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Abstract

Background and purpose: Hard water causes many problems in domestic and industrial usage.
There are various techniques for removal of water hardness.€ach with its own special advantages and
disadvantages. The purpose of this study was to compare Polyaluminum Silicate Chloride (PASIC)
method and Electrocoagulation (EC) Process in removing hardness from drinking water.

Materials and methods: This study was carried out in coagulant drinking water of Ghouchan
(Northeast of Iran) during winter 2009 to spring 2010. Jar test was used to investigate the effects of the
hardness, turbidity, pH, residual aluminum on EC and PASIC. The efficacy of each method was analyzed
using Covariance and Regression analyses.

Results: The results demonstrate that PASIC coagulation was capable of removing 75% of
hardness and 95% of turbidity at optimum concentration of 1-5 (mg/L) in raw water. The EC process was
able to remove 97% of hardness and 50% of turbidity. The maximum percentage of hardness was seen at
30 volt, residual time of 60 min and pH=6.5-7.5.

Conclusion: It seems that both methods were efficient and cost-effective in removing hardness and

turbidity from surface water and can be used in coagulant drinking water.

Key words: Polyaluminum silicate chloride, electrocoagulation, hardness

J Mazand Univ Med Sci 2011; 21(80): 45-53 (Persian).

44


http://jmums.mazums.ac.ir/article-1-646-fa.html

oh—jles (— Sy e0—Jc ol G a_Las
(€0-0W) 1WAQ Jlw  gagy Ao s)lad  eluww 2)gs

g ailSuluy 3| U5 pguisngll h b alieil yigy auylio
b ol jl pisw waa ja JguulleSlgSg Sl ail s

Sox> Lo oz U] RPN PRV Y

4 oxs )

L;‘ﬁdsmtghui)).xfdn:l;g\u;w}ﬁud)szbdsb_jomwg'fzdﬁpﬁlw

SAelaT OT e Oodo ans s andllas ol 51 Coa 3505 350 5 OLis 5 ol b s ol 5o b OT e o
55 (BC) 0 5:a¥ 51875 71 5 (PASIC) 41650k 1 IS gn T Ly (sloocicS inte aliw o

ST 51l s gas s S 11 (Ol 1 (3,5 Jled) Olor 8 e OT Wl s 53 cwy p ool t W 9y 9 3lgo
ine alow gy 06Ladly p gioe T 5 PH 5 5Se auﬁuﬂ.;;ﬁ(ww\« Sle 3 VWA Oltne Jgnd )3 o,
22T 538 5 (3550 (BC) 05 815875 2831 5 (PASIC) 6180 L1 IS siten JT Ly (slooutiss
W38 5 el 5 3590 0w 85 5 uilislasS GIUT Sleslizal bl b, 51 eSS

Ve 3‘_}5‘5&_.'#;'3.1;--\_‘4):\/0 Cad> 4 3L PASIC aMM&:\:QWamT@.\g@t}:h@Q
sl e il 53 0,8 e O ) atg sladsn 53 (53555 pl ST D)slST o3 0 ¢ earlST S o o
dib o SadS Ao )3 00 5 owedlS 5 IS e o3 A0 AV L 4 oo 4 536 55 05N ST ST AT
35 odalie V/O b #/0 pH 5 4ids £+ Lle Oloj 5 SIg ¥ 5y 53 ew Ao ys o 2he S 51458 &

59555 ol oy S g8 5 (e Ol 55 o 5 e Blod 4 a5 53 8 oS ) o0 i w0 : il

\ g oslizal s O gladls aduas o .x;sl,:y

e 05 F S S S WIS i ST L 153418 5o g

doddo

3,8 s b s jleslital ez 513505 502 chcﬁHJMkQ.J))T@AKJQL;-UJ’

[ Downloaded from jmums.mazums.ac.ir on 2025-11-30 ]

d‘i‘ )‘ g‘_<_i P )x‘)lf .(Vc?n"—f)@ﬁ JJU L;uui))
.>J\J£W9T%é§ﬂ‘5§?g}lbl3&|;\ch‘}})
Ll IR ST e Sl 0 Jols T3 5o

250 3145 05 5lad 4 da 5 (B O les sl &

E-mail: m.malakootian@yahoo.com

A g e 5 s DI (S g el el e
5 oS L e 53 Oz Ll b5 O (e sl
Eaptr BB Lsd o Joli 1y g 2aS p3lie oo e

