.. Classification of Impurities >=\ 25 |
$r ‘ ’ 7 @z—'@’(:/ c?(’ /L"'(>" &

sencge:

~ Impurities in water may be classified according to the source of origin and form of pre

- Type and Origin:
(i) Inorganic and mineral origin (ii) Organic origin (i) Living impurities (iv) Radioactive impurities.

f-orm of Presence:
(n; Suspanded (b) Colloidal Suspension (c) Dissolved impurities  including Dissolved Gasses.

(i) Inorganic (i) Organic (i) _Living
?fah}-—gg_s_usgension: Silt, clay Fats/ oils, leaves, wastes, Algae, fungi etc.
(1) - o:ganic coloring materials
- () In Colloidal Susp: Silica, alumina, iron Decqmposable Baciznia, virussas eic
(110 -107 p) iron oxidized etc. organic matter \
(c)In Solution: Many organic maiter like organic acid, pesticides etc. remain in solution.
(<107 u ) Most of the inorganic minarals remain in° solution as dissociated cation

and anion. Moreover, dissolved gases like 0,, C0O,, H,S ,NH; aiso common.
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WATEI. _QUALITY _STAND,

Constitiients/ WHO Guids ‘muu/m/”‘;l’r 47, /ér?

Clighacteristics Line Value Ltaniar s . LEE
jihd valije 5 6:4.5 TR &
tuthidity (ML) b 18]
Calog (TEL) 15 6
Hardness (as Cato,) 500 200-601
lran mg/l 0.3 0.8=1V
Manganese mg/l 0.4* 01
Chlaride — ma/l 250 160 - 600
Sulfate mg/l 260 400
Odar (TON) - d
TDS my/| 1000 1000
Fluoride — mg/l 0.6-1.5 1
Nitrate-N  mg/l 50 10
LLead mg/l 0.01 0.05
Mercury  mg/l 0.071 0.001
., Arsenic  mg/l .01 0.05
X Sodium mg/l 200 200
g & T.Coliform CFU/100mlI 0 0
" F.Coliform CFU/100ml 0 0
3 * Health Risk Guide Line Value
: ‘fﬁ@“
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MICROBIOL oty W H
OGICAL QUALITY OF WATER: * @) Iﬂu;?:{)pt,jmlm ke = LAL (ﬁt
Many Bacteria are found in water. Most of them are of no sanitary significance, 5(;' rict

some are. indicator of pollution but are harmless:; others, few in numbers, are
pv‘?-‘th"ge”'c (produce diseases).

N {bhf—”“éntlses are parasitic agents smaller in size than Bacteria, requiring a particular

5 stcell which serves as a source of raw material for viral reproduction. # i Calliclas

Microscopic organisms other than Bacteria and Virus e.g Algae, Fungi, Protozoa,
Worms etc. often have undesirable effects upon water. Some of them produce .

o QY color, taste, earthy and fishy odors in water.

ﬁﬁ%ﬁ”ﬂ 'ﬂ‘i The most common and widespread danger associated with domestic water is
s W7 07 contamination, either directly or indirectly, by sewage, by other wastes, or by
human or animal excrement. Such contamination of water may introduce a variety

Wy, &4 : ; .
Al . of intestinal pathogens. These include: @
g J‘\ ~ (i) Bacteria causing typhoid fever Salmonella Typhi; bacillery dysentery Shigella,=
: v cholera Vibrio Cholerae= anstar zar s il
g wdoe TGy Viruses causing infectio%sJ hepatitis; poliomyelitis and gastroenteritis, "~ “u '3:“2 ]
won o e (jiiy Protozoa causing amoebic dysentery E.Histolytica etc. AT 3T B BT
£, m.f)r(or,o,ucl mA
e .
56, bectorua

| g The use of such water may result further cases of infection. Ground waters

r normally do not contain any Bacleria since the effect of filtration, unfavorable
anvironment and time will eliminate most of them. Soils or aquifers having holes
cracks or crevices may allow contaminated water to enter wells or springs.

Surface waters o y contain many Bactetia. .
Surface watefs ustally co / T e el one Uik

@ S A
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Itis impractic itor drinki ible microbia

able to monitor drinking water for every possS! .
ﬁathogen that might occur with const;amination. A more logical approach is
the detection of organisms normally present in the faeces of man as
Indicators of excremental pollution.

The C%@E%L_Dl_%%;q%p,(speciﬁcally Escherichia Coli) normally inhabits the
Intestinal track of man and other warm blooded animal and is excreted in
Iarlc];ie number (500 million per gram. In a ratio of 1 typhoid organism to 1

mi on coliform) with the faeces. Itis considered non pathogenic but may
cause infections of the genito urinary tract.

The presence of such organisms indicates the presence of faecal material,
and thus that intestinal pathogens could be present. Conversely the
absence of faecal commensal organisms indicates that pathogens are
probably also absent. Thus the coliform group is of great importance in the

microbiological quality analysis of water and includes a number of e
organisms. B

-3¢

-

- Some coliform species Aerobacter Aerogenes and Aerobacter Cloaceas
are normnally found on plant, soil and as well as in the faeces are termed as
"total coliform"(including Escherichia Coli) which ferment lactose o
37°c with the production of acid, gas and aldehyde within : f ol i

- Escherichia Coli which is exclusively of faecal origin is kne
Coliform" tolerate and grow at the higher selective' temp
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Metnods of Analysis:w—
TWo basic mathe i
bacteria in W(;tg?s _S have been developed for the detection of indicator

1) Multiple Tuhe Method (MPN) —

Differ '
ent amount of Water are added to tubes containing a suitable

cul i - '
tentjurgrn:(ledla (lactose broth). After a specified incubation time at a given
Perature each type showing gas formation is regarded as’

Présumptive positiye' and indicates the possible presence of coliforms.
ositive reaction, the most probable .

.From the number of typ '
es with p
number (MPN) of ria ' iqi er sample can then
statistically e resent in the original water samp

¥Z) Membrane Filter Technique (MF) - Colowy Foraming Uit (¢FV) pordoDml -

In contrast to the MPN method, the membrane-filter method gives a
direct count of the total coliforms and faecal coliforms. The method is
based on the filtration of a known volume of water through a membrane
filter (pore dia =0.45um). The bacteria are retained on the surface of the
filter wRich is incubated with a culture media at a selective temperature

for specific period of time. Colonies of coliforms develop on the filter can
= S0 filton I Bocteornia

be counted directly. B et g

® srecial fiten M,_.,y\Lr(m?quulose,‘ , l i % £ N
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R"" dioactive Materials and Organic Contaminanis
- | | i YT .o : ) g ‘4(‘“'_ 4 aleo ml( rn‘h‘u\‘l{((«.,(
in_Water Supplies > % @l

lo ,11'.""”.(". k2l vh,l\\('r‘s‘l_

winler hodier,

Radioactive Materials- are introduced into the environment from &
number of sources; naturally occurring and man-made.

The naturally occurring sources include those substances producedby
cosmic rays which may find their way to water courses with rainfall and run
off and those present in the rocks and soil.

