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AZR OOPANINANDS AWD TEEIR SOURCES.

Alr contaminants are olassified into natural
and artificial type, or particulate matter and gaseous
pubgtances, The partioulate matter is sub-divided
into s0lid and liquld type or suspended and settleable
type. Under each division,various air cotaninants

are dealt along with their sources,

310t



1.1, GENERAL |

Air is a mechanical mixtwre of many gases
‘among vhich Oxygen and Nilrogen are paremount ones,
Trace ;a.moix_nts of other gases be.m%/ Orgon, Carbondioxide,
Hydrogen, Neon, Krypiton, Helium, Ozone and Xenon, plus
varying amount of water wvapour and small quantities of
microscopic and submicroscopic solid matter called
peman-enf dnpurities, vVariations in the poercentags of
normal constituents may render the alr unfit for use,
41lso the prosence of other foreipn nmaterial called
contoaminants may pollute the alr thus rendering it

unfit for use,

1.2, CLASSIFICATIONS:

Broadly speaking, the air conteminants can
be clapsified into two groups viz. Hatural and Artifie
dal conteminents, Tho atmosphere is continuously ez~
posed to both Natural and Artificisl contaminants,
firmntaminante may also be classified as Organic or
Inorgenic, visible or invisidle, submicroscopic,
microscopic or macroscopic, particulate or gasdous,
toxic or hamless, Every indlvidual contributes to -
natural contamination hy his metabolism and to artificial



contamination by his activities., Fig, 1.1, shouws the |
chief sources of air pollution and the main conbtituents
of nmany effluentas,

The sources of natural pollution are many.
The permanent atmospheric impurities caon arise from
such natural pro®esses as erosion , wind storm, sca
spray evaporation end volcanic oruption. Also as a
result of naﬁurai phononenon the atmosphere contains
&n808 from the decomposition of enimal end wvegetable
natter, products of woothoring action and metoric dise
integration, spores, pollems _ami bactoria, Hature plays
e share in promobing chomical reanctions in the pressnce
of sunlight which converts innocuous compounde to irri-
tating vapours and to small droplets which 1imit visi-
‘bili‘liy cbé scattering of light, Generally the natural _
contaminants are absorbed or stabilized by the atmosphere,
The concentrations in the air will very considorably
tut will rarige far below the concentrations caused by

nen-mado activity,

1.,2,2, prtificlal Contaminonis:

Current technical data gupporisthe idea that
the contaminants which cause serious pollution are those
that rocult from man's own activity, lenemsde conteminants
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includes theose materiasls added to the air deliberately
for purposes of disinfection; including Ozone and various
chemical san.ﬂzizers in addition to the incidental conta-
mnination of the % by such processes as combusiion,
manufacturing, transporation and agriculture, The atmos-
phere is used as a disposal medium for man-made waste
products, ZThese waste products when sudbjected to sune
1ight and ¢ther natural phenomenon, cause complicated
reactions, this froducing a multiplicity of secondary
effocts, The increase in industrial activity and in
‘the concentration of all pojulation has resulted in

an increase in both the quantity and oomcentraetion of
such waste products vhich are responsible for serious

" alr contamination,

1,3, OTHER CLASSIFICATIONS:

Alr contaminants may alsp be classified on
tho basis of the origin or mothod of formation as
follous

13,1 ParticulatoMatter:
A, Liqui_d? Particulate liatter

Vhen the particlos are large and consist moste
1y of water, it is common o speak of the system as a

‘ fog, mist or cloud.



i. Misto « Histe are very amall airborne droplets of
meterials vhich exist In liquid state at normal temperature
and pressure, Thoy may be formed by condensation of water
‘vapour upn suitablo imclei, atomizing of liquide, mixing
violant 'o’hemioal roactions, electrolytic ovolution of
gases from liquids or escape of a dissolved gas vhen

pressurs iv roleased,

11; Eggg;, i’orgé are airborne droplets formed by condenw
aafion‘ of vapour, Tho distinction botveen mist and fog
is of minor importanco since both terme are uesd to in-
dicate the particulate state of alr bome liguido,

111, Saog s+ 1t is an sir mixbture of omoko particles,
mists and fog droplets of such cmall size ap o impair
vieibility in addition to belng irritating or harmful,

| ZB; Solid Perticulate Matter

i, Dwts :  denerally, solid ys;rticles larger then 10
‘miwcna and smaller than about 100 microns in slze are
called dusts, Dusts are solid particles projected into
the air by natural forees such as wind, volcanic eruption
| or eaﬁhquakes or by mechanical procesees including

' cmshing,‘ grinding, demolition, drilling, shoveling,
screening and sweeping or disintogration and dlopersion.
Duste may bo of various types viz., mineral type such
as rock, metal ‘Qr‘aenda Vegetable such as grain, flour
wood- cotton or pollens or Animal including wool,hair,



811k, feather and leather,

The largest sources of ﬂzﬂustrial dusts are
combystion processes, About 75 percent of the iddustrial
dust comes from fuel combustion., Both liquid and solid
fuels contaln some nonecombustidle ash, some of which is
dispersed into the & r during ocombustion. The combustion
of coal in pulverized form in a power plemt is coneidered
to bo mme of the chief sources of fine dust in the air,
The quantity of dust dispersed mtb the atmosphere in
& large oity emounte to hundreds of tons each day,

Iron and Steel mills, foundries, nonferrous smelters |
of copper, zinc and lead; Plour and cement mills, oil
reﬁnir;iea,l and the multitude of large snd small dust
producers are faced with dust probdlem. i?‘oundry dusts
are particularly difficult 4o handle because of extro-
mely fine particles size,

1i. Pumes: Solid particles smaller fhan one micron in

slze are called fumes, Fumes ars sollid particles commomly
formed by processes such as combustion, sublimation add
condensation of vapours £rom normally solid materials,
Hetallic fumes are generated from moi'bgan metals and usually
ocour as oxides, Typical examples axre tho fumes from
burning lead , or the zinc oxide produced from zinec vapour,
- Fumes may also be formed by distillation, galvanization
or chomical reaction,



- 413, Smokos ¢ Smokes are extremely small solid particles
ranging in size from 0.1 micron to 0.3 microm, These

are prodﬁbe& by incomplete combustion of ergenic subs-
tancop such as tobacco, wood, coal , 0ll and other care
bonacsous materials, Thus smoke is &t prodominantly a
combustible material and consists of a mixture of solid
particles such as sovt, ash, grit and gritty particles,

The souces of smoke are varied , The domestie
£ire 4s the main producer of smoke end it 1o emitted
at a low level, The next largest producer is gencral
industry, Hany smokes such as those from wood fires
or from motor oxhaust contain a very high concentration
of small particles while others, such as black smoke
from chimeys from the combustion of coal may contain
fower particles, The ateam locamotive although being
smaller, ié a sericus contributor of gmoke esgpecially

in congested areas,

Particulate matter may bo further divided into
two classifications viz. suspended partioulate matter
and sttteable particulate matter,

a; Suspended Particulate Matters The suspendod particu
lete mattor includes both solid particles ami liquid

droplets, Chemical analysis of samplos collectod reveals

the follouing pollutents @

i. Organices These arc end products of an incompleto
Rt v .

combustion of hydrocarbon fuels, Organio particulates



may also arilse from natural causes, such as wind erosion
of vagetation.

11, Chioridess Most of these compounds are wagte or
by-products of synthetic chemical production, Also

they are formed by natural sources such as sodium chloride

found in ecoastal arsas,

414, Pluorides: These may be introduced into the atmos.
phere by fertilizer, aluminium, stesl and ceramic industries,

ivi Sulphates: These are formed from industrial proceses
Also Sulpher dioxide formed as tho combustion end products
is converted into Sulphuric acid by atmospheric reaction
and then reacts with other substancos forming sulphates,

v, Nitratess Theso ore produced by simllar sources ahd
formed in the same mannor as that of sulphates,

vi, Hotals: IMetals and their oxides are contributed
by industrial processes ond mrben activitles, Heasur-
able or traco quantities of surhmetals as zine, copper,

lead, chrome, iron, nickel etcy, have been collected,

vii. Reddoactive Materials: Radloactive contaminants

arc physically similer %o ordinary industrial contaminente
except that they are highly toxic by nature md may presont
a direct radioactive hagard both internally emd oxternally,
Therefore more stress is pald to this pollutent than others
in much larger amd parhaps more bharmful quantitios.



There are +three types of hazardous radiations
viz, Alpha radiation, Beta radia’bion and Gama radiation.
Some materials may omit all three typos as they are
subject to radiactive decay cycle, others may be predomine
antly of one type ar mathex?.

Radioactive materials may originate from atomic
power plants and manufacture of radic active chemicals,
The ailr borne radioactive particles may also be dlspersed
in the atmosphero by atomic bomb explosion.

b. Sottleable Porticulates

Large particulstes are alse of importance as

they settle on the ground and create nuisance

1.3.2.Vapouro and Gasest

Vapours are gaseous phane of substonces that
are liquid or solid in thoir commonly known state,
These can be removed from ailr by confensation. Examples
Include gasoline, korosine, benzeno, carbon tetraschloride,

nercury, iodine, end camphor,

Tho gases and vapours are usually omitted by
combustion procssses (internal and external), chemical
 and industrial processes ond other similar M.
The composition of the gases and vapours varies with the
- nature of process, Some of the gases amd vapours wvhich
are signific nt dn community air c¢ontamination indlude

carbon monoxide and carbondioxidej Sulphur dioxide and
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Sulpher trioxide, nitrogen dioxide and nitrogen oxide,
organic acids and partially oxidized organic compoundse
gasoline vapours,_solxents, thinners, bake oven exhaust
and the likejy hydrogen chloride, chlorine and fluorine,
Gases with noxious odours can also be inciuded in the
1ist of gaseous contaminsnte., Vapours and gaseous Cohe
taminants will be considered in order of their provalencs

and importance in alr contaminations

A, Sulphur Gases and Vapourss
1., Sulphur Bioxide, Among all the compounds vhich cone

tribute to atmospheric pollution, those of sulphur are
the prominant ones, Thoe effect of increase in the number
of present day industries 1s to add to the omission of
all types of sulphur compounds to ths atmosphere, The

largest mass emission comsists of sulphur dioxide,gonerated

by the pxidatlon of raw sulphur compounds in all types

of fuel consumptlon and in ore refining., The chief sources

of Sulphur dioxide in ﬁhe 1nduatria; areas are the

combustion of fuele, smelting g€ roasting of sulphide ores

refining of metals, combustion of hydrogen sulphlde,

in natural gas 0il refinery operations and various
chemlcal processes, Damesbtic sources and small apariment
houses also contribute their share but to a little oxtent
due to burning of betiter grade of fuel,

11, Hydrogon Sulphlde : As hydrogen sulphide gets readily

burnt to pulphur dioxide, it is not often released into



the atmosphere, 1% is oné of the constituonts of waste
gases from pulp mills and is prevalent around sowage
disposal plan’ks; gas plonte and mine seepages, It is
frequently discharged into the air slong with natural
gas in flares from gas flelds,

114, Sulphur @riporido (Sulpburic Acid Mist): Sulphuric
Acid mist is formed during the combustion of sulphur
dioxide by spontaneocus oxidation in the air. It is
gometimes discharged into the air from contact acid
plants at concentrations as high as two grains / ou,ft,
The characteristic white plume may be soen from a dise
tance, In combustion and roasting procesees, sulphates
and sulphuric acids got converted 1nto sulphr dioxide
either by thormal decompcaition or by the reducing

action of carboneous compounds,

iv, Other Sulphur Eompounds 3 There are several other

sulphr compounds ‘bhatr may oexlst im tho atmosphere as
obnoxioug contaminants, The persulphides of hydrogen
vhich are formed by combination of hydrogen sulphide
and free sulphur are found in the atwmopshere, The othor
compounds being thiophene and mercaptans vwhich are
readily detecdted because of their extreme odour. These
are gonerated from pulp mille and refineries,

. B, Fitropren Cempounds:
Witrogen compounds are generally not presen t

in an appreciable quantity in the air so as to croate any

J11
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physlological effect, Howewor, thoss may contyibute

their share in é.ir poliution by indirect reactions,

They catalyze the oxidation of Sulplur dioxide particularly
in aqueous solutions, Thoy are partly responsible for |
the acidity in rain and fog, causing atmospheric corrosion.

The oxides of nitrogen are formed in tho comw
tuotion of some fuels, particulorly by oxidation of
ammonia, They are also found in certain wasto gases
from refinerles, especially those from the regeneratlon

of cracking catalysts, Those are also roleassed but
in small concentrations from certain chemical processes

such éa nanufacture of sulphuric acid,

Anonia: Amonis is frequsntly presamt in the adr, It is
discharged from certain refinery operations and from
chenical plants,

C. Ha n_Compoundss

i. Floporines Fluorine 1s a widely distributed element,

It is found almost in all coals, Most of the finorine

gete evolved on buming coal, Certain clays and iron

stonce contain fluorides which docompose on heating.

Honece brick mék;lng fran such clays and smelting of ironw
stone result in evolution of fluorine but In emall guantity,

i1, Hydrozen Pluoridos The most important halogen compound
48 hydrogen fluoride., It is formed from the volatile
silican tetra fluoride which yields hydrogon fluoride
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~after being hydrolyzed by tho moisture in air, Any mate
orial that contnins caleium flaride or the nineral fluoros
patite along with sand, on treatment with acid will yield
é;{.l;l'con totra fluoride, Conssquently, sluminium pl-nte
and phosphate fortilizer plonte are sources of hydrogen

- fluorile, Recontly, there hag been a ccnsiderable use

of the gas itesolf in the chemical industry »e well as

in refinery Iroconnes,

111, Hydrogon Chloride: Some %timos the traces of hydrom
goen chloride are found in tho atmopshers, It is discharged
from certaln chomical operations and in smell quentities
from refineries speclally in the regomeration of cracking
catalysts, The gas may aléo- be formod by absorption and
subsequent oxidation of sulphur dioxide by minute droplets
of voter condensed on salt nucold,

iv. Orgenio Chloridesy These compounds are thoe most
irritant of all substances, especially in the caso of
chlorinated aldehydes, ketmes and nitriles. Cyonogen
chlorido (o toxic frritant gas) wvhich is formed by tho
action of chBorine on hydrogen cyenide two industrinl
gases yvhich agre known to be discharged from cortain
operations,

D, Qthor Gases ond Vapours: |

i. ley_gn dioxida and Honoxides HMilidons of poumdo o=t
carbgndioxide and carbonmonoxide are injected oach day
into the air by the combustion of coal, oll and gascline,
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These are also found in mine atmosphere by opxidation
of coal, |

il. Hethan Anongst the g-é,sea, methana is the mest
important in coal m:’mes, vhere it is released by tho
coal 4n large qacmtitiea. In coal mine atmosphere,
methone does not cccur in alr abovo gr&md lovel, Al
though this gas ls not toxic yet it may create explosion
vhen 5 $o 15 percont of metheme forms a mizture with
the oir, |

iii, Exhaugt Gagog: The incomplete sombustion by hy-.
drocarbon obtained In o deficlency of eir or by sudden

coolﬁng of a flame, will produce formaldehyde, acrolelin

emd other substancos vhich have the phyoioclozical effects

at wm loy conocentrations. 7The aldehyde ooncantrat don in
tho afr varies not mly vith the naturo of tho activity of en
area but a:Lao w:!.th the density of motar trafflc, Alaehyaes are
fomed ’qy mcmplete oxldation of motor fuel and mbrieating
oils. The pmduata of combustlon of natural A may also CONee
tain amehydes. It is pro’bable that atma,apherio entom
mination by aldohyde 1s more due to exhaust and blou by

gases of motor vohiclos than to the vesto product of
industrial and heating plant gources, |

iv, @;g eroftident Organic poroxidoa are found in

tho a4ir but at concentrations much below 0 1 PrDe These

are formed by the action of arygen on hydrocarbon and

othor orgenie vapours ospocinlly in the prosence of Sune



1ight,

v. Qzone: 1I% is present in the alr €o the extent of
0.01ppm but in some citles the concentretion mey exceed
this by fivewfold, Ozone is added to the air for pure
péaea o£ disinfection,

vi. Benzphyrene: It 1o generally found in coal smoke,
Cleprette amoke and motor exhaust,



SBAPIER I
EFFECTS OF AIR CONTAMINANTS

The deleterious effects of alr conteminants
on human beings, livestock plants end structures have

been dmmsseda

w30t
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2,1, ON HUMAN BEINGS:

2,141, General:

Alr pollution is one of the foremost problems
in public health toeday, The doloterious effecte of
air contamination upon hman beinge are ocuch that they
are not recognised, The domage to tlssues of the res-
piratoxy tract or to other parts of the body may be so
gradual that it is not recognised by the individual aff.
ec‘bedl at an early stage, Any excoss morbidity to this
demage, may be attributed to a vide variety of discases,
The ampunt of ill health anong persons subjected to air
pollution for long perlods of time may vory well be
sigificantly greator ¢than the amount of 1)Yi-health
among persons living in areas vhich gre relatively free
from atmospheric contamination without attracting any
perticnlar attention. It 19 only wvhen the more sudden
outbreak of norbidity accurs that attontion is drawm to
the posocible connecbion'of ilihealth and air pollution,

Contaminants may f£ind their upy into man's
body through mouth, by ingestion; through the lung, by
inhalation; and through the skin by absorption., Discase
of the ekin iteelf can be be caused hy a wide variety of
pollutants., In addition to theso categorics, contaminants



17

may enter the body in other ways end produco harmful
effects, Out of these, tho effect Gue to inhalation
will be particularly dealt as the skin absorption is of
secondary importance to inbalation,

24142, Clagsification:

In order to study the effects of aircontami-
nants on luman beings, they mey be classified according
to thelr physical state, thelr chemical composition,
or their physiological action, Erom physilological point

of vieyw the division can be made ag follous

A, Particulato Hattor:
It moy be subdivided into the following groups:

1. Jxritante; Irritating dusts are those which usually
produce only local reactions, Here tho concentration

factor is of fav groater pignificance than the duration
of exposure, Some of lrritant dusts are caustics, lime,

ptcric acid, ammonium picrate, spap powder and cereals,

ii. Toxic dusts: Unlike irritating dusts, toxlc duste
producoe remote effe&ba vhich are usually systemic poi-
soning, !Ehey' are commonly absorbed into the blood stream
through the lungs, dlgestive tract, or skin and harm
partiocularly organs, A dust may be both irritating end
fo:xic» |

Among the toxic dusta, lead occupios the first



place in poisoning offect, The effect of lead poisoning
doponds upon the chemical foxm pf the lead and on the
anount absorbed, Some lead compounds are more toxic

than othoro,

Henganese dust also creates poisoning which
results in a slow chronic discase, NS

Arsenic dust | is equally poisonous and in some
casos it has caused lung cancer, The other toxlc dusts
are mercury, zine, cadmium, phosphorous and csrtain
dyestuff mtefmediaﬁes. | |

In addition to the above toxic dusts, the
progent day g;bomic energy has introduced a now potentinl
hazard to public health, The hazard is quite large
and is due to air borne radiocactive dustsy The denger
to homen's health due to radioactive &ust‘ is thousands
of times as great as the danger from noneradioactive
- e€lements with of course a few exceptions, In some cases,

radioactive dust has caused Tung cencor,

1ii, Fibrosis —producing Duste : Pres silica eand abostos
dusts are knpwm as f£ibrosis-produoing dusts, They affect
the lung and result in the production of fibrous tissue
or sear tissuo, These diseases are called siliocosls

and asbestosls respoctively, They are not very severe
but further progress of the dlsease nay develop tuber-
calosis vhich may .:fina.uy rogult in doath, |

18
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But silica in its combined form (silicates) is hamless

excopt in few cases,

Asbestosis affects the lung similar %o sili-
cosls but it differs in character and distribution, The
further development of the disease to tuberculosis is
less in the case of @sbeatpsia than silicosis, A number
of cases have indicated that asbestos acts as a contrie
butory factoi* in lung cancey,

iv, Inert Dusts The word 'inert' indicates that this

type of dust neither produces fibhroustissue in the lungs
nor csuses systemic poisoning. The Inert dust may cone
sist of materials like coal, mart® , emery amd other
foreien matters, Although the dﬁst is dnert, yet it
nay have an adverse effect on well being of the indie
vidual, The inert dust has a capacity to Interefere
with sunlight, thus minimizing the baceteriostitlc and
bacteriocidal effect of the sun's rays and further ine
creaging the chance & air borne respiratory infection.
Horeover, when inhaled along ﬁi‘bh fibrousis producing

dusts, 1t creates a discase known as 'mixed dust fibrosis®,

Ve Allergy - producing Dusts s This type of dust omly
affects those people who are particularly susceptible,
They may rsult in dilseases such as hay fever or asthma,

- Allergy producing dusts include pollen, certain kinds
of wood dust and cottom dust, feather dust, and wool,
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. Vie Pobor wproducing Substances: These are usually fumes

of magnesium and zine oxide which producs metal fume fever‘
on inhalation, The metal-fume may also ocour due o exposure
to other metals such as copper, 6admium, nanganese, hron and
antimony | ' '

‘B, Gassous Substances (Gases and Vapours): &

They may be subdivided into four general groups:
8¢ Asphyxiants; The asphyxiants do not affect the lungs
directly but creates interference with the oxidation of
the tissues, This group can be subdivided into simple
and chemical asphyxiants,

| Simple asphyziants are physiologically inert
gases and affect only vhon present in high concentrations

by producing an atmosphere deficient in oxygen. They
may cause the dilution of the atmospheric oxygen, to
cortain extent that it may regult in the death of the
person exposed, Examples of simple asphyxiants are nitrogen
carbondioxide, hydrogen, helium methane, ethene, propane,
and butans, They cause asphyxia in ecnlosed spaces,

Ths chemical asphyxlants oven in low concen=
trations careates interforonce with normal oxygenation
of the tisswes through their chemical action, Examples
are carbonmonoxide, cyanide and its compounds, Acute
cyanide poisoning is qulck and death occurs in a very
short period, '
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b, Ixritants: Irritaﬁta aro those gases and vapours
which‘are corrosive in ﬁheir action. They are responsible
for the inflamation of the ekin, eyes or respriratory
tract, In causing inflammetion, concentration of the
irritant plays a more impbﬂ'ant part than dwration of
 6XpOSuTe,

‘Irritents affecting chiefly the upper respi-
ratory tract are ammonia, sulbhur dloxide, nldehydes,
hydrogen chloride, hydrogen fluoride, ethylene oxide
and sulplur trioxide, ':v

Irritants affecting both tho upper respiratory
tract and lung tissues are’brbmipe, chlorine, chlorine
oxides, fluorine, lodine, ozono, sulphur chlorides,
Phosphorous trichloride, and phosphorous pantachloridg‘

Ib»itants cffecting mainly the terminal respi-
ratory passages oend alr sacs are agsenic trichloride,
nitrogen dioxide and nitrogan'tetraoxide, and phosgene,
in confined spa¢e$‘5 thepe gases may balld upto a lethal
congentration vhich may findlly result in death.