T e O gl 5s ol @ a5 L L)l

oty oSl 0l S (S ke o315 10k S —uligSho Joxo 1 Jgiume ilgo

Ol S (K e o8l (blitgy aaSCiils o Sty 05 5

ANV YE Dy g 5056 AV : Dol g gyl )b AVST 3l s 6

€O 1WA g ¢ Ao d)laud « @y 3)93

ohsjls (Al eole alEibsls alas


http://jmums.mazums.ac.ir/article-1-646-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-30 ]

OT (38w 33a ) ooawleSleSeIl § BlSakw MS eoxizeg)T Gl

53 YV Jlw s (LLSen 5Gao s yls 5,5 55
ook S8 IS p g T Ly Al gy izl 5
Jmb O an a&i 3T Ll 55 (PASIC)
OVl Cws TP 5 COD 5 s,y oS- I g 5
BN BB R E-TY eSS 0 5m¥ K185 S

oS anis Jole &7 el OT )3 Jlous Ml ads
e LTt Aoy G s 55 S b
bt o3ls 45 S n T ol 3 00003, s
S5 o e 255 el 025 Bl T 4 0iST Aiae
sl 208" OT ainas Jglitze gla gy ST 4 o
gy S BB ol By ol S ok S5
Slaamis 550 AT 3 5 (Y )bl e adsss
oslizul 45 8Me (Y1)3 58 oo o3liiwl oaT 5 oo sun T
el a5y OMNBB 5 OT adas al s dul 3 ol
Sl Cadis ain) 53 (503 1S Slidos 503 5
(s g 5815 Sn ¢ g bt 5l go ¢S
55 Ope ;805 ase slaed VT 5 O g8
Slye Oodim (690 oS (6,505 anlllan 53 (YYAYRIEL
L O e =3l dw gy SlalsT OTgn ol JT
23 dmi o3 LSS 5 Viero b g b slis
35 ol Aoy F0 Sl i 03 8 Sypee Yoo ¥ JLa
0L 5o Law g 45 o 55 (Y38 stalie  ieus
e Od (65 ARl T e 53 0,
050 ¥ B 555, S 0T Sl oslizel L goredS 5 JS°
)l&:@@@.ﬁbm,:&fr\?al\“h Jlo 53
Sl de ;3 AV/F 5 IS e Codo (sl Aoy AN/Y
ol 3 Coda (03§ sdalive ponedS e Cod
oS Winie 03Ls 5, Shos duss i 5 oy p antlas
0SS 5 SN T b 5 68 LIS psin JT

.,L&Lu.a u"]““' uT 3] E Cod> s

L o9 9 3lse
%‘ﬁCM;T&owMawMazb

0P a5 Sy 4 60w

adobe S1Ail g e (S n ealil oy 3 gl
02,5 S ) 1 U550 ST & G52 slaoS
03l LA)3 a3 0Lzl 85 5 Glakils aias 3 OT
Oljn il 53l o 355 oS p 5 Ol i 4y ST
o 3L olie (B b 5l s e DT (Sl e
slablodis i s S8 8 Cnsidy
$Laoans LS 5 b 538 0 OT 55 slapio
pasian polie 03 5ai 6lS) 5 0L 5 Dl 4 S e
(e 4 3 A Sl S ST I glodss puan g
SlodiS dinte ol 4o ¢ 55 ST UuT 5 5500 @)s, 0
QbiU:Ma:@\...jo_aT.\_l\}lfcpJTJ_’:ﬁ
St AT e S 53 g 0l S gl
cslazsl glaas oo ogdle ol -l VV)LL il 58!
sl Jlai| ol 50l Jie bl oopllasls &l 51
b Sl Al Jis 4 55 1 e lIT ol
STPH ol 3l Eel 75 555 &SCaT jloslic
ol 3508 dl e 53 JS g 36 (sl 5 o
ol B VIA 5 4 (e S 5 da ST pH
BN das o ol 78l denl (3 m e 4 LS 5 5
(o Ol SRl 0 sMhe oS dinte 3l g 5l o5l
AT 3 50N Las e il 5l 55 1 Ol Sldel-
ol b e eslial N ey P u.’a—
e553 50T (b 5o Oilar sy s S e 4 T 5
oslizl (W)l 55 3550 205 o sSre (S phitns
Odd (iS5 oy bl Eel i ala s
OFrNss o blis ) Se
poen AT 03,5 05 oy Ly linil 155 (61
LI e ST G (ool Ll Lo 20 b 4w
s oks S 5 S L dleb 5Kk 5 (PAC)
LIS eyt JT (o 4 (gl oS inie 03le
2 G LIS e JT o 00 0 61K
T it Slao i et | 5 e e
& s U5 PAC & S o3le o1 .0700) AL, o0
SRR G PE S SN S X U

