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Performance Evaluation of Coagulation Process in Removal of Low
Turbidity and Color from Water Using Different Inorganic Coagulants

Meghdad Pirsaheb’ Ali Akbar Zinatizadeh’ Abdollah Dargahi’

(Received May 11, 2010  Accepted March 25, 2011)

Abstract

This research work was carried out in lab scale using a Jar-test set up. In order to compare the performance of
four inorganic coagulants (poly aluminum chloride, ferro sulfate, ferric chloride, aluminum sulfate) in removal
of turbidity and color from water, three independent variables (turbidity, color and coagulants dosage) were
investigated. The region of exploration for the process was taken as the area enclosed by turbidity (10, 20, 50
NTU), color (5, 10 TCU) and concentration of coagulants (5, 10, 15, 120, 25, 30 mg/l) boundaries. The rapid and
slow mixing steps were provided by the rate of 80 rpm for 1 min and 30 rpm for 20 min, respectively. The
samples were then remained for 30 min as settling stage. Four parameters including turbidity, electrical
conductivity (EC), pH and color were measured from the samples supernatant. Settling characteristics of the
flocs formed were descriptively reported as poor, fair, good and excellent. From the results, poly aluminum
chloride with concentration of 5 mg/1 was found to be the best for the removal of turbidity (99-99.8 %) and color
(100 %). However, fine flocs with very good settling velocity was observed at the condition with initial turbidity
of 10, 20, 50 NTU. Increase in EC along with decrease in alkalinity was obtained as the coagulants
concentrations were increased. The maximum and minimum amount of increase in EC and TDS were resulted
from ferric chloride and poly aluminum chloride, respectively.

Keywords: Coagulant, Turbidity, Electrical Conductivity, Alkalinity, Color.

1. Assoc. Prof. of Health Research Center, Kermanshah University of Medical Ll S (Sipy pske o Kiils ez Dlidos 5 e Ll =)
Sciences, Kermanshah N R . ¢
> oo 35) oliile S = (g3l ol paud 0 0SSN (63 S e 03,8 HLskeul =Y
2.Assist. Prof. of Chemistry, Faculty of Sciences, Razi University, Kermanshah d ’ O))l' inati ‘cD b © JI)MAA%)M\V/” o= .
(Corresponding Author) 09188581130 aliazinatiz@yahoo.com ~ aliazinatiz@yahoo.com - ) @""“
3. Former Grad. Student of Environmental Health, Faculty of Public Health, 851 cilg e aSCails (Jame by wikige L) oWl ,IS Az gl 2515 Y
Kermanshah University of Medical Science, Kermanshah sliile S S e e

") W N EP| 191 Jlus | aglods



s e Sl ol LS5 5 s e ol
(S5l slecdy mSI L gl 5 (e edoss) o b SIS
Sl ol ahal s oS dine SS Ol gew g 5 S
SLeSas INY-ALas 8 e 5 slinal 5550 & pu S Gis
055U S wizecs g LoensS inia o S shize 8] 5 it ol
o el st 318 eslin s )50 Sl 5 Ol wias )
inis Ol st Co eanS siate 3l g0 5l iz 3l sl
ol Uyome LeSes 3l aslizal L (IPFs) Gume (smeks (slasasS
LU 51 5ok 3 (338 535 ssbar Wik a8 pseiasll
50 s Sl SbusiS s ans S o esse
ainte 5o 5 adex 51LIVE Y] S8 IS aslan
Ol Jslaze (slasaisS siein 45 Cod Sare (G eady groasS
55 2 2L 5 PH 5l shs S os ame 55 cnlio LS
DENOTs Sl ml sboles s o350 ciliin sboles
4 i S Sl BIPF o s 51 (S S T
Sliios ol L DV 5l min 508 S5 sba S
T sdle YooY Ul s oGl NAA0 Jle s o) Ss 5 Ll
Il 552150 0888 Ul s "o, Ken 5 b AT JL s
59 98 s T V98 UL s Tl es 5 4l 5 1494
US| I SV NPT U N JU] ) I
s 8o SIVL 5 langme S ypuS Tl l s a0 5 S8,
30l Jsa xS e 4 5L Jle ol grew ol Sls, 55 0 e
ola) ae alS sois s gbasd LSas i Ja oL
PH a8 o bats 4y 5L pae S oo a9 S i
ol ol slales s e s Shee pH xS alS Lsa,
LYYVt s ln cpl dam 5o 5 Lo s Shas oy Jsb
ol S b o3s 515 5iS laasbadas O S|
NS WS ST | W BN RO C RSN I ARCIOA 4
ST sbibiaias ol 5 JSte 53500 B ol 508
sl ST s (o8 5120 5308 1 oy Sbs Gl L ilsa 581 s
B R T e = L STECRE X R Poe
Bl (Sl sy 581) of e Lls 590 b 55 bewslsdias
ey 53 5388 il ols g el b 15 (S 0508
ORI 5 S Gl s s e ol o ls a8y e
Si sl of Gl g essn ey slasariSiinne S

Omelia et al.
Eric
Malhutra
Tang et al.