¢, Inorgenic and Organcmetallie Gases: The inorganic
and organcmetallic gases are those vhich contain mercury

phosphorous, lead, arsenic, stc., suoh as diethylarsine,
tetracthyl lead, nickel carbamyl, hydrogen arsenide,
mercury and phosphorous, Those gases give riee to
poisoning.



d, Volatile drugs: This group acts as simple anesthssia

ond dows not create any serilous systemic effect, B

2.1.3. Hoximum aliowable © g' neontration.

An average man cen stand a certaln amount
of contemination, ILaboratary research, field studies
and industrial experience have helped in the establishe
ment of maximum safe concentration limits, These limits
are known as maximm allowable concentration (mac) and
rapresent the amount of %he' centaminant to which the
average worker may be exposed for 8 hours dailly wvithout
gignificant harmful effects. 1t is to be borne in mind
that these safe limits are not fixed values but may vary
from individual to individual,

In general, the concontration of gaseous cone
tamijnents is exproesed as partsof contaminant per million
parts of air by volume (ppm) .4 _But vhen the contaminan-~t
is dispersed in the atmosphere in so0lid or liquid form
such as mist, dust, or ﬁ;mca, its concentration is expno-
esed in nilligrams of the contaminant per cubic meter
of the alr (mg/ms) o.rvi'n nillions of particles per cubile
foot of air (mppef), Appendix I gives & list of maximum
allovable concerrations for some of the contaminants,

2.2, OF LIVESTCCK

‘iika human beings, air contaminants also croate
deletericus effects on livestock, But the mechanism by
vhich an animal gets affected is different from that of
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~uman beings, In vca.aa of livaestock, the poisoning results
from eating forage which has become contaminated with
airborne toxle substances: 7Thus the hazard is due to
inzestion of contaminated forage rather than inhaling

the polluted air,

| Aix coptamﬁnants nay be harmful to the livestock
in two waye.‘ They may either diré-ct.w conteminate tho
forages or vegetation in thelir toxic form or may be first
absorbed and then react to form toxic materisls, The
former is a usual case vhile there 1s no example for

the truth of the lattor,

The air contaminafite vhich are generally 1¢Se
pongible for polsoning in livestock, are arsemic, fluorine,
and lead, Among these pollutants, fluorine is the nost
hagardous e,

LB Ai'senic Polsoning: It wes found %o be very common
in areas around copper meltors and resulted in considerable
livestock loeses, An acute arsenic poisoning also occurs
‘vhen arsenic in the form of arsenic trioxido or lead
arsonate is used in some insectlcldes, But this is of

much smaller degroe as compared to that resuliing fro-n
industrial processes, The arsenic polsoning may creats
unoasiness and the animal may become exhaustod and f£inally

collapse,
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b, Pluorine Poisoning:  ¥lworine is nover present in

its elemental state but is alweys in the form of Ampurities,
the dispersion of vhich may result in fluorine poisoning

in live stock commonly known'as 'fluorosist, The extent

of the injury caused by flworisis to tho livestock depends
o the fluoride level maintained in forage over an oxtemded

: périad of time, Fmo‘z-me toxicoels in livestock may result
in dental fluordsis, It also attacks the bonos of the
body, retards the gxowt:h and finally results in general

111 hoelth of the animal,

c. Lead Polsoning: ILead 1s a cumulative poison and may
finally result in death,

2,3« ON FLANTS:

Air éontamination also causes Injury to vege-
tation. Infact a contamingted atmoaphere may injure plant
1ife more than animal 1ife, The damage may be caused by
a small number of conteminants present in relatively low
concentration, The main contaminants responsible for
plant contamination are sulphur dioxide, hydrogen halldea,
and halogens (particularly hydrogen fluoride) , smog gasos
and orgenic compounds (aldehydps, ketones, organic acids
and chlorﬁné.ted compounds). In enclosed places like
greenhouses, othylene, hydrogon cyanide and mercury vapour
- have caused injury to vegetation, There are other conta-

minant such as hydrogen sulphide, nitrogen oxides, ammonia



~end carbon monoxide vhich are usually not prosent in
h&@iccncentratipns 80 as to be harmful to plant life,
Plant speciles are identified by pattems of leaves and
flpwers and by their growth habite. Under normal cone
ditions, tha# develop certalin known charact;arﬂ.s"b 1cé but
when they got conteminated Que fo air pollutants, they
develop cortain symptons on the leaves or flowers vhich
roflects dowards tho contaminante reeponsible for it,
Effects of some olf fhe conteminents on plants avre doalt
seperately as boldow 3

a. Sulphur dioxides Acute sulphur dioxide infury to
vageta’ﬁion rogults in 'lzhe killing of sharply defincd
marginal or intervoinal a:beas of the leaf, vhich subsce
quontly drics up and usually bleach to an ivory colour.
This, howsvér, doos not lead td the collapso of tho loaf,
The long continued exposure of the sulphur dioxide leads
to the build up of the sulphate contont and at length
the leaf is shed, Different spoclos of plants and the
same plant 'grovm. in different environmonts vary in thdir
suscept 1bility to sulphur dioxide,

b, Hydrogen Pluoridet sShort exposure of lov concontration
hydrogen fluoride to vegetation usually results in inder-
voinal snd marginal acute markings. The various plents
affected by hydrogen fluoride arc those of pines, conifers,
ryo, oate, barley, vheat prume, peach, otc. In some
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ag .
- cases such/frult trees, there results an extensive show

dding of the injured leaves. In addition to hydrogen
finoride, there are other fluoride compounds such asg
silican tetrafluoride vhich 18 in no way leas than

hydrogen fluoride as an injurious contaminant to vegetation.

‘¢, Miscellaneous Fumizantss

i. Chlorines Damage to vegetation by chlorine is gene-
rally rare, Infact, chlorine is more toxic to vegeta-
%ion and resulta in marginal and interven.ial njury.

It damnges vogetation like peach, btuckwheat, beans ete.

13, Hydrogen Chloride: =~ Hydrogen Chloride is sufficictly
less toxic to vegetation thanm sulphur dloxide., The gas 1is
absorbed by the vogetation amd results in the build-up of
chloride on the loavos, The threshold concentration is
about 10¢ ppm for a fow hours fumigation,

ili. Fitric oxides; Nitrlc oxldes iInjury creates
browm margins and black spote on the leaves, It affects
grain plants and conifer, The damaging offoct accurs
ot about 25 ppm concentration,

iv, Ammonia, Amnonia 18 a gas of intermedlate toxicity.
But the charactoristic injury due to ammonin differs
from the previously described gases, Fractically all
parts of the leaf are affectod rather than any particular
rogion. After a long exposure the leafg loses its colour

sl emsnrtames m e w mme o Y M s e e . . m -~ - -
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‘become brown wpon dry in,s;

ve. Hydrogon Sulphide: Hydrogen Sulphide 1s less toxic tov
leaf tissue than other gases. Plant damage due to hydrogen
sulphide occurs generally &w to accidents which Increascs
ite concentration in the atmopphere., The main difrerence
between Injury caused by hydrogen sulphide and sulphur
dioxide is that hydrogen sulphide injurdds thog yongest
leaves rather than the middle aged or older leaves, The
plants most gopaitive to hydrogen sulphide injury are
cosmos, radish, poppy, e-é_c;

vi. Ethylone: It causes i:i;lury to the leaves even in small -

amounts, It may retard tha growth of the plgnt and may
result in the phodding of the leaves. The most sensitive
vogotation are sweet peas, tomatoes and buckvheat,

vid, Smogs Smog also causes injury to leaves of certain
vogetation. The degree of plant injury depends not only
upon the quani!:ity of contaminants which contribute to
smog formatlon but also upon meteorologlcal factors., The
smog injury may be either due to gases (smog gas) or due
%o deposition of fog droplets on tho leaves. The loaf
lesims ﬁuef'; afnog £a8 appéar an a so~called tsilver leuaf!
on the under surfaco of tho lenves of many plonts such as

boats, spinach, alfolfa, and many othor plants. If the

emog is severe, the injury may rosult in the total collapse

of certain aroas, The other type of injury on plont loaves

» -
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.enough aoids along wilth some toxjloants, This results
in spot-type of lesioms, This leaf spot injury occurs
in alfalfa, spinach and other plante.

2.4, ON STRUCTURES:

The offects of air contaminants on buildings
are apparent in rosidontisl as woll & in industrial
areas, It results in the discolouration and disfiguroment
0% the buildings., Sulphur dioxide loads to the development .
of deca&_ in limestone and other bullding materials containe
:&ng_carbmatea. 1% also induces decay in the noighbouring
znaterials vhich are not diractly exposed to sulphur dioxide,
The damaging offects are seen in the form of blisterin.g
and scaling of the surfacos. It also contributes in
the corrosion of some of the motals (irozi, steel and zino)
used in bulldings. | o

The damage to buillding due to emissions of smoke
and fume is easily mebmized by thgir poor appearance, It
leads to the disfiguration of builaing by sooty deposits.

In casc of palnts, sunlight plays the most
important part in detericration. Air contamination makos
it td loge its appearance but does not affoct ito durability.
This ia seon by the blackehing of wvhite load.base paint
wvhen it comes in contact with hydrogen sulphide,
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The effects of air poliution on bulldings
varies with the circumstances, Jome materials may be more
reéiataa‘h than others, Thoe demage to bulldings takes

place In a short time ut it seldom leads to any great
depth,

-A:O:a



CHAPTER III

AIR SAUPLING AND CONTAMINAND EVALUATION

Depending upon the type of contaminant, air samp=
ling devices have been classified into two groups;
Particulate matter sampling devices and Gaseous substances
sompling devices, The formey type group has been sub.

- divided anccording to the principle of collection while
the latter group according to the methods adopted for
contanminant evaluation in the field and laboratory.
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3.1, GENERAL:

The solution of an air pollution problem requires
sampling and analyasis of the conteminated atmosphere, The ainm
of sampling is primarily to determine types and properties
of impurities, degree of cqntzaminaticn,and pz;esence or
absenco of toxlc or harmful substances, The  collected
semples also provided quantitative m:torxx}at lon. The analy=-
sic of the eontaminants prosent in the samples helps in
the devolomment of remedial measures ami establichment
of base level concentrations for (Ilegislative proposes, It
aleo gives an idea regarding the performance of the air
cleaning ocquipments and serves as a basls for future

reference,

Tho determination of the atmospheric contaminant
size and concentration reqnirea’ a sultable oquipment which
nay extract a reprasentative sample from a major volume of
air and concentrate the conteminants in such & manner
as to permit subsequent measuremsnt, The complete assembly
consists of a sourcs of vaccum, a metering device for the
measurement of the quantity of gas‘samplea and one or more
of tho collection devices, The analysis of the collkected:
naterial is usually done in a laboratory, By proper
combination of collection technigue and analytical proce-
dure the units can be devised very specific for a number

"of econtaminants.
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3.2, TYPSS P SAMPLING DEVIC3S:

Sampling devices nre classified into two groups:

3e2¢1. Sampling Devices for Particulate HMattoer,
5e242, Sampling devices for Gases and Vapours,

5.2,1, ZRerticulate Hatter Sompling and ite Bvaluations

The sampling instruments for pér‘b:lmate matto.r
may bo‘classif:;ed according to the physical b:.iaia of opo-
ration, under the followin_ groups

a; Gravity Scttling Dovicss: The principle of settlingf
technique 1o adopted in the following cquipmants:

It is tho oarliest form of apppratus and
18 meant for open nlir sompling., It comolst of o glass work
in tho form.of a bovl about 12" in dismoter and this is supp;
orted ofi o metal tripod . A wire gcreen ic provided at the
top for aome protection to the bowl, Tho collectsd mate-
rial alongz with the rain vator goes into a bottle of
approximately 10 lilros capacity. | o

During sampling vorlt tho deposit gaﬁge should be BO
located thet 1% 45 oway from any noarby object vhich may
othervise affect the colj,e ctién of particuiate natter,

Aftor a month, the gouge 45 exami_ned; Ahout' 500 ml of'wa’cer
is poured Into the bowl to wash the deposited mottor adhered
' %o the inside surfacos fof the collocting bottle, Tha
collectdd matorial is analyesd for diosolwved impuritios
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and undispolved matior, The result of tho analysis of
‘deposited matter are usually expregsed in Tons por sq,
mile per month for a particular aerea, It is noted that
+he ancunt of material collected by the deposit gauge does
not represent the wei@t:diae_ha_rgea by the chimnoys in

fnhé area concerned, However, it is a uscful instrunent
and provides with the measurcments of varied typos of

contaminants precont in the atmosphero, .

‘41, Petri Dishop: Petri dishes are omployed for quick
determination of the distribution of doposited matter in
a given locality, They are oxposed for o poriod of 24 to
48 hours in o calm eond 4ry vonthor, Tho dishes are placod
usually at intervals of quartormilo 176 half a nlle,

To detormine the ampunt of collected matter, it
is brushed cn to a watch glaén and weighed $o an occuracy
of 0.1 mg. A microscopic or chomical oxamination of the
collectod matorinl may be carried out to identify a
particular scurce of pollutica., The results are generally
expreszod ac the dapoéits in tons per square nmile per
month, vith the help of petri dish surveys, contour lines
of equal pollution may be drawn on nops, |

111, Sottlins Shambor: It is ono of the oimploot mothod
of sampling particulato matter and 4o adoptod for particles
" as small as about § M in sizo. In this o volume of
air ie entrapped in a wooden chamber and the particulate
natior is alloved to sotilo om microscops slides,



33

Settling chanbers are avpilable in different sigon
‘and shapos, 4 convenient size consists of g wooden box
about 1.5 £¥, square and provided vith a door on one side.
Microsecppe slides are provided on floor, ceiling and walls
of the Yox, The Chamber is placed in the path of the
contaminanted air at a suitable location, If the air to
be sampled aeccupies g laorge volumo, it can be gently
fanned into the box, After collecting & reprosentative
amount of dust laden air the chamber is closed and is kept
in the same position for about 16 howrs. This rosults In
the removal of the particulate matter from the static
volume of alr anl finally in ite pettloment on microscopo
slides, The slides ore ptudiod wnder a microscope and

the size as wall as concentration are dotermined,

S3%tling cahmbors can alsp be used for collecting
droplets on especially prepared slides vhich are usually
coated with petroleun Jelly for droplot presorvatioms.

bs Fllteration Yevices: The removal of the particulate
natter from the contenminated air stream by filteration

provides an casy means for sampling. The moét Important
factor in filtoration 18 the particle size, Tho differen.t
mechaniems involved during filtoration and tl» oize range
ovor which each is most offoctive is g shown in the

Table 3.1,
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Hechenism Pgrticle diameter A
Diffusion 03

Intercoption 1(depenis on fiber size)
Inortial (impingemont) | 'o'._5

Eleetrostaﬁa attraction 0,01 to 03_1.0

Sieving 0.1 (depends on pore size)

From Table 3,1, it is evidont that clectrostatic
attraction 8o vory affective in the removal of very small
asrongl particles, PFllters nrde of certain plastics and
rosins possess the property of developing sufficientblectric
charge, during sampling, |

A nunber of materiala_ are used as filter bodies
such as porousc paper, Pporous cei-amica, cotton, wool, glass-
cloths, packed amBestos mato, etcs The choice of the filter
medla ﬁepemlé ﬁpon the size as well as the type of the cone
teminant, The following are the types of filters commonly
used in air sampling. |

3. Zhimble fiiter: It is widely used for sampling explosive
dusts, The paper {thimble apparatus makes use of a whatman
extraction thimble f£illed with fluffed = out cottm to

reduce oclogging and is operated at a sampling rate of 2 cfm
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Prom the change in weight of the driedy thimble, the dust
concentration in the air is determined .

11, ygtal f£3. ,, Fllters consisting of soluble
sugaar‘ crystels can also be used for sampling due to its
‘high affinity for 4ust particles. After sampling, the

| filter is dissolved in some suil ablé solvent and the res.
wlting euepeha:!.on of the collected part:!.clés is studied
miwoscopically or Yy aed:}:ﬁentation feehnique's. This
method of sempling finds much application in mines, But it
suffors frbm & drav back that most of the sugar crystals
carry enough contamingnts or dusts in the original form,

111, Molecular or Membrano filters: The molecular of membe
rane filters {also known by t he trade names of Millipore
and isapom filters) are found to be quite suitable to.b
air sempling, They are mado of a mixture of cellulose nit--
rate and acotate and remove particulate maiter by screening
action: Thege filRers are necarly 100 percent efficlent for
particles greater than 0.1 micron in slze, They are comn-
ercially available as three typos : HA (Hydrosol assay},
Af (aerosol assay), AP (aerosol protective) , The pore

sizes of theee filters are as showmn in the Table 3.2,
Pore sizes of Membrs Filters,

Pilter typé App. Pore ama A

Ba ' 0ub = 0,5

Ap L2H2 - 1.6

AR 08 - o7
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Particle counting and its size dlstribution are
determined by a light f£ield microscopic method, The
particle counts divided by the volumo of alr sampled gives
the dust concentratiom, If the dust concentration is high
orsufficient voluno of air is sampled, tho filter com be
waighed in a balance and the concentration is calculated
in terms of the weight per unit volume of air sampled, Care
should be taken to avoid the moisture adsorption,

Dust goncentratlon can alsp bo determined by
photomatric measuremonts of dust spots on the filter |
paper, The dprkening of tho filter papoer gives sn idea
regarding the concen ration of the contaminant, It is me-
asured Yy the light reflacted from the deposit,

¢. Impingoment Dovicesy A better developed form of samp-
ling device is an impinger working on the principlo of
impingement, In this instrument a dust ladon air stream
moving at high wlocity io allowod to strike a stationary
suriaca' placed perpendicular to ths azxlas of the air streame
The sudden change iIn the diroction of flow with the conse

quent loss of kinotie energy of the contamingnt separates
the partiocles from ths air stream, A pumber of instruments
operating on this principle have besn dovised, Tho impore
tant ones are the Konimetor, Oven's Jet, Sonkin cascade
impector, Greenturg.emith apperatus and midget impinger,
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i, The Konimeter; This instrument was originally devised
by R.M , Kotze and later modified, In its modified form &t
consists of a nozzle 0.6 mm, 4in diameber through which the
dust laden air is drawn and allowed to fmpinge upon a oir
culaer collecting plate placed at a distance of 0.5 mm,

from the end of the nozzle, The air stream is inducsd by

a small valveless springvopamted pleston xmmp. The collec
ting plate is covered with a thin adhesive (glycarme jelly)
£4lm which traps and retains the dust,

On passing the alr through the konimetor, the
sample obtained on the collecting plate is in fom of a
spot, Sewveral gamples can be taken on the same spot so
as to ostimate the average concentration., Provision is
also made to study thirty such samples on a single plate,

Kanimeter samples can be evaluéted by using a
micz'oseopa with 1:1ght field illumination and pmvided vith
& holder so as to facilitate the rotation of the collec‘t.tng
plate for counting different sampleo, The dust camcentrat-
ion is expressed in terms of million particles per cu,ft,

- of air, . '

The Konimeter has 5 low dust collecting efficlency
and ls unsatisfactory for high dust concentrations, But
it is t¥eirtlo gampling dovice and is the most compact
one, 2Sase and spred of eampling and counting ave the main
‘advantages of vhis method, #lthough the counds are cone
siderably bolow those obtained with other types of
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impingers, yet it is quite useful In estimating the effectm

iveness of dust.control methods,

i, Owen's Jet Dust Counter 3 This impingemert device
vag introduced by Quens and is someovhat similar to the
EKonimeter, In this instrument, the air sample (50 ml, or

more) 38 gu first drawm through a moistening chamber and
then through a stream lined rectangular nozzle of 0,1 cm

% 1.0 em, Iin dimonsions The air f£inally impinges on a
glass cover placed in an alr tight chamber which is pProvie
ded with a hand pump, She high velocity air coming out

of the nogzles undergoes a prossure drop vhich subsoquently
lowvers the temperature resulting in the condensation of
moisture on the dust particleos, Thie holps in the colleow
tion of the particles on the cover glass vhich i8 not given
any adhesive coating as in tho caoso of Eonimeter, Later m

the moisture goes awvey leaving the dust on the cover glass.