The man-made radionuclides are those resulting from fall out_from nuclear
tests, nuclear power production, and medical and other uses of radioactive
materials. Various body tissues have different sensivities to radiation
exposure. The detrimental health effects of exposure to radiation are either
"Somatic” i.e. those that become manifest in the exposed individual or
"Hereditary" i.e., those that affect the individuals descendants.

. The recommended Guide Line Values are»_O,.;IﬁBqllitca.fOI;ng%alla‘l1a_
| activity and 1bg/litre for gross beta activity, Bq= becquerel [the T unit of
| Tadionuclide activity]; 1 becquerelis équivalent to

1 spontaneous nuclear transformation per second and corresponds

approximately to 27 picocuries.

Ordanic Contaminants- both naturally occurring & artificial Orgahicsivv(lik"e‘riﬂ e
“pesticides) are found in water. The former may be associated with color, '+ o
taste or odor while the latter in some cases may be toxic or carcinogenic. -
. The organic materials in water may be altered by treatment procéss A
which some time make them more dangerous (like trihalomethanes). biny
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'{ﬁm-{oa I»QO j fe, _ﬂ,\/’l) Wﬁ Draso ﬂ(ﬂD a@ fm’ mhfti"ﬂb\a
{ ¢ 4\0!101&1‘\3 Q iﬂC*O{LO&. 5.,{;()0“. Sermt. R P 1""“‘ {;6,. fonamﬁ\‘, G
Opoukion o doe g ST ) ,
Ml eal preocHr hue. ¢edirunlation s i
W e » W we Bd stondesds
Constituert /ATER QUALITY STANDARDS [
: ents WHO Guide % -Bangladesh p ' Fo. WA b
Characteristics Line Value ’}Iygyéandards.ECR,Q7 Suppose, MO~ A Fe, n/b!
H ey vy e GING ' I T4 Qr(,od.b& :
P value 6.5-8.5 6.5-8.5 :
Turbidity  (NTU) 5 10 forna 70 2@ A
Color (TCL) 15 15 UWFHASNT 9“”\“"" ?%(1
‘Hardness (as CaCO,) 500 200-500 o CUX WA preocos
S mg/l 0.3 ©03-10 ' > <A
Mangansee: M/t 0.4* 0.1 u”imﬁ e
Chloride  mg/! 250 150-600 1, i care
Sulfate mg/! 250 400 ’
Odor (TON) - :
DS mal/l 1000 1000
Fluoride mg/l 0.6-1.5 1
Nitrate-N - mg/l 50 10
Lead mg/l 0.01 0.05
Mercury  mgl/l 0.001 0.001
Arsenic maq/l 0.01 0.05
Sodium ~ mg/l 200 200
__T.Coliform CFU/100ml 0 0
__E Coliform CFU/100m! 0 0

*'H1ealth Risk Guide Line Value
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The vertical settling velocity of a particle in an aqueous system gStoke s law),
vorsodle - =1 %o diamutor o Heo pachicdos 15 Hhe watn arrhu\ou“mn

glpp,-p,)dp

P = *pls—ﬂ—ﬂf Therefore, is a mainly a function of diameter of particies.
: MLF[ settling velogty. ) Q - q \'
q Lo cﬁ,m{.clp ’-g‘motso (rhe mtrlz)o ;alc\i"clocity _of flowl'é Vi = BH Therefore, is mainly a function of size )
geometry) or sedimentation tank: — . o

vl Raoman T2 T fean ek
- ! . Bk 1 n D

VJ,\, PHRY S0 Woppg par “C]L is to be removed, its setthr@ vclocity and horlzontal velocity must be such thai E
wnowase,  their resultant will carry it to. ‘the Bottom of the basin before the outlet zone is reached, i.c. 1

i lur
: T Gk vt ing the detention time (1) of‘the_\\at.erm the }an VvV = H_ HQ _ Q
: gt So it may be said that the critical settlma velocity must be, = — o . HL i
ioru’—htai_ 5cﬂ'h-g ‘O—L“*"‘&— b
g which is numerically equal to the rate of flow (in m¥/day) dyided by plan area (in 174‘4‘3 Ry v
| 9wt dave to dilecol the basin, i.c. Surface Over Flow ?{alf.(S(?l'(). Veer 37 & &Imamm _}h{_,
g aphnairn Ao l)c!cnnmn/l'rm'cl l?lmc=t > QMMVAL\W
Sy )‘\‘_,"*‘._:':._—:__—_"—‘ e R '——(" s trliwg donde

Qe . = Bal WL — el ? \5 o\:{:mc\“rg-\
vV o [ o /v  swvfacr o

¢ S~o . : Pyopsiee
Inlet S —> Outlet . ) o ' mdy
Zone | Heightof Fall=H  ~>~__ Zone B 5 Width Zpudan
Kl l i - / o
) RO n;,,,n- 3773 :~ :~, i g
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Surfuce Over flow Rate (SOR) ¥ 0
Which physically represents the settling velocity of the slowest settling particles that
are 100% removed. Those particles which settle at velocities equal to or greater than
the surface overflow rate will be entirely removed, while those setde at fower velocities will be
removed in direct proportional to the ratio of their settling velocity to Ves, assuming they are unttormly
distributed upon the entering the basin.
~Smaller the SOR, greater is the removal of suspended particles i,¢, fora sy ch Q, the
orcater the surface area (BL), the smaller will be SOR, the smaller the particles removed with
S0t the constderation o the depth, Actratty; ve focity of seting 15 not so simple, it depends upon a

aumber of factors as mentioned below, however SOR is an important factor. From SOR and detention
. - . " o N
time, t, plan area and volume are calculated. To increa lan area " employed.

Effect of Surface Over Ilow Rate (Increased Surtace Area)

(a)

bt

o F

-
B= Bread(h

& ————— L=Length ——————=> 4

Single Storied Sedimentation Tank
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Horizontal Rail Holder
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Tube Settler 5
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[Tty ';)u-;."s those Influence Plaj Sedimentati
- 5’1.7.0, s{mpc and weight of the particles,

- \ IScosity and temperature of water,

*  Surface over flow rate (SOR = Q/BL i.c. surface area and flow ratc).

. Inlet and outlet arrangements,

*  Detention period (t=V/Q) and flowing through period (actual time of flow),

- Effective depth of settling basin (3 m — 5 m)

Tvpes of Sedimentation Tank: %
1. Rectangular, 2. Circular (Vertical flow & Horizontal flow type)

Design Datas—Depth : 3 to 5 meters.
Rectangular Tank- L:W =4:1 (W =10 m is common). .

Circular tank = (max. 60 m dia). SOR = 450 to 800 litres/hr/m- !
SOR = 900 to 1200 litres/hr/m? (Sedimentation with Coagulation-Flocculation).
Detention time, t = 1 to 10 hrs. VV,, (max) = 15 cm/min.

