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This thesis repr2sants Qn atternpt to show Bxp8rimontally
the chemical methods of treatment of surface waters for public
water supplies.

Clarification and disinfection are the two basic requi~e_
ments of surface water treatment. Complex phenomena involved in
chemical processes of water treatment required for clarification
and disinfection are critically reviewed from an extensive
literature survey.

The major parameters considered to be significant in the
surface water clarification are colour and t~rb~dity. Th8 chemi-
cal process of coagulation-sedimentation was found to be satis-
factory to these two water quality parameters to achieve higher
degree of clarification. Within the limits of variation of tem-
perature and pH of water samples the coagulant required to rdu~e
the colour end turbidity to tho limiting value recommended by
tho International Drinking Water Standards is observed to be
dependent on their concentrations. On the basis of the experl-
mental re~ults, Soma quantitative relationships are developed
to correlJte the variables; colour, turbidity, and coagulant
dosage.

In the process of disinfection by chlorination, significant
reduction nf chlorine requirements has boen observed for the
water clarified by chamical coagulation.

Some related studies ware made on the suitability of
different coagulants and mixing methods for the best flocforma_.
tion and the consequant effect of chemical coagulation upon pH of
water.

The limitations and shortcomings of tho experimentel
works are discussed. conclusions drawn, and r acommendations
made for further studies.

•
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CHA PTER 1

INTRODUCT ION

Jexpected to be 3 millions in the next 20, years

1.1 GENERAL

Supply of drinking water is also scare ln the rural areas

of potable water. The prosent population of Dacca is 1.31 million

Bangladesh. Even in the City of Dacca there lS an acute shortage

sistently a chronic shortage of potable water supplies allover

tion growth rate in the country. As a result, there exists per-

polluting matter to limiting concentrations or tolerances consis-

tent with intended water uses"l. The main objectivEs of water

Treatment of water lS "to reduce harmful and objectionable

Bangladesh. This increasing demand is due to the higher popula-

in recent years with the increasing demand of potable waters in

Surface water treatment has gained increasing importance

treatment are to make water potable, l.e. to make water "safe

to drink, pleasant to taste, and suitable for domestic uses"2.

and the number lS

To satisfy the demand of this population, abdut 80 mgd of water

is required only for domestic uses, the actual total demand is

double the quantity. Of this total demand of 80 mgd, only 40 mgd

(3.5 mgd from surface source and 36.5 mgd from tubewell system)
4 'is supplied by the Dacca WASA . Therefore, only a small percen-

tage of the population of the City of Dacca has the access to

of Bangladesh. The drinking water supply through handpump tube

wells by the Directorate of Public Health Engineering under the



~urfar::L)water 1.S abundiJnt in this cO'Jntry, but it is poorer

•

"
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~Ji'JreEF -WHO aided pro]ramme is hot sLifficient to meet 1;~'etota~L

rsquirements in rural areas. People, therefore, Use surfaes

C11c... P 8 ~ P J. C [J f Dan 9 1Eides h •

q~cstionable. 5~rf2ce water suppl~ is, therefore, a must fo~

"/ct.e:csand waters from katce,a wells, the potability of whicll 1.S

•
•

•

the almost universal solvent power of water, Natural water may

Chemically pure water is not found 1n natUre because of•

1,2 WATER QUANTITY PARAMETERS•

b~t economic process of surface water treatment is of prime
rural areas of Bangladesh; development of a simple; efficient

1.n quality which requires elaborate treatment, To overcome the

iin;Jortailce.

chrnnic shortage of potable water ~jupplies both for urban and

be classified as meteorological; surface and ground water, Met-

eorological water is high in dissolved oxygen, SUrface waters

are high in suspended matter and may be turbid aAd coloured, and

ground waters may be hard; high in dissolved carbon dioxide and

relatively high in dissolved minerals, The survey of the quality

of water sources furnishes necessary information regarding the

treatment process and the cost involved to remove impurities,

T"r~idity, colour; taste and odour, pH; acidity and alkalinity,

carbon dioxide, oxygen, hardness, temperature and microorganisms

are the essential parameters for defining physical, chemical;

a~d biological qualities of surface waters.

••
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..csiJectively .
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t8d to the greeter ~x~ent by tho organic and inorganic sus pen-
ded mattcria~s ~rum the treated and untreated domestic and

industrial wastes added to the stream. Turbidity may also be

caused by the livi~g and dead algae and other organisms5 It

is an important consideration in the public water supply for

three reasons (a) aesthetic (b) filterauility, end (c) Disin-

fBction
2

. Turbidit, is objectionable from the standpoint of

microorganisms are sometimes encased in turb.id particles and

repulsive to the scene of pollution. Pathogenic and other
appearance aesthoti~ally; turbid water is not acceptable, rath~r

depth is restrict,,::,.In natural riv8rs, turbidity is contribu'-

to the passage of l~ght through it. Turbidity is caused by the

Sllspended and colloidal matter in the water in which visual

Ic~:::te.idit'y':Turbidity is the measure of the resistance Jf water

Bre not affected by disinfectants. Turbidity of raw water also

control the process of filtr~tion. for water purification.

Maximu~ permissible concentration of turbidity in drinking

waters aie 10 and 5 mg/l as specified by the USPHS and the
lvHO (Table 1.3)

of extracts of leaves, grasses, woods, all at various stages

of decomposition, are called true colour. Colour also may be

caused by Suspended coloured material such as coloured turbi-

dity in "Jater drClined from red soil, termed as apparent colour.

ICO)_~':!E:The colour in water; cusu.,lly results from the solution

Surface waters may become coloured by pollution with highly

coloured waste-watrrs from dying Operation in t.extile ind~stry.



4

from pulping operRti~n In paper industry and other indcstrial .

precesses. Na~ural colour in wator lS usually due to the -reeen_

ee of organic matter in suspension and it exists primarily d3

ru£atively charged ~Dlloidal particles 1 Coloured water is not

on.l.Y undEsirable OE~:: -H1SC of consumers I objection to its appea-

rance but Blso i~ mn\ oiscolour clothing and adversely affect

industrial prOC8sse~. i~aximum allowable limits of colour for
drinking water arc ~O,15 and 10 mg/l, defined by the USPHS, WHO
and WHO (EUROPEAN) rospectively .

.I.",-s_t.~.i~D.9_.9_do.LJ..E:Tas:,a and odour in water may result fro~ any

OilR or a combina"~.il]r. of such conditions as the presence of m~cro-

organisms, either dead or alive, dissolved gasBs such as hydr~ ..

gen sulphide, methane. carbon dioxiee, Or oxygen combined with

organic matter, nlincI'Cil 'substances such as sodium chloride;irotl

compound. and, carbonates an, sulphates of other elements and

phenol and other tArry and oily matter, specially after ~hlori-

nation. Somc tastes, such as those imported by dissolved oxygen

and carbon dioxide 2rG desirable. Odour in water changes with

temperature, sOi.1etin,c_cnot being noticeable when the water is
cold.

pH_:. pH is a term UilJ"corsall:y used to express the intensiity of

scid or alkali~8 condition of water Or a solut~on. More exactly,

it lS a measure of tile [,ydrogen ion concentration in a solution.

pH is of vital imp"r ---"lilClJ In water supply engineering. It is a.

qualitative msasursm31t of acidity or alkalinity of water! It
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t':8rbon

sion and almDst 81 ..'o;,e"IE,t8r t:u"'tment process. Naturae. wate,r

is alkaline and oh J' natural Water is largely dependent an the

carbo~ d~,:yidc Lqu~i~briUM. Parm~ssibla limit of pH for drinkinif
t ' .. ,. B 52W2 '8I J.S { "t 0 • •

is 'hot hOW8V8r detl;:~m8ntal to potability. ,;lksJ.l.'i'1ity is Gomrtl't,.ii,

gen8.r81ly unde85.rcbJe :'.npublic vi,3teI'supply but a low aCidity

!
Acidity and~X21init..'L: Acidity and alkalinity is a measure of

the amount of acid or alkali present In watGr. :t ib S qua~ti-

" .

expresses the stren;th of acid Or alkali in water; cantrell the

t~trV8 ~easuremGh~ o~ ~cid Or alkali in B solutioh~ Atidity is

b~ological process; c~Gnlic~l cOAgul~tibn, w3tor~soft8ninq,c~~ro_.

found in natural wat~rs in the for~ of carboh~t9 bf ~dda, bic~~-

bonate of calcium a~d m8gnosium. COustic alkalinity Caused by

hydrOXiDes is seldD~ found :'0 water. M8ximum limit af totai

alkalinity are 120 and 100 prescribed by USPHS and WHO r~.pel-

Carbon dioxide: CarDo~ dioxide in w~ter may be a result bf

decompositior of organic metter or of metabolism of some orgs-

nisms. Hence, the presence of excessive carboM dib~id8 indicates

dioxide as much as 50 mg/l without affecting the sanitary quality

b'l . 1 ". ,2,7 G d .lOOglca act1v1ty 1n water .roun water may tontsln

of water. Carbon dioxide in Water is desirable at a concentra_
tion known as CJlbo~Eto balan'~~.
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oXYge~: Analysis of water related to oxygen are di!solve Oyygen

demand (BOD), Dissolved oxygan test indic'3tes oxygen conter", of

(DO), chemic~l Oxygen demand (CoU), and Biochamical oxygnn

water, Surface watGr of setisfactory quality should be satur~ted

with dissolv~d Oxygen, Under saturation Or supper saturation in

surface water sometimes indicates pollution? Chemical oxygen

demand is the measure of organic matter, particularly carbona_

ceous matter. In gensrol a water of good quality should be low

in Oxygen consumed. Biochemical oxygen demand is the amount of

oXygen required by thB living micro-organisos engaged in utili-

zation and ultimate stabilization of organic matter preSent 1n

of the amount of decomposoble organic matter present in water.

value is a danger signal d8~anding investigation of the ~a~se

. 2Unpolluted water should have less than 5 mg/l BOD . Higher BOD

sewage and polluted waters in a specific time (5 days) at a

specific temperature (200C)8, Hence, BOD ii an indirect

•

before the water is p~onounced potable.

Hardness: Hardness in water is coused mainly by the carbonates,

bicarbonates and sulphate of calcium and magnesium. Although

chloride and nitrate of this two element and of iron and alumi~u~

are effective in lesser degree to the cause of hardness. Hard-
ness isuridesirable for domestic water supply for the causes

that herd waters consume enough soap for lathering, clog skin,

discolour porcelain, stains and shorte~s the life of fabriss,
and discolour vegetables and food stuffs,

,••...•._---------
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Tsmpera,LJre: Potabls "Bter S,lOl,ld be of moderElte tempereture.

The most desirable rEl~ge of temperatura for public watbr su~~.

lies is bEtween 40 ~D SOoF. Temp8ratur~ is a controlling factor

in the trestment p~ocasSi chemical requirsments and biologicsl
growth :'.nwater,

Microorganism: The microorganisms, an important group of living

creatures found in surfacs water, are Somewhat arbitrary defined

in water works p~~~t~ce to include several classes nf plants and

animals living in common only the characteristics that the

microscope is naC8ssary and sufficient for their ~dentification

and classificationl. The microorganisms belong to plant kingdom

are chiefiy algae, diatoms, fungi, bQcteriu and viruses. Animp ~
are prO~Oia, metazoA, rotifeTs;" crustraceons, warms and larvae.
The growth of microorganisms in WAter is govarned by the food
supply and envirohmental conditions.

The living organisms that have their natural habitat in

water ahd that ~ra introduced in watsr in courSD of its use by

~en are of deep con=urn. Bacteria, VlrUS8S and protozo~ are

infectious to moan ~nd responsible for the outbreak of serious,

sometimos, fetal waterborne diseases9,lO. The most common

pathogenic (disease producing) bacteria and protozOB are Baci-

llus Typhi, S~lmonella Paratyphi, Shigella Dysenterias, Vibrio
comma, Endamoeba H~'8tolytica.

•Other orgcmisms-che algae and, re13ted plankton ,a'ra respon-
•sibla for the occuronco of taste, odour and Co~our in water
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~upplies2,9. Certein variety of algae are toxio end undes~rable

In surface wa~8rs. Algae maYi if left uncontrolled, infest wat~~

supplies In- such num~8rs as to render the water unfit fo~ human
consumpti~n, be r~sponsible for the sudden death of the cattle

and may flourish in water conduits, both open and closod and
redLlce thei~ capacity.

1.3 WIITER-BORN~ DISEASES

Water borna disdBS28 are cauSdd ~~, pathogenic microorga_
nisms~ lJnfortunatelYi th2ir isolation frOm natural water is
difficult by laboratory moans. There is, however, a group of

harmless bacteria, kncwn cs Escherichia Coli, normally present

in the intestinal tract of warm-blooded animals, whlch can be

relatively easily isolated and identified7. E. Coli test is a

Search for E. Coli bacteria, the presence of which is -taken to

i"dicate the presehce of fecal matter in the water dnd is a

warning that pathogehic bacteria indigenous to the intestinal

ehvironment, may also be present. The table 1.1 shows pathogenic

bacteria and viruses responsible for some common water-borne
diseeses.

•

•
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E~damoeba Hystolytita (Protozoa)

Vibrio Comma (Bacteri.)

5higei'J.laDysenteria (Bacteria)

Enteric Viruses

Neurotropic ViruBes

.__ . O_lr_g__an_i_~msPe~~~-l-e oJ
Bacll-,-usT~'phi (Bacteria) ',.!

[ber~hela Typhusa (Hacteria) I
5a~m6nella Paratyphi (Bacteria)

Cercarnie (Animal Parasites)

Corynebacterium Diphtheria(Bacteria)

Eni:8ric Vir.uses

Enteric Viruslls

, .

Viscerotropic Viruses

•

Escherichia Coli (Bacteria)

Hemophilus Pertussis (Bacteria)

Mycobacterium TubercUlo5is(Bacteria)

BaCillus Anthracis (Bacteria)I Spirochetes (Batteria)
Pheumotrophic Viruses

Mycobacterium Leprae (Batt~rialI

Anl~8bic Dysentery
Bacillary Dysentery

Table 1.1 vh't8r--bo~'r,eLJiseases and Associated Patnogeha
#

Small pox and chicl'~n pox

9 '.

Gas troentarit3.s

Poliomyelitis

Influeng", Coids

Tl;Jlaremi3

Pheumdnia,Broncho_pn?umonia Diplo Coccus Pn~umonia (Bacteria)•
Diphtheria

Polio-like diseases

Urinary Inflamatio~

Tuberculosis

Leprosy



",

,
I
I
I

300 mqll
1500 II

50 It

5 It

1,5 II

45 It

1,5 "
0.002 II

0,05 II

10 II

1 II

6 fj

0-50 MPNIIOO 011

5d ....S. dOD 'f
5,000-50,000 ff

Maximum alldwable limits
Colour

Total dissolved 80,~d

IroJn

Table 1,2 Intornatior;al Standards af Quality for Wster i;idur'o'ElIil

'--------- --_._'- ..••._._,---

flilanga"e8e

CO;Jper and Zinc

...

•

Th~ U5PHS and ~HO standardize the physical and ch~mical

3l'ln::ce • The ~JHO, 5" ~-Si:'3 prescribed' the maximum allowable limits

of water qualit~,.s ~cr w3t~r sources2• Table 1.2 ShdW$ the stan-

~,4 INTERNATIONAL STANDARDS tOR WATER QUA~ITIE5
(A) .Water Qljalitiet..9f theSCleJr<;e:

•

Water scppl~es shOuld be draw~ from the best available

parameters measurirs \-Ia";er qualities qf drinking water, Table 1.j

shows the maximu'll albwable limits 6f some important parllmeter's
f d - , ' 2or rlnKlng water .

'---- -,._-------.---, .... , --- ~ .._-

NO~
J

Fluoride

I Pheno,1.ic substances
i\rsenic and Lead

I COD'

INitrogen Except f~03'
BOD
Bacteriological quality requires:
Disinfection only
USJal treatment

Extensive treatment



00

11

5

•

Nil

•

25'0

Nil

100

100
13~ ,

7 to I0.2
50

0.5

D.DOl
n.D;:>
0.1'0

3StJ

75

-' -"-' ,

NilNil

500 500
W 5
20 15
50°F 50°F
Nil rHl

I15'0 100
120 100

'7 to 8* 1 to 8*
0.3 0.3

45 4S
0.6 0.5
0.001 0.001
'0.05 0.005
0.05 0.05

250 200
8'0 75

J~axilT/umAllow abIe
USPHS(1962) WHO(1973)------_. ~- -- . --- -~

•

Tot alA lkalinity
pH •

•

Taste and odour

Temperature

Total hardn8Ss

-"-----.-

Colour

Total dissolved scli~
Turbidity

T~ble 1.3 InternatiQhal Drinking Water Standards
(P~ysiralichemical a:,d Bacteriologicall.

