[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

E+GDTY £3)0 AGKidZa InjiTo p O9Es 6019
3Sa njiTo O'llyAl £300 35
HTT foHTT OFTADZ AHTA 305 oNs t3(31 OV 63pY
Otz &yl & AkgYpIOi ki 0psiOi yisss Eu3iE £535)
I njiTo £ Y3 Ko P K Kis A#tys OI3 3y
"ESHn &5Grog O It IR I kg IPiTr AYRS) KIj3y3To
massoudi@sbmu.ac.irnjiTd OyR GDEa IO IRl ayGHAY (AEIFA yiuIl £GN3F oNOD tkURY IG D 135Hn :gNIS tyESaN!

THGHAR :p Lz THGH/AR -Oake3y

nyIus

FSNG yONFNT 3N 2NAL st ASHINDS p 3Tis# il Caali 41 i3 AEGYNG 51 PEU 413 Giltig 31 (50 &is O3 YiNg SNNIE : Oy p Gllis
D J Kia Asts O3 31 3005T0F ystss A#3E Gl J# 31 . 1YSuAs O'ses il Ty 61 &y OKyD: 3y V3 P tylis OHNSNG Gigf
Ot 3453 A58 VNG A nji Td 1 V3 Kl

J# VS ovidist 0Nt eyl 3479 Ot YDSIOR f 61 GE H Lyl QT i A(FIPESION 3Nigis F% 5t Ok Eatisd ol Lt At A 5351 pP3
Slite 55 1S Gl AN K4 31 V3 Kia p e Kis U3 pY GETH st KIS 815 GV Pyl of L AGRU##Gs3 2106 31 Gl
3 st erddist 1 B3t yoG 305 SoT 6k st O3 Kite Oz 51 NaCl F357 O60 grpsion Jii 6iozte T yerg Anis0 Srgsipln
VI Jllie GHe3NGets Stz

YPSTOR JT1 600a UT min yoG G5 AT v t0) JliGs Kis 151 O3 Kite O=€ ONS )50 njtsll Jasi G Vi 304 2#0 Agehte
JH# 305t h gL F3 000 P T em VSO JTi 6i0ks IT min VG 36 IhT V86 V3 Kis &t p T /L F3 O P T em
V07 O's1 61 6 1g p 61T 4o 61 V3 Kis P Jlle Kis &1 coD U=z 30y/43 njstsil

3 p Ot KisF st Jils Kis p V3 Kia 100 gN0Ts &rgU3 Uz OHS SN 3 SPSIOH yEss GE 1 31#! Gilag J# .A50i6 141
V&S Oz /et 3H5y05 413 U3 O'st 31K Adlale 3His ©yp

Y3 Kia [ Kis s O3 [AD5100 :AymE 3ttt

AEOEHI YN G N3F oNOU kDY (O NikyRi ay QY 3 InjiTo O'lltyRi &fieY -
AR yORIL EQNF oNoD akU3Y IO kAl y T InjiTo O'lityRi yNIZ AEskill3ke AN -h

3KlIkg £GN3T oNoU akOY IO IRl ay Gty £300 ©kig NNJD Inji g O'lltyRi Yl 2113 -H


https://ijhe.tums.ac.ir/article-1-17-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

i Yyllo Atetzg GZNo J# KAY .(RH) O'st ayll &SI
I Gifdz 3k0st 108 njiTo K A3faghs GI32 &t pP3
3foz livks ©fzHr IAstyi3 Ollks (ONHE P KGstha
O’k GITSIY p TI5¢ Q“[fK Er Ao O(AR) dhoNe yIKG
3N PEI0 éKgéu;N 100 &p3 T OREIETo JaSil ((:c)
GlisNe & SIH01 GE Glete W #sot A3 Akghyed 630 &
K0 p KEljte Gilde AfS) Glez+lF AtGALNIN ZUU
(3t IO 0ENSIg Ukﬂstng éKggKUseYis) ANA tytyls e
YN iyl6K 3NIshy IS #pE 10U pp3 J& . O'stayll 3683l
3 YNNG A3s Algryzed B gk i Gz e &) WNO/EQ Gt
BYSIS0 INA G yiss o Gt A3NA Gl IYp3 3 6 KEIjfe
KEIja ICT )Y ((CepCe)Asisl KEIjks Gildzo 3y
D (C&)Uls g0z Gikoske I(CE) GROANID3 U((:‘)gK’tKo
G Yl tYg) 3¢ Gl (CE) JaY KT GHEIN Gikdzo A1 JTi504
KIk& 3tyRj Gl i3 iy83 YING O'SIND yis it i G3g 3y
O'stgpeili G@Adzo EDH K0 pp3 3 31 lyKksg) AN
DEs AkgYpZI0H I Qftsy &gl 3T tli F gt 33 31 Gt
FORTI0k 3peE > éZ,i{aE YNIAD dYkAst VNG & 37 Gle3
Giis 3v YNZNy AkgOipga0it Tyilo Kisi OEIOH F 2 K
(€1 P yia 37 3NIstyIs s Akg B P oyl Giz o KG3NE G
st ALY AKGTIar3H Gl yitSs 3Koya3 VGYAD U3 Vil 3
A0iEI0F Otyg IKIsKE OEH ipH KgYpsiOi ONr 603
3130 (g &1 apED .(¢¢) Y3 AUl ngpzq Uit 370 Goika
st Avtylo .(AR) O'st GISHD yia YpEIOk UNI Gl kgyrzea Uz €
ki3 coDfép UL 3/EaaKVJ3@II|7§ Uit Géz v &g ir 3t Ost g I8 0
i(hF) 213t &rgYpeli yiKg yie YpEIh eprig &igoig
JEEEls (ACF:Active Carbon Fiber) j(hApAR) OSa
(hh) Ti/TiRuO, .(NH) OMIEIP Ti/Pt JACF i(hg) Gkl
i(hT) (PbO,) kg5 yis# &Y P (BDD) Ypyog! 243k
KEljks Gildz &f) (T) JIt P Ti/Pt, Ti- Ru- Sn-SbO,
AKGTIor3iF ¢t YpeIOk ONi Ge yu Y 30t P yIYN Glikag
Gatp 37 .O'st 3NIstyIsHPEIO yisss T 3zaglio p NG
AKGOrt gt Giisp Gl G& O'st Xy Bielp Fi pp3 o
0YKD Ko yGYAG U3 A8 YING Gl gNOTG gfe 3v Ka gt 3TiSH

