3,y affect 

the contaminGt disporaion. once this factor should also 

be taken in account. 

4, 3. 

 

1-1Er Q, .OLO : 

Th© dispersal of a contaminant in the atmosphere 

may occur either near tha a source or at d .stances away 

from the s.oixrct , The ifinterological variables governing 

the behaviour of a contaminant near the source are u1d 

direction, wind speed and wind. turbulence. Wind direction 

indicates the general aria into which the contaminant will 

move. The cimtaminant concentration down -iiud from a 

source varies inversely as the wind speed. the rate of 
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difr'ucion depondo upon the dooros of turbulence which depends 

upon throo main factors, viz, the speed of the wand, the,  n ,. 

ture of t2) ourfaco over which the air stream moves and 

the rate at which th temperature of an air mass fa ,.s with 

increasing; altitudo. Mi uneven ou faos or any obstruction 

ii .l increase the turbulence in. the ound layers of the 

air. 

Mr stability is also a meterological factor cont.- 

ribut tn,,*, to air pollution. .he concentration of air conta-
m5.nirnt is directly related to the stability of the atmos. 
pliers. Differences In air stability depends majxij on the 
rate at %rbich the temperature falls u±th incroaeing altitude. 

When a stable air mass is forced to rise, it tends to sin3 
back towards its original . level in due courac. ouevor, If 

the unstable air is lifted up it boon cy s up higher and higher 

with much turbulent motion. The stacks A, B, 0 , and ? (' ig. 
4.1) illustrate the discharge of smoke lumoo, in relation 

to air stability and turbulence. Ch oy "A" shows smoke a ni. 

ttod in stable air. Undor sued. existing condition, the smoke 

finds difficulty In rising up and spreads out more noar2y 

borixontal in a consolidated plume which diffuses s10 i 

as it moves do u nd r .th little turbulent ptjj. 

Chimney 3 indicates the emission in a markod3$r stable air 
in which case the p3iine fails to rise much abovo the 

stack and begins to oink tot?ards ground level, Chimney C 
shorrs rapid Dztolco diffusion In an unstable air mares. 



0 

X C 

FIG. 4.1 
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Under the condition, the smoke is billowing in all diroc.. 

tions especially upwards,, in confused turbulent eddies. 

luhinnaey D shows smoke emitted under calm conditions,. but 

with light turbulent diffusion. 

Tompordt`►are inversion is another factor which 

add to air contamination. then the air temperature Ino-

roase with increase of altitude,, the normal lapse rate is 

invor od, and an inveroion of temperature occurs. 6uch 

a condition usually exi$to Just above the { ound surface 

but may also occur much above it. .Omissions within Inver.. 

alone got trapped within the air leers and result in high 

concentrations of impurities. i hie may intercept with 

the day light. 

4.4. CMA tACTJ RI 1` C S O1' C4TANINANTS To B 	ITT D: 

A perfect knowledgeregarding the typo and amounts 

of contaminants to be emit cad from a now installation Is 

essential, it is necess.izy to know the particle size andthe 

physical properties. of the cootamin ts. Particulate contz 

minants are to be treated differently than gaseous emissicros 

causing nuisances. It Is also necessary to know whether the 

contaminant a, after bo Ong released a ;lomerate, flocculate 

or react with other pollutants to form substances which 

may havo enitirely different characteristics. The toxicity 

of each contaminant to In emitted should be known so that 

it may be controlled to a loyal which may a` of create-- any 
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deleterious effect on people, animals or vegetation in 

the mounding areas. Sampling techniques may be used to 
determine the contaminant characteristics. 

4.5.  LEGAL A. + R EI S 

Local codas may impose restrictions on stack 

dust loading and emission +c ncentrationo that make stack 

an cleaning mandatory., 

4.6.  B OHBO HOOD Bi-IQIBIu1BiT St.  

Those establish the do oo cf cleaning necessary 

beyond specific local re ij.romonts. In the neighbourhoods 

not previously subjected to industrial emiso ions, a role,- 

tivoly h er de'oo of cleaning viii be required for main-

taininGood co unity relations than uouid be roquired 

in an area ad;jacont to on Industrial complex. future 

growth In industry and population should also be taken into 

account • 

4.7.  . O1u 1IC Ct 11SIID, ..t .12 S: 

ziconMV in air contemination control is a basic 

one because Industry can be penalized for its operations. 

An economic evaluation of an air pollution problem 3s to 

obtain a solution which can be pursued irithout exceesiva 

cost and under conditions without any intorferenc3 vith 

exist 1ng operations. 

The most important apzronch is the recovery 

of a by-product which has some market value or may be 
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eonsunied in t be process itecif, But in cases where the 

Ve product Is ieiifjant in offsetting the cost of the 

control equ , aent , it in still used simply on the basis of 

promoting 	ernunity relay .ono. Also if the cost of  
the control eouinont is huger 	relation to the operation 
cost that it cannot be oconanically operat . fpr a lon ger 
period, a less exeneii7e but still effective method is 

.ii-be deed. 
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Air Cmtarn1nat oar near a source can be bent con. 
' rofled '1V its abolitionn and substitutian of nontoxic 
materials. The control can also be exercised by sego«• 
gation of the process,;  wetting tb contcuthicSita or 
exhaust venti .t. n system. among these the last type 

is dealt n details*  

•. 1. Oz. 



T2ethode for the control of c(mt amjnant exposure 

are divided Into the 1olloring groupn; 

5,1. . 	LIT`IQ. ' O ` T E SOU 	 1I~JAt.iON: 

ridontiy, the simplest and the most offoctive 

approach to control an industrial toxic hazard Is to 

substitute non-toxic materials for toxic materials. If 

this is not possible, the basic process may be modified 

to elJ nivato the product ,on of conteminanto. Sometimes 

it may be impossible to attain tho troatmont at the source 

xtrithout olimlnatintj the entire process. Although this is 

the perfect control.mothod, fret its application is ofton 

r3otricted due to the coot Involved and impracticability., 

But therethis typo of control is practical, it should be 

preferred to other mothodo. Examples of substitution of 

lose toxic materials are the substitution of stool chat© 

for sand In abrasive biacting; artificial abrasive grind. 

ing and polish] trhaels for sand stone wheels; and none. 

ilica parting compounds for siliceous compounds in found. 

arios Examples of the procoo; chngo Include controlling 

the tomperaturo cnd speed of chemical r actions so as to 

decrease the rato of mist, gas or vapour formation;and 

changing from manual batch charging to machino and. hopper 

charging. 
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5.2. ,SLGR§2AT o1T DP 	A tDOD'S RQCSSSSS: 

In this method of control the dangerous operation 
may be Isolated, from other oper'at iono, In such cases, s, oar 
fear workers engaged, vil . be exposed to the hazard and they 

may be protected by respirators: This typo of control 

Method finds application especially in explosive industries. 

5.3 tø1 	B DS $ 

The use of orator or othor liquids to prevent the 

escape of dust into the atmosphere is a very old method 

of ccm ro113n dust hazard. The dust control is done by 

dirocting the liquid aproy at the dusty operation or by 

handljn; material. In a vottod state. Jhon properly appl .od, 
It yields good results. The effect ,voneos of tret methods 

deponds upon Trott ins the dust as you as proper disposal 

of dust- ],adore liquid. 

Because of the advantaos of simplicity sad cheap-

nods wet method of conl,rol has become quite attractive. It 

is used as an of`foctjvo dust control in rook drilling, 

blasting crushing, screening,, materials transfer, foundry 

shake out # ccro knockout, a n.d abrasive blaotin&, It is also 

used as an oncillazy to other preventive methods. 

5.4. GEW 4I VE iTIZ4 IO : 

5.4.1. Gnor+ 

General ventilation implies that the air is supplied 



or removed from a moral area, epaoo, room or building. 

It Is of two types , natural vontilst ion and 0rtiticial 
ventilation, t1hon the air exchange is , used by natural 

phenomenon, it is called natural ventilat on and if it Is 

produced by some iochaniea3. moano It is knoim as urtificial 
or mechanical ventilation. In generate„ ventilattion,the at«. 

mospboria oonteaination is controlled not by of inating 
or reducing the amount of contaminant produced but by 

diluting the con oentr qt ion of the contaminant in the air 
by mixing with relat holy clean air. Ronne it is also 

called dilution ventilation. It is used as an auxiliary 

line of defense to other control methods. 

D2lutjon ventilation is wall suited to the control 
of re .ativ3r nom-toxic materials eapooial],y when they are 

liboratod in small amounto in close proximity to any worker. 

It is the only practical method of controlling solvent era• 
pours which are lose toxic than many dust and fumoo and 
are usually released at low rates, 

5.4,2. General Ventilation Specifications. 

General vantilation rates can bo specified in terms 

of air ctia,grosj hr; , minutes/air change; air f'erf sq. ft. of 

floor; air volume on , per capita basis; or air volume 

required to dilute known or predictable concontraatione 
of contaminants to safe or acceptable level. The first 
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two ways of expressing general ventilation rates aro in 

usual practice. 'ahoy are based on the aeumption of uniform 



Typo of room or b ziid: 
and Industrial. 
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, air distribution thzyouut the rp o.: But such an ideal 
~.istrxt2on Is rarely accomplished: Table 5.1. gives 

air changes rates for Some of the operations. 

TLE ,.x-5,11 
AIR CAGES 	ELI 101 C EM 	tiILATI4 

Auditoriums; aasomb3 r hails 	4 	30 

1terios 	 10 	60 

Boiler rocmo p ongino rooms 	4 	60 

I?oundtio o, ferrous 	 4 	30 
'oundxrioo , noa.forroue 	6 	60 
Eosp it als , ordinary 	 2 	15 
Laboratories, chemical 	 6 	30 
fates hops 	 3 	20 

In case of lack of knowlodgo regardin! 
s,o cific equipment 	per capita requirements, it is 

easier to estimate ventilation rates on the basis of 

the amount of f3sox' area dovotsd to knom kinds of 

activity,, ' ablo 5,2k given a feu oxnploa. 
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" ABLE 

GSWERA, OR SPACE V1.III1ATION RATZS BASED ON PI0OR 1UA 

Ventilation/ eq. ft. of 
0 . f:mr 

'hype of room, B4id jug, or 

	

I 	 General industrial buildings 
ham no localized sources 
of : ritating or explooivo air 
contaminants. 	1 

	

2 	 Batt or r char g3 ng ro ona.. 

	

50 	 Anclosure or booths for are 
°4 in. 

	

100 	 Rooms for abrasive blasting 
or metal epifaying (suppliod. 
air helmets roqu ,red for orkere.) 

5.4.3. Vo1umo of AIE Needed. 

I zio ing the rate of solvent consumption and its 

maximum alloxioble eoncontrat ion in the atmosphere y the 

mnimu quantity of air %rhich may dilute the contaminated 

air bet Teen the souks s1 the breathing zone of the iorker, 

may be computod as follows s. 

0.81 2 0b a 1 
Q 	

we 
	 (I) 

Where 
Q 	= Vent hat ion rate in cubic foot/minute, 

a 	= Rate of solvent consumption in lbs/hr. 

Vt 	= tmm molecular weight of the solvent, 

taxes allowable concentration of the solvent (ppm) 

To eneure complete dilution of t b solvent vapour 
before reaching the breathing zone of the triorker, It is 

usual practice to provide higher ventilation r at o than the  

standard doponding upon the faotore such as circalation 
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rata, d stance cad worker from source from source of ,vapour, 

importance of e4 lose and " hh number of t ortors affooted. 

In .case of dusts or Leo#  the required rainy von. 

ti ton may 'emilar1y be computed as follors 

Q 	s 1#  ` z s 	 } 
C 

1 ere Q and . S are as given in equation 1 . 
and 0 	TImo, of the contaminant in milligrams  par cubic 

meter  

Bait general ventilation is asrely satisfactory in case 
of dust or fume control, oviuC to their hi, .h rate of pro-
duction and relatively hi& toxicity. It is largoly limited 

to gaseous contaminants (gases 	vapours) # Qzoopt 

M=007, 

5.4, 4. iI& Air. 

° The c u cati1 of air needed to replace that miicb has 

been ezbauetod, to knom as "Ifl&oa.up arc' In case of very 
small systems handling only a small volume of air per min. 
it is usual practice to ignore makowup air vhioh may other 

yrlee find its tray in by simple leakage. But in some 
cases it creates a  problem by interfering with the general, 

wont flat ±on of a roan and txrin,ing a marked temperature 

drop, especial .,y in cold days. In order to supply a certain 

volume of make-up air for a room, the folloiring factors 

should be given consideration : 



I.. 	1ako- up air should be gamed to the roc temperature 

before it .e supplied, 

ii. Draughts ebould be avoiced by providing air inlets 

of adequate size . Baffles may be used to prevent air 

streams directly otrj.kjng the ajork«e. 

iii. to avoid udo load on ethauat sans, adequate air inlets 

should be provided. 

in case of handling non toxic materials some of 

the exhzuiEite4 air.. my be recirculated through proper filter. 

ing arrangenonts. 

5.4. fia 	 4aqoaral Ventilations 

The general ventilation system has following 

disadvantages : 

t. 	Tho vamtilation plant may not be able to scavenge 

all parts of the rooms, resulting in the build up. of high 

local con centrat ion. . 

g o 	The maximum ail+ ttablo c ,contratiou figures  are 
correct only ,- on the basis of unifoxm air distribution and 

in the light of existing knowledge whichh is imperfegot, 

3. 	The workers near to a source of contamination may 

be exposed to appreciably hiSer concentrations than the 

average for the vhoio room.  

4f 	General ventilation  ilat 	system makes the room a largo 

settlin, chamber for any dusts, fumes, or mists suspended 

in the air,  the concentrations of which may be within safe 
11mito, Thia is true in ease of pl to manufacturing or 



'Using highly flammable metal dusts hich are soon deposited 

On inaccessible machinery. surfaeos 
5. 	It is impossible to recover all the C ntaminonts 
that has escaped into the room atmosphere;  

ingpito of t1n abov3 diaadv tagee:  Gonoral v 
ti .ation is still used in many industries due to follocring 
roams; (1) Simplicity o d a cony ny of natural gonoza3. ven 

t ilat ion; (ii) relatively low first coot of m2 ahanical. ono'. 
ral ventilation; (iii) aboc nco of intorferonco with nann 

facturing operations; (.v) flexibility in plants with cons» 
tant ,y changes layo xt e; (v) nx,ietonce of contaminating  
procodsaa throughout the entire plant; (vi) Desire for largo 
volumes of air circa.lation In hot oathor; (vii) Discovery 
that local exhaust systems do not eliminate the necessity 
of supplying large  volumes of heated air in the cold days 

to that eocapin; from the loosely constructed buildings 
by. extfiltert ion. This Volume of air chango may be more 
than sufficient to control process air contamina is by 

the method of dilution, if means are provided to diap+ zoo 
contaminata from the immediate  vicinity of the irorkera. 