- To remove color, odor and other organic matter,

wlmw during detention ' :
- To control the growth of algae during dete ‘
] + Post Joruonachion = j‘U"L P‘Kf"" mvgﬁ
Prc—Chlorination_J m =

.~ River I Plain Flocculation
Water - Sedimentation (Mixing)

7

ddnlorconation & fost C‘M’_ rcmption L

%:/Dshvgw‘v el pre-
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oS o portion of the suspended particles | e o
f h_) that their removal particles in water are sufficiently small (< 50
surface over f1 oval ina sedimentation t@nk is impossible at reasonable
The object; 0w rates and detention time
; Objective of : ' :

particles Ofcolorcaa%t}g}“on and subsequent flocculation is to turn the smaller
size) either as re,(;'”')'l ity and bacteria into larger flocs (increased effective
velocity precipitates or suspended particles to increasc their settling

~, -
‘A\.@,c,w L— f\' C=d ! Fapule &7

sz’“b’[”l’ O'fColloids::‘/'AlL wlon pantels are —ve changed.-
The colloidal particles in natural water are stable because of their surface
charge (usually -ve). The stationary charged layer on the surface is surrounded
by a bound layer of water in which ions of opposite charge (counter ion, 1,C.

+ ve) drawn from the bulk solution with greater concentration in the vicinity.

This arrangement produces a net charge that is strongest at the bound layer and
nce from the colloid. When two colloids

decreases exponentially with dista _
come in close proximity there are two forces acting on them.

f(ﬁlectrostatic Repulsion An electrostatic potential is created by the counter
‘ons surrounding each colloid. As two similarly charged particles approach
leres begin to interfere and cause

cach other, their diffuse countér-ion atmosp

the particles to be repulsed
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Aii) The Vander Waals' forces of Attraction; molecalon i

The second force, an attractive force called the Vander Waals force, support
contact. This force is inversely proportional to the sixth power of the
distance between the particles and also decays exponentially with distance.
It decreases more rapidly.than electrostatic potential, but is a stronger
force at close distances.

The sum of the two forces as they relate to one colloid in close proximity
to another is repulsive at greater distances and becomes attractive only after
passing through a maximum net repulsive force, called the 'energy barrier'
at some distance between colloids. Once the force becomes attractive,
contact between the particles takes place.

Destabilization of Colloids: «

M‘&”’(Monic Layer Compression The quantity of ions in the water

1= surrounding a colloid has an effect on the decay function of the electrostatic

potential. A high ionic concentration compresses the layers composed
predominantly of counter ions toward the surface of the colloid. If this
layer is sufficiently compressed, then the Vander Waals force will be -
predominant across the entire area of influence, so that the net force
attractive and no energy barriers will exist, | R
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THEORY OF FILTRATION (
& Whet do Jou mean by -\'&mﬂa ija\hu:\im? o e ?Mﬁgm
{(f1Mechanical Straining-the straining action offered by the sand bed
removes the particles of suspended matter that are two large to
pass through the interstices between the sand grains, which are
also reduce in size with time.

MFlocculation, Sedimentation and Adsorption- converging flow
across the interstices, increases the probability of contact
between the small particles to form flocs (Flocculation).

The interstices between the sand grains act as a minute
sedimentation basin in which the suspended particles, colloids,
‘bacteria settle upon the sides of the sand grains and )

adherelsorp’uon because of the presence of gelatinous coating .

(blologlcal slimes of SSF or coagulant floc layer of RSF) on fllter
media.
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' 0"1‘3 Poctri ac & Vi eon be rumoved
ly s procens
Theory of Slow Sand Filter Bed Filtration ™=
(Flocculation, Sedimentation, Adsorption & Biological Metabolism)

6 aU—
, . 0! Y
I\ Vg !'U‘! g(\*";\j{ 5 :
\Pﬁk . Interception/Adsorption of colloidal
Converging Flow w';‘;,LL’\'B r;ir) Bacteria on Biological sIm?e on top
; 25-50 mm of sand bed during flow

(Fl'occulation) 1 At

Biological Slime called
"§chmutzdecke”
(Interception /Adsorption)

" pore Interstices

l (Sedimentation) |
' %NS‘HN@ Wl bt ssF X RSF
' : : “ﬂ bm& i
Q‘:a?/pﬁx‘m] lossen C[N"ZV el ﬁtaa H% (‘wdm _ggf 4 g
- it A oy ooHve lad oy v forums, Bio- | 1* [

L) e ,; qul ey~ “lgien o | 4

7 = 2. Horwashy

4BF RsF L
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~Types of Filter and Characteristic Ditferencese ks
" woﬂ‘\*ﬂ LoV
P W Hhis f'{cuﬂ
Characteristics SLOW SAND FILTER RAPID SAND FILTER UF ROUGHING FLLLL h

«  Suitability Turbidity <30 NTU)  Turbidity > 50 NTU Turbidity 30-130 NTU ,Mﬁ
» Pre-treatment UREF/P. Sediment. Coag., Floc. & Sed. Not required/DRE oy
< Rare of filtration : < 0.2 -0.4 m/h 5-10 m/h 1-2m/h o
«  Ripening 0.25day -30days 5 -10 minutes 3-10 days
» Dy : 0.1-0.3 mm 0.45-0.55mm 5-8mm
- U (Coef)»~o1 .., 2.—» 1 2-1.7 1.7 -2.5
o Thickness "7 Lt‘"ii m - l 4 m ('l \l\) S03mto>1.0m (MCS) 0.6 -1.0 m (Gravel)
«  Under drain: Slotted pipe grid i Gravel & Perf.Tiles Perforated RCC slab
< (Cleaning Surface Seraping o, ., Back washing=~ 2L Flushing drain out -« {we 4
«  Filter run 41 - 60 days ot w2 1 - 3 days ‘.t‘.L.,L‘ 21-28 d;\;: o M 8
- drea : Large in size _fl¥my § nmll in size |- o “a-Moderate in size

\ i«, R '

i U
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General Features of the Slow Sand Filtratio

v —

Pot Chlorinator

[BP Solution]
SSF | SSF | g

e
=
(¢
W
\J}
Y
% l
Y
Y

Wash Out

Gravel Bed Pre-Filter/
Plain Settling Tank

Pump

T

N:l—> Supply Tap
Fine to Medium ; -
- Sand Bed Filter" Wash Out

URF = Jpflna Km%\«‘m% filkor
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Operation Difficulticay

[Y)Negative head and Air binding- When a filter is clean, there is some
slight Toss of head, which increases as clogging occurs. When the
loss of head in top layers becomes greater than the head of water
above the sand, the column of water below acts as a draft tube, and

a partial vacuum results (neg when excessive, allows air
to escaBJe from solution in the water and lodge in the sand (air

binding).