.. Qua 2..i tiefi

IrOh and Manganess

PhenOl

Lead

Ats'enic

ChlOride

CaJ.ci'uin

'N03 Nit:t;ogen

FlUoride

Pathogenic Microorganism

',J< No units,



L ~ OBJECT IVt:S OF r:iERESEAF,CH

The followiny are the major objectives of this resear~h
tvorks:

'.12

meters like colour and turbidity, so that correct

dosage of chemicals, based on the raw water quality

of the source, can be applied for the treatment of
surface waters for public water supplies.

'.•

•

(1) To study -';:,eeffectiveness of chemical coagulation

with the ~on~lly available best coagulant as a single

method Lf treatment for the required degree of surface

water clarification i.8. for the removal of colour and

turbidity to the ,limitting concentrations as reCommen-

ded by the International Drinking Water Standards.

To develore a quantative relationship between the

chemical desage and the water quality measuring para~

( 2 )

•

•

(3) To study the effect of chemical coagula~ion upon the

Subseqllert disinfeption by chlorination and other
related water quality parameters.



"

•
notable. Wells were also used at remote period in encient

truction about 2'000 B.C.;' this "'Jasthe largest water supply

reservoir of Nile Valley2. Amongst others, th, supply of water

ruins. The remains of lake Moeris in Egypt indicate its cons-

in the city of Jerusalem,_ Rome, and Mohenjodaro were specially

•

13

The use of chemicals for watar treatment was first iMtro-

technology as ancient as human civilization and culture. Water-

Greece. Italy and India to utilize the underground water. Aree,

sian wells were also found to be sunk in China in early times2.5

CHAPHR 2

works structures are found in the excavation of prehistoric

LITERATURE REVIEW

2.1 HISTORY

Water supply ~ss its history, liter~ture. science and

Th~ e~rly water supplies were contaminated by various

impurities and people were suffering from various water-borne

dis8ases, This urged the Engineers and Docto~s to improve the

Amongst the treatment processes, John Gibb designed and cons-

science and technology required to puriiy water to make it safe.

tructed the first water filter at Paisley in Scotland, U.K. in

1804
12

• ~ames P. Kirkwood designed and built the first siZeable
filter at Poughkeepsie in Newyork, USA, in 18502,11

.~
duced and developed in the later nineteenth CEmsury. In 1884

the first patent on coagulation was granted to Isa'iah Smith

Hyatt, who, following a sUggestion of Col. L.H. Gardner, ~upt.
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of the New Orle2ns W~ter CD., successfully combined the use of

~erchlor~de of i~on as 2 coagulant ~ith his system of rC~ld

filtration in the tcc8atmeC'tof turbid waters. In nis patent

Hyatt claimed thc ~s. not only of perchloride of iron but o~

"any other suitebl~ agent which is capable of coagulating
. .

impurities OT liqui~ and preventing their passage through fil~
11 .

ter bed" . In 1885, Somerville and Raritan Water Co. of Ne~

Jersey adopted Hyatt's simultaneous coagulation-filtration

system in rapJ.d filtration. Rapid filtration had been adopted

at Somerville as early 2S 1881, but there W6~ ,,0 r"cord of'the

use of a coagulant in combination with it before 1885 as a
2 11full scale method of treatment' . In the same year professoc

Austen and Wilber of Rutgers University published the resul.S

of the first scientifically condu~ted studies on alum as a

coagulant. Other coagulants like ferrous sulphate and lime

(1898), commercial ferrous sulphate (1902). Chlorinated copper-

as (1912). activated Silica (1937) were also introducedll.

The early im~ortant ex~eriments on rapid sand filteration

were carried out at PrbvJ.dence in 1893~1894 by Weston; at

Louisvill~ and Cincinnati by ~eorge Warren fuller in 1895-1898.

at Pittsburgh in 1897 by Allen Hazen, at Washington D.C. in

1899 by Miller, at New orleans in 1901 by Robert Spurr Eeston;

and significant improvement of the water treatment processes
l'were made .

The earliest recorded use of chlorine directly for water

disinfectJ.on 0as in Jenuary 1896 by W.M. Jewell who utilized
•

".
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expanded rapidly"

b ~'. F l' '~ly lJeorga u. ~.erKy. ,conducted at Louisville,

sodium hypochloridc for disinf~ction of ra~ ~E.er ~n the

epidemic. HOv'EV8:2; ch.1..orination of 'water as a cont:inuous part

where Houston and McGown; in 1905, sterted.the application of

application of chlorination 1n America was made by George A.

slow sand filter p~ant. Th8 first technically Successful

chlorine gas for disi~fection in the experimental studi~s

of treatment was :~:::stadopted at Middlekerke, Belgium in

with chlo:::inated ."c.lrceas a temporary measure during a typhoid

polluied wata~ su~plj of Maidstone, Englandj had been treat~d

1902. The second continuous Use of chlorination was in England

Johnson, who demonstrated that raw water could be disinfect.d

with a solution of chlorinated lim3 and the evidence that

bacteria could be destroyed without impairing the quality of
,effluent was considered extraordinary. As a result, Johnsonj

in co~operation with L. Leal applied chlorinated lime to

to the entire 40 mgd supply of JRrs"y city N.J. in 190B2,11

Chlorination of the Poughkeepsie, N.Y. supply was initiated

by \~.T. Carpenter un ~farch 17j 190911;12j and during the

next years the process of chlorination for disinfection
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2.2 CHEMICAL PROCESS OF WATER CARIFICATION

2.2.1 FlocculJtion Scdiment3tion.

The addition of certain chemicals in water, an inso~uble.

gelatinous, flocculent snow flake-like preCipitates are formed,

which in its formatiJo aod descent through water absorb and

en'crain suspB"ded c;;ld c:Jlloidal matter, hesten its sAdimentatiori

end remove turbidity; colour and taste mOre rapidly than

plain sedimentation. The phenomenon is known as flocculation_
sedimentation.

Inorgenic turbidity in natural waters consists principally

of clay particles derived from soil. Organic particles causing

turbidity and Colour are from the disposal of organic matter in

water sources. these particles ranges upto 5 microns in diamet~r.

But the particles of smaller than 1 ~icron are mOre stable-and
of controlling importance in rapid flocculation13

The smaller particles derive their stability from an elgc-
. 13-16trical double layar surrounding each part~cle • The outer

layer of the electrical dOUble layer comprises exchangeable
+ +++ '++ +cation such as Na • K ; Ca ,Mg ,and H that diffuse into

surrounding water medium. The electric double layer and the

envelope of the solvent molecules attached on the surface of

the colloidal particles causes mutual interaction among the

particles in solution. The resultant interaction between the

colloidal particles is the Sum of the \Iander Waal forces end

the electrostatic f~rces of the electrical double leyer. At

small Bnd larges distan~ee. the attractive forces always •
.. . ." ." :16 .

predominate (Fig.2 .1).
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occur, however, until the distance betwean the particles is

at long di:~tC1ncES dimi.nishes mOre rapidly with increasing dis-

This is becaus8, the electrostati~ fo~~ps ~f couble ~ayer

The int8rac~iorl~ when r8pu~sive, is responsible for the

double layer or th8 solvated layer begins to take place.

not so s lall that th8 rJ(~nitr-,tionof the diffuse part of the

tive forces always prcdnmiClate. f'iutllalinteraction does not

Fig. 2.1 Schematic Diagram of Potential Curves

distances, comp~raS]_8 wj.~h atmoic dimensions, atomic attrac~

tances than the vander.alls forces end because et the small

~orresponde approximAtaly to the thickness of the diffuse double

stability of the colloidal system. At intermediate di~tance;

layer, repulsive elGct~ostatic forces may predominate. This

occurs when psi"potG:.tial (potential at the plane between

diffus~ and non-diffuse parts of double layer); of the inter-

acting particles is high and of the sams sign and when the

duffuse layer is sufficiently thick. under such condition

'energy barrier .is formed which can prevent the approach of

~he particles within a ~istance at which the attractiVe force
.!.••.• :

/" .
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predominate. Unrle~ this condition thB colloid is stab13 a~d

does not cOu9~lat8,

ThE; inst2biLt;, on tne other hclnd, is due to th", Erowniar;

motion and VBnrler Walls' forces of attractioM. Thb effect of the

Brownian motion is ~ha~ the particl3s BrB driveN tlDser io ~~th

Dthe~ to di~t3nce st whi~h the influence Of intBra~tiOM betw8eh

them takes plaoe. The instability of the colloidal syste~ r8~

SuIts in goagulatio" '",hicn occurS when ihe eMergy barrier is

sufficiently reduced ~nd the.energy level of the resulting

agglomerates is l~wer than the original a~glo~aratss. The coM-

ditiDns May be Bttoin~d by.
•

(1) The cont2BctiDn of the diffuse part of the double

layer. Tht! contracti.or, Df the diffuse part of the double laYf\T

Can be produced by in~rBasing the iDM-concentration of ih.

solution.

(2) The reduction of the ~si~pOtential of th~ cdlloidal

particleS. The psi ..potsntial can be r8duced -by (a} chari'girig t:,e

cOncentration of the p6teniial determining iOnS and (b} add.irlg

ions thEJi possC'ss a charge opposite to th'iJt of the f'3'otential

d8termining ions and that ar'" able to reiJlace thOse ions in

i4the Helmholtz (inner non-solved) part of the double lay&r,

The abOve conditions may be attained by the el!lditfo'n or'

polyv8lstlt cations such ClSA1+++, Fe+++ or ot.her COal'iltJ'lar'l'ts,.

The additiol'l o'f these coagu l6nts will r'epre,ss. t'ne do'W'Ih'le .lltryer

(contraction) and lm-J£'r the stability of the pari ic: ler. At a

critical level of dcstilbilization the particle's hagin' to
•

,.



\

•

In alum flocculation, a portion of

nesessary that a suitable agglo~erating agent Dr bindGr mate-

owing destabilizatior ere too small for rapid settling. In

c081esce, forming oggrog2tes. A ,ilcreimportEJnt factor "ffectil.CJ

order to affect a ra~id clarification of normal waters it is

turbidity particle th8t is the total conc8ntration of ad~oroed

19

or exchangeable c~t~ors In the system. In water having very

agglomeration following dostabilization will be very rapid

rGsulting a large floc ond rapid clarificotion.

into large and rapidly settling flocs. In practice, a properly

rial be present which will bind the various small aggregates

the rate of o~glom8rotion is the total exchange capacity nf the

capacity is less than th8 critical concentration, and as B result

the rate of aggregation is slow. The aggregates that form foll-

high exchQllge capac.l.tj, 8XC80diJlg certain critical limits, the

In most nat~r21 waters, the concentration of exchange

adjusted single hydrolizing coagulant chemical such as a1uminiuo,

or f8rric salt will affect both the destabilization and ~echa-

t
. l3Be ].on •nical binding

Al+++ions is effective in destabilizing tho turbid{ty particles

and the rerrainder of the ions, through hydrolysis, forms inso-

luble hydrous oxide binder material. The dosage of alum needed •

for the destabilizat"on process will equal the exchange capaci-

ty of the system ancJ essentially all the initially adsorbed

cations will be replaced by Al+++.The hydr .ous oxide required

will depend upon tile concent,r,ation and particle size distri-
but ion.



formation of mic:::oflocs.\,Jhonthe quantity of ferric er alumi,.!'rn-

coagulation. rh~ colloi~al impurities in water have high neg~tibe

,

for the high negative charge of colloidal impurities, further

oxides that are formed by crystalization usually pOSSes ~'iqht~y

2b

The pracipita~e particlss of ferric Or aluminium-hydrrus

ticlss) th8 ~alucl of which firstly depend on the pH of the solu-

tion
14
. l\t pH :::""g8,f optimum coagulation the psi-potential is

positive Zata'potontial (potential at tha sloping plane of p~r-

hydroxide Precipitate is smai: ana insufficient to compensa~e

low and zeta pGtcntj.5]_ i3 hig'h, which is an importan'c facto~ in

negative charge of cG~loidal impurities in water and consequent

mutuel coagulation aT djstabilized colloids, ends with the

coagulation stops. The resultsnt agglomerates still pOSses~

the hydrolysis of c~agulant, crystallizaGio~i ~o.:penGation of

rities in solution. ~h8 initial phase of coagulation involving

cherge which ::'sthe ,o::i"c::'palfactor in stabilizing these .l.nipu-

sufficiently high charges to creat an energy barrier betweeM

prevent the continuation of coagulation. By increasing the

the interacting partially agglomerated particles and thus to

coagulant doss; t.he .JCdative charge is gradually reduced until

The P~O~BSS of COagulation summerized by 5tee15 d8SCribes

the critical point 18 reached at which the mutUal coegulation
of aggregates is not hindered.

phate and ferric sulphAte dissolve, positive alluminum and

that coagulation proceeds in three steps as the elluminum SuI.

ferric ions becom3s aV6ilahle to nSutralizethe negative Charge

on tCIU per-cic.lasof .cu:rccdity, including colloidal clay end colour •
•



gradients in water during gentle stirring, which causes contacts

flocs still have the property of neutralizing negative colloids,

,

•

(2. 1 )

-1(Sec ), ~J is the mean value of

WG = 1{_
'/-I

charged ions hava neutralized, a large part of.the colloids I

This lS the first stage of coagulation. Aftar the positively

turbidity or colour particles, the resulting flocs are sti~:

21

too small to be seen or to settle by gravity. Again the flocs.

cculation in order that the second step may occur during which

positive ions from water, in other words, the resu~~ing positive
,

Flocculation results from the velocity differences Dr

the treatment, therefore, should be a slow stirring called flo-

phases, the third action, surface adsorption of particles takes

are in proper condition for rapid sedimentation. During these

retain certain pusi:iva charges, possibly due to adsorption of

the very small flocs may agglomerate anJ gro,' Fl SJ.: e until they

place on the large surface area provided by tha floc particl~s.

Entrapment of others including bacteria also takes place.

2.2.2 Rete of Floc Formatior

between the moving floc masses. They also cause shearing stresses

along planas in water and to overcome these, power is needed.

Camp15,17,lB ahowed that the rate of floc formation is propor-

tional to the value of root-mean-square (RMS) velocity gradient
which is dafined as

in which G is the root-meane-square velocity gradient in the

the dissipation function, equal to fhe total power dissipation

basin in ft. ps.i'sec. per ft.

"I



to form floc. Also 2 vBry high valu8 of G will result in excess-

The larger ;.the value of G, th8 shorter will be the ti,;,e .•equired

•

which any further increase results ih the dec.::sase iN performance,

The optimum velue of G is considered between 25 to 65
Sec -1 In of JeotClting b lad es the per:Loherial speed shou Id

. case

given residence tims, performance increAse almost linearly with

divided by the volume of thF chamber Or cONduit and ff is the

the RMS velocity gradient until maximum value is reached beyond

be between C.6 to 2.5 ft. per sec, Usually,the velocit~ af

absolute vis~o8ity of water in pound-second per Squar8 ~oot,

ive shearing fo~c82, these may, in fact tend to shear apart the

flo:: particles Wliich as they grow larger', will become w!;!aker.

Yerachmiel
19

experimentaliy also proved the fact that fOr a

As the floes form, th'e rate of ciari'ficat.ion of wa.ter 1.S

wat.er will be genterally +th thee b13de velocity. Totill paddle

area.

2.2.3 Rate of 5edimenta~ion:

affec~ed by the 8edimentatio.n of floes .. Particles h.aving mOTe

density than the .surrounding wat.er w.ill settle verti.tally duoS

to gravity. The. particlessubsideet u.niform ra.te as ateeler'a .•

•

area should not exceed 15 to 20 percent oOf th8 cross-sectional

tion ceases due t.o frictional resistance. Tw.o maj.or drag forces

are at play, in'ertia and vis.cosity. NewtonS' aSSume.d that the

drag force w.as a function only of inertia wherea.s Sta:ke .emph-a-

sised the role of visc'osity.



where Ps and p are the donsities of particles and of the liquid,

g is the accelercttion due to gravity, ond V, volume of the

It has been varified by many careful experiments that,

,

(! . 2 )

( 2 • 3 )

(2,A)
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force F. lS the weight of the particles in'
l

p - ps. -p-- d)

(ps - p) 2
;r--j gd

F.=iP -p)gIJ:L s

and above particle diameter 0.1 to 1.0 cm (R :2000)
e

The impeling

v = IT(!. -lJ_- 3 C
d

1
v- J:8 (

liquid media i.e.

in Eqn. (2.2),the subsidence velocity is obtained as

Equating Stoke's drag force with the Eqn. 2.?, the

particles. Equoting NRwton's drag force to the impelli~g force

subsidence velocity obtained,

Vihere fJ lS the absolute visr;osity of the- medium.

where Cd is tha Newton's coefficient of drag, d lS ~he diameter

of the particles, v is the settling velocity.

both VlSCOUS and inertia force control the velocity of suspan-

dod matter in polluted Viater. Upto particle diameter of 0.1 cm,

velocity,

particles, which produce turbidity, are smaller than 0.1 cm,

the settling velocity and the Eqn. 2.3 holds good. As the

trans ition zone exists and ebove 1.0 cm. inertia force controls

Stoke's la.l (E-qn. 2.4) is found valid for settling velocity.