515. M 14 ►'4IIL,.'M„  

5.5.1. 	1' era 

This method of contaninant ion control is employed 
In oases whore the contamination sources are more or lees 

specific or local, It is especially suitable when the types 
and concentrations of air contaminants aminants Prom a single procoss 
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vary from time to tjo, 	js probably tho most important 

single method of preventing industrial atmospheric pollution. 

in fact , there is no line of diet ct ion be tureen 

general and local 'ventilation when applied to 3ndu vial 

processes. local exhaust ventilation results in some degree 

Of gOnoral ventilation in the boundrry zone botiieon the room 

and the process. The air inlet may be so located that the 

air traversing towards the exhaust hood, pa0000 over the 

largest possible suxro ctding areas  thereby contributing 

its fall share of general ventilation. 

The basic purpose of local exhaust ventilation is 

to collect the contaminated air in a concentrated form and 

convoy It prevent i.cally through the ducts to an air cleaning 
plant. Thus it prevents the dispersion of contaminants 

into the surrounding atxno spI ro in harmful proportions. The 

exhaust air aDtor being freed from its contomina to may 

either be discharged to the outside atmosphere or subjected 

to recirculation irithin the orkp1ace. A local exhaust 

system is made up of four major parts; exhaust hood, gip.. 

jug system, air cleaning plant  and source of auction. 

5.5.2. Conteminont Diooersi n: 

Pa ticuiate matter released duo to certain opera.. 

t ions may be dispersed in the air by virtue of its on 

kinetic energy. Most of the large size particles eott le 
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rapidly in relatively still air and are of minor importance 

in connection w th any serious hazard. Thzt'4eooeopic 
particles are dispersed only 1r017 little, distance by their 
own kinetic enorr and are dispersed by means of aiZeurrents. 

In ease of gases and vapour€3, the dispersion is duo to di£: » 

union, density difference erence and air movement, .AmonG these 

factors aix movement is of prime importance. The following 
are the con on sources of air motion responsible for dust 

dispersion around the marohjnas i 

j. Forces resulting from the operation or process itself 
such as yaz action of a rotating idioel. 

ii: porce a incidental to the oporat ion of the machine or 

process, such as vibration of machinery and air blast 

'rc c a bad3,'y' placed exhaust port, on a pneumatic tool; 

li, Drag of air by large particles thro n off at consider.. 

able velocity from their aourcoa, such as particles 

throe off during grinding operation croatea an air 
current uhich carries the tine particles,. 

iv, fisoallaneous external forces, such as open doors and 

i ,ndoua, inlet supply ports, oonvoction cuXentr3, moves 

mont of nearbyvorkora and macbinezy. 

In order to control the dispersion of contaminants 
duo to air motion,, the fore a responsible should either 

be destroyed or controlled such that the contomizian#.a are 

brought under the influence of the local exhaust hood - fro 

crhero the can be carried wviay from the vrork place. 
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5.t,3a B LeO 	dent ns 	000d Desi 

Rood. is  the most critical part of an exhaust 

ventilation system, its function Is to onclooe the oource 

of contamination as C plete.iy as possible and to create 

an aiX flog aattern in the zone of duet-- den air of such 

ma .a.itude end direction so as to be able to capture the 

contaminated air and &troct. it into the local exh=Ot system. 

The effectiveness of a hood depends upon its shape g  locat ion, 

the connecting duct. and the oxhrue tor, Hood dosing requires 

the consideration of foUowina points. 

. to l  at t o 'roCOo or QratjoL  float of the opera-

`ions or processes differ Greatly from each other , This 

ono 000sitatos individual study Co as to provide satisfactory 

control systom. fhiie sumo oporationo result in dispersion 

of dust at high velocity either in come particular direction 

are in all directions, there are other operations which release 

dust With ne,, 1±gtblo velocity« In soma cases, the air d s. 

tirbauos may  be due to presence of nearby u2ndous or rapid ' 

moving machinery *ile in other opera ions, there may be 

no such air disturbance. In acme operations, the specific 

gravity of the released contaminant Is to be given oenside-

ration, chile in other oases, temperature difference may be 

of prime importance in air motion, 

2„ Le oct ion of tUn 	Qipture ' oloitv: The minimum capture 

velocity is the air velocity vh ch must be created by the 

local exhaust hood at the point of release of the contaminants 
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or ui{thin the 	Zan O GO: ae to capture a large 

percentage of 'bhe contaminants to prevent their concentra-

tion exceeding the maximum alterable 1 n1t I. the oux'round g 

atmosphere. Actual vl0city in t r specific case is to be 

estimated rich consideration of local conditions such ao 

drafts,. traffic disturbances, convoctionm currcnto, me chani-. 
cad, motic o, oto, , around the ventilated proceso. In such 
estimates, oxperienco and judgement of tho dos ser are of 

great value, purtbor rocoarch to reveal rational gays are 
still a gaited. 

In case of aaU hoods dellUng rt7ith for qu.ntitiea 

of air floss, the capture velocity remains effective only for 

a short distance or depth. Uonco proper selection of contr3l 
velocity Is very important for successful operation of 

omsU hoods. But in cane of large ho ode h, d.i g lar ,ro qua = 

titles of air florti, such as used In foundries shakeout typo 

rations, pickling,. spray, painting, etc., the effective depth 

of capture velocity is quite large and ao such capture volo.. 

city is of minor consideration. In such cases general von.. 
'nation ploys a more Important role than local exhaust effect, 
Therefore, largo exhaust hoods is ,rk satisfactorily even vith 
less amount of air than estimated theoretically (dealt. later) 
Table 5.3 serves an a guide of minimum control velocities 
for different conditions of generation of the contaminants. 
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T ABLB. . 

TIi,n mum control jIp oitiee. 
(ijin nu air velocities recommended. for tho capture of 

ducts# uiOs, smoked, mists, gases, and vapoure released 

at various types of oper ctions). 

Conditions of Genoration, 11j 1mum Examples of processes "aspersion, or Release oZ contral 	and operations. 
contaminant 	 velocity 

in f• am• I 

Released with no 	 Evaporation or escape of 
significant volocity ix,. 100 	vapours, gases, or fmoa 
to relatively quiot air 	 from open vossels, dam.. 

easing, pishling, prating. 
2. Released with to r ml,. 10Q 2{0 Faint spraying In booths 

tial'volocity into mode- 	 intoa m.ittcnt dumping of 
ratoly quiet air., 	 duet into hopper$ 'uelding, 

. Released rrith conojder- 
sble velocity or into 	200--500 
zone of rapid air move.. 
mento 

4. Released with high voioo. 
ity or Into zone of 	500 or 
very rapid air movement, a'lo'e. 

Doroo spray' painting in 
small booths and with 
high pro asuro ,, rotating 
mixers,, active barrel 
or container filth , 
loading conveyors. 
Orindin , abrasive 
blasting, heavy crush. 
ing, 

'or actual determination of minimum,m capture velo-
city It is advisable to con duct expo riments rith ful 1. 
scale model hoods,, This operation is carried. out in a place 
t~hich is .isolated from other sources of contamination and 
the volume of air is determined on the basis of allowable 
contaminant  con ce ntrat i n In the atmosphere. 
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3. Stu 	f kuiient cmd 	tho 

. „eratio 	The dea ►er ;should have full knotrledie regard. 

ing t1 location of various sources of contamination other 

than that for uhjch the exhaust ventilation is In question. 

He should collect data regarding the qroa of the contomin.. 

ant release, the movements of the workora, and other inter.. 

ferencee. Be may then doajpi hood of required capture ve-

locity t ith minimum pooeib],o air flou and -with least inter-
forenco in normal oxocution of rork. 

4. ®©c n ref the beat ipô of Hood: : After studying the 

proc000 or operation and that of the equipment or atructuro 
surrounding the operation, the type of hood roquired can 

be doterminod. The volo city pattern In front of the hood. 

(do.,it lator) should also be conoidered during hood selection. 

After Bolo ct in j the type of hood, it is located so 

as to enclose the proc000. It this is not possible,, it 

should be placed as close as possible to the source of 

+con-amination ouch that it d000 not interfere iiitb the nog. 

mal execution of Cork, In cases irhoro contaminants nts are 
throim off at high velocity, the hood should be to oats d in 

that particular direction • Baffles and Flangee o gan be used$ 

to reduce the air flag from ineffective areas and direct the 
contaminant a towards the hood. 

-5. Dotorrninat ion of Air vo umo to bo hauQ o s With the 

help of Table 5.3, and equations dealt under "Air 12lo~r 

vorOUG hood shape", the required quantity of exhaust air 
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to capture the oontamina to may be determined. 

6. Dev+ to m t 9o4 ha o and 2 z: Fran the information 

gathered fro ► previous steps, it is possible to develop 

approiUmato hood shape and size. It is better if the hoods 

are .made streamlined tdthout abrupt velocity and direction 

changes as this results in considerable savings of poor 

consumption. 

5.5.4.  Air 1 o r Versus.I (jh : 

Hoods may be divided. Into four major groups% 

a. 2nclooing loads, b. Roetangulc3r or Round Hoods o. Slot 

hoods, d Canopy Hoods. 

a.  8ns3,.+trsroG odes  The original c ncoption of enclosing 

hood cones from the laboratory tuberc it is recognised as a staz►•. 

dard devjco to prevent air Oor1 aminat ion due to the process 

going inside it. nnoloouro of the process offers a high degree 

of protection. It cutr out the Inoffoot.lveoroas and results 

in minimum air disturbance due to outside air currents, To 

prevent any leakage to outside atmosphere, the enclosure 

is usually hold under aUig ht ne at eve pressure. 

Because of the simple r eoiga, high efficiency and 

positive action,, enclosing hood finds ride applications to 

industrial processes.. It is used in cases where the process 

results in the ovolutl,cn of very highly toxic materials such 
as radioactive substances.,. Boryllium, llet ,rl bromido eta. 

In cucib oases as plight air contamination is unacceptable, 
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Spacial arrarg ements should be used to ensure 100 per cont 
t3ncloouro. Tho(a are other procossos which  r3quiro their 

manipulation from outside. I such cases, the degree of 

manipulation determines the extezt of the enclosure thick 

is maintained around the process. Glove boxes aro one 

example of this type of enclosures, They o provided rith 

permanent attachment of rubber , lovoo for convenient In..

cortion of bmdsW Ot.hor oxamploo of enclosing hoodo are 

aprag..paint booths, abrasive blastinG cabinets, 0rindor 

hoods and shako out hoods. 

The quantity of air to be ozhauoted through the 

opening in the enclosing ho oil may be determined by the 

f of ouin g equation: 

Q 	AV 	 (3) 
i1hore Q -Quantity of air in cu. ft. /min. 

A - The total nraa in sq, ft, of the opc ,ingo Into 

the hood. 

V 	he nimum Capture velocity in feet per minute 

(Table 5.3. used as o .ido) , 

If V and. A era knoorn . Q can be obtained diroct 

from Piaura 5.1. 

b. Ao ct Mauul r Round k sods:  ?ho a© are the most inefficient 
MIbY/Y 11 yMb Y 

typo of hoods as in most of their applications a iod pero n- 

tago of air moving t shards the hoods does n t pace t hrou 1 

the zone of contamination. They are used for operations, 

such as welding; stone surfacing, do .draft in table tops 
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for degreas ing t  cleaning and cementing; drilling; and 

material transfer. 

J o  have the concept ion of floir characteristics 

(volocit.y contours) infront of rectangular or round exhaust 
hoods,, consider a floe to'{iards a point source of auction. 
In such 6 case, the velocity contours are spherical surfaces 

(Fig. 5.2). each baviu its centre at the suction point. 
ojxinG air velocity of distance x from the auction point, 

the total quantity of air is ivon by the equation: 

Q -V 	 (4) 
t°Ihere Q 	Air entering the point source of suction In 

cu. ft. /nln. 
A 	Surface area in Sq. ft. of a sphere of radius 

xfit. 
V -- Air velocity in foot /min. at x distonco from 

the auction point. 
Since A is a Bpher cal, surface, equation 4 becomes 

V ( 12.57 2 2 But this air floe pattern 
doss not match isith those of freely suspended rectangular  

or ed exhaust hoods thick are found to flatten diz'ctiy 

infront of the hood (figures 5.3 to 5.6). 

Da.la Valle determined the fo to ring equation for 

both route and prootanguler hood openings a 

Q - V (x2/b +A) 	 (5) 
[1hore Q 	Air exhausted in Cu. ft./mjn. 

V - (''antra line air velocity In ft ./min at a distance 
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Diotenco in toot along the hood centre line from the 

face bf the hood to the pointwhere air velocity i.e 

V ft./min. 
b :t, A constant depending upon hood shape. 
A 	a of hood openlz in eq, . 

Talon b 	0.1 , the o quat ion for round or so oout  ia11y square 
hood becomes: 

Q -- v (.10 z 	+ A) 
	

(6) 

Oa taking dif foront values for cons tart b, a 

number of equation can be obtained ($oo Table $.4) . 

T 
DALLA VALLE' 8 EQUATIOI7 FOR VARIOUS PQ&IIS OF EXHAUST HOOD:. 

Shape of hood  Constant b .  Equation. 
oponincj. 

0 iroulab 	 0.083 	q V (12 z2 + a) 
Squaro 0.083 	Q V (12 n2 +a,) 
RoetangUle1, oidoo 
In foil o rang pxo. 
port ions: 

10z9 8:87881 t V 
2  + 1 a a~ 

10 n 7 0.075 Q V(13 + 
+aij 
a 

10x6 0,071 Q V(14 
102 5 0.065 Q V(15 + a) 
10z4 0.059 Q =V(17 +a 
10 x 3 0.049 Q - V(20 + a 
10 x 2 0.037 Q 	.. V(27 + a 
10 z 1 0.020 Q- V 50 x +e 

Dalla Vallo also dioeovored the principle of 

"Similarity of contours" trhiBch mo1y ho stated as follo' oa 
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a 

X 	Diotanoo in feet along the hood centre line from the 

face Of the hood to the point vhoro air' velocity Ia 

V ft.fmin. 
b 	A conetant doponding upon hood shape, 

A - 	3a of hood oponin In aq.tt. 

T akin b ^ 0.1 , the equation for r otntd or oo ont ially square 

hood becomes: 
t - V(10x + A) 

	
(6) 

fi taking different values for constant b, a 

number of equation can be obtained (Boa Table 5.4). 

TABLE rn5 i4' 
DAILA VALLE'S EQU .'ION OR 'VARIOUS PORITS OF EXHAUST HOODS. 

