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1- DC power supply

2- Digital amperemeter
3-Digital voltmeter

4- Anode rod

5- Cathode rod

6- Magnetic bar

7- Magnetic stirring controller

ialesl o solitul 0590 (Ko xSUl slaasl ol B ghbl) IS


https://journal.nkums.ac.ir/article-1-586-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-04 ]

oo 5 (6yh Lo,y dazee

airie a5 PASIC oS sdae oole lawg &lis

aie Sygan w5l (oo poriesll aly (wlul  oais
318 (St o Jslows PH 4
Sl s Bl a0 Gl 1 S Sl olisil ol )3 o Slee
i sladile oy bog Yo Ve e la 5l o
adgl clale o osline PH aids Fr b FoX Y -
oals Hlas D F o loges jo Dlg e calise
Sl 00
S el BT Gl L foges o i L
Ot 4Soysky 3L il Sl B gl
DS g s Ve sy sl o Bis el
el Cewds gV ¢ il WS o Bis lendl
ol jo cble Sl oS ob plas gkl eejl
AL 0l 8 plodl 5o g (69959 pb> Sl o b e
P< b)) s)ls 0929 5, (e
50 Sl olisl anlyd as sle lis O jloges gl
S oo Jos Vb slo cile I 5 ge o gl bl
59 Hledly o yieS g OMO/Lcdale jo yleasly o yidos
Bi> sledly paiomen el cewss Femg/l clale
28 gl A Wl oo SRl 5Ly Rl L ol
Al oo o 1) Bds e pin Ve 5L
PH ol b oass o plad £ jloges a5 jshiles
GrreS Syeh 8l Bl ls i plead,
Sleaily oy yiing (gawml PH o il Bis Lol
o Sl ade 4 el casns oW pH o i
lord 00le &y 3L pae (SO Sl olassl 0l 3 Sblsesl
Os omle STy 1ol anld Gl e g 1S
sy DYoo Oyga GRSl Sl G g poeiees]]
IY0] o9 walys
3NOs + 3H,0+ 2AL 5  2AL* +
3NO; + 60H
() dolss
6NO3- + 18H20 + 10AL—»  10AL* +
3N; + 360H
(V) dolss
3NO;. + 18H,0+ 8AL —>  B8AL™ +
3NH; + 270H" (¥) aoleo

bl

aige 39 et Gl PASIC 00isS sdne oole o ,Sles
(Voo —oloomg/l) 51598 51 PASIC 0aisS sisie oole
o Ol ) loged a5 jshailen al pwyp PH =V o
sinie ool ude il b Slis Gis oL ams
Ol 5l g wlee Ll (80 7)) oM/l lade b easss
G L e g 395 (oo oalin pwgure S
clale o Bdo wo)d i e all (oo olpen
Ol b aS gl 655 a4 s S ssaline 0+ MY/ 4yl
a5 Wl malS B> oy Ol s adgl clale ol
I3 (i B ¥ ) ppstandll o il ol s
Bl o0 ol S (oS e a0 5 Ol clile
Olieyd Chale (5:Sle a5 ol las s lel (e s
S anlp bl am s e ol e Sl s
P<ed) s )ls 0529 (5,10 (e

10 1 5 ol adgl il e LialS L Y loges b
SIS oyl S o2 inie ol olaj ) 4o
aloxl (gl alamle LB & gy S5 g i 6lSalins
cbale o olpd Bis iSlas oS ol 4l a8 F
Jol 43510 0 a5 Bl (o0 S p )5 (oo B0 4yl
0asS winte Lubed olog il b el ools &, STy
Sl g B> e SlCLew WIS poiagll L
3% gl 250 (97 el (oed (owgette S
5 b gl @ Jul Jole il o 3l 5l e
e Sl atasly e oy 4 Sl b STy
odgaze Ho bl wad gulidl b ool las slasle )
Olie adds ;o j90 Fe ogu> b adds jo g0 V-V
Lo O 5l o g b (oo SRl 2STy Sy 20l
oolS Gl a5 aes oo lis bl wile oo (BL ol
5 i Y S e s o JBE b Sl e
S agame 1 5 Canilans sly 5 LS ams
Lol (55978 02 JU