[ Y N O

Luan

Liuetal.

149) JLu | aglods

doddo —
FREN-SP9. PYS INE SE 5 b Wl e Cma 09580555 05
Ol Bl Zesly S i ol s dox 51 (5555l8S 5 mlio wrn s
Sl ez ge goas Slelaan 55 ONSL w5 5 Ol G e
slel s sanb sl o T 51 (S N gz o5 lams
ol T 5lS o Il laas s 5 basles gy 5 g4y oordas
Sl i S5 2995 b 5 DpsaS Euely slse ol )5l
23lash s Sl aazame v Ly w58 05 L e IS S
o3, sslimad ol slge 3 0lg3 a5 nl 6l i sd S
X gd o0 a3l O3 ol e STy slay s slse ol
T S P B S A e
om0 S g sl ) e b wias o glej st SlasLb ol 3
3y itiad a5l O ool s i 8 0 gV S50 s
Gl S Jor il gty sad ) el 5150 il s 50l
PH wslinil a3 LS s 30 Jalse cniean [Y] w520
e chle (O G ©58) T Usbre 53 55250 sl
L] s s sl £5 5 O s (oo g

slys pa Sdeay O pad (S, 5 0508 IS sbe
S0 06 AL s s ok oy S LS i Sl 3l
S O O PO YO P VS Lt CIN | S - Y
Lol w0l e o llals 5l sbul s &y gaS ol
S ol s il 5308 Jolie s Lo e85 Sin 512
) el s 53 a5 3575 Wil 55 o0 Slne w51 i ISPR
5 olge atils 4 Koy O3 gy b8 LAy ol
G950 536 oo TSl YL amensls b & sl s s 5l)
5 Lo 8L asle 5, Sld s S i 5 8 S5 i
) S sl O 4 S35 T anils & gus S Sl
ol sl B O 5 Glae S 50t i S
013 gy 53 ool ead S T sl Gl )5 S5 e
8] el o o)

Gl sz ol iy cesty b b S pon S
wsles b 1 ahar Gl sl bl Sanalal O & Lo
i sl ol ol O eias 55 Jglaze sboas )b
Ol 53 35 5m a5 IS Sls sl il ls5aS 5 gsleols
JESRA RUNSUPL G BN PP PRGN IUPIC W B RV
Ossbee G L3 20 W s a0 Se /) B L ghd s 5a 555
oS 3l gmn 3l mslinad (o O glecilo wn 1o JL
San e ais Gl 500 1 WS IS Ol i S
US| O P = St IPI R Y JWOR YR LY v Ve
M r—:—‘-:ﬁ:—ﬂ& 5SS 8 Ol g o S il s

allsls g ol ny



Vo Suea g aids 3, Y e u b (‘JT Loes) 5 aids
Son 5t 6305 T LIS s ol 51 oy a8 il i3
gab 4l &5 oS bl 3 s s (L?U" ssbted 35 Y
SosaS heslial by s S cdls 2 (oo YO 6505 S
55523 e it S350 €505 550 2100P S s
o laasd S5y 50,8 1,5 sanlie 550 b isw
305 w5 s iand 057 o3l b o 5 O 5
st s s Sl 05z a3l b b s oglusl 5 e
PH (5 ~Se311 sl aizren w23 S 0 s Sl 5 s
S35 8t 5 OYY sy 5 S a2 pH oSz
8 w3zl BA380Jae i EC 3l 51 (S oS0l Eylan
sl o i S5 anids 5y hitedy sluilinl 4 ol
Ca—“-.swj—&p—f‘/\ L ol Sl )ukspf‘/\w
Lole o S al e Ve s pead oS5 Jle S
bl ol st s e T s S Lo (115)
DTCU oS5, glas il (simy o a3 o sl s
adeto g a3 S5 ety g lio (35,5 L 5 s Seslel Ve g
S YU 35 55 saziSudinze ssle o angy Chale a5l aay o
23 S hea Ty | saiS date sl go gy (957 53 Sl (el 4
ey LsL@SM‘)\ybdﬁw&)dl\ad\,}.%;fr\ﬁ\y
e el 5 Lhs 2alS (6l adiosls s 2ld Sl aasel
tdigei 5 sl i3l st 5l o e o szl (BB slassls
St ) :S3lo ol s S 08 1S5 JolS sbay 4550