Shape of hood 	Constant b . 	Equation. 
openinG., 

0irculat 	 0.083 	Q V (12 	+ 
V 	

a) 
9quaro 

 

	

0.083 	Q = 	12 	+ a) 
Redann,"1et t ©idea 
In follo i ng pro. 
port lone: 

~t~ 9 8:07807 ~ V ~ +a 
10 z 

z 
7 0.075 Q 	° V(13 x +a 

10 6 0.071 Q '14 V 
V(15 

+ a) 
10 z 5 0.065 Q = + a) 
1o 4 a 009 =V'(1 +a 
10 z3 0.049 Q - 20 z + a 
10 x 2 0.037 Q 	, V 27 + a 
1011 0.020 Q-V50 +a 

Dalla Valle aloe discovered the principle of 

"Similarity of oontoure" which may be stated as follotss 



" The positions of the velocity contours for any hood when 

the cant ours are expressed in terms of the average volocity 

at the hood opening, are purely functions of the shapo of 

the hood; the contours . are identical al for similar hood shapes 

then such hoods are reduced to the same base of comparis6n." 

This principle is of groat help in hood design. Kno-vying the 

air fic-j pattern in front of small hoods, the designer can 

develop loro largosimilarly shaped hoods ubich may be tooted In 

model form., 

Although the equation 6 is true for axial velocity, 

yet it Is quite accurate for air velocity at any point in-

front of the hood. In cas4oints at relatively large distance 

from relatively small hoods, the distance z should be measu~. 

rod from the contro of the plane of the hood opening. But 

if the source is at a xlativv1y short distance fron a 

relatively large hood, the distcnco z should be mQaour©d 

pOrpondIOilar to the plane of hood oponina from a point s .t.. 

uated at a diotnn.ce greater than 2 X from hood odgo. 

On knoiing, V, z and .A, Q can be determined gra.. 

ph ,cally. 'A' and 'Z' con be used to obtain a dimonsionieos 

value l nova ac "hood  -location fu nation (''ii;. 5.7). In case 

of circular hoodo, the diamet©r 'd' in inchoo is used in, 

placo of arum 'A' from *hood location function" and V, Q is 

obtained directly from PIG. 5.8. This value of Q is in  agz- 
oemont ritb that obtained from Della Valle's equation for 

frooly suspended hoods. 



DUCT DIAMETER IN INCHES 

?o 00 0  
40.0  

~G. O 

	

28.0 	
20 

24. G18" 

	

z 20.0- 	16'• 

Z 

	

2.O- 	12 	 oat P~\~pN~ 

	

8.0 	lo" 	 Qo~c~ 

O 2.0  

0 10 

	aI 0\S~A~PS 

o S ... 

O O 

_~ r --r —T 
o a o o  
-"  

AREA OF HOOD OPENING IN Q. FT. 

FIG. 5.7 

30.0 

z 
O 2o.o 

V 
z 
Z) 

10.0 
z 
0 

5.0 
U 
0 
J 

0 1.0 
0 
0 

 

AIR VOLUME IN CUBIC FEET PER MINUTE 

FIG. 5. 8 



Lff Ic1,ency of round or aye ctanlcr hoods can be 

Improved. by using f1aes ' ibich reduce the airflo i Q by 

about 25 percent. So dafla Vaile'a .loguatjon for flanged 

ho ode becomes Q = 0.75 V' (1Q x2  + a).° 

From Balla Valle 's equation, It is evident that 

Q increases nest as the square of the distance x and 

V varies djroct1r ijth Q irrespective cif hood face velocity. 

This neo8sstatei placement of the hood close to source of 

contamination. The equation further shone that for a cons-

tent Q, V varies inversely as the hoot -location factor. 'lee 

from 1igira 5.7 and 5.8 It is found that a mall hood 

opening is bettor than a larger one. Bit this is not true 

in practice due to increased entrance hood 3ose. To keep 

dovrn entrance hood Aso, a tapered bood mcr be used bat the 

velocity pattern In front of the flanged. duct end la botto r 

than that of the tapered hood (01garo 5.9) Hence on aver.. 

all basis of design, flanged hood .s bettor. 

c. 	t Rocds: _  Slot hoods are usial1y employed for lateral 

exhaust ventilation at tanks or vessels. They are intact 

an extreme form of rectangular hoods. The heod.opening is 

relatively very long and ro1atirely very narroxr. they differ 

uido 3y from ro ct ang x ar hoods in air flow haracterietoc. 

To have a conception of air flocs pattern in front 

of a slot hood, a its source of suction of Infinite length 

is considered. This gives cylindrical velocity cunt ure 

having thjir a os on the live source of auction ('ig. 5.10) 

79 
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The quantity cf air flou In given by the oquation t 

Q 	6,28 rLV 	 (;) 
there Q =• - Kato of a r-flow in cu, /m in. 

1' 	Dietanca from source of suction to a point 

where air velo oity is V (or radius of cylinder 

in ft.). 

L = length of cylinder In feet. 

V = Air velocity in ft/mm. at a distance r feet 

ffron source of auction. 

But as Blot hoods are of finite length, the volooity contvurc 

are found to be almost flat in tho axial plane of the hood, 
oxcept of the ands (ia. 5.11) . So the general equation 

for slot hoods bocomosz 

Q 	XLUV 	 (e) 
xrhoro Q 	. as in equation ' . 

K 	constant varying botioan 1.5 to 5.0 

L 	Length of hood in feat„ 

ti = Table or tank width (ear as r in o q. 7) 

 Capture elo city in ft/ruin. 

The value of K for freely suspended hoods, at table tanks 

or table tong, and hoods provided Frith flanges at right an-

gloo to each other is about 6.28, 2,8 and 1..5 respectively. 

Know t;;. tablo or tank dinonoions, Q can be obtained 
from Figure 5.12, thich is plotted on tho basis of 100 fpm 

capture velocity. The curvo I and 2 are used for slot hoods 
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with orwithout flanges at right angles to the flat surfac . 

The curve 3 is meant for freely suspended slot hoods without 

flanges. or capture velocity other than lQ4fpm ! the value 

of q so obtained is changed proportionately, 

Slot, hoods usually present difficulty In obtaining 

uniform air flow over the entire length . this problem, 

can, bore *r, be got over by making the rear part of slot 

hood of larger croosae ional area or using an adjustable 

slot hood or by di din ; a large slot hood into number of 
sootiore . k  uide vanes may also be used to equalise airflow 

rates. 

d. Qab r oas Canopy hood is also known as updraft hood. 

It is suited in casoo whore the contaminated air Is subotan.. 

tally above room temperature and the workers seldom have 
their Sacco over the source or in liVo with the rising contaw 
minatod air. It is usually placed over tanks,, table a and 

furnaces. , it should not be employed to control highly toxic 
materials. 

Canopy hood is 0  in fact, a type of rectangular o r 

round hood but it differs snidely in the velocity pattern. 

rig, 513 3 gives the shape of a velocity contour in front 

of a typical canopy hood. he equation of air flow Is give, 
by the oqt at boa 

Q - PDv1 	 (9) 

	

tfhoro Q 	Quantity of air in CLi, ft. /min. 

	

P 	Poriixoter of Hood face in ft. 



D 	= Perpendicular distance in feet from hood Taw to top 

of tank or table. 

VI 	Average velocity through openingg betueon hood edge 

and table or tank to p. 

For the hood ahotrn In i .g. 5.13 , DaUs Vale found 

that the minims capture eralocitywas about 0.7 times, the 

avora e t e to city trhon D grog about 	or 4 ft , so the 

equation 9 becomes: 
Q -1.4PDV  

'horo V 	X1ir4mum capture velocity in ft./min. 

Q , P and D - ors as in equation 9. 

Canopy hoods do not givo a sound performance in 

usual practice. alight air disturbance chantjoa the direct-

ion .of contaminated air and it croccoo the effective depth 

ctrz of the hood. Moreover, the convaction currents create 

much lar r volume. of a r than that for z7hich the hood is 
designed to handle. 

5.5.5. Dee 	f Cal +X lau~ $ € tome 

The principle on 11hich the local exhaust systems 
are designed , is to acquir suitable capture velocities for 

v rioue hoods In the aystem and maintain the conveying v'elo- 

cities to carry the contaminants through each duct. T ho 

ttxo common design procedures are x 

Sizing the ducts on the basis of transport velobity 

and system balance, 
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B. Sizes the ducts on the basis of transport velocijy 

only and obtaining balance by  means of dampers and bast gates. 

A.  ,B 	+c d_ otem Dpoi n: _  `this method of local exhaust 
desjt is preferred to control the operations handling very 

highly toxic mater gals. The design calculation begins at 

the branch having greatost resistance and proceeds, branch 

to man, and section of main to section of main, on up to 

the source of suction. To obtain the balances system, it is 

necessary that the pressure drop in any branch must equal the 

drop incurred In that part of the system hick lies t pstroai 
of the bi nch under consideration. . This is achieved by 

suitable choice of duct sizes, olbow radii, ate, in the upM. 

stream from each ju ct ion. 

In the original design, an allovanc3 for fut a ro ox. 

pansion should be given duo considea ation so that ©n inch.. 

lion of additional machines, the ofiiciOnc r may not suffer 
due to overloading. If the future expansion is not a major 

one, an independent line may be provided from the air -w 

cleaning plant or eolf..conta ,ned systems may be used for the 

additional machines. 

Considering the total pressure (T P ) of a single 

branch duct; it is , the sum of tb  .velocity prossur3 (V P) 
and the resistance pressure (f, P) . The R p gives the energy 
loss involved in moving the air through the hood, duct and 

accessories. It is the cum of the roeiotancas suffered by 

air in the boos main duct,, different branch ducto, bends, 
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onlargenonto or contraction, air cloanin plant and at the 

entrance to the main dud-. 

The various etope inVolyed in the calculation of 
the T 2 of a branch duct are tiv determination of the folloving: 

Transport velocity.. 
.i. 	The V P 

.ii, 	Hood-entrant loec in tormo of. the V P. 

iv„ 	5tiitduct equivalent of the b nds. 
r. 	Total oquivalont loncth of otraight ducts and the 

rosista ice in tormo of the V P. 
vi. 	Other over , r locos in terms of the V P. 
vii, 	flain.duct ontranc3 loan in terms c>j he V P 

viii.. 	Kati©n of valueo obtained in the atop 2, 3, 	5,. 

6 and 7 to determine T P in tome of the V P. 

&. TranspoVóloct s 	The air velocity ro4rod to 
transport the contaAinntecont 	maInly varies with the size , and 
epecifia 6ravityof the mater .al ed porter r .th the ehapo 
of the mater 	. Dalla Valle _ obtained the .fo11o1iijng equation 
for horizontal trtmopor ationt 

V = 6000 (; 	) c 	 (ii) 
there 	V - Duct Vdioc ,ty in ft/ n. 

Specific Gravity of the contaminant, 

a 	particle diameter in. Inchon. 
From the point of viou of poaior oconny, it in ro common•• 

sod to lceop the transport velocity 4e its mini p► va2x10 for 



satisfactory conveyance of the contsAluant. Table 5.5 

l .sts the duct velocities for a variety cif contain nante. 

Table 5.5'. 

R II* E'D 3 1.1I=U rR 9P01 T Y OOITI L *r  	_ -- _ _ ^NS,r R rrrlflWlWl L C rrrlh~ 

Raw of contaminant 	 plo S 	Duct vela city. 

Vapours, G,aoca, 	Al]. vapours, gases, and 
Smokes, Fumes, and smokes; zinc and 1luminium 	2000 fpm 
vary light dust, 	oxide fumes; mood flour and 

cotton 1int, . 

L7vdium..density dry Otto , -;o ad chips, rubbor 3000 fpin 
ducts. 	 and bakolite duet.. 

Average industrial Fine cool,, brass turnings, 
dust. 	 grinding esnd blast. 	4000fpmn.. 

Ibavy duets. 	Load and foundry shake out 
duet, metal turnings. 	5000 fpm. 

Large particl©s of IIotat lead or foundry dust 	5000 fpm or 
heavy moist particles 	 over. 

Table 5.5. indicates that dissimilar contaminants 

should not ba exhausted by a sing Le system o ing to the ride. 
r different velocity suitable for each of tb contaminant 

transportation. Although a ailo exhaust ventilation syatom 

handling different typoo of contaminants is quite economical 

In installation,, yet it consumes too much poorer and hence 

8J 

not adopted. 
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ii, Ve .o e ' ' 2regsua 0 - Ths duct area Is given by the ■ r rr+yr^ 1 r r ' rMr i.rrirr~ 

equation 
A 	.Q►V 	 (2) 

ire A = Duct (rectangular or round) area in eq. . 

  Quantity of a r in Cu. tt. J min. 

V r Iinimu 	transport velocity in 	/mm. 

From A 0, the duet ditmsns are calculated, 	IA case of 
.round pipe, the duct diametor is directly given by the 
equationn 

4 	•43.5 (Q/V)
Q.S 

(3) 

Where 	Q & V 	same as in Esquatien 12 	4 = duct diameter 	in w. 

If the duct size obtained 	falls bGlav a standard 

©1 e, the next smaller .size is selected,, and tho actual 

velocity for rectangular ducts 3e determined by the equation 12 
sane 	for round ducts by the tpl .owing equations, 

V 
d 

Q and d' . 	same as in equation (W).  
V - Average duct volenity _ ire ft/m3~a r 

Av. 
Knowing the, duct 	velocity, -v bcity 	pressure is given by 

4005 

11hor© 	VP 	Velocity Pressure in Inches of eater., 

V 	Same as in equation 14. 

On knov .na quantity of exhaust air and minlmpm 

tranaport velocity., -VP onn be dir ctly obtained from Pie, 5.14 
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iii. Hood Loea j It depends upon the shape of the ho tad and 

is due to the contraction or the :r strew at the throat of 

the hood. The greater is t1 contract ion,, the lower is the 

000fflcient of entrance (c0) and øonaequontly the greater 

is the energy loss at tho entran . 'Piuroj3 5.15 to 5.26 

ahoy ao :e of the typical hood ehapoe with the oo respondin-g. 

coefficients of entry and onor r loss in tee: a of the VP 

at the throat of the hood. In case of tapered hoods, Co 

depends upon the proportions of the hoods. Table 5.6 lists 

Ce for tapered horde of different proportions with the 

Included angle ( ) or the ratio ] D .d (rig. 5.27) . 

TAP14 ~.M. 
r i r r~.rpr~r~.rlrw? 

0 ?Ep ' G` 	3 p ENTRY 	TA '. ,ED tom. $ 	SHAP-- D B00DS OP 

(D more than 1.4 d in tic. 527, i .onf :d or unflanged). 

Ifl 1U ted ttatio. 1oundi I $q. or Rectangzlar. 
en+Gle 4 L/D-d ' ' broat hroat I Throat ' ' hroat 
In do I g d ,a, day din. 