Camp17,18 s-i:atas that he3vy floc'p~:t"ticles, significant

in water treatment, seetle in tho trarls'fl:ion region but m.ost of

(Reynolds Number, Re = 1.0) the viscosity controls ths settling
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of equivalent volume.

(2 .5 )

of flo~culation increa-the time

v = V (1 ~ f )2/3)
s p s

work of the floc is filled in, water is expel~ed and density
" 1,20 Th" "lncreases . 8 lncrease In

with irregular sh9pes settle some ,,,hatmOTG slowly thEn s:p:lers~

the particles settle well within the 5troka'B law; Particles

The flocs formed by c09gu18tion are mostly shaped like

de~sity, very lacy floc particles may thus approach the density

of water, with almost completG loss of settling velocity. in the

Bond20 deduced the equation relating the velocity of

process of agglomeration, compaction takes place, the frame-

portion of their mess to absorption of water and hence lowering
snaw flakes. ThG shGGt-like flocculent particles expose a large

ses the opportunity of contact and anhencas agglomeration to

reduced. dpportunity for agglomeration is greater where conC8n~

such an extent that the time required for the sedimentation t~

tration of the flocculent particles is high, simple because

number of particles, ~dnsequently the influen6e of aqgloMera-

there exists greater opportunity for contact among greatar

tion on subsidence is more pronounced in water of high sus pen-

ded solids concentration then those of low concentration.

particle and its concentration In the liquid.

where V is the sGttling velocity, V ; velocity of the parti-s p

cles relative to the upflowing liqu~d, s is the concentration

of,the particles i,.,the liquid f is a con"stant dependihg ~n

part,icleshape; Bond obs8-rved fair agreement ,of the Eqn.2.5 with



with alum floc end calcium carbonate, the velocity-concentra_
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(2.7)

(2 ,6)

( 2,' 8)

performance is
".' , , .' ..

V. = V - KSs p

V = V ( I-ms)s p

tion relation

Another equation relating velocity and concentration

Kalinske
21

has deduced, from some settling experiments,

aged alum slurry in water at different temperature,

He also graphically related the settling velocity of fres~ ano

experimental settl~ng velocities of alum and lime flocs in water.

~ggrement with alum floc.

Optimum flocculation represents attainment of a very

20was developed by Schaafsma and obtained good experimental

2,2.4 Quantity of Chemical Requirements:

c6mplax eq~ilibrium in which many variables are involved.

Experiments
l

carried at reasonable constant condition of dis-

persion medium show that certain relatian~~ists between the

alum dosage ahd colour concentration of raw water which is a

measure of organic fraction of colloids. The general relation

based on the experimental results end olent

y = mlog x + b

developed.

in which y stands {or alum dosage in graln per gal to reduce

colour to 20 mg/l and x for raw water colour in mg/l. m a"d b
are constants.
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( 2 . 9 )
I

KC n
xM ==

on

g~van weight of the adsorbEnt at a g~ventemperature d8pends

the concentratl~nof the solute. The qu~ntit~tive studies

of flocculation, the adsorbed substance (adsorbate) is r8mG,ed

Again surfac3 adsorption is tha procass by which turbid~ty

and co~our ara removed by the floc particles. During the tima

i The colloids are negative in nature5,13,14. The addition

Which clarifies the mechanism of adsorption. The phenomenon of
" , 22
adsorpt~on st~tas that thE amount of material adsurbed by a

of adsorption is possible through Freundlich adsorption equation

from liquid ann deposited on solid surface of coagulant floc.

The phenomenon has been applied to the removal of gases

where X is the weight of the adsorbed substance, M is the wei-

ght of the adsorbing medium, C is the concentration of adsor' ate

remaining in water, K and n are the constants related to the

its temperature. The experecsion indicates that the system

concentration unit employed, type Df the adsorption medium and

assumes an equilibrium condition at which the concentration nf

the adsorbate in the adsorbing medium X/M is a function,of its

residua~ concentration in water C.

and odour, but not yet been applied to the removal of turbidity
and colour.

2.2.5 Factors Influencing Coagulation:

,'.,'I.of a polyvalent cation will coagulate watlr. for ill waters,

(1) Kind of Coagulants:
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s~me type Df cDagulant dDes nDt coagulate well. The selectiDn.

of the ~articular ty~e depends UPD~ the effi~iency to fOI~ flo~s.

absDrb colloids, arid clarify rapidly. However, the selec~iu~ o~

the particular type is based on its specific advantages and

disadvantages.

Quantity Df coagulant required to clarify turbid. waters

varies widely. There is, of course, some relation betwaen tha

2turbidity of raw water and' th.e proper coagu.1ation dosage. The

other factDrs tha.t cDntrDlcosgulant dDsaga ara temp'aratura.

ti"Tl3 of mix.ing,. pH.• iDn exdTa,mg'8 cap,aeity, etc.

lu:rhidity and cDlour a:r" prod'u'ced 'by fiir:lB colloidi~ oil !!fizf'

"aryircg' 0:.2 m:icrnn tD' 5 m.£c,!,ons. whi,ch! ram'air,. in stabla' 5ta,te' lin

wat.er. Flo,cculatio,,,, is h,ig:/l.ly in:flu,a:ncad by -t he, part.icle. s:ize

and cD'hce,ntrat iori. cf t,urbidit:y' and :;:ololiJr. Fir:lely divided: S''',5:.'

pend'ed particles ara mDr:e.d~iffic",lt: to, cDag,w'la,t:e tmo'f'\, tm':e lEll1')er'

ra,ta successi'ully ar.d se,ttl", well ..

(4,) pH:

There is. a't. least Dne pH Z'one in any wat:er in' wJil'ich:g;ood

flocculi3tion occUrS ire the shortest time wi_th a g'Iv'811,d'DS1e,orf
" ,.- .

cO"agu:lant. Fail'urecD' operata w,ithin' the optimwm, z:on'a fore a'

..
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given water may be the was~e of chemicals. Studies on ohe eff8~t

of pH on coagulatlon conclud8d that .:'thlcmore dilute the ,'ater

in salt contents and 18ss the alum added. the narrower becomes

the pH Zone within which optimum floc formation is to be found2.

Different coagulant have different zone of optimum coagulation

which is not always applicable for all type of waters.

(5) Ti~f Mixing and Flocculation:

Time of mixing and flocculation have significant impor-

tance upon the clarificution of turbid waters. A long time of

m~xing increases the density of the flocs by expels ion of water

from it and gat havier by the adsorption of suspended particles

and thus increases the settling velocity. The growth of floc

depends upon two factors, collision which in turn is dependent

upon the physical action particularly agitation, and adhesion

which is controlled by the chemical and electrical forces.

(6) Temp8rature:

The main influence of temperature upon coagulation lS

it~ effect upon the time required for good floc formation.

Generally the colder the water the larger the time required to

procluce good floe with a glvon amount of coagulant. Since the

control of temperature lS v8ry difficult.;~ it is overcomed by

the adjustment of other factors.

(7) Violence of Agitation:

The rate of floc formation increases with the agitation

as velocity gradient increases with it but after a certain
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( 2 . 18 ,

In the process all aluminum

or bicarbonate hardness

2.2.6 Chemicals and Chemical Reactions

Suspended solid particles act as a neucleo~s for the

initial formation of flocs. Water containing small amount of

colloidal turbidity is more difficult to flocculate than the

water containing lerge amount of coarse turbidity, and the

difficulty can be Dvercomed by returning preformed aged floes
to water containing nascent flocs.

limit, the flocs break and shear-,off if the agitation :Jxceeds'

the limit. The recommended velocity is generally 1 to 1.3 ft.
per sec.

(8) Presence of Neuclei:

(1) Aluminum Sulphate:

Alum (aluminum s~lphat8) lS the most widely used coagular".

Water contains bicarbonate as natural alkalinity in which case
the chemical reaction proceeds as follows:

The aluminium hydroxide is the floc.

added precipitates and the temporary

caused by calcium bicarbonate is reduced and permanent or non-

carbonate hardness caused by CaS04 is increased. with the another
addition of carbon dioxide.

Some water have insufficient natural alkalinity, in these

cases, alkalinity in the form of lime (CaD, and CaC03) and soda

ash (Na2C03) is generally added. Calcium o~p'~ dissolved in
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water forms Ca(OH)2 which reacts with alum.

AI2(S04)3.XH20 + 3Ca(OH)2 = 2 AI(OH)3 + 3CaS04 + X~?C

AI2(S04)3' XH20+3Na2C03+3HZO = 2AI(OH)3+3Na2S04+3C02+XHZO.
(2) Iron Salts:

Ferrous sulphate reacts with natural alkalinity but the

reaction is very slow, addition of caustic alkalinity causes
speedy reaction.

Fe S04 + Ca(HC03)2 = Fe(HC03)2 + CaSO~

Fe(HC03)2 + 2Ca(OH)2 = Fe(OH)2 + 2CaC03 + 2HZO

or Fe S04.7H20 + Ca(OH)2 = Fe(OH)2 + CaS04 + 7H20

Dissolved oxygen present in watar oxidizes Fc(OH)2 to Fe(OH)3
and flocs are formed.

In this method less hardness in addad.

Ferric sulphate may be used with natural alkalinity or

added alkalinity and reactions are respectively as follows:

Fe2(S04)3 + 3Ca(HC03)2 = 3Ca504 + 2Fe(OH)3 + 6C02

Fe2(S04)3 + 3Ca(OH) "= 3CaS04 + 2Fa(OH)3

Ferric chloride when used as a coagulant reacts with natural

as well as added alkalinity in the form of calcium hidroxide.
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ZFeC13 + 3Ca(OH)2 = ZFe(OH)3 + 3CaC12

chlorinated copperas is a mixture of FeC13 and Fe
Z
(S04)3

~repared by adding chlorine to a solution of ferrous sulphate.

This is effective in colour removing and forms tough flocs

which settle well and can work in the wide renge of pH.

(3) Sodium Alluminate:

Sodium alluminate has been successfully used as a coagu-

lent for water treatment. If it is used with aluminum sulphate,
the following reactions takes placs.

Sodium aluminate alone reacts with Ca and M salts and added
g

alkalinity in water to form aluminate of metal which are effec-
tive as coagulant.

The reactions with magnesium salt are similar,
I
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(4) Other Chemicals:

Others like lime and soda ash are used to produce Ar~i-

ficial alkalinity and pH adjustment. Sodium silicate Bids tc

built larger floes. Clay is used to increase the weight of

floes for better settling. Amonia alum is generally used for

the treatment of water in small installation like swimming
pool, ice plant, laundries etc.

2.3 CHfMICAL PROCESS OF DISINFECTION

2.3.1 Introduction:

The safety and palatability of water is often hinge upon

the elimination or destruction of two groups of living organisms,

(a) the pathogenic bact8ria and other micro-organisms that ma~

infect man through his use of contaminated water, and (b) the

algae and related water-booms that may render water aestheti-

cally unfit for human consumption with the creation of taste,

odour, colour and other associated problems. The term strili-

zation means killing of all or~anisms present in water. It is
to

impracticable to attempt/kill all water-organisms within tech-

nical and financial limitation12, the practicable objective is

particularly to destroy pathogenic microorganisms called dis in-

fection, and generally to eliminate organisms those capable

of multiplication in water mains with the consequent develop-

ment of taste, odour and objectionable forms. Hence, in water-

works practices, the term used lS disinfection, means the killing

of pathogenic bacteria present in water to prevent w~ter-borne
diseases.

\
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2.3.2 Disinfectants~

(1) Chlorine:

,Chlorine and its compounds, such as hypochloride cf lime

Ca(oCIZ).and,50dium hypochloride (NaoCl) are widely used for

disinfection and ~dditionof chloride (free) Dr its tompound in

water is termeda~ chlorination. Chloride of lime o~ bleaching

powder or ~ypochloride of lime ere commercielly availeble he~ing

33 per cent of free available chlorine when fresh, 50dium hypo-
chloride has 15 per cent available chlcrine.

(2) Ozone:

Ozone (03) is sometimes, used as a disinfectant. Pa$sage

of electric spark through air will CaUse triatomic oxygen terme'

as Ozone has the third etom loosely bound, It has the capability

of readily splitting up into oxygen molecule a~d nascent oxygen,

Releasing ozone in water will disinfect it and will reduce the

organic matter present in it through theacition of nascent
oxygen.

( 3) Lime:

Use of lime in softening water showed incidentally t.hat

requisite quantity of lime would also disinfec.i;.I::xperiment

has sho,.,nthat addition of lime "in oolluted waters tD ahso'rb
•- l' - .

CO2 has also reduced coloforms' 99.6J ~per ,cent isS hrsS .•

(4) Ultraviolet Light:

Ultraviolet invisible rays are veryeff,ect:ive in killing.
all types of bacteria and spores, The process :of disinfec~A

:5
{
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is costlier than chlorination but produce no taste and odour.

Ultravoilet rays are not effective for turbid and coloure~
water exceeding 15 mg/l.

(5) Heat:

Heat alon8 ~s an excellent disinfectant. But ~eated water

cannot be supplied to the public, rather instruction can ~nly
be given to use heated water.

2.3.3 Theory:

The primary purpose of addition of chlorine to water is

to destroy bacteria end other microorganism. In early period of

chlorinatioh of water, the hypothesis, generally held was that

the chloririe reacts directly with water to produce nascent
11,oxygen

This nascent oxygen has certain bactericidal effect by its acti'Jn

on the cells. This theory has been found fallacious in as much

as it has been demonstrated that the bataricidal effect is not

proport~onal to the concentration of nascent oxygen. The belief

genera~ly accepted is that the cell wall structure and the cel~

contents ~ontairi protein and amino groups with which the chlorine

reacts. This action alters the chemical characteristics of cell

contents and destroys life and may cause disinfection of cell

structures 1,11. Some recent works by Green and Stumpf9 indicates

that the primary reaction is one between chl~rine and a certairi

engyme" essent ia1 for the bact er'ia'l'r~p'roduction. It was found
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HOCl + HCl

+H + Cl
H+ + oCl

HCl

HoCl ~

is lost, the bacterial cell die end bacteria once inacti,.ted
by chlorine cannot be reactivated.

In absence of organic matter capable of oxydation or chlo-

that once the power of glucose oxydization by the ba~teria] c~ll

rination the germicidal reaction proceeds more rapidly with the

increase In H+ cGnc8ntr~tion; that is, with more undissociated
hypochlorous acid. Specific reaction possibly with amine end

chains which characterize protein molecule takes place. On the

chlorine concentration to the detriment of the germicidal rea-

other hand, presence of oxydizable Drganic matter reduces

ction. The both oxidization and germicidial reactions are

speeded up in more acid and retarded in alkaline water." At pH

10 disinfection reaction almost ceases.

2.3.4 Chemical Reactions:

When elementary chlorine is dessolved in water it react
in the following way.

It is a reversible reactiDn free acids, HoCl, HCl further
dissociates.

Hypochlorous acid is a weak acid and its dissociation is

controlled by the pH Df water.

Chlorine compound, Ca(OC1)2 or NaoCl dissDciates with the
formetion of nypochlDrous ion.

r
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Fig. 2.2. Chlorine Demand and Chlorinec,'Residual.

Time in' min.

Chlorine demand is defined as "the differences between

predominate above pH 7.5.

pH (below 5.0), the chlorine present as molecular chlorine at

The abov~ reactions ar~ dependent on the pH of water. At lower

pH 5,0 to 6.0, the chlorine exist Ellmost entirely as hypochlo-

rous acid and above pH 6.0, hypochlorous ions are present and

2.3.5 Chlorine Demand and Residual Chl'Jrine:

the amount of chlorine added to water and the amount of chlorire

end of a specific contact period is known as chlorine residual.

In the Fig. 2.2 a hypothetical time concentration curve of the

(free available and combined available) remaining at the end
. . . "II d h h" .of a spec1f1c contact per10d Hn t e c ~or1ne rema1n at the

dose, the residual chlorine is measured.

chlorine demand ten minutes after the application of initial
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~hQ loss indicates 10 minutes demand. As the chlorine conc8n-i;~-a-

'-.[J'l a71d speed of disinfection are l_~hearly related, the c'rdi-

sata of the curve could represent actual speed of disinf8cti~n

',eT,her tha'l t:O', c;onc8ntration, then th8 ane-a of this curV8

':Iou].d rep=esent the total disinfection.