The ridvben of dust obtalned on the glass cover is
not uniform and as puch creates difficultly in counting,
It possesses all the disadvantages ges that of Konimeter
in eddition to verying efficiencies dopending upon the
pull on the pump plungér‘ Hatoh and %hompson have modifisd
this instrumen! which ocnables to obtain sixteen samples on |
a simgle cover slip,

The cover slip with dust deposit is mounted with
s side dowm on a microscope slide and examined wnder a
microscops with dark field i1liuminetion., Tho dust c-
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concontration is expressed as in case of Konimeter,

jii. Sonking Cascade Impactor: This is a better form of
impingement device, In this instrument(Fig, 3.1) the

duet laden ajr passes through o number of jJjeots of decreas.

ing apertures and as such the speed of air through the Jets
becomes progressively greater, This resulis in the simult.
aneous collection of particles by impingement on glass plates
as well as their classificatlon according to size ranges. |
The largest particles collected on the siide opposite the
first jet and the smallest ones on the slide opposite the

last jet,

The collected materisl on the slide is examined
under on olectron microscope., The separation of the
particles according to varied size ranges affords facility
in counting. Cascade impactor is more efficient that single
jet-type instrument ani cen be used effectively for sempling
of particles over a wide size range.

iv, A oontinuous Sampling Impinger: In this device dusty
air ies drawn through a jeot and impinged against a rotating
drum, This leavos black or groy marks on the white paper
rapped round the drun, Provisiom is made for the automatic
recording of the dust concentration from the shaded intone
pity of the dust spot,

<4
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V. Greonburg « Smith Apparatus: It is a standard impingor
(Pig. 3.2) and is widoly used for dust sempling, The air
is drawn through an orifice 2,3 mm., in diameter at the .
ratef oi’ 1 cubic foot per minu‘t‘e and impinged against a
glass plate located perpendicularly at a dlstarce of

5 mm, from the orifice, The bottom of the somploe flask

may also 'ser‘ve as the plate, Eha plate is covered with
dietilled wator (at least 1" in deepth) or some other
liquid to coliéct dust particles on impingsment, The air
is usually dram vith the holp of an olectrically driven
air pump,

.The device 15 an cfficient one for sampling
all air borne dust above 0,74 in diameter, Bowever,
by arranging twvo impingor flasks in series, the particles
which ere gemerally below 0.5 A&  4n eize, can also bo

seampled,

The sgmple collected in the impinger flask is
diluted with sompling medium (distilled water or some
other nqu,i&) depending upon the slze of the sample, the
'd\ﬁgt concentration and the method of counting, After
é;'oper agitation of the impinger flask, sufficient samplo
16 trensferred into a clean sedgmick-Rafter cell for counw
ting the particles under a microscope with light field
1llunination. A microprojector can also be used for both
coimte and particle size determinations,
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Ve Sreenburg - Smith Apparatus: It 1s a standard impinger
(Pig., 3.2) and is vwidoly used for dust sampling, The air
is dravn through an orifice 2,3 mm, in diameter at the
zfataf of 1 cubic foot per minute and impinged against a
glaés 'plate' 1ocated perpondicularly at a distance of

5 mm, fr-om'thé orifice, The bottom of the sample flask
nay also 4server ae tho plate, The plate is covered with
diﬂtilled'ﬁater {at least 1" 4n despth) or some other
liquid %o coliéct dust particles on impingement, The air
is ueually dravn with the holp of sn olectrically driven
air pump.

.The device ic an efficient one for sampling
all air bome dust above 0,74 4in diameter, Hovover,
by arranging two :imi)inger flasks in series, the particles
uh:l.ch are geﬁeram bslow 0.5 A& in size, can glso bo

sampled;

The sample collected in the impinger flask is
diluted with sampling medium (distilled water or some
other lliquid) depending upon the size¢ of the sample, the
'd‘\ﬁst concentration and the method of coun‘ting. After
im:per agitation of the impinger flask, sufficient samplo
is trensferred into a clean sedgmick-Rafter cell for coune
¥ing the particles under a microscope with light f£ield
11lumination. A microprojoctor can also be used for both
counts and particle size determinations,
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vi., The Midget Impinger: It ls similar to the Greenburg-
Smith stendard impinger. In placs of eleetrioally driven
pump, it is provided with a hand operated pump, By hand
cranking the gir is drawm through an orifice of 1 mm, 4n
diameter at the rate of 2,8 litres per minute, The
sampling and the counting are done in the same manner as
the standard impinger, Hidget impinger is quite
efficient An sanmpling the dust particles ranging in size
fram 0,7 to 10/, It can also be used for sempling
flemmable dust for which standard impinger cannot be used,

d. -Thema; Procipitation Dovices: Thermal precipitaters
are more eflicient them the impactors, especially in the
collection of particles less than t/u in size, The
operating principle of thio instrument was first pointed
out by Aitkén in 1870, The particulate gsampling is done
by taking advgniage of the presence of pérticlaafrae
atmoai:h&re- around a hot surface, Vhen the dugt laden

7

alr is passed boetyeen 2 heated wire and adjacent coated
glasé plates, the f£ine particles that are repelled from the
hot wire , collect on the glass plates according to size
in thoe direction of air travel, The thommsl precipitator
eppcars to precipitate all tho fine particles, but it che
ould be operated at lov air Licup rates, Theso flow ratoes
can be increased by roplacing the wire by a flat ridbon,
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Groen ond Vatson devised a themal precipitator
(Pig. 3.3.) for tho collection of industriel dust samples, In
this the dusty air is drawm by water displacement through a
slot 0.051 x 0.'95 om, in .cz"oaa section at about 0,7ml,/minute,
A michrome wire of 0,025 cm, in diemeter is located eemtrally
in the slot, This wire ic hoated electricelly bo o temperature
of 100°C»- The walls of the alot are fomed kw“3’/4"‘ cover slips
backed by brass blocks for cocling. On paseing the air betwoen
the hot wire and the cool surface of tle cover glass, the Sude
ponded dust parbticles zre deposited upon the cover slips,
The particle counting vof the dapdsited matter is done under
a nicroscope., To facilitate particle counting, Laskin
provided the plates with an oscillating mechaniem fio that the
particles are spresd over a largor aren with more uniform
distridution, & furthor improvement is attained by rotating
the collection plate, Ylrmal precipitators are almost 100%
efficient for all dust particlos ranging in éizo £rom0.2 =20,0/,
7 , _Devices: Blectrostatic
precipitation is a very officlent method for collecting

8ll types of smell pariiculate matter, Both alternating
(4C) and direct current (DO) pa*ecipitaﬁora have been s od
o8 alr sampling devices, They are more advantageous over
tho other sampling devices in that the air flov rates are
high enough which result in the rapid collection of the
velghable material, To facllitate accurate veighing, ths
woight of the collecting electrode is usually kept lovw,
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The particulate copllection unit of tle procipitator
consists of electrically grounded collocting surfaces or
electrodes in the shape of pipes or plates and the charged
electrode in the form of wire or rod is located ot the
contrs of the pipe or nidwny betweon the grounded plates,
The charged electrode 48 kept insulated from the collecting
elsctrode as woll as tho shell of tho ingulator is connected
to the source of high voltage current: Tho voltage used
ranges from 8000 to 30,000 volts, On pasaing the dust
laden air through the collection unit, the particilos got
charged and under the influonce of the existing electrost.
atic fleld, thop are driven In a dirsction poerpsndicular
to the alr motion, ond are precipitated on tho collecting
purfaces, A microbalance may be used to weigh the collocting
electrode before and after sauwpling 8o zs Yo determine
directly the weight of the dust coll#sted, Tho woight of
the deposit can also be determined Yy woighing a small
beaker (10 ml) into vhich the vollected ‘mater:lal has beon

transforred by rapping or 80me othor ﬁ;e%ice.

¥lectrostatic sempler usually handles contaminated
air or gas stream upto 1200 deg, F. The presonce of moisture
does not affect the cvollection efficioncy, The precipitater
should be operated such fihat the relationship of tube diae.
moter, airflov and voltage must be vithin cortain limits
in order to apyroach the maximum efficiency of 100 perocefit.
This device is suitable for sampling fumes, smokes, or
other suspended matter with a particle oize below 3/4* A
in diameter, It 1, however, not suitable for sampling in
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The particulate colloction unit of tle precipitator
congists of electrically grounded collocting surfaces or
electrodes in the shape of pipes or plates and the charged
electrode in the form of wire or rod 1s located of the
contre of the pipe or nidway botwoen the grounded plates,
The charged electrode 1s kept insulated from the collecting
elsctrode ag well as the shell of the ingulator is connected
Yo the source of high voltage cwrrent. The voltage used
ranges from 8000 to 30,000 volts, On passing the dust
laden air through the collection unit, the particiles got
charged anl under the influence of the oxisting electropte
atic field, thep are driven In a direction porpsndicular
to the alr motion., and are precipitatod on tho collecting
aurtacqs. 4 microbalancs may be used to weigh the eollocting
electrode before and after sampling sc as to determine
directly the welght of the dust collocted, Tho woight of
the deposit can also be determined Yy ‘vwoighing a emall
beaker (10 ml) into which the collected material has bsen
transforred by rapping or some othor deviceo,

N\

Electrostatic sampler uswelly handles contaminated
air or gas Stream upto 1200 deg, F, The presonce of moisture
does not affect the collection efficiency, The precipitater
should be operated such thot the relationship of tube dice
moter, airflovw and voltage muet be within certain limits
in order to apyroach the moximum efficiency of 100 percent,
This dovice is suitable for sempling fumes, smokes, or
other susponded matter with a particle size below 3/4¥ A
in dlameter, It is, howevor, not suitadle for sampling in
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flammable atmospheres,

342,2, Sampling and Bveluation of Ganes and Vapours:

of thevgaees and véi)ou_rs in fﬁfhe air may be dotected and
eét;!mated by their characteristic odours and irritant
-e:rfeats; The odours can b6 classified into six classos
ag follows: spicy, flowory, fm:ity, repinous (turpentine)
faal end écarcheda Odours ame best dotermined ﬁy the
f:irsi: and second inhalations, Katz and Allison devised
the ofiour and ixritation scales as shom in Table 3.3
and 3.4,

Degree Intensity. Desaription,

v , - No odour Ho detectable odour.
Minimum
Very faint I4n, but positively porcepte
ible odour,
2 Faint Heal: odour, readily percepe
. : tible‘d
3s Basily noticeable  Moderate intensity,
 Sgrong - VYogent, foreible odour

Very strong intenge effoct, may irritate,



Iable 3.4,
Irritant Scale gal Irritation end Eye Irritation)

Degree Intensity Dgscription,
0, - No drritation Not detectable,
1, . Paint Just perceptible,not painful,
a. ~ Moderate Moderate irritation, midway

A between 1 and 3,
3. A Strong - Discomforting, painful, but

nay be endured,
4, Intolerable  Excosdingly painful, camnot
_ . ‘ ~ be endured voluntarily,
Although the odour aﬁd 1rr;itétion method of
evaluating exposures is very'useful, yat it suffers from
éeme' 1imitatieizs.' It does not offer any record, Moreover
the sénéitivity of the sense of smell varies from indie
vidual to Individual, and thé éense fatigues rapldly. ¥o
this method gives only a rough es‘bimé,‘_tioﬁ' regarding the
concontration of gasocous eomtaminanmts,

b. Portable Rapidly Indicating Devices: These devices
are not specific. But they are quite advantagoous due to
their portabdility and immediate availebility of recults,

i. Interferometor: The most widely used physical instrument
is the 50 om, portable gas intorferometer., This instrumeit
accurately measures minute changes in refractivity due to
the prosencs of gaseous contaminafits in the air stream. The
comparison 18 usually made with dry air from which carbone
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dioxide is removed ond the dry air 1s maintained ok the
same temperatu:é and pressure as that of the contaminated
airs The instrument may be calibrated aga:i.nst knowm concse
ntration of gaseoue contaminant in the gir within the range
‘for which it is to be employed, It may also be calibrated
for absolute rofractivity changes (reﬁ*nctﬁ.vity factor) .

| Row the instrument scale roading can be dirsctly converted
'ta concentration value by using unit reﬁ-activﬁzy chenge

due Yo the presence of gascous contaminaont,
. interfarmmeter reading x mfractivity factor

{of mmmen‘b)
% vapour in air = :
‘ | | Uptt m:ﬁ?ac‘tivﬁ:y chmge (0f vapour),

1% is to be noted that the rofractivity of a mizture of

vapour is tho sum of th refractivities of tle components,
As such interferometuy method is more specific if the same
pling air contalnc a single gasoous contaminant, |

11:.' Eortable Orsat Apparatusy For the .determmmsion of
Cprboné-dioxide, Oxygen, nitrogen, methane and some other
combustibles, including corbon mandxido in high concertrs
etions, Orset gas absorption dovice is o convenient means
of ostimation. It consists of a 100 ml gas buret and four
pipets. The firet threo plpots contain sodium hydroxide,
alkaline pyrogallate, and ncid cuprons chloride solution
£or the absorption of carbond‘diomdle, oxygen and carbond
mdnoxida respeotively., The fourth pipet is a slov combus.
tion pipet for turning combustible gases, 'Eha volune of
ths absorbed gas 1s read diroctly by noting the increase
dn the vater levol of measuring tudbe, The limit of accuracgy
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is @.2 to 0.3 porcont. The chief application of this
device 18 in the\analysis of the atmopshero in mines,

134, Cembustion Devices: Those devices ore meant for
flampable gases and vapours, The conteminated air is

drawn across a platinum f£ilament wizic-h is heatad by a dry
coll, This filament forms one arm of a vheatstone brildge

end 1o balanced against another heated fllament in an

t:esg atmosphere before it is used for contaminant evaluz-
tion, G, draving the sample air across the hot filament,

any combustible gao present 15 burned catalytically. Thi
incromses the topperature of the filament and consequently
romlts in an increaso in realstence to thk flov of eleo.
tricity. The increase in rosistance is proportional to tho
amount of flemmable gases or vapours in ths sample air an d
the concentration is directly nmeacurcd. byfmeter-. Theso
inctruments are vary useful in évaluating fire and oxplosion
hazords, 'Benzene indicater! end 'Corbon monokide ifdicater!
are the examples of combustion devicse, All the combustion
devieee shculd bs cheoked parioﬂically agtainst known mixtures
of the vaptmr to be anmnlyzed,

iv, Ultraviolot Abeorption Bovicee; In these devices,
nltraviolet absorption is w ed for the evaluation of mercury

vapours, frichlorestiylone and same other vapours. In the
device for measwring trichloroethylene, light of 'a fixed
travelongth in tho wltraviolst range' is passed through an
absorption cell dnto a coll sensitive to uitravs.olet light,
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Vhen an air sample froe of dust and containing vapours

having an opacity to light of this wave length is passed
through the cell, the deplotion ¢f transmission 1s measu-
red and this is proportional to the eoncentration of the

vapour present,

e, Cpliection in Indicator IMe 1 Some of the gaseous
contaminart 8 may be coliected in a liguid medium contained
in scr@ibbers or Impingers, Tho volume of the méw sampled
air which brings a change in the colour of the liquid med-
dum, is measured, The colour change is used to estimate
the concentration of the gasoous conteminant, Ammonis,
hydrogen sulphide, sulphur dioxide, hydrogen cyanide, acid
gases, oto,, can be determined by this method, This method
of concontratilon determination is quite accurate, The |
acouracy usually dépends upon gas pampled and the 6ffiw
¢lendgy of the scrubber,

d. _Hord Piston Pym bher-Bulb Sollec |
These devices such as MSA hydrogeon sulphide detector, arow
natic hydrogarbon dete_ctor and P,8, (Palladowgulphite)
Carbon monoxide detector are used for quick and approximate

Devicesas

detorminat lon of gaseous contaminants , Sample air is drawm
through the granular g}lﬁ% bty hand pump or rubber aspirating
bulb, The ggfig impregnated in dlfferent compounds are used
depending upon the type of contaminant to be determined,
The presonce of tho gapoous contaminent ;'m the sample ajir
changes the colour of the ge¥, Tho change in the colour o-f
the & ie used for quentitativo eatiniat lon, by matching
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vith standard colour cards, The length of the coloured
solumn or the volune of samplo ailr necessary to produce a
desired colour may bo used for the determination of gaseous
contaminant, The volums of air sampled is measured by the
nunber of piston strokes. The gels impreognated in different
conpounds are used depeixd_mg upon the type of contaminant
to be detaminéé-.

B, Hethods Roeuiring Loboratory Analysis:

o, Halogennted Hydrocarbone Combustion Apparatus: Several
devices have besn used for the combustion of halogemated
hydrocnrbon ;vgpéura in the atmosphere, In the combustion
tube method, the contaminated alr is paocsed through a
hoated thbe containing a platirun foil, Phe product of
conbuotion are collocted in a cuitable £lask and the
concentrat ion 1s determined by titration in the laboratory.
In the nodifisd combustion method knovn as the sulphur lamp
method, some suitable medium 4s used for scrubbing the
vapour from the air and +this moy be then burried in the.
m;ps. The cémmsiion nethods are generally used for

the determination of chloride, bromides, jodide3, organie
halogons ond acid halogens, As'orgenic halogens cannot be
differentiated from acid halogems, thoir concentrations
con be determined by filtering out the acid halogens.

be Adsorption for Bvaluation by yeight:s Thie moethod is
applicadle toi greos and va.pours of high molecular weight

and moderate toiiaity. The usual adsorbent is on activated
charcoal or oilica gel placed in a weighing tube vhich 1s
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provided with a filter on either slde of tho adsorbent: Tho
£ilter proceding the adsorbent ie meant for the romoval

of carbondioxlde and water vapour from the air sampled, The
filter following the adsorbamt is used to colloct carbon -
ddoxide and water which may be lost by ths adsorbent as the
air is passed over it, The contaminated air is drawm through
the adsorbent at a constant rate and after a suitable sample
is collected the tubo with ito contents is veighed, The
difference in the weight of the tube before and after
samplin_ gives tho concentratilon of the gaseous contaminant,
This adeorbtionjgglecta an integrated semple and is nore
applicable to gases' of high concentration wvhich reduces

the sampling pariod;

ce Yondonsation at iperature:s Most of the vapours
may be concentrated by condensation on passing the air
through a chamber immersed in a low températuré bath, whe'
air 1s passed at a slov rate so as to result in effoctive
condensation and oliminate any loss of the condensed material,
The common refrigeratnts used for maintaining lov temperat-
ure are lece, 'solidl carbon dioxide, liquid nitrogen or liquid
oXygen, <he equipment employed for Bampliz;g depends upon
materisl being ccllocted, the quantity, and the procision
required, HMHereover tho equipment should be so designed that
choking of the pagsage with ice or solid contaminant cond-
ensed from the air is awoided, The concentraticn of the
vapour may ho determined elther by velghing or meawmuring
the volume of the condenced material,
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d., Yollection By Absorption or Adserption for Iaboratory
Analysis 1 The collecting device may be a scrubber or im-

pinger and the collecting medium may be granulated silica
gel or a 1iquid of low volatility, fThe conteminant is eit-
her adsorbed br' absorbaa; In some cases, it may be retained
by chemical mvaction, The collected sample 1s brought to

the laboratory where 1t 1s evaluated by various means such
ad colorimetric, volumetric, polarograpbic, or spectrographic

analyses,

o, Spectrometrys _

1. Infrored;  The infrared spectrameter is a ro-
latively new tool and is used for the evaluation of orBanic
ma‘&ter in the air i It is quite accurate and is adopted
fﬁr control purposes or foar standardization, In this
method adbsorption of cmérg by almost all aromatic substan.
ces 4n the infrared roglon is used for both qualitative ard
quantitative analysie,.

The apparatus conelets of a hsat soured, a priem
%o 1so'late the desired energy region, a cell for placing
& sultable thickness of material for analysis in the path
of the radiation, and a detoctor for measuring the radiation,
The gaseous oontminanf ie collected either hy freoging
or Yty abosorpfion tochnique, A combination of these two
tochniques may alec bve used to provide sufficient mattor
for iInfrared analysis. It 18 to be borme in mind that’
the absorption 1ligquid used should have no interfering
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aboorption bands in the sigmificant range of tho cpntam:lnant
%o bo analysed, The absorption of onergy in the infrared
region 15 proportional to the concentration of absorbent

in the solution.