&2’§Mud Accumulation-form a dense mat on the filter surface, which will
break & sink to the gravel during back washing = head. =1, & @fo

(3{Cracking of filter and Jetting-filter grains are pushed away from
walls due to pressure difference (less head loss near wall) and
shrinkage of bed, which may cause uneven rise of wash water and

jetting of water through flow path of least resistance.
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FILTRATION %5 oldot rentment Plant . . inarily give
‘Sedimentation with_or wi oaqulation wﬂl_ﬂa}h(,"éﬂ'?gggrgs the
clear sparkling and bacteriologica ==

use of a filter. L 5
JFiltration is a prOCES_S o‘fI wate(ajrto F;iglgs’%lﬁrno:Jng‘r’\\’g‘%he(\j’vgﬁgltfé%?g
me ion tank is allowe , :
:Swsaedcli?;,egtsajg)lly sand and gravel, and the filtrate Is collected at the

bottom through an underdrainage system. |
The filter media are very efficient in retaining finer and colloidal

particles of clay and silt It also aids in removing color. odor. Iroi
Tvpe of Filler

&% sand Filter (SSF)

. Ege Sand Filter (RSF) LN
. Gapse Media Roughing Filter (Horizontat fow /Up fow) 5o
| Lofin Pawsdes o Afnier, Sndh Eat fsia . §
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DISINFEC TIENN =Y Kalling of- pacthogens

rsintocti e . .

Disiniection olwater s the killing of disease-causing microorganisms that it may contain, while

" Sterilization" is tha tot -
el tl to’v.al destruction and removal of 21l micvocorganisms, which is not
Cessary. 1hc sasireiiyn and removal is brought about in several way.-

Yz 2~ iz T ; .
%ﬁ-’lﬁxﬁ%—%ﬁi?m?}?ﬂﬂmgcm are accustomed to live in the temperatures and conditions
o o e ..11:,5 ol humans and animals. They do not survive well outside the body. Storing
YFRLEr 107 Cltqn.t.zs-:.fi jieriods in open tanks or reservoir prior to treatment can accomplish some
destruction of nuthogens tnrough sedimentation and natural die-ofT of the organism. More

than 309 of the asthogen in water vrill die within 2 days and 0% vrill die by the end of one

wask.
(1} Conventionad Ty nfrzent-Significant pathogens removal also occurs during the conventional-
treziment processes of coagulation, flocculation, sedimentation and filtration. Typical
bacterial and viral reduaction in coagulation- flocculation processes are 60-70% and addition of
a fillration process increases the over all removal to close Lo 99%, -
srdetion Frovess (Sweep fTec) -During coagulation and flocculation processes bacteria are
critrapped in 2 ficc or enmashed by its 'stick’ surface as the flocs setfle at the bottom of the
seitie tank. Rernoval of Gigrdigin coagulation is closely associatéd with removal of turbidity
(65 -2025). Femoval of Repatitis A virus and rotavirus are typically in excess of 90%.
() Seflening Process—Extneme values of pH, either high during soltcning process or low, during
2lurm ¢orzsintlon (3roCEss TAN rovide good baciEria =il rrecipitation ol My (at pH value
around 11.0) enn give coliforma reduction of more than 82.9%,
(e) Destruction by Chemécals through Chlorine, Chlorine cormpounds, Ozone, KMnO, cc.

(c)
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Q. hat oo fou “nean lud. dnd 'ﬁdomc)zu\m?

Chlorination™” (L doire gan so, wed T HoomA with, pocfeck venfildlim.
Chlonne is cheap, relinble and present no preat difficulty in handling and react with waler
according te the (ollowing, aquatien
(1] €}, + 11,0 —» HOCL (Hypochlorous acid) + ITCL. anth it W\’xﬂ cd“"’“\m’
H()(‘L - 11" OCL (Hypochlorite lons). oy el lornyy ,,«1\&'&"‘ b
The chlonne existing in water as Hb(}l‘, Oé‘; and mulo‘t.ulur thonno (pH< 3.0) aro defined as
“free avallable chlonned- HOCI, 1s lhc bQLLQL(h\ulinL.Lmn.mu{ sinco the relative concentration of
the two s species is a function of pll (HOCL predominates betweon 6.0-7,5 and OCIL,
predominates belween 7,5-9.0).

1 The efficiency of disinfection with chlorine 1s affected by pH. Hypochlonte, such as calenun
hypochlonte [Ca(OCL), bleaching powder, 25- 45 % available chlorine] or sodium hypochlorite
|(NaOCL)-laundry bleach, 12-15% available chlorine], act in the same fashion,

NaOCL —» Na* + OCI. , Ca(OCL), -» Ca** + 20CL, OCL + H' » HOCL.

Chlorine is very active cloment and when added to watar as free chlorine will combine with
orpanic and inorganic matter and oxidize. Free available chlorine react with amnmonia and
rxxmng_gw;yo less active oxuhmn;, agcnl than 110(‘14 .md Lhu,r:.
disinfecting efficiency, therefore is considerably reduced,

b g

il
%&

o
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dosbugton c,? cloran &U m&Lci.vH Aubshmees Y gy S

_ Arnmonia

7/ destructioun

"-—\§.

Chlorine
demancd

Chiorine residual

@ Cuxee OF_ (g >mz7

So NHy will ‘comvent mh
“1. aa): .

Breakpoint

Free residual
N~ S

Applied chlorine dosaqge “jﬂpw 23
(g
- "The fo]]nwmg reactions occur in the formation of chloromines (combined available chlorine).
{12 NH; +HOCL -» H,0+NH,CL (Monochloramine, pH > 7. 5)
[2) NH,CI. + HOCL -» H,0+ NHCL, (Dichloramine, pH = 6.5-5. 0)
[3] NH( L, +HOCL - H,0+NCL; (Nitrogen Trichloride pH < 4.4).

Q- WWhad= v Hu advgm;&o.ﬂa I{F DPreale Pomt %d\[pm {'um 27
L)

Combined residual

1. {1, /y!‘(lpr)" et ‘6’}7
A, “r; n)ﬂfr

5, Il/, brp({l?}"
1. 27 rrnr,)[fj,'[l a ‘(rfu‘,
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w D’lb’tﬂfgﬂﬂ‘m ol '
ouyged by the evidence that

The use of combined chlorine as a disinfectant has been enc

Free chlorine contributes to the production of Trihalomethanes THM&s e.q. chloroferm)
with organic matter and that chloromines being less reactive, are less ilkely to create

these compounds

e etween the amount of

»Reducing Agents and Chlorine Demand- of water is the difference b
t residual either free or combined after

Cl added and the amount o orine pr
and NO,) during some designated period.

reacting with reducing agents (H,S, Fe**, Mn*"

H,S + 4CL, + 4H,0 — H,SO, + BHCL

Theory of Disinfection - “"AP‘"H"‘-L"S

(a) Chlorine (free or combined) react with the cellular {wall) materials and rupture it,

(b) destroys the enzymes (E) of bacterial cells and affect energy yielding process,

(c) and possible that it\actually passes through the cell wall to attack intracellular
systems. Efficiency reduced b increased&ﬂ&anw

4o oﬁé\fg'mw E_F E+l—"Complex Bo.eteuo -‘b“'é'“-lf’ ‘\ Sh s

-----
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Bc,cgm_mended Minimum Chlorine Residuals for Bacterial Disinfection:

W ! Free Available (10 mins.contact) Combined Available (60 mins.contact)
60-7.0 0.2 mg/l 1.0 - 1°5mg/l
8.0 0.4 mg/l 1.8 mg/l

Forms of Chlorination:,. — @ Ps¥mgusi et pruchlordnation & pesteklord nation.
(1) Pre Chlonination-is the application of chlorine before any other treatment(suction pipe or

water entering mixing basin)to oxidize excessive organic matter(algac)and reduce load on

what Hoe adm Chlpranatim 7 — pipe Une - 23 onfAz
filters. & ane_ aﬂlﬂu e'j?- oL gip o “TU‘

(i) Post Chlorination-is the application of chlorine after all other treahnent (standard treatment)@ Ozoma )
(ii1) Double Chlorination -is the combination of pre and os-tchlon pI‘OVlde s preater Cun fm‘C«r‘?’

factor of safety. ; pipeliva
(1v) Super Chlonna’non excess amount of chlonne( mg/)is added to destroy taste and :
odorous in ,’mte ation using reducing age

(eulfur dio ' hiosulfate) or through aeration.