2.).6 Available Chlorine:

The chlori71e existing in water as hypochlorous acid,

hypochlorite ion and molecular chlorine is defined as free

aVQil"ble chlorine2. Chlorine is very active element. When it

is added in watar as free chlorine, it will combine with organic

Silj in-organic matter and oxjdize some 6rganic and inorganic

co~pounds. Free availabla C12 reacts with subatances such a2

phenol and amonia to form chlorine-substitution or chlorinated

products, chlorophenol, chloromines.

C6H6 OH + C12 = C6HSOH Cl + HCl

NH) + C12 = NH2Cl + Hel

NH2Cl + C12 = NHC12 + HCl:

NHC12 + C12 = NCl) ~ HC~

The chloramines ar~ less active than hypochlorous acid, hence

the formation chlorinated products reduces the activity consi-

derably. Available free chlorine also,reacts with organic

compounds containing Nitrogen (such al protein, and amino acid)

to form chlorine derivativ81ilTha chloramine and chlOrine

derivatives have e lower oxidizing potential than that of free

available chlorind but the chlorine combined in these forms are
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In the Fig. 2;3 the eU~ve CDEF 1S the residual chlorine
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The break point chlorination means the chlorination of

i~ ~at8r in ch~mical combinntion wit!, ammoniaj or orgari~

still ava~lable fo~ chcmiCul reactions. That chlorine 8xisti~~

n~trooen~compounds is dufined as combined available chlori~L.~"~

water ~o the extent that chlorine combination tastes and odours
have ~been avoided, and other tastes and odours dua to other

1l2ted, and that thB ch'lorine available f.ur fur-trIer disinfection

is free available chlorine.

substancas which csn be oxidized by chlorine have been elimi~

curve and QA is the no demand curve. The difference of the

curves is chlorine demand. Notural water may contain substa~-

ces, those of ohenolic or amino nature which consume chlorine,

and may sts.rt at C instead of point 0 showing ~n initial demand.
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2
on

(2) The nature and amOunt of disinfecting agent

(3) The characteri~tic~ of water

(1) The nature and concentration of organism in water
to be destroyed.

(4) pH and temperature of water

(5) The time of Concentratidh.

With the addition of chlorine, chlor~mine and chlorine deriva-

tives conc~nt~~tion increases showing a peak residual at n.

With the further applic~tion of chlorine the reactions are

completed and the e~d products do not react with orthotolidine

to show residual chlorine, thus residual chlorine decreases

blith the applicatioCl "f more chlori"ne until the break point E

is reached when the chlorine applied remains as free residual

and the curve show an increase in residual gaining the slope

of the no demand curve OA. The residual chlorine curve shows

a minimum at E where the chloramine and free residuel are in

equal pr6portion. The chlorine for break p01nt chlorination is
to be applied slightly above the break point E.

2.3.B Factors Affecting Disinfection,

The efficiency of disinfection depend

Turbidity and colour are ~he most important parameters

for water quality prediction and its importance in the water
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treatment processes is vital. Works of different investigators

presented the Fur,damental ~Bchanism of coagulatiori~sed1mentati~n

~ h 1 f 1 d bOd" 5 d" f 15,17,18Tor t e remova 0 co our an tur 1 1ty. tu 1es 0 camp

show the effect of agitation and velocity gradient upon floc"
~l 20formation. Ka~inske£ and Bond investigated the influence of

various par~mutors upon floccution and settling characteristics
14 5of alum and lime flocs. Markle , Yerachmiel and other inves-

" 23 24
t1gators ' worked on floc formation in turbid waters. The

precading investigators considered coagulation sedimentation

a prerequisite for repid filtration, nat the only [rocess of

tr~atment in wD'ter clarification. Hgnce~ a quantitative rela-
tionship betwoen the coagulant dosage and turbidity of raw

water has not yet been developed. A typical correlation bet.een

coagulant requirement and colloidal colour concentration is

proposed by Gehml which elso for general ~rectical use awaits

the accumulation of suffic3ent basic data,

. .r-';.."
, ( .1
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3.1 SAMPLING,

,with stoper.

CHAPTER 3
EXPERIMENTAL APPROACH

The proper c~llection of samples of water for analysis

is of great importance because of the danger of contamination

at the time of sampling. However, sampling for ordinary chemical

analysis require no other precaution than collection in a clear

glass container of good quality having glase etopper. Samples

for bacterial analysis must be collected in • aterllized bottle

Samples of water collected from different sources fairly

represent the body of the w~ter from which they were collecte"

The sample were collected from a considerable distance away from

the bank, neither from the surface nOr from the bottom, While

collecting water in the sampling bottlej the open bottle was

plunged beneath the surface of water, having the neck downward.

The bottle was then moved with proper care so that no water

enters inside that had been in contact with hands. The sample

collected Jere at once transported to the laboratory and almost

all the physical and chemical properties were determined.

Possible efforts were made to minimize the time betweencollec_

tion and analysis, so that no significant change in water quali-

ties occur. The samples ware aiso'~eptrefrigerated in case of
any delay in the laboratory analysis.
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3.2 PARAMETERS CONSIDERED

Water treatment consist of two subsequent operaticns

(1) WBter clBrification

(2) WBter disinfection

Water cl8rificBtion is the removal of turbidity; colour and

other suspended matter. These Bre not dangerous characteristics

of weter but objectionable from the stand-point of appearance.

Aesthetically, turbid and coloured water is not acceptable to

the consumersj rather it is repulsive. If the wate~ is highly

turbid, pathoganic Bn~ other microorganism some times may be

eneBsed In turbid waterslO. The Intern~tional Standard for

Drinking Water Supplies (Tabla 1.3) limits the maximum perm'-

ssible turbidity end colour to 10 mg/l and 20 mg/l respectiV8~Y.

Disinfection means killing of pathogenic microorganisms

which are the impurities of greotest importonce in surface

watBrs to be used for public water supplies. Most common di£ease~

ara causad by pathdgenic microorganisms present in contaminated

water (table 1.1). Both prEsent and past literature abounds with

the history of waterborne epidemics around the world caused by~
/ . 23 25polluted watar' In Bangladesh; water borne epidGmics have

their regular seasonal occurances throughout the years. To make

water fit for domestic uses, removal or killing qf microorganisms
is highly desirable. The WHO International Standards for Drinking

Water Supolies stresses on the tomplete remova~ of pathogenic
microorganisms.
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3.3 EXPERIMENTAL APPARATUS,

(1) Jar Tast Apparatus,

The apparatus consist of six metatic paddles each 4" long

and t'l wide attached to a vertical rod. M rotating velocity is
transferred to the vertical rods by a horizontal shaft through

gear system. The horizontal shaft is rotated by a electric motor.

The speed of the motor, and consequently the speed of the pa~"La

can be controlled by an adjustable switch. There is a speed

iridicator attached on the body of the apparatus (Fig. 3.1). By

careful adjustment, a constant speed can be maintained througho~t

the time of mixing and flocculation.

(2) Aeration Apparatus:

In the laboratory, a suitable device for agitation of

water by air was not available. Agitation is commonly provided

by inducing air inside the water samples. The rising velocity

of the air bubbles creates sufficient agitation in water for

the formation of flocs. The air bubble also oxidize the impuri-

ties and can increase the dissolved oxygen concentration in

water. An apparatus for this purpose has been designed and



F'ig'.3.2 AOlraticn Apparatull.
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3.4 METHODOLOGY

~,.
u.the main supplyreceivein diameter and 30" ~dng to211

U

dissolved solids and total solids from the physical qualities,

chemical and Bacteriological. Temperature, colour, turbidity,

two hours of plain sedimentation, befcre the coagulation

Water sample weTe collected from various surface water

carbon dioxide, tcidity, Blkal~nity. DO, BOD from the chemical
.'qualities were determined. Bacterilogical quantities include

valve of the air compressor.

turbidimeter (Fig. 3.3) at the tim~ of collection and after

all types of bacteria. Turbidity was determined with the Hel~ig~

Ple air 1S then distributed to t,he s,,,::ondarjtubes, f" in

air in each sample. The branch tubes can be adjusted to r'elease

diameter and 10" long, each branched perpend~cularly'from the

air at any desirable depth in the sample by raising and lowering

the supports of the main tube. The supply of air may> however,

be controlled either by discharging air in the atmosphere thro-

Energy Centre, Dacca. The simple apoa~atus COriSlSt of a glass

rod

main tube. The ends of Each bianch tubes has been shaped like

nozzles 6f equal openi~gs for the equita~18 distribution of

a1r from an air com~ressor through rubber tube (Fig.3.2).

ugh one or twobr~nch tub~s, or by controlling the release

fabricated 1nthe Glass Blowing Laboratory of Banglad9sh AtQ~ic

sources in and around Dacca City and routine laboratory analy-

sis were performed according to the Standard Method26 to deter-
mine water quality of the sources. The quality of water is deter-
mined by paramet3rs, grouped into three classes; physical,
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F'ig.3.3He1itge Turbidimeter.



47

.sedimentation was started. Hellige colour comparator was use~

to determine the colour of raw water. The turbidimeter used

for water, analysis was found to be satisfactory. A minimun

concentration of 0.1 mg/l can be read precisely. Tylors slide

comparator (Fig. 3.4) was used to determine concentration of

chlorine in water by orthotolidine test. At the time of sampling

Hellige pocket pH meter was used to know the pH of the water

approximately. In the laboratory an automati~ pH meter (Fig.3.5)

was available to determine pH with "higher degree of accurary.

The other tests for chemical qualities were performed by

tritration methods. The chemicals were prepared as instructed

in the Laboratory manua127 for chemical and bacteriological

Analysis of.Water and Waste Water.

(1) Water Clarification:

The primary olarification of water was initlated by the

ramoval of unstable or settleable turbid particles by plain

sedimentation of two hours. The secondary clarification was

madeby the process of chemical coagulation. The selection of

coagulant and the method of mixing for chemical coagulation

were considered of first order importance. A selective dose of

40 mg/l of the available chemicals such as alum, ferrous sul-

phate, soda ash and lime were mixed with water in saparate

jars "nd floc formation was initiated by gentle stirring with

electrically operated paddles (Jar Test Apparatus) and by air

agitation (Fig;3.1 and 3.2) an~ it was continued for 20 minutes.

The same procedure was follow~~ ~or another three samples with

r~_.



,Fig.J.S .Autematif pH Meter.

Fig.J.~ Tyler's Slide Comparator.
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•
25 mg/l alum 8A12(S04)3}in each Clnd 15 ..mg/l sodium carbonate

UJa2C03), calcium hydroxide (Ca(OH),,] , and calcium carbonate

(CaCb3) in the respective samples. The flocs were then alle"ad

to settle for 24 hours ane degrea of clarification at differ~nt

time intervals were determined with turbidimeter.

In the second stag a of the teste, attempt Was made to

det~rmine the optimum mixing time for the proper floc formation,

For the test, a representative sample of Buriganga River water

was taken in 8 jars, and jar test was started with a speed of

40 rpm after. the addition of 10 mg/l of al~m t~ eauh of the

samples. The jars were taken out from the paddles at 3rd,5th,

10th, 15th, 20th, 25th, 30th Bnd 35th minutes, and the flocs

were allowed to settle. The turbidity of the samples in eacc

jar were recorded at different time interval. The above ex peri-

ments were repeated with the coagulant doses of 20,. 3D, 40 and .;:
"

60 mg/i and the effect of ~ifferent mixing t~me, on various

coagulant dosage were studied.

To study the effect of turbidity and colour concentration

upon the consumption of alum dosage, a tdtal of 14 samples wire

collected from different sources - tho Buriganga River, Dhanmond~

Lake, Ramna Lake and some pends having different concentration

of turbidity and colour. The coagulation and sedimentation of

the each samples were observed in the laboratory very 6arefully.

During the exp.eriment tha v2riation of other fac~ors like vio-

lence of agitation, pH, temperature, which influence coagulation

ware maintained within shorter range, The apparat~s was operated

at 40 rpm, the t.emperature range was 24.4oC to 26.90C (Table 3.1)
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(2) Disinfection:

amount of chlorine water was added to get a different concer,tra-

28lS not stable ,a solution of 40 mg/l concentrationchlorine

Bleaching powder was used for the Pu~POS? of disinfection

dad after tha cc~plete sedimentation of the flocs.

A series of jars were arranged in a row containing the

of chlorine was prepared with bleaching powder and standard zed
. 26 27accordlng to the Standard Method ' .

and variations of pH of the sample from the Buriganga River

of water samples. As the solution with higher ooncentration of

flocculated for 20 minutes with cOiJgulant dosage of 10.20.30,

40 and 60 mg/l iJnJ residual turbidity WiJS recordsd iJt various

time int8rv3~ for 24 hours. The residual colour was also recor-

low as 7.0 (Tab.L8 3.2). tath of the samples was mixed iJild

were noted 7.3 to 7.6 with few exceptions having pH 8.5 and as

sample to be chlorinatad and to each of the jar, a calculated

tion of applied chlorine. Water In Bach of the jars was stirred

gently and a time of 10 minutes wera allowed for the reactions.

The residual chlorine in water of each of jars was determined

by orthotolidine test26•27 As many as 33 readings for residual

chlorine were taken for a sample with a small increment of

applied chlorine at each stage. At every stage of chlorinations,

the presence 6f higher forms of plants end enimals, were observe~

under the microscope. The higher plents and animals are more

tolerant in chlorine water, hence its absence ~as assumed to

be criteri~n for the complete absance of bacteria.
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To study the effect of water clarification upon chlorlne
oemand, the residual chlorine test as described earlier was

performed on raw water, and water treated and clarified with

20, 40, 60 a~J 80 mg/l of alum. Finally the residual chlorine

i~ a disti~~ed wate~ produced in the laboratory was also deter~
mined for the various dosage of applied chlorihe.
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••'",
CHAPTER 4

EXPERIMENTAL RESULTS RND DISCUSSION

The physical, chemical and biD-chemical qualities of

4.1 WATER QUALITIES

water samples representing different surface Sources are listed

in Tables 3.1 and 3.2 (Appendix-B). Almost all the samples

have the parameters measuring watar quality within the permi-
ssible limits of International Standards for Water Source

of the year, contained excessive decomposable organic matter

(Table 1.1). Only Ramna Lake water, at the time of collection

showing higher BOD (8.20 mg/l) which exceeds the International

Standard (6.0 mg/l) for water SOurces. The other important

observation made was that the samples collected from ponds and

lakes contained more stable turbidity showing no significant
reduction by plain sedimentation (Table 3.1).

4.2 COAGULANTS AND MIXING METHOD

sedimentation are presented in Tables 4.1a and 4.1b (appendiX-B)

The results of coagulation-sedimentation; and aeration

respectively. The graphical representation of the results are

shown in Fig. 4.1. The floes formed during coagulation by

mechanical mixing in jar test were much better than those formed

by air agitation. The flocs formed by air agitation may be

termed as micro-floes which remain in the nascent state of

observed to have poor settling characteristics. This~may be due
'.',

formation without agglomeration to form larger floes and

l'

----------
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practiced in the conventional method, is essential.

alr agitation is. therefore, a delayed process. Hence to remove

.(•

15Camp ,for

~•. "

of. eiifbubbles in water"_ .iff"c>
than the optimum asitation

~
to the facts that the rising velocity

causes violent agitation, much higher

shears off the flocs to small~5" elementary. forms,

than those formed by mechanical mixing. The comparative study

that certain micro-flocs formed by air agitation always remaln

beyond which sheoring of flocs are observed. It is also noticed

settles with a poor setting velocity, which lead to conclude

growth of larger flecs by adhesion of the sma~ler flocs, rather

methods can be observed in Fig. 4.1. Water clarification by

of the settling characteristics of the flocs formed by two

required for good floc formOltion. This violent "gitatlon, wf,.ocr,

cannot be controlled by adjustments, allows no scope for the.

this reason, emphasised upon the miximum limit of agitation,

that specific gravity of flocs formed by aeration was much less

in suspension, a part remains floating on the surfese and other

the flocs formed by aeration and consequently to remove turbidity,

nnly sedimentatioh is not enough and subsequent filtration, as

The ssttling characteristics of alum, 'tAIZ(S04)3] and a

combination of alum and soda ash (NaZC03), alum and calcium

hydroxide [Ca(OH)Z]' alum and calcium carbonate (CaC03.) were

almost similar making insignificant differences throughout the

Can be recommended as a good coagulant. Ferrous sulphate was

observed length of ths ssttling period (Fig. 4.1). Any of them

imparts colour to water to such an eX~~ft that requires additicnal

found to be completely unsuitable for coagulation, rather it
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5treatment for removal. The difficulty WAS admitted by Steel ,

who stated that "colour may be adversely affected" when ferrous

sulphate is used as a coagulant fDr water treatment. An inc~dHse

Df turbidity w~s obscrved initially (Fig.4.1J when water cDnt~-

ining f.errDus sulphate as cDagulant was aerabod and finally it

was reduced tD certain extent aftar 24 hDurs sedimentation.