X

S g b -Y
sinia )iy LS fyaly 5l aalllan il 5| ol s
5 Sa s NSy b ol e s liS V-HM:—’T@L =\ saS
Sl Ol 5l el Ky 5 Oy saS Bis s r.:..:.njﬂ Ol su
st oSS Slas 5 S LB ol PRSI
e fT gy (5ot inia 51 slizal 51 amy sls ol gl 2ol
5 r—:*’-:ﬁ:—ﬂ Sl 5 S b5 NS5 8 Dl | IS
b o el SPH gl N 0 5 ¥ 00 NTU g 50 S
SlmiSatnne ol s 0 S o SR L S(s )b
WARIRTRES J: VI SYPLPIRRGIE PR LY r:-‘-:-‘ﬁﬂsk';
P O DY JCIN [ N BAY PR CE S
i Jols alSpHusy o/ ¥ s pus S b 55 1S 2

% Turbidimeter
3 Microprocessor 537

Condactivitymeter

N alsligal

il dooi S ot gl (1 O Gl s 2
OB e )y il Ol bl 5 sud aias O 3 e se
ST 25308 ke by cnlize G el 335 NS B
el g lite ) ol a2 Blia 555 gt 0T e s
Lst_ba.,\_...s.\j.’.m &\Jud\dﬁ)ﬂ IR d.\_b l_i J_.al:
r:*cﬁ:ﬂ Sl g 5 S5 05055 Dl gu | IS p—:—‘-:ﬁ:ﬂski
ﬁuuTu‘)ﬁ\WjuT)‘w.lLl&4)5@)55&&))
5L 0900 B s ol 4 S LB 5 (S S0 olas 5
Ol g St 5 a5 oo Ol SRl s ey oty 5

aged QL calie oe Ll 2 5 e

Ll 250
oo 53 ghls e — 25 i oy gy s ]
o s bl s s ) s 5l aslinal by (a8 L)
Lassle S (SCagy pske sl Ctlags suils OWSG ol
erton s IT oy Lo since IS ey lin 5 litng, a5 oL
Sl s r:-*:-‘:—ﬂ Sl 5 SO 35508058 Sl gy LIS
ilose slgi 908 05 2l e slis L“ufeuﬂ NGSPRY
oS it sl ya i lise gL gtlile ((O+ Y+ .\« NTU)
(0N TCU) Ky 5 (= 53 p S baal= YO 100 +.0)
B e

il o b glo Sb ) Sb il (908 48 )
w3530 53 525 Ol O soan il 55 o3 sed S S1 ey A
%’T‘@:ﬂi—;ﬁauﬁj‘uﬁ)%bgp"dﬁ:%jﬁw
1A sl s 50 il L5508 48 Jslows Ol 5o ol =90
e ) e Sl Joloe VL Grmn v 25 L2 S
S eanSuine sslo o gl Sgosbe 3 S0 L
S sbon Sl s e 31 ssliad S5l JulS Jsbons
P e i3 S g it O Slaslizal b o508 533,
Sy5aS L Jﬁuﬂ EEPPREPCIE] JCH FE SR PN LV S.
Colae ol a s pH slo el )y o asg ) aseios
A St 350 anl bl ol e ol 5 S5, (S S
L i ot U Jsl slo iy s 0atsS iats sl go waizd S
Sl a5 ¢ Sba¥e S TOY N0 N D wg sleile
el e e s G (95 4 €505 e o3
S Sanin 5 aids 53 s At Zes s b g e DS s