' ,g. .+~. 	. 	} 8" lose 8" & loan than 
leaser. j than 8"° large 8'~ 

o ~- 6t 0  ' 2. 8 0. 0;70 0.70 0.68 
96 0.91 0.94 .0.89 40 1.4 099 0.95 0.90 60 0.87 0.98 0.92 0.94 0.88 

990 0.50 0.95 0.90 0-91 0.85 
180 0.617 0.79 0.80 0,77 270 * 	.. 0.75 0.74 0.74 072 360 or 0 - 0.72 0.70 0070 0.68 

* Unflan od duct ands. 
1 fl , d duct ands, 
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FIG. 5.15 FIG. 5.(G FIG. 5.17 FIG.5.15 

TAPERED HOOD FLANGED TAP RED HOOD 

FIG. 5.27. 

STANDARD 
GRINDER HOOD 
Ce: 0.75 
he= Q.G5 VP. 

HOOD, AS OVER LEAD 
POT LOW FACE VELOCITY 

Ce-0•821O 0.98 
(SEE TABLE)  

PLAIN DUCT END 

Ce = 0.72 
he = 0.93 VP 

FLANGED DUCT 
END 

Ce ; 0.82 
le: 0.49 VP 

SHARP EDGED 
ORIFICE 

Ce = 0.60 
he ).78VP 

ORIFICE PLUS 
FLANGED DUCT 

he 2.3 VP 

DIRECT BRANCH-
BOOTH 
Ce = o.82 
he= 0.49 VP 

FIG. 5. 1 9 

TRAP OR SETTLING 

CHAMBER 
Ce o•G3~APPROx.) 
he 1.5 vP 

FIG- 5.20 

BOOTH PLUS ROUNDED 
ENTRANC E 
Ce! 0.97 
he : o.OG VP 

FIG. 5.2I 

Ce;0•82To0.98 
(SEE TABLE) 

FIG. 5.22. 

Ce =o.82To0.98 
(SEE TABLE) 

FIG. 5.23 

DOUBLE TAPERED 
HOOD(ONNER CONE) 
Ce = 0.70 CAPPROX) 
he; 1.04 VP 

FIG.5.24 

FIG.5.25 	 FIG.5•2G 



owing Cop tho hood entrance lose at th© throat 

the hood may be ca1cu tod by the tollo g oq .tion: 
 Co 

= 100 ( 	) 	(16) 
Ce 

tlhore ho - Hood entrance loos in percentage of VP 

Ce = Coefficient of hood entry# 

In case •o hoods of ooc plicatod shape, Co is 
dotormined by guo so cork. Ho iov r , in certain c es e, the 
corp1i cats d hood may be divided into o.dxaio hoods and from 
the Co of individuai hood tho hood loss can be determined 
for each cif them from the T able 5.7 » The sum of those 
Individual hood looeco ivoo the hood .boa for the c ploz 
hood from uhich the over.. cam, roof iciont Co can be determined 
from the srno i.abboi 5.la 

TAI#$ 4.7. 

3S3UR LOS:., AT HOOD I.IC IN P ac IàGG OP V LOCITY 
!T T . .d T Q DI 	SIV . CQRg?10IE .$ .OF BLRR ~ 

ho 	100 ( 	2 
ce 

C oeff jci©nt of 
runty. 

hood entrance 
loss in !~ of 
VP at throat, 

Coefficient  of Intry, Hoag ontrnco 
loss in w of 
VP at. throat. 

1.00 0 0.75 78 
0.95 11 0.70 904 
0.90 23 0,65 137 
0.85 3S 0.60 178 
0,80 56 0.55 230 

• 
•• 



bg 

iv. Bonds •Styr 	Dui E 	ent M The enor,y loss 

for bonds can be expressed in terms cf the length in foot 

of straight duct jch has the aorno RP. Whe RP for bonds 

varies 4th the degree of curvature and c 1th the amount 

of bond. `h© equivalent lenGt h of straight duct is given 

by the fo l otr .nt a quest ion 4, 

EDL 	 1' 2 	 (17) 
Vhero EDLh - Equivalent Lonath of straight duet in foot. 

K 	- Conotcnt uht h varies with the dogroe of 

curvature (Table 5.8 ) 
4 	= The rule of bond In degrees. 
d 	T 'the duct d ,.ameter in Inches, 

V&UES 0P K rid 	t3~►T1,4I°T 17 F 	 t]DS. OF Pi$ia1r. R.AU:I 

Centre line radius 	Value of K 
of bend In terms 	in eq. 17. 
of duct dicnetor. 

1 0,0273 
1 0.0140 
2 0,0094 
2* 0.0078 
3 0.0094 
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• v. Resjet~neo Pressure of Strpight ducts: Tho RP in a 

pipe line varies with air flog, length of pipe, pipe dame. 
tor t and coefficient of rolighaeos. In order to calculate 
the B? of a duct work ,including bands, the total duct 
length is obtained by add 	g the straight ducat length of 

a branch pipe determined upto a junction point with another 

duct to the equivalent length of straight ducts for the 

bends. the followrng equation give a the RP of straight 
ducts : 	 1,91 

	

RP 	
0.058 L Q 

(18) 
od 

Where RP -' The duct resistance pressure in inches of 
water. 

	

L 	The total length in foot of ducts including 

the etraigbb'' duct equivalent of the bends. 

4 ~= Quantity of air in cu. ft/rain. 

	

C 	'Uoofficient of ro bnoss (Table 5.9) 

d = duct diameter In inehee. 

,(s RP is usually expreaed in terms of the VP, the equation 

18 Is converted to the following form 

L - 
 

0.0365 cd. Q0 `d (19) 

Qhore L - Length in foot of duct which has an energy 

loos (RP) of I VP. 

e,d and t = same as In eq. 18. 

Knowing the duct length having an angry loco of 

1 Vp, the RP of the total duct length can be doterrain3d In 



terms of VP. 

T. BLE_.. 

t 	C T 	GUI s 	E I3 FP, ,ENT TYPES 0` R't3 T i3C t 

Typo of D-, ct work 	 Coof, of Ro' gI ,.00 

Excellent , 	oth pipes 
Average exhaust syotem of good 
do ai.&. 

Vot-too. vo U. dosigod system. 
ttith z'ou(sh cTuct o 

Old, bent,, and damaC;od duets 
(alto most flexible metal hobo) 

Although rood duct o are bet ter for exhaust systems, 
yet they era roplacod by roctan~u .ar duets in some caaoo 
In order to calculate the RP of a roc anGular duct, the 
ueua1 practice is to determine the dianetor ' of equivalent 
roudd duct and then the romainin pros aduro in calculating 
the lip of the duct work is the s 	ac for round ducts.. 

CAVAC.A 143 

The re lat icy► between the rectangular duct d v 	and 
the diameter of equivalent pips is given by the following 
equation ; 

	

d 	1.075 (v) 
	

(20) 

wrhero d -• Diameter cf equivalent round duct in Inches. 

x & 	the Thnenoione In inches of the rectangular 

duct, 

60 

55 

30 



hoso include the miscellaneous vi. Other E .er,y Looses: 
~:rwM" arr jl • - n `... rear rr •Plr~.r 

losses caused by entrance connections from branches into 

main ducts, transition pieces, chip traps, air-.cleaning 

equipments, eto, pressure los eo tbrou, h air cleaning, 

pints vary with the design of the, apparatus, 

vii . Majm..duct entrance lee 

Energy lose ocoura at a Point where a branch duct 

Onters Into the main duct, This loss depends upon the 

angle at which the branch duct enters the main. The RP 

for the main duct entrano o ]o se can be obtained from the 

Table 5.10 in tormo of VP. 

x 4LI 510. 

Angle in degrees at 	r trance lose (RP) 
which branch duct 	in percentage of VP 
ent or o main 	in the branch. 

ado .. 

10 6 
20 12 
30 18 
40 25 
50 32 
60 45, 

viii. The Total eaaure 	The Total pressure of the 

branch duct l4 the sum of ti-n individual RP a determined 

under items % 5, 6 and 7 in terms of the VP plus 1,p VP 

as found under jtom 2. $inco the TP of the branch should 

be they same as that of the main at the point of junct ion, 

the TP for the branch calculated can be used to determine 



actual V. if this is not in close approximation with that 

determined under item 2, the duct size is 	calculated to 

maintain balance In the System. 

B.  r  Tran 22rtVo o±  ity Peal : 
It is probably the most populardesign procedure 

and in relatively a eiuplo onO. Like the previous design 
proc3duro, the c ticulat ion aloo begins at the branch of 
Croatost resistance and pressure drops are ealculat.;d 

through the branch and through the various section of the 

main on upto the source of suction. At every junction 

uhero a branch pipe meats the main, the volume of air-
flow in the branch duct .a added to that of the main. 

Tho duct work is then sized to give tho dopirod mini ium 
transport valocity at the desired CPX by using equation 
1.2 or 13. Air balonco is obtained by varying the re sin. 
tonCe in any particular branch with ar ficialea*te such 
as dambera or blast gates located in the branches close to 
the main duct, This method of desj n is relatively adm'an'' 

ageous in allowing reasonable extensions, Bat in course of 

time, the dampers may be did or porn out, and may be 

choked with the particulate matter. Hance this method is 

not adopted to control operations dealing with highly 
toxic materials. 

5.5.6. ' rra ct cns for Ternperaturoe nd lovat no: 
The data in the . foregoing tables nd figural are 



based on an 4r density of 0.075 lb/ cu, :fit (700B' dry air 

'at 29.92 in, of mercury barometric pressure) . The oorroo. 
0 

tions are applied only when the temperature exceeds 100 P 

and the elevation is more than,1500 ft , To correct for high 

temperatures or elevations,, the exhaust air volume may be 

Increased bc the reciprocal of the density to keep the 

same weight of air .o ring into the hoods. 



A]R 2 ,EAU ~ D rICE$ w ~ nr ~i w 	i i r►wwr'.~wwr.+riwrrrw.~..~•~..~ . 

Be for discharging the ezhauat air Into the 

a' sphere, it is cleaned of its contaminants. Air 

cleax4ug devices for prtiU&e matter and €aeoo 
substncea have been d cussed separMate3r. inter 

respirators meant for personal protection of workers  
have been dealt. 

-to. . 
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Air clor3ning, devices remove contaminants from an 

air or gao stream before It i discharged into the atmosphere. 
This approach to t1v contam runt hazard Is a aupplemoot 
to the dilution method and can make the dilution method 
isrk to advanta8e,, These devices are available in 
different de ei ;e and are used depending upon the air- 
cleaning requirements. The ehoico depends upon a number 
of factors such as degree of removal required, gaontity and 

charaatoriatico of the contaminant to be removed, particle 
size and size distribution, temperature of the gas or air 

stream, corrosive eompcnonto in the ,has or air stream to be 

ciosned, method of diopooal of collected material, safety 
hazard4ra € nd 000naxy, 

6.2.  T" P.P8 01 IQLLAMHG D QESs 

.r cleaning devices are divided into to basic 
groups: 

6.2.1. Particulate Emision3 Cleaning Devices. 
6.2.2. C+asooua mjsiona Cleaning Dov1oa o, 

6.2.1. rtilato 	eona Clean 	v pa: 
Varjoue partioulato cleaning devices used are settling 

chrambore, centrifugal cello atera, ocrubbera, fabric collectors, 
air Tutors, electrostatic precipitatoro, and thermal preoip.. 

iitators. In these equipments, the soparatof the particles 

in the gas stream is obtained by ozorting a force on the 
partiolea. The force exerted causes the partjoloa to oottie 



on a collecting aurtace.. 2Y12000 forcee are variod such as 
Brat tatlonal, inertia:., physical, electrostatic, thermal, 

oto. The particles can also be got rid of th gas stream 
by modU ring their properties so that more effective ooU 

oction may take place, This Includes Increasing th size 
of the part clos by condensing water vapour on t hem or 

by agglomeration of fie partioleea  The ca mon tepee 

of part icalato cleaning deviase zXO the foUowing. 

A..  5ett11xg Q&. Bert  Basically, a settling Chamber je en 
unirr 

enlargement of a flue or duct carying the contaminated gas 
stream. The velocity of the gas stream is roduoed aignifi. 

qty In the comber and .conooquent3y t results in 
settling out of the particles by ravit r i ithin t} limits 
of the ahamb r, This device is used to co lect coarse pax%. 
times above 40 mierame in, size. 

' he -most ran form of a settling chamber is a 

box like structure (' « 6.10) vbi.oh 3e set horizontally. 

Zn order to minimize turbulence and ensure uniform velocity 
In to chamber, a deflector may be suspended in tY chamber. 
This also helps In th8 early settlement of particles. The 
of `iciency increases t-rith t he length of the chamber and par... 
tide size and falls with increased gas velocity. 

Settling chamber does not find much applications in 
practice as an air cleaning device. however,, in cane where 
other types of devices cannot stand up the high temperature 

Sd 
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in handling the hot dusty air, a settlingchamber may be 

used and is often foUou ed by reter .arayo shtoh aid to be 

tter cleaning and cool the air to reasonable discharge 

temperature: This ty pD of cleaning Ie used in metauurgia  
cal processes* it finds place in the manufacture of some 
food et . a and powrdor.m as a first step in product recovery.. 

It is sometimes used along with higher a icien+r collet.. 

tion units aid relieve them from overloading or ozcosa ve 

1, oar. 

B. 	 The carclone separator 

is the most didel~r need gas cleaning device and i.e usually 

considered to b affoctive for particles larger then 10 to 

20 microns in size. The s ration of tb solid particles 

from an air or gas stream i.e o octod by coat*ifzgal and 

gravity forces. The cantri . effect is obtained by 

directing the contaminated air in a path rhich 10 tangent 

to the chamber at the point dying on the periphery of the 

upper portion (circular) of the collector. The velocity 
of the air at Inlet is euff icient to force itself douiwards 
in a helical path called the outer vortex. The accelerated 

air stream forces the moving stream In its front, At the 

bott an of the outer vortex, the gas stream takes a turn and 

the clean gas is dire ed uptmrdc in 9, helical path around 

the axis of the collector known as inner vortex,, The 

centrifugal force on. t'h© particulates make them to move 

to the cyclone uallo, from vhcro they slide 4otn by gravity 

into the conical shaped bbttcnt 



The cyclone separators are divided into the following 

groups: 

.. S plo Ocicrn, : s ple + r olne (Fig. 6.2) js cainctly 

applied ao a oliminar collector for the separation of 

a large percentage of coarse particlea, It to used as a 

separator In the product convey ng systems using an air 

stream to transport material$ Principal advantages are 

low cost, low naintonanee and low pressure drop (fit" to 1*") 
but it cannot be used for the collection of fine part icles. 

ii,ikJmlmer Tarr a ckne : 	Skimmer clone (Pig. 6.3) -- 	L..~~~ ■ rir 	rr~w.rwr 

is also used to remove coarse particles but operates mo ro 

efficiently than a simple cycle. The tVc one is fitted 

wltb a'skthimer device# to assist in the Initial removal 

of a largo portion of the entrained matter in the air 

stream. 