This may bc due tDthe DxidatiDn Df the irDn cDmpDunds by aera-

tiDn, Dr the chemicals cDuld contain certain Dxides Df iron)

which in water produced excess turbidity and colour. The other

chemicals like NaCDJ; Ca( DH) 2' CaCDJ alone in water did not

show satiifactDry results.

4.3 MIXING AND FLOCCUTION TIME:

Mixing and flDcculation time havo significant effect upon

the clarificatiDn Df turbid waters. As the time Df mixing incr-

easea the flDcs becDme more densB by expelling water and mOra

heavy by adsorption of turbid particles from water; and thus

the settling velocity and the degree of clarification is

improved. Table 4.2 (Appendix-B) shows the effect of mixing time

and coagulant dosage upon the rate of clarification of turbid

waters. Tables 4.3a and Table 4.3b (Appendix-B) show the per-

centage turbidity removal in 24 hrs and 2 hrs detention time

respectively of a sample of water, for various dosage of alum

and floccu13tion time. As much as 95.6% of turbidity can be

removed by only alum coagulation. Fig. 4.3a and Fig. 4.3b are

the graphical representations of Tables 4.Ja and 4.Jb; which

indicate that the curves gradually becomes ~dr~zontal, that is,



...•
Hl-B

:J•...
...•
ro
:J

"'020 ...•

'"QIc:

00

~
30

5

40

DO

Ie

20
>,

"-'
...

"C
••

30-e
:J

I-

....
III
:J

40.~
"1:v
or
~

50

56

4.0

60
40

.10

20

30

060
40

35

o 10

35

o

I
30

o

30

o

25

. -

25

TURBIDITY REMOVAL IN 24 HOURS.

'J' TUR8JlllT'Y BEMOVIIL [N,l HOURS

,,
"",

~umbez~ on the curvs&
in~icdte AluM dosago in ~9/1

~unbera On the (J-V~7
indi..;. ,ite ,. .lUM' .j'~,~.:.~""' .;

","

---~o""

:
" .'----0-----0----0

10 15 20
Mixing. Time, mIn.f£flfT OF MIXIlNG TIME ON

DETENTION TlME.

05 10 15 ;r)
Mi>:ing TiRle, min.

FIG.4.3a EHlCI OF MIXL'JG TIME UN %
~_~I.E.-NT I 0N.....I!.fo!.~t.

I

So
00

95

90

100

100

~ 70

95
1:J••
; 90
E

~
»...,

:r; 80
•••
.£l
•••::l•...•

,j~o 05

80

'l
QI
>o 7
Eo0:
;:.,...,
:; 6...•
.J:l
'"'::l

I-

~
5

FIG. 4.3b



57

after a certain m~xing and 'flocculation time, the remcll'alof

turbidity ~as not effective. The degree of clarification fo~

any mixing time is dapendent upon the alum dosagloJcmd dete"!",,,

time. The fact cun be expluined in the light of the ntta'i'1ment

of the equilibrium condition in the phenomenon of adsorption,

which stutes th8~ for a semple of water, at a perticular temp-

erature, the concentretion of adsorbate in the adsorbing mediu~

is a function of its residual concentration in water, when it

reaches an equilibrium conditionl;2~ i.e., morS the adsorbing

substance (adsorbent) the less is the r~sid'JBl roncE~tration
of turbid particles in water.

The optimum time of mixing i.e. the time at whi~h the

curves (Figs. 4.3a and 4.3b) becomes horizontal, depends lar~e1,

Upon alum dosage and to certain extent, on the detenti~Dn time

allowed. An exact demarkation of the optimum mixing time is

di'ficult; e broken line ia drawn t~rough the mixing time of

optimum coagulation, the graphical representiltiol1 of which is

~hbwh ih fig. 4.2 (Ap~ehdix-B). It shows that the time of mixing

required for o~timum coa9ulation ihc~eases with the decreaSe

of coagulant dosBga. It was fat tho reason, that at lOWer quan-

tity of alum dosage, tho flOes rormed WEre less, and the prO-

bability of random collisio,n between the turbidity pr'odu,eing

particles and alum floes were lowered. As a result. it taok
mora time to reach an equilibrium condition at which the flocs

were saturilted and could take no tlJrbid partic'les f'r'o'mwalet'.

Howev'ir, a mixing time o.f15 to 25 nrinules can,be ,co,n'side't'ed

sufficient fOT the att"inm,ent of optimum coagu,la,tilill1.
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4.4 DETENTION TIME

The efff".;tof coagulation on pf:, colour, and turbid~+y of

different samples of water weru studied and tabulated in Table

4.4 to 4.17 (Appendix-B) and graphical ropresentation were made

in Figs. 4.4 to 4.!7 (Appendix ..RI. Turbidity removal for vari-

ous dosage of coaguliJnts and specified sedimeCltation time of

1 hr., 2 hrs, 4 hrs, and 24 hrs were taken from Fig. 4.4 to

4.17 and presented in Table,s 4.18 to 4.31.(;\ppendix-B]. Graphi-

cally, the three variable, residual turbidity, coagulant dosage

and detention time of Tables 4.18 to 4.31 are s.hown in Fig.4.18

to ~"l.31(Appendix ..B), which show that the curves representing

clarification in 2 hrs, 4 hrs, 8 hrs. and 24 ill'S detention time

a~e closely spaced. This indicates that the eff~ciency in

turbidity removal for detention time above 2 hrs is not signi-

9icant. On the oiher hand, the increase in detention time, for

example, from 2 hrs to 4 hrs will reduce the total capacity

(daily rate) cf a plant to half without not~ceable improvemen:
of water quality.

4.5 COAGULANT DOSAGE

The coagulant dosagu required for water treatment for

the removal of turbidity and colour depends upon thu degree of

clarification desired and detention time. Internat~onal Standard

for miximum allowable turbidity are 10 and 5 mg/l as recommended

by the USPHS and the WHO respectively. The coagulant dosage

required to reduco turbidity to permissible concentration can

be directly read in Figs. 4.18 to 4,31 (Appendix-B). The coagulant
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a = 29,510g10 t- 22.40. (for detention time of 24 hrs.J (4.1)

4 I1rs.)

8 hrs.) (4..')11

"

"

""

a = 33.2 10910 t - 26.05 ( "

a = 35.8 10910 t - 27.05 (

dosage required to reduce turbidity to 5 mg/l and 10 ~g/l at

different deter,ti.::Jntim" are pr"s8nted in Tables 4 .32 anC'4.33

(Appendix-B) respectively. The coagulant dosages are plott~(

against raw water tur~idity in Fig. 4.32a and 4.33a, and it is

obsarved that the points in th" graphs for water of the same

source lies Dn 0 smooth curve. This lead tD the cDnclusion that

there exists certain relationship between the turbldity of raw

water collected from same SOurce and coagulant dosoge required

for the recommended degree Df clarification. The points obtained

for other water samples collected from Hamns La:'e; Jhanmondi

Lake, and various ponds do not lie on the same curve, but other

correlation may be obtained with the samples collected from

each of the sources which ne8d extensive studies. It is evidnt

that the turbidity produ~ing particles of each of the water

body, stangnant or running; may nDt be the same and its remov~l
may not demand equal quantity of coagulants.

The correlation between turbidity Df raw water and coagu-

lant dDsage is observed to maintain a linear relationship in

semi-lDg scales, having turbidity in the IDg scale (Fig.4.32b

and 4.33b). The mathematical expsressiDns tD cDrrelate the

variables (Fig. 4.32b] for the reductiDn of turbidity to the
limiting concentration of 5 mg/l are as follows:
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at a point in the region of lower turbidity approximately 5,-1.8

.,\\.. \ ,
-.{

(4.5)

(4.4\

",~,-..

"""

28.85 (for detention time of 2 hrs)

a = 63.~3 10910! - 46.45 ( "

a = 39.0 log - n "0LL. .',

Similar correlations were found to exist between the raw

various dosage of coagulant are plotted in fig. 4.34a for

63

water colour and coagulant dosage. The reduction of colour by

extent without any coagulant.

Buriganga River water, from Tables 4.4 to 4.17 (Appendix-B).

break the st3bili~y and reduce raw water turbidity to a certain

pond to 5 mg/l end 10 mg/l raw weter turbidity in the scale.

respectively. It indicntes that only stirring 1S sufficient to

13 mg/l requires no coagulant to reduce them to 5 and 10 mg/l

In Fig. 4.32b and at 10,-3.4 in Fig. 4.33b, those points corre3-

The graphs elso show that a raw water turbidity of 6 mg/l and

The lines are grad~811y divergent at higher turbidity and meet
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From Fig. 4.34a th" coagulant required to reduce colo'Jr to 20,.:5,

i3nd 10 mg/l are tabulated in Tahle 4.34 (i1ppendix-E). The abovE'

mentioned maximum permissible colour of 20, 15, and 10 mg/l

for drinking water a~~ recommended by the USPHS, the WHO and

the EUROPEA~ (WHO) respectively. The Table 4.3,j is represented

by graphs in Fig. 4.34b in ordinary scale and in Fig. 4.34c in

semi-log scale. Thomath8maticaI experessions relating the coa~

gulant dosage and colour of raw water for the romoval of colour'

to the recommended residual concentration of 20, i5 and 10 mg/l
a~e given below:

'::; 63.75 10910 c - 71.00 (for residual colour of 20 ppm)

a ; 76.25 10910 c - 78.80 (" " " "15"

a; 81.25 10910 c - 65.50" " " "10

where c stands for ra~ water colour ln m~(l.

It is noticed that the corrosponding curves in Fig. 4.34c

indicate, that 12mg/l of coagulant is required even for 20,15

and 10 mg/l of raw water colour, which mean thot upto 12 mg/l

of coagu'la;nt,tiler" is no effect upon the removal of colour,

which can be termed as initial dumand.

H.W. Gehml critically analysad the results of jar tests

and data available from numbers of treatment plants and corre-

lated tho; v,'niables; raw water colour and alum dosage required

to reduce it to 20 mg/l. The relationships are shown by browk~n

lines in Fig. 3.34c. It is observed that the curves relating

colOur and ;]lum dClS'Cge.ofEuriganga River water have steeper

slope,. but the. neture of the curves are same. wi.th those obtained

by Gehm.

( " .Ii)

( 4 .12)
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A gradual decrease of pH in water was observed with th~

increase of alum dosagc. This was due to the presence of CO2
which was produced by the chemical reaction of alum with "'~LI'-

ral alkalinity (Eon. 2.10) in water. Moreover, alum itself is

acidic in nature. The pH of natural water was found to vary

from 7.0 to 8.5. The reduction of pH by 60 mg/l of alum was

0.5, in average showing a maximum reduction as much as 0.9.

Alum coagulation may lower the pH of water below 7.0 which is

undesirable in drinking water. To avoid this; artificial alka-

linity in the form of soda ash or lime may be added which do

not affect the flocculation adv0rsely rather helps in good

floc formation (Fig. 4.1).

4.6 CHLORINATION

To study the effect of coagulation upon the disinfection

by chlorination, some samples with different degrees of clari-

fication by alum coagulation were chlorinated. The chlorine

applied and the residual chlorine for each sample were deter-

mined and the results are arranged in Table 4.35(Appendix-B).

At each stage of chlorination, the microseepic examination of

the sample was made. It was noticed that there was a complete

basence of microorganisms, slightly earlier than the break

point chlorination was reached. The samples of water cOSgulated

with higher coagulant dosage was al~o found to be almost free

from living microorganisms. However, break point chlorination

was found sufficient for th.8 complete removal of microorganisma.
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In the process of chlorination, the break point chlorination

occured at different dosage of chlorine application to wa~3r.

The mBximum chlorin2 was required for raw water and mlnimum

for water treated with highest dosage of alue, (Figs. 4.35a to

4.35e in Appendix-B). Even in distilled water a slight amount

(0.05 mg/l) of chlorine demand was observed. Ideally, tho

residual chlorine curve for distilled water should concide

with no demand curve A (Fig. 4.35~ Appendix-B). The chlorine

applied and the chlorine demand for break r~int cnlorination

was related to the coagulant dosage with which water was

treated by curves in Fig. 4.36. The curves show the rate at

which the use of chldrine for disinfection can be reduced w'th

the increase of alum dosage for the treatment of surface waters.

«
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drawn:

(1) Only alum coagulation 'c' found to be satisfactory

After carafui int8rpret"~;ons and critical examinations

70

CHliPTER 5

important factors influencing the alum requirement

.CONCLUSIONS AND RECOMMENDATIONS

optic.".l irer the sC'dimnrtation of floes.

air ag~t8tion have delayed settling characteristics,

and lima can be used in combinatioi' with alum to

Mixing hy paddlccs for floc formation is found mare

for tn3 c~arification of surface waters. Soda-ash

impartiwc:ccssary alkalinity and for the adjustment

cert'air ,:;xtent.

the rmnnval Df which derra,??.i(ubsequ,",ntoperation

like fi.1.cratiDn. Mixinq "n1:l~.iocculation time rlecrea

for tile co,,"gulation sedimentation process of water

suitabl'= than a'.r agitation. Microflocs formed by

of pH which is reduced by alum coagulation toa

clarifisetiah:The dosage of alum required for the

to be satisfactory. Detention time of 2 hrs is found

and flocculation time of 15 to 20 minutes is found

se with thcc increase of coagulant dosage. A mixinG

(3) Colour and tur~{dity present in surface waters are

( 2 )

of the exp,nime-"'.,,,ln;sults t,le following ccnclusions ar'e

5.1 Cor~CLU5IOI~S
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desired degree of clarification is correlated to the

concentrations of colour and turbidity and represen-

ted by the general equation,

(5.1)

(4) Significant reduction of chlorinB demand and chlorine
requirement are observed for break point chlorination of water

clarified by alum coagulation. The chlorine requirement decreases

with the increase of the quantny of alum used for coagulatic

and tho variables can bo graphicallY'!Jorrelated.

5.2 RECOMMENDATION FOR FlJRTHER STUDIES

The correlations derived in the ~nvestigation between

the alum dosage and turbidity, alum dosage and Colour were

found valid for single source only. Thesa do not represent

the generalized picture of multiple sources. Moreover maximum

available turbidity end colour of the Buriganga River water

during the period of study were 95 mg/l and 70 mg/l respectively.

After two hours plain sedimentation thB~e wers reduced respec-

tively to 85 mg/l and 6S mg/l. i\ higher turbidity may OCcur

in the other seasons of the year and the validity of the
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relationships developed require further study with higher

concentrations of turbidity and colour. Effect of pH, temu1'Cj..

tUI~, alkali~ity and o~h~r related water quality parameters

on the coagulation sedimentati~n may ba studl2d furth~r to

justify the ~alidity ~f the relationships when the water quality
of the rivdr changes significantly.

The gradual effect of chlor~nation on microorganisms

was notstudiad. In the process of disinfection by bleaching

powder the absencB of higher plants and animals in the micro-

scopic view was considered a criterian for the absence of all
type of small plants like bact"ria. This moy not bo always

true. Hence, the death rata of the microorganisms with the

increase of chlorine concentration in surface waters requires

continuous total plate counts and coliform counts, and exten-
sive study of this nature is recommended.
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.••. TABLE 3.1 WATERQUALITY (Physical)

5amp1elL 0 c, a t
No. ion Date of

Collection Colour
(mg/U

., S'P-3htag,nan't Pond

'~SP-4 ..Istagnant Pond

. Rt.-~ Ramne lake

Dl";2 fDhanmondi lake

SP-l . Sta(Jnant Pond

22 • 0.3 • 74 I25 • 0

350
320

480

490

435

430

3ao

4~O

460.

450

470

400

220

US

200 1150

2201 100

240.1240

"

270

320

300 I 230 . 1.'30'..
200.1100. "1300.

300 no
280 • 150

260 120

300 100

300 1150

25

20

..-

65

50

35

30

30 270 ..J 200

50280180.

30

55
35
30

25

100

20

30

4.5

44

85

34

20
32

25

45

95

20

ti5

'52

40

58

26
87

67

97

58

24

38

2.5

22 ..

4.8

48

95

80.0

81.0

78.0

77.5
!

76.0 I
81•.0.

80.5.