..... SWdg SN L 5 Sl ) 8 2, ow )y

GoyE
oyl 6 U3 £3To Obis Oft [Tt G4Y yis 3y
[E(HUK Il Al OURGE Khin G 33 3NNJE .O'st Glake I é134f
St /613 OnsisNet 1 GOl i KIUG 13 £Tas AkGka
Oflitsy gt Auzzl B UL .(F) yaYA) Siilo 13 33 P Y3iz04)
YiNg OyaYgoq ANA K3 3v EaYNG v PUOK G AR
Y3NG AUKD P ANGD: ©3NDE GI Gt yiIsg Ai3N &tz OI3
njiTd 61 AUI3 &KgIkkST 6ILo .(h) yiZhug 31T avkiist
3kI£U3 Ofgro Ka Gl kgOI3 iz IO'st £HTE0 (04
KGRa 33y G 3N 2NA 5t U(C) tYNi ASgr0 Argaymea g
AlGyss THs D g NN AkgymiTs P yieko AZIoNS
i(hAPD ) Yk 31£) K1V 13 3Ke313 ©KIE Gl NiNIZ) £ CEENING
GE&G 3Y YNZNG 3N0s P 3Na (3K0GK0 &fF) yNoE JUSO0g

Jas (1) YUK £35 Ptz BHZ lig3ATs KEST GIQL

A3PE1j tyiTezr AKGia G 6Ly st I 0F kghyled Jat Uz
Y534 $6i Gl

EI3INNDEz0 p A3 14 Te3ts Yya0) AKGYHTs £ 3Nt
UEINE gKlo Dyse ANl AD7 IAHIZIN YREDH (IS ViKG
300 Oz€ () (ATas Kz2) gl JIct 4p3T) Kz
i(T) 3tP3ylg yoseer [3et IS0t vy tyieylott Kol K
D 2N009 335t P 3NISITI0RNK YK /E&K#U AKGymss
bYKIst KKST gt U3 Uz€ OHz ACNNG G370 Vs
ot lys34£0 T6l Gl ZiNg kgpp3 J# 638t .(T) O'st oyl
3ie3t AUtNING &kgpp3 YiIsG Glzzger P sk AU
lysiNGEi0 AU AtgElLjke B0t &f) kit yiivks p
afs) Tyt ACstNING Gz v OKa T tpED kg UI3 1S5t
Gl e P YIISG A3 lymss 31 avkkist Y3Ng AkgOLIKG3H
D 3NIstyIst AKGymss .(T-AR) yISo&s 37U 3yl OIE
600 I D AfgymTa kot lymisig Al Akgyms
3NIstyls st pp3 P O'st KU%) 33 UaY Gt yirkEg yiNo
030 AkgGlzzg MU G+ INIshyIsH P AN
(AR yI3YE! 3v sk

Glidzy OHWZ A#I3INPEI0N Akgpp3 &t SO AkGats 3Y
KGORYPYTo B a3t 3k6509 p O'stiyl eYkAlst £UI KK
G=No kgpp3 J#t st tYkAst Gl InjiTo 61 KKST GILo 3y

9 AW
191 jb /g o lasd /iy 6595

Ulpl bazo Cublags ole ol Glidg fu ol swlibiad


https://ijhe.tums.ac.ir/article-1-17-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

Oy g 3155 5352ume LS yioce

aNa Argstyise 2010 viiN G O'skghyrea QiftsoEi0
35 Aid YiNG Giz o At ASISINT0 yiTs P YTIaE) §1 3Y 13
3NIstyIsHpSIOH G OS] 13 &SI 2# JiS0g .O'st
Gl AI3INpSION Akgpp3 .(AT) YaK3IED OGfss OBIS
Glagh 3¢ Gl AUI3 AkGIKE ks Glldzy 3y AzliO kNG INA
YNO Glilk&g 3¢ 313(G3g P Daneshvar &g 3 G lymy1l
8¢ -EC A/m230E X GIISIY Kl @ min 3fGs ©y0 3V Vil
1A AN D O Ol KisT U3 eyl 5t & Th 3i3; Gl
AKGYpEI0i K A’Ee@K’ze’Jupgm” pp3 6)isp Gl 13 26Tl 3HE
3fog [G0ka J#t 3v G=No Kika G101 .(AT) yi3 Uz € 62
Glilkag 3v 6¢ O'st U3 UzE aeK)\ AES3KE YT W0