The resistance offered by skimmer type cyclone is 

earls the same as for simple cyclone. This type of cyclone 

is not used for those matter such as material of viscous 

nature which may slog U) the sk r mer dtvios. 

.ii. H.gh fficien/5y■~~yy Cyoionoos 	As the name indicates wrLLrrrR.  

this type Ie meant for high off ioienc . it is preferred to 

the simple or skimmer type cyclones in collecting smaller 

site particles. The principle on which it operates, is 

the same as that of an ordinary cyclone, It makes use of 

an 3,ncreasing angular velocity through a c clone shaped 
coils ctor (Fig. 6.4) . 
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The momentum of the suspended solid part idea is as f 

oiont so aS to force the poxt ioloo against the lolrar 
raUs of the collector from There they ®, ,do down to cone 
bottom, 

jvi 	t L le Q 	.ectore:. Those are meant for 

efficient co .e of ion of :cal size particles and prof 
rred to the simple or skier type collectors in this 

reepeet. These are used for large 1vrioty of duet 

collection. 

Multiple yclono col .ector (Ili. 6.5) consists ' of 
a , roup of iafl. di otor gjclonoo arranced. in parallel 
rith pro~ttsion cif a coon inlet rnd outlet. Tho number of 

tubes depends upon volume of air to be handlod. Tho 

diameter of the anai1 cyclones is from 6" to 16" and the 

ratio of length to diameter is a4to largo. The separated 

dust from each cnaU cyclone finally discharges into a 
common collector hopper, 

, Xjr _T r ae % r o eg  Centrifugal forcoe can be applied 
to a particle by a rapid change in direction of air flow 

by a number of plates set at an angle to the air etreom 

(Pig. 6.6) . 'Uoarmer particles , are held back In the 
dirty air aide duo to impaction. 

Eff is lonc r of this device depends Upon 	vOZ' 

spacing. Plain advttntagoo are sii plicity# low oo3t of 

r,9 
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its construction and relatively low pressure drop for 

the degree of removal obtainod. Disadvantages are dust 

ace u3.ot ions and abrasion on the louver elements,, 

nam o ecipitatoras It operates on the some 

principle as +arc ones with the exception that the centrifugal 

force is produced. by use of an into, "al tens The blades of 

the fan are shaped, so as to dire yet tho separated dust into 

an =- rul r slot loading to the collection hopper and the 

clean as goes outi(F~ G-7) 

The chief  advantage of this separator is' that for tho 

same capacity, It genoraly occupies lose apaco than an 

equivalent c.rclono i 'huo resulting in greater compactness. 
Care should be taken to balance the rotating member to 

rniniix z© the vibrations which may otherwise tend to keep 
the particles in suspension during air *leaning operation. 

In this unit air turbulence usually interferes rith separe 

ti on of fine particles and this necessitates its adaption 

along 'rith other air cleaning davits e. It is part icalarly 

adapted for dust control installations irhero a uipaent 

space Is at a premjum., and an unusually high dust removal 

efficiency is not necessary. 

Q 	 These separators 

are usod for deposition of particulates larger than 20 

micrones in size. In these devices the dirty air or gas 

Is subjected to several violent changes in direction and / 

or vo].o©lty as it passes around an obstruction which may 



Pig. 6.7 



be in the form of a simple baffle or some complicated pattern. 

This results In the eeparat .on of the particulatoe„ 

Impingement separators are used as cinder traps 

for cleaning flue gases from stoker fired furnaces. The 

p e$ure,  loss across the unit is quite less and depen44 

upon the type of baffling, the spacing, as velocity etc. 

d. paoted Leda Dry jXpe) In packed beds ( —C -) the ..%rui.rwwrr.r 	a pia cccat 

particulate laden gas stream is passed through a bed packed 

'iith granular solids end gets rid of the undesired matter 

by impin ent. It also serves as an iapngonout ooparator. 

The packed bed mad' consist of said, granite, quartz, Coko 

or fibrous materials ouch as mineral wool and steel woos. 

The bed depth doponde upon the type of t1 packing used. 

Houcuev'or, it varies from 2 to 6 feet, 

Efficiency depends upon the fineness of the material 

particles used for the packed beds. For fine packing the 

gas velocity is between 1 to 15 ti and while for coarse 

packing, it is of the order of I to 50 fpm. In case of 

fine packing with proper gas velocity maintained., the 

efficiency may touch even 100 percent. When dealing with 

high dust concentrations, provision should be made to have 

a moving bed in order to withdraw the material for cleaning, 

time maintaining a reasonable prostmre drop az constant gas 
flow. 
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Recent dovelp r ents have indicated that packed beds 

us; ng mineral eral fibres collect acid gases, mist fumes, along 

sxith. the . solid. particulates, Acid gases are held through 

the chemical reaction with mineral fibres„ After exhaue. 

ton the bed can be recharged for further use. Still 

considerable developments are awaited for its practical. 

application, in large scale. 

U. Not Collectors _s 	she principle of a wet collector 

is to ht the Oontaminante and remove them from the air 

stream. This is accomplished by impingement of the dirty 

ajr stream against e. vetted surface or by passing the 

contaminated e, r stream i through a liquid bath or spry. 

Wet collectors have the ability to handle hi8b temperature 

az moisture laden gases„ They can be adopted for the re- 

moval of mixed contaminants such as gases and ,olide or 

]4.Q id particles. ''he collection of dust in a wetted form 

eliminates a secondary duet problem in connection with the 

disposal of the collected material,, But the use of water 

msr give r se to corrosive conditions and the disposal of the 

waste liquids my become a problem. Wet collectors located 

out of doors in Sold climates should be protected against 

freezing by suitable measures such as exhausting the air eT 

room temperature or higher. 

The resistance through most of the w©t collectors . 

with the exception of packed towers, Is constant during the 

operation provided the moisture eliminators do not cot dirty 

and plugged up. Space requirements are nominal. Pressure 
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Zoe000 xd the off irliency vary accorUreg to tho dosiri of 

the oquipment„ The foi1oc xi are the various typos of not 

collootore generate used for air oleanngs 

a. BAa emont 	It is am.i1ar to the dry Iimp go oAt 

typo except that the siurf'ao3a used for Collection of aol&4 

ratter Is wetted u ,th iator or some other 3. ,quid. and the 
•r 

deposited matter is mashed away 1y the continuous flocs of 
star through the chamber* 

b, Packed ~e _ of T;~tt ~ 	s Theao area i 	to the  

dry type ,rtth the exception that the paokinge are kept ~sot~F~l6.Sl 

In this the liquid passed concurrently or oo ( r c'wontM. 

ly or in cross f ii Vitt respect to airmovomont. These 
are genoral3y used for the abatement of hibiy corrosive 

contaminants. 

Water is froquent3,y distributed through V-notched 

ceramic or plastic votra and its oon ption ie 5 to 10 gpm 

per 1000 of& of air (70 • dog. P) dealt tih le dual G uitb 

furnace flues (16 00 deg. P) directly, brick innings are 

used. to aid the possible dabs due to high temperature, 

a. St at i.o 'I@e for end 8crubbore: 	Those are moat u :de ar 7~urlr.71 i/n1P 	rIrII1rM ll~wJrrirlbr~/IIrYgrtlr~+~rFri 

used In the industry for cleaning of air and gases. In add 
It ion to cleaning, it sItaneousl provides cooling o `-. 
oat also. water Is th© usual otting agent. In oases 

whore water fails to it the substance, some other liquid 

such as oil may replace water as the wetting agent. Th000 
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liquids dooreaso the bubble size, accentuate forthir g, 

increase ezrtrclnmont and contribute a little to the 

collection efficiency resulting in the particulate 

removal from the contaminated air or gas, 

The a .r is usually passed through one or more 

sprays of water at velocities not OZCO3din 1000 fpm. In 

another spray method, the water is ;picked up by a h1 , 

velocity air stream of about 2700 fn and .thou through a 

sudden ohaa I. direction of aix travel, the matter is 

dropped out with the entrained water. It should be noted 

th..:t the o foctivenoms of this method does not ordinarily 

depend much on the contact of the disperseide with the 

,tor droplets but with the rotted walls € nd baffles. 

Conesquent3,y in case of stra'4 ,ht,, empty flues or towers 

provided with ordinary sprays, the air cleaning is not 

of iolent partly because of the number of spray droplets 

being inadequate to meet the load, and pa ,y because of 

the particulate being surrounded , bygas tiin wh ,rh provants 

the contacts with spray droplets. Similarly more bubbling 

of the gas through a high column of liquid gill not serve 

much of the purpose unless it is wall distributed through 

out the liquid. The following are the main typos of 

scrubbers :— 



i. pray a hy-kor I it in the Simplest type of gas scrubber. 
It consists of an empty tower into hjch the water is int. 
ioduced at the top through a bank of 'ar nor zles while 
the gases are led opposite to the direction  of falling drops. 
Vie water drop to servo as targets on hick the dust 

particles collect by mpaction.., It is employed as a primary 
cleaner as well as a cooler • It * can aatisfactoriy remove 
the comae dust but with less of off icienoy. _ The gas 

locity is usually of the order of 3 to 5:'ps. 

Another type of spray ohambor ooiamon1y knoii as air- 
hor is used main r for humidity control in air cond ,-

t inning. Oide by side it aide in the air cleaniing. It 
coneieta of a horizontal olumbor containing' banks of nozzles 

set at different heights above the 1dvol of the sump tratea', 

The arrangement of the nozzles to such that the water may 

be sprayed with or against the air or In either direction 

using different sets of nozzles. At the ezjt,• eliminaters 

consisting of zig zag plates are provided to remove mist 

part isles. At the bolt cm water sump is provided with a 
.pump for the 	 of water. In some oases, votted 
baffles are irovidod across the air stream in the +ahambo~.r 
itself. Dater requirements for air masher range from 
about (3.5a to 20 gallons per 1000 ca. ft e of gas. The pro. 
esuro drop is of the order of 10 to ,*" erg. Spray 'suer 
also falls in this catagory with the exception that it has 
a toner structures 
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fodification of the simple spray scrubber is 

a cyo3,one spray ocr .bbor ]noun as the Pease Anthony 

cyclone spray scrubber' (Fig. 6.9) . In this the water 

forayed through nozzles from a man fold located at 

the centre. The air Is Introduced either at the top 

o ' bottom of the cylindrical tower', The fine droplets 
are throim violently through the passing gas stream at 
high velocities by the centrifugal force, As ahotin in 

Fig. the unsprayed portion In the upper part above the 

nozzles isprovided to give enough time to the droplets 

containing the collected matter to reach the scrubber 

walls before the gas emerges out f  Theca scribbore are 

used In case of 24ine kiln duct,, cleaning, Blast furnace 

gas and flue gases from powdered coal furnaces 

Ii i.  efficiency of the order of 97% Is obtained 

for particle size abovo I micron. ritering gas velocity 

is as high as 200 fps , water consumption Ie 3 to 10 
4eQSStA 

gallons per 1000 cub. ft.. of gas. 	izre drop is 

between 2" to 6" of water, 

ii. Atomizing Scrvbbere: This typo 	collector uses 

venturi orifice for intezzIzig of the dust and water 

particles. The intermixing Is attained by rapid contras- 

tion and expansion of the air stream and a high dogroe 
of turbulence. Water is Introduced at the throat of 
the venturi through which tho particulato is passing 

at a high velocity, and impaction air collection takes 

place as the stream expands. L-lator consumption is 5 to 7 
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, .long per Iwo 	, Pressure lassos vary from io" to 

30" ,  rg. 

hIs atojz1n  scrubber Imotra as the Pease- 
1 t any Venturi aor fiber (` . 6.10) Is designed  for the 

removal of au 	to, Part .Lea for which the water 
rate should be in the ran, o of 2 to 6 gallon. por 1000 
cub. ft. of ,has Ord the overall pras re boo is i3" to 

20"g water with high eff cienoies + of the order of C'5. 
"o the coileot1on of coarser particles, the lower 

ire b city and water rate ma& be used resulting In lose 
prods# o ioos. 

Venturi acrubbors are used for the removal of 
duets and mists . comingaion3 r.th the gases from open 
hearth furnacs, blast furnaces, cmlp1niric acid convertors 

and fzc vaporized organic , + . Any ajae .o14 . 

d  11et Q n 	La  t Watt centritzais ( at 6.10) 

utilize a ccbnatiou of centrigai force ind water 

contact to effect collection. They are c34ndrica1. in 
ether the shape of a tower or with the axis horizontal. 

Air is introduced tenentiaiir and usually directed 
oowitez.concurrent to flow of water ty baffles or 	 Qi.  

tional plates which heap in. capturing part .ciats matter 
and aid in the d poraal of apray drop3 to. ?re two louses 

range from 2j to 6" Alt water. 
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o„ Uot &namic PreciRitatc~r The wet dynamic proeipitat,~r 

(Fig. 6.12) utilizes the same basic equipment as the dry  
type with the exception that it is supplemented by a liquid 

spray at the inlet. This is advantageous as it combines 

two air, cleaning principles dynamic precipitation and 

1shg, 

_T o of ' teat Dust Collector:  In this collector 
(Pig.. 6.13) air floe Is brought an contact wit a a shoat 

of water in a restricted passage. water flow may be 

induced by the velocity of the air stream or can be 

maintained by pumps and weirs. Pressure looses usually 

vary from 3" to 6" In most of the industries used coil.. 

eotoro. Bowever in some cases for the abatement of fine 

particle+, this type of collectors are designed for high 
pressure losses of the order of 20" 

P. Eters- The purpose of a filter is to remove as 	
I 

much of the caanats as p accticaUy possible, the 

first choice depends upon the degree of a ,r cleanliness 

required. Other factors which affect . the choice 

Include particle size, particle shape, specific gravity, 

temperature of the ;ae stroomr concentration etc. Por 

Individual units, . the filters can be made in such prao. 

tical sizes as 5U , 500, 800 and 1000 cub. ft./min. 

They are classified into 2 groups on the basis of the 
type of filter medium employed a 

1. pibrous Pilters. 
2, Fabric P ltore. 
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1 4  PII40US 1'II4 $R$J Pibrous filters are also knoin as 

filters" , They are usually employed for cleaning It 

rge volumes of gas carrying very light duet concentrations. 