L,) Break Point Chlonnatlon the addition of chlorine at the break point (See Fig.).
L,"'a et - bl (20»(\4 CRNJEN s en &\(a)
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B G i st S dubdiandagor of ehlmdnation ovon Huoftun micthods -
é‘ . N o7 :

()HEI Methods: f Disinfecti o
) Ultra-violet rays:

Involves exposure of a film of water upto 120mm for 15 secs to

quartz mercury vapor arc lamps emitting UV’ radiation at a wave Iengih ofm
\@f{ ltrasonic waves: At frequency (20 to 400 kHz) for 2 sec-60 mins.
Metallic ions: Ag, Cu. (L4 =

)';.h, allva Naxe
4 4 Jd

&V)/Heat ‘

Factors Affecting Disinfection:,"/
The rate of kill is often postulated as a first order reac
Nt =N ekt

tion,

where, Nt = number of organisms remaining at time t.

¢mperature, pH, type of organism, type of disinfectant, concentration (C) and contact
time (t) play.important role[Killow C x t

Turbidity producing colloids offer sanctuary to organisms,
from the full action of the disinfeetant. Particu

thus shielding_thgm i A s

-kt
'\Q > Ne

T;w?; Pl dype Oje NP2 kdiilﬂjtec{'mk, '
ok ol Gt (3
Sl et
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[s mJu 0o, ,u;,pmdnﬂ

® én I\Jl\ ‘[y T =2 I S— ‘,,f, Fo. A Hn
¢t
“‘['J f::,m w; l(o %, o~ (mnm"nlaiwﬂ—o'( 'i‘u"“c & f"ﬂ"' ocik

4{1 1.0, Boc’}'mfo & V.nun,n/ Q

\'\"A'lil' RSOF Tl"NlN 3
Hurdness consists pr incipally of Cu L\ \l“ L silts, Chese while not undesirable fer
henith standpoiat, m; 1y make (tlic water l('ss suitable for some non potable uses.

Benelits ol soltening to (l(unmhc users lemlc reduction in soap use, longer life for

waler heaters, and less incrust: mnn ()l ])Ip(‘\
I the water s wl(vnml d by addition of lllll(‘L.l(’(II(lﬂll.ll benefits include removal Ul

Ié,un_«lud.uumuuu.u.\m -precipitation of humic and fulvie acid, and reduction of of

suspended solids including bacteria and v ruses. Industrial users ol municipal water

benelit through the lower cost ul pm(luunﬂ process and boiler waters from softened

water, There is evidence that consumption of \g‘l)_,_slu_m:_uu may contribute to heart

\lx_tg__\g_;lll.l accumulation of certain heavy metalin the liver. # uble oF —{?nn U tarols ble
A I [ Then A ﬂd prHocs,

Lhe oo basic methods used for removal of hardness are the
(M) Chemical Precipitation Process and (\B’ﬁon Exchange Process.
In chemicalPro
Theory of Softening | Lak sowble bod not eampladaly msolub le = 30 ra/L o S0 luble 75;?,@ %mr@'
The different species/of hardness have different solubility limits. The least soluble o
forms are CaCQ3 compared to Ca(HCO,), CaCl,, CaSO,, Ca(OH), and Pradipititive sOﬂim%
' HOUb)

Me(QH), compared to Mg(HCO,), MgCl,, MgSO,, MgCO,

e obyeehve of chemieal softening isto convertall the ealeium-homdness 4 CaC o,
3 mag. nesium fhardnes s MS(OH)L-

Mest diffreult walvidreeatment procem = Desalinadion (cfumovo:Q = O s l&g% 2oluble .
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e addition of chiemicals (CO and /o OFE ) elevates the pll which shifts the

" mh Mo of the carbonate .\ud systen in favour of the CO jon, et chanwesthe i

x\}m\ i from bicarbonate to the carbonate form, This increases the congentr ion of tiw
lereases the

( i\ Ston and shitis the L‘ﬁmlh\_l_uunlghﬂmur_xh\_
AR ‘o 24 -~ :2_- Ly ™~
Ca o + (_()_a( < CaCOy,

(most rfo)d o e, 71 {eplmm a,‘
we 1'11

Mg* "y T20H7y - M&Olby, Oun “exporimert o in v:]
I

In order_to precipitate CaCQO,, the pH must be raised above 8.3 (optimum 9.0-9,5) to
convert bicarbonate (HCQ, alkalinity to carbonate (CO,) ),) alkalinity.

A i

lt thele is not sulhcmm lmtuml mcunmc bicarbonate alkalinity (llC O, ) for the

LO 2 source (suda ‘ash Na. CO‘) l

W o precipitate Mg(OQH),. the pl must be raised above 10. G/to convert earbonate
aikalinity to hydroxide alkalinity. Sources of OH-ion are lime [Ca(OH),] & [NaOH].
110 wever, after magnesium removal decrease opf pH value would be necessary to

reduce the pH value below 8.5 through Re- canbonatwn Process.
€o,edd T wuv\gre\\ valus oJArRm o{— w‘?«mw umknn&mr\_
Zﬂ(.w "m{ amplete removal of hardness can no '
w\uxdgu 10 mg | of CaCO, n*d 10 mg‘l of Mg(OH)- remain in thc bOftU'led vater
T \ ) »J"r‘.L"“ T)/,&Au’f‘.l fg » ::rn 2y Shan fN_A{\tN& y "{»‘TL r-Hr\UU h’J‘l ‘.L

o 'KCJJ “L\J'V-’j,. wua [m u( V'U” A Y S No_,CD_,, ((WW
absenl. | & When s daveto wre. sodos anh? :

01:} ’I’“'"..‘r;rj

rwa*:‘ Heor cmﬂ@:& -Howfvf vabu, & alk»-li'vu-lg -,e&fed:—-lh. ¥

50 e 'z‘m’{y rr,]
nsolulle €0l FARFA T
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i kﬂx‘(‘x Awo Moge  racaboatn o wegquivad 9 \ s ;

¢ N o e [ Y] CA\*b-:\' "u - ¢ 4 a 2 A b i . 4 . I

t’a‘-,l ﬁ“-“'v';. W ‘\ \\‘: \1“.\ R &L,\ \ ’ et A2 - (03 o F?—.l 2. AHTA o g 2 v e ‘*‘e“ul “)l'.fE.r-.

