[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

o9y Yo
Olqni.».é; ‘;ﬁ&ﬁ eole olSiilo alxo

- J¢| 8399
099 JN Xz T8 b dug o 38 (O FON Sl W T (17 (w3
ST 39 w1 31 ooliiwl b 2T S Jakmo 3 gl phiio &Ky B> 5

fglgg.,s Lo yoxo “glg}ﬂo A0S0

APV F lio pds  AFIV) o i 3 4odol cdbyd  AF/T/) Mol g otins g5 4 dlis Jlosl  AF/IYIY 4l Bl 5o

4 ouuS )
(o Ssleg,l o 4 s polio Slas j0 b i a5 sl Sesl oSS, glgl 51 gk lite 1 BB g dda)
2 bl ] 09 xSU 5l eslanwl b ol (sla Jgle 51 ghiliie 5, Bdo o oygidy iSIl o] )3 b aslie yo (S xSl
Slidss 55 0 ;0 WWAY Jlo Jol dews 50 &bl &ygo @ a5 ol ookl g45 5l anlllas ol [ Ghgy 9 Slgo
O pze b LeSTy 5l sbolie KO, Bio gz 00,5 1ol oS Sip pole olftils lase cudlagy cwoige
Sl ooliiwl g Jaie dis 5 b > Wge 4 g (o gl OxY) ol (glamin 59,80l g0 gol> 4 i Lo
(Sran 550 (Ggde mSIl anT B 10) yig0uanS]y cbile 5 cdale (23Sl ley Jud 5l caliee sla pate
(TWO'Way 43).‘930 u-u-'l-')‘j )..Jla—l )| oolazwl l) aools g»ﬁjf )‘)3 SR OHee 05).5” Oy alold 9 Ao pH stj;.SJ‘

Qi85 18 el g 455 5,50 ANOVA)

15 05 sl Y055, adg) CBIE) sy gl 3 (oS S0 sl gt sholitie 55, Bl loutl il ozl
Lo ZAYIVE/NY (o il V=09 28Ul oy alols caiBo Yoz STy oyloj cyual dio B0=b > ol PH=Y (]
P e YO=G,) adol dale i o Jga e Voo =(g 0em0enS T adgl Al ange Ll it o (58 2SI
@ TYNAEL Y (o il V=loog mSUl (s alols caids Yo= 2iSly Gloj cpmal +/+ 0=l > ol PH=O ] jo
p=+1--Y) el Cesd

sitwe ol slo ol 5l gbiylie S, B ay ,0l8 yguidy iSUl g (SO xSl oliasl g, ol (Las ol (g yud Ao
IS 8ty S S S sl g, e ke Jole (sloazngs b s

2! Gl gle gl 59 58Ul gl ylite S5, Bis «ygiidg xSl SG Sl olin] 1 guadS 6“""3‘5/

Ol ! 4()1.5,{ ‘OLA; ‘5<.~J.a (s)l.& e@.ﬁ:&l: how cilig a})?} bow cilag kg C)LE.:Z:J;JA Sl (d)ﬁ.«»ﬁ a.A.'...@JJ)f\
m.mal akootian@yah00.com : s =SJ1 cany  FFFAFYAI YA K55 e TEAFYONYA il

OLgl Ol S Ol (K psle ol el Sbligy 05,5 )] (it ST (g mtils Y


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

...}&W&)Jb}bd}ﬁj}ﬁ\A;{T}LgMW}J@&\)W\MT}@UK@)I‘VV&;‘

s mlio 00,5, ) glel 5l V] ol O
S SN 5 Ygans 5 (pdapl 5 pdy )
i Seileg,l cuS 5 S cKs) o H0 g atbls dgg
S Ol SIS oloul cel Lo & a5 cunl glaua
Bges Olgie 4 @)ld 55 (6,500 pae SIS Al 098
s OMSie dloul Eely Wilgh o iiS Dyge
5 g el Wl oo @y D90 0 g b (S5 e
50 09 Ca ity S gl Elainl (gge5 o]
oo s pnad wdle wlgoo obj polie 4 ah &)50
Al Pyl g (TS cdipw Awdd D0 W0
WZlge Sygo 50 g 0pd hled i seknslSgegie

O e (Jb o2 9z Al slasly,
35 Sl aas 0 [T AY] cnl ouls eolanl OB
iz glooon¥l Bi> o slaewd olassl (5 )5ls
)5 8 ey 050 2l S ST s D508
Sy sl eslaiwl Jdo a4 (S sl slassl VY] el
oSl g oyl Ky Bl o g0l el anes 2SI
Wil S OIS pberd slaghsy lp el
b o oy SIS xS olissl anld s [V
ool e 50 00isS dasie dlge ddgi b g aid S 18
oSdeS sl 5 (S S L gl i ol s
o281y ol lase 5 a5 000 slaoansYT i ai;
D015 wles oo