1WAQ 0g) « Ao dyladls « @iy 5)9s

Ohjle Sl eole alGibils alas iy


http://jmums.mazums.ac.ir/article-1-646-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-30 ]

ullend: q ul.;.‘l'gSl.n anan

dheas 4 63355 ol T jleslizal b 53T .8 8
Sn & o o LY L0l 5o Ol 8 T @l
Vo ode ys ST LYl 5 VY es slded L 4zds Y
Olas aids 10 . 5 plonil FO )53 slas L 4
3 et 3,5 Sy o LSS s 0 5 6 S 031
ST plnil gl T o 15 (6 el ¥ ¢l
oileST A LY LSS &) po (515 26 e
Sgole a y3sue VYA [EaauBE i gad Sl
« Eutech s O3S oK A g oy 9US
ile3T (Butech e pH o&ews 3l oslizal LpH zsleT
s EDTA Titrimetric g, L e Ol s pns
Eriochrome %3, G-b » ollesls rj:.;:ajST bt
ol A plasilOYONM - 5e J 5L 5 cyanine R
sl Slinl)T gla by oS b SlasleT
o (61 Slis T aes s s (’L?v.ﬂ Wl
etV Jsdos 5l (g3 S 1S 2pH S0
W3 8 esliuwl NaOH LY 5 +/\ Jskos 5 HCI
(Merck) &S ;e &S5 5l (8 s o liand 330 iles
el (e 5 U5 e D S 5 OLIT
52 0 8 A YOV 008 5 2 iy 2550 T
NS  2DLS OLL 5> il o3 g elS S S
oalaiwl b oy sdS Codo 55 ol ST (slaodiS dinie
SLals 503 5 el S S aa Gl ls S LT S
00 g el b 5 EXCRL ) 3le 5 Sl eslinal L ab g o

..\i:;‘_sﬁ.l:)bu.;mp<

23Sy S g e B> A3 Ol e

(30 15k SIS i T Ly il slnc il
Sasai 33 0lr B et O dls adai 4 (63555 T
03La 5llie il 300 b ol k0315 OLE Y5 0 jla
oS g 5 S B Ol sy oS Ainls
RS e ¥ Bl 53 S 16 4 b e

L o s VO S e Cods s 5 0ke 4 2

Waterglass Lode J g 51 23 Jdo Vo/VO Il s
Lol byl s Coos ST 40 15 QY50 ¥ ¢ SiO,)
abey ) SIS 5 n el e 1) Jen Ve 050 %
aaiio b (Poly Silicate) DS (b plo (Jloe b
ad o 53T Cwd Y/0 5 Y pH 5 )Y 40 1/0 SiO,
03U PSI Jgdoes a1y ;¥ 50 ¥/0 ALCL; J sloes dns
ST & s LSAL/SI= Vo J 0 S b 035 31
U o958l LMt | Loyl o Coei |y Lode NayCos J gloes
B Jydos AT @ ts OH/AL= Y Jsn S
SAUSI= Ve gpH = V/0-Y/0 51/0 6 ) aeils lls
AsL s OH/AL=Y
IS ALESY- PRGN PNS PP SN T
i 3l oslizal & N 1875 S o O i
A s oslial doys Ve (ol b s sie T dmio
51+ cmxA cm) A+cm’ (1) G s o 35 S
Las g 2305 50 Cob (6 el | Silomies e alold
Ol b ke a0 05 e S5 0 5V 5 63 O gy
2 B sy Jeate LTI L 5 Cds ¥ B Y 5
La Salstle 5 Cmilos g1 O 5oV S S SN 2le3T
ok it o 5 93 e DT al sy lasy S ot
e 5ea3 (1)) SIS 5 pon ol Jglonn b e 5