P R L e T Pl Wiy e gepen . o we fove 4o we & slege a2 st Anoslagl
Ward B, o G wiae {\\ FEN -)l“ll's.'\ﬁ. . 50 \\\(0‘0\)."& A J-D\ V!.Co ' C | 455

& Whn retorbonalon B veded 7 — only {
{3 El . o
50“&71!713\ Unden Dljfereni Environniental Conditions:

(A) \\:\r\‘:‘n‘ ;‘\\k:\!ir.\il_\’ = Hardness and pH < 8.3 (sufficient bicarbonate hardness is present)
-Ad¢ ‘hon offime[Ca(Ol,)) /caustic soda [NaOH] to raise pH upto 9.4 will precipitate CaCOs.
Ca(OH),/ NuOH [ pH =9.4] o

Hard Mix \ Foce \ Sedimentation Calcium Hardness
Water k - Removed '

Ca(HCOy); + CaO + H,0 —» CaCO, + H,0
Ca(HCO;), +NaOH  —» CaCO, +Na,CO; + H,0

S Ka” v val

(B) When Alkalinity < Hardness (noncarbonate hardness,i.e. Cl and SO, of Ca. Mg ar'e present)
- Carbonate source like soda ash [Na,CO;] should be added to precipitatc CaCOs.

SO, . A
CaCl, +Na.CO; — CaCO;+NaCL
NO; ) NO,

(1 Addition of lime Ca(OH), or caustic soda NaOLH to raise pH > 10.6 will precipitate Mg(Ol1l)- .
Ma(11C0;), = Ca0 + 11,0 —» CaCO;  ~ Mg(OH), + 11,0 -
Mz (11C0O;), = NaOH — Mg(OH), + Na,CO; ~ H,0

(D) Both lime and soda ash [Na;COj;] should be added to raise pHvabovc 10.6 for Me(OH), -
and CaCO;_precipitate, '

SO, .80, SO, - b, S0,
VMeCl, -+ CaO = 1.0 — CaCL, + Mg(OH), CaCL, +Na,CO; —»CaCO;+NaClL .~
NO, 2 NO; - NOG ER S vedaat  ENO i R
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RECARBONATION: *“~

Complete removal of hardness can not be accomplished by chemical
precipitation. Precipitation of the supersaturated solution of
CaCO, will continue slowly, however, resulting in deposits in
water lines and storage facilities. It is therefore necessary to

1 ‘stabilize’ the water by converting the supersaturated CaCQ, back
i fo _the soluble form as Ca(HCO,),. The most common practlce

howevel is to make the conversion with CO GO also
neu

Ca(OH), + 002 — CaCO,
CaCO, +CO, —» Ca(HCO,), )
Mg(OH), + CO, — Mg(HCO,),

This process is generally called recarbonation.

TRem Removall

Dissolved Fe and Mn axe c'ﬂa.n fcwno( tn
oand. alluvial &:—fosﬂ's Mn s an associadsd

Dissolution oi— rothes axnd- Tminusels

problem  with” Fe ‘m most Df——llu.. plouh rﬁ-Qowa "
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ESRERPEIES

\
\
\

e \HJ ' Shonsd [ Tunbic ‘\l & ‘ : Jngs =
\"4‘ or‘ ('I’ LU‘" . VFc‘u‘:uk 51':.‘
Fe Jelg.c ,q o f'f)_' 413 "E)i’L %P\_Q,C—’Lf\lcj"_‘ /@T‘ 6":\/3 -L,/\'o?
'_-7" u\n(l {)”\/:f'z - J . '
|:';7. (| 0 /l(\vr.r boy Dma/t. \}’/' SN e
M o3 Kme;&cs of Iro: O. \‘1(//1/1()"1 Precipitation & Removal*>
=¥ L/,
. lnlll.ll Iron Concentration: ~° - R SN A
l \ \
' he rate ol ferrous iron oxidation is of the first order with respect to
air W0 7 CITrous 1ron LOI]LCHUJUO' rese tox oen.
. p’/r j ’ “‘ P nt and the par tnl pressure of oxygen.
2 [ - ‘lpll Valuec:
‘ \ A

R ~Reaction rate are str ongly pH (ngtgjlgnLancl thelc is a second ondel
AT .monshnp (100-fold rises with a umt incr ease in pH), quite slow at
TPH < 6.5 & very 1 -apid pH > 7. 5

,,__/ﬂ
o« Alkalinite: v
Oxidation reaction is incomplete and very slow for low alkaline water
(< 130 mu/l as CaCQ;) and very fast at higher alkalinity value.

o i’:cu;n!a(cd Iron Flocs.® v
i L
Acration is sufficiently mpld only if it is cntalyzed by accumulation of

oxidation products (Fe,O,-and MnO,) on a porous bed. Previously.
prg_ipil_;m—d—rmu_ﬂ“e (5 ) serves fo catalyze ¢ the omdatnon ofuon.

Morcoser, ln (lz ous oxides’ ofmcmi .0 ferric oxide, Fe(lﬂ) fmd :
manseeic oxide, Ma(Iv) have high sorption capacities for un- 0\1(10
"L Qy '\n }—i| ”‘n N

(‘J

o . -
mefal o z”UE dh’“
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a. W Airaaed {Hw»lmn u  not fo)vrn){l,crl:l
( »fr;' "05,“ /j ale

Effect of Direct Filtration -

[Pueect Filtration of high Fe content acrated water with
nigih turbid (> 60 NTU) is not recommended by AWWA]

'-iﬁ.\p—v

C,lc)ggmg of Filter Sand top by ppt Iron particles,

“ Frequent backwash {fwice a day)& operation (Jlfflfultl(“’%
“ \/Vc.ns.,LaJe of water (30-40%) for back wash and rinsing,
~ Less amount of useful water after backwash,
<« Changing of Filter Sand after every 3/4 months

« Excess power consumption for backwash

"l"’ A 4“‘;,

Raw ——»] ;’Aera ion “"’“’ ,L,Jﬁ%t ration:

e .ht (

s @ Prabusbmnt be ‘}r"'""L 'ﬁ H:ﬂxh e P
Coy —3 |Aeration| —> |Floceulohion | — | Sedi moatodion '”7ir {Hrodion | — Trestech

[Rulux.v, Fo' -8/ . MPW chhiclu» _toaim :f\Ltvg),mr{]

—>» Treated

Scanned by CamScanner



]

’ ¥ 4 -
7%‘@;-_‘»}“%%% p[,_ﬁi Fe reamoval m—\-&pﬁs wrdlor_ aﬂﬁ cn\l»(ram mur{ﬂl,
7 comdlitions N — Flw o AW T & S0 slep -2 Awa -t Aoew 2lA