B PH ilidl b oS ol ol ¥ loges jo zjdie gl
o1 s PH a5 (PH =V/0 — #10 ) us edgame
(/20) canl iul38l @ g, Ol s B> e wnl oy
S oliee PH =V e oogame U PH al38 b s
Bd> plply il (oo 2ol (qwgeal ok (20+)


https://journal.nkums.ac.ir/article-1-586-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-04 ]

YA) 57 (V) Vo, 95 AF JLo i plalp (Sisi pole olStils aloxa

B U O
o O o
L 1 1

— bl 25mg)/l

= hale 50mg/l

Ol Bl wa e
w
o

20 -
10 - —he— 2 75mg/|
0 T 1

——— 12 100mg/|
1 25 5 75 10

mgl 5,2PASIC ouiis sanis sole 4yl 5e

(e Ol s clale (pH =Y ) @l s Bis 0 PASIC 00isS vdinie 4 30 ets 1 ) logas

—— -1:25mg/l

= =12:50mg/|

(Mg/L) olms adyl clalz

—r— = 121275mg/|

| e = 122100mg/l
0 5 10 15 30 60

(aass ) wlas Lo

O mg/L clale PH =V ) PASIC 0uisS sdrie yuiio wlod yloj blie jo &l s adol clale (56 :Y Jloges

70 =

. 60 -

§ s0 -

4 40 - —— Bl 25mg/l

2 30 —— e 50meg/|

L 20 # i

I 10 e Sl 75mg /]
0 I ' ' 1 — hal= 100mg/I

Sy i adsl clale Gim 13 PASIC ousS winie lewsly s PH 36 ¥ loges


https://journal.nkums.ac.ir/article-1-586-en.html

Oad g 5y Loy daxe wpommegd] (b dhwg Glyis Bl L) awlies” YAY

[ Downloaded from journal.nkums.ac.ir on 2026-07-04 ]

70 ~
60 -
5-\ 50 =
A 40 -
2 30 -
3 —_—— s Sl Bl e,
D20 1 514,30
10 - =l 5 oo Bl lead,
0 : : : 3LTJ320
0 20 40 60

(aids) ada plaj

et slasldg b ol Bl o S S oliwl aiglyd leadly oF jloges

100 -,
2, 80 -
g 60 -
)
l a0 -
5 20 - —_—— o ol Bl lead)
N T P —
5 10 15 20 25 30 35 40
adyl Ol Cdals
Sl Bas leasly o ol s adgl cdale b logad
100 -
80 -
60 -
2
3 40 "
3 —_—r— o Sl Bl lesd)
) 20 34530
l = 5 ol ns Gl slaad,
'_TJ 0 T T T T 1 3u320
5 6 7 8 9 10
pH

Olys Bds o (SO sl slassl al B lessly PH 56 logas


https://journal.nkums.ac.ir/article-1-586-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-04 ]

YAy (Y) Vo 90 AF Lo

Sl ol 3 (Sij pole olRiisly aloes

K (mg/L) Na(mg/L) N(mg/L asNO;

SO, (mg/L) TDS(g/L) pH  wasi.

Yy 70 (A

vva VIYO VIEY

e Ll 0 o O digedjl Sl Bdo lealy ¥ Jgar

oM cble s PH = ¥ i o oo 5 0l i s Sl
z A 12 v¥ VY
sy af/0 AN AVIY £0/0 R oy ol ol Bis
ouisS dirie ool alwss bl3
PASIC
Yo stdy s PH = Ve g (aids) pite sla loj 40 Bis wsye inles]
z A Y$ \Ai VY
/A ABIY va/f Y18 OVA s o ol 5l ol s Bis

S oli sl b gy B

olesdl 5 Jol> gl oyl ol diged g5 Galss]
el e Lulps jo of Joloe jo Olis Sl
Sl gfe Loz, sl PH = VIOE) Lioles]
sy ol Gl ol &S (VYVOIL Jekxe
Jsoz 53 woud oo (s cmm VoML s