.LZDGA a:‘éwﬂﬁ‘)l{j.}@ng{eJ\{j:j

1-DC power supply

2- Digital amperemeter

3- Digital voltmeter

4- Anode rod

5- Cathode rod

6- Magnetic bar

7-Magnetic stirring controller

oslitul 3 g0 3 g 1,85 SN AT 5 ull 1) osled g

ST s

Lgbjjjcl_i-;.)-‘-j\ebui&@.u@tg)\:ﬁdﬂ

el (0121 3,5 o) Ol 8 OT b adas &

KV 1WAQ gag) ¢ Ao d)lauds « @l 3)93

ohsjls (Al eole alGibsls alas


http://jmums.mazums.ac.ir/article-1-646-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-30 ]

OT (38w 33a ) ooawleSleSeIl § BlSakw MS eoxizeg)T Gl

ssolen ST als L oble [illalsl s Jy
oL alels 53 Cod Ol e s 4 O mg/L Clals i S
oasin Y ojled Jlsyad g 4z 5 b S on Lai
Sl L Oy iSOl ey ke 7 s 8
4 aS ol Lasl530 Y mg/L G PASIC ble Ol 5
Slme 3 ol it b &y 98 Ao y3 AY T, Kk
S aa Lchle 515G oTH ol 5 A, VY
(Y osled Hlasad) 55 ol jan g 55 JB i
O 55 SysiS Kl 45 505 Olis (LT O 5037
13 me Mol T3 plosil 1y 5 (63555 ol
51 28 ol san okile Sb oy gdlS (< /00) il
5V NTU G &oysbS il5531 L sy +/Y NTU
GO S a4 Sl Bl S Oade ST Ol e
359 /YNTU I a8 ol gas okile 3L Oy 508 &S
Sl e Rl (B e 55 Ul e a2 e
3 s n 5 or ey 55 T 53 0ladly g 5n T
3 a8 ediladly p s T O3 D2 LT oles b
(WHO) cilag slg Olejlw add puaislites
45 € PASIC ouiS dasie puizmen (4/¥mg/L) > o
5 D58 O Ol a8 5 00 5 et Ol
23 st 45 0l o g 15 G 3 S o £l
KPRV IR
(e D O e D5 E 85 2SI T 5 )
ol ol platile Oles 53 Rl b gemedS” 5 S
s Sy el s S LT I b 5o o Gl S
Rl L ool il b sls DL | sl o e
Ood s THLS Ol Ly oalad 53 dsbe Ola )
4S8 gl St &) g
Frasle Olaj 9 g ¥ Sy 5 gew Loy o i
oo oml o3 s 8 edalica V/O U #/0 pH 5 aids
ool L o33 AV S e o s S0k
oS e O3l ds s ke 5 YO JLas
(¥ o plad 515 503)5 55 Y/8F jlae 51 ol il b o 55 40
2 bl Sl 4S5l 0lis LT 0 gasT ol

e 3 Ly e 5 O/F jlime I ol o]
9 dy o YO Hlms 51 Ol el Lo 3 Ve padS
ol B Olje a8 e ¥ bl I S
(g 2B oS oS e 03le I BIL 5 03
ST 05T b () o)l 3 5a3)35 5 as da>De
S e D Oljee s Shile Kl o7 515 0L
T3 plasil 5l dn 5 62555 pl T 53 (enndST
o35 o (D <1 /00) 3,15 555 (6515 gae D
sdalica VO U #/0 pH s sonedS 5 IS 3w o
ahas 4 53555 o ST b pH ol S 45 8

Al e gl

80 4

70 /—Hw

ol -

40 -

[Ty

s - RO
30 - - -
w0 & T

10

05 115 2 25 3 35 4 45 5

[MgfL) A paa s208 dals sdbe [ s

S8 LIS p in JT Ly oS dinte 5151871 ) 05l sl ged
WK}J{@&H&J&)J

[ENP R VT

ML) s e = S aa s e ia Y s

S8 LIS gn JT Ly oS inte TS0 ¥ 05lads 510908

oy edS Cods o

1WAQ 0g) « Ao dyladls « @iy 5)9s

Ohjle Sy eole alGibils alas KA


http://jmums.mazums.ac.ir/article-1-646-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-30 ]