Cod bame 4y aenSTh 55,08 et B2y b

3], wisgzge ol sloyg a5 So Sl slaasl asl )

dodio

S99 Ok ;0 &)l Ky eg Vet 5l e 390>
OF Voo sgas aildle aS oul 00) pesS g b
Sy Lo mbio plu g (2l mlo (25,5 0 K,
il )5 5 S50 anhas a5 V] 20,5 oo o Lame
5z S, V] cul e cany bl g5
5o oad Gl plewd OlS 5 og,S o i Sl
oz 51 (LYs 4 a5 358 0 Cgmins (Sato laclay
2 Pt slml o s 4 5 45 39i5 Sl als
HB ceal ol gl o esd wnld bl
oSyl [V-F] albiose loyesp slada>d
Aol s » @3ligle; Sl sl irizmen
wesloys o3l e cum g aBRS Glry it
Obsl 5o (S5 Slaie 55 9 Gl (Stwgy S 20
[0] Ngss oo

ool o 2l gl S, cbodlsob alss
3 SIS s GaelSiing Bl oy Gop 4 e odindy
A5l eaile B S, gd e 0k pdy o] (g59)6ST
Sy cbale g gy 4 oS Sl e Hlows (asrecon s
Sgaz a5 Cowl ools Hlas by pw, 0 [F-Y] o)l S
clag o)ly (s s ;o (Bpas K, 51 LY BV
ol KaSly Glass, cind> o [A] Wed oo (29>
omage Sy 23> 5 Gl bl g s Caug
GBSl § ol 3l 5, B caz ol 5l il
L] sl pdsbolizt s 900 60l (K,

MB s laiz! cwdle L (Methylene blue) oL\l

5 CieH1sCINSS Jgo 3 b Sauill olowds K, S

2o Jsbe 45 atbge Jgo 2 o5 VRS JsShe o

VWAE Jlo 8 olad oV F 093

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

Yov

O\{}éu)-\.wcdl.g"jghw

5o oolatuwl 050 sbilie 13, aSl a4 axgi L
0FS B aS ol e 0gd o G lasme [ Soll
Ai;) AT L) U"’ﬁ) 9o MLM ()09’“4? o ‘_glf Sladlas
)y L;S XV L: aJlao u.}“ Sg S ) ﬁl?u‘ 5l.sul.-o
oigy boawslie o k_s_i‘)..SJl Sl 4.._‘—|)5 <L
L ol slodsle 5l shodie S5, B o (gisy xSl
28,5 almil ol g STl 5l solaul
gy 99 lge

Jol des j0 a5 col alBislesl g9 5l anlllas oyl
e Cuiligy owdige Sliass S ,e 0 WYAY L
plxil gl p cwl sl plxl le,S (S pole oRiils
iz 3l e B0 (IS e b ST 5l eoligles]
x Y oolul b ol lamio 0958l g0 (ol a5 ais
S by & 5 00,5 oolitul 35 e Ll 10
DC) G b,z 0uiiSaw p2 Jlizws oKiws 4 L,
sl olly olKiws (pl .aisgs Juaies (Supply Power
ooliiwl 8,90 ST, cuilo ) Ll Y 6+ /) b, Gak
Al cwl oals ool las YV SS o adllas (o
ooliows alowg s 955, o ool 51 LS 09 xSl o
Merck 5 25 Jpamme) SG)9dlsm damsl b (s 5 el
Soatp Sl ools g Hhie Ol g oy £ (L]
oSS colae ol g S Caels
VY ol cdale b oy oSl plgis 4 maowsinSTg 00
9 S lSaeal S PH oelas lp g 5 50 05 s
[0] o solial Sliolesl pled yo Jlos

ool 6,505 4 b e al> o 90 0 oligles]