K Ot 3oz ©yh 3 &l A#3ke 6l 3yis3 Uyg 30 TIjkE
3134034 P Jia (SUsy &IGTIKEG 3Y .O'st Ot &kGYPEI0i
(ACF) gikla 315t Slls AKGYDEI0H ki Ai3NpgIOi pp3 i
U3 g 8E¢ €T V P K P T min 3Kz ©Y) 37 yilsiNe
yiSs Easke 6530 .(hg) Yk UzE 13 COD gt & &¢ P
yiNIEG GE YNI AIBNA 3061 I 3665 Kot (YNI RNO&g
31%039 p Radha .yGY I éizai 13 iz kN30 AgGiizg
KEjka £la vt NQ EI30IDEI0 W Gkt OHZ Gt aiGu k&0 3Y
ylj Y&Ns YPZIOk p yia 3N Gl Otz YPEIOH K1 ESKSI
&1e p U3 8ET yHSING Dyvty okt yike 3t\i0 Gl Ul
Uz€ ¢/T A 3653 1 T¢ min DI 3Gz 37 13 COD
AORNING &gazGi3 70 oy0 Gl GXNy K JHSI .(CE) VK3
algpp3 Esiy A oyl p Obis njiTo 37 kGUI3
st iYidist op3l IKEjk gt U3 UzE 3y Gllda gpiyi;
Egke £U13 AfgasT gt U3 Uz€ OHZ #sig £IIP3
EHIZINDEI0N Akgymiss Akéz Gl 6ZNo K .O'st YNH)
S0l 6l IKEljks st U3 UzE &lgpp3 tiks Gl Ols!
SING Uyoa3ke ANp3 N0 Gl yaNg yigs J# G ys3/£0
Gl NiNigo ©EU3p YYEi a0 O'sés njiTo K 3fasks p
Glikan et ¢t Uy ]“aei{ i ya3 L“ng\a 13 kpD3 tits
pp3 ¢ ivilist K £’ AkgnjiTo ¢t Al &kguis Uz€
3y Vil 2kst 51 Olesa &yl D &kgYpzI0i ki zipgiOis
Gl U3 Kokt Uz€ J0g0 £01 31 1 P PRoenslq yist &k
AU Kifl st 33 37 Gt O'SING&) 3fos Gl 3yIs3 3NOL)

® ﬂp
éfp J 1191 el /pgan 6l /iy 695

Ulpl bazo Cublsgy ole ozl Gudg fu ole owliad

f

004 Gisp Gl Ayd 3TIS# QR A0t yisSs YNII yis#
RO_ D A oy 1 1#) R 33 31 GE y§YAEQ U3 Sig AN3D
(A (A GiYkdg) O'st oyl yis# gNdZTo
R+XH 0RO + 2XH. + 2Xo (F)
) & Gt h GiYkio GUisp Gl yiNoEy R Jash apED
(AT YNIl £y IO'st Opglo STt
R+XH,0—ROx+1/2CO,+2XH+2Xe (N
ap3 3v lyallki Otz ONI gt tYkAlst Y3No argvpsilit Tot
3y 3Nistyise 073y Ak FidrepgiOl Ofikda Gt ya
2Nistyist I+ gpt GUES) 3Y itEq &Kkt g0l TS
&kGorUats fo YNILE) A1 GI0Le v 3Y H,O Ay
lopy GYEZH 3v 33 GHIY Gl .y&3l yIN 13 Kisep3ylg
YR yibH 37 Eld Gt ATisH K Kistp3ylg Akganlig
kO3 £ 3To¢ GREnt 3400t K .yaYAE) Bt DUY}YYNZD
Yoy KOl co ., CIEf Vi Iy yis# Gl Kisep3ylg
NI YK OE h 3y yioo ghls 3TiIbH v Tas 3Y
k=¥ Kistp3yig &rggrlen3) £lizh ke 93NDz 6l -
GO 3y 3TisH) A3 Kz ©3NDE 6l -h j(OH’ y1|
(Ag) (MO,
H-T &KG 10t K AIKEG [ B b+ KIG AR YING INNJE 3Y
Kite OFdzo PO (OH) gkl 3Tio# Alizh Kz
ONdz Ty Kil$ 3y A3 Kz p YNIAY Ald YiNg
(Fg) YA O3 AROTH 3NistyIb ¢

Co_(OH") — CO_+1/2 O, + H ()
CO_,—CO+120, (0)
2R+Co_(OH®) — % ROO +H*+ e +CO,_ (1)
CO_+R — CO +RO (1)

A1 st KitG pp3 Fi [3Nistyise Aizh ke 5
IEl 3tp3ylg Angyist &f KONl 555 1O'st KEIjia Gildz
Gl g0 AHguyiG00tyd JhiS Giz 1o 6t O'st 3y KIS
Yiylo K &yl Akgryie6iotyd Kil+o p ANOiNg O's0ll
JH KuyﬁzKaaﬁEQ GQiYi AN &g B D R D YNIAD SI3E 75t

B0 30pEI0 .(Fg) yINI KiO$0 Ka P JTcE yib# &Y Gt
SIND &kgpp3 Kl J13g Gl lyieg Ugdzo 13 Avies AtgH
3NIstyISHSIOh 2kst &1 K3 Giddzr AfF) AI3IIpEI0


https://ijhe.tums.ac.ir/article-1-17-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

..... S SN L 5o oSN 0148 ol )15 owy

RG] :e
A \'%
o0 o0 0 0 O

(0107 60y -# lyike-h lyra -A) Giikad 3v avkigst Y3NG A#03INpEI0H 3N0gHs &K% A KON
(OBrsg &) ulg -T UESIAKG 3336 -T (3NIgH3 -h

3y Gt ayNi Okt 3NANS AkgSaksiill GisY st Y3 Kis P
Eok% .O'st 3354 P Y3z gy Gl A&k p &ylist njiTo
NI 3630 €T Ol GIOKs tYkATst YING AI3I OXlits
O'stiyia C gpy= 31 avkkist Y3Ng & OI3 YiNg ©Fd70#)
&GN GOATo 4 Kokl zlipzoCit yEIp G NINIS) ©t3ite
(i ChxCC/TXCCT em aghylt 3y Kiansy &0y KON G
gi yike Py YpEIOk YyO & 33 3y Ge YNI C LENG Q1€