ullend: q ul.;.‘l'gSl.n anan

Aam,\_zuabowk;:z,.:jlyu@u
26 ol clle 53 PASIC 410k 1 IS oy T
il o gondS 5 S B 5l a8 B Cod
ST 5SS VL Odo 536 osle ol pimmen
5Ga0 b g aS Glalllas U gl ol &8 S o0
oy oS dinin Sl goas (S5 e > ALKes
T ias )3 PASIC SIS dl IS ¢y o T
ol andlan mman 00)3,05 Cilae 5 5 Oy s
sl 5 a8 Y ey (8IS 5 (g e andllas L
dinis 03le o gy e 5 D )sS l lis O 4
NS Gl foad dis p 1S 0 e JT (s oS
b S i el ey O3 033t 5Vl
o DT one PH 3 68 SIS 5 T
33 e 5Qin glaasl L aS Cils 55 5 uas
sUanit 5, Shes iol580 o pH 36 g5, ¥ #7dW
PH 533, Shes o 2 odasOliss g asls'cllas
MO oaeT b
Lt 45 6180k 1S p stoe T (gl 08T e
S Olje o a8l Al o e (e O
.upw)\if,;u}:;ﬁtw,t Sl 5 Sy suS
o A g 55 adBs V0 s is a5 Ol o e
Glaa sa b e S ials sl Cule
oz 5 LK 5 Zhang aallbs 35 s Sl
La Sl gy OF adeas 534S 3l 0L Yo v A Jlo s
b PH 63 5umee 53 05908 ol (6 5 ange pH
)@‘rjyg})}u\fgf;bb&‘ﬁfc@‘g.f
3503 G yduan G ol adlllae Sl ol il b
Ol e 5 oS inie o) (WL Sl Oleckily 4y a5 L
Jolize (laodsS dinte o 4y Can OT 8L 5
33 omlie o Kol Ll s oS inie ! 51 0Lzl

LJ@.TJA(\?”‘U\,\,qjtg.awjtu-gT,;Lancx@w
Sl PH o e (p<+/00) Sils (gl sme oD
AL o VO L PO PH andS 5 S e o>
o Ol Gl aia 4 63555 ST (b PH ool &
B0 Sy ol o ys SGke il o S s
Ole) s I 5 5o Yo/A Hlas 51 ol sl b s s
L5 (P oslas )15 50) 55 pH=#/0 5 485 ¥+ wila
ST 53 Sy9aS GRS sls Oliss (yleT O ga5T
Gol3 sne M T 3 el 51ty 5 (53555 ol
Gl sys p i (p< /0 0) L bls e
0L il bg LT Cowcdy Jgl diids Yo ys oy 58T
o) o el il o)l gans oy gdS (oo Ol ae Libe
o 1 ST ST ples 53 0diladly p s JT 0150

20/ mE/L) Cilig Sl Objle sdd s

Cd 55 05w 8 S5 S AT 5 STHLS 1 ¥ ol sloges

60 -

50
% 4 -
3
9 30 - —_—
El
3 ol
3 20 -

— T
10
]
0 10 20 30 40 50 50
(min) L Ja

Q)}-\f;.}-.b-):QMY;;jjg|JQTJ§&T)\§Zie;l&:;;‘é’d

I€q 1WA g ¢ Ao d)ladds « @y 3)9s

ohsjls (Al eole alGibsls alas


http://jmums.mazums.ac.ir/article-1-646-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-30 ]

OT (38w 33a ) ooawleSleSeIl § BlSakw MS eoxizeg)T Gl

L g o landllas b odaT sty 7 5 0PV )
T s ,— a8 5 s a6l L—Sea 5 Onder
R Al s it O g S8 S
dS Csd A3 VF 58 |, Sy 5dS 5 COD
Bagga & b L Tl ramer (V02515 pean
05N 1685 S aslin (S5 e > S, K0
el T Gl o Jsltie ol (glaouisS dinte
3l el Sy . ()3,415 lae L3 5 0313
2 Sl GUT L5 &8 i b piomas anlllas
AT b gy S5 S Ol (5, YAV J
Sy Sy Sy 5N S S
= 0,5 55 il LSes 5 Park AR EBIE
Sl 5l (I8 o6 o3 55 O ey SV (55
()l QLS Ty e
Linie 40 v Jgldze (glaodisS dinie 3 Shas
S5 Sl 53 18k LI IS 0 e JT (oS
PASIC>AICI; >PAC>AI(SO4); 1wl 55 J.{.. @
oz ,38F AICl; (r ;3 0 PASIC 5 5 auas
LS o3 44/0 A (SOy4); 5 Aes38) /O PAC