Ll 0l olo ULM.: A\

Sliglejl woles Jsb jo oals alosil (5,25 ojlasl azg
ouiiS adrie o,Sles o alize gl e 3L
powesl] Gliee olsen SuuSIl slisl 5 PASIC
coilage Sler olojle ond cpoms a5l 28 oilaydly

[YA] ¢-1¥ mg/L) 55 (WHO)


https://journal.nkums.ac.ir/article-1-586-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-04 ]

oo 5 (6yh Lo,y dazee

Shoolail b g5leiels mlio Olugl JTe oluS 5
LYe-Y8] o)ls Slysean ol a3 5 aloul S Slolias!
Sl Bl glewl) s adyl clale gals L
Soe ol adyl clale gl b Lo cdl mals
oxile (Sb Ol collasylade 4 Gowm) sl p3¥ b
o5 Sl ol Gl s a5 b e IR
2l onl il e Ol YU lo Clalé )5 psriias]
aallls oo Sams hisSle o)l Jol s L
olal a8 o Kan ¢ yLidl )iy anlllas o)) Sen § ' Sliga
Veoh Jloys e s Ags?.&’.ﬁﬁ asdllas (eizren g 0l
JY; Mol lierdg xSl asiai (lyie cou Vo e A
plululsls  Gi> - Sl 5 gleewd  oud
Jole 5 pH [Yraran] o)l Slyespsad
0disS adsie dliwg olisl auld o Slee 5 LIAS U
S S olinl anlp g S WIS pgriegll L
PH o590 ;3 00suS ddnie 3l oolaiwl g, 40 a5 ol
ooty PH (sl b (S0 250 slaad aisl 5o 5 oo
L oly oly Epoge b oo LIPSl B
Cod S Sl (g ST 9000 b 2 e ST
30,5 oo ain ¥V g ¥V ) OYoles i a5 jshilansls
cel o ail o OH 0y b olyen b 2uSTy ()l
sy, il ol @l 03,8 o PH oo I3l
2 R, 5 S5 Lawgs a5 (gl addllas I Jol> bl
Sype ol a0 PASIC clogas 5 ez
SlKen 5 QIN lo asl Y] o)l calle cé 5
S92 VN Jl o ples g s920 9 Voo 7 Lo yo
s oole aliwsgs olinl o ,Slas il33l  PH L
sl callae GlLaw WIS sl L oo
2o ol Yoo Jlo o olSea 5 oLisSle [VA]
b oSS slinl il 5l solitl Sobls oy olsie
5 ol B Bi> 0 cewinegd] slaog SUI 5l eolaal
Jlo 35 5o 5 JLlsS sy 5 (o] aalllas (priman
slaasl 5l oolawl b o 5l &l s Ba> b bls )l o YooY
Slalllas b peizmen g 455 50 (S0 Sl Lol (S 1)l
oolil colls b L3l o a8 o San 5 oladl,dy o

7- Huanga
8 -Drouiche

—x

4835 10 B PASIC oS sdine (led l5me 20l L
Sl Bdo leail, e 4o o 90 Fo LY
Sl STy N s LS ex aS Wl e il
(597902 S8 plamens ;0 0392 @y sl sla 2STy
g oobed Gley il Camal lhls Sl g STy assle
9 ool L)”"‘)B‘ ‘) uu.SlB S ..\.\‘5.\ < LML.A Ly
ombe YS! 5 bagsls oS > gly (omwlio Laylys
Ol nlpln S (e bl Sl 5 pgiasll gl
QG Jolowe 5l alis e Jlsl ols lis 58 mls a5
QLQ)' aS YV 0SS KPRE 41>)A S5 PW}J—‘ c]a.w
o Vbl GiaSTly ceyu calio XS lae 5 (ules
Ssr OhlSen 5 LpuSh sla wil b @ls ol oy
izad [Y¥] PASIC ;I oolcul b oMol apias
Sor OLSes 5 egilgs L eud el (ow)p
5 e 0dS ddaie SO lgie 4 PASIC oliogas
[vo] culs Slgen

s B lanly oSSl iy B il L
Bl il o5 ol cle opl 4 il il
gl 05 5 mslans (g9 yidn 435 S g
@ porosll SnSgynm dliwgy Sl Qi g el
ol 008 s Ol alS 4y e ol o aS 00 8
OhlSes 5 plissle Gyl Jol> mls Lys mls
o)Ll a5 o Kan 5 oLidlydy anllas oo San 5" oS
9 )Lc95 L..;‘) Ja.wy ol ﬁl-’r-l| IR R g S
A Seiw,l Bi> el oy Olye cov o) Ken
oS s s o Kes 5 Y o S oSl ol s,
Sl Coy Qled oSl Bl glite cow

. . e 4

0958 )55 536 o ) Sen 5 g0 aslllas (e
buog B> pleail s Wl e b odee le
S Bi lgie cou el sF addllae 5 S pSUlolie

1 -Xiaoxia

2 -Tzoupanos

3 - Kopard

4 -Ranta Kumar
5-Hu

6- Ugurlu


https://journal.nkums.ac.ir/article-1-586-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-04 ]

Y0 57 (V) Vo9 AF JLo

uﬂo.w OL.;I)S ufw)).a 391; ol&uily c\lm

Gog iS5l eslinul b SoasIl sl anli )
& ol sle Lz 51 (Cr %) ag,8 i 45 cowines]]
-] 3,0 Slgran 413 )3 sl Il o g VooV s o

[v¢

S5 o
aglio 5 o @l Sliylegl 5l Jols mls Leluly
Gy oSSl slinl anlp 5 PASIC oaisS aixie
GRIBl A 09l (o (635 A (pir Sl Bds
0aisS wixie j oolitwl b Ol es] s pleadl,
Jode B ousS Gdaie oole Llade il L PASIC
ol cbale PH =V sogame b pH iol53l omgl/l
b oSSl olinl anld g o)l ks alal, ol
clale 5 (S sl Jenily Sl PH 2l 4 az g
Ol Bds bl 5 eeiiee LU Ol adyl
5 98 50 Gl B gy )0 1 ol sle Jslrsl
e ol ol Bis p Gaiodl Jol> e Llys
g woys AT lendl, b olps Bis 5l cyls
olawl snl B wsye AVA g PASIC sosS sdaie
5l oolizl b &l i B ol oo 10 el | S il
olimil unls g PASIC soisS vdeie by, 99 ,»
Bim 5o Gy bl pgiiegll by oy (Sl
5 o5 adale 0 PASIC g oLS azg b Jg ai)l
o (S SU slanil anlb 4 o 0yl o (oalo PH
S daliys el Wpm aie solazl Ll |
G9y 39 8 OlF (o0 935 Jel> Bds pledl) 2Slas
lae g blie dlio b g iz yhas b by, ple oyej o,
Bl sl gy a5 Gae b ) 5l So e

Sges ol ) ol s

@'é}”’ﬂ
oKiils ciagh cdglee 5l adils oo p3Y oy
@l o a8 Gls als pizen g b5 (S pole

wled Jloyad 5 S Woges o )Sen Guiod


https://journal.nkums.ac.ir/article-1-586-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-04 ]

References

1. Pintar A, Batista J, Levec J, Integrated ion exchange/catalytic process for efficient removal of
nitrates from drinking water, Chemical Engineering Science 2001; 56: 1551-1559

2. Ghafari S, Hasan M, Aroua M, Bio-éectrochemical removal of nitrate from water and
wastewater—A review, Bioresource Technology 2008; 99: 3965 — 3974[ Persian]

3. Choi N, Kim D, Two-Stage Removal of Nitrate from Groundwater Using Biological and Chemical
Treatments, Journal of Bioscience and Bioengineering 2007; 104: 129 - 134.

4. Adan S, Turkman A, Nitrate and pesticides removal from contaminated water using
biodenitrification reactor, Process Biochemistry 2006; 41: 882-886.

5. Hell F, Experience with full-scale electrodialysis for nitrate and hardness removal, Desalination
1998; 32: 173 - 180.

6. Emamjomeh M, Sivakumar M, Review of pollutants removed by electrocoagulation and electro
coagulation / flotation processes, Environment Management 2009; 90: 1663 - 1679

7. Zhua B, Clifforda D, Chellam S, Comparison of electrocoagulation and chemical coagulation
pretrestment for enhanced virus removal using microfiltration membranes, Water Research 2005; 39
: 3098-3108

8. Abuzaid N, Bukhari A, Zakariya M, Ground water coagulation using soluble stainless steel
electrodes .Advancesin Environmental Research 2002; 6 : 325-333[Persian]

9. Vepsdldinen M, Ghiasvand M, Sdin J, Pienimaa J, Repo E, Pulliainen M , Sillanpda M,
Investigations of the effects of temperature and initial sample pH on natura organic matter (NOM)
remova with electrocoagulation using response surface method (RSM), Separation and Purification
Technology 2009; 69 : 255-26

10. Chou w, Wang C, Hsu C, Huang K, Liu T, Remova of total organic carbon from agueous
solution containing polyvinyl acohol by electro coagulation technology , Desalination 2010; 259 :
103-110

11. Viero F, Mazzarollo A, Wada K, Tessaro |, Removal of hardness and COD from retanning treated
effluent by membrane process, Desalination 2002; 149: 145-149

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

13. Kim T, Decholorization of disperse and reactive dyes by continuous electro coagulation process,
Desdlination, 2002; 150: 165-175.

14. Daida P, Remova of arsenic from water by electro coagulation using Al — Al , Fe — Fe electrode
pair systems and characrerization of by product, UMI Microform 2005; 23: 1-68.

15.Gao B Y, YueQ Y, Wang B J, Chu Y B, Poly-aduminum-silicate-chloride (PASIC) — a new type
of composite inorganic polymer coagulant, Colloids and surfaces A :Physicochem Eng Aspects 2003 ;
229: 121-127

16. Gao B Y, Hahn H H, Hoffmann E, Evauation of auminum — silicate polymer composite as a
coagulant for water treatment, water Research 2002; 36: 3573-3581

17.GaoB Y, YueQ Y, Wang Y, Coagulation performance of polyaluminum silicate chloride(PASIC)
for water and wastewater treatment, Separation and Purification Technology 2007; 56 : 225-230

18. Mahvi A.H, Maakootian M, Heidari M.R, Comparison of Polyaluminum Silicate Chloride and
Electrocoagulation Process, in Natural Organic Matter Removal from Surface Water in Ghochan, Iran,
Water Chemistry and Technology 2011; 33(6): 377-385[Persian]

19, Malakootian M , Mansoorian H.J , Moosazadeh M, Performance evaluation of e ectrocoagulation
process using iron-rod electrodes for removing hardness from drinking water, Desalination 2010 ; 255
: 67-71[Persian]

20 .Lacasa E, Canizares P, Saez C, Fernandez F.J., Rodrigo M A, Modédlling and cost evaluation of
electro-coagulation processes for the removal of anions from water , Separation and Purification
Technology 2013; 107: 219-227

21.Gao B Y, Yue Q, Wang B, The chemical species distribution and transformation of polyaluminum
silicate chloride coagulant, Chemosphere 2002; 46 (6): 809-813.


https://journal.nkums.ac.ir/article-1-586-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-04 ]

YAY 57 (V) Vo, 95 AF JLo o ool (S5 pole oKl aloxe

22. APHA JAWWA /WEF, Standard method for examination of water and wastewater, American
public health association publication, Washington DC, 2003.

23. Mdakootian M, Yousefi N, The efficiency of electrocoagulation process using auminum
electrodesin removal of hardness from water. Iran. Environ. Health 2009; 6(2): 131 — 136[ Persian|

24. Niu X, Li X, Zhao J, Ren Y, Yang Y, Preparation and coagulation efficiency of polyauminium
ferric dilicate chloride composite coagulant from wastewater of high-purity graphite production |,
Environmental Sciences 2011; 23(7): 1122-1128

25.Tzoupanos N, Zouboulis A, Tsoleridis C, A systematic study for the characterization of a novel
coagulant (polyaluminium silicate chloride), Colloids and Surfaces A: Physicochem. Eng. Aspects
2009; 342: 30-39

26. Kumar R, Removal of arsenic from water by electro coagulation, Chemosphere 2004; 55: 1245 -
1252.

27. kumar R, Chaudhary s, Khilar K.C, Mahgan.S.P, Removal of arsenic from water by eectro
coagulation, Chemosphere 2004; 55: 1245 — 1252

28. Lacasa E, Canizares P, Séez C, Fernandez F.J., Rodrigo M A, Removal of nitrates from
groundwater by Electrocoagulation, Chemical Engineering Journal 2011; 171: 1012- 1017

29. Hu C, LO S, Kuan W, Remova of fluoride from semi conductor wastewater by electro
coagulation- flotation, Water Research 2005; 39: 895-901.

30. Ugurlu M, The remova of some inorganic compounds from paper mill effluents by electro
coagul ation method, Science 2004; 17(3): 85 - 99.

31. Huang C, Chen L, Chen-Lu Yang, Effect of anions on electrochemical coagulation for cadmium
removal, Separation and Purification Technology 2009 ; 65: 137-146

32. Drouiche N, Electro coagulation treatment of chemical mechanica polishing wastewater :
removal of fluoride — sludge characteristics — operation cost, desalination 2008; 223: 134-142.

33. Bazrafshan E, Mahvi A.H, Zazouli M.A, Remova of zinc and copper from agueous Solutions by
€l ectrocoagulation technology using iron electrodes, Chemistry 2011; 23(12): 5506 -551[ Persian]

34. Bazrafshan E, Performance evauation of electro coagulation process for removal of chromium
(V1) from synthetic chromium solutions using iron and aluminum electrodes, Turkish JEng .Env Sci
2008; 32: 59-66[Persian]


https://journal.nkums.ac.ir/article-1-586-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-04 ]

Comparison of polyaluminum silicate chloride and
electrocoagulation process efficiency in removal
Of nitrate from aqueous solutions

Heidari MR , Mahvi AH?

'MSc of Environmental Health Engineering, Department of Environment Health Engineering

, School of Health, Bam University of Medical Sciences, Bam, Iran

2School of Public Health and Center for Environmental research, Tehran University of Medical
Sciences, Tehran, Iran

*Corresponding Author: Department of Environment Health Engineering, School of Health

, Bam University of Medical Sciences, Bam, Iran

Email: moheidari86@gmail.com

Abstract

Background & Objectives : Providing safe water for consumption with low cost is
one of the main objective of water supply systems. A main source of nitrate in water is
using excessive fertilizer. The high amounts of nitrate in water has a deteriorating effect
on the environment and health so nitrate removal must be below the recommended levels
of WHO guidelines. The purpose of this study is nitrate removal from aqueous solution by
Poly Aluminum Silicate Chloride (PASC) and Electro Coagulation process (EC).
Materials and M ethods : This experimental study was aimed to examine efficiency of
the effects of various operating parameters such pH (4-11), initial nitrate (25-100 mg L™),
contact time (5-60 min), residual aluminum in finished water by application of EC process
and PASIC..

Results: The results showed that the applied methods have the ability to remove nitrate
from agueous solutions to levels less than standard those of WHO. PH and electrical
potential difference had direct effect while contrast initial nitrate concentration had
reverse effect of nitrate removal. The results showed that the coagulant PASIC and EC
process, can reach nitrate removal respectively 65% and 55% , so that the optimum
condition of the nitrate removal for EC was contact time of 60 min , a voltage of 30 W,
pH = 10 and for PASIC was Concentrationin5 mg /L , contact time of 15 min, pH =
10. Our results showed significant differences between the mean concentration in all
variables of the raw water before and after doing all process ( P <0.05).

Conclusion: According to our findings PASC coagulants in removing nitrates AD
better performance than electro coagulation process. Given the higher performance of
PASIC in the low concentration and natural pH of water than the EC process, it would be
more cost- effective and economical. Residual aluminum in finished water was below the
recommended WHO guidelines and Iranian standard institute. In terms of cost and
efficacy this method could be considered as an alternative method to the drinking water
treatment plant

Keywords: poly aluminum silicate chloride, Electro coagulation, Nitrate , aqueous
solution
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