'HACH

191 Jlu | aglods



NP U S PR
Yolbde) b ol gleble ple 2lB3lL oy oo
J\.\.E.AMJQJ.)‘/\NTU»J)GPJQ)}JS(&JJ)(;L;LJA
A;LALJLMUA.:JJ‘CJjjv\S
L o sls 0Lt win fl Ol g sl 25T 51 Jols s
Q;;JSM.:.‘SM@JCﬂ\)\):.));r)fglfaao;;éu\
L0, /Y NTUS zeS (V5 Y .00 NTU) oJs
0 ,;;LE.AJJ saS dixie U’L‘ Lﬁwa)‘x‘.MJTCUM
e}aj&jg))wwjjbﬁj))r;guv *a* 5\0\’
u\wbu&ﬁjwa):)ujgaM)é‘Jﬂ.w}m L.w}-.n
LTAHeUPWsWaW)LAWjMLhJJUJ‘)J
pommn I Oy Sl 213 L s e 5 05 v0s8
m\i&\p\uﬁﬁdpo\ﬁ(yprﬁ&\“L"\~)
Sl Ol e 2 5o (Jj/grk"" Yol Ye cble s Siusbe
..\:.«:JMJ)\”‘L}C)J}AS
sl ol by o,18 sansS wie sl 2 bl 5l Jols b
u.x_:.'S.x_E.a.:.«&Jw\j\J_:cJﬁp_irL:.aaQ;}éu\l_,é
&JJ}‘/*NTU}\J_L@SQ\"*"Y"NTUJ’\«:J}‘C)J}AS
Jseaﬂsmw\hﬁwa)\x‘.%wTCUﬁou\~J\
S S 2 s (;sk:-‘v’ JOX A0 N D sl
St 5035 Cdigd Jleao 9 Sldys oSy cdow gt oy
LH&W&W)LMAW""U]VJLM ‘)Ju\ w‘u
gleble plu pmlaos Jlesops s ops
DI ol 553 e T Ay 4t 55,08
5 (d 53 p S e V5 1) aisS i 5l g0 a3 slenbile
OIS a\,\v}wm}»ﬁuj\ Koy 5,988 ol LSb
¢ 5 SLSYU Y Gl
MDTAQLM—VM\’}* O NTU&L@;}AS;:uﬁL:b
el Bl MSWLEU\F@MMUM; 1316 &S
J;\JS\.L..‘SPL?&L@_K“
QL:HM\’}*~&O’NTU6L€—VJ}ASJ)<§JJ:SJ\

S

u\)_ajedmswé‘}a

u\)_..ajne.x...sw:‘}a

\Mu\ﬂedﬂswww‘)ﬁ‘bév\k:w

r-«“)ﬂsh gleanSuinne 2 s 0 Sl o 2131 L iren
o /o5 5 sy s 5 i 1S
saSuinis sl e 2 sa 53 5 Dl o 4z s GEalS e gt
T STRVAR P IPRYAL U J-Te &ﬁ)ﬁ:‘fﬁm—?—:ﬁﬁiiww
BRVY (NI PVI PR ) Y PR W

S i Ty s i a2 bosT 51 Jols s
wine 35 ol 3 s 0 S ke 0 0 S BLAI L S ol ol
T I S PRUL SUN P W N TS PRUL SRR
&\p\@\_ﬁ..x:_.wTCU,é_.quj\&)j +/\NTU =S
i 4l s\ 5aS alos 5o IS o pora T L slesbile oL
st o 45l el lan bd s KO, 5 ©0a8 S5l
Yo 50 pslia s sassStiaze p 5 o)l ol il o3l
Yo L0 ol s (el Cue g 5005 305 2 03 0 Sl
He md 5 e S Vo B YO Lolis s 5055 2 s 0 Sk
5

b s 558 il g s e sl 2T 51 Jols el
oS it 5 ) 2 s 18D s S SIS
VO 3, S wlsl U S0, (s aw, YNTU 0 00 5l 508
deo ;300 ) e, O TCU o Ve 5l susS siane [z s f‘sé?d
g3 saS adimie ol b s o 3las] (Gl sus Bl K
S S 2 s (;sk:-‘v’ JOY N0 N0 ol
N L YSRGS VP RGN SERIGN. SN St R TR
b cns cnd ls i 54 olis ol s u‘ ]
Sl 2508 5 Koy s Sesll s Jle s oo o
OTCULI S Ky 5 Y0 ) e NTU adyl &y508 55 5,5 Sl gu
O oS sine ) 3 05 Jea D 058 LS S Lo
dinto § 55 pl s s ol iad Lio SY e SOy 5 S
s pan saS dizis pslie ;)05 Yo NTUS 5uS gl sasS
SRS TN\ PR g TR pf&:-ﬂv’ JON- N0
oy gl gte g Sl s il e et o s
= Lags u—" B Rt o SER T BER T R
s ey s einds Sl e 50 Vo 5 YoNTU & 508