24 Ulgag__iblefa Several organic solvents, ospo-
¢inlly in the aromatic a'eries, have characterisitc absorpe
tlon patterns in the ultravioclet region of the spoctrum,
The pattern is used to recognize the solvent while ito
capaclity at spefific wave length is used to estimato tho
concentration, The sampia is collected as In the case
of infrared analysis,

3s ldght Absorphic Visible light spectrometry
is similar to infrared and ultraviolet spoctrometry. But .
there are very fev compounds which give distinctive abs

soi'ptjon patterns In light spectrometry,

£, Gas Chromatography: This method 1s particularly suited
to a complex mixture vheré the componehts may be separated
vithout any chemical gbange, Instruments arc used to fraoc-
tionate vappurs and mepsure their thermal conductivities,
The measuromont of the thormal conductivity of the vapour
lo related to 1te concentration., The paints, thinners cnd
othex wvolatile molvontu are determined by thio method,

-t



- Bafore adopting air contemination conbrol methods
a number of factors such as plent location, topography,
- metsprology, characteristics of conteminants, legal

requirements , neighbourhood requirements and economy have
been considered,
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The decision to apply avallable methods of ailr -
cleaning to control ,ir contamination depends upon 2 number

of factors pome of them ars 3=

4.1, INDUSTRIAL~FLANT LOCATION AND ZONING:
in determining the J.oaaizion of an industrial plent,

the factor of air contamination due to its operabion shduld

be taken into account along with the otk r factors vhich
may be necossry for the rumning of the plent, If it is to
be located near an agricultural area, proper consideration
should be'@vcn to possible aamdge to the vegotation due to
the reloasocd contaminefits, This will help in determining
the level to which the contaminent evelution should be
controlled. Tho m gligence of this importent factor has
proved to be an oxpensive error for many large past unior-
takings, 4V is usually easier and less expensive to avail
of the control methods at the initialldesign)etage then ok~
‘& later stage vhen the plant is constructod and put to

operat ibiﬁ :

then a new plant _ié to be located in an a]reada;' B |
industrialized areca, a proliminery survey of the existing
levols of contamingnts is essentlal. This provides with |
en 1dea rogarding the extent to vhich ths conteminants can
be added freom the hem sourcos without producing harmful : aff-
ects, Bvon in cases yherc the area under consideration
&ots polluted due to contominants from autﬂiao' gources, th.a”
air pollution survey is helpful in relation to the contamine-
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tion lovel,

4,2, TOPOGRAPHY :

It 15 on important factor from plant location né
well as air contamination point of view., The ability of the
atmogphore to ‘disperée conteminants depends markedly upon
local topographical features, Emission from plants 1ocatéd
at land water bowmdries, in undulating or hilly terrain,
in valleys and in locatlons of various othor types prosent
different problem in air contamination control, Lhedse

Tho ideal topography is a comparatively level %terrain
in & region vherc the awverage wind velocity is of the ordor
of 10 mph or more and vhers doep temper.ture inversions are
a rare occurring, But even in cmses of level land, sonme
microfeatures as the character of the surface affect the
local verticnl distribution of temperature as well as the
wind,

- In case of plants sltuated in coastal areas,
alr cjxcmiation betwaen the sea and land is an importent
foature in dispersion of the contaminants. In day time,
there is on-shore brasze vhich is reversed during night,
and becomes the land breoze, The lend bresze blows towasrds
vater and thus helps in dispersal of the contaminants which
may otherwvise get accumul.ted and rosult in higher conben-

tration lowvel,



Valley sites requiro serlous considerations than
B level or undulating terrain, specinlly vhen the average
wind veloclty is less th.anl 10 mph, In fact, valley is a
poor site for large industrial plsnts. The contaminents
dié@haxg@& from :i.ndu;éfrial operations get _'trappad bolow
the lewel of the surrounding hllls, The condition becomes
nuch worse Af the plont 1o surrounded bty a relatively narrov
valley with mountaino rising fairly steep on elther side,
During the day time, thej solar heat results in an upward
breeze along the slopos vhile at night , a mountain brecgs
slopes dovn rosulting in the accumulation of pollutants
above the valley floar,

Recont wind-tunnel toeats have indicatod that the
AN A n
height end e&e&es of the surrounding buildingo cauees a
change in the vind pattern vhich may subsequently affect
the contominant disposrsion., Heonco this factor should also

bo taken in account,

4.5, _HETEGROLOGY;

The dispersal of a contomingnt in the atmosphere
may occur either near thn a sourcs or at distances away
from the source, The dnterologlcal variables governing
the behaviour of a contaminanmt near the sourcs are wind
direction, wind speed and wind turbulence, Wind dirsction
indicates tho genoral ar2a into vhich the contaminant will
1 move, The contominant concontration dovm wind from a

gource varies inversely as the wind speed. %he rate of
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diffunion deponde upon the degres of turbulence vhich deponds
upon throo main factors, vis, the specd of the wind, the noe
ture of thk ourfece over vhich the alr stream moves and
the rate at vhich the temperature of an air mass falls with
vincz'*easing altitudo, An uneven surface or any obstruction
will increase the turbulence in the ground layere of the

alr,

Air stability is also a meterological factor conte
ributing to 2ir pollution. "i‘ha concentration of alr conte~
ninont 1s directly related Yo the stabllity of the atmos-
phere, Differences in air stability depsnds mainly on the
rato at vhich the tomperature falls with increasing altitude,
When a stable air mase is foroed to rise, it tends to sinl
back towards its orxriginal level in due course, However, if
the unetable air ls lifted up it bounczs up higher and higher
with much turtulent motim, Tho stacks &, B, C, and D(Pig.
4.1) 1lluetrate thel discharge of smoke fFlumes, in relation
'to aﬂr etability and turbulencs, Chimney "4A" shous cmoke emi~
ttod n stable air, Undor ouch existing condition, the emoke N
£inds aifficulty in rising up ard spreads out more nearly '
‘horizontal in o consolidoted plume which di:f.‘msés slovly
as 1t moves downwind with 1ittle turbulent motian.
Chimmey P indicates the emission in a markedly stable air
in vhich case the plume falls to rise mach above the
stack and begmal‘ ‘Eo 8ink tovards ground level, Chimmey C
shovs rapid omoko diffusion in an unstable air mess,



FIG. 4.1




of

‘Under the condition, the esmoke is b:.liowing in all direc-
tions especially upvards, in confused turbulent eddies,
Chimney D shows grmoke emitted under calm conditioné',. but
with light turbulent diffusion,

Tenmperature inveréion is another factor which
adds to air contamination, Uhen the air temperature inc-
rease with increase of altitude, the normsl lapse rate is
inverted, and an inversion of temperature occurs, Such
a condition usually exists Just above the ground surface
but may also occur pmch above it, imissions within inver.
slons got trappod within the air layers and result in high
concentrations of impuritiss, This may intercopt wﬂ_th.
the day light.

4,4, CHARACTSRISPICS OF CONTAMINANDS TO BE EMITTED:

A perfect knowvledge rogarding the type and aniounta
of contaminante to be emittexd from & nev installation is |
epgential, 1t is necess.ury Yo know the particle size andthe
physical properties of the contaminsutae. Particulate ‘contw.
ninants are to be treated differently than gaseous emissions
causing nulsances, 1t is also necessary to know whether the
contaminants, after bing roleased agglomerate, flocculate
or react with ether pollutants to form substances vhich
may havo ontirely different characteristics. The toxzicity
"of cach contaminant to ¥ emitted should be known so that
it may‘ bo cohtrollad to & lovol vhich may frot creato any
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deleterious effect on people, animals or vegetation in
- the surrounding areas, Sampling tochniques may be used to
detormine the contaminant charascteristics,

4.5. LEGAL RE ULR EM’ 3
Ltcal codos may Mpose restrictions on stack
dust loading and emlssion concentrations that make stack

gas cleaning mandatory.

4,6, NEIGHBOURHOOD RECUIRITIENT St

These ostoblish tho degroo of cleaning nocessary
boyond specifio loaol requiroments, In t)ge neighbourhoods
not previously subjocted to .ﬁ;xduatrial emisoions, a relo-
tivoly higher degrec of cleoaning will be required for mei:m-‘-_
taining good commnity relations thon :rould be required
in an arop gdjacent to an industrial complex, Futuro
Agl:‘mrbh in industry aond population should slso be taken into

account

4.7. ECONGMIC CONSIDERATIONS:

Lconomy in alr coniemination control is g basic
one heceguge indusiry can be penalized for its operations,
fin economic ovaluntion of sn air pollution problem is to
obtain a solution vhich can bo pursued vithout excessive
coSt and under conditions without any intorferencs with
existing operations,

The most important aporoach is the recovery
of a by-product which has some market valuo or may be
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consumed in t he process iteelf, Bub in cpses where the

“bye prqducb is Ineignificant in offsetting the cost of the
control equipment, it 1o still used eimply on the basis of
promoting good cmmuni_‘by relations, Also if the cost of
the control equipment is higher In relation to the operation
cost that 1t connot be econamically operat@sh for a longer
period, a loss expeéensive but gtill effective method is

ko~ ve devidea. |

nﬁetm



CHAPTER ¥

AJR CONTAMINATION CONIROL MSTHODS:

Alr contanmination near a source can be best con-
Trollied by its abolition and substitution of nontoxilc
materials, The control can also be exercised by Segrem
gation of the process, wetiing tie contamiﬁema or
e:;hauai; ven‘bilation,systema. Among these thé; last type
is dedlt in details,

ot O
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Methoda for the control of contaminant exposure -

are divided into the foliowing eroups;

5,1, ABOLITION OF THE SOURCE OF CONTAMINATION :
Evidently, the simplest and the most effoctive
approach to control an industrial toxic hazard 1s to

substitute nonetoxic matorials for toxic matorilals, If
this is not possible, the basic process may bo modified
to eliminate tho production of conteminants, Somoetimes
it may be impossible to ottain the treatmont at the source
vithout eliminating the ontiro mrocesa, Although thiep is
the perfect control mothod, yet its appllieation is ofton
raotricted due to tho cost involved and impracticability.
But vhere this type of control is practical, it should be
preferred to other methods, Examples of substitution of
less toxic materials are tho substitutisn of stool shots
for sand ﬁn abragive blactings artificial abrasive grind-
ing and polishing vheels for sand stme wvheels; and nonsw
ilica parting compounds for silicoous compounds in founde
arlos; Exanmples of the procoos chonge include controlling
the tomporaturo ond speed of chomical ronetions so as to
decreose ths rato of mist, gas or vapour formationjand
chonging from manual batch charging to machinoe ond hopper
charging.
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5.2, SEGREGATTON OP HAZARDOUS PROCBSSES:

"In this method of comtrol thé dangénous oporation
may be isolated from othor operatione: In such cases, only
few workers engaged, vill be oxposed to the hazard and thoy
may be protected by iaapiratora; This type of control
nethod finds application especlally in explosive ﬁndustrmea.

5.3+ YBET METHODS 13

The use of water or other liquids to provent tho
egcape of dust into the otmosphere is a vory old method
of controlling dust hazard, The dust con.trol is dono Yy
dirocting the liquid opray at tho dusty operation or by
handling material in a wvotted state, Yhon properly applied,
it yields good reéultm The offectivencss of wot methods
doponds upon wetting the dust as vwell as proper disposal
of dusteladon liquidi T o

Beecause of the advantages of simplicity amd cheap-
ness vet method of con(Tol has bocome quito attractive, It
is used as an efiective dust control in rock drilling,
blasting crushing, screcning, matorials transfor, foundry
shake out, core kmockout, und abpasive blacting, It is also
used as an oncillary to other proventive methods,

5.4, GENERAL VENTILATION:

5.4.1, General
Genoral vemtilation implies that the air is supplied
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or removed from a gonoral area, spac3, room or building.
It 4o of tuo types: natural vontilatdon ond ortificial
ventilation, Vhen the pir exchange is paused by natursl
phenomenen, it 1s called natural ventilatiom and if 4t is
produced by Some mechanical meansyit 16 known as wréificial
or mechanical ventilation, In general wentilation,thel at.
nosphoric contamination is controlled not by elﬁmina_ting
~or reducing the ampunt of contemlnant producsd butmby
@iluting the concontrqtion of the contaminant in the air
by mixmné with rolatively clean air, Honce it is also
callsed ﬁilution vanti;ation. It is used as on auxiliary
line of defense to other control methods,

DRlution ventilatjon is well cuited to the control
of relatively non-toxic materials espocially wvhen they are
liborated in small amounto in close proximity to any worker,
It 1o the only practical method of controlling solvent voe
pours which are less Yoxic than many dust and fumes and

are ugually released at lov rates,

5.4.2, Gonernl Ventilation Specifications,

Goneral ventilation rates can bo specified in tems‘
of air changes/ hrj, minutes/alr changes air flow/sq.ft. of
floor; air wvolumo on o por capita basie; or air volume
required to d1lute knowm or predictable concentra)tions
. of contaminants to safe or acceptable level, The firet
tvo ways of expressing general ventilation rates are 1:1

usual practice, %hey are based on the assumption of uniform



‘adr distribution throughout the roon, But such an idesl
distribution is rarely sccomplished:. Table 5.1, gives
air changes rates for some of the operations,

TABLE 5,1
AIR CHANGES RATES FOR GENMRAL VEHTILATION

VRCIILIERe | A esnedn
Auditoriumn; assombly halls 4 30
Balteries 10 60
Boilor rooms, ongino roons 4 60
v vriece WO B
Hospitals, ordinary 2 15
Laboratories, chemical 6 %0
Nachine shops 3 20

In case of lack of lmovlodge regarding
spscific equipment or per capifa requirements, it is
cagler to estimate ventilation rates on the basis of
the amount of floor aren dovoted to lkmown kinds of
activity., Table 5.2, gives o fev exomplos,



TABLE 5.2,
GUNERAL (R SPACE VENPILATION RATES BASED ON FLOOR AREA

'Ventilation/ 5q.:ft. of floorl Type of room, Bullding, or

C,.f.m, , . procees,
1 @General industrisl buildings

having no localized sources
of lrritating or eXplosive adr
contaminants,

2 Battery charging rocma.
50 Snclosure or booths for are
Welding,
100 Rooma for abrasive blasting

or metal syraying (suppliede
air helmots requ:lred for workers,)

5.4.3, Vblumo of Air lNeeoded.

Knowing the rate of solvent consumption and its
moitimoum allovable concontration In the atmosphere , the
minimun quantity of alr vhich may dilute the contaminated
alr between the sourco ami the breathing zone of the worker,

may be computed as follous :

0.81 = ‘ioﬁ 8
Q = : - (1)
uC
Vhere
Q = Ventilation rate in cubilc foot/minute,
3 = Rate of solvent consumption In 1bs/hr,

¥ = Grem modecular weight of the solvent,
C = Haximum allovable concentration of the solvent (ppm)

To ensure complete dllution of th solvent vapour
bofore yoaching the bdreathing gone of the worker, it is
usual practics to provide higher ventilation rato than the
standord deponding upon the factors such as circulation



rato, distance of workor from source from source of vapour,

importance of leat loss and ths number of workors affected,

In case of dusts or fumes, the required ninimum ven.
tilation may similerly be computed as follows
, S 6
Y

(2)

Vhere Q and S are as given in equation 1 .
and O .= Mag, of the conteminant in milligroms per cuble
netor (mg/ma)‘

But gonoral ven‘t:ila‘f;ion is marely satisfactory In case
of dust or fume control, oving to their high rate of pro
duction and relatively high toxiclty, It is largely limited
to gaseous contaminants {gapcs arp\ vapours) , oxcept

morcoury .

2e4:4. Mokowup Adr,
The quantity of air needod to roplace that vhich has

been oxhausted,ls lmown as '"makoeup air," In case of vory
small systems handling only a small volume of air per nin,
it is usual practice %o ignore make.up alr vhich may othere
. wise find 1ts vay in 1y simple leaknges. But in some

cases it creates 5 problem by intorfering with the general
V@ntnation of a‘room and tringing a marked temperature
. drop, ospecially in cold days, In order to supply a cortain
volume of malke-up air for a room, the folloving factors

should be glven consideration 3
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i. I-Ialce-up‘air should b warmed to the room temperame

" before it is supplied,

i1, Draughts should be aveided by providing air Inlets
of adequate size , Baffles may be used to prevent air
gtreams directly striking the workers,

111, To avold undue load on exhaust fans, sdequate air inlets
should be provided,

In case of handling non toxic materials gome of
the exhmsted air may be recirculated through proper filter.
ing arrangenmonts,

'5.4.5. Advn bar es_of General Ventilation:

os_and D sadv,ta

The geneé'ai ventilaticn system has following
dlsadvontages
te Tho ventilation plant may not be able to aﬁa;venge
all parts of the rooms, rosulting in the build up-of high
local concentration.
2, The maximum allowedle concentration figures are
corroct anly. on the basis of wniforn air distribution and
in the light of exlsting knowledge which is inperfect,
D The workers noar to & sourc¢e of contomination may
be exposed to appreciably higher concentrations than the
average for the vholo rocn,
4. General ventilation syctem makes tho room a large
- 80ttling chamber for any dusts, fumes, or mists suspenagd
’111 the alr, the concontrations of vhich may be within safe
limito, Yhio is truo in case of plapte manufacturing or
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“uaing highly flammable metal dusts vhich are seon deposit‘ed
on inaccessible machinery surfaces,

De It is impossihle to recover all the contaminante
that has esogped into the room atmosphere,

ingpite of tl® abovo disadvantoges, gonoral vele
tilation 4s etill used in nony industries due to following
. roagonsy (1) Simplicity ond econamy of natural gonoral ven-
tilation; {(11) relatively low first cost of mochanical gonce
rol ventilation; (141) absonco of interforonce with manue
facturing operations; (iv) flexiviliity in plants with cono-
tantly changing layoutsj (v) oxistonce of contominating
procosses throughout the entire plant; (vi) Desire for large
volumes of air circulation in hot woathor; (vii) Biscovery
that local exhaust systems do not eliminate the necessity
of supplying large volumes of hoated air in tho cold deye
to that cocaping from the loosely constructed buildings’
by ex@ilteratlion, This volume of air change may bo more
than sufficlemt to control process air contaminabts by
the method of dilution, i1f moone are provided to dispérse
contaminafite from the immediate vicinity of the workers,

5.5, LOCAL EXHAUST VERTILATION:
5.5.1, Gonoral: |

This method of contaminantion control is omployed
in cases vhore the contamination sourcss are moro or less
specific or local, It is especlally suitable wvhen tho types
and concentrations of alr contaminante from o oingle Procoss
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vory from time to time, FE is probably tho most important
esingle method of preventifxg industrial atmospheric pollution.

In fact, there is no Rine of distinction ® tween
general and lpcal ventilatlon vhen applied to industrial
processes, Local exhaust vontiletion results in sane degree
of gonoral ventilation in the boundry zone bestween the room
and tho process, Ths ailr inlet may be so located that the
air traveroing towarde the exhoust hood, passcs over the
largest possible surrounding areca, thereby contribiting
ite full share of general ventilation.,

The basic purpose of local exhaunt ventilation is
to collect the contaminated air in a concentrated form and
convey it preventlcally through the ducts to an air cleaning
plant, Thus it provents the dispersion of contaminanis
into the surrounding atmosphere in hamful propoxrtions, The
exhaugt alr after being freed from its contaminants may
‘either be discharged to the outside atmosphere or subjected
to recirculation within the workplacs., A local exhmst
gysten 18 mgde up of four major parts; ozhasust hood, pip-
ing systom, alr cleaning plent and source of suction,

5.5.2, Conteminant Dispersion:

Particulate matter released due %o certain opers.
tions may o dispersed in the air by virtue of its owm
kinetic energy. Host of the large size particies sottle
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ropidly in relatively etill) air and are of minor importancs

: AMA E1p ACO\NAC
in connection with eny aeriows hazsord., Butafifercocopic
particles are dilepersed only very 1ittle distance by their
own kinetic energy and are dispersed by means of aircurrents.
In case of gases and vapours, the diepersion is due to diff.
usion, donsity differemnce and air movement, imong these
factors alr movement 1s of primo importonce, The following
are the common sources of air motion resyeimible for dust

dispersion around the machinoes :

i. Porces vresulting from the operation or process itself
such ap ?an action of a rotating vheel,

i1, Porces incidental to the operation of the machine or
process, such as vibration of machinery and air blast
from a badly placed exhaoust port on a pyeumatic tools

1li, Drag of adxr by large particles throwm off at considor-
able velocity from theoir sources, such as particles
throwm off during grinding operation croates an air
earrent vhich carries the fine particles,

iv, Miscelloneous external forcas, such as open docrs and
vindovs, inlet supply ports, convoction currents, noves
ment of nearby workexrs and machinery,

Ix; order to control the dispersion of commtaminants
due to aﬁx; motion, the forces responsible should either
be destroyed or controlled such that the contaminants are
brought under the influence of the local exhoust hood "from
vhere thoy can be carriecd awvay fra the work place.
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5.5.3. Basic Conslderations of Hood Desisn

| Hood 15 the most critical paxrt of an exhoust
ventilation sys‘tem.v its function is to enclooe the source
of cmtaniination as completely as posoible and to create

an air flov pattern .iIn the zone of dust-laden air of Buch'
nagnitude and diroction so as to be able to capture the

| conteminated air and dircct 1t into the local cexhaust gystoem.
Tﬁe effectiveness of é hood depends upon its shapo, location,
the connecting duct and the exhmuster, Hood dosign requires
the consideration of followlng points,

1. Study of tho Frocoss or Operation: Host of tho opera-
tions or processes diffor grectly from each other , Thias

nocassitates individual study so ans to provide satisfactory
control systom, Vhile somo oporations result in dispersion
of dugt at high velocity either in osome porticular dirsction
or in all directions, there are other operations which release
dust with negligibie velocity, In some cases, the air disg-
turbance may be due to presence of nearby windovs or rapidly
moving machinery wh—ilé in other gperations, there may bve |
no such air disturbance, Ian same oporatione, the specific
gravity of the released contamingnt ls to be given considew
ration vhile In other cwcs, temporature differcnce may be

of prime importance in é,ir notiam,

2, Selection of Minimum Onptuve Volocity:s The minimum capture
volocity 15 the alr volocity wvhich must be crsated by tho

local exhaust hood at the point of reloase of the contaminants
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or wi‘ﬁh.’m the cantamingted zone so as to capture a large
percentage of the | contaninants to prevent their concentra-
tion exceeding the; maxjmun é.l}.owabla 1imit in the surrounding
atmosphere, Actual veloeity in any specific case is %o be
eotimated with consideration of local conditions such as
drafte, traffic disturbances, conveetion currents, mechani-
cal motims, ote,, around the ventilated process, In such
egtinates, oxperienco and jJjudgoment of tho dosigner are of
great value, Purthor rosecarch to roveal rational ways are
8t1ll awaited, |

In case of emall hoods dealing with low qu.ntitice
of air flow, the capture welocity remains effective only for
a short distaime or depth, Honce proper seloction of control
vaelpeity is very important for successful operation of |
emall hoods, But in cace of largs hoods hondling large quan-
tities of air ,ﬂbv, such ag uged in foundries shokeout opes
rationé, pickling, spray pointing, etc., the effective depth
of capture velocity is quite large and as quch capture velow
city 1s of minor consideration, In such oases general vene
tilation plays o more inmportant role than local exhaust effect,
Therefore, large exhaoust hoods mprk eatisfoctorily even with
less amount of alr than estimated theoretically (dealtd later)
Table 5.3 serves as a gulde of minimum control velocitios
| for different conditions of generation of the con taminants.
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TABLE 5,3,
Hinimum control Velocitles,
(Minimum goir velocitios rocommended for thé capture of

ducts, fumes, smokes, miste; gasee, and vapours released

- at various types of operations).

| I-u%:lmum Bxamples of processas

control and operations,

Conditions of Gemaration i
Yispersion, or Releasc ofg

contaminant. voloclty
~in L.pm, §
1+ Reloased vith no Evaporatlon or escape of
significont volocity in. 100 vapours, gases, or fumes
to relatively quiot air from open vessels, dogr-

easing, pickling, plaisﬂns.
2, Heleased with lovw ini~ 100.200 Paint spraying in booths

tial velocity into node- intermittent dumping of
rately quiet air, dust into hepper, velding,
5. Released with conoider- Domo spray painting in
able velocity or into 200«500 smell booths and with
gone of rapid air move- high progeure, rotating
ment g mizxers, active barrel

or container filling ,
loading conveyors.

4, Released with high veloo- Grinding, abrasive
ity or into zone of 500 ox blasting, heavy crushe
very rapid air movement, above, ing.

For gctual determination of minimum capture velo-
city it is advieable to conduct experimente with fulle
scale model hoods, This operation is carried ocut in a place
vhich is isolated from other spurces of contominetion and
the volume of air is determined on the basis of allowable
contaminant concentration in the étmot:phara.
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3. Study of Equipment and Structure surrounding tho
Operation: The desligner should have full knovledge regard-

ing the location of various sources of contamination othor
than that for vhich the exhaust vantilation is in question,
Ho should collect data regarding the groa of the contamine

ent release, ¥t ho movenonts of the workers, ami other inter.
ferences, He may thom dosign hood of required capture ve-
locity with minimum possible oir flov and with least interw

forence in normal oxccution of work,

4, Solection of the best Typo of Hoods Aftor studying the
procsoco or oporation and that of the equipment or structuro

surrounding tho operation, the type of hood roquired can
be dotormincd. The welocity pattorn in front of the hood
(do,lt lator) should nlso be considered during hood seloction.

After solocting the type of hood, it is located so
as to enclose the process, If this 1s not possible, it
ghould be placed as close as possible ta the source of
con.amination ouch that it doeo not interforc with the non-
mal exocution of work, In ¢ases vhore contaminante are
thrown off at high velocity, the hood should be located in |
that particular diroction. Baffles and Flangoo gan be usodf
to reduce the air flov from ineffoctive arcas ond direct the
contaminanta tovyrds the héod.

9. Detormination of Air volumo to bo Exhaustod: Uith the
help of Tabdble 5.3, and equations dealt under "Air Rlouw

vorgus hood shape , the required quantity of exhaust air
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to capture tho contaninants may be determined,

6. Developmen b _of Hood Shopo end Size: Pran the information
gathered from previous steps, it is possible to develop

approiimate hood shape and size, It ie botter 1f the hoods
are made otreamlined vwithout abrupt velocity and direction
changes ad this resulis in considerable savings of pover
consumptilon,

5.5.4. Alr Floy Versus Ho_gci Shape:

Hoods may be divided into four majoxr groups:
a, Enclosing Hoods, b, Roctangular or Round Hpods ¢, Slot
hoods, 4 Canopy Hoods,

a. Enclosing Hpods: The original concoption of enclosing

hood comes from the laboratory wherd 4t is reocognised as g stane
dard devica to provont alr cort amination due to the process
golng inslde 1t, Enclosure of the procoss offers a high degroe
of protection, It cuts out tho ineffectivearocas and resulis

in minimum air 4isturbance due to outside air currents, To
prevent any leaknge to outside atmosphoere, the enclosure

1s ueually held under sllight nogative pressure,

Because of the simple design, high efficiency and
positive action, onclosing hood finds wide applications to
industrial processes, It is usod in cases wvhere the process
regults in tho ovolution of very highly toxic materials such
as radioactive substancos, Boryllium, Methyl bromide ete,

In cuch cases as slight air contemination is wvmaccepbtadble,



Special arrargements should be used to ensure 100 porcont
‘enclosure, Thotfe are other proceosses wvhich require their

manipulation from outside. In such cases, the degree of

. manipulation dotermincs the extemt of the enclosure which
is maintained around the process. Glove boxes are one
example of this type of onclosures, They are provided with
pormanent attachment of rudbbor gloves for convenient in-
sortion of hands, Othor oxamples of oenclosing hoods are
spray-paint booths, abrasive dblasting cabinets, grinder
hoods and shake out hoods,

The quantity of air to be exhaunoted through the
opening in tho onclosing hood may be determined by tho
following oquations

Q AV (3)
Yhere Q@ - Qantity of oir in cu, f£t. /min,
A - The total orea in sq,ft, of the opcningo into
~ the hood,
¥ -~ %he minimum Capture wolocity in feet per minute
{Pable 5.5. used as n guido).,
I£V and A arc knowm , Q can be obtained directly
from Fipuro 5,1,

b, _Roctanmular or Round Hoods: These are tho most inefficlont

type of hoods 285 1n most of their applications a good percen-
- Yage of air moving tovards tho hoode does not pass through
tho zone of contamination. Thoy are used for operstions,

ouch as wolding; stone surfacing, dowmdraft 4n table tops
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for degreasing, cleaning and cementing; drilling; and

“material transfor.

To have the conceptlon of flow characteristice
(veloeity contours) infront of roctangular or round exhaust
 hoods, consider aixs-f’l-éw ‘Em-m*ds a point source of suction,
In such a _éase, the welocity contours are spherical surfaces
(Fig. 5.2). each baving ite centre at the suction point,
Knowing sir velocity of distance x from the suction point,
the total quantity of air is glvon by the equation:

| Q ~ AV (8)
Vhere Q - Alr ontering the point source of suction in
cu,ft,/nin,

A = OSurfoco orea in Sq. ft. of a sphere of radius
xz £%,
V - 84r velocity in feot /min. at x distance from
the suction point,
Since A 45 g spherical surfaco, squation =2 & becomes
Q = V(12,57 x'z ) But this air flow pattern
does not match with those of freely suspended rectangular
or r% oXhaust hoods vhich ars found to flattem directly
infront of the hood (Figures 5.3 to 5.6).

Dalla Valle determined the following oquation for
both rouwdd and roctangular hood openings |
Q = V(zYb +4) | (5)
Uhsre Q Air exhsusted in Cu,ft,/min,
V - UOontre linc air velpcity in ft./min at a distance

P L ORPUE | T TR |
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X = Diotance in feet along the hood centre line from tho
face obf the hood to the point vhere air velocity is
vV £t./min, |

b = A c¢onstant depending upon hood shape,

A - ivea of hood opening in sq.ft.

Taking b = 0.1, the equation for round or escentlally square
hood becomess:

Q~v(10x2 + 4) (6)

Qo taking differont values for constant b, a
number of equation can be obialned (Soc Table 5.4).
T ARLE

DAILA VALLE'S EQUATION FOR VARIGUS FORNMS OF EXHAUST HOODS,

Shape of hood Constant b, Equation,
oponing. |
girculan» 0.083 Qv (12 f;zz + n)

nre . . 0. =V +
Ractangular, 01dos 08> . (1 2)
in followving pro-
rortionso:

2

% . 081 V(42 +ta
HER 8:878 8. vgia 2 LY
10x7 0,075 Q'-V1332+a;
10 x 6 0.071 Q=V(13 22 + a
1025 0,065 Q- V(15 25 + o)
10 z 4 0.059 Q=V(173 +a
10 x 3 0,049 Q- V(205 +a
10 x 2 0,037 Q- v{27 +a
10x 1 0.020 Q- VB0 X +a

| Dalla Valle also disecovered the principle of
"Sinilarity of contours”™ which may be stated as follous:
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X = Dintance in fest along the honod centre line from the
face of the hood to the point where air velocity is
vV £t./min,

b = A constant doponding upon hood shape,

A - Area of hood openinz in sq.ft,

Taking b = 0.1, the equation for round or essentially squaro
hood bocomess

Q-—v(mx2 + A) (6)

On taking different wvaniues for constant b, a
number of equation can be obtalned (Sec Table 5.4).

RABLE 5.4,
DALLA VALLE'S EQUATION FOR VARIOUS FORHMS OF BXHAUST HOODS,

Shape of hood Constant b . Bquation,
opening- :

¢irculal 0.083 Qv ?2 x2 + g)
Squore 0.083 Q=V (12 x° + a)

Rectangular, oidos
in following pro-

portiono: _
| 2

X .08t V(12 x, ta
8138 8:8% g - v{?a 2 + a§
10 7 0,075 Q " V(13 x2 + o
10 x 6 0.071 Q = VEM 22 + a)
10x 5 0,065 q~'v15%+a)
fox 4 0,059 Q = V(47 + 8
10 = 3 0,049 Q- V(20 &5 + &
10 x 2 0.037 Q V(2715 +a
10z 1 0.020 Q- V(50 % +a

‘ Dalla Valle also discovered the principle of
"Sindilarity of contours” which may be stated as follouss
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" The positione of the velocity contours for any hood vhon
the comtours are expressed in terms of the awverage velocity
at the hood opening, are purely functions of the shape of
the hoods the cantours arce identical for similar hood shapes
. yhen such hoods ars reduced to the same base of comparisim,”
This principle ie of great help in hood design. Knowing the
a,ir flov pattern 4in fronf of small hoods, the desipgner can
deovelop larg'a- ;smi,larly shaped hoods which may bs tested in
model form,

Although the equation 6 is truo for amial velocity,
yot it is quite acceurate for alr volocity at any point ine
front of the hood, In caseﬁoints at relatively large distance
from relatively small hoods, the dlstonca x ahould bo measu
red from the contre of tho plene of the hood opening, But
if the sourcs is ol a rolatively chort diotance from o
relativoly lerge hood, tho distonco x chould be méesurod
perpondicular to the plane of hood oponing from a point sit.
uated at a distonce greater thon 2 x from hood oige.

On knowing, V, X end A, Q can be determined ¢Xaw
phically., 'A' and '=' c¢an be used to ebﬁam a dimonsionless
valuo known og "hood-locatlion funetion (Fig, 5.7). In easo
of cireular hoods, the dimmeter 'd' in inchoe 15 used in
ploco of aron ‘A' from "hood location function" and Y, Q de
obtained directly from Pig., 5.8. This valuo of Q is in agr-
..eemont with that obtained from Dalle Valle's equation for -
frooly suspanded hoods.
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Lfficiency of round or rectangular hoods can be
inmprovod by using flanges which reduce the sirfiov Q ty
about 25 percent, 3¢ dalla Valle's equation for flanged
hoode becomes Q = 0,75 V (10 xa + g)e

From Balla Valle's equation, it 1s evident that
Q increases alnost as the sguore of the distance x and
v variasA éix'actly with Q irrespective of hood face velocity.
This necs»ssitate‘s placement of the hood close to sourcs of
contemination, Fho egquation further shous that for a cons-
tant Q, V varies invorsoly as the hoodelocation factor. #lso
from Pigures 5.7 and 5.8 4t 48 found that a emall hood
oprening is bettor than a larger one., But this is not true
in practi’ca-due to Increased entranco hood loss, To keep
down entrance hood loss, a tapered hood may be used but the
veloclty pattern in front of the flanged duct ond 1o botte r
than that of the tapered hood {¥igure 5,9) ‘ Henes on overe
ell basis of design, flanged hood is bettor,

c. Slot Hoods: Slot hoods aro usually employed for lateral
oxhaust ventilation at tanks or vessels, They aro infact
an extreme form of rectangular hoods, The hood opening ie
rolatively vory long and rolatively very narrov, $hey differ
widoly from roctangular hoods in air flow characterletics,

To haw 2 conception‘of air flow pattern in front
- 0f o Blot hood, a lims source of suctlon of infinite length
15 considered. This gives cylindrical velocity contours

having thoir ames on the live source of suction (Fig, 5.10)
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The quantity of air flou 18 given by the equd‘bion t
Q- 6,28 r LV 4]
Rate of air-flovw In cu,ft/min,

H

Yhere @

i

o Distancs from sourco of suction to a point
vhere air velocity is V {(or radius of cylinder
in f%,).

I = Length of cylinder in feet.

Vv = &ir velocity in f£t/min, at a distance »r feet

fron source of suction,

But a8 8lot hoods are of finite longth, the velocity contours
are found to be almost £lat in tho axial plene of the hood,
oxcopt of the ends (Fig, 5.11). So the general ocquation
for slot hoods beccmos: |

Q = KLYV (8)
vhere Q@ -~ a8 in cequation %,

-4

constant varying botwean 1.5 to 5.0

= Length of hood in fest,

Table or tank width (same as r in oq. 77)
Capture velocity in £t/min,

= A
¥ B

<
1

The value of X for freely susponded hoode, at table tanks
or table tops, and hoods provided with flangoo at right an-
¢los to each other is about 6,28, 2,8 and 1,5 respoctively.

Knoving tablo or tonk dimensiongo, Q can be obtained
from Figure 5.12, vhich is plottod on tho basis of 100 fpnm
capturoe volocity, The curw { and 2 are us3d for slot hoods
vith-taaévithenbLionposob~Titht-anghes
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vith or without flanges at right angles to the flat sursace,

The curve 3 is meant for freely suspended slot hoods without
flangea, ¥or captui'e velocity other than 100fpm , the value
of Q so obtained is changed proportionately.

Slot. hoods usually presgent difficult& in obtaining
uniform air flow over the entire length . %l'his problem,
can, hdvréﬁar, be got over by making the maﬁ rart of slot
hood of largor crossgectional area or using an adjustable
8lot hood or by dividing a large slot hood into number of
sectiors . ‘uide vanes may also be used to equalise airflow

rates.

4. Cahopy Hoods: Canopy hood is also known as updraft hood.
It is suited in casos whore tho contaminated air is substane
tially above room temperaturc amd the workers seldom have
their Jaces over the source or in liwe with the rising conte-
minated air, It 1s usually placed over tanks, tables and
fu.tt‘;:m,cxas.~ 1t should not be employed to control highly toxic

materials.

Canopy hood is , in fact, a type of rectangular o r
round hood but 1t differs widely in the welocity pattemn,
¥ig, 5,13 gives tho shape of a velocity contour in front
of a typical canopy hood., *he oequation of air flov 1s given
by_the equation

Q - PDV (9)
Yhere Q Quantity of air in cu, ft. /min,

P =~ Porimoter of Hood faco in f%,
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D = Porpendicular distance in feet from hood face to top
of tanl: or table,

LA = Average velocity through opening betweon hood edge
and table or tank %top.

For tho hood showvn in l’ig. 5.13 , Dalla Valle found
that the minimum capture volocity was about 0,7 times, tho
avoraze veloeity vhen D wos about 3% or 4 £t, so tho
equation 9 becomes: |

Q -1,4PD7V {10)
Uhore V  Minimum capture velocity 4in f£t,/min,

Q, Pand D - pame as in equation 9,

Canopy hoods do nd give a sound porformance in |
‘usual proctico. Slight ailr disturbance changes the diroct-
ion of contaminated air and it crooses tho offective depth
o of the hood, Morzover, the comvaction currents create |
much largor volume of alr than that for which the hood ie
designed to hendle, |

5.5.5. Design of Igcal bxhaust Systoms;

The principle on vhich the local exhaust systems
are designed , 1s to acquirs suitable capture velocitles for
Vvarious hoods in the systom end maintain the conveying velo-
cities to carry the contaminefits through each duct, <ho

tvo common design procedures sre @

A, Bizing the ducts on the dbasis of transpoxrt welobity
and eyotem balance,
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B, Sizing the ducte on the basis of transport velocity
only and obtaining balance by means of dampers and blast gates,

A. Balsnced System Desiesn:  This method of local exhaust
design is pfeferred to control the operations handling very

highly toxic moterinls., The dosign calculation degins at
the branéh having greatost rosistence and proceeds, branch
to main, and sectlon of main to section of main, on up to

the source of suction, To obtain the balances system, it 4o
nocessary that the pressure drop in any branch must equal tho
drop incuried in that part of the gystenm vhich lies wpatroan
of the branch under consideration, This is achievod by
suitable choico of duct siges, olbow radii, ote, in the upe

strean from each junctlon,

In the originel design, an allowancs for futurq'ezb
panaion ahquid be given'due consideration so that on inclue
sion of additional,madhinee, the efriciéncy may not suffer
due to overlpading. If ths future expansion is not a major
one, an independent line may be provided from the air «
cleaning plant or solf-contalned systems may be used for the
additional machines,

Ubnsidering the total pressure {T P ) of a single
branch duct; it is the sum of tle velocity pressurs (V P)
and the resistance pressure (R P), The R P gives tho energy
logs involved in moving the air through the hood, duct and
accessorles, It is the sum of the resistances sufferod by

air in the hoof main duct, different Wwranch ducts, bends,
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- enlargemonto or éonti*actipn, alr cleaning plent ond at ths
entrance to the main dudfﬁz.,

The various gteps imrolved in the caleoulation of
the T P of a brench Guct are tlv determination of the following:

i. Tronsport velocity.

11, The V P o |

111,  Hood-ontrancs loss in torms of tho V P.

iv. Straight-duct oquivalont of the bnds,

Ve Total oquivelont length of atraight ducte and the
rosistance in tormo of tho V .P.' .

vi, Other energy losses in ferms of the V P,

vii, Hain-duct entréncs loso in torms of the V P,

viii, Surnation of vmes‘obtained in tho step 2, 3, 5,
6 and 7 to determine T P in torms of the V P,

i, erm; ¢ The air welocity roquired to
transport the contmgn‘éa mainly varies with the size , and
specific aravity of the fmateriax and partly ﬁith thé ghape
of the matorinls, Dalla Valle obtained tho following équa‘bion- |
for horizontal tremsportation: |

. - D4 o
v o= 6000 (5 ) )
¥ - Dwt velocity in f£%/min,

0" - Specific cravity of the contaminent,

a particle diameter in inches,

Vhere

Prom the point of viouv of pouor econamy, it io rocommone
ded to keep the transport volocity aif its minjmun va:lne‘ for



satisfactory conveyance of the contaminent., Table 5,5
1iste the duct wvelocities for a variety of contaminants,
Table §.5.

REC GIMENDED FIINTMUN TRANSPORT VELOCITIES,

Rane pf cox:tmninanti Examplos %Duct velocity.
Vapours, Gases, 411 vapours, goses, and

Smokes, fumes, and smokes} zinc and 4luminium 2000 fpm
vory light dust, oxide fumesi wood flour and .

cotton lint .,

Medium-density dry Cotton , wood chips, rubbor 3000 fpm
dusts, : and bakolite dust.

Average industrial Fine copnl, brass turnings,

dust, grinding send blast. 4000£pm,
Haavy dusts, Lead and foundry shake out

dust, metal turnings, 5000 fpn.
Largs partileéles of lHoiet lead or foundry dust 5000 fpm or

heavy moist particles over,

Table 5,5, indicates that dissimilar contaminants
should not bo exhesusted by & single system oving to tho widew
iy difforont welocity sultable for each of tke contaminant
transportation. Although a sigglo exhaust ventilation systom
hondling different typen of contaminants is quite economical
in installation, yet 1t consumos too much povor and \hencs
not adoptad,
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‘11. Velgcm &*eesure; ‘The duct area is given by the
equation S
A = /T | | (12)
»mmere"'a : Duct (rectanguléxf or round) a're‘ja in sq.ft.
Q* Quantity of air in cu, £t. / min,
'V » Minimum wanepart' volocity in ft/min.
Prom A, the duct ditdéngions are caloulated, INn case of
round pips, the duct diamotor is directly given by the

equation : , 0.5
| 4 =15 YV - (13)
Yhere Q &V - same as in Equation 12 & = duct diemeter in",

1f the duct size o‘btaiped falls balov a stendard
ofle, tho next smaller size is selected, and tho actual
velocity for roctangular ducts 1s detormined by tho equation 12
aznd for round ducta by the following equation.,

vV = 183; (s

B ' ‘

Qand d  scame as in equation (1¥),
V - Average duet velocity in f£t/min.

v,
Knovwiing thelduct wvelocity, vdocity pressure lg given by
| v o2
VP = (e - {15
| 3008 ) )

Vhoro VP Velooity Preasure in inches of uater,

v Sane as in equation 14.

On kmoving quantity of exhaust air and minimm
Cransport velocity, VP can be dir:ctly obtaine& from Pis.5.14
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134, Hood lLoss : 1t depends upon the shape of tho hood and
i1s duve to tho contraction ot the air etream at the throat of
the hood, The greater is the ocontraction, the lover is the

coefficient of entrance (Co) aund consequontly the groater
is the snorgy loss at the éentronce, 'Figureé 5.1% to 5.26

show same of tho typical hood shapes vith the correspondin-g
coefficients of entry and enorgy loss in terms of the VP

at the throst of th® hoods In case of tapered hoods, Co
depends upon the proportions of the hoods, Table 5.6 lists
Ce for tapeared hocds of different proportions with the
included angle (£ ) or the ratio I/D-a (Yig. 5.27).

TABLE 5,6,

COEFFICIENTS OF ENTRY PCR TAPERED (R BELL SHAPED HOODS OF
DIFFEREMT FROPGRTIONS,.

(D more than 1.4 4 in fig. 5.27, flanged or unflanged).

Taciuded JHatio, i Round, "I 8g. or Rectangular,
iﬁﬁgelﬂ L/D=d i Lhroat gdkhroat J Throat y ¥hroat
C&a b i diau dia. dia-. dﬁa.
(Fig,§527 (Fig.b.27)a 8" & less E 8" & jless than
| i ! larger.] than 8" larger y 8",
" - -
w360 - T4 0.70 0.70 0.68
20 , 2,8 85% " 0N 0.94 0.89
40 1.4 0099 0.95 9-95 6090
60 0,87 0.98 0.92 0.94 0.88
2 4 0490 ' 095 0.9 0-91 0:.85
180 a3nx 0.8Y 0.79 0.80 0.77
270 Lo -~ 0075 0‘74 0074 o 72
360 or 0 - 0072 0070

0,70 0.68

# Unflanged duct onds,
¥ flanged duct onds,
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PLAIN DUCT END

-

FLANGED pucT

END
Ce =0.72 Ce=0.82
he = 0.93 vp he-0.49 Vp
FIG. 5.15 FIG. 5.16
| P i
8
| [
DIRECT BRANCH- TRAP OR SETTLING
BOOTH CHAMBER( ;
Ce:- 0.82 = O.63(APPROX.
he: O'49VP gg, ,,5 VP
FIG.5.19 FIG-5.20

TAPERED HOOD FLANGED TAP]RED ROOD

Ce=0.827100.98

Ce -0.82700.98
( SEE TABLE)

(SEE TABLE)

FI6.5.22 FIG. 5.23
}
s
' —
ds
T~
HOOD, AS OVER LEAD STANDARD
POT LOW FACE VELOCITY GRINDER HOOD
Ce=0-8270 0.98 Ce= 0.78
(SEE TABLE) he: 0.65 YP.

FIG.5.25 FIG.5-26

L

T
= .

SHARP EDGED

ORIFICE PLUS
ORIFICE FLANGED DucT
Ce= 0.60 Ce=055
hE:{.?SVP he - 23 VP
FIG.5.17 F1G.5.18
 R=Dz

_Li
B00TH PLUS ROUNDED

ENTRANCE

Ce'_' 0097
he = 0-06 VP

FIG.5.21

DOUBLE TAPERED
HOOD(INNER CONE)

Ce = 0.70 CAPPROX)
he=1.04 VP

FIG.5.24

4
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Enoving GG; thﬁ hood entrance loss at the throat
I-the hood may be calcklate& by thg following oqmntion:

' 1 = C
he = 10‘0(-1-99) (16)
| - o6® |
_ Whéte he - Hood entrance logs in percentage of VP

Ceé = Coefficient of hood entry.

in case of :h_c_)ods of complicated shape, Co is
determined by guoss fyork. Hovwover, in cortain cases, tho
complicated hood may be divided into oinple hoods and from
the Ce of individual hood tho hood loos can be detéimincd
for each of them from the Table 5,7 , Tho sum of these
individual hood losmes givos the hood loos for tho complex
hood from vhich the over-all coofiicient Co can be dotermined
from the same Table, 53?:.