)5 51> ol

oS U date el Shedl p s e JT

BERAZANTE-{ SR RN W gy PO I
Ol e sl 0 10 PG/ 3 20570 5N ST ST
o p AT oS e 30 odsladly p s T 05
(,}_:;:ﬁ,ﬁ LU ,IG adaly 55 (), o 0 pg/L
031> (6l sttt sl HIT (s okey 5 ST 55 U lome
a3ls dw 53 0ladl p st JT s Ll ol
AlL(SO4)s>AICL>PAC Sy Jgldze oS dinie
O Olje a5 5 57 adeinn Guioes opl &S .(2)AiL s
LIS o e JT (Jy oiS a5 eilacdly p s T
Aol S ol g 05V S15ST5 SU 5 SIS
Ot ST sl l 5 Slgar (las bl jLses

Y RENPESNE P WP IR LR g

D SIS 5 SN AT 3 g Sl ol il

CyalS 5 e Ol 4 538 AT 5 ol a8 5l OLES
Sler i Ol els pn 35kl d- 5 T
o B Ol Sy 5 ke Ol Sl 1L il e
TS OL o Ol s il 531 Ll e 2 53]
VL lajls s ol o I 55 (e S
o=l s eds e g g laeSHs Ui 5651
L (0asl I8 56 auT 3 LT, g, Ll o
4o Oy 81 Sl Olaj 0L 2 Oljee 2ol
Lmls onl 45 .l Jhulisl alins gla TS
L bLs,iys 0,Ls yRanta Kumar sla oy p
50 SIS S iy 4 6K, T Cod ek
CbBL LU s 0 Sa 5 Oladly b andlas uomes
3 oslial U 0 gy 81875 xS a5 51 esliud
SUCT e s S Do 55 gt s T (sLa 55,81
fome > N2 Jlsdman 5 (T slale s
Oledsly an Sy g 5 ¥ Jsily DS
S5 53 Lo Olaj ol 133 8 e algity o llas
Olaily 2al5l CebpH 5 family oMzl 0550 ol
OLd i 45 S ol 933,5 o e 00>
s D3 Dol el 4 Col sl 5 slaas
e o miy S sl Ol folo il 35,8
El ml Sl ol Gl oslesT gl ys  dew
53Y Vel 0K 5 0l sShe 45 (glaalllas L
Callas dSsls rl_».:l Ol , S s gali&_ib)"f Looes
s3Ranta Kumar vy ;5 C’l_"’ o) (Y7) 3405
St S )T ol Dol (o
s Chaudhary asilas ioman 5 0w S8 5 Sl
o i b b s S B s ) LSGes
roed 5 (=T SLad sl 510 s 815875 S
Sheslizal B w53 0K 5 Olzdl ) andllas
slas g 2SI 3l oslimal U 0 ¥ 81875 2SI a0 T3
L T ladasee 51(CT) p5,8" G 3 gt T

ol Aol 53 O g Y 185 S U T 5 51 oslinal

1WAQ 0g) « Ao dyladls « @iy 5)9s

Ohsjle i eole alGibily alas 'y,


http://jmums.mazums.ac.ir/article-1-646-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-30 ]

ullend: g ul.;.i'gEln anan

ML’L}" ladsl> 4:-‘&45 BE) oalatn! JJB

SISl

By Dl Ziglas Jlo olen b eyl ol

sy planil 4 OLa ST (S p e oKl (5550
Sl 4z 1 Als n p3Y 08 ey 55
S ke oSsils Colilgy oSl Lame iy,
ey Bl 0303 513 g i 3y50 1y 2 b S 0L S
i gy Olel 5 Ol O 5 OT oS4 )

References

1. HDR Engineering .Inc, “Handbook of public
water systems”, 2" ed, New York: John
Wiley & Sons; 2001. PP 412-417.

2. Park J.S, Song J.H, Yeon K.H, Moon S.H.
Removal of hardness ions from tap water using
electro membrane processes. Desalination
2007;202: 1-8.