(S5 L au 3)susS Winte sl g %‘;},’M\umu\wﬁjo,ﬂs@u-\ Jsue

(mg/L)Ss 5 55 (mg/L); 5 Al se (MG/L )i T A g (MG/L)y IS i Ty p

EW-RH) *o s *o )3 *o )3 *o )3 *o )3 *o s Lo s ‘-:].5‘
Al \ Al \ Al \ Al \
Gis Gis Gis Gis Gis Gis Gis Gl (NTU)
INT \/8 o #A \A 04 £/\ £y O/A YA \7A1 AN VA \/\ Yo /0 \
\A1 o/Y g A/A of 4/ Y4 \Y/Y 4% #/Y A \o/0 Y4 f/v 7Y v/Y Y.
A\ a/s o YO/F 8y NS/ f0 W/ A NS/ oY XYY A /8 £4 0 \O/F o
1491 JLu ) aglods allssls g ol r



(J‘Jﬁ)gm):)owm:‘}e%é_};j:j\e:\&h\j\.&x{gT&i‘)@u—* d}.\’

(mg/L), 5 5,45 (Mg/L), 5 Sl (Mg/L) oo T Sl e (ML)l S i T S,

Aoy Ao s Ao s Ao s Aoy Aoy Ao s EW-3 2 (TCU)
Y \ Y \ Y \ Y \

Gl Gis Gl Gl Gis Gis Gis G il &y S

\oo . A- \ < Y R Y A+ \ < Y \oo . A- \ (\+NTU)O

\oo . A- \ < Y R Y A+ \ < Y \oo . A- \ (Y- NTU)O

4. \ B Y < ¥ 4 4 \a Y o 0 4. \ B Y (O*NTU)\ -

O WIS e IT —— 5Ol —— 5 ol +..\i‘)15r’::7‘)i"44'
A e T Sl O s SS —A— e T i —o— S S
y 560 X 850
5 540 0/3/0/—“/”/0 3 Zgg
3 520 g
3 500 = 200
4 480 ; igg
»{3 460 Y ‘\.—.\._.‘.\‘
£ 440 ? 50
§ 420 & 0
= 0 5 10 15 20 25 30 6 5 10 15 20 25 30
(MZ/L) o aiiS simio Clile (MZ/L) s S Nizow e
kfii-fﬁ‘ CQ"M_);LDDJ.MSJ.EM J‘}AC«M&LJU—VJS.& Qy"\:l}fkm.x..é EYESH CMLLJU—\JS.&
\‘NTUA:]}‘Q)}JS)J \‘NTUA:]}‘Q)}JS)J
e S e T —— ol —— ow_,— —E— LS e T
A e ST S e —o— S a5 \ A e Sl TOT S
A 300
& 540 ﬂﬁ
3 s PRS-
i 500 A
3 480 §
2 460 § 100 A rtrt— L,
§ 440 -42:::; 2
4 420 = 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
(ME/L) s 23S dhaie i (mg/L) wﬁmgo‘r
S SI Culan  bosiSuine ol go clale SU -0 JSKS Colds s bouisS aiaze clale L S6-Y S
Y NTU&l &y 5u8 o Y NTUJ sl &y 908 s
O LS e T 5 Ol . S T
A e T S —O— S S - ]
500 . A e floWe —O— Sy s
% 590 X
3 e}
S 570 //a § 400
2 550 .
3 550 i 300 | :§'><‘.::>,<:
q} 510 ‘_—_‘___‘/A—k—"———‘ é_
% 490 § 200 |
g 470 '\I/.—.—./‘/. a ‘\‘\A——‘——“‘\‘
§ 450 . L L L L g 100
< 430 = o
o 5 10 15 20 25 30 ) ) .
(/LY o1 st i o 5 10 15 20 25 30
e . (ME/L) s Winio ol 30
éﬁ‘%‘dkjuoww:‘}nvm&#b—;d&u %L".szlbo >/,, “J‘:;U_Vlg.-
O+ NTUJ,l &y 908 53 O NTULl &, 508 55

1o allsld g o 1491 Jlus | aglod



i V5 Y00 NTU (lg a8 gl G855 ,08 6l
e (P/AY =Y/OF) 5 (£/8Y -V/SY) (F/9A-Y/5Y)