7'4;5

76.0
80.0

77 .0

78.0

79.0
77 .0

26.6
27.2

25.5

17.10..73

29.03.73
13 •.04.73

04.04 •..73 25.3

:10..04.,73" 24.4

12.04.74 .27.2

J.2'.lQ..13 26.9

30.03.74 2.3.6

15.10..73- .24.4

16.10.7326.6

28.03 .7425.0

18.10 •.74. 25.5

31.03.73 2-6•.1

Stagnant Pond

Ramria Leks

DhaniTfondi Lake

I.; _,

Buriganga Rivar

Burig.anga River

Buri!J'enga'River

Buriganga River

IBuriganga River

I Buf1ganga River
"

BR-2
BR-l

BR-3

BR-4

BR-5
BR-6

DIl-1

SP-2

RL-2

"- I'
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TABLE 3.2 \vATERQU;;UTY (Chemical and BiD-chemical)
.

I rIGidity i i

IDissolved
I _.;Sample ~lk.,,!-~i,,-~,:t:,'ilJT1.2n) I Carbon ~ pH IBODNo. Phbiop./ Total (mg/l did1'c~de( mg/l iOxygen(mg/l (mg/:'-

BR':'1 ciO ,
48 6 7.4 iI 10 7.50 0.80 i

6;50
jBR-2 00 , 50 10 5 7.3 1.20 II
IBR-3 00 I 170 15 9 7.6 6.50 1.40 i

,

. IBR-4 00 i 120 12 7 i .8 6.20I , 0.60 iI !210 ,BR-5 00

I
13 10 7.5 6.40 1.401

.1BR-6 170 12 9 7.6 7.80, .
,00

I '. JO i
DL-l 00 I 168 22 . 16 7.0 6; 00', . 1'0", 'I 'c • ~ LJ ,

IDl-2 00 152 12 8 7.5 5.90 /3.10 :
, ,

SP-l + ..,00 46 12 7 7. 80 6.20 13,fi(j!

sp-2 00 76 10 8 7.6 6.40
1
1.20

SP-3 00 160 18 12 7.1 5.80 13•28'
SP-4 00 116 30 12 7.4 5.40 2. 8e '
RL-1 05 150 10 2.5 8 1 4.20 5.8[; .
RL-2 16 175 00 00 8.5 3.80 e . d.:



.. .

JJar No • i 2 I 3 4 5 6 7- • -~ >

Coagulant Alum Na2CDj ~8S04 Ca(oH)2 Alum Na2C03 Alum CaC03 ,~lum CalUh )21Dosage 40 40 25 15 15 25 25 15 I(mg/l) 40 40 I4- n.D--'. 0 t i7.5 23.5 50.0 22.0 19.0 I 18.5l;j~
III •

I; 1.,; {J) 1 13.0 19.0 5Ci.0 18.U . 14.5 14.0 14.5 I4- J.<
IIll.r: r~~

:z I
••• III 10.0 15.5 ! 44.0 15.0 UJ.e . I 10.5 12.0'E
Ol"'"EI- 4 7.1 12.0 37.0 13.0 7.5 7.8 9.5 I~:>,c

(; 6.5 10.0 33.0 12.0 6.0 6..5
..p 0

8.5,.-/ ...•
'O.p
'M c: 20 6.0 8.0 31.0 1 11.0 5.5 6.2 7.0.n IlJ
J.<.p
::J III 124 6.0 8.0 31.0 . 1.1.C 5.0 6.0 6..51-0

._-pH 8.1 8,.6 8.•0 8.6. 8.1 8.2 8.2
Colour 20.0 20.0 20 D.O 20.0 15.0 15.0 15.0

: .

j

80

6 -. IT-"---" -;IAlum CaC03 Alum ICJ(OH)
2--t-'--'-r---

~

25 15 25 15
9.5 12.0
6.0 8.0 I

I 4.0 ,
4.5

3.2 4.1
2.7 4.0
2.~ 3.3

I2.5 2.0 ,
7.9 . 8.0 I12.5 12.5 ,

___ J

6.5

3.5

2.8

4.0

3.2

4.0

3. B

3.0 1.0 30.0 ...9.0 2.5
1.7 8.2 7.3 8.3 7.9. . '''. _.

15.0 20.0 120.0 20.0 15.0
" . ..

4- t0
~~
IlJ .
.p{J) 14-J.<
Ill.r:
~ 2"'Ill
'E0''''EI- 4'->,c
;:::"~ .6

.u¥
,,;,,''''''C

. .b IlJ 20J.<.,;
::J1lJ
I-<=> 24

TABLE 4.113 .FLOCCULATION SEDIMENTATION OF BURIGANGA RIVER WATtR BY

SiIRRHJG IN THE JAB U,STAPP!\RATUS.

Jar No. 1 2 ..1"'3 I' 4 ....5

. Coagulant .Alum Na?CO~...i!F~S~1 :"C_~O._~L~Ir1:.:''-''-~i32C03lJifsage' . t-,
(mg/l). .40 ... 40 ~~-+-40 .:..~_25__ 15.

8.0 I 14 .5 If 34.51 n. 0 10.5
I i I

5.0 I 11.5
1
' 32.5: 13.0
, ,
i I

9.0/ 31.0111.0

B.21 31.01 9.0

7.81 30.51 9.0
7.0 I 30.0 9.0

:tABLE 4.lt fLClCCU'Lf'TtrJN SEDI~iEN.TATH)N OF BURIGf,NGA RIVER vlAHR BY
AIR I~GIHTroN •

. - 'pH
. ~,~.. ...

Colour
1



TABLE 4.2 EFFECT OF MIXING TIMe AND ALUM DOSAGE ON THE FLOCCUL~IION
AND Ri\TE-OF3LDH1EiHIH IrlN •

81

14.01
w. QI
7.5/'7.0
6. '
6 • tl i
-1

10.0:
7.01
I} • 0 i, .2/
4.°13 j

• U I

I6.5,
4.5;
3 .0 i •
3 .2 i

3.01

2.8/

5. 0 II3.2
2.0
2.01
2.01
2.0 i

I

•

6.8
5.0
3.0
3 .2
3.0
2.8

!

5.2
3 .•4 I
2.012.02.112.0... i

5. 5
3. 5
2.2
2.1
2.0
2.0

6.3
4.0
2.5
2.2 I
2.1
2.0

r~I2.2
2.2
2.1

30.0
23.0
19.5
15.0
13.2
10.5

19.5
15.5
13.0
10.5
8.5
7.0

17.0
13.0
10.5
7.0
6.2
6 •.0

. . I --"--"i~------'-'---+---~.---- ~.-:-_

. 3. I 5 I 10 I 15 I 2LJ I 25 , 30 I 35

---f--+-l ..,1 i I -1
136.0 32.5; 26.0 /23.0 21.8. 21.0 I ~O.[J 19.0

,29.5 .. 26.5 121.0 18.0 I 17.0 15.8 15,0 14.5/
26.5 . 23.0 ,18.0 i 14.0 I' 12.5 11.5 11.0 10.8,

.. 22.0 /19.8114.3 ,12.0 11.0 I 10.8 10.0 9.61. I I 'I, 17.0 15.9 .13.8 ,11.5 ' 10.8, 9.8 9.0 8.5
! I i, I14 . 0 : 13. 0 1CJ. 5, 9 . 5 8 . 0 8 . 0 I 8 . 0 i 7. 8ii, i

I I I !
i ~~:~ i i~'~,~~:;I ii:~II.~i:~i~:~
, 17 ..tJ 11i:D ';1 • 0 I 8. 0 7. 8 7. 6
13.8 ';1. u 8.5 I 8.2 8.0 I 7.5
11.0 8.2 I 7.5 I' 7.4

1

I 7.3 6.8

I 9.2 7.5 I 6.5 I,I 6.4 I 6.3 6.2

I r:-I . I
25.0 I.' 20.0 . 14 . 2 II 12.5 , 11.2 I 10.8 10.5
19.5 16.0 10.8 9.0 8.3 I 8.0 I 7.5

I !15.5 ,12.4 7.5 I 6.2 I 5.8. 5.5 5.3
12 . 0 i 9 . 5 6 . 5 I 5.2. 5 . 0 is. 0 4 . 3
W.O I 7.6 5.8 I 5.0 I"~ 5.0! d.5 4.0
8.5 I 7.0 5.0! 4.5 ! 4.0 3.8

; : i 9.0 -II 7.5

,

I"16.0 111.0 I 8.0
11.0 I' 7.5 I 6.2 II,~ 5.6 5.58.5 4.5 ~;.n 3.5 3.0

I
I 6.8 I 4.0 I 3.3 I 3.2 3.2

6.u 3.8 I 3.2 I' 3.2 3.1I 4.5 3.5 /3.0 3.0 I 3.0

112.0 8.0 I
I 9.5 I 6.0

6.p I. 3.05.0 3.0

j:~I~:~1
I i

....,
"- ,Q) • ~ "'• .1.2E co ..
'" Q].___ ..1.
. '>, +J
+'QJ'Il 2
'riOH 4
-0 J::
'ri H ~ . 8
.DQJGJ24.H +' E
::J C+- 'rl
f- .m I-

....,
;,.....t
E c 0 1
~ Q]-

>,+' • 2
+J Q) en
'ri 0 H4
-0 J:: 8
'rl H _ i

.DQJQJ,24
~ +' E I:J f.+- • ..-1 I

r-m1-1- ,....,

"-Do ••... t
-.:.~;;',1
>, +' .' 2
+' Q] [J)
'ri'o H 4
-0 J::
'ri H _ 8
.0 Q] Q] 24 II
H +' Ei :J •.... ri I

11-0)1-

20

10

30
.

40

I

IAlumMixing
Dosage Time(min)
(mo/l)

IL_
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93.fJ '.

-~-j
2.0

I 4.4

I .'
i 95.6 I
I _ .. J

8.5

93.8

8.9

91.1 91. 5 91.5

I ----j
3.0 2.8 2. b I

I,

•6.7 6.2 C.2

8.9

6.7 I

93.3 I 93.3

10.:.111.1

,88.9+41.1
i

3~13.0 i ;-:~-+
I

7.8 I 6.7

I.92.2 93.3

18.9 i5.5

EiLl 84.5

7.0 4.5

15.5 10.0

84.5 90.0

6.0 3.6 2.2 2,1 2.0 2.U 2.0

13.3 7. 8 4.9 4.7 4.4 4.4 4.4

86 .•7 92.2 95.1 I 95.3 95.6 9506 /95.6

%Residual
Turbidity

Residual
Turbidi ty

%Residual
Turbidity

i\Hurbidity
Removed

i .
IResldual
i Turbidity

%Residual
, Turbidity

I%Turbidity, . .

.Remo.ved

,%f1urbidity
'Removed .

10

20

60

. 30

TABLE 4.3a PERCEfHAGE TURBIDITY REf/lOVED IN 24 iiOURSDETENTION0TIME

FOR VARIOUS !\LU~1 DOSfI[;E '\NDFUICCULATIOi'J n~iE.
I .. --'.----T-----~-. -'.---."T--::---r----r-:--.,-----.'--.-l
:;::,.,E;;l~F;O~Cr: ," !,:-1::-+:;-I~-:-E~+:~-;:~-1

(mg / ll:~::::::y-t-,.~..-..i---~+---~~+--.-:f---..I-----~---..i
Turbidity ! l".U 13.0110.5 I .9.5! 8.5 i 8.0 I 8.0 I 7.8 I

II /' i : I I !
• " 'I'. i, I%Residual I I
Turb idiy. _~1~2129__~_~1,_.23.4 L[. _?J. :'~.J18. "'J

r

- ~ 7. ~ ~ 1~. 7-t! 17.3 __

1

,

%Turbidity 'I T I
Re'moved 69.8 71. '- ~~_I ~~.:..1L~~_~_~~~:4B2 .~-1
I;::~:::~y >0.51 9.2 j 7.5! 6.6 r- 6.4 6.2 I 6.21 6.0 I

I :. I I
23.4 20.4 16.7 i 14.4 114.2 i 13.8 13.8/13.31

I i 1*1 i I76.679.6 83.3 I 85.5 i 85.8 86.2 86.2 i 87.71
~ -- jI I ,

8.:1 i 7.0 5.0 4.5 i 4.10 4.0 J. 8 3 J I
J .

!
8.5 I

,

I

I%Turbidity
IRemoved

~I Residual

I
Turbidity

I 40 ,%Residual
I Turbidity
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TABLE 4,3b Pt:RCENTi\Gt:IUfiP 10 TTY RU'!OVc:n IN 2 HOURS DETErH ION .T IME

FOR VARIOUS ALUM DOSAGE ~ND FLoCCULATION TIME.

6 7', i

I
93. 3~'

2.01
4 ,I I•• I

I

I
I
!
Ii 95.6

. - .;

2.0

4.4

95.6

20

IAlum~~10c(u~arion 13".j 5 Ill] ./15 120- ! 25 '~-I 351

11::;1;li::.~,~:~:y'--~1-4-sI45~s _.T45~--145---145'-T 45 -1';-5--1
~- -t i.-t.-- , , i I I '1
I I i I ! I I

Rasldual /126.5 ,i 23.0
1
118,.0 II! 14.0 12.5 11.5111.0110.81,I Turbidity " I
I

I , /

10 ~:::;:::: i 59.0 15l.O i 40.0 I ZU 27.0 12'-' .2'-5 24.0 I
~::~:;:H,'1.0~~16D.~--'~Hj72.2 i 744t'=t-'6:'_1
~::~~~~~y/19.5117.0 1

11.0 I 9.01 8.0 I 7.81' 7.6 I 7.51

%Residual I I I I I 7 8 17 3 16 9 116 7143.21,37.8 !1
24.5 ,,20.0 /1. . . I ., IRurbidity

I I I I I!%Turbidity 56.8, 62.2175'
71

8),0j' 82.2 82.7 83.1183.3;Removed ' ' , I I I i

~R-e'-s~i-d-'u-''a-l--'i;~5l~,,f' I" 7. 5,..--,'---6-.~- ~ 8 5 . 5 5j -5.0 II

Turbidity I
3U j%Residual I! I I 112.2 11. Sl1, ' !

Turbidity ,

11'%TUrbidity 65.6 72J4 83.3 86.2 187.1,187.8 188.2 I d.91Removed , I iii

---j1'-R-e-s-i-d-u-a-l---'I13~O -:.5 ~.-;-r-:~3.5 i 3.oS-~~i
iTurbidity I I I I 3,[

40 I%Residual I I, ,, I 28.8 I 18.9 Ill.0 I 8.9, i 7.8 6. 7 6 . 7
I
Turbidity

i I I
I%Turbidity "! 71.2181,1 90.0 I 9~.1 92.2 93.3 93.3

__ JRemoved. I I

I:::::::;, . '6.0 II ~3!-.0-1--2.~\i. 2.51, 2.2

60 I';I,Res idua 1 I I
'T b' d ' t 23 .•1 13. 3 6. 7 5. 5 5 . 5 I 4 . 9i ur l l Y I . I

i I 'I' f ,I"T b'd't . "'I '
I~e~~v~/ y L~L8~~~.L~~.~_L94.5 94.5/95.1



•

-+---:-:----~
I -

i 2~ 3 4 5 6 --.--l, 10 20 ! 30 40 60I II ,
'24-01 21. 0 18.0 15.0 11. 5" I

17.0 I 14,0 12.5 10.0 8.0,
I

11.0 I 7.0 5.0 3.8 3.2
10.0 6.3 4.3 3.8 3.1

I
10.0 6.0 4.3 3.6 3.0
9.5 IL8 4.2 3.5 3.0
9.3 5.5 4.0 3.1 3.0

.-

7.2 7.0 6.9 6.7 6.5
I

.-

'20 20 I 15 12.5 7.0[
~

----r
I

---'--T
1______ ,--1-

84

Jar No. ,

'f-.
0,,-

tw .
+' rn
'f-. "lUL If
....• w,E 30>''"EI-
»c 6+' 0

'..-1 'r!u+' 8.,..,.c
J:) W,,+' 25OJ w
1-0

pH

Colou-r I~

TABLE 4.4:RATEOFCLAR:fFICATION OF SAMPLE: NO. BR-l BY COAGLILATI(j~
SEDIME~TATIDN WITH V'RIOLISALLIM DOSfGE.

r- -r --,-Jar No. 1 2 3 4 5 6
Alum Dosage 5 10 20 30 40 60 ,(mo/l)

'f-. t 16.5 1l.S 10.0 9.0 8.3 7,50,,-
w .1. 15.0 9.0 7.0 6.5 6.0 4.5+' rn 2

'f-. "lUL It 13.0 7.3-~ 5.5 5.0 4.6 3.2....• w , .,E,

I01-"" 3 1l.5 7.3 5.2 4.3 4.2 2.5EI-~
»c 6 9.0 7.3 4.5 4.0 3;6 2.3+' 0

.rot .n ..u+''," C 8 8.5 7.3 4.5 4.0 3.2 2.3J:) w,,+'
OJ W 23 7.8 7.3 4.0 3.6' 3.p 2.01-0

", . -
,

pH 7.5 7.5 7.4 Z.3 " '"1.1 7.0
- "

, 10";0Colour 20 ,15, U. '12.5", 7.5
. ---~

TABLE 4.5 RATE OF CLARIFICATION OF SAMPLE NO. BR-2 BY COAGULATION
SEDIMENTATION WITH VARIOUS ALUM DOSAGE.
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3.0

6,5

5
. I --- '-0-

I --~---4
I 4D i 60 !