Gl P yilgh 353 C xCxCDM em YK GI OliSH Sz
OBIS) Gl PG BT gylo Sty F Gl At Tk 3NOL
S1 NIETO VK&t 3N0I Gl 3NIgh Kt S5 yiyavEn Kdzo
NiNIEG pH .(H KOIl) O35 35k ASIAK ﬂo 3509 F: &p3
NaOH gNOT0 gt a¥idist ki Jllile Kis U3 APKE KKST Gl
Ol T/T a¥pyTo 37 V3 Kia p T aYPyTo 37 Ghagl F
KISF st ECC mL K 3300 Békoed ¢t GOES) &g 37 I
i(hé P C(“:iéhv) thip ARG Sk P ya‘evgu gr U3
(&TT) OfipgiCit 061l p (E P Eiifem) YPEI0i 3 60Dk

A~ A

Gafl gt U3 Kake UzE g (hp A iglAm g/L) NaCl

okl A3 O3 AkgDZOKI 3INi0 Gl Y3 Kis P ik Kia
O'stuyll

K3PP3 P YiNg
3y P AL ©3ND: 6l CDee sl 3v Glikag Ja
byUN KEIjs P K3 tU+#Ggd 3r EgrUFiGed 2406
O3PSO 3NIGH3 3p3Y P AlEH YOIl tKUHRY O'lityAl

Jét 3V avkAst YING KST VAYEG okt GlsNEK ©3ND: Gl

Kis gNOTG ¢/&T mL GETH g Fills INA G Glika
3y DZIKO Jilikls Kia ¢/T g) (Phenolphthalein) Jlikls
D C,H,,0, A3 gNags ki (SEE Fiomt KUt Cec mL
#0300 GNGEa Kl (Phenol red) DZKO V3K T g gETH
kgUI3 J# yArE Gl AlyDiKIla &a g F4 3 € ,H,,0.8
YINIEG oYiAist Saksill 3100 Gl Ge yitsg AR oK) ¢
JAylst AkgnjiTo 3v Gt O'st Ohi &GOS0 £ Jlikts Kia
O'st U3l p AN D034 g G vyl &gkl p &gl

fEszdzy Atz U3 YiNg ©Kdz0+0 A gpy=

S
e ..
13K, esla bt Olozs L bosd o5 o Jsb S8 033
& (g/mol)
(nm)
o /o
e—Z > TS Jol 5 S sstn
ol J3 gl oY FIAFY
5 ol
T
e
2 J @ S b 6 7 Yot/vq

9 AW
191 jb /ogaw o jlasdb /iy 0595

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-17-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

Oy g 3155 5392ume LS yiome

(min) oKy Jals o> g1 St ol

== 3cm —&—5cm =—A= 7cm = X= Ocm

¥ A

(V) 36y

(F3 3Pt 3pyD TP T 4T i em CR0I0) KDiNa 3Y WD 3Kz 2ks15 JGIe Kie U13 Uz€ &1 t11ip $Giko :hKGII

KGGlaks
st ovKgst K 3dpSIOf yEgs oyl ok Gllkag 3v
Y3 Kis p JOIe Kl Astrg O3 &fF) Otz AkgYpeIOi
D NaCl F3 O6) [tiip Akgsiim ik .yavga tYklst
YING 36z 2kst & Uz€ 30yH3 T kGYpeiOi 3 6Dk
21 Gt Ozl 35h 5381 YING U3 Kike Uz O Al
5381 3G 61 .O'st iyl vl B &3 h -T &GKGI 3y
Y3NG AT PRAIARY tHp aYpyTo | 3v ©feed tiip i
Y3NG 340z &) t0p itk B ph AKGKGII. Ot 3Tk 538
st Gt 3NA 3K3g ngA'Eo 3 13 O3 Koke Uz€ &R sl
DY 3Y Al gK3U tip W et K OYNI g ayGkaEg KGKGI
sg Oz€ YpZIGH gt 6Dife TG 3Y AR - AT vt YDE(H s
YNO Gl 13 &Z03g 3Kz 03 Kis p JOIG Kia I3 UNI pY

. o —+—3cm —#&- 5cm

(min) i y Jolf B> g1 i1 o

Tt Ofaoed A 3 vz As3Tl R yEG g SOl
Argfos 3v 1013 Kake Oz Gl 3yis3 30z fo 3NgH3 3p3Y
Ak&g g6l Y3NG Axgelari .ya K30 Gl AFVEIGING CiLg
fpH) KEljks P K3 Ofosa AfF) Y3tyist &gpp3 K
pp3 K COD Corning 120 &Iy pH thUIsY gt YKkt
JUits Kis U3 P Open Reflux-Colorimetric-5220B
BYKAIst ki DD TTE nm &kGeNg gNA 37 BHiige G Y3 Kisp
(9/49H DZIV#1 yE Kl DR5000 ZINGPEI0Sst tkUlsY &f
vavED 3t 0o 30 # eK¢aaqua gholyk £¢ .(AT) Yl AgfuigtyH
Y3 Kia P YOIk Kis O3 Kokt Uz€ 3fog &1 kgl S p
AKG3IYN3  Jiilo SPSS (Version18) 3iato] st aYKAlst ki

Y Ols8y Excel 3t3atog] st iYkATst Kl NNISG

4—7cm —X—9cm

"w

® ﬂp
éfp J 1191 ol /g 6l /iy 695

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

V) 5y 7
(F33Ypzet 3pyD TP TT i em Q000G KD#Na 3 W I

E

WD 3oz 25t E1 Y3 Kie U3 UzE g1 thip SGio :H KGII


https://ijhe.tums.ac.ir/article-1-17-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

(min) 5, Jols Si> g1 STy oo
>

..... S SN L 5o oSN 0148 ol )5 owy

(cm) Lo g uSI (ow dhold
i/\}\'i ;\\'Vd}:’ud\.ﬂj\ﬂ};é U:':S‘} "JLA)' wuljmﬂwdi&, Jj.,ﬁu”,:ﬁl;ﬁw\é J.;U iJS.Z