AS such they find applications in the ventilation, air cow 

ditioning and beating systems where the dust concentration 

is generally below 5 ,grain per 1000 cub. ft, of air. Piltor 

media usually consists of wool, as estoa, ColluloOe, glass•

or metal fibres which is denso y packed in a metal or carol. 

board and w o frame. 'The depth of the packing is much 

more than the width, The efficiency of the air filter 

depends upon the size of the media fibres and the density 

with which the fibres are packed„ Air filters may be 

subdivided into two clasooe: 

a. ' co a Filters: They are so called because the filter 

medium omplgyed, is coated with a viscous material to catbh 

the particles and retain them. Compared to the day type 

the viscous filters are better aujted for the removal of 

larger size dust particles and for handling high dust 

concentrations, Those filters are made in units of cenvo. 

niont size (generally of the order of 201  by 20 in-faoe 

area) to facilitate installation, maintenance, and cleaning. 

The filter pad used in the viscous filter may 

consist of one or ea o times a combination of a wide vaz+-
is ty of coarse media, Including glass fibres, animal hair, 

wood ohavjngo, cos ugated fibroboard, split wire or metal 

screening. It is usually coated with oil or grease of 

high flash point and 2 ire point; logy volatibity no vioco.N 
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viscosity change Frith variation in temperature and ability 

toiiøt and retain the particles, 

Viacyue filters depends upon the inpixigement 

principle in operation and as such are called Viscous'. 

Impingement type filters, In the oe ration of thi.o filter 

the air stream gets divided, " into many smalll columns of 

air each of hich Io diverted from its normal paths during 
4 	 ` 

its passage through the filter. - :fit +each change of direct.. 

Ion, the larger dust particles prodeed in the some otrai- 
e 

ght path due to their 	and ¶rhon they lmpt e 

against the elements or tib s of the medt., they are 

hold up I the adhesive surface, The adhesive employed 

should be careful y selected. 	-Over, it is the usual 

practice to follow the filter manufacturer's recommendatr 

tiono rith respect to reconditioning, viscous filters are 
of trio types; panel typo or disposable type• the former 

type is used after aching atth steam ond 	;,.ing i bile 

the latter type Is discarded after exhaustion. 

In oases iihere aoo. ess to the filter is d if Icult 

duo to space limitations or rhere regular and systematic 

maintenance is not facilitated, the filter madam. is 

arr od to form a contXLUOue travelling curtain blda 

moves perpondicular2y to the air stream and periodically 

passes through a reservoir of adhesive vhero it gives up 

its duet load and Is simultaneously recharged. The curtain 

usually makes one complete revolution in 24 to 48 hours 
period. be periodic operation of the curtain results 
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in an efficient self cleaning of the media and provides 

a ,sufficient draining period ao the media leaves the 

adhesive bath, 

b. 	' i .tere;.  Tboee are not given anr adhesive coating 
and are made in sizes similar to the viscous type ¶Tith 

usually areater depth. Chas filter material consists of 
fabric like or blanket like materials of varying thickness 
such as oo lwsse fibers, bonded glass, cool felt, asbestos 

synthotic, iirhich may either be self supporting or 
may be supported by a wire #game. The modern dry filters 

are made of a mixture of fine fibres. 'hey are available 
in two designs. in aao deoigr& the filter media is held 

in between permanent metal sides and Is replaceable while 

in the cat bar desigt the entire call is disposed of after 
it Is exhausted. 

In order to clean large volume of air of high dust 
conoeiitz'at ion, an automat is d r filter is used • It consiots 

of a Continuus filter curtain which rotates over top sd 
bottom Yollers , in a vertical casings The filtering media 
is a paper type cellulose tissue In roll, form. tlID f the 
resistance to air floe coincides with a preset value, the 
curtain is rotated till sufficient *loan media Is added. 

The automat is dr7 filter is used effectively to collect 
ink mists released from high speed. printing operations. 

High efficiency and apocial types of dry filters 
are made to clea n air carrying highly tell is materials. 
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For radiological fi ,toration a dry asbestos cellulose type 

filter commci1y known as abooluto filter is used. It is 
also used for the removal of air born micro organisms and 

C 	-'- k uagr 
pacti late, matter associated w4th smog. For 

cleaning acid vapors and corrosive gases, glass fibre 

filters are used. 

2, A I `i 	The most comet m filtering modium  

employed in 'those filters is a cloth through rhich the duust«. 

laden air is passed. This results In the duet collection 
on the cloth surface by Impaction, Fabric filters are 

of the screen, tube, envelope or fiat bog type, tlhen 

Rio ent material is collected on the filter surfaces, 
it is dislodge& by means of moehanicaUr operated shaking 
device fitted a' the top. 

?abri.c filters are not suitable for hi, tompers~. 
tunes. Cotton and wool fabrics are limited to temperatures 
under 2000?. der temperature can be handled by using 

crnthetic materials such as nylon, orlon and dacron. 

G. ~i C" o.6' 2 O.PreS .' L~ r81% A electrostatic preci- 

pitator is one of the most versatile devices developed for 

particulate matter cleaning# In this Inotrumont the cont- 

amlnated 	
cont- 

aminated gas stream is passed through a strong electrostatic 

field. The particles are dmpa#Ced faith, a negative charge 
and this eansad them to move and adhere to the grounded 
toile ct ing surfaces. 
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According to the typo of use,, electrostatic 

precipitators are classified into two grouper 

9., le ctr ntat 	c 1 itatcre r penera1 	filet : 
These pre cipItatore are of lot; voltage deaiga and small 
dust holding, capacity. They are of two stage type. The 
first stage is on ionizing unit chile the second stage is 
a precipitatingunit, About 12000 volts are used for 
preparation, unit uhile 6000 volts are applied across the 

separation unit. Those precipitato cre more efficient 
than the otib r type. 

ii. Slectroatatio p ci jtatora for Industr I 	ppsoat 
Industrial. precipitators (rig. 6,14) are of high voltage 

design and large dust holding capacity. Charging and co. 
iloction are carried on sintultaneously in a single Otago*  

A highintensity electrostatic field is maintained through. 
out ,, This charges the particulate matter azd exerts a 

pressure on the precipitated matter so as to hold it on 
the collecting electrode to prevent red .epersion, High 
potent le ,f the order of 60,000 to 75,000 volts are used 
In most of the design, 

Industrial precipitators may be of pipe type or 
plate type. The Boner type consists of vertical grounded 

pipoe (collecting surfaces) , each having a negat1vo2 r 

charged Tire suspended along Its axis, In the latter 
type the vertical grounded  plates serve as collecting 

surfaces, The cleaning of the deposited material is done 
hy rapping or vibrating the collecting surface either 
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continuously or at predetermined intervals. 

Collection efficiency of electrostatic precipita. 

tore Is high and tangos from 85 to 99 . The collection 
efficiency can be 'i proved by use of multiple (2 or 3) 
electrostatic precipitators In series. 

Electrostatic precipitators are chiefly used 

}sere high degree of cleanliness Is required. They are 

used extensively in h1 temperature gas cleaning from 
equipment such as blast furnaces, open hearth furnace e 

Central station pulverized fuel boilers, chemical Indus. 
tries eta. 

6,2,2* Gale eig 	►"J 	Cle 	 Devices. : 
One of the Important problems in Industrial air 

and gas cleaning is the removal of soluble, insoluble, or 

combustible gases ax vapours from fluid streams before 

they are discharged to the atmosphere. Removal of the 

gaseous pollutants from gas streams may be obtained by 

absorption 0 adsorption or combust on dev ,ces. 

A. Abgo PtiOn Devices: Absorption devices are mainly emp~. 

loved for the removal of readily soluble gases. In prin-

ciple, the gaseous contaminants are brought into intimate 

contact ritb a liquid in 'which they are either soluble or 
react chemically, 

Absorption Is a dif" aional operation, which 

involves tranafer of the gaseous mater ial bet veon phases 
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the result of molecularr or eddy diffus on. X1oleci1ar 

d1 ffuo n depends inainy Upon nature of fluids involved 

thi1e eddy di `fus .on is based pr 1mar;iy upon the nature 

of the turbulent fluids conditions of 'f v7 and is mush 
more rapid thtn mole ilar diffxsion. The rate of trans. 
for for both types of diffusion is pro..portional to 

the concentration of diffusion substances, Tho process 

of Interface transfer is much moro CompjeLt than the move.. 

wont or diffusion of one substance through a single phase. 

In the selection of an absorbent for scrubbing a gas 

name of the factors that must be Conoldered Include. 

1. Iiax mum slog of gas or vapour that will bo emitted by 
a provess . 

2. C anposition of the gas stream including the con centre". 
tion of the soluble gas to be removed. 

3. ''emperature ` gas and liquid .astroem onterlxi the abs O1. 

4. Beat of solution or reaction i the absorption process. 

5. Alto :ble concentrat ion in the aur'roundin t nosphere., 

. The performance of absorption devices depend upon a 

number of factors such as the solubility of the gas, its 

vapour pr3scure, its rate of reaction iiith the absorbent, 

the velocity throughi the device and area of the absorbing. 
ouz'faco exposed Which may be either in the form of spray 
droplets or vetted media. 
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The most ccmmc% absorption cleaning devices 

are spraytowers#  packed toiiers and jet scrubbers, (Tbeso 

have been dealt previously under Iret co .ectors for part$. 

c.tlate ermiss jons cleaning devices) After absotiou of 

gaseous :substances, the absorbing agent may be regenere. 

ted or discarded. or converted Into some useful products. 

Disposal of the wasto product should be sea, as to avoid 

secondary po jut n„ Attention should be givozards  

prevention against corrosion and fre3 z JAg. 

E. Gas &sorption DeXleeo: &daorption devices late prrnai3y 

meant for removal of organic vapours In either high cot - 

centration (solvant recovery) or low concentration (odour 

removal) The goes and the vapours a re In thry layers to 

solid bodies (adsozrbonto) with Icrbich they cc ne in c+mtaot 

The absorbed gas Is retained on the adsorbent surface due 

to the surface forces existing in the sold. Like absox -

ptin, adsorption is ls  also a djfluaional operation, thSoh 

involves the transfer of gaseous material boticreou phases 

due to molecular or eddy dif faslon. The phenomenon of 
adsorption may be pI reical, chemical or of Ion exchange*  

Adsorption units (j g. 6.15) consist of chambers 

filled with a granular adsorbent which are arranged in bode 

or columns of suitable thjokneee through  s;bicb, gas passes. 

Ti he adsorbing agent should be porous In nature so as to 
expose a large surface to the gas stream for adsorpt±one 

The adsorbent developed for cotnmorcial uses are variety 

of clays  , activated charcoa sI alums ume, and other troaaod 
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solids. Activated carbon is the most mammon among the 

adsorbents and is made from hard nutshells, wood f coal or 

other o bonaceova materials. It is used for air rocovozy 

In air cone tion systems and as ' it has the hest reton  
'lion per unit ioigit for organic solvents, It is used to  

absorb orgy ijc vapours. It pair be designed to o ain 
almost the complete removal of organic vapours and some 
inorganic vapoura. Some o f the organic vapours that are 
adeobed 1. activated carbon include AL pholl, acetone 
bezizene, carbon tetrachiorido, etio acetate, gasoline, 
naptht ha , etc. 

When the carbon gets exhausted, (or saturated) 
it may be reactivated 'b9 passing steam over i, be . As the 
bect is heated, the collected vapour gets doeorbod and is 
carried along with the steam, The steam solvent vapour 
m t .re is condensed and the solvent is separated from the 
'tracer. In order to facilitate the oration, ~~adsobors 
may be arranged in parallel so that one can be roger,rated 
i1 	the other is in operation. 

The factors which affect ct the choice of the adsor- 
bent 2nclude:. 

I . Quantity of gas to be doalt iith. 
2. ,mount of material to to adsorbed* 

Allowable pro usurp drop through bad. 
4. Duration of adsorption. 

5. Time required far. reactivation, purging, etc, 
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Performano of adooxbev t beds depends upon their 

toss, velocity of the gas passing* mesh size (surface 

area) of adsorbent and the temperature of the vapour 

being removed, Ibaistanco depends upon the adsorbent 

mesh size, depth and ve3ocity. It may range from lose than  

1' to several Inches of mer 7. tae off icienoy and the 

capao .t 0oth indicate a fall with rising temperature of 

the adsorbent. 

Adsorption unjto have h±h installation oust but 

operation and ma ntcnance costs are low. The solvent 

recovery goner illy reduces the cost of the equipment. 

0., G nb~xot ion. Dov ,cQ~s Commbu t ►n devices mole be employed 

to destroy or decompose the ob3octioriablo 6aeeouo ossions  

'hash create obnoxious odc uro • In case of high concontra 

tions of organics compounds (Gacoe' or partic iatoo) which 

cannot be economically recovered, combustion may be used 

to render them .innocuous, T) compounds resulting from 

the Products of canb at ion which# in many cases, consist 

of carbon dio x o and water 'vapour may be d is c harga d to 

the atmosphere along with the other gas stream. 

Combust on devices may be claaoiflod into two 

7 stoma * 

J. R;L 	PI&O .At 2n: In those devices the gases 

to be incineratad. are brought into intimate contact by 

turbulence with the combustion gases. The combustion is 
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obtained by use of oil or gaseous fuels frith the second 
air derivod from the contaminated stream,. 

'rho factorswhichcontribute to good afterburner 
deei are the following: 

1., Inticaate mixing of the contaminated air stream with the 
combustion gases to ensure uniform boating. 

2, Average tempo .ture of the mixture (objectionable vapour 
t o be roomoved ond canbiot 	gases) should be equal to 
the Iindltng tonporaturo of the vtpour. 

3. tzffioiont time should be given to obtain complete ox,. 
datlon of th3 Vapours since 	iouo conal4tuonts to be 
burnt at different rates, 

The direct incnn.evator dovico (iPj10  6.16) consists 
of a combustion cbimbor in s hioh the process aseo mix tux. 
bulent3y frith a flame produced by an oil or gaafired 
burner. The simplest form bvohr es passing tb contaminated 
air through the combustion chamber of a boiler or fire 
box which is now t a complement of thepiant operation,,  
The temperature required .t,o bring up the 400truatiorz of the 
compounds depends upon the nature of the contaminant. The 

temperature of the mixed gases should normally be at least 

1500 deg. F. *`ufficient quantities of fuel may be required 
to build up this high temperature. The economy duo to tol 
saving may bouuovor result In eases chore the exhaust gzs 
stream consists of combustible contaminants uhi ch may cot. 
tribute sufficient heat during the combustion process,, bat 
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input rate approximtoo 14,800 TU per hour per 100 

standard cfrn of exhauat air per 100 deg*  P temperature 

rise* 

The perfoznancse of a combustion device depends 

upon the retnet ion period of the contaminant In the h 

tozapraturo zone* Thus the contact control dependo 

on the velocity and surface area of heat transfer device 

A ro©idonoo time of one quarter to ow half second and gas 

velocities of 900 to 1800 fpra result in an efficient opera.• 

t jon. An off ieioncy of the orF Or of 90P is achieved in 

+tea of 	incineration of solvents emitted from bakdng 	ing 

oven exhausts*  

Th rooiotanoo of the direct combustion snit is 
negligible, Moroovor, It r©quiroo little attention as 

compared to the catalytic  oxidation unit* 

Direct incinerator finds its application In the 

control of emissions from coffee roaster, v x i .oh cooking 

kettles, cock ovens meant for inonufacturo of rook i1ool 

insulators, etc. It has got a limited usage. It is adop-

ted z here there In a did for the heat generated or the 

process employing combustion. 