':~:::I~:::'
9 • IJ, 'I

4.5

4

7.0

30

22.0

17.0

12.016.0

11.0

21.5

13.5

12.0 9.5 6.1 4.3 2.6
!10.5 B .5

I
6.,=' 35 . 2 .5 I

I9.0 i 8.4 5.5 3.2 2.2I I

! .-1- '-- ,_.
I I7.B 7.6 7.5 7.4 7.2 I

35 30 25 17.5 12 5 I
I -, - I

. ,No. t 1 , . 2 3 I 4 I 5 6
~

ar Ii . I

lum 'Dosag ~ I 10 I20 30 40 60 I(mg/l) i

I~I .L t33.0 26.0 20.0 14.0 10.l! IOJ. 2

I
+' (J)

4- H 1 , 23.0 16.5 12.5 8.0 5.5<1l.r:
I-- I

I
.-I OJ I 14.5 6.0 iE 2 9.5 5.1 3.5cwr! I I
Ef-- 3 13.0 8.3 5.5 4.0 3.0>,c
+' 0
",.,'rl 6 11.5 8.5 5.2 3.6 3.0 I
u+J
'r! c
.D OJ

I 2.5H+' 8 -11.0 8;0 5.0 3.0OJ OJ
f-Cl I .. ..25 ! I 11.0 '8.•0 5.0 3.0 2.5 i

" ~- ... )--- '
'.----

I r.jpH -.7..8 " 7.6 7.5 . 6.9.... I
, I

Colour ~' .. : ',25 ',', 20 '" 15 10- .~.__ ._'-'-,.-' i . . ' ... - ... .

:I\BLE 4.,6 RATE OF CLARIF IC/lTrON OF SAMPLE NO .BR':;3 BY COAGUU1T ION
. ~',

SEDH1ENTATION WITH 'fAR IOUS ALUM D051\GE.---'---_._--,~_..:"':""-~------

!MJ~ar~~_ ~ 1 J 2 I_?- ~_:
I \lum Dosag9 I 10 1 20
:_ (mg/l) L- ~' _

I •

i; 'I *" i 42 .0 27.0
H- I
2C:

1

'.L i 1133•0 2;'j
4- ~ 2 f .
eLi...c I I, ,
'::::~Il !
g-';::: 2t I
>JC I
.~.~ 4 ,i
u +'

I 'r! C B I
.D '" I

\ f-I+'l L '
~

:J ~ l22 -,~--.l
I I

pH I I

I~~o~~our-I~~~ __ l
TABLE 4.7 RATE OF CLARIFICATION OF SAMPLE NO. BR-4 BY COAGULATIQ~

SEDIMENTATION WITH VARIOUS ALUM DOSAGE •

I

t
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ffi----.

.- ....'" .• '.

----- 1-.-r-2 -- _._- -,.:ar No. j 4 5 ,, I- ---t .- -----,~um Dosage 10 , 20. 30 40 60(ITa/I)
I I

I
4- .L 30.0 22.5 18.5 13.5 11.5[ 4

f; -,
u:'

t+ OJ 23.0 16.5 12.) 9.0 7.5"- H
w.c-- I 18.0 12.5 9.0 6.2 4.5'-, OJ

E

I
0>''; 2 14.0 9.0 6.2 4.0 2.5~:::I-

»c 8.5 3.3 2.2
_:,J 0 4 12.0 5.2'rl 'r-!
-0 +l
''; c

I
8 10.5 7..5 5.0 3.2 2_2.D OJ

~-1+"
:J OJ I 24 9.5 6.5 4.5 3.0 2.1:-Q

I-- !
IpH 8.0 8.0 7.8 7.7 7.5 I._--

IColour 25. b 22.5 17.5 15.0 7.5. --

.-ABLE 4.8 RlITE OF. CL/\RIFICr;TION .oF SAMPLE .NO. BR-5 BY COA.GULAq.Q!:Y.
SEDIMENTrn ION vJfTH VAR IOUS ALU~j .DPS{,GE.

Ii__

T/'BLE 4.9 R!\TE OF CL"RIFItkUbN OF SI,MPLE NO.BR-6 BY _COAGUL!\TID~
SEDIMENTATION WITH VARIOUS ALUM DOSAGE •

. .
._,

I ,Iar No. I 1 2 3 4 5 6 i:./.~C:;-~Dosag e 10 20 3D 40 60,__ ([10/1)
I

'i- t 35.0 23.4 18.5 14.5 11.50
H~
OJ 1 27.0 17.0 12.5 9.0 7.0 I+' OJ

,
4-H

I OJ.r:.-- 2 20.5 13.0 8.0 5.5 4.5I "" OJ I'-E I,
0>'''' I 4 I 17.0 11.3 7.0 4.5 4,0! Ef-' I- I

I
>1 c ! 8 , 15.5 10.0 6.5 4.5 3.5J 0 I I.-;., .....•

I 'O+' j''; c 12 15.0 \ 10.0 6.3 4.5 3.2I .D .,~.

I \
I

i H+'

I :J OJ 24 14.0 9.5 6.2 4.0 3.0f-<=>
..

1-
pH ! 7.9 7.6 7.5 7.3 1.1

Colour 45.0 35.0 . 30.0
I .

22:'5. 15.0
. . :c.:- ..
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{' .

6

t

9.0 I

5

6.0
3 • 5

2.5

2.0

2.1

2.0
7.3

60

10.0

I
I

4 .•5

7.0

3 . 5

2.5

7.4

3.0

11. 0

15.0

4!. .
. .'.

40

3

9']

6.5

3.6
3.6
7.5

.1.2.5

'.

30

20.0

2

7.7

7.5
7.0
6.0

6.0

20
16;5

10.0

12.0

25.0

9.5

8.0

9.0

7.9
I 25.0
I

6

3

20

pH
Colour

TABLE 4.11 RilTE OF CLI\RIFIcATIor~ Or 5ilMPLE r.0.DL-2 BY cor\GUU\TION.
SEDIMENTATION WITH VARIOUS ALUM DOSAGE•

T/\BLE 4.10 RATE OF CLARIrICfITIONDF SAMPLE NO. DL-l BY COAGULAiIUN
5EDIMENTi\TIoN \n'rHV/,fno.U5 fILUM DOSAGE.

I Jar N~-.-Il :
i.. -. ------l I
Illlum 'Dosage! I 10'1L (mg /1)
I ';; i 1- i

l
H ~ 4 19.0
UJ • . I
+' OJ t I 14.0

:~ 1 I! 11. 0'-..E'" ....,
Ef--->,c

+' 0
'r-! 'r-!
TI +'
. ..., C

-OOl 8 8.0
H+'I:J UJ
f--P

.

Jat No. .' . .1. '0 2 3 4 5 6.•
AlUm Do~age .

(mil /1 j . 10 20 30 40 , 60

'+- 1-0 13.0 11.5 9. 5 8.5 7.5H- 4

Ol
+' OJ i 11.0 9.0 7.0 6.5 5.5'+- H 2
IOL I-- 'i 9.5 7.0 6.0 5.0 4.6 I.-; UJ 12

I'-..E'" ....,Ef-- 3 8.5 6.5 5.0 4 • 5 4.0->,c
+' 0 4 8.2 6.0 4.5 4.0 3.5'rl 'r-!
TI+,...., c 8 8.0 5.5 4.0 3.8 3.5-0 ul .

H+'
:J W.f--O 23 8.0 5.0 4.0', 3.8 3.2

pH 7.6 7.4 7.3 7.2 7.1.-
, Colour 35.0 30.0

. .
20.0 15.025 .• 0 ... J..• -_0" • ,

I

i
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TABLE 4.12 RAH-OF CU,RIFICATION OF S{iMPLE NO.SP-l BY CO/\GULilT10N
SEml~ENTATION'~JITH Vi\RIOU5 filUM DOSAGE .
...

JJar No. 1
' .

2 3 4 5 6
.

. I IAlum Dosage i
(mg/1) 10 20 30 40 60

"- t 27.5 24.5 22;5 20.0 16.50

I
H-
(l) .
+' Ul t 23.0 20.0 18.0 15.0 11.0 .

I"- HI ffiL-- I 18.5 14.5 12.5 9.5 6.5 ir;-:i lD
"vE
OFM

2 13.5 8.5 6.5 4.5 3.5Ef.---5;c+> '0 ,- 4 11.0 6,5 5.0 4.0 2.5'.-1 "r-I
"O+'.•.•c 8 9.0 4.9 4.3 4.0 2.5...D t1i
H+'
:J (l)
1-0 20 7.5 5.5 4.5 4.0 2.5

pH 7.8 7.6 7.3 7.1 7.0
,
I Colour 25.0 25.0 20.0 15.0 12.5 I

.-

TABLE 4.13 RATE or CLARIFICATION OF SAMPLE NO. SP-2 BY COAGULATION
SEDIMENTATION WITH VARIOUS ALUM DOSAGE.

Jar No. 1 2 3 4 5 6 I

{\lum Dosage 5 10 20 30 40 60(mg/1)

"-
1 17.S 13.5 9.0 8.5 7.0 5.00 2"H-

(l) .
+' Ul 1 14.0 11.0 . 7.0 6.0 4.5 3.0
"- H iffiL-- 3 12.5 9.5 6.0 5.2 3.5 ,2.4 1.-1 (l)

i",E'" .... 12.0 6.0 2,2fil- 5 9.0 5.0 3.4->,c
+' 0 8 11.S 8.5 5.8 4.8 .3.4 2.0.~...,

I"o+'
.••.• C

.lJ (l) 20 11.0 8.5 5.5 4.8 3.4 2.0H+' ,:J (l)
.'1-0 24 11.0 8.4 5.5 4.8 3;4 2.0,

pH 7.3 7.4 7.1 6.8 6.7 6.5
Colour 25.0 25.0 20.0. .. , ..bO .•..O.. 15.0 "10. a

~. ,



~.
!

I
I
,

- --t""

6

3.6
3.0

2.5

7.0
7.5

8.0

60
) - - --

I 21.0

3.8

4.6

3.5

6.5 5.1:'1

6,,0 4.,8,

9.7 8.0

,

5 ;,6 4'.6

5,.5 4 .5

8.0I
I

5. 5

4.0

9'.,0

8.0

12.5

7.5
7~0
8.0

:

15.0

3 I 4

--31J I 40' ----

~,,5.5 .22.5

21.0 I 17.5

5.5

4.5

~'.2 "

20

24.0

20.0

13'.0

10.2

I 1'1.0
j

I 2

5.8

6.0

10

1

27.0

n.5

34.0

13.5

12.0

11.8

11.5

8.0B.0

2"5',,0 ' , 20.,0

8

4

11.,
2

8

,22

pH

i- -------1'''--,',-',' -"'T-------r--' -- ! ---' -' --:
, ,Jar No. ~

1 1.. 2 -T ,3 ,,~,_' ,_4_,_+_~5~'--f,~~F~,~-t
K1UT Dihg8 l~- i -;; 1-30---; 40 60 1_, I

;: j' : ::::1-:-:-: ~ I ::L-:I '::: '::: 1
_i~.i I I
rlw,2 9.0 8.0
" E 'O'-r-l
EI-

.:-) "::
':' :J
. j 'rl
U _U

',I C
_.0 III

:-1 -j.,,)

:J Gl
f-,O

Jar Nb.

Cclour

89

''-i,BlE 4.14 Ri\lE OF Cl,',RIFlC, TWN OF 51\MPLENO.5P.3,BY CO[lGUU\ttON

SEDIMENThTIDN WITH V~RIOU5 ALUM DOS[lSE.

T!;lJLE 4. IS RtHE OF _C_U~IF.lC;!\T ION OF 5i,M.F'lcE NO. 5P-lj BY _cn!\GUJJ\T,V'i~'

5ED :~1ENT,\TICjN \~nH V/\RIOU5 i,lUM Dl'l5-/\GE.-_ ...._. ---- --_"_~"_K~ _. '_''_'~

>,c
-:} 0
.,....j • .,

-'J .p
'r! C
D W I 20 5.5

"_~,~J ~ _
, pH __ ~

1 __ ~_010~_~ __

_;-l U)
i ';- .~

:0 _C:

I -,\ c,um D'08ag 8

i--,-:-lillgLli

I 0 1.
, ~ 4

I
t
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23.0 22.0 17.0 14.0 10.0 10.0
8.2 8.0 7.8 7.7 7.7 7.6 I-,

75.0 60.0 50.0 45.0 I 45.0 40.0 I
, . I

'~

,.
I

. ". ,~. .. . . ,>,
"

j

I
,1 ! 20.5 17,.5 14.0, 10.0 7.5OJ

E
M 2 16,0 12.5 9.0 , 6.0 4.0
c

I I0 4 I 13.5 10.5 7.5 5.0 3.5M I
~I 8 12.8 10.0 7.1 I 4 .[ i J.5

IOJ 24 12.0 7.0 ' 4.6 ! 3.59.8
-
pH 7.9 7.8 7.5 7.4 7.2

-f
--
-olour 40.0 35.0 30.0 25.0 20.0,,

pH
Colour

TABLE 4,17 RATe OF CLARIFICATION OFc5AMPLE NO.RL-2 BY COAGULATION-..,.,----~-_._-_._-------~-~~~~~-~---~~-=-~~
5EUIM~NTATION WITH VARIOUS ALUM DOSAGE.

-<
"-

D-"
Ef-
>,

-I-'
'rl '
-0-1-'
'rl
J:l

~ -I-' I
f-e>

'---jar No. -, 1 1'--2--- 3 ---r--T hi 5 I 6 1
I ' I

Alum D;sage lu I-;;------~--;;-------:;-;-- 601BO i
--~~ ~)-_..-t---6~~+60.0 -;5:-0.- 3~~ 40.0 33,0-1
i] I It 48.0 44.0 42.0 34.0 28.0 20.0 I
;::;-m I 4 .31.0 27.0 24.0 19.0 13.0 11.0

;~ I : :::: :::: :::: I :::: :::: :::: ii'

~ ~ 120 23.0 22.0 18.0 14.0 10.0 10.0
~ ~ 124

TABLE 4.16 £.1JlTEOF CLARIFICATImrOF.SM1PLE ND. RL-l BY COAGULATION
" " '3ED Ltl.0iT.£I} !0N \vIT_~..V\ RI'Du S AUH1 DoSP,GE .

'-"cC:--:-Ja~~-'-.r-c-l""'~r~-' ---1"';-- -T-4-'- 'T-5--1--
6
- -'-';

I "om D'""B"~-10 -.--.12oj30-~0 I 60 " ~ -----1
-- ....(:ru1_) --r--'-'-1! I-----t--' -1 1
,~,;:i,+ I 33.0 , 30.0 I 27.5 I 22.5 I 15.0 I !

OJ • I' I I '
;::' U1' '27 0 24 0 I 2' l 15 0 10 0 ' !
iU.c
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9i

-'I60

• 3' •.7'

2 •.1

2.5
2.3

'2' ..0' I
, .' I.

5.d
:3.5

3,2

3.i
3.0

48

6.6

3.3

3.8

3.7

3. i
i

, 4....8'

4: .,5',

: 3'.,0'

oj •••••••• _","

4'.0

, 3.,2

l 4d

4 0

3' ..6

4.8

3d

4.5

8.0

4.8

6,0

4.2

I 4.2

"

4.8

6.0

4:•.0

5.8

6.5

6.2

10.0

10

1.S
7.3
7.3

9.5

9.8

13.5

10.5

13.7

12.0

1[1.[1

i ------!-' --
10 20

"

EFJ:.llTOF, CO/iGULMT DOSAGtAi\lD DETENTION t~t11
UPON RESiDUAL rLJRBIDltyDf.SAMPLE NO,. BR~L

hrs. I 8.5 17.3
hrs~_L_ 7.8 L3
hrs

2 hrs.,

1 hr.

j ~,
I 8

124
I
L,

[fFEEl' Of G:IJAGU'LANT DOSAGE Min DETENT HJN liIMt:._---.- - - - .... -." ...__ .. -.- -- "'--"," -- ""'-.

p_PDN iiE S: DUAllURB In,In OF ,SAMPLlc, NO • B'R "',f,.,

''-!ISLE 4.18

I Coagulant
I Dosage (mg/l)

"

" ~'--~~
{: - {:.I III 0 1 nr.
rl 0;;.~ I 2 hrs,E+,
>,c 4 hrs.