A Yl Kis U3 Kake Uz€ &1 i v3Ng 3fos &)
Uz€ g kGYpsiOi 3 Gidits itk T p h AkgKGIl .O'53Y
Gt GING3K3g lyGYAs 3k 13 Q0109 AkGilp 3v OI3 Kokt
o # em gt KGYPEI0H 0 GODika G AakUng OYNIIA) ny/Ghakg
Difzat 300 DI 3665 (tp Gl GZNo K Iymado Matzat T
0 éf3at ki Gt AFNA G ymako B e I3 UzE 3foym3 p
B i+ 3z AR v t40D 3Y T Ko H em gt KGYPEI0R 3 GODZks
TT Gl KT min g P JOlKG Kis U13 &fF) Tg min Gl hh &

Oafi B33t Y3 Kip &fF)
U3 Kkt Uz€ &1 10D 3668 T NaCl F3 0000 i
O'st ayll 4l 3k Q00 KOs 3Y TP T &kGKGI 3y
GNOTG YING I #3at (YNIIAG ayGiakg kGKGIN 3¥ Gt 3NA 3634

GODzka 3v Ty Tkt Kia I3 &tSH Gg A3NA GLyGYAY B KdZI0H
K GOk JU39 3V P AT min W1 3fos IRT vkl ki H cm

O'st Gl W azat TT min 61 Wi 30z 0 AR v 40D
Hem GODIe 3Y Iv3 Kl U3 AfF) GikEo 3NA G JTiS04
i GODZfs JT39 3V P H min B 3oz (AT V LD K
O'st Glake Béfzat Agh min GI W14 3665 AR v 0D
3foyH3  Hem GODife 3V P AT V14D 3¥ SUsy @300 G
GIHh Vip Gl OULI Y3 Kia  JTIi Kis &kGUIZ UzE
33 st avidist K IO'st Glake W atzat & Tgp & ThAHLYD
Y3NG 366z &1 kGYpEIOk GIDzks P thp T Ke3NItke S
G/oTTEs 37 Y3 Kia Yk Kis UI3 Kokt Uz € &fS) gl
T-Tem GODHs P A VNI KIEg T g 1i80¢ .O's3 NG

1 e o —0 =12y —8—24v =—A= 48v

(min) iy Jolbf Do g i1y o
>

(cm) Lo g wSI (s Aol
EANYCYE v il glasly 5o JuST5 0be) ulul 5oy 8 K, Gl lasg Sl o aloll L3020 IS

9 AW
191 jb /pgaw o lasd /iy 0595

HTg Ulpl bazo Cublags ole ol Gludg fu ol swlibiad


https://ijhe.tums.ac.ir/article-1-17-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

Oy g 3155 5392ume LS yiome

a. . ——3cm=—=a=—5cm —+—7cm —=—9cm

(min) 5, Jols Sio> 1 STy oo

‘.o v

(NaCl g/l) Swi cdalé
EAV ol 35 LA 5V 0 Fem il Jusl g 4s STy 0oy elul p ol 8 K5, Bl NaCl Sas clale 36 1 IS

St IK&3NGERs SIS 30a £ avkAlst ki VIY 3KH 15 ASTHI
Uz€ &f) sl YING 34z &1 kgYpEIUk 6oDzks p F3 O30
O3l AEilig g/gT Tas 31 Y3 Kis p JlliGs K UI3 Kok
T o cm GIDike 3 AT /L F3 0600 Kikilo T §1iS0g
Y3NG 3K65 &) T ko cm GQDHka 3V h g/ F3 O'00 301 p
h g/LF3 o)l p Jillkts Kie O3 Kokt Uz€ &fS) ehil
013 Kkt Uz€ AfT) 540 Y3NG 3K65 &) T Ho T cm GIDifa 3
O3l iy g/gTTas 3Y Y3 Kis

PTI

T 00 Gl yINoEG T W akzat K1 VIS 3Hoy3 W éfzat
ERIZINPEI0 3NTstyISE S 3V KKST 3y /i3 Afgryes

Gl Iy B ghg Ta01UG KDiNa 3V 13 W It 3Gz [ 3
ih f0 o/T /Lt NaCl F3 O6)0 Bzat K Gg A3NA
A cm GIDika 3Y Y3 Kl U3 Kokt Uz€ &fF1 B 366t
U135 Kite UzE &f7) G0 3NA GI p &hT (kgYpgnOi i
013 Uz 3HoyH3 Jegi p yiedo B gkt 8hh Tyl Kis
Kis U3 Kokt Uz€ &) nglEll Jashi yieEg B azal
Gt yIl KDHE h /L F3 O K P T cm GIDHke 3¥ Y3
g/L F3 060 6l OUSIp YNI T min 333 B 3Hig
Uz € &fF) il njatS Il VIV 36113 AT 3K0ym3 &7 10/T
DAM g/ F3 Ol ngsll 3v Jliks Kie UI3 Kokt
DYNIT min B4 3z 33 3V Gt yIl KDAE T cm GIDifs
3foyi3 814G ig/T ¢/L F3 0600 £ Gikkd njgll 61 O8]

& —6—3cm —#®-5cm=—A=—7cm —8#—9cm

(min) 5, Jols Sio> 1 STy oo
3

(NaCl g/l) Swd cdalé
EAV Cal 5Ws LA 5V 0 F em ki Jool g s STy 0ly bl 5, 85 K5, Bl NaCl s cale 36 v s

® ﬂp
éfp J 1191 by /pgaw 6l /iy 693

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad


https://ijhe.tums.ac.ir/article-1-17-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