11. 0ta t c t dat ion De coax In caata ,yt is zidation 

combustion of obSectionablo vapours 'occur at cone .dorab y 

to xor temperatures than those required In the .d 	-fired 

afterburners. Cata2y'oto used for oxidation reactions are 
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mainly metal and metal oxides„ ,plate. hatine niunina 
and p ►tip rhodium 'range& on a zitablo cupporto are 

bjghly effoctivo oxidation catayets, Pl tam is usalbj  
mounted on nicko3, alloy ribbon . PlatinumainninaPlat 	Ls bounded 

to p)ce34i4 rode, mounted on brick Wce unit and thoco 
rode are so spaced as to permit Sao flow through tho aeeombi t 
The air to be decontaminated, on pasaiScat  break +loin and 
are reduced to a mental gases of innocuous naturo. 

Although the pr'oonco of the catalyst  reduces 
the heat inpit, yet it may got contarn3natod by 'grace 

continincnte Lihich may give a our aco coatint of materials 
like 	sulphur, etc. Loss of catalyst may re It 
by abrasion duo to the presence of particulate materials 
in the gas stream. zometimoe, the catalyst may become 
poisonous under lead#  zinc, arsenic, halogens and oilicone 
The useful life of catalyst to found to ba more than 20000 

hours. 

Catalytic incineration of most organic vapours  
have sell` suetainini .flaws at about 500 deg. Pp I the 

games 	colder,, they are prcboetod- before coming into 

contact with the catalyst (PS.gvre 6.17) • In owes trhero 

the gas stream contains a biJ concentration of ooidizablc 

Ccanet ,tucnte, eutficiant heat may be evolved durixag od 
tion reactions and the flame may become aolt sustaining. 

At 'dace the temperature may Shoot rip o high that it is 
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ocaacmical to employ a heat exchange to recover the heat 

for other purposes, such as preheating the effluent gases 

or generat Ing s Loam. 

Catalytic combustion finds its application in a 

number of 	rh to control odouro and organic omiso- 

ions. Among these, specific axe a are conditioning effluent 
gases from Lithograph c and paint baking ovens$  ceramic 
kilno, foundry core baking ovens, paint rod in cooking 
Itottlos, refineries barning irw3te cracking  gases, etc. 
It is also used In reducing atmospheric pollution by 
burz4ng the combustible constituents from automotive exhaust 

gases hioh pass t ro i a bed of pelletod catalyst, 
carried In a stainless stool container. F Ce + .18 

ahocr a typical application of catalytic Incineration 
to exhaust gases from vertical try enameling oven, 

I jtrogen oxides present in the effluents from 
nitric acid production are alec controlled by catalytic 

decomposition of the oz. es to nitrogen, 8imilarly 
sulphur oxides present In fbio gases can also be removed,, 

at the costa to this control is so high that the process 
is uneconomical 
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6.3.  RESPTRATC)R3 

6,s3. 'x . 	e' 	,: 
A respirator is deZned as .a device covering the 

mouth or none,  t o prevent the inhalation of n axle eubr 

tan ©. It Is probably the oldest method of abr clean in.. 

and is used for the safetyr of a Vorker ¶rho is directly 

oxpooed to harmful concontrat ions of atmospheric c.onte.• 

minant©. It is meant to servo as a supplement but not oa 

a substitute for other method* 

6,3.2, TYPES O A$$PIRATCRS: 

All respiratory protective devises may be mainly 

divided into two groups: 

A. Atmosphere - supplying roopiratoro. 

B. . r. Purify: , ro iratoro. 

A " oa here- t 	.n R e 	t a s they aeparat a the 

vearor from his jnme8.iats enu ronmont and provide him 

with roepirable air from another source i They are not 

air cleaning devices and as such 	mpo-rl ant from this 

thesis po nt.O . tIAO 

B. 	 They provide protect ,on by 

romovina specific contaminants from the external env5ror -

mont. They tLre divided Into 3 groups. 

a. Chemical ..filter Respirators. 

b. T4echanical.filtor Reap atozrs, 

os Combination of Chemical and Nochanical ilter Respirators. 
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a# 01 io . 3ter .eo i t sa These can be divided into 

tiro eqrnpa n Gas fasbo, and ohomical ,• catride roepiratoros 

ii a fle2$j Gas tlssk cons its of a flexible breathing 

tube connected to a canister irhjch• is carried by a 

The cietor is .filled viiai chemicals in granular fort for 

purifying the air by oemtcal or p eical reaction. The 

air«-pu!Uying material in the container' varies utth the 
typo of i the eortt nin t to bo 'removed, he pozv.ce life 

of the canister depends upon the concentration of the gao  

oouo contcma nont,, the volcano of Sr inhaled by the oar 
the cha ctorietico and amount of chemical absorbents and 

other facto e, 

{ mas it io mainly niocit for pr'otootion agAina•t 

gaseous - Oaatarinanta but f iltoro may also be provided 

tiithin t he canister for removal of particulate matter. 

It is generally omployed during the operation of chemical 

processes, h€ndlin,. volatile or gaeeoue chemical products, 

airy refrigerating systomo, ¶corking around tanks or 

similar vessels containing po .sonoua products fire 4iiting 
and fumigating, 

U. Chomi.cal ,  _w,#~ ~R 	 hoax ore intact 
miniatur a gas rmaks, They have the aemo type of material 
filling in a c ad . They unit are meant for non. 

Ornorgoncr purposes and used for protOctio against 
solvent vpouro encountered during operations, such ao 

spray coating, dogroasing, oto# o nd against lotr conetn 
tratione of acid gases as In =91,of oulphido oroS 
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and in many chemical processes. It does not protect againot 

lead mists evolved during pait4 spraying. 

b 	chanical..fjltereapjratQrgft. 	Three respiratoro (F 6.19; 

ueual13r employ f fibrous f .itcr or ape oalIy treated 

cellulose fibre filter in the form of a Use or a bag. Those 

filters azo designed to catch various particulate contain 

nant ts but all of them are not suitable for every purpose. 

rever a finer mesh filter suitable for metal fumes, rill 

remove any particulato contaminant rhicb can be romovied 

by other approved filters. 

Nochanicai filter respirator are ligit and compact 

de cos, snd as such can be used for prolonged period Frith 

fatigue. They are used duacing oporat ne such as velding 

and cutting; Grinding and handling all typos of dusty 

materials; spray coating with onam+io or g ,zoa; shaking 

out and grinding castings; ash handing, etc. 

o. 0omb iz at en of C 	caiai4 Meehan cal Filter Res irat r. 

Those respirators ,vivo protection against particulate as 

neil as ca000uo contaminants. Examples of this typo include 

a combination of ga13 mask iith smoke filters for fire 

fighting; ; and . chemical caoridgo respirators ti ith mechanical  

filters for spray painting$  metallurgical operations, and 

for voiding ad cutting operations, 

-: 0:s 
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AIR Cc 4IN,t ON COII`ROL IN IRON AND STEEL INDUS'. 3C 

With the knowledge of control methods and air 

cleaning devices from preceding chapters, the, air con.- 

taminat ion problem of an iron and steel Industry is dealt. 

i 
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The proviouo diecass ion of air, contamination 

control methodo and  ond ir oloaninC oqui cent is applied 

to au iron and stool industry to control the oontamin  

ante evolved in. its Various shop operations. The 

different shops for which discuss ion ie made, are blast 

xiace,. coke uvono., . stool melting shop, rolling mills,. 

pattern shop foundry, tiachiu.o shop and forging chop. 

7.1. 4eT rua 	t 

The charge in the blast furnace consists of 

Iran ore ook3 and Lime stone. The blast Aurnace gas 

escaping consists essentiallyof oarbon dioxide, carbon 

monoxide and nitrogou which tea aoecnpen .od by dust 

particles, for hi tent econasiio efficiency, it is - noce-

sso<Y that the bl st 'naco gas be utilisode It to noz- 
al]y used in prohoatinj the air in the hot, blast etovop, 

producing steam for being used in turbo,.goaeratoro aid as a 

fuel for soaking pits (otee ,.. ingot heating furnaoea) and 

coke ovens, 

ofore ut illoa tion, the blast furmce gas must be 

.00nod of its dust content. If the gas is not cleaned it 

chokes and carrodoe the chequer brio1 growk of hc(#; blast 

otoveo and clogs the turnQco valuoc. TUoreovor, tho final 

duct onus iøn in the oombaat.ion products escaping through 
chimney -,,TM be h; or. In such a case, the ,eora,tgaekn run» 
ning of the blast ; nee may create a dust nuisance in the 
surrounding area. 
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Tho duct content of the gas 	coming out of the 

furnace depends upon the furnace conditions and the properties 
of the 	materials charged. it is more in case of 

forromangoneso production than p .g iron production. As the 
dust 	centration is high, the gas clean .ng 	done 
efficiently by employing a combination of 3 air-cleaning 
units In the foUoiing order; Dust Catcher (centrifugal 
collector) TowerMasher and. UOttrell precipitator: The 
dust catcher effdctivoly handles large size particles 
and reduces the dust load in the riaohor and the prec p ,. 

totor. The clean as leaving the Cottrell preoipltator 

has a relatively 3o r duet concentration and Is used for the 
desired purpose. 

Slipping of blast furnace also loads to the 
o j ec*4z of dust into the atmosphere, This can, hozrever,, 
be reduced by Improved ore burdens and practices. More. 

over bleeders may be installed on the clog, gas o ide of 

the blast furnace gae-cleaning system. This prevents the 
dirty gas from escaping into the atmosphere. 

72.  Coke ; 

Carbonisat ion at a high temperature in the 
absence of air in a closed chamber removes the volatile 
matter from the coal and results In the evolution of coke 

Oven gas. The air contamination occurs during operations 
such as coal charging, Coke discharging- and quenching 
operations • 
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no  Smoke Nuisance during, C 	 cch rginj : &oke can nearly 

to of mated by reducing the time cif charging  and by pro» 

v'iding telescopic connections between the charging hole 

at the top of the oven and charging car. A gas connecting 

main iay also be provided along each sido of the battery 

of coke ovens and keeping these mains coupled to the - ovens 

during charging operation. $team Injection may also assist 
in the smoke extraction, 

b. oke volutjaurg coke Discharjint It is main y 

be cause the charge has not been uniformly carbonised to the 

centre. Uniform carbonisation may be attained by proper 

distribution of heating gas and uniformity In coal quality 

charged. 

c. Coke Dust Th4saICO during u®nahin 	erat an• Steam 

formed during quenching emerges out of the chimney, gets 

condensed and comes dD%m In the for ► of water drops along 

irk,th the , coke particles, creat Ing nuisance in the surround-

lug area. The coke dust pic1 up by the steam may be checked 

by use of a number of fine egrgys in a proper direction. 

Coke oven ,gas is poisonous and consists mainly 
lma, 

of Hydrogen,, VIothane, Carbon monoxide, and Carbon dioxide 
and other hydrocarbons. As the gas has high calorUUic , value 

.t. is used as a fuel. But before being used as a fuel, the 

gas Is cleaned of the products ouch as tar, ammonia compounds, 

naphthalene and bonzol which are of immense value, 
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i.Rcrnoiof r. 	Tho coke oven gas coming out of each 

oven is carried through a goose neck pipe into a hydraulic 

main. This rs Lto In the removal of heavy tar particles. 

The liquor sprayed for cooling the gas to avoid ca'aokirg 

also helps in oatthing the tar partiolos. The tar removed .  

is 	oUected in a tar tank provided at the end of the main* 

T o effect further removal of the tar content the 
gas in 10 4 through tar pockets into a primary cap cooler. 

are - .ddjtjon to the tar removal in the gas 0ooloz, tar 

pockets also help in oatCh.jtaz particles, The gas OX:Ing 

out from the 'primaz7 cooler still oontains traces of tar 

matter uhioh is removed in an eloctrotatie tar precipitator 

after Thor 0001 i of the gas hy refriiprated rater in 
a deep cooler. The tar removed in different stages is co2ioo.- 

ted in a comm -m tar tom. 

e 	 1phale - 	 ` 

Tho undesirable gam smionia is removed froni the 

coke oven gas as a monk sulphate, This is accomplished 

in 'a .taUtistage washer There the gas is mohed with dilute 

1phwric acid, resulting in the formation of cimuonjcal 

liquor Fran vhioh wmmonixc sulphate is recovered. 

tt. Rc noira 	In order to have Qa effective re. 

move . of bonzol from the coke oven gas, it to cooled into 

a deep cooler by refrigerated ator. It to then taken Into 

a pr` € c9 bonzol scrubber irh1cb employ s oil as i o1l as 

wator spray. Some of the bent 1. is romovod. in this stage, 
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urthor removal is done in a secondary benzol scrubber 

(packed bed typo). The benzolizod oil collected at the 

bottom of the or bber is used for the recovery of bonzola 

After beuzol recovery., the gas Is led into a 

tclo O separator for the removal of oil content carried 

away by the gas 6urng ecrt bbIng action. You the use of 

this purified gas minimizes the air contamin t ion In places 

here It is used as a f,e1. 

7.3« `I E L I1EI.'I2~f . W 

h hot pig Iron Is poured in a Bosseier converter 
and io.. bnm by the air blast from the butt czn. 'lie operate 

ti.on gives rise to lot of limes which contaminate the 

surroirnd;in atmosphere. A Control may be oxercised by 

using exhaust vent ilat ion. '~hts may no ceesitat© a larga 
hood to collect the b1vm Cases,, uh i.ch ,may be dieoted to 
a uaete shoat boiler where they are coolod. The cleaning 

of the gases may be d me by a Pease A3xtheny Scrubby. 

The bl()tm metal from the E3osea er converter Is 

ch arged into the open hearth furnace, During the refining 
operation when the temperature of the metal is at a maxi,. 

inure, a taro amount of iron oxide fumo in the form of st.. 

roniy coloured brown Loa escape theoz gh the chimney 
alongwith the dust content. It creates dust nuisance as 

woU as lose of the metal. This can be minimised by prow » 
djng the f , aoe with automatic combustion controls for 
botter combustion and cpnsoquontly less effluent,, *j Qaa 
cleaning may be none by cub jetting the aghast gases to 
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a yot scrubbing Yocesa. Th.t this process Is economical 
only then the intense fame occurs for a small part of the 
tinB and clean. 	ood only be used during this time. But 
It the gas cleaning plant is required to fun all the ti.no 
it is gaper to replace the eiet cleanjng clean 	 system by an 
cloctrostatjc precipitator, 

7.4.  ROLLIISt 	* 
As ot©a. hots are heated in a closed chamber, 

the combustion products 'rhirh contabs little amount of 
sulphOr 'Iozi4o 10 safely dieohar,± o4 to the outside atmo.-
sphere through tam.. stacks. Bong operation does not 
load to any air contamination. 

ood 'rorkin . oporations do not produce any heal.# 
hazard but t ood duet and sbavingn are very flammable and 
croate a sort of nuisance hazard. This can be controlled 
by providing local czhauet ventilation to each trood; uorklng 
nachino, A co mm duct provided vith a fan may be used 
for rood dust ezhauat at the top of the shop roof. 