Sogkd anlp o) sbul T sladiges o 1, gud
Jol> 2l Glans 5 isided dpS y ole 93 S 5
Ol 4 onig ool JBSlanld cnl jo a5 205 0
g ol STy 3)ly (390 deS n oole b enldBlS
Joesl,  BSas ey 9wy Rl cage
Y OV] 055 oo JonS g 000
K, wd leanlp wols las 5K 9 Bulut
Fe e b posS 4l g atwg 3 ool b sl
Slade 3l 5l a8l b g a0 Jolu 4 4zl
Gim LS eles ey Lialidl b g Ltals 5, Gis
o)en 5 Almeida odle 4 [VYA] o5 lag ol3dl
L osbokae ) Gio lawsl) glaools a8 § ass
A 9o ponl b Caishyse Cige S O3l
s Chatterjee :pl » ode [VA] 005 o0 a0y
s, JATIE adlhe glo el ojlodigs b o, San
(Response Surface RSM - ;| eslazwl U 1, gb oyl
;550 adllae yo V-] Koges 83> Methodology)
S Sl olawsl ol )d e 3 Ahmadi-Moghadam
adalle,d sy mlio oMol abal i o |,
3 Malakootian ¢ yuzen [YV] wols 13 colaiul 5,50
5 S ol Dok & WS amd of)fSes
5551, Ky Bdo p S5e slayiel )l ool slagyg il
5 Mia yiideSUlanld sl eslatul LYY b
2 7S 3l sl 4z 0 5 55 58U oy (sl sl
5 Seid Mohammadi ,sbam [YY] 5,0 018 LIS
O5dg piSl g (S Sl olasl ol 3 avslie jo )l S
o WS oams ol gldsbee Ol Gis e
Y @l a8 eled gl yo gty iUl a3

Y] o,ls

VWAE Jlo 8 olad oV F 093

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

e sl e Ky Qi 55 0 a5 SN iy T3 b dg i 4 (SO oSN il T8 1) oy 2 VOA

T80" PG-Instrumen Jas UV/ViS jiegidg iSowl
sl B5Y 2 Jsb o (ealS PG 285 el
sl Jonllygiws wlol 5 b ioles] [YY] wo 5 ol 3
5 <l clalegl olaibinl glaby, oS o 7,00
k5 [YF] 28,5 alool Yo o8 ol YY ialpg o5lols
asens Excel 1530 o5 5l eolawl b wlisles! 51 Jol>
dw  azgi b Jlo e y0 5 all)] jloges CJB o VY
BT 5 eolaiwl b olislesl coles polie 1,5 L
S8l ey Lawss (Two-way ANOVA) 43 bgs il g
9 425 390 100 o sre el L VP Al g SPSS
88 3 o

e ()l @30 Wae ol -

sl i 5387, =Y

bl (slaog 2S01Y *

9y oy f

Al

= .~
€ ik 36 e s

JI sbokio &Gy il yo odlinid Syg0 s Ty -1 S
sl Jslmo
S5y ladiges iy PH (pni 5 oy p jobiie @
B a2 50 S (e YO b cile s sholie
YN anals 53 g PH Sleis 56 anlllas ol 5o
alold el /00 by ol b (S sl slasil g,
Py S 9 akBs Y oley g el ) 0g xSl
0393 deeSln 09938 9 BulpS een b 052385 2
e85 18 anlllae 0550 2 p Jgeidee Ve lale b
oSl ol ssmlie LB Y Joges o @l &S

PH=Y ;o So Sl olasil anT b j0 Bds oliae oy

Gl e (Sl slinl anl®) Sliglesl el
Veol¥er XO) cdile () &Y D) pH o 5,
Foo e Yo e ) ele ploy (o 05 e
Gaal VeI e /Y o IY e [+0) o,z olpme (aisds
o o 1 5 Giailo T Y 1) lasg S| s sloalols
L, B e (gds mSUl ol ,8) Slasle;l pgo
HiOs 0,5 alol § Sosdl olindl Lyld oles
Voo D N0 N Glackle s (oW Merck)
9y 99 2 Sl DY w5 (ow)n 2 2 Jseidhes
Shshokee jos o8 oo Ve e e lale) S diged
S SO e gl Merck a8 ,8 cole Bkl g4
W08 4y Sl Ojgo 4 (phis b g jhie O
35 S e YOV o) talagl 3 55 5n slociil
Dol 5o g eolel jole Jslme (55lud; bawgi (id
8,5 1,8 solawl 5,40
50 B el gy polie 40,90 Caws 4 b L.,Lgr,
5 Slislesl aslol jo 008 anlie o8 b bg, 90
0l (iludnd ONSL (59, 1 (5,100 00 die Ll 20
@t 5 Sy ST @D ply pH
Yf.. |, [Chemica Oxygen Demand (COD)]
losbgn L 090 ST i) 0 5
¢,5 e F5- [Biologica Oxygen Demond (BOD)]
[Electric Conductivity (EC)] S, =Sl colos 2 5o
sy ol 2l o e S e Ve g, S 5 VP il
ol gl 0,8 plol g cad adlal S, OBl
e ot 55,5 i 53 ligleg] b Ll
5% shokee S5 Bdo e (2855 plol 1SS L an L
cle) Y pasly (Blo 35 5l jee 5 e Jobore