FEIR YING Giz o Yoy OBipEIO 3T W #zat Y3izu/EQ
yike 3V H, VN yiEKG ALKS Akg B i ANJG 31304 D
Jloo &fl NaCl F3 gt A0k 3NA Gi.(hg) YOI YNIHI 13
YNILEG tYRAst A030NDEI0N AkgymTa 3v U0 Oy

Bizat gNOTG 3Y NaCl F3 O6) 6t Agklig .(hR)

D Glaki W éfzat 30 3kSx GIIsHY p AUI0N Oty lyiko
3fog  Jllo 36sx Gm@s*vvaoko- afs) oz tip gt 6w 3y
13 Aszdzg ACSI0R At Jasin INIAY Giske WD
3NIstyIst A 3y Gt At &k B isp .(hR) yEYAE) B gi
Ol y§YA) U3 NaCl INNIE 3y A3 OXlitss K Fayi
¢t O'st

Vi 3v -H

O 0eNSG Kl -A-A
6 C1O"+ 3H,0—CIO" +4Cl+ 6H + 3/2 O, + 6
Rt Kil+ -A-h

CI+20H —OCI+H,0+2¢

40H— 2H,0+0,+4e

H,0+2¢—H,+20H 37064 KokOr A-H
yfie 37 -h
3t3yig Koko -
OBIS) SI0 3NIstylst v Tas Fivsl k gNOT 37 -H
YOV U3 EQ Ol
R el () +H,0+ Chlorinated Final product
Gl T OfpEIOl 3v 3psoe 3Nz INNIE (§@ &1 tpED
ER 3 fis YNNG kghymed O Ti0 3Nistylbe
Vi ANz To 203 gNOTo F 30ipz0i

Cl, C10,,0,,0H°,0°,CLOH’H,0,,0,,H,,CO,
YNNG yiNe
Ky 1yt £ groNe£0i0T S00H?, 00, CLOH® éKggKUms
S Uz &KG 3yt tymNo A YNT 3Nisty I HHARK KIS KT Iy
OISy ks P vk Giz 013 (CL,C10,,0,,H,0,,0,.,H,)
GiNKE P (CLD O, ) Gt &kg3tylbst Vi3 yisH 13 £Q
yINILE) yiiNg kGaKkUavts BHgWs gt Gt (C1O, ,0, H,0,)
0 OF KGYpSIO st 3pY njlTo 3p3y p yi3y ARNA 30
Okikag .(AT) yigY A ok Ut 13 3NIstylH yisss P yINIIE
&zl0OMNG 3NA Gl yia 3iNi0 Gl OTtSi Gt O'st vy 3k

,,,,,

Yomslaoem AKgtiip 3y H2 poH LO°,H" Vi) Y53
(hg) VYA B Gre 13 yiTa ok Ut 3665 Tot &t 15zs (VNI
GUm 3y lavy Wefzat 13 v KISKF (gN0s tip W etz
(hAY yavE) Basst 13 Bt OUSs P ya 3NistylsH
UzE OHZ Gt &6likag 3y 30 33403 p Daneshvar
Jo Gy okt A0S0 YKED pp3 KR A3 U3
GAI3 tp W #zat K KENjio 5t OI3 Uz E Gt yiyls3 60
st A€ 30 313039 P Dalvand p3f30 .(h) Y3iY QIS
KOO YEét K Z030NpEI0k pp3 ¢ tYidist G& O'st 38
AZINg 3NA Gl Fg min gt S hg V P 37 tyit yisH
virsa ATT 3058 Nioet &3 UI3 ¢t &TT/gh U=z Gl g0

(hh)
GODika P 3T GIISHY UgNos ¢ J01 Uzlipga0H yags 37
0 60Dk |ae+ge Y3 YNZp Q831 Gai3 kgypzI0 i"@
Al JaT iy Wetzet AO0I0R 36T (kgYpEIOi
vk W éfzat K LD 0000 3MSS GUISIY i 6l AlO'sY
Gt O'st gNOTo O'GpkEy W éfzat OO0 GItilip W éfzat 3t .(R)
(kgYpEIit GODzka M #tzat P OWPEIOH ZHyko 3yKo O it 37
ke D 3Hoym3 B ghe 3 .(hR) Y&y B gk UzE 3Koyir3
EON KzX |gr<t Koy G yiNeEg i) 36s 0 ez
yllK FisipTIOt kzx B gke p Kisep3ylg ArggrUen3
G mup p Bi0GT AxgzkUo (6Dike 3yl Ot K .(h)
sz M0y D Glake W atzat OGS0 QNG W &t 2N
iy/GE T P h AKGKGI 3 Gt INAZK3G . (AH) yikedo I etz
UNIpY T4 Kokt Uz€ AtS) oze 3fog (6D W gre 11 YNIIAD
KG3NAR GI0LY ez 50 KAY Gl tyyT et Gg yikeEg W gt U3
D Dalvand .(hA) O'st S13¢ GIDka 3Y yia YPZIUk &p3 &
gt AT Nitef3 O3 Uz€ O YNO Giikag 3v 301 313039

Gl A em gt KGYPEI0H 01 GODiKa Gt AKas DyaVHY 3K KKST

st O3 UzE tyghl (Oafe B étzst HY min 243 3605 31 H
(hh) O IgKt &Th Gl &TT
GNOT 3Y YNZNG F3 O'6)0 Gt iy 3K¢ Q1LY exdikag
ST 1Sas IY3Y AEDHO OU3gH 3ipzIOi yiss okt &f
S kgymed Uz€ As3fe T p yieEq Jiolo 13 OUpEI0i

9 AW
191 jb /ogaw o jlasdb /iy 0595

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-17-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