Sl 0 Sy 1S o Ty oS it 51 Jolo s
JENPH (;é:*’a;‘-*i‘ﬁ Ve s Yo B NTU (lg,508 55 &S
i ao s 88 5 89/0 AR/ 3 T oy 5uS wonisS siae
@\QTem;QLﬁ@Lﬁ.AﬂafdbMﬁ Voo Ky dsus
UinlS T (5o 55 (slos 5 PH coatsS it o il 51 L o
s s 5033 mmilinll Dy 58 o s s s3lail 5wl
Mo gl 5 s 2l s e Sl Ve B0 Lslis 6l ti
ke Gl 531 L i o e md s o S ¥e 5 Y0
DolS 3 Jos cpl S aby SYL 50 S8 s coaiiSuine
e (151G S sls plis ol el J e sl wiiad 0o
Calin ol an 5 28 ol IS L S e
&l G ) 5o PH s 9050 00l (oo 21581 (S xS
eV 5 VO NTU Gl 5SS gl ) r:‘-:-‘ﬁﬂski
s (YN =V/F) 5 (8/35 -Y/§Y) (V) ¥ -V/Y0)
S90S palie du e 53 Koy 5 Sy paS Bl ol s b
Sy solad 53 ) s (Jjgr!".‘." Vo 57 50 05
SV R A R I N TSV JUPPREEL SR

sl So 5 D908 s LeeaiiSuiinis 98 ol A 4 o
o b i o WIS a4 s 00 0l Lo 5
Nsss5 0 Ko, 5 SuaaS Bl s (s 3 Shes 3l suiiSuiase
O pn 5 5300 e o ol gl ]
o ol b e pH 2 ol s .ol K 5 5 &y 508 Bl
A5 G | i ol S s A8 ) 8
5 5o s S glaalllan s o 0Lt b pmo (glbeaiiSaine
3 S slehle S sls plas 2 i Lol oude g
ot G e LnnsiSitinta s L o 01,88 i T
Ol S e o Gl 4 (B e satiS diate 4 5 558 0 e
JUSITSN K SENTS I P IR TN L 1 J RN TRCINTSREPIIS:
3 ol b OF 510508 Bis s et T e
ol sl o 5aS S5 s adlllas l 55y S bl o e
e 56 e sy ) JS tea T saSince sl
S90S 0 s ol gles w cunles s o> slasHe
Aamlie Ol 51 )5u8 Gl s wud wiar O S wilesl
el -[W]Hbf S5 So b LS s r—u-‘ﬁﬂ Sl g 5
5o ¢ S e YO B0 st ) s oS sinia sl o
ol g 35 s b sl bt of ) Jols s S5
Wl i e aiiSadnie sl 5o

149) JLu | aglods

RO PP

9 A g 54 into (g0l o> G Sl Jol>
pSske 0 0o S BLoIL O NTUS 508 55 o ol o) L
Sy osss 0o ys 45 S53aS Gl ol s saiiStinse 2 s
ad B o3 0 5,50 s 2 s ¢ Sk V0 ke s
(aos) e v) oS Hsb 0 K, Ve 5 Yo NTUG 508 s ool
O D BN IS VWA 2S00 VARt FICIPRC S
253 S A 10 5V 0 sl )+ 500 NTU &30S
o p—fgk:*’v’ﬁ YOYe olis sy censlials 58 Slal s
ko Yo i 53 Lo Yo NTU &30S (611 5 cmlin SIS
O~NTU¢;,}A_<J>@#:44J¢;)_~.¢M\W&A;¢JJ>()§
b s 5 il 2 s 0 S ba ¥ s¥O LY+ pslia s Yo
sl e slhe gl 53 Ve NTUS 508 (6l 5 Jle
Lo PH 300 58 Sl g 508 aimto Jluis a1 L 2355 oo
PH o3 gu50 .0l (oo (21581 (S Sl o las 5 talS e LG
(F/OY-Y/+F) s 5N e 5 Y+ B NTU sl 508 ¢l o
of Lot s pH 5 Les s 5 (§/08-2/48) 5 (8/05-5/AY)
o G i 1y (558 Ui 8 il 03051 ol
218 a1y 8 el o sl wosls ot a1 IS
2l SgaS Bl s s 218 8 Ol e 4 Co