.0

4 Ground waters which contains littic or no organic matter with reasonable alkalinity
@F@ - GHGOTIE =] YN( r‘/m'sc.’?fnr’, , not be adeous i ere,
02 ’ J

CO) Yoot - GYAT GICA” pla P C]g
Wi Aeration Flocculation | Sedimentation Filtration
| il ) Mo, e o 4 P> &
\Vatcr i o L /"‘j‘-“‘ ~/J - 4o 2,01l le ddenhifi

aczﬁ_ow alkalinity water (<130 mg/L as CaCO;) needs some alkaline chemical additive

. P ‘ 2 e » )
, o L U a o allalsraty = aoyp m u«"/lfir’f""()\ '»"!"UM»L.,
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Kincetics of Maiiganese Cxidation, Precipitition & Repiova

pH Value v

Mangancese is much more slowly oxidised thr 0u011 acration tlmn iroi.
In Lut the rate is negligible at pH levels bclmxﬁL

+ Chemical oxidation of Mun requires a pH level above 8.5 and 1.0 ing of

chlorine can oxidise 1.3 mo of Mn _u)ma L — 43 "4 Mn.

Catalytic Oxidation & Oxidation Period Hat —> T

«  Previously precipitated iron and manganese (Fe,O; & Mn,O) serves to
catalyze the oxidation of manganese, Mn(II) —> Mn(LV)

-« Mn oxidation through chlorine requires 2-4 hours to react completely.

Sorption on Precipitates

 Removal of iron and manganese is generally hastened and made more
efficient (swifter) by letting water trickle downward or rise upward
through gravel or other 1elatwely coarse heavy materials coated with
hydrous oxides of Fe(IlI) and Mn(IV) precipitates by sorption.

> Both hydrous I“(:(OII)z & MnO,, tend to sorb Fe*t & Mn**ions.
Mn(IT) + MnQO, , —3>> Mn(11).MnO, ) | This reaction is fast|.

« It Fe(ll) > Mn(Il) rather than Mn(IT) alone, removal than becomes
predominantly a matter of sorption of Mn™ on incipient ppt. of iron
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Kinctics of Mairganese Qxidation, Precipitation & Removai®

pH Value v

* Manganese is much more slowly oxidised through acration than iron.
[n fact, the rate is negligible at pH levelsbelow 9.0, '

* Chemical oxidation of Mn requires a pH level above 8.5 and 1.0 mg of
chlorine can oxidise_liimgw. $:0rg L — 42 ma Mn.

Catalytic Oxidation & Oxidation Period Ha" —

+ Previously precipitated iron and manganese (Fe,0, & Mn,C) serves to
catalyze the oxidation of manganese, Mn(I) —> Mn(IV)

*  Mn oxidation through chlo'ring_requires;é_hnuﬁ_m_mag completely.

Sorption on Precipitates

*  Removal of iron and manganese is generally hastened and made more
efficient (swifter) by Ietting water trickle downward or rise upward
through gravel or other relatively coarse heavy materials coated with
hydrous oxides of Fe(II1I) and Mn(IV) precipitates by sorption.

> Both hydrous Fe(OIT); & MnO,, tend to sorb Fet* & Mn** ions.
Muo(IT) + MnO,  —2>> Mn(1I).MnO, (s [ This reaction is fast].

* It Fe(ll) > Mn(H) rather than Mn(II) alone, removal than becomes
predominantly a matter of sorption of Mn** on incipient ppt. of iron
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iference Among Fe, Mn & As Oxidation «

: S - Aeration-0,
#1lron] F{gr; ous, Fe (IT) ——» Ferric Oxide, Fe (I11)
oluble) pH > 7.5 (Insoluble precipitate)

».\’/ : O
[Manocanese] Mn (I1)  Aeration-0,/ Cl, , -Manganic Oxide, Mn (IV)
(Soluble) pH>9.0/pH > 8.5 (Insoluble precipitate)

——

(- <
A \
Jl 5 Y
fUI‘Y_ aernor ?m e,

. Ae%—OZ/CI‘,/Pomsh
Arsenite, As (III) >  Arsenate, As (\7) (-charged ivn)
(Soluble & Non-Ionized) pPH=<7->1LS§ (Soluble & Ionized)

\*/j:ArseniC] (or)

Arsenite, As (lll) Lime » Arsenite, As (]“) (-charged (o)
H>>9 :
(Soluble & Non-Ionized) p Soluble & Ionized)
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.Q-k—eehi o= 7 ,— NE

DESALINATION =, )
o =30 wg/L, Mg 10 mg/l but

Ocean water has dissolved salts conteat ot ':ibmtluf f—'—aa; 00 mg/l. Many ground water

supplies are brackish (dissolved salts 1000 to 3000 mg/l) and too salty for
consumption. No simple technique is available and the cost of desalination is still
relatively high. Desalination system can be separated into those which employ phase
change, like distillation or freezing, and those which separate water and dissolved
minerals within the aqueous phase, like ion exchange, electrodialysis and reverse

OSIN OSI1S.

S dutillation . . . :
w E\'HL’)OI'&UODZ can be used to distill fresh water from brackish. Problems associated

with evaporators include accelerated corrosion and scaling due to the high

temperature involved. v
(il) Solar stills- employ shallow basins covered with glass or plastic upon which the water

vaporized by the sun can condense.
(ii)) Freezing-In the freezing process the temperature of the sea water is gradually

lowered until ice crystajs are formed. These are free of salt and can be separated from
the brine. 7 alt-ean 10 3¢/ frun o e

Qﬁ-—l on exchange-has been applied to desalting by using the hydrogen and hydroxyl-basc

rosins, 5 @Oe AaedT L@ Whe T AMTAC am extharge.
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Reverse Osmosis Process »—
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Electro Dialysis Process »
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Trr this prrocoss v . e ————le,
i process two dilferent resing are used,
all the cation present in the Walcrie ¢,

Lxdrogen-evele resing exchange hvdroven ion fog '
\ . —— & _ [} :
wilh e Wy Loarion. , acids will e produced. , Hhis Yo Heeyelos =