Oy g 3155 5392ume LS yiome

ENY3Va P E0+0

IEEFA" 3N K E+GPTE £FA st A+U1 KDIHE Gikky Ja
"slipzilk pp3 6l K3 AEdveyio tUlsY A3t p OTKs
oNOU ekUHY RNAZOAHTT/T/A U3NG ATH GS0S GINdzp e
Go aYNI A0EHI YOI AEXG3Y D AllliyRL ©KgyD p ADI3T
KEITH GIok 3v P O'st oyl 12+ 3Nez) thUHI OH3E K
by O+ KEIje P K3 thU+e053 Okt £t 33 A£GhU+Ge3
lyBYga aYkAlst A0yl £ON3T oNoD KUY O lltyRi
AON3F oNOU akO%HY A+GPTE oZITo OPKIG £ Gisp Jayh
Olityri ayUHY t0+#Gsd oFITo Kisgi P AIHH yill
Qlk31&y AEnv3ya p E0+

® ﬂp
éfp J 1191 ol /g 6l /iy 695

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

yiiNg fgaymed Uz€ &) 13 Ay ArGOTyisH yiNi&)
st U3 Uz€ A&kl A3 16Gia0 J3 3y Si I(AT) yi3)
YNIA) tYty OS] AN tyi yist KaNO yiiNg Gl Kbt
arguUr3 Gl NiNigg coD (013 Uz€ Aglustyt &1 tpED
Gk njaS Il 3Y P Okikisa okt st KL Y3 K P JHIG Kis
?3[@ Argos 3v T em YPEI0H J01 GODHe (AT v 40D
Alkag Jliks Kie &fF1 AT /L P Y3 Kis &) h /L
T KGII 3y Gt 3NAZK3G by Agiugstyt (Y3yKist &kgpp3
D ETT Y3 Kl &Y coD B gkt 31300 IOt ayll oYy 3k
VI KDHE ETT Jilikls Kis &fF

VOYAD 3% Gk Akg B gpTT p Glika) J#t ¢t KDIE 20
013 Uz &fF) A4030NpgI0k &kGpp3 ¢ tvkiist 310 Gt
ks 0g AVKdzia AxgAs3T) Y3iNg 00t 3¥ Kot IY3ty YNZp
ViR JHSIKN (075t ClagizSt ©3ND: AUMTe &kGES3SI K
NINIE) &kgGlzzg Y3pas) ONE AZI+N OFlikay Gt YYTuAk,

YYSU okt pP3 J# Gl

éa@uéim:

st YUIG Kis P Y3 Kis Aty O3 OHZ 30 DE Vi
AE030 ARGTIONIT Tt 33 A P VAYST ok Lt A3 AkgNITd
F3 oo p YpsiOi i Gtk (kKD GO3X & Cajug
sk Y3NG 3oz Tl Gakl st U3 UzE A#3ft Tl INaCl
Kokt Uz€ OHZ B IHD 3fog Ge ViY 36 280 .yl Glikay
Gali3 NacCl F3 O6) P tilp S K KEsT g O3
Y3IY Q1S Galls kGYpE0k i Gobifa ki p 2N
st J0lis Ko U3 Kite Oz€ 37 Aii30 njstsll Jeehi
YpEI0k J01 GODika 0 T min YK 305 IhT V D KKST
TV D Y3 Kie &1 p AM /L '-F3‘ o6l pTem
o6 K pT cm YPSIOi JU GODIKe (T min YK 36¢
Uz 3(yH3 njgsll Ji OTo .yod OsY Gh g/ F3
Gl &1g p 1T g Gl Y3 Kis P Jilikk Kis &FFI cOD
Y@ O'sY


https://ijhe.tums.ac.ir/article-1-17-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

UMKl

1- Zin, NSB. Decolorization of dye solution containing
azo acid orange 7 by electricity [dissertation].
Malaysia: Faculty of Civil Engineering University
Technology Malaysia; 2005:7-10.

2- Daneshvar N, Vatanpour V, Khataee AR, Rasoulifard
MH, Rastegar M. Decolorization of mixture of dyes
containing malachite green and orange II by fenton-
like reagent.Journal of Color Science and Technology.
2008;1:83-89.

3- Chen X, Chen G, Yue PL. Investigation on the
electrolysis voltage of electrocoagulation. Journal of
Chemical Engineering Science. 2002;57:2449-2455.

4- Daneshvar N, Ashassi-Sorkhabi H, Tizpar A.
Decolorization of orange II by electrocoagulation
method. Journal of Separation and Purification
Technology. 2003;31:153-62.

5- Dalvand A, Jonidi jafari A, Gholami M, Ameri A,

Mahmoodi NM. Treatment of Synthetic Wastewater
Containing Reactive Red 198 by Electrocoagulation
Process. Iranian Journal of Health and Environment.
2011;4(1):11-22 (in Persian).
6- Diez MC, Mora ML,Videla S. Adsorption of
phenolic compounds and color from bleached Kraft
mill effluent allophonic compounds. Journal of Water
Research. 1999,;33(1):125-30.

7- Clark T, Bruce M, Anderson S. Decolorization of
extraction stage bleach plant effluent by combined
hypochlorite oxidation and anaerobic treatment.
Journal of Water Science Technology. 1994;29(5-
6):421-32.

8- Kobya M, Can OT, Bayramoglu M. Treatment of
textile wastewaters by electrocoagulation using iron
and aluminum electrodes. Journal of Hazardous
materials. 2003;100:163-78.

9- Naddafi K, Nabizadeh Nodehi R, Jahangiri rad
M. Removal of Reactive Blue 29 Dye from Water
by Single-Wall Carbon Nanotubes. Iranian Journal
of Health and Environment. 2011;3(4):359-68 (in
Persian).

10- Panizza M, Bocca C, Giacomo C. Electrochemical

treatment of wastewater containing polyaromatic

..... Sy SN L 5 Sl ) 8 2, owypm

organic pollutants. Journal of Water Research.
2000;34(9):2601-605.