S sinia ) 53 0,8 L O a3l 51 Jols s
Yo NTU (515,50 s 45 Ceal o Soley paipn T il s
o3 Y5 A0 A4/ 5 s 908 i olye )+ 5
S wiaze Jlade Lial580 b oS ol T summs oLt el ol
s i w31l 5 @l 2alS O sl g slos 5 H o)l 308
r:-‘-:"ﬁ—ﬂ Sl g 52 s pfgk:*’\ﬂ’ﬁm olie 53 508
35 e il 53 OF a6 S g 0351 elin Sl
Ol s (6l Gaind ol 53 PH s3game 1358 00 L5l Jle b
e Ve 5V 0 NTUG 50 (5l izn s T
e (VNS -V/S8) 5 (5705 -2/AY) (Y/YY -V/0YF)

534S o Sy Ko b5 1S ssiiStinia 51 Jolo gl
winia 2 s 0 Sk 05 55 Ve 5 Yo B0 NTU lis 508
s eas Bl uo ;3350088 s S O aaS wasS
Qd&...;\ohm;obi;@lﬁ.ai;)fdi:m):\“ ey
@l 2ol T ot sai slas 3 PH w0 aimso e iyl 5l
Yoo l0 e slie s coypaS a1 s axsd o3l
ol salie 5l s 5 ol suSiin sslo 2 5 (f&""
oS e ¥ B Y0 palie s (i Sl lin SIS
G o) s pH esgazme 358 00 b5l e b s 2 s

alfsld g ol 115



ol 5o s 5 5 oS ke O B s IS e ST
PCIN [ PR IPA W L\ G E P P J Y
5 TDS Slus EPA YFL el o s 08 e YTV w1 IS

AWV aSn o5 1l 53 ¢ Sken 00+ 1 Gaelitl

S 4o -¥
S inte 45 555 e 6 St deols bl Lol
Gt S5 53 5 5 e ol sl s w IS p s Tl
b 3 eals DT (S K55 5 D08 Bl s 1 S rt
wils pHy cols talS 1) Sl op meSoanSudas ool S0
ol b S LB lls o daw sl T 8 bl s 13
LS s syba O LB Jlaie (21580 gy wizes
Sl Lo wasg Lcail sl opus i s oYL
US| LN I3y FUSS PYVEE: Z SO UL SO N
U P VTS W L AP R SR g PRTTRT-R W LRGP

63'))..\3—0

e})J:C)UJj_weA_L‘JLSW}_HTEaA_;Sm sly (=d
oL OF 5SS sls olis r,;f,ﬂ Sl g 5 o558
V,:.:.UJTTL?M_;.;SA_E.&;«;\}_A%_;JJQW 5Y+ .\« NTU
e 58 Sl r—:-i-:ﬁ:—ﬂ Ol g oS53 5 IS LIS
e)\jct.“.\...cunll.b..ﬁ\w}oﬁ U_L‘&)jﬁ)JJV\SJJ\J)J ‘)(5_[\)\5
3%‘;‘5(3—:4-:*’:ﬂ¢£ 3 8kee wslin o a5 s ol 5
28005 s OF mlin T sln 5 508 B 55 G308
dbu(\ . j*’ Qe NTU)Mﬁ\UJ}JJA_A\b
Jolie s YF-YV/F 5A0-24/Y0 s 5 4 ol S 3
Lyo] (o VP-F5/V, YV 00T
dinie SBLE 21580 b eaniSudate olas s Gallod o 5o
Solaw s Shay il (Sl colae 5 tels s LB wass
3ol bl ol 258 by TDS g T (S, 50
ol 05 S ey S 0l r Salis sl T Sls
ssls JUasl o1 s 552 5n slags s Jbne S s (S
35l Ll 38l 50 (Sl Culae TDS il 580 G o5 o0
sl (OAFpsiem) (S xS Colas (e o s ol (Guines
T s [P W L SN VI TELREC g+
s adizie gl (FFY ps/om) (S oSl colan ol sae o 2eS

&l ?

1- Pari Zanganeh, A.H., Ghadimi, Y., and Abedini, Y.A. (2004). “Water pollution and the main scurces of

pollutants of Abhar river in Zanjan province.” Proc. 6" National Congress on Environmental Health,