+, 0
or-! '.-1
<J +' 8 hrs.,
'rl c

I 2 ~,~~_,~,rs~__,__ ~ 3. , 5.5

,
I :...)C
... ') 0

j- '.", ..,

I ',;'+'
'rl: C
..0 ill
;4 +'
:J QJ
f-Cl



TilBlE 4..20 EFFECt OF cO/\GULANT DoSI\GE AND DETENTION TIMf
UPON RESIDUAL TURBIDITY OF SAMPLE NO.~R~2.

I~~~gulunt
~

l . i -l _._-
i

~
20 30 40 6dI_DO~uge (ITFg/l)

,
H
OJ 1 hr. 21.5 i6.o 12,0 9,0 6;5+'"-"-m 0 2 hrs. 15.0 11.3 1.5 5.0 3.5-r-i OJ
'E

4 hrs. 12.0 9.5 6.1. 4.3 2'.60>"';E+,-;>'c 8 hrs. 10.5 8.5 6.0 3.6 2.6+'0
'rl 'r-!
u+' 24 hrs. 9.0 8.4 5.5 3.2 2;2-.-.I c
-D :IJH+'

I::J OJ
f-Q

TA8LE 4.21 EFFECT OF COATULANT DOSAGE AND DETENTION TIME
UPON RESIDUAL TURBIDITY OF SAMPLE NO ..BR-4.

Coagulant ,

Dosage (mg/l) 10 20 30 40 60
H .

OJ
+' 1 hr. 23.0 16.5 12.5 8.0 5.5"-"-m 0- 2 hrs. 14.5 9.5 6.0 4.5 3.5,.....f [!)
'E
0>""

8.6 5.5 4.5 3.2E+, 4 nrs. 12.0-;>'c+'0 8 'hrs. 11.5 8.5 5.2 3. " 3.0''; 'rlU+'.,....c 24 hrs. 11.0 8.0 5.0 3.0 2.5-D :IJH+'
::J OJ
f-Q



Coagulant I 10 20 30 40 60Dosage mg/1)
Q)

+>
4-,!- 1 hr. 27.0 17.0 12.5 9.0 7.0ill 0- ,o-j OJ 2 hrs .. 20.5 13.0 8.0 5.5 415'-.E
O>'n

IE+>
~ 4 hrs •. 17.0 11.0 7.0 5.1 4.0>,c
+' 0
'r; -.-I 24 hrs. 14.0 , 9.5 6.2 4.0 3.0-eJ+>
-n c
.0 Q)
H+>
::J Q)

If--O

<-

93

~I

/1) I 10 20 30 40 60,

hr. 18.0 12.5 I 9.0 6.2 4.5
hrs. 14.0 9.0 ! 6 .2 4.0 2.5
hrs. 12.0 8.5 5.2 3.3 2.2
hrs. 1l.5 7;5. 5;0 3.2 2.2
hrs . 9.5 6.5 4.5 j.S 2.1

.

- ,-"-_ ...•- -.. ,-_. _.~---_._.._-------_.

2

4

>, c 8+' 0
;'rl 'r-!
-D+'
.n c 24
.0 OJH+'::J Q)

_.~_=...P _

4-4-
!U 0

TABLE 4.22 EFFEGT OF COAGULANT DoS~GE AND DETENTION TIME
UPON RESIDUAL TURBIDITY OF SAMPLE NO. BR~5.

,Coagulant
I_E_O,: ag8 f mg

i _~ 1

TABLE 4,23 lFtECT OF COAGULANT DOSAGE AND DETENTION TIME
UPON RESIDUAL TURBIDITY OF SAMPLE NO ..DR~6.



TABLE 4.25 EFFECT oFtOAGULANT DOSAGE AND DETENTION TIME
UPON RESIDUAL TURBIDITY OF SAMPLE NO. DL-2.

TABLE4.~4 EFFECT OF COAGULANT DOSAG~ AND DETENTION TIME
UPON RESIDUAL TURBIDITY OF SAMPLE NO. DL~l.

9.5 8.0 5.0 3.6 ;> • 5

9.0 7.3 4.2 3.4 2. :3
8.5 6.3 3.6 3 0 2.1
8.0 5.5 3.5 2.5 2.0

_1

-~f--- ---+ -------~--J----------T-----+----Ii 10 20 30 I 40 I 60 I
,

---------- -------- -- - -~-------- ---- I
- .

11.0 10.0 6.5 4.5 3.5

Coo'Julant
Dosa'JB (m'J/1)
H
OJ+> 1 hr.4-4-
I1J 0

o"<f OJ 2 hrs.'E
"01 'r-!
E+> 4 hrs.
»c+> 0 8 hrs.'_r-! -,..,

. "D +>
.r< c
.0 ill 24 hrs.H+>2~

-------- --~Coagulant 20 30Dosage (riig/i) 10 40 60

H
ill 1 hr. 9.5 8.0 6.02 5.2 4.2+>
4-4-
I1J 0~ 2 hrs. 8.8 6.6 5.5 4.7 3.8rl Q]

"-E
OJ'''''' 4 hrs. 8.2 6.0 4.5 4.0 3.5E+>-»c

B hrs. 8.0 5.5 4.0 3.8 3.-5+> 0
.rl 'rl
"D -F>.r< c 24 hrs • 8.0 5.0 4.0 3.8 3.2.D Q)

I IH+>
:i OJf---c:i -
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TABLE 4.27 ErFECTOF COAGULANT D05/1GE liND DETENTION TIME
UPON_RESIDUAL TURBIDITY OF 5,;MPLE NO. SP-2.

6.5 4.5 3.5
5.1J 4.0 2.5

4.8 4 fJ 2.5
4 .5 4.0 2.5

I
1

_I

8.5

6.5

5.9
5.57.5

9.0

13.5

11. 0

2 hrs.

4 hrs.

8 hrs.

24 hrs.

TAbLE 4.26 ~FFECT OF COAGULANT DOSAGE AND DETENTloN tIME
UPON Rt'SJDUiiLiURB IDITYQF. SAr~FLE NO. 5f'-1.

r-~-:::;r-(-~-g~1)---I-._.-._~-_d.=---' 1.__-;~._-i~_---_1----~.~--T~ ;---1
'+> - 1 hr. 18.5 14.5 12.5 9 5 6.5':;; I

- '<-...,0

"(J>illE E
_'M
>'+>
+>
'M C
"D 0
or; or;
Ll-l-'
l-I C
:J ill

,_f- Cl

I 1- ---- iCoagulant 5 10 20 30 40 60Dosag e ( mg /1)

l-I
GJ 1 hr. 14.0 11.'0 7.0 6.0 4.5 3.0 ,+>

I'<-'<-
ITJ 0 2 hrs. 12.6 9.5 6.1 5.2 3.1 , 2.4-..., ill

i I"EI (J>'M 4 hrs. 12.3 9.0 6.0 5.0 3.5 2.2

I
E+> , ,

I ->,c ,8hrs. 1l.5 8.5 5.9 4.'8 3.4 2.0+> 0 ,
°rl -" ,

I"D+> 24 hrs. 11.D 8.5 5.8 4.8 3_.4 2.0'M C

j
Ll ill ,
l-I+>

'I
:J ill

If-Cl ,
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5.0

4.51
4.6

5.5

6.5

5.6

L
7.0

9.0
7.5

__~O . _1470
15.0 i 12.5 I 10.B

11.3 , B.5 I 6.5

20

IB.7
14.0,

11.0 i

10. 0 :,:

9.2
I

---.l

5.B
5.5

6.0

10

22.7
17.5

11.5

13.5
11. B

----_.---;--

4 hrs.

B hrs.

1.hr.

!~ hI'S.

2 hrs.

8 hrs.

24 hrs.

24 hrs.

><
m
+''+-'+-
m 0

.-< OJ'E(J'l"rl
E+'
»<:
+' 0
. .-1 "rl
Cl+,
'rl <:
.0 ill><+'
:J OJ

TABLE 4.2B ~FFECT OF COAGULANT DOSAGE AND DETENTION TIME

UPON RESIDUAL TURBIDITY OF SAMPLE NO. 5P-3.

TABLE 4.29 EFfEct .or. t.QI\GuuNtboSIlGE (\NDDE:TENT ION TIME

UF'or,. REsIOU"L TURE IDIlY OF SA~lPLENO.slo-4.
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1
3.5

60

7;5

3.5

3,5

4.0

-----I

7.0 4.69.8

TABLE 4.30 EFFfct Of. COkGULkNTDOSAGEAND,DETENTION TIME

UPON RESIDUAL TURBIDITY OF SAMPLENO. RL~l.

p~:-~-~-;a-T.~-;,-gl--~)---,-~-t---~~~---1-----2_0~.--~r--;~---~I 40 -

OJ I I I
;::: 4- I 1 hr. I' 20. 5 17. 5 I 14 . 0 10 •U
'"0
,.., m 2 h rs. I 16.0 12 . 5 9 . 0 6.0
'E
0' .•..•

;.~ ,1 hr s" I 13 . 5 10 . 5 7. 5 5 . 0

....•....• 8 hr s • 12 • 5 10 . 0 7. 1 4 . fl
LJ+,
••..• C
.0 OJ 24 hr s . 12 . 0H+'
:J OJ

TABLE 4.31 EFFECT OF CO,;G'UU\Nt DOSAGEt\ND.DEIENTIONTIME.

UPON RESIDUkL TURaIDITYO~ SAMPLE NO. R~-2.

~-' -----" i I ICoagulant 10 I 20 30 40 60 80Dosage (mg/1) !H I I iOJ

!+' I4-4- 1 hr. 56 .0 50.0 46.0 35.0 33.0 24.5iD 0 ! ,-
I

.....; m , 2 hrs. 43.0 39,0 I 36.0 32.0 19.0 13.5'E !0' .•..• . ..
E+' I 4 hrs. 31.0 27.0 24.0 19.0 12.5 . 11,"0 I- I>,c
+' 0
'r-! . ..-1 8 hrs. 25.0 23.0 20.0 14.0 I 11.0 10.0lJ+'
••..• C
.0 OJ 24 hrs. I 23.0 22,0 17.0 14.0 10.0 10,0H+' I:J OJ !
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HBLE 4.32 CO\GLJLANT REQUIRED TO f'lC'lLJCE TUf'RIDITY TC TijE Mr\X~

PERM ISS IBLE CoNCE NTR111 Ior~. OF 5 .. mQ/1.

26.5
:34.0

20. j

23.0

_ .•.-

23.0

21.0

44.0

13.0

37.0

29.5

26.0

38.0

24.0

26.0

25.0

18.0

49.0

39.0

41.0

32.0

27.0

30.0

24.0

27.0

30.0

60.0

41.0

36.0

30.0

30.0

46.0

38.0

38.0

32.0

46.0

38.0

56.0

46.0

35.0

_ •....••.

20

34

85
45

20

25
32

95

44
45

58

38

24

58

97

48

25
22
48

95

DL-2

DL-l

BR-'5

BR-6

5P-2

5P-3

5P-4

5P-1

RL-2
RL-l

-- ------------------r---- ...---- .. --_ ..__ ..

1

5ampIG Turbi9_ity(mg!!J a..!'-J Coagulant rGquired to reduce turbidity
I No. COllectihrs detnr-:f0 5 ~g/.1__."2:...tera d8t8nL.on time ofr~~-lr-~~---r-~~ -l~~::l:9::". I : 6::~. :4::". 22.;""
BR-2 I 26 20 36 • 0 1 22. 0 I 19. 5 11. 0 14 • 0

:;~::; :: 64.0 :::: I:::: ;::: ::::



99
.--~-

TABLE 4.33 Coi\GULf\NTREOU IRED TO REDUCE TO THE M!\XlMUI4PER~1I_SSIGL~
CONCENTRATION OF~O mg/lINDfFFERENT DETENTION TIME

-I Sample
--

Turb idity (m 11) "t Coagulant required to re~uC8 turbidity-No. tims-of 2 h-rs detn to 10 me/l "fter a detention time of
Collection Time 2 hrs. 4 hrs. I1 hr. 8 hrs.24 hr

BR-l 40 30 20.0 11.0 9.5 9.0 7.5
BR-2 26 20 I 8.0 7.0 5.0 4.0 3.0

I
BR-3_ 87 65 36.0 22.0 18.0 14.0 10.0

- IBR-4 67 55 I 33.0 19.0 17.11 14.0 13.0,
BR-5 58 45 I 27.5 17.0 15.0 13.0 10.0I
BR-6 97 85 I 40.0 26.0 22.0 20.0 IE] .-[

IBL-l 58 34 15.0 I 9.0 7.0 6.0 4.0
DL-2 24 20 9.0 I 7.0 6.0 5.0 4.0 I
SP-l 38 I 32 37.0 17.0 12.0 8.0 4.0

-SP-2 25 25 12.0 9.0 8.0 7.0 6.0
iSP-3 22 20 38.0 9.0 ,--- ..•....-- .... _-
ISP-4 48 44 --- 33.0 23.0 18.0 15.0 I

I 27.0 22.0 20.0 18.0 I
RL-l 48 45 I 40.0

\RL-2 95 95 66.0 60.0i --- --';";;" -'-- I
-
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TilBlE 4 .34COiIGIJUINT REQUII1ED TO Rt'DU[E COLOUR TO THE MAXIMUM

PERMISSIBLE CONCENTRATIONS.

I Initial colour ~.!:'Cl~u'lilntI Jguired reduce colourjSample to to
No. (mg/l) 20 mglIl 15 mg/l T 10 mgll

. i

BR-l 25.0 17.0 I 29.0 I 48.0I I

I
,

IBR-2 20.0 10.0 I 20.0 40.0.

IBR~3 I 50.•n 37.0 50.0 72 .0
I

_ .. I
BR-4 I 35.0 29.0 40.0 60.0I II BR-5 I 24.0 36.0 54.030 •.0

I BR-6 65.n 45.0 60.0 ..•.--
I Dl-l 30 •.0 27.0 I 40.0 , 60.0
I II II Dl-2 55•.0 40.0 , 60.•0 ---I I

SP-l 35.0 27.0 I 38.0 ---

5P-'2 30.0 25.0 40.0 60,0 I
SP-3 25.0 15.0 30.0 40.0

SP-4 30.0 20.0 I 35.0 50.0
Rl..,l 50.0 60.0 I --- --- II I
Rl-2 100.0 --- --- ---
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TABLE 4.35 RE.5IDlJAL CHLORINE FOR R/\N ._vl\TER,T.R.U,TED vi/lTER,/iND

D1sT ILtD lvli TEfl.

I

I
Ir
I
I,

0.20

0.9e;

0.30

0.10

1.90

1.40

1. 50

0.42

0.6[,

1.10

0.55

0.65

0.75

2.50

0.25

0.02
0.05
0.10

2.90

0.60

8.67

. 0.35

0.52
0.55
0.60

0.40
0.45
0.50

0.17
0.20
0" L i

o .lD
0.15
0.15

1.00
1.20
1.30

0.27
::1.30
0.35

0.77
0.80
0.85

0.65
0.70
0.75

0.02
0.02
0.85

1. 50
1. 75
1,90

2.50
2.80
2.75

1. 50
1.70
1. 75

2.50
2.75
2.75

Loo
1.20
1.40

0.60
0.65 I0.70

I
I
I
i
I
I

0.35
0.40
0.45

0.10
0.15
0.15

0.12
D.75
0.8D

0.15
0.17
0.20

0.50
0.50
0.55

0.22
0.25
0.30

0.00
0.02
0.05

0.00
0.00
0.02

1, 50
1. 60
1. 75

0.90
1.b5
1.30

2.50
2.75
2.80

0.20
0.22
0.25

0.05
0.10
0.15

0.45
0.45
0.50

0.55
0.60
0.65

0.30
0.35
0.40

0.22
0.22

"j 0025

0.67
I 0.70
I 0,.75
I

I

I
I
I
I

0.27
G.30
0.27

0.50
0.52
0.60

0;35
0.40
0.45

D.85
1.00
1.25

0.25
0.28
0.30

0.60
0.68
0.70

0.30
0.32
0.35

0.22
[L 25
0.25

0.35
0.33
0.30

0.80
0.84
0.88

0.44
0.48
0.52

0.56
0.60
0.64

0.30 i
0,3f1 '
0.32 I
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