3. Schaep J, Bruggen B, Uytterhoeven S, Croux
R, Vandecasteele C, Wilms D, €t al. Removal
of hardness from groundwater by Nano
filtration. J of Desalination. 1998; 119: 295-
302.

4. Yildiz E, Nuhoglu A, Keskinler B, Akay G,
Farizoglu B. Water softening in a cross flow
membrane reactor.J of Desalination 2003;
159: 139-152.

5. Kawamura S. Integrated design and operation
of water treatment facilities, 2™ ed. New York:
John Wiley & Sons; 2000. PP 510-523.

6. Gasco G, Me'ndez A. Sorption of Ca*", Mg*",
Na® and K by clay minerals. Desalination
2005; 182: 333-338.

7. Kabay N, Demircioglu M, Ersiiz E, Kurucaovali
I. Removal of calcium and magnesium hardness
by electrodialysis. Desalination 2002; 149:
343-349.

ol Ol o575 5 (6 8w 015 0 OLL 5

40 0 1S 5 S Al gy oS 5 S
LI st T (ool e T3 51 g S
it dl gy D)5 ST O Oljn S50 610
AT e S8 LIS i JT oS
g L e pemn 53 35 0¥ S15875 S
LS e JT (oS e G157 5 by o
AT 35l s (38 5 hew Ol s 61K
33 72§ gazma 3 @al il o 05 1S5 SN

8. Abbes 1.B, Bayoudh S, Baklouti M. The
removal-of hardness of water using sulfonated
waste plastic. Desalination 2008; 222: 81-86.

9. Mahvi A M, Bazrafshan E , Mesdaghinia A
R, Naseri S, Vaezi F. Chromium (Cr ")
Removal from Aqueous Environments by
Electrocoagulation Process Using Aluminum
Electrodes. Isfahan Journal of Water &
Wastewater 2006; 62: 28-34.

10. Rahmani A. Removal of turbidity by the
Electrocoagulation method. J Res Health Sci
2007; 8(1): 18-24.

11. Degremond O. Hand book of eater treatment,
Chapter 2. 6™ ed, New York: Lavoisier Wiley
pub, 2002.

12. Ramesh R.B, Bhadrinarayana N.S, Meera
S.B.K.M, Anantharaman N. treatment of
tannery Waste water by electro coagulation,
Journal of the University Chemical Technology
and Metallurgy 2007; 42(2): 201-206.

13. Doula K.M.K. Removal of Mn*" ions from
drinking water by using Clinoptilolite and a
Clinoptilolite-Fe oxide system. Water Research
2006; 40: 3167-3176.

14. Walha Kh, Amar R.B, Quemeneur F, Jaouen

P. Treatment by nano filtration and reverse

Ol 1PAQ gag) ¢ Ao d)laid « T 2)9s

ohsjls (Al eole alGibsls alas


http://jmums.mazums.ac.ir/article-1-646-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-30 ]

OT (38w 33a ) ooawleSleSeIl § BlSakw S eoxizeg)T Gl

15.

16.

17.

18.

19.

20.

21.

22.

osmosis of high salinity drilling water for
seafood washing and processing. Desalination
2008;219: 231-239.

Gao B 'Y, Yue Q Y, Wang B J, Chu Y B.
Poly-aluminum-silicate-chloride (PASiC)-a new
type of composite inorganic polymer coagulant.
J Colloids and surfaces A: Physicochem Eng
Aspects 2003; 229: 121-127.

Gao B Y, Hahn H H, Hoffmann E. Evalution
of aluminum-silicate polymer composite as a
coagulant for water treatment. Watre Reserch
2002; 36: 3573-3581.

Gao B Y, Yue Q Y, Wang Y. Coagulation
performance of polyaluminum silicate chloride
(PASIC) for water and wastewater treatment.
J Separation and Purification Technology
2007; 56: 225-230.

Zhu B, Clifford D.A, Chellam S. Comparison
of electro coagulation and chemical coagulation
pre treatment for enhanced virus removal
using microfiltration membranes.  Water
Research 2005; 39: 3098-3108.

Yilmaz E, Boncukcuoglu R, Kocakerim
M. A quantitative < comparison between
electrocoagulation and-chemical coagulation
for boron removal' from ‘boron-containing
solution. J Hazardous Materials 2007; 149:
475-481.