Mazandaran University of Medical Sciences, Sari,441-449.( In Persian)
2- Graham, N.J.D. (1986). “Ortho kinetic flocculation rapid filtration.” J. of Water Research, 54,715-724.
3- UNESCO, WHO and UNEP.(2000). Water quality assessments, 25" Ed., Chapman and Hall Ltd., Landon.
4- HDR Engineering Inc.(2001). Handbook of public water system, John Wiley and Sons, New Y ork.
5- WHO. (1991). Guidelines for drinking water quality, Vol 2, New Dehli.
6- McGhee, T. (1991). Water supply and sewerage, McGraw- Hill, Washington, D.C.
7- Montgomery, J.M. (1995). Water treatment principals and design, John Wiley and Sons, New York.
8- Lipoor, V., and Bazerafshan, A.(2003). Water treatment, I** Ed., Vol1l, Daneshnema, Tehran. (In Persian)
9-Shamansouri, M., and Neshat, A.A.(2004). “Comparison of poly aluminum chloride, aluminum sulfate and

ferric chloride in order to TOC & MPN removal in optimum concentrations for turbidity removal from raw

water of Esfahan water treatment plant.” Proc. 6" National Congress on Environmental Health, Mazandaran
University of Medical Sciences, Sari, 441-449.( In Persian)

10- Kennth D.K. (2008). Water treatment plant operation, Beard Pub., California.

11- Letterman, R.D., and Peron, R.W. (1990). “Contaminants in polyelectrolyte's used in water treatment.” J.

AWWA., 82, 87-97.

W alsligal

191 Jlu | aglods



12- Weber, W.J. (1972). Physiochemical process for water quality control, John Wiley and Sons, New York.

13- Shi, B., Li, G., Wang, D., Feng, C., and Tang, H. (2007). “Removal of directdyes by coagulation: The
performance of preformed polymeric aluminum species.” J. Hazard. Mater., 143, 567-574.

14- Wang, D., Sun, W., Xu, Y., Tang, H., and Gregory, J. (2004). “Speciation stability of inorganic polymer
flocculant-PACL.” Colloids Surf. A: Physicochem. Eng. Aspects, 243, 1-10.

15- Jiang, J. Q. (2001). “Development of coagulation theory and prepolymerized coagulants for water
treatment.” Separation and Purification Methods, 30, 127-142.

16- Ye, C., Wang, D., Shi, B., Yu, J., Qu, J., Edwards, M., and Tang, H. (2007). “Alkalinity effect of
coagulation with polyaluminumchlorides: Role of electrostatic patch.” Colloids Surf. A: Physicochem. Eng.
Aspects., 294,163-173.

17- Omelia, C.R., and Shin, J.Y. (2001). “Removal of particle using dual media filtration modeling and
experimental studies.” J. Water Supply, IWA., 1(4), 73-79.

18- Eric, H., and Kara, H. (2002). Optimizing coagulant conditions for the worcester water filtration plants, A
Major Qualifying Project Report Submitted to the Faculty of Worcester Polytechnic Institute, USA.

19- Malhutra, S. (1994). “Polyaluminum chloride as an alternative coagulant.” Proc. 20" WEDC Conference
Colombo, Sri Lanka, 289-291.

20- Tang, H.X., and Luan, Z.K. (1995). “Features and mechanism for coagulation flocculation process of
polyalumimum chloride.” J. Environ. Sci., 7 (2), 204-211.

21- Luan, ZK. (1997). “Theory and application of inorganic polymer flocculant-polyaluminium chloride.”
Doctorial Dissertation, Research Center for Eco-Enviromental Sciences, Chinese Academy of Sciences,
Beijing.

22- Liu, W., Huang, H., and Peng, J. (2001). dpplication of polyaluminium chloride in Shenzhen water supply,
Qingyouan Water Purification Water Supply Group Ltd., Schenzhen, China.

23- Mahvi, A.H., and Ahmadi Moghaddam, M. (2003). “Technical, economical and healthy evaluation of PACL
application in water treatment.” Iranian J. of Public Health, 32, 6-8.

24-Banihashemi, A., Alavi Moghaddam, M. R., Maknoon, R., and Nikazar, M. (2008). “Lab-scale study of water
turbidity removal using aluminum inorganic polymer.” J. of Water and Wastewater, 66, 82-86.(In Persian)

25-Abdolah Zadeh, M., Torabian, A., and Hassani, A.H.(2009). “Comparison of the performance of poly
chloride(PACI), ferric chloride(FeCls), in turbidity and organic matter removal; from water source, case-
study; Karag river, in Tehran water treatment plant no.2.” J. of Water and Wastewater, 70, 23-31.(In Persian)

26-Tchobanoglous, G., and Schroeder, E.D. (1985). Water quality: Characteristics, modeling and modification,
Addison- Wesley Pub. Co., Reading, MD.
27- USEPA. (1970). “National secondary drinking water regulation.” Federal Register, 44(153), 42195-42202.

9] Jlu | aglods asligal V1A