oiws bawg s ()55 by b (G158

VWAE Jlo 8 olad oV F 093

ow,ésﬁf}m&m@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

o4

O\{}éu)-\.wcd\.y"jghw

Yoo g )ee X0 ekl o Bis ol ol
Sl by, sl i @ sl cdale o e 8 e
5 IVYIAELSY JAYNEAN S es)
AVARELIN ol g iSI gl g JEVIEELYIY
AETEPUSRVS YA CAIVA R VA = AR ARPIAQTAEVA ¢
aalol Cg A e Glge 4 ) p)S oo YO
Ao (oSl olisl 5 gmds iU g, 0 Sligles]
S5y Bdo pleadly p oley b s jslate 4
ovgy b oage bl o aids 0-F syl akels
& W3S (owyp O Sl by, g (o SUl olisl
A oo il bl conl saalice LB Y jloges ;o mls
Oboy LRl L g 00g o8 adsl slagle; jo Bl e
olasil gy 40 Bi> e Sl 0 s0sre
S o5 iSIl s,  TASIAEINY iy S ,S
slagley jo g oly las adds £+ loy 4o ZAY/IFE/Y/D
Ubsy 40 i el il diBs ¥e 5 Yo e
SYONENN i ey & SopSI olial
Uosy 95 5 TAYINELNY 5 IYYIOELS] - JEVFELYIY
SEOIDELEIR XD ELEID s s 55 4 5y 25
Eyaze )5 b Cyeend LYAREL]Y 5 LOSINE/NYIY
Collae Bl Cg e Oloj Olye 4 alSS Y ol
35 jelate

PH=0 o oygudgusdl anlp o g ZAYNENY ol
ag PH lee @ a5 wo 8 3| AYARELY Ll

208 jshate (gan Sliglesl cu

Yose
= ke
A+
[
§e
Fe
yo :
Y (] A4 4 A
pH
(duo yo (yaRileo) Bi>

S Sl gidg s

il ey v sl Mo <Oy Sl doyd pClo -] 3905
PH Oy’ b 9489 50T 9 G

(o il | 39 55T Ly ol (pol +/+d by S Lyl yi)
(el 93 P )5 e 1O 43l CLilé § 423 1 Oloj

b ogds S anlp e se ol 5l S

slocble o B> lewl, il oj9,0un dunSTy
20 O38epeSly yid p Joasbee Vv 900 Y N0
Vempboy ied pp S sk YO=S, cile) argy Lalyo
V=loog 2SI o abold pal o+ 0= > PH=0 waids
SNEFINELSL INONE/FIE iy a0 (e bl

il oS sms e lis AYARELNY 5 LV SELFD

ool Sz dige clile plore & ) p Joedes Ve
s a8y L o oy i8Il b 4o Syl
Bk Ky adyl chle b s sl o
2 Opde S g (S pSIl slandl gy S, S
YO-Yeo a0 K, Sglaso polie aiygpy lals
ol 5o 285 I8 ey dyse Sl 5o S e
390 oad DUl it Sl g ol g bbb

oals ool (LS Y loges jo pull a5 8,8 18wy

VWAE Jlo 8 olad oV F 093

Oy S5 f}ua&ma‘u@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

...}h&@&&)&b}bd}ﬁ)ﬂ\u\;{'\-}hMW)&AJJSJ\#LM\-QT}&\)K@));V?‘

—_
.
.

3

-
-

(0033 3uSilen) B>
~0

OBl 5y 4 ghohie <O Sl desd ulo T I2500
Ol g2 s 9 55995001 § G T
PO CBlé 5 4285 I+ o cpio gl | 99,50 oy dholb 1)
(90 Py Ao

S S pleadly 09 xSl ey alols b

2 ln i Ly o e Tl VB Y iz folgd
¥ olgas o mls a5 <85 18 cw)n 250 Jhsy 99
) log mSl s alols 201581 L Ll ouls ool lis
5SS slisl g, b i lewdl, e gile ¥
o9y bog (P=2/+ - Q) OO [EINE e a0 LAYIYELNY
JODNELON  a INARELN 5 gy il

Voalols amas o b las gelS (p=/e-Y)

205 olaie aige alold plare 4 e ile

Yoo
—

4
'ﬂ A.
.j‘ E 1 -
3 ,
g
v

Y. —

\ Y Y

(o Hil) alold

8 (9T Ol 459, b gb o S oy 11Tl —F s13905
139 T/ oy Ul Cwn> _p 5489 T

1 4yl CLidé 9 4ddd 1o Ol iguol +/+d Ol s S 1 Lat )
(90 oy o

(w230 (pile) Si

(230 (5aSilae) Bd>

Al

€

T
1
1

0
*

-

-
.

Y. " i ’
5 " "c T'» ?o
ol
O 5 30 psf oleoVOl id jo 0,8 