Onder E, Savas A, Koparal AS, Ogutveren
U. An alternative method for the removal of
surfactants from water: Electrochemical
coagulation. J of Separation and Purification
Technology 2007 ;52 : 527-532

Abuzaid N.S, Alaadin A Bukhari, Zakariya
M, Hamouz. Ground water coagulation using
soluble stainless steel electrodes. J Adv Enviro
Res 2002; 6: 325-333.

Zhua B, Clifforda D, Chellam S. Comparison
of electrocoagulation and chemical coagulation

pretreatment for enhanced virus removal

23.

24.

25.

26.

27.

28.

29.

30.

using microfiltration membranes. J Water Res
2005; 39: 3098-3108.

Vepsildinen M, Ghiasvand M, Selin J,
Pienimaa J, Repo E, Pulliainen M, Sillanpid M.
Investigations of the effects of temperature
and initial sample pH on natural organic
matter(NOM) removal with electrocoagulation
using response surface method (RSM). J of
Separation and Purification Technology 2009;
69: 255-226.

Chou W, Wang C, Hsu C, Huang K, Liu T.
Removal of total organic carbon from aqueous
solution . containing polyvinyl alcohol by
electrocoagulation technology. J Desalination
2010; 259: 103-110.

Viero© A'F, Mazzarollo A.C.R, Wada K,
Tessaro 1.C. Removal of hardness and COD
from retanning treated effluent by membrane
process. Desalination 2002; 149: 145-149.
Malakootian M, Mansoorian H.J, Moosazadeh
M. Performance evaluation of electrocoagulation
process using iron-rod electrodes for removing
hardness from drinking water. Desalination
2010; 255: 67-71.

Gao B.Y, Yue Q.Y, Wang B.J. The chemical
species distribution and transformation of
polyaluminum silicate chloride coagulant.
Chemosphere 2002; 46(6): 809-813.
American Public Health Association, The
American Water Works Association, The Water
Enviroment Federation. Standard method for
examination of water and wastewater”. 21%
ed, Washington DC: American Public Health
Association Publication; 1999. P 2340.

Mahvi A.H, Sheikhi R, Naddafi K. Total
Coliforms and Turbidity Removal of Water
in the Continuous Sand Filter. J Iranian Publ
Health 2003; 32(3): 7-13.

Qin J, Htun O.M, Kekre K.A, Knops F, Miller

P. Impact of coagulation pH on enhanced

1WAQ 0g) « Ao dyladls « @iy 5)9s

Ohjle Sl eole alGibils alas P


http://jmums.mazums.ac.ir/article-1-646-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-30 ]

ullen:h q ul.;.'l'gSl.n anan

31.

32.

33.

removal of natural organic matter in treatment
of reservoir water. J Separation and Purification
Technology 2006; 49: 295-298.

Zhang P W Z, Zeng G, Zhang H, Li J, Song
X, Dong J. Coagulation characteristics of
polyaluminum chlorides PAC-AI30 on humic
acid removal from water. J of Separation and
Purification Technology 2008; 63: 642-649.
Ranta Kumar P, Chaudhary S, Khilar K.C,
Mabhajan S.P. Removal of arsenic from water
by electro coagulation. Chemosphere 2004;
55:1245-1252.

Chaudhary A, Goswami N, Grimes N.
Electrolytic removal of hexavalent chromium
from aqueous solution. Journal of chemical
technology and Biotechnology 2003; 78:
877-883.

34. Bagga A, Chellam S, Clifford D.A.

35.

36.

Evaluation of iron chemical coagulation and
electrocoagulation pretreatment for surface
water microfiltration. ] Membrane Science
2008; 309: 82-93.

Yang Z.L, Gao B.Y, Yue Q.Y, Wang Y.
Effect of pH on the coagulation performance
of Al-based coagulants and residual aluminum
speciation during the treatment of humic acid-
kaolin synthetic water. Hazardous Materials
2010; 178: 596-603.

Selcuka H, Rizzob L, Nikolaouc AN, Meric S,
Belgiornob V, Bekbolet M. DBPs formation
and toxicity monitoring in different origin water
treated by ozone and alum/PAC coagulation.

Desalination 2007; 210: 31-43.

ow

1WAQ 0g) « Ao dyladls « @iy 5)9s

ohsjls (Al eole alGibsls alas


http://jmums.mazums.ac.ir/article-1-646-fa.html
http://www.tcpdf.org