Na,  (HCOy), \ P
1 TOy CCy Na, ; olm whaud by .
Mg Ca CL., + M,N o IL,CL, + MaCa (X] Coation mg‘,m-} e wpsied. by C
]:‘. S()' .L]-; » S()J - ‘FC .‘,Lh h IA maonmfd
eyin 1,,(] ocids ) j
Na, Na, 1
Regeneration; Me,Ca X + H,SO, — H.N + Mg, Ca SO ¢
AR AEARRILEATIENY =] R N b 18 0
This product water contains both carbonic acid and a variety of strong acids, depending A
on the particular anions in the raw water. Now il this water is passed through :
anion-exchange resins which will exchange the sulfate, chloride, nitrate. cte. for ¥
hydroxyl jon: : : L ara &
i ’ . e Ao xegm = (
$0,. SiO; s0.si0; MMV Toplaed By o z'
‘ = L) -+ ’ “a . .n/ : " 1
HCL A(OH), » H,O A CE o .MCWLSCA i
NO_-‘, CO_\, ' I\Ojs C03 L7 alkb-u‘l\l/w- .
SQO,, SiO; SO, SiO;
Regeneration: A CL, +2NaOH — A (OH), + Na,(CL,
5 ::é——’
(NO3),,CO; (NO;),CO; . : . - |
The effluent from the two stage process is comparable o distilledwater in quality and ‘ ‘

are used in industrial processes and boilers.
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3 5 I n S PR SR GRS B — : y
:\L lmttux_\ organic can be remcved [rom water by adsorption process. Adsorption can A
~ e QA (» (™ T 2 ' :
7IL (lg-lmcd as the accumulation of substances at the interface between two phaSCS{A‘__
i i an T s Ry Thix o Jy = M 1
Pro SQ%]UI fl é%dﬁg{_l;gia;(l Lci,)é?gl he ads‘ml)g nl- most commonly used is M?&wm&iﬁb
: Activated carbon e nﬁfc prepared from virtually any organic solid (coal, lignite, wood Hrow Yo dirtinguisly
" — i . ~ . s . - . . - v\u - N : . uls
etc.) by a dest Mly. stillation process which drives oft the volatile componcnts of AC. mc(.a,‘,ﬁ] 29

A s ot ™MP . ; - ‘
the material, leaving Ahmd aP orous car : 1 which has a verv large surface —— Chanesl pore TH,
L

arca per unit volume (500-1500 m?/g). This skeleton in then ‘activated’ by steam in an im'»gﬁf companativdy

, oxygcen-depleted atmosphere at temperature ranging from 730°C to 950°C, often with hoacyg, Halo-
the addition of dehyvdrating agents such as zinc chloride or phosphoric acid : —
phospho : AC hugeporus,

neot -face 1N coniact trugulax <,

with the solution. The forces holding adsorbed molecules to the surface may result ol extumiy “8‘?
cither chemical bonding or Vandar Waals attraction. Adsorption will remove .
/

Iheo 2 \olecules in solution are attracted to, and may be held by a sui

from
eases, liquids, and solids from solution.

Factonsg Adsorption is greatest at low PH’ high temperature, the rate of removal

increases with increasing concentration but decreases with increasing molecular size,
molecular weight and complexity of molecular structure. i )
Applications Activated carbon is used in water treatment in the form of both powder and granules,

Granular activated carbon (GAC) has an offective size of the same order of magnitude as filter
ile Powder Activated Carbon (PAC) is generally less than 0.075

media (0.1 to 2 mm in dia) wh
PAC, being finely divided, has an extremely high ratio of surface area to voluine.
ace phenomenon, this increases its effectiveness, but also make it slow

ﬁiﬁm’,’rﬁ'm AT e,hmf/j"{oc FA M@ b0, m;.hn’r ﬁl’@ . ’Y’ v.:_.,
k / A B AY U o weactank 7 we. 2 | i

im in size.
Since, adsorption is a surl
to settle pAC = rfaAc?

aAC = 5M§AU_WW A/ O

EBCT = Entib ol Oentact fime. - with Hmad , et mvgo G‘va,i-% ,\, 'ﬁ
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Occurrence of lron & Manganese

Dissolved iron and manganese are often found in
groundwater from wells located in shale, sandstone

and alluvial deposits. Manganese is an assocnated
problem with iron in most of the places of Bangladesh.

Dissolution of rocks and minerals by acidic ground water
(CO,+H,0 = H,CO,) contribute these minerals.

« |ron exists in soil as Ferrous Oxides,
as Iron Sulfides (pyrite),

Ferrous Carbonate (siderite) in CO, reach water.
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Acration 15 a process uscd to remove undesirable gascs (CO,, H,S, CL,)orv
organic matenals dissolved i water depasification) or to add oxygen to water to
convert undesirable substances to a more manageable form (oxidation of iron &

manganesc). Although CO, and H,S gascs arc only slightly soluble at atmospheric
conditions, ground water may contamn considerably higher concentrations under
pressure commonly found in dccg aquifers. These

from bactenal decomposition of organic matter in

gases are biological waste products
the soil or by-product
of reduction of sulfur mineral deposits. Acration of walcr; supersaturated with these

gases scrves to speed the release towards equilibrium conditions, Volatile lguids such
as humic acid and phenol can be removed fro

sed from waler by acration at a slower rate,

yﬁeog - liquid-gas contact systems are desipned to drive the water-pas mixture toward
cquilibrium as quickly as possible for degasification purpozes and to provide
supersaturation of oxygen for oxidation purposes. » &
These goal may be accomplished by cither dispersing the water into air or by c!_i;’ﬁfr';_f_:;in;;_‘
the air into the water. When wateris dispersed into the air lllcﬂg[”ﬁ%jglmgggxyﬁr
volume of water 15 maximized by minimizing the drop size. This will increase the

desorption rate for supersaturated solution or increase the absorption rate for
undersaturated solutions.

v A=l L4
When air is dispersed into the water, both absorption and desorption ar aueed vy
maximizing the interfacial arca by minimizing the sizc of the air bubble, Exposure

time, renewal of interface are imperiant 'factors._h PR T e
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Objectives of Aeration <«

- Primarily, increase pH value > 7.3 through stripping out co, &

- Secondarily, oxidize Fe(ll) to Fe(lll) iron through adding O,
[1ma/l of O, oxidizes 7 mg/I of Iron] IR

inowas ¢ aar- walen \ﬂﬁn{adat OOWLA. -

®
W T expoune Hme
0, CO,
1 A
» A . . . l '
. gltatlon\\ S N s ] __]
et 4 N\
M= e - \
| ~ |
_/ Air - water interface 3 y, s
l. ......... o _I | . D A | st

Increase of interfacial Area Renewal of hnéffagié
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Catalvtic Contact Oxidation of Metal lons & Sorption

A chemical_ [During Flow through Porous Media]
sol™_a fewolve A€

- Hydrous Fe(OH); & MnO, coating tends 1o

Converging _FIOW sorb Fe™ & Mn** ions & oxidize Mn(II)

(F[occu]aﬁon) Mn(II) + MnO,(s) —* Mn(I1).MnQO,(s)
1 ' * Mn(II) — Mn(IV) ”

- ‘Hydrous Fe(OH);
7 & MnO, Coating
(Sorption)

D\ - Pore Interstices |
; (Sedimentation) @ F 0 TIEF Alm we
L —
AT o h
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As (M) = soluble but ﬂm—"\on‘lfyec&
@ %(\') = soluble andl TOT\%{OQ

Occurrence of Arsenic*

An.be'rué_ Rﬁuﬂovc&l -
- In nature, arsenic is generally found only in the trivalent

(111) and pentavalent (V)states.

« H;AsO,, an un-dissociated weak acid, is predominant in
the pH range of 2-9.

2 frroms 0]0/ A = g
y As(lll) present in a typical water supply would occur as.
H,ASO,, ¢t 7910 = ddodalis'nis CEEEE lan(ve ddonge.

» As(V) in water occur as a strong aC|d and d\SSOClates |
into ions accordmg to the pH vaiue
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