, T-——------—-29;1"'““"'E - ¢ :

PRESSURZ L0 ; AT HOOD ENTRANCS IN PERCENAGE OF VELOCITY - .
IRESSUR ¢ AT TPROAT FOR DIPPRSNT COEFPICIENTS OP EIERY,

b 100 (-----—»-‘5_--—«-1 - oo )
e , -
Ce
Coefficient of JHood ontrance J§ Coefficient | Hood entrnco
Egtry. wre iloss in $% of ~of Entry, g loss in % of
i VP at throat, i VP at throat:
1,00 0 0475 .78
0.95 11 0,70 104
0.%0 23 0.65 1357
0.85 38 0.60 1G8

+80 56 0.5% 250
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‘iv. Bends, Straight Duct Bgquivnlent ; The energy loss

for bends can be expressed in terms of the length in foet
of straight duct which has tho same RP, *he RP for bonds
varies with the degree of curvature and vwith tho amount
of bend, The gquivaleont length of straight duct is given
by the folloulng equation. |

1.2
EDL -~ X& a°' (17)
Yhere EDL = Equivglont Longth of Straight duct in foot.
K = Conotont vhich varies wvith the dogree of

curvature (Table 5.8 )
= Tho anzle of bond in degroees,
d - The duct diemeter in inches,

TABLE 5,8,
VALUES OF K IN SQUATION 17 FOR BENDS OF DIFFERENT RADII

Valae of X
in eq.17,

Centroe line radius
of bend in terms
of duct dicmeter,

i et W e

OO'OOO
8832%
SEIE




. V. _Resistance Pressure of Straight ducts: The RP in a .

pips line varies with air flou, length of pipe, pipe diame-
ter, and coefficient of roughmess, In order to calculate
the RP of o duct work including bends, the total duct
lergth is o‘bﬁaﬁne_c'i by a.édiz‘ig the straight duct longth of

a branch pipe detérmimd ixptq a junction point with enothsr
duct to the equivalent length of straight ducts for the
bends, %he following oquation gives the RP of straight

ducts 3 1.91
0.058 L Q
RP -

5

(18)
cd

Yhere RP - The duct resistance presswure im inches of

water,
L - The total length in feot of ducts including
the straigh(” duct equivalent of the bends,
@ = Quontity of air in cu, £t/min,
C - Uoefficient of roughness (Table 5.9)
d = duct diameter in inches,

As RP 1s usually expressed in terms of the VP, tho equatiom
18 1s converted %o the following form :
L - 0.0%5 o Q%7 (19)
Vhore I - Length in feot of duct which has an energy
loas (RP) of 1 VP, |

c,d and §Q = same as in eq. 18,

Knouving the duct length having an energy loss of
1 VP, the RFP of tho total duct longth can be determined in



torms of VP,
TABLE 5,9,
COEFFICIENT OF RQUGHNES: POR DIPFERENT TYPES OF DUCT YR
Typo of Duc‘t, work j Coof, of Roughnegs
Exe¢ollent, Smooth pipes 60
Average exhoust gystem of good
dosign 55
fiot-too~well-dasiened systom _
1with rough ducts | 40

01ld, bent, and damnased ducts
(also most f£lexible motal hoso) 30

Although rowid ducto are betior for exhaust systems,
yot they are replaced by roctangular ducts in some casom.
In order to calculate the RP of a roctangular duct, the
usual practice is to determine the dlmmeter of equivalont
rowd duct and then the remailning procedure in calculating
the RP of the duct work is the samo as for r%i“ ?&ts.
The relation between the rectangular duct d&w;eﬁeue and
the dlameter of equivalent pips is glven by the followling
equation : '

a - 1,075 (mp)® | (20)
vhero 4 - Dimmeter o« oquivglent round duct in inches,

| X &y - +the Dimensione in inches of the rectangular

duct,
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vi. _Other Energy lossss: “hose include the miscellaneous
losses cpused by entrance coﬁnections from branchos into
main ducts, transition plecea, chip traps, alrecleaning
equipnents, etc, Fressure losses through air cleaning,
plants vary with the design of thﬁ,apparatua.

vil._HMain-duct entranco loss:

| Energy ioss occurs at g point where a branc¢h duct
enters into tho main duct, This loes depends upon the
angle at vhich the branch duct enters the main, The RP
for the main duct entrance loss can be obtained from the
Table 5,10 in termo of VP,

TABLE [ 10.

Angle in dogrees ot § Entrance loss (RP)

vhich branch duct in percentage of VF
enters maig } in the braunch,
dog, i

10 6

20 12

30 18

40 25

50 32

60 45,

viii. _The Total Pregoures The Total prossure of the

branch duct io the sum of the individual RP's determincd
under items 3, 5, 6 and 7 in terms of the VP plus 1,0 VP
- as found under itom 2, Sinco the TP of the branch should
be tho same as that of the main at the point of junction,

the TP for the branch calculated can be used to determine
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actual V, If this is not in closo approximation with that

detormined under item 2, the duct size is rocalculated to
maintain balance in the system,

B, _Transport-Velocity Desisn:

It is probably tho most popular design procedure
and 1o relatively a siuple one, Like the previoua design
procedure, the calculation also begine at the branch of
creatost resistancy and pressure drops are calculat.d
through the branch and through the various section of the
nain on upto the sourcs of suction. At every junction
vhere o brench pipe meets the main, the volume of ajr-
flov in the branch duct ie added to that of the main,

Tho duct work is then sizécl to give tho dosired minimunm
transport volocity at tho dosired CFj] by using equation

12 or 15, Air balahco 18 obtained by varying the resis-
‘tonce in any particular branch vith artificial weams such
ag damberé or blaut pgates located in fhe branches close to
the main d;ﬁét. This method of design :Lra‘ rolatively advant- |
ageous in allowling reasonable extensions, But in course of
time, the dampers may be damppged or worn out, and may be
cholfod with the particulate mattor, Hence this method is
not adopted to control oﬁérations dealing with highly

toxic¢ natorianls,

- 5.5,6._Corxroctions for Temperaturcs pnd févationg:
The data in the foregoing tables ~nd figures are
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based on an air density of 0.075 1b/ cu.ft (70°F dry air

at 29,92 in, of mercury barometric pressure). The corroce
tions are applied only when the temperaturs exceeds 10061?
and the elevation i more thon 1560 f£t, To corroct for high
témperatures or olevations, ‘al‘ie exhaust alr volume may be
incrensed by the reciprocal of the density to kesp the

game weight of alr flowing into the hoods,

30t



CHAPTER VI
AIR CLBANING  DEVICES.

Before discharging the exhmust air into the
atmosphere, it 18 cleaned of its contaminants, Adr
cleening devices for particulate matter and gaseous
substaness have been discussed separately. Iater

respirators meant for personal protection of workers
have been dealt, |

3 0s



6,1, GENERAL

Alr cleooning dovices remove contaminants from an
alr or gas stream before it is discharged into the atmosphere,
This approach to tl» contaminant hazard is a supplemefit
to the dilution method and can make the dilution method
worlk to advantage, These doviees are available in
differont desiges and are used depending upon ths alr-
cleaning roquirements, The choice deponds upon a numbexr
of factors such as degree of removal required, quantity and
charactoristico of the contaminont to be removed, particle
slze and size diotribution, tomperature of the gas or air
stroam, corrosive compenents in tho gas or air stream to be
cloaned, moethod of disposal of collocted material, safety
hazarddoeéds and oconony.

6.2, TYPES OP AIR CLEAWING DEVICES:
Air cleaning dovices ars divided into two basic

groups @

6,.2.,1, Particulate Pmissions Vleaning Devices,
6.2,2, Gasoous Bmiesions Cleoaning Devices,

6.2.1, Barticulote Emisoions Cloaning pevices:

Various pai‘t:!.cula.’ca cleaning devices used are sottling
chambors, centrifugal colloeoctors, scrubbers, fabrie collectors,
aixr filtors, electrostatic precipitators, and thermal precipe
itators, In these equipments, tha aeparat@wof the particles
in the gas stream is obtained by exerting a force on the ,
perticles, Tho force oxerted couses the particles to pottle



on a colloocting surface, These forces are variod such ao
grafitational, Inertial, physical, electrestatic, thoxmal,
otc. The particles can also be got rid of tho gas stream
by modifying thoir proportles so that more effective colle
cction may take place, This includes increasing the sigzge
of the particles ty condensing water vapour ont hem or
by agglomeration of fine particles., The common types

of particulate cloaning devicas gre the following,

A, Settling Chambers Basieally, a settling Chambor ie en

enlargemont of a flue or duct carying tho contaminated gas
stroam, Tho wvelocity of the gas stream is roduced signifi.
cantly in the chember and condoguently 1t results in tho
gottling out of the partieles by gravity within thh 1limits
of tho chambzr, This devics is used %o collect coarse par-
ticles above 40 microms in oize,

The most common form of a settling chember is a
box like structure (Fig. 6.1.) vhich 1¢ set horizontally.
In ordor to minimize turtulence and ensurs unlform velocity
in tl» chamber, a deflector may be suspended in the chamber,
This also helps in ths early sottlement of particles. Tho
efficiency increases vitht he length of the chamber and par-
ticle size and falls with increased gas velocity.

Settling chamber does not find much applications in
practice as an air cleaning devics, However, in caseégwhere
other types of devices cannot stand up the high temperature
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in hondling the hot dusty alr, a setiling chamber may be
used and is often followsd by water aprays wvhich aid to be~
tter cleaning @nd cool the alr to reasonable discharge
temparatures This typ of cleaning is used in metallurgi-
cal processes, It finds place in the manufacture of some
food stdffs and powders as a firgt step in product recovery,
"It is sometimes used anlong with higher efficlency collec-

tion units amd rolieve them from overloading or oxcescive

Wear,

B, Inortinl or Cyclone Colloctorg : The cyclone separator
is the most widely used gns cloaning device and is usually
considered to b ocffective for particles laxrger then 10 to
20 microns In size, Tho s@paration of the solld particles

from an air or gas stream 1o offocted by cambtifugal and
gravity forcss, The contrifusnl effect is obtained by
directing tho contaminated air in a padh vhich i tongent
to tho chamber at the point lying on the periphery of tho
upper port:loa (circular) of the collsctor, Phe velgceity
of the air at inlet is suffilcient to force ltself dowmwards
in a helical path called the outer vortex, The accelerated
alr stream forces the moving stroam in ite front, At the
bottom of the outor vortex, ths gas stream takes g turn and
the clean gas ls directed upwards in o helical path around
the axis of the collector lmown as inner vortex, The
contrifugal force on the particulates make them to move

to the cyclone walls, from vhero they slide dowm by gravity
| into the conlcal shaped bottom,
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The cyclone separators éxre divided into the following
groupss

1., Simple Cyclone ¢ Simple cyclone (Fig., 6.2) is commonly
applied as a preliminary collactor for the separation of

a large percentage of coarse particles, It 1s used as g
separator in the product conveying systems using an air -
stream to transport material, Principal advantages are

low cost, low maintenance and lov pressure drop (" to 11")
but it cannot te used for the collection of fine particles,

i1, Skimmer Type Cyclone: Skimmer Cyclone (Fig, 6.3)
is algo used to remove coarse particles but operates mors
efficlently than a simple cyclone, The yclone is f£itted
with a'skimmer devico' to assist in the initial removal
of a large portion of the entrained matter in the air

gtroon,

The resist nce offered by skimmer type cyclone is
nearly the same as for simple cyclone, This type of cyclone
is not used for those matter such as material of viscous

nature which may ¢log up the skimmer dévice,

¢

111, High Bfficiency Oyolones: 4s the name indicates
this type 1s meant for high efficiency, It is preferred to £
the simple or skimmer type cyclones in collecting smaller
sive particles, The principle on which it operates, is

the same ap that of an ordinary cyclone, It makes use of

an incroasing angular velocity through a cyclone shaped
collector (Pig, 6.4).0 . - |
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The monontum of the suspended solid particlos io suffi.
ciont so ae to force the particles against the lower
wvalls of the cd}.lector from vhere they slido down to cone
bottom, | o |

iv, Hult: Cyclone Collectors: These are meant for
officlent collection of =mall size particles and profe-
rred to the simple or sklumer type collectors in this
rospact, These are used for large voriety of dust
collection,

Multipls ¢yclone collector (Fig. 6.5) conoiois of
a group of emall djomotor ayclones arrenged in parallel
vith promision of o common inlet and outlet, The number of
tubon depends upon volume of air to be hendled, The
diameter of tho emall cyclones is from 6" to 16" and the
ratic of length Yo dlameter is quite large, The sopargted
dust from each small oyclone finally discharges into a
common collector hopper,

v. Ipisr Type Uyolomes: Coentrifugal forcss can be applied
to a particle by o rapid change in direction of air flow
by a number of plates set at an angle to the air stream
(Pig. 6.6 . Coaraer particles are held back in the

dirty air side duc to impaction. '

Bfficioncy of this dovice doponds upon deuvor
spacing, 1ain adventages are simplicity,. low cost of
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its comstruction and relatively low pressure drop for
the dogres of removal obtailnods Disadvantages are dust

accumulations and abrasion on the louver elements,

vie Dynemic Precipitators: It operates on the seme
principle as cyclones with the exception that the centrifugal
foreo is produced by use of an integral fan. The blades of

- the fan are shaped so as to direct the separated dust into

an annmular slot leading to the collection hopper and the

cloan o8 goes outs(Fi &7/

The chiof advantage of this separator is that for the
pame capaeity, it genorally oocupieé- less space than an
oquivalent ¢yclono , Thus rosulting in groater compactness.
Care should be taken to balance the rotating membexr %o
minimize the vibrations vhich mey otherwise tend to keep
tho particles in suspension during eir cleaning operation,
In this unit air turbulence usually inﬁerferes with separo.
tion of f£ine particles and this xiacassitates its adaption
along vith other air cloaning devices, It is éart icularly
adapted for dust control instaﬂlations.ﬁhsre eq;u‘ipment
space 15 at a premium, and an unusually high dust removal

efficlency ls not necessary,

c, 1 ment Ssparators (Dry Iype) s  Theso separators
are used for deposition of particulates larger than 20
micrones in slze, In these devices the &i:;'ty ailr or gss
1s subjocted to several violont changes in direction and /
or veloocity as it passes around an obstruction which may






171

be In the form of a simple baffle or some complicated pattern,

This results in the separatdon of the particulates,

Impingemont separaters are used es cinder traps
for cleaning flue gases from stoker fired furnaces, The
pressure loss across the unit is quite less and dependd

upon the type of baffling, the spacing, @s velocity ete,

d., Packed Beds (Dry Type) In packed beds (e, —6I3) the
particulate laden gos strosm is pasded through a bed packed

with granular solids amd gets rid of the undesirod matter
by impingoment, It also sorves as gn impingoment ceparator.
The packed bed may consist of sand, granite, quartz, coke
or fidbrous materials such as mineral wool and steel wood.
The bed depth depeonds upon the type of thn packing used,
Howevor, it varlos from 2 to 6 feet,

Efficlency depends upon the fineness of the material
particlos used for the packed beds, For fine packing the
gas velocity 1s betweon 1 to 15 fpn and while for c¢oarse
packing, it is of the order of 1 to 50 fpm. 1In case of
fine packing with proper gas velocity maintained,, the
efficiency may touch even 100 percent, Vhen dealing with
high dust concentratlons, provision should be made to have
a moving bed in order to withdrav the material for cleaning,
thus maintaining a reasonable prescure drop am constant gas
flow,
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Recent deovelopments have indicated that packed beds
using mineral £ibres collect acld gases, mist fumes, along
with the solid particulates, Acid geses are held through
the chemical reaction with mineral fibres, After exhause
tion the bed can be recharged <for further use, Still
considerable developments are awgited for its practical
application, in large scals, |

8, Het Collectors :  The principle ¢f & wet collector |

is to ﬁét the contaminants and remove them from the air
stream, This is accomplished by impingement of the dirty
alr stream agalnst a votted surface or by passihg the
contaminated a¥r streem throush a liquid bath or spray.

Wet collectors have the ability to handle high temperature
ard moisture laden gasea, They can be adopted for the re-
moval of mixed contaminants such as gases and golids or

- liquid particles, %he collection of dust in a wetted form
‘eliminates a secordary dust problem in connection with the
disposal of the collected material, But the use of water
may give rise to corrosive comd itions end the disposal of the
vaste liquids mpoy become a problem, Wet collectors loca}:ed
out of doors in @old climates should be protected against
freezing by suitable measures such as exhausting the alr ef
room temperature or higher,

The resistance through most of the wet collectors,
with tho exception of packed towers, is comstant during the
operation provided the moisture eliminators do not got dirty
and plugged up., Space requiroments are nominal, Prossure
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losses ant tho officlency vary according to tho dosign of
the oquipment, The following are tho various types of wot
colloctors gmerally used for alr ocleaning:

minggmant Typo: IV is similar Yo the dry dmpingemsﬁt
type excep‘b that the surfacea used for collection of sol&d
matter is wetted with wator or some other liqu:ld and the
deposited mé‘btér is washed awa& hy the contimuous flow of
vator through the chanber, |

b, Packed Beds (Wet Type) t+ Theso are similer to the

dry type {;ﬂ:th the excoption that the packings ~ro kept ue't(\:"/\é"‘aS
In t:h;is the 1iquid passes concurrently or counter current-.

iy or in cross flov with rospect to airmovemont, These

are genémlly used for the abntoment of highly COrrosive

contaminants,

Water is froquently distributed through Venotchod
ceronic or plastic welrs and i%s concumption is 5 to 10 gonm
per 1000 ¢fm of alr (70 deg. P) deald, While dealing with
furnace flues (1600 deg, F) directly, brick lininge arc
usod to awid the possible damages due %o high temperature,

c. Static Upshors snd Serubbors: These are mdst videly
used in tho industry for cloaning of air and gases, In adde
ition to cleaning, it sﬂﬁultaizeoualy provides cooling off.
ect also, Vator is tho ususl yoetting agent, In cases

vhore wator fails to vwet the substance, some othar 1l1iquid

such ao oll may replace vator as the wotting agan?t,’ Thego
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liquids docrease tho bubble size, accentuate forthing,
increase entrainment and contribute a little to the
collection efficlency resulting in the particulate

removal from the contaminated alr ox gas,

The air is usually passed through one or more
sprays of water at wvelocitles not excesding 1000 fpm, In
another opray mothod, the water is gpicdkted up by a bigh
volocity air stroam of about 2700 fpm and thon through a
sudden change in direction of air travel, tho matter is
dropped out with the entrained water. It should bo noted
thit tho offoctivencss of this method does not ordinarily
dopend much on the contact of the dispersoids with the
wvator droplets but vith tho petted walls and vaffles.
Consequently in case of stradizht, ompty fluoes or towers
Provided with ordinary sprays, the air cleaning is not
efficlent partly because of the number of spray droplets
being inadequate to meet the load, and paiytly doecause of
the particnlate being surrounded by gas £ilm which provents
the contacts with spray droplets, Similarly merc bubbling
of the gas through o high column of liquid will not sorve
mach of the purpose unless it 1o vwoll distributed through
- out the liquid., The folloving are the main types of
scrubbers =



i, Spray Chambor; It is the simplest type of gas scrubber,
it écnsists of an empty tower into vhich the wvater 15 int-
roduced at the top through a bank of spray nouzles vhile

the gases Vare led opposite to the d\irerxbion of falling drops,
The water drople ts serve as targots on vhich the dust
particles collect by impaction, It ie cmployed as a primary
cleaner as vell as a cooler , It can satisfactorily remove
the conrse dust but vith less of efficiency. The gas ve-
locity is usually of the order of 3 to 5 fys,

Another type of spray chamber commonly known as air-
nasbor is used mainly for hmidity contrel in air condi-
tioning. Bide by side 1t aids in the air cleaning, It
consista of o horizontal clumbor containing banks of nozzles
set af different heights above the lével of the sump water,
The arrangement of the nozzles is such that the water may
be sprayed with or ggainst the air or in elithor direction
ueing different sets of nozzles, At the exit, élﬂmina‘!:ers
conaieting of 2lg zag plates are provided to remove mist
particles, 4% the bottam water sump ie provided with a
punmp for the W;n of water, In some cases, wotted
baffles are wovided across the alr stream in tho chanboex
itself, Vater requirements for air masher range from
about 0,5 to 20 gallons per 1000 cu;:ft. of gas, The pro-
sgure drop is of the order of ¥" +to 4" wgs Spray tower
also falls in this catagory with the exception that it has

a tover structure,
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Hodlfleation of the simple spray scrubber is
o c¢yclone spray scrubber known a8 the Pease Anthony
cyclono spray scrubber (Fig. 6.9). In this the water
lssprayed through nozzles :trom a manifold located at
the centre, The alr is introduced elther at the top
of bottom of the cylindrical tower., The fine droplets
are thromi violently through the passing pgas stroam at
high velocities by the centrifugal force, As shown in
Fig, the ﬁnSprwed portion in the upper part above the
nozzles is provided to give enough time to the dropletn
containing ths collected matter to reach the scrubber
walls beforc the gas amerges out , These scribbers are
used in case of lime kiln dust, cleaning, Blast furnace

gas and flue gases from poudered coal furnaces,

H igh efficlency of the order of §7% is obtained
for particls size abovo 1_ nicron, Bntering gas velooity
1s o8 high as 200 fps, tVater cqnsug:g(;:sifz i9 3 %0 10
gallons per 1000 cub, f£t. of gas. sqéguxe drop is

botween 2% to 6" of water,

i1, Atomizing Scrubbers: This typeof collector uses

venturl orifice for intermixing of the dust and water
particles, The intermixing is atteined by rapid contrace
tion and expansion of the air stream and a high dogroe
of turbulence, Water is introduced at the throat of

the venturi through vhich the particulate is passing

at a high velpcity, and impaction air colloction takes

place as the stream expands., uvator conoumption is 5 to 7
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gellone per 1000 ofm, Pressure losses vary from 10" to
30" wa, |

The atomizing Scrubber known as the Possew
Anthony Venturi scrubber (Fig. 6.10) is designed for the
rempval of subtmicron particles for which the water
rate should be in the range of 2 to 6 gallons per 1000
cudb, £, of gas and the owverall prossure loos is 13" to
20"Wg vater with high efficiencies of the order of $5%,
Por the collection of coprser porticles, the lower
- veldelty and vator rate may be used resulting in less

prossure logs, ‘

Venturi scrubbers are used for the removal of
dustc gnd mists coming along with the gases from open
hearth furnecas, blast furnaces, sulphuric acld converters
and from vaporized organic mmhhvds, Mealerliols.

d, Yot Contrifugals 3 Vett centrifugals (F1g 6.19)

utilize a cambinatlon of cenfrifugal force and water
contact to effect collection. Thoy are cylindrical in
either the shape of a tower oxr with the axis horizontal,

Air 1s Introduced tangentilally and usually directed ‘
counter-conenrrent to flow of water by baffles or dlroce
tional plates vhich help in capturing particulate matter
and oid in the dispersal of spray droplrts, Presanpe losses
range from 2% to 6" 4f water, |
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o, Yot Dynamic Precipitator: The wet fynamic procipitaior

(Pig, 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 io advantageous as it combines
two air cleaning principles -~ dynamic precipitation and
washing,

£, Qrifice «~Type of ot Dust Collector: In this colloctor
(Fig. 6.13) air flow is brought in contact with a shect

of water in a restricted passage, uwater flow may be
induced by the velocity of the air stream or can be
maintained by pumps and wolrs, FPressuro loss¢s udsually
vary from 3" to 6" in most of the industrially used colie
ectars, HBpywever in some cages for the abatement of fine
particleo, this type of collectors are designed for high

pressure losses of the order of 20",

P. Pilters: The purpose of a fllter 1s to remove aes
much of the ccBaminants as practically possible, the
first choice depends upon the degree of air cleanliness
required, Other factors vhich affect the choice
include particle size, particle shape, specific gravity,
temperature of the gas stroamy concentration eto, For
individual unite, the fllters can be made in such px;ao.v
t4cal sizes as 50, 500, 800 and 1000 cud, f%,/min,

They are classified into 2 groups on the basis of the
type of filter medium employed 3

1. Pibrous Fllters,

2, Fabric Piltors.
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1+ FIERQOUS FILELERS: Pibrous filters are also knowm as

"Alr filters", They are usually cmployed for cleaning lo
rge volunos of gas carcying vory light dust concentrations.
As such they find applications in the ventilation, air cone
ditioning and heating systems vhers the dust concentration
is generally below 5 gralins per 1000 cub, f£t, of alr, Pilter
media usualiy congists of wool, asbestos, cellulose, glaess
or metal fibres which is demsely packed in a metal or card.
board end wie frame, The depth of the packing is much
more than the width, The efficiency of the air filter
‘depends upon t.he size of the medla fibres and the density
with vhich the fibres ave pa.ckaél. Alr f£ilters may bo
subdivided into two classges:

a, ViBeous I'ilters; They are so called because the filter

medium employed, is coated with a viscous matorial to catbh
the particles and retain them, Compared to the dry type
the wiscous fiiters are better suited for the removal of
larger size dust partioles end for handling high dust
concentrations, These filters arc mede in units of conve-
nient eize (generany of the order of 20“by 20 in-face

arca) to facilitate installatlon, maintenance, and cleaning,

The filter pad used in the wiscous filter may
consist of one or sane times a ccmbination of a wide var-
oty of coarse media, Including glass fibres, animal hair,
wood shavings, corrugnted fibroboard, split wire or metanl
scrocning., It 1s usually coated vwith ol or grease of
high flash point and £ire points low volatibity no viscow
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viscosity change with variation in temperature and ability
t0 wot and retain the particles,

Viscous filters depends wupon the impingement
prﬁnciple in operation and as such are called viscous.
impingoment type £ilters, In the o ratlon of this filter

’ths air 9tream gets divided into meny emsll columne of
air each of which is diverted from its norma‘l paths during
its passage $hrough the filter," At oach change of direct-
ion, the larger dust porticles prod@ieed in the same stral-
ght path due to their % and vhen they impinge
against the elements or £ibros of the medlum, they are
held up by the adhenive surface, The adhesive employod
should be carefully selectod, Hpwdver, it is the usual
practice to follow the filter manufacturerts recommendate
tiono with respect to reconditioning, viscous filters are
of two typesj panel type or disposable type., ®Bhe former
type s used afier washing with steam ond ABoiling vhile B
the lattor type is discprded aftor eoxhaustion,

In cases vhere aco~ess to the filter is difficult
due to space limitations or whore regular and systematie
mointonance is not facilitated, the filter medium is
arranzed to form o contimuous traveliing curtain vhich
noves perpondicularly to the air streem and periodlcally
pasges through & reservoir of adhesive vhere it gilves up
1ts dust lood and is simultemeously recharged, The curtain
usually makes one complote revolution in 24 to 48 hours
period., <%he periodic operation of the curtein results
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in an effiéient self cleaning of the media and provides
a sufficient draining period as the media leaves the
adhesive bath,

b, Dry Pilters; These are not given any adhesive coating
and are made in sizes similar to the viscous type with

usually greater depth, The filter material consiste of
fabric like or blanket like materials of varying thickness
such as cellulose fibers, bonded glass, wool felt, asbestos
and sgnthatic, vhich mesy either be self supporting or |
- may be supported by a wire frame, The modern dry filters
are maie of & mixture of fine fibres, They are availabie
in tvo designs, In e design the filter media is held

in between permenent metal sides @d is réplaaeable vhile
in the ¢t her deslgn the entirc ceoll is disposed of after

it is cexhausted,

In order to clean large volume of air of high dust
concentration, an automatic dry filiter is used . It consists
of a contimous filter curtain which rotates over top an-d
bottom ¥ollers in a vertical casing, The filtering media
is a paper tym cellulose tissme in roll form.Vien the
rosistance fo alr flov cpinsides with a preset value, the
curtain is rotated ti11 suf:fi.c:L'ent ¢cloan media is added.
The automatic dry filter is used effoctively to collect
ink miste released fram high speed printing operations,

High officiency and spocial types of dry f£ilters
are made to clean air cerrying bighly tox.ic materials,
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For radiological filteration a dry asbestos csllulose type
£iltor commonly known as absolute f£iltexr is used, It 1s
also used for the removal of alr bom micro orgenisms and
M\'a\-l'vﬁy
in 7 particulate matter assocliated with smog. For
cloaning acid vapours and corrosive gases, glass fibre

£3lters are used,

2, FA,MIC FIITERS: The most common filtering medium
omployod in these filters is a cloth through vhich the dustw
ladoen air is passod, This results in tho dust collection
on the cloth surface ty impaction, Fabric filters are

of +the scresn, tubs, envelope or f£lat bog type., Vhen
sufficient matorial is collected on the £ilter surface,

it 1s dislodgod by means of mechanicelly operated shaking
device fitted of the top.

Pabric filters are not sultable for high tomperaow
turen, Cotton and wool fabries are limited to temperatures
undor 200°P. Higher temperature can be handled by using
cynthetic materials such as nylon, orlon and dacron.

G, Blsctrogtatic Precipitators: An electrostatic preci.
pitator 1s one of the most versatile devices developed for
particulate mattor cleaning., In this inotrument the contw
aninated gas stroam is passed through a strong olectrostatic
tield., The particles are dmpajpted with a negative charge
and this caused them to move and adhere to the groundéd
collocting surfaces,
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According to the type of use, electrostatic
precipitators are classified into two groups:

i. Elﬂc‘tr gbatlc Frecipitators for General yentilation:
These precigi‘éators are of low voltage design and small
dust holding e¢apacity. They are of two stage type, The
firet stage 4s an ionizing unit vhile the socond stage is
8 precipitating unit, About 12000 volts arc used for
preparation unit vhile 6000 volts are applied across the
separation unit. These precipitatofhare more efficient

than the otle r type.

ii. Blectrostatic Precipitators for Industrial 08081
Industrial procipitators (¥ig, 6,14) are of high voltuge
design and large dust holding capacity. Charging and coe
llection are carried on simultanoously in a single stage,
A high intonsity clectrostatic f£ield 1o maintained throughe
out , This charges the particulate matter amd oxerts a

pressure on the precipitated matter so as to hpld it om Ji
‘the collecting elecirode to prevent redispersion. High
rotentlals of the order of 60,000 to 75,000 volls are used
N most of the design,

Industrial precipitators may be of pipe type or
plate type. The former type consists of vertical grounded
pipes (collecting surfaces), oach having a negatively
charged wire suspended along ité axis, In the latter
type the vertical grounded plates serve as collecting
surfaces, The cleaning of the deposited material is done
by rapping or vibrating the collecting surface either
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continuously or at predetermined intervals,

Collection efficiency of electrostatic precipite-
Yors 1s high and ranges from 85 to 99% . The collection
efficiency can be improved by use of multipls (2 or 3)
electrostatic precipitators in series,

Electrostatic precipitators are chiefly used
where high degree of eleanliness 18 required, They are
usged extensively in high temperature gas cleaning from
equipment such as blast fumaces, open hearth fumrmacos
Centrsal station pulverized fuel boilers, chemical induse
tries ete,

6.2,2, Gasoous Emigsions Cleaning Devices
One of the dmportant problems in Iindustrial air
and gas cleaning is the removal of soluble, insoluble, or

combustible gases axd vapours from fluid streams before
they are discharged to the atmosphere, Removal of the
gageous pollutants from gas streams may be obtained by
absorption , adsorption or cambustion devices,

A, Absorption Devices: Absorption devices are mainly emp-
loyed for the removal of readily spluble gases, In prin-
ciple, the gaseous contaminants are brought into intimate
contact vith a liquid in which they are either soluble ar
react chemically,

Absorption 1is a diffusional operation, which
Involves transfer of the gaseocus material betweon phases
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as the result of molecular or eddy diffusion, Molecular
d1£fusion depends mainly upon nature of fluids involved
vhile eddy diffusion is Yased primarily upon the nature
of the turbulent f£luid, conditious of flow and is much
more rapld than molecular diffusion. The rate of trans-
for for both types of diffusion 38 prowportional to

the concentration of diffusion substances, The process
of Interface transfer ie much morc complei than the move-
ment or diffusion of e substmica through a single phase,

In the selectlon of an sbsorbent for scrubbing a gos
sone of the factors that mst be considered ineludo,
f. HMeximum flow of gas or vepour that will be emitted by
a pmvess.
2, Composition of the gas otreem including the concontrom
tion of the soluble gas to be removed,
3, Temperature of gas and liquid stroem entering the absor-
_?ber. o
4. Heat of solution or reaction in the absorption process,
5‘ :&ilom'ble concentrat jon :L'a the surrounding gtmosphere,

. The porformance of absorption devices @epend upon a
munber of factors such as the golubility of the gas, ite
Vapour prasocure, its ralte of reaction with tho absorbent,
the velocity through the dovice and area of tho absorbing
surface exposed vhich may be oither in the form of spray
droplets or vettod media,
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The most common absoxption cleaning devices

are spray towers, packed touers and jet scrubbers,(These
have been dealt proviously under wot collectors for parti-
culate emmissions cleaning devices} After absorption of
gageous substances, the absorbing agent may be regeneras
ted or discarded or converted into some useful products,
Disposal of the waste product should be so as to avold
secondary pollution, Attention should be glvewtowards

prevention ngeinst eorrosion and freszing,

B, Oas Adsorption Devicen: Adsorption devices gro primarily
meant for removal of organic wvapours In either high con
centration (solvant recovery) or low concentration (odour
renoval) The gases and the Vapours ahore in thashvlayers to
801id bodies (adsorbents) with vhich they came in cantact
The absorbed gas 18 retained on the adsorbent surface due
to the surface forces oxisting in tho solid. Like absor-
ption, adsorption is slso a diffusional operation, which
involves the transfer of gaseous material between phases
due to molecular or eddy diffusion. The phenomenon of

adsorption may be physical, chemical or of 3don exchange,

Adsorption units (¥ig, 6.15) consist of chambers
£illed with a granular adsorbent which, are arranged in bods
or columne of suitable thickness through vhich gas passes,
" The adsorbing agent should be pomﬁs in nature so as %Yo
expose a large surface to the gas stream for adsorption,
The adsorbent developed for commercial uses are variety

of eclays , activated charcoals; aluminums and other treaBied
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polids, Actlvated carbon 1s the most commom among the
adsorbents and is made from hard nutshells, wood; coal or
other carbonaceous materials, It is used for alr récovery
in air condition systems and ss it has the highest retenw.
tion per unit welght for orgemic solvents, it is used %o
absord organic vapours, I¢ may be designed to obtain
almost the complete rembvél of organic vapours and some
inorganic vapours. Some of the organic vapours that are
adsobed by activated carbon include Hldohols, scetone,
benzene, carbon tetrachloride, ethyle acetate, gasoline,
napihtha , etec,

Vhen the carbon gets exhmueted, (or saturated)
it moy be reactivated by passing steam over itsbed, As the .
bed 1s heatod, the collected vapour gote desorbed and is
carried along with the steam, %The steam solvent vapour
nixture is condensed end the splvent is separated }_:_rom the
water, In order %o facilitate the operation, é‘ﬁgii:dsobem
may be erranged In parallel 8o that one tan be regensrated
while the other 1s in operation,

The factors which affect the choice of the adsor-
bent Includoi
1e Quantity of gae to be doalt with,
2, inount of material to @ adsorbed,
- Allm-:éble prevsure drop through bed,
4, Duration of adsoxrption,
5, Time required for reactivation, purging, ete.



118

Performance of adsorber ¥ beds deponds upon their
thickness, velocity of the gas passing, mosh size (surface
ayroa) of adsorbent end the temperature of the vapour
being removed, Risistance depends upon the adsorbent
mesh size, depth and velooity, It may range from less ¢than
1* to several inches of mercury. The efficiency and the
capacity Both indlcate a £all with rising temporature of

the adsorbent,

Adsorption wnits have high installation cost but
operation and maintenance costs are low, The solvent

recovery generally reduces the cost of the equipment,

C. CSombuction Dovices:s Combustion deviess may be employed
to destroy or decompose ths objoctionable geecous emissioms
yvhich exrcate obnoxious odours, In caso of high concentra
tions of organice compounds (Gases or particulates) which
cannot be econemically recovored, combustion may be used
to render them Iimmocucus, Tk compounds resulting from
the products of cambustion which, in many cases, consist
of carbon dloxide end water vapour may be discharged to
the atmosphore along with the other gas stream.

Combustion devieces may de classified into two
gy stemss

i. Direct Pired Aftor burmers: In these devicos tho gapes
to be incinerated are brought into intimate omtact by

turbulenece with the combusfiion gases, The combustion s
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obtained by use of oil or gaseous fuels yith the secondpry
alr derived from the contaminated strean,

The factors vhich contribute to good afterburner
desim are the following

1. Intinate mixing of the ﬁontammated alr stroam with the
combustion gases to ensure uniform heating,

2, Average temperaturc of the mixturo (objectionadle vapour
¥o b2 removed and cambustion gases) should be equal to
the kindling temporaturo of the wvapour,

3¢ Sufficlont time should be given to obtain complete oxim
dotion of tho vapours eince variouo constituents to be
varnt at different rates,

The direct incinevator dovice (Pig, 6.16) consists
of a combustion chambor in vhich the proéeas &3806 mix tune
bulently with a fleme produced ty an 01l or gas-fired
burner, The simplest form invol es passing tlo contaminated
air through the combustion chamber of a boiler or fire
box which is normally a complement of theplant operation.
The tomperature required Ho bring up the destruction of the
canpounds depends upon the nature of the contaminant, The
temperature of the mixzed gasos should normally be st least
1500 deg. P, Sufficient quantitics of fuol may be required
to build up this high temperature, The cconomy duo to fiiol
saving may hovover result in cases whore the exhaust gns
otroam conslsts of combustible contaminants wvhich may coft
trivute sufficient heat during the combustion process, Heat
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inpud rate approximates 10,800 BIU per hour per 100
standard ofm of exhaust air per 100 deg, P temperature

rise,

The psrformance of a combustion dovice depends
upon the retnetion period of ths contaminant in the high
tenporature zon®, Thus the contaminant control depends
on the velocity and surfoce area of heat transfer device
A rosidence time of one quarter to o half second and gas
volocities of 900 to 1800 fym result in an efficient opore
tion, An efficlency of the oxdior of 307 is achieved in
" caso of incineration of solvents emitted fram baking ing

oven exhausto,

The rosistance of the direct combustion unit is
- nogligible, Horeover, it requires 1littlo attention as
compared to the catalytic oxidation unit.

Diract incinorator finds its application in the
‘control of emlssions from coffee roaster, vamish cooking
kettles, cocking ovons meant for mapufacture of rock wool
insulators, etc, It has got a limited usage. It is adop-
tod whore thore 13 a demand for the heat gonorated or the
process employing combustion.

1i, Catnlytic Oxidation Devices:s In catalytic axidation
combustion of objectionable vapours occur afb considerably
lowsr temperatures than those required in the direci-fired
aftorbumers, Catalystes used for oxidation reactions are
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1

mainly metal and metal oxides, Platimum, Platinumeslumina
and platimun rhediuvm arranged on suitablé supports are

highly effective oxidetion catalysis, Platimm 1s usually
mouwnted on nickel alloy ribbon . Flatinum-alunina is bounded
to proecelain rods, mounted on brick llkke unit and theso

rods are so spaced as Yo permit gas flow through tho assembly
The air to be decontamineted, on pasding, dbreak dowm and

are reducod to elomental gases of innpcuous nature,

Although the prosonce of the catalyet roduces
the heat input, yot it may got contaminated by trace
contaminants vhich may give a surfeco coating of materials
like carbon sulphur, ete., ILoss of catalyst may rosult
by abrasion due to the presence of particulate materlals
in tho gns stream. Sometimes, the catalyst may become
péiamous under lead, zinc, arsenic, halogens and silicons
The ugeful 1ife of catelyst is found to o more than 20000
hours,

Catalytic inoineration of most organic vapours
have self sustainins flawgs at about 500 deg, Pe If thoe
goses are colder, they are prohoated before coming into
contact with the catelyst (Pigure 6,17). In cases whero
the pno stream contains a high concontration of omidizable

conetituonts, sufficient heat moy de evolved during omdé-
tion roactions and the flame may become self sustaining,
At timos the tomporature may shoot up so high that it is
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ocaonical to omploy a heat exchange to recover the heat
for other purposes, euch as preheating the effluent gases
or generating stoan,

Catalytic combustion finds 1ts application in e
number of indust@resito control odours and organic emiss.
ions, Among thess, specific ow 8 are condltioning effluent
gagos from Lithographic and paint baking ovens, ceramic
kilns, foundry core baking ovons, paint rodin cooking
kotilos, refineries barning wmste cracking gases, ete,

I¢ i9 alsp used in reducing atmospheric pollution by

burning the combustidvle comstituents from automotive exhaust
gases vhich pass through a bed of pelleted catalyst,

carried in a stainless steol container, Figure 6,18

chows a typical application of catalytic incineration

to oxhaust gases from vertiecal wire enameling oven,

Nitrogon oxidos present in the seffluents from
nitric acid production are also controlled by catalytic
decomposition of the oxides to nitrogen, Similarly
sulphur oxides present in fluo goses can also be ramoved,
But the costs for this control 18 so high that the process

is uneconomical,
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6.3. RESPIRMTCRS

6+3.1. Goneral:
A respirator is defined as a device covering the

mouth or nose, to prevent the inhalation of noxlbus subo.
tances, I4 18 prodbably the oldest mothod of alr cleanin.g
and is used for the safoty of a wrker who is directly
oxposed to harmful concentrations of atmosphoric contew
ninants, It ie meant to gerve as a supplement but not an
a subptitute for other method,

Gedele LYPES OF RESPIRAT ORS:

Al1 respiratory protoctive dovices mey be mainly
dividod into tvo groups:
A, Atmosphere - supplying rospirators.
B. Air-Purifying respirators,

A, Atmoophere.Supplying Respiwators: They meparate tho
voaror from his immediate enwironment and provide him
with respirable air from another source . They are not
air cleaning devicss emd as such dafmportant from this
thoois point.o:} Yread

B, Alr-Purifying Rospirntorss They provide protection by
romoving epecific contaminants from tho extemal onvirone

nmont, They ars divided into 5 groups.

8. Chemical ~filter Respirators,

b. Mechanical.filtor Respirators,

¢, Combination of Chemiocsl and Hochanical Filter Respirators,
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ae Clemicn) Pilter Respirators:s Theee can be divided into
tuo groups 1 Gas Mashs, and Chomical - Cofftridge respirators:
1, Qag Vosks: - Gas Mask consiste of a flezible brecthing
‘tube connected to a canister which s carried by a \;;;%
The canlstor is £1lled with chemicals in gremular form for
purifying the air by chomical or physical reaction, The
alr-purifying material in the confaher varies vith the
type of the contaminant to bo removed, %he gerviee lifo
of the canistor ‘dopends upon the concontration of the gnoe
oous conteminant, the volumo of air dnhaled by the weathr
tho cilaradtériéfics and amotmt of chomical absorbents and
other\fac‘boﬂs. - :

Gas mas k ic mainly moent for protection apgnins-t
gaseous comtaminante bult f£iltors may also bo provided
with;m t he capiater for romoval of particulate matter,

It :ia gen‘erally. omployed &urizig tho opara‘bion of chemical
proaesses, handlin volatile or gaseous chemj.eal producto,
repair:!.ng reﬁagerat:ng systens, mrking armmd tankas or
sinilar vessels containing poleonous products £iro «j:ighﬂng
and funigating,

$1._Chemiocal Cgﬁr;&ge Regpiratorst Thooe ore infact
niniatuwre gas nasks, They havo the same type of material
fm:lng in a caQﬁridge ¢« They pmtt are neent for non-
emergency purposos and used ior. protaction,ﬁ againot
ablvpnt vapours encowtercd duri;ag oporations, such aoc
ajma& coating, degroasing, etop and againet lbw Con M
trations of acid gasos as méel&tl%éyof sulphido oros
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and in many chemical processes, 14 does not protect againct
lead mists ovolved during paity spraying.

b, Ifiechanical..futeg__geépiratp_gg& Thage reapirators (™3 €13,
ugually employ of Librous filter or specially treated
collulose fibre £ilter in the form of & disc or o bag, These
filters aro dasj,@éd to catch various particulate contamis
nants but all of $hem ares not suitable for every purpose.

Bsoover a finer mesh filter suitable for notal fumes, will
remove any particulate contaminant which can be removed
by other approved filters,

Hachaniéal filter respirator are liglt and compact
devicss and as such can bs used for prolonged period with
fatigue, They arc used durlng operatlons such as vwelding
and cuttings erinding nand handling all types of dusty
naterislss spray coating vith enamvls or glazesjy shaking
out and grimding castings; ash handling, etec,

Ce C:cnnbgg ation of Chomical and Mechanical Pilter Respirator.
These respirators givo protection againot particulnte as

well as gescous contamingnts, Examples of this type include
a combination of gas mank vith smoke filters for fire
fightingy and chomical cafftridge respirators with mochanieal
filtorse for spray painting, metallurgical operations, and
for' volding and cutting operations,






CHAPTER _VII

AIR CONTAMINABION CONTROL IN IRON AND STEEL INDUSTRY

With the knowledge of control methods and air
clonning devices from preceding chapters, ths air con-
taminat don problem of en iron and steel industry is dealt,
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The previous dlscussion of air contamination
control methodo and jir cleaning egquipment ia applied
to an iron and stecl industry %o control the contamine
enta evolved In its warious shop opsrations. The
different shops for vhich dlscussion is made, are blast
furnace, coke mvens, steel molting shop, wlling mille,
pattern shop foundry, machine shop znd forging shop,

7.1, BLAST FURNAOE;
| The charge in tho blast furnace coneists of

iron ore coks and lime stone., The blast fumnace gas
escaping conslats oessentiolly of earbon dioxide, carbon
nonoxide an! nitropon vhich Ore accompanied by dust
particles, For highest econan:i.c efficiency, it 1o noce
sgaxry that the blast furnace gas be utilised, It io norm-
ally used in proheating the air in the hot. blest{ astovos,
producing steam for being used in turbo~gonerators and as a
Tfuel for soaling pits (steoolmingot heating furnaces) and

coke ovens,

Bofore utilicetion, the blast fumaco gas must be
clocnod of its dust content, Ip the gas 18 not cleanocd it
cholkos and caxrodeos tha chogquer brick vork of hoi blact
otoves and clogs tho furnace valuos, [Horeover, tho final
dust cmission in tho combustion producto escaping through
chimney will boe higher, lIn such a cago, the contfmmous rTune
- ning of the blast furn~ez may croate a dust nuisance in the

surrounding arca,
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Tho dust contont of the gas ocoming out of th
furnace depends upon the furmacs conditlone and the propertles
of tho ﬁn‘?‘? materinls charged., It is more in case of'
ferromangonese production than pig iron production, Ae the
aust concentrationd is high, the gas cleaning is dome
efficiontly by omploying a combination of 3 air-oleaning
units in tho following order: Dust Catcher (cemtrifugal
collector) Tower Yasher and Vottrell precipitators The
dust catcher effdctively handles large size particloes
and reduces the dust load in tho vasher and the precipi-
tator. The clean gas leaving the cottrell precipitator
hos a rolatively hov dust concentration and 4s used for the
desired purpose, |

S1ipying of blast furmace also loads to the
ojoction of dust into the atmosphere, This cen, however,
bo reduced by improved ore burdens and practices, Hore-
over bleeders may be installed on the clean gas side of
the blast furnace gao-cleaning system. This provonts the
dirtj gae from escaping into the atmosphero,

Te2e Soke Quong: ‘

Carbonisation at a high temperature in the
absence of air in a closed chamber removes the volatile
matter from the coal and results in ths ovolution of colko
ovon gas, The alr contanination occurs during operations
such as coal charging, coke discharging and quenching
operations,
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o, Smoke Nuisance during Ceal chorgingt  Smoke can nearly
e eliminated by reducing the 4ime of charging and by pro-

viding telescoplc connections betyeen the charging hole

at the top of the oven and charging car. A gas connectlng
main way also be provided along each side of the battery
of coke ovens and keeping these mains cpupled to the ovens
during charging operation, Steam injection may also assiet
in the smoke extraction,

b, Smoke Evolution during coke Discharging: It is mainly
because the charge has not been uniformly carbonised to the

contre, Uniform carbonisatlon may be attalned by proper
digtrivution of heating gas and uniformity in coal quality
charged,

c. Coke Dust Nuisance during “uenching operation; Steam
formed during quenching emerges out of tho chimney, gots

condensed and comes down in the form ér wvater drops along
with the coke particles, creating mulsance in the surround-
ing area, The coke dust pick up by the steam mgy be checked
by use of a number of fine spreys in a proper direction,

Coke oven gas is poisonous and consists mainly
of Hydrogen ). Hobhane, Garbon monoxdde, and Carbon dicxide
end other hydrocarbons, 4As the gas has high calorific value
1t is used as a fuel, But before being used as a fuel, the
gas 1s cleaned of the products such as tar, ammonia compounds,

naphthalene and bonzol which are of immense wmlue,
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10 Vz The coke oven gas coming out of each
oven is carried through a goose neck pipe into a hydraulic
' main, This results in the removal of heavy tar particles.
The liquor sprayed for cooling the gas to avoid cracking
also helps in catehing the %ar particlos, The tar removed.
is sollected in a tar tank provided é:t the end of tho main,

~ To effect further removal of the tar content the
gas is led through tar pockets into a primary ges coolor,
In;addition to the tar removal in the gas cooler, tar
pockets also help in catehiytar particles, Tho gas caning
out from the primazry cooler still contains traces of tar
ma_ttér vm;’x.ph is removed in an eiectretatic tar péeeipitator
after turther_'ca&in? of the gas by refrigorated mater in
a deep cooler, The tar rémoved in different stages 1s colleow

ted in a comm-on tar tank,

11, Removal of Ammon iphate,

 %he undesirable gos emmonie is romoved from the
coke oven @rs as ammonium sulphate, This is accomplished
in ‘8 miltistoge washer vhere the gas is vashed with dilute
 Bulpluric acid, resulting in the formetion of sumonieal
hqlior frem which ammonlum sulphato 18 rocovered.

113, Removal of Bencolsy In order to.ha}ve»un effective row
moval of benzol from the ¢coke oven gas, it 18 cooled into
a8 doop cooler by rofrigerated water, It is them takon into
a primaxy b@nz;ol gerubbor which employs oll ae well as
vator opray. Some of the benzol is removed in this siage.
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Further removal is dono in a secondary benzol scrubber
(packed bed typ2). Tho benzolized oil collected at the

bottom of the‘smbber is used for the recovery of benzol.

After benzol recovery, the gas 18 ied into a
eyclone separater for the removal of oil content carried
avay by the gas &uring scriibbing action., Hou the use of
this purified Agas minimizes the air contamination in places
vhere 1t is used as g fuel,

7e3¢ SLEEL MEITING SHOPIm |

Tho hot pis iron 1s poured in a Bessemsr converter
and 1g blown by the air blast from the botbam., This operas
tion gives rise to lot of fumes vhich contaminate the

surrounding atmosphere, A control may bo ezercised by

using exhaust vontilation. "h.ts moy neceesitate a large
hood to collect the blowm gas‘es, vhich may be dfftected to
a waste sheat bollor wvhere they ar: cooled, The cleaning
of the gases may be done by a Pease Anthony Scrubber,

The blom metel from the Bassemer converter is
G arged into the open hearth furnace, Vuring the refining
operation when the temperature of the metal is at a maxie
mm, a large amount of iron oxide fume Im the form of st
rongly colMd trown @a'es escape thpozgh the chimney
alongwith the dust oontem;‘. It creates dust muisance as
woll ag loss of the metal, This can be minimised by provi-~
Qing the furnace with automatic cambustion contrels for
botter combustion and consoquently less offluent, The Gap
cleaning may be done ty subjecting the exhmuet pnses to
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a wot scrubbing process, Iyt this process is ecmomical
anly vhen the intense fume occurs for a small part of the
tire and cleaning noed only be used during this time, But
if the gas cleaning plant 15 required to Fun all the time
it is cheapar to roplace the wet cleaning system by an
oloctrostatic precipitator.

7+4+ ROLLING MILL:

A stecl izots are hoatod in o closed chember,
the combustion products which contains 1ittle amount of
Sulphor Yioxide 18 safely dischargod to tho outside atmo-
ophere through tall stacks, Rolling operation doss not
load to mw alr contemination.

7.5. EATTERN SHOP:

Viood vorld.n; operations do not produce any health
hozard but wood dust and shavings ars vory flammable and
crocte o sort of muisance hazard, This cen be controlled
by providing loeal exhaust ventilation to each wood working
nachine, 4 comman duet provided with a fan may be used
for wood dust exhaust at the top of the shop roof,

7.6+ POUNDRY:

A1 foundry processos arxe dusty Wit they vary
in degroec, The most hammful foundry dust is fres silica,
Depending upon the type of the pi'ooeas, the alr comtamine
ation of ths foundry shop is deslt under folloving heads
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o, Sond Preparabion Plant: The used sand is throughly
pixod with fresh sand, clay and bimiers, During this mix.

ing operation, the dust may escape to the surrounding at-
mosphere and rosults in contemination. I fact, this is

not of higher degrez but even then a control can be exercised
by carrying the mixing opeoration in a c¢losed chambor guch

as muller type mixer from vhich the conditioned sand ie
taken out,

b, Houlding Section: The conditioned sand is poured in the
moulding hox and is proporly rammesd, This oporation is
not dusty because thz moulding materials are handled in

a damp condition,

c. Core Saction: Cores aro made by raming sgnd into Zhe
core boxes, Coro malting is porhaps the least dudty of
all foundxry procosy bocause the ¢ore send is intimately
nizxed with o0il, Bencc this operation does no% croate any
ailr contamination vhich may be hammful to the coremakers,

de Drying Ovens: The cores and the moulds are baked iIn
ovens bty circulating the products of combustion odtained
by burning of coko oven gas, During the drying process,
funes of aldehyde 1like group may be ovolved from the
breakdowm productso of the binding materials, such as oil
or dextrin in the noulding and core mixtureno, Some of
thesge fumes are irritating to the ¢yes and mucous membre
anos of the respiratory tract, So the w oven chambor

should be provided with an air tight door so as to avoid
any chnnces of fumes escaping to surrounding area of tho
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shop, Thepe fumes along with the £lue gooos are sucked
by a fan and are dlscharged through a high stack to the

outsi e atmosphere,

An electric arc furnacs
- is. employed to molten steel for casting. During the

furnace operation, duat and smoke escape to the | atmosphere
- anl thus causes pollution, 1f theso coxt aminants are con
trolled after they are allowed to escape to the atmosphere,
& vory large exhamst vontilation rate will. be neoded,
Horoover, ao the furnace top raises and swings out of
position, the usual stationary type of hood will not

gsoxvo the purpose, For proper cohtrol.. o hpod of specinl

- oongtruction should be attached 4o the fwurnace top as

an integral part, Vhen in position the hood mekes a fairly
tight joint with the statilonary exhaust duct;

¥ien the molten metal 4s poured in the mould the
rough the rumner, it gives rise to ovolution of gases. They
may be dealt by gencral ventlilation. ’Butq in somé capes
the fumes from sand additives can be romoved by passing
the poured mpoulds under a hood or tumnel before they are
 brought to the feltling section.
f. Dottling Section: Fottling (Yleaning ) £5 the dustiest
operation in the foundry. The contamination due to &"S&i‘é”
operations in fottling scction are as follows i



134

i. Stripping: Casting is removed from the mpuld, Adheront
moulding sand, core cand é_md other readlly rempvable

matter are removed with portable meumatic and hand tools,
This operation gives rise to lot of dust in the air, In
order to control this dust hazard, the operation is carried
out in a closed chember partly sealed by hanging canvas
curtains, known as the "blowy box" ,." from which the dust
laden air is exhausted into the majn dust extraction

ayetem, |

13, Abrosive Blastings Abrasive blasting 1s carried out
vith o stream of sand or stesl shots as the abrasive vhich
1o firod at the casting by means of compressed air, This
operation givos g vory high dust content in the atmosphere
vhich may be harmful to tho operator as well as the nean-
by workors, Tho health hazard associated w;th steel shot
blasting opoerations 18 much loss severoc than $ith sand
blasting operations, Consequently, steel ghots should be
proferred mt if steel shots are not avallable or resulis
in an inferior product, sand should be uped,

In order to comtrol this dust hazard, the blast.
| ing operation is carried out in a well designed meohunice
ally exhaust wentilated cabinets or rooms lknown as sand

or shot blast chambers, This prevents the dust from
entering the surrpunding atmosphore, <The aubstantial
quantities of fine dust are exhausted from the top of the
room to the outside atmos;:heré through a duat separetor

from the bottom of which tho dust can be removed vhere it

hoa Aaltamknd dn smffindiant amaimE  Fan $ha anfatrr Ff



135

tho man vho handles the blasting 'gun' inside the cabinot
a ppocial type of c¢lothing and bplmet, which is supplied
through an air line with fresh air are provided,

114, Hydroblast: This 1s a recent development iIn ecasting
cleaning, This operation is carried out in a closed room
inside vhich the casting is placed on a perforated floor
A stream of water at a pressure of about 100 Kgn/ cmz is
dirccted through 2 gun at the casting, This gun is opero
ted by a nan who stands outside the room and can peep
through the glass to direct the wator jet of tho correct
spots The sand goes down along with tho water through
the perforated floor . The advantage of this type of
dust control is that the operator is quite safe as compe-
arcd to the previously dealt method of cleaning,

iv, Dregsing with Preumatic or hond tools: The burnt-oa

nouldin; sand and tle rough edges of metal from castings

are removed, Hand tools such as brushes, chisels andvhamers
exre woed for this purpose., Although the caotings are blasted
bofore being brought for dressing, yet the dressing ope-
ration is usually a dusty one, It 18 observed that hand
dresoing or fettling 1s a less dusty job than fettling

vith prermatic tools. In order %o cmtrol the dust hazard
due to the uso of preumatic tools, a high velocity oxhaust
ventilation system is provided to the pbrtable chisels and
tools,

V. Grinding: In grinding processes, the rough casting i-s
emoothed by being held against a rapldly rewlving grinding
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vhoel, Tho operation ils responsidle for the escape of

o tallle dust into the atmosphere, This can, however,

be controlled by exhaust ventilation system to the grinding
.niaohinea._. Por small castings, o portable cone wheel type
of grinder is used, In this pir 18 exhausted from the gap
immediately above tho grinding head, Por largo castings,

- & .swing frame grinder 18 used, To control the dust hazard
in this cage, a hood is placod in the direction in which
the dust is throwm at a high velocity., The dust cought

by the hood is exhausted to the outailde atmosphera,

vi.ﬁmushmg: This is the last cleaning operation of the
- ecgeting, The casting is cleaned uith the help of a wire
brush, This operation also leads ;’bo alr contaminat ion,

It can be controlled by exhausting the dust through the
holes in the annular é\eg surrounding tho brush,

f.. Anncalings  Castings are charged in the furnace Whém.
thoy are hoated for a long periocd and then cooled Ey Clog-
ing of the fuel supply , During this operation Irritatipg
gasen such as acrolelin are liberated by the procsssed paris,
A3 gueh care should be taken to sco that furnace charging
door 1s airtight and thege are no leakanges vhich may givo
vay to the contaminating gases to the surrounding atmosphers,
The combuetion gases ars then exhasusted by an exhaust Cone
trolling valve through the stack to the outside atmosphare.
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7.7, UACHINE SHOP:

| Hachining of casting gives rise to the evolution of
me‘jial dust and fumes around the machines, In the operation
fo machines liko grinder and shgper, the metal is thrown
out at a very high velocity and croates emd metal dust
nuisance, This can be controlled by providing local
exhaust ventilation syotems to individual machines,

Forging oporation progonto a potentianl health
hazard duo t-0 carbon mmoxide end high temperature,

In order to avoid ex'cassively high temperature
and proper dilution of tho gas, good natural ventilation
should be provided, This may be esupplemonted by mechanically
operated exhaust fans in roof vontilators,

The furnaco flue gasos can be exhaustod by canopy-
type hocds thrbugh large dlonmoter stacke, 1# this device is
unable to control the conocomt ration of carbon monoxide from
exceeding the maximn permissible limit, an impwovement is
made by the use of propoller type fang in the discharge gtack,
“his will also holp in maintaining sultd ie temperaturc 4-n
the foonm,



CHAPTER VIIY
AR CONTAMINATION LEGISLATION.
To exerc¢ise pdequate control on alr contamination
sone legialation 18 necesSsary. Principles of legislation,

relazxations in special cases and proper administrative
set up for ite execution have besn suggested.
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Duo to the rapid deveiopment of industries
and increase in population, the ~ir contamination iso
increasing day by day oand has becomo a threat to hunan
being, plant, aninal life wnd property, In order to keop
- down the ecntamination lavel, it is necesﬁary to enforce
some logielotion which chould provide protoction to nll
against hazards of air contomination, I |

Responsibility for cnforcement of an air conto-
nination law should be enthrusted in tho hands of some
reaponoible body '.'uke mnicipality, The lav should be
pacsed by the Stote legislature gnd thon the local body
nay be cuthorized to enact ordinoncos within the corporate
1imito of tho city. This eliminantes 5 multiplicity of vare
ving regulations nnd stondards within the district vhich
may otherwise load to ovils, An alr pollution control
officor chould be appointed in each district by the Stato
Yovernment , He may be helped in his work by creating an
advisory comaittes vhich nay coxieist of engincers and
scientists, The fruitful rosult of air contomination
legislation depends moxe on campotont administration thon
adoquate legislation, o

Blind enforcemont of the law can not tackle the
air contaminotion problem. Any air contamination legle.
‘lation uill hove to convience the offending industries
regording the useful target to be accomplished, The
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. legislation should be such so as to allov the offendor
to wvork out tho best euiting solution to s own condie-
tions rather than folloving blindly the prescribod rege
uirementes for all sources of emisslon, :irrespec‘biva of
the character, Horeover, tho rulos should be enforced
oqually on all offenders,

The air contaminatbt ion problem varies from place
to pl:ice‘ « Thé eharaétar of the contaninents emitied by
the industries ot one place may entiroly differ from that
of the other place, As such the logislation moy ndt be
such so as to ostablish concentration limits for ocach
contaminant at the source of emicsion and apply them
uniformly throughout the State or Nation., Such a logisce
lation may require every industry to meot the worst situe
ation vhich is against economy . Thic may miss the targdt
for which the logislation 1s pascods |

The principles, on vhich the legislation nay
be based, should include the following:

1. Enisoions thot exceed specificd etandorde should be
troated as an offence in thomselves, ivxrespective of
ony nuisance that may bo caused,

2, Sempling work should be carried out from time to timo
so as to chock tho violation of the law, But this
should be trected as of socondary importance comparod
to preventive principle, Tho plont should be dosignedr
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== installed, oporated and maintained in m_:tch 8 way that
smoke is novor formed boyond the spocified 1imit and emi-
sslon of grit and dust are effectively prevented,

5. In case of some spocifled applionces, the complete
prohibition of cmoke io necéasary end may be obtained
directly by use of smokeloss fusls,

The lnv should be puoch ag to provide relaxation
in special cases, The variance should be allowed after
velghing yhether tho herdship created by the particular
industry on the public is groater than tho hardship that
will be impossd on :industry if tho variance is denied, The
variance may be gronted undor the following instonces :

i. then the eguimment is operated only in an emergency,

& To permit the industry to oporate vhile experiments
are carried out to detérmina vhat oquipment is
necegsary to solve the existing problem,

111, To pormit the industry to operato vhile corrective
equirment is being tha:Li}j.e;z and tested,

iv, To pormit industry to operate wvhore the best
oquipnent knowm toedate and installed dows not
bring tho operations vithin the pormitted limits,

V. To pormit industries that are not financially able
to install corrective ogquipment to oporcte for

@ reasonable time to permit thom to secure financing,
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In order ¥o pass useful ordinances, the air con-
ranination control agency should have knowlecige of the
facts such as location of the ocutled, slze of ocutlet,
height of stack, rate of emission from outlet and dompow
sition of effluent, Theee facts can be obtained from the
factories,

Permit syston mayﬁ be introduced to enforce the
legislation effectively: Construction permits should be
obtained prior to the installation, operation, or altera-
tion of cquipment capable of producing the specified
comtaminants in the city, Tho operating permits should
then e granted by tho authority. In case of these poermits
the enforcoment agoncy should be authorised to make pori-
odic inspections of the licensed equipment to determine
vhother or not it has been cimstructed and is being oporas
tod according to the permit and ordinance,

Attendant to the proper legiflation must be an
overvhslning desire on the part of tho poople to rid the
city of smoke and other nuisemces, In addition ¥he
adninistration must possess the necossary courage to
transmit this desire into actuality.
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Tetryl, | 1.5
Trichloronaphthalene -5
Trinitrotonene 1.5
Zine oxide fumes 15.
MINERAL DUSTS *

. . o M, P.P.C.F,
Substance, - |
Alundum ' - 50
Asbestos 5
Carborundum 50
Dust(miisance, no free silica) 50
fisca (below 5 % free silica) 50
Portland cement : 50
S1lica high (above 50% fres Si _ 5
Silica medium (5 Yo 50% free 9 20
84lica lowsbelow 5% free 9107) 50
goapatcne below 5 percent frae 8102) | gg

alc :

Total dust (below 5 % freo S5102) ' 50

Y— e

* ppm Bpm per million, ‘ .
milligrams per cublc meter,

* u.r.p.c F. millien particles per cubic foot of air,

, stan&ard 1igt fleld count,
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