7.6. 	: 
JL2 . foundry procoscos are dusty bt they vet 

in degroo, The moot harmful foundry duet is free eilica,, 
Depends upon the typo of the prooGe$ l  the air contamin- 
ation of the foundry shop is dealt under  following heads s 
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a. §Md__Pre cation ant; The used sand is through3y 

mined with fresh sh sand, clay and biraiiore, During this mix—

ma operation, the dust may escape to the surrounding at-. 

mosphere and results In contamination. i? fact, this is 

not of hi .er degree but even then a control can be exercised 

by carrying the mixing operation in a closed chambor ouch 

as muller type mixer from which the conditioned sand is 

taken cut. 

b. TN d 	.o, s  The conditioned send is poured in the 

moulding box and is properly ranmie d, This operation is 

not dusty because the moulding materials are handled In 

e. damp condition. 

C.  Caro ct o : Cores aro made by r iiming sand Into the 

core boxes. Coro making is perhaps the least duAty of 

all foundry pro co so because the core sand is intimately 

mixed i th oil. Banco this operation does not create any  

air contaminat ion uhi oh may be harmful to the coremakere. 

4. yjn Srens:. The cores and the moulds are baked in 

ovens by circulating the products of combustion obtained 

by burning of coke oven gas. During the drying proceoS , 

fumes of aldobydo Me group my be evolved . from the 

breakdo m products of the binding materials, such as oil 

or doxtrin in the mouldingand core mixtures„ Some . of 
these fumes are ;irritating to the eyes and mucous mombr-
anoe of the respiratory bract. So the 4 ' oven cheaper 

should be provided ith an air tight door so as to avoid 
any chances of fumes escaping to surrounding area. of the 
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shop* these fumes along with the &1uo g oos are sucked 

by a fan and are dchzge4 through a high stack to the 
o'ut std. a atmosphere, 

a. ie 4~ ag id iqi74~iYiwrsting -- ir11 i iYI 
tins 	

M electric are !W rnaµ3 

ia employed to molten steel or oasttng. aurlag the 
furnace operation,, duet and smoke escape to tbs atmosphere 

aid thus causes pollution. if these cont aminants are corn„ 

trolled after they are ailgired to escape to the atnoophere, 

a very large exist ventilation rate will be needed; 

Vl over f as tho furnace top raises and rninga out of 

pos titan,, the usual stational7 type of hood will not 

servo the purpose. Par proper control, a hood of special 

OonGtructon should be attached to the furnace top as 

an Integral part. Uhen In position the hood .makes a faire 
tight Joint with the stationary exhaust duct; 

U1 n the molten metal is poiufod in the mould th.. 
rough the runner, I.t gicos rise to evolution of gaeov. They 

t be dealt by general ventilation. But in some cases 

the fumes from sand additives can be removed by passing 

the poured moulds, under a hood or tutnel before they are 

brought to the fettling sect►. 

f« Pottlnct 	Fettling ( 3.eaning) . the dustiest 
operation In the foundry. The contamination due to 

operations in fettling section are as folio 
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.,, ,tr . 	Casting Is removed from the mould. Adherent 

moulding sand, core sand and other readily removable 

matter are .removed with portable , orumattc and .and tools. 

hia operation gives rise to lot of dust in the air. Zn 

order to oontr*l this dust hazard,  the operation inr 	d 

out In a closed fiber partly sealed bb hanging canvas 

curtains Inorn as the "bloc box I from which tho duet 
laden air is exhausted Into the main dust extraction 

cyctem. 

ii. bsa iye laotlz.ga Abrasive blasting is carried out 

frith a stream of sand or steel shots as the abrasive which 
to fired at the casting by means of compressed air,,. This 

operation g±vOs a O27 high dust content in the atmosphere 
vh±ch may be harmful to the operator as well as the near- 

by workers. The health hazard associated with steel shot 

blasting operations is much lass severe than tith sand 

blasting operations. Consequently, steel hote should be 

preferred. But' it stool shat s are not available or results 

in an inferior erior product, sand should, be uoOd. 

In order to control this dust haz d, the blast.. 

operation is. marled out in a well desi ied meokunic.. 

ally exhaust ventilated cabinets or rooms know as sand 

or shot blast obambero This prevents the duet from 

entering the surrounding atmosphere* be substantial 

quantities of fine dust are exhausted from the top of the 
room to the out side atmosphere through a dust separator 

from the bottom of which the dust can be removed whet It 
ham A M `t n "En A 4 rn 	`9 4 +9 t~„f twin l+ l LO..e+ +1A s%n Pg # w #P 
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the man 'who handloo 	the blasting 'gun' inside the cab of 
a special type of clothi.ng and p3met, hioh is supplied 
through an air line with fresh air are provided,, 

iii, dç,blaetj. This is a recant devolopsont In casting 

cleaning. This operation is carried out in a closed room. 
inside vhioh the casting is placed on a perforated floor 
A stream of Crater at a pressure of about 100 K,q +cam is 

directed through a gm at the casting. This gun is opere-

ted by a nan vibe stands outside the room and can peep 

through the glass to direct the xrator jet of th3 correct 

spot. The sand ,goes dove along ith the vator through 
the po rforated floor . The advantage of this type of 

dust control is that the operator is quite safe as comp-

ared to the previously dealt method of cleaning. 

iv. Dresog t ith Preuaatio or hand tole; The burnt-an 

mouldin.3 sand and ts rough edges of metal from castingS  
are removed. Bead tools such as brushes, chisels and bammnora 
are used for this purpose. Although the castings are blasted 
before being brought for dressing, yet the dressing ope 

ration is usually a dusty cone. It i.e observed that hand 
dressing or fettling is a less dusty job than fettling 
Frith prey matia tools. In order to control the duet hazard 
due to the use of pre matio tools, a high velocity eft 

ventilation system is provided to the portable chisels and 
tools., 

V0  GInding,  In grinding processes, the rough cactin j; i..s 
smoothed by being held against a rapidly receiving grinding 



136 

wh)el. The `operation ie responsible for the escape of 

m tallic dust into the atmosphere. This can, hot vor, 

be Controlled by ozhauat ventilation system to the grinding 
ch zes.. 	small caste: 4  portable o mo rhool type 

of grinder is uSed. In this air , o aauetod from the gap 
dinmediately above tho 'grSnding head. Por largo caotins. 
a oiAg. frame ,cinder Is used. To control the dust hazard 
in this case., a hood is plat d In the . direction In *ihich 
the dust is tbrova at a high velocity. The duet caught 
by the hood Ia exhausted to the outside atmosphere, 

vi.$iahin. This is the last cleaning operation of the 
casting. The crating is cleans, with the help of a giro 

iwh, This operation also leads to air contamination. 
It can be controlled by exhausting the dust through the 

holes in the annular 3tP surrounding the brush. 

f0,--  ,Annealint 	Castings are charged  in th3 furnace where 

llioy are boated for a long period and then cooled 	clos. 
ing of the ttiel supply . During this operation 1rritatigg 

gaooe sr ch as aao loin are liberatod by the processed parts. 

Aa ouch tar* should be takn 'try Boo that furnace charging 
door is a t ht and thus . are no lea',kagee shah may givo 
iay to the contaminating , xeea to the surrounc ng atmosphere* 
The combustion glees are then a aaeuetod ty an exhaust a 
trolling valve, tiw ought the atak to the outside atmosphere. 
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7• 7• 	ILTZSH00s 

Machining of casting gives rice to the evolution of 

meta,. dust and fweo around the mac .nos„ Zn the operat on 

of machines like grinder and ahoper, the metal to throcrn 

out at a very bjth  velocity and croates 4 metal dust 

m4sance, This crn be controlled by providing local 

exhaust vent i tion eyoten;o to individual macbinGo. 

7*8. 	' GI 1\G 	OP: 

Posing operation pr000nte a potential health 

hazard duo t-o ' carbon monoxide and high temperature. 

In order to avoid ozcosaive r hii temperature 

and proper ' dilution of the g.o, mod natural ventilation 

should be provided. This may be supplemented by mochrzn ,ca U 

operated exhaust fancy in roof vontiaatoz'oi 

he Airnaco flue gaeos can be exhausted by canopy—

type hoods throujh largo diejnoter stacks. If this device in 
unable to control the con cent ration of carbon monoxide from 

exceedingexceolUnC the maximum permissible limit, an Imp rovement is 

made by the use of propeller type fans in the dehctrie stack. 

his ^fit ,12, also holp in malntainina ouitc Is temperature $.n 

the toom. 



An rsTAI ATION LEA .L4TIU . 

To exercise adec u.ate . o ntrol ai air contaminationn 
same legislation is necessary. Principles of legialaton, 

z'elaxtiono 	special cases an proper admiaiatrativo 

set up for its execmt±on have been suggested. 



.138 

Duo to the rapid development cif a,ductrlee 

and jnoreaoo In 	ation,, the clr contamination 1° 

lncroau g day by .day and has become a threat to human 

being, pest, animal. life and property. in order to keep 

down the contamination 10ron1, it is necessary to enforce 

some ogielation which ohould provide protection to all 

against hazards of air c ontaminctIon,r  , . 

Responsibility for enforcement of an air nt . 

minotIon law should be onthrustod in the hands of ovine 

responsible body like municipality. The lair should be 

pa000d by the State logisl .turn and then the to cal body 

may be authorized to +t act ordinances within the corporate 

limits of the city. Thjo cl mated a  multiplicity of vaZ. 

ying ro lationo and standardo within the diotrict which 

may otherwise toad to evils. An air pollution control 

officer should. .d be p inted In each district by the State 

1  overa ont , lie may be helped in his work by oroating an 

advisorycon tttoo which rimy conoist of on noori and 

scientists. The fr4tful rosult of air contain tion 

lo,gislat Ion dopondo more on competent administration than 

adequate logiclation. 

Blind onforceiont of the law can not 'tats the 

air contamination problem. Any air contaminat ion le io . 

lation will have to convionoo the o 'fondjnG indudtrioo 

roaardin the useful tarot to be accomplished. The 
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iecialat jon, should be such no as to ailov the offender 

to work out the best suiting solution to 2.a own pondi.- 

t jcros rather than following blindly the prescribed rec . 

uiromoute for all sources of a icsion,, irrespective of 

the character, floreover, the rules should be enforced 

equally on all of `Ondera, 

The air contamination problem varies from place 

to place • Tba character of the contaminants flitted by 

the Industries at one place may entirely differ from that 

of the other place# As such the legislation may ncLt be 

such so as to establish concentration limits for each 

contaminant at the source of omission and apply them 

uniformly throughout the State or Nation. Such a logic-' 

lation may require ovary industry to moot the worst situ 

ationubicb is against economy . This may miss the targt 

for which the leg elation is paszod4, 

The principles, on which the legislation may 

be based, should include the following: 

1. DzisoIons that exceed specified etondordo should be 

treated as as offence in tbomoelve o, irrespective of 

any nuisance that may bo cauced. 

2. Sampling work should bo carried out frora time to time e 

so as to check the violation of the lawn  Btt this 

should be treated as of eocondarr importan6o comparod 

to preventive principle„ The plant should be dosiGneds 
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— installed, operated and maintained. In ouch a *ay that 
moko is novor formed boyo d the specified,  l .mit and em4• 

ssion of , it and duet are a fec° ivo3j 'evened, 

3. In case of come ape cif o d appliances, the complete 

prohibition of xnoltO ±0 necessary and may be obtained 
directly by use of emokoloos fuels. 

The lair should be such as to provide relaxation 
in special eases. To varic co should be alloi d after 

uojh1ng whether the hardship created by the particular 
Industry on the public is , aator the the hardbip that 

trill be Imposed on industry if the variance Is denied. The 

variance may be , rantod wider the following Instances 

.. 	M7 en the equivant Is operated only in an emergancy, 

.. 	To permit the industry to oporato while experiments 
are carried out to dotormino what o ipment Ia 
necessary to salvo the existing problem. 

iii. To permit the Industry to operate while correct±ve 

equipment is bed installed and tested. 
iv. To permit industry to operate whore the boat 

equipment knoirn to„date and Installed dews not 
bring the operations within the permitted limits, 

V. 	To permit industries that are not finana,inl.' r able 

to instal. corrective equipment to operate f©r 
a reasonable time to permit them to secure financing. 
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In order to pass useful ordinances, the air con. 

ram ati a control agency should have knoulodge of the 

facts such as location of the outlet # size of outlet 

height of stack# rate of emission from outlet and 4ompo  

cit ion of effluent. These facts can be obtained from the 

factories.. 

Permit system may be introduced to enforce the 

legislation eF `ective t't Construction permits obu1d be 

obtained prior to the installation, operation, or alter.. 

' ian of equipment capable of producing the ape alt' ,ed 

contaminants in the city. The operating permito should 

then be Granted by tho authority. In case of those pc its 

The onforcoment agonc r should be autboricod to make pori-

odic Inspections of the licensed ©q ipment to determine 

r7hother or not it has been c~inotruoted and is being opera•. 

ted according to the permit and ordinance. 

Attendant to the proper legi lation must be an ti 

overwhelming desire on the part of the people to rid the' 

city of smoke and other nuisances* In addition the 

administration must possess the necossary couraco to 

transmit this desire into actuality* 

:0;. 
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retx71., 	 1.5 
ricbloronaphtt1m ne 5 

T iu it to .U.ene 	 1 .5 
Z n+ oxide cameo 	 1 . 

MI t 4L DUSTS 	 * 
Substance. 

Alax~dum 	 50 
Asbestos 	 5 
O arbore dum 	 50 
ust(nuisaoe, no free aiUca) 	 50 

1 ,ca (below 5 % free silica) 	 50 
Portland cement 	 50 
$iiióa high (above 50%free Si ) 	 5 
Eijljoa medium (5 to ► area B O2) 	 20 
Silio, ],ow(below 5% ' ree 3102) 	 50 
Soapstone (' ]o; 5 Percent free Si() 	20 
Talc 	 20 
Total dust (below 5 $ free 3102) 	 50 

PP part per mMon o 
Mg 1 3 mjUjgramns per cubic motors 

* M.P.P',G,P. ffi .lion particles per cubic foot of air# 
•standardligit field cunt. 
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