11- Radha KV, Sridevi V, Kalaivani K. Electrochemical
oxidation for the treatment of textile industry
wastewater. Journal of Bioresource Technology.
2009;100:987-90.

12- Vlysside AG, Papaioannou D, Loizidoy M, Karlis
PK, Zorpas AA. Testing an electrochemical method
for treatment of textile dye wastewater. Journal of
Waste Management. 2000;20:569-57.

13- Zaroual Z, Azzi M, Saib N, Chaint E. Contribution
to the study of electrocoagulation mechanism in
basic textile effluent. Journal of Hazardous materials.
2005;131:73-78.

14- Rajeshwar K, Ibanez J G, Swain G M.
Electrochemistry and environment. Journal of applied
electrochemistry .1994;24:1077-91.

15- Jia J, Yang J, Liao J, Wang W, Wang Z. Treatment
of dying wastewater with ACF electrodes. Journal of
Water Research. 1999;33(3):881-84.

16- Chandra mouli P, Venkata Mohn S, Jayarama
Reedy S. Electrochemical processes for remediation
of wastewater and contaminated soil: emerging
technology. Journal of Scientific & Industrial research.
2004;63:11-19.

17- Daneshvar N, jafarzadeh N. Treatment of textile
wastewater containing basic dyes by electrocoagulation
process. Journal of Water and wastewater. 2009;57:22-
29.(in Persian).

18- Ahmadi Moghadam M, Amiri H. Investigation of
TOC Removal from Industrial Wastewaters using
Electrocoagulation Process. Iranian Journal of Health
and Environment. 2010;3(2):185-94 (in Persian).

19- Eaton, AD, Clesceri L.S, Greenberg A.E. Standard
Methods for the Examination of water and wastewater.
20th ed. American public Health Association; 1998.

20- Ugurlu M, Karaoglu M H, Kula I. Experimental
investigation of chemical oxygen demand, lignin and
phenol removal from paper mill effluents using three-
phase three-dimensional electrode reactor. Journal of
Environ.Stud. 2006;15(4):647-54.

9 AW
191 jb /ogaw o jlasdb /iy 0595

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-17-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

Oy g 3155 5392ume LS yiome

21- Li Xu , Wei Wang, Mingyu Wang, Yongyi Cai.
Electrochemical degradation of tridecane dicarboxylic
acid wastewater with tantalum-based diamond film
electrode. Journal of Desalination. 2008;222:388—
93.

22- Dalvand A, Gholami M, Joneidi A, Mahmoodi NM.
Investigation of electrochemical coagulation process
efficiency for removal of reactive red 198 from colored
wastewater. Journal of Color science and technology.
2009; 3:97-105.(in Persian)

23-Malekotian M, Mansourian H J, Mousazadeh M.
Performance evaluation of electrocoagulation process
using rod iron electrodes for removal of hardness
from drinking water. Proceeding of the 12th national
Environmental Health Conference;2009 Nov; Iran,
Kerman. (in Persian)

24- Sengil I A, Ozacar M. The Decolorization
of C.I reactive blak 5 in aqueous solution by
electrocoagulation using sacrificial iron electrodes.
Journal of Hazardous Materials.2009 ; 161: 1369-76.

25- Vlyssides A G, Papaioannou D, Loizidoy M, Karlis
P, Zorpas A A. Testing an electrochemical method for
treatment of textile dye wastewater. Journal of Waste
Management. 2000; 20: 569-74.

26- Mohana N, Balasubramanian N, Basha C A.
Electrochemical oxidation of textile wastewater

and its reuse. Journal of Hazardous Materials.

2007;147:644-51.

® ﬂp
éfp J 1191 ol /g 6l /iy 695

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad


https://ijhe.tums.ac.ir/article-1-17-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-03-19 ]

Iran. J. Health & Environ., 2012, Vol. 5, No. 3

Investigation the Efficiency of Electrolysis Process using
3 Dimensional Graphite Electrodes for Decolonization of

Phenolphthalein and Phenol red from Aqueous Environments

“Mohmmad Reza Massoudinejad!, Hajar Sharifi!, Ashraf Mazaheri Tehrani>
"Department of Environmental Health Engineering, Faculty of Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran
“Department of Environmental Health Engineering, School of Health, Kashan University of Medical Sciences, Isfahan, Iran

Received; 02 April 2012 Accepted; 01 July 2012

ABSTRACT

Background and Objectives: The presence of chemical dyes in the water resources not only
pollutes them, but also brings about death of organisms and serious indemnities to the environment
through stopping oxygen production and preventing penetration of the sunlight. In this study, we
investigated the efficiency of the electrolysis process for decolonization of phenolphthalein and
phenol red from aqueous environment.

Materials and Methods: The experiments were conducted in an electrochemical reactor having a
working volume of 1 liter equipped with 2 graphite electrodes. This study was conducted at laboratory
scale. Samples were prepared by dissolving two phenol red and phenolphthalein dyes in drinking
water. Then, the effect of operating parameters such as voltage, inter-electrode distance, and NaCl
concentration on the complete dye removal was determined considering optimum retention time
using Factorial variance analyses and the graphs were plotted using MS Excel software.

Results: the results showed that the optimum conditions for completely removal of phenolphthalein
was achieved applying a voltage of 48 V, the retention time of 9 minutes, 5 cm inter-electrode
distance, and the salt concentration of 1.5 g/I, whereas, complete removal of phenol red was achieved
applying a voltage of 48 V, the retention time of 8 minutes, 5 cm inter-electrode distance, and the
salt concentration of 2 g/l. Under these conditions, COD removal efficiency for phenol red and
phenolphthalein was 85 and 80 percent respectively.

Conclusion: This study revealed that electrolysis process is an effective method to remove both
phenolphthalein and phenol red dyes from effluent, because it can completely remove the dyes in a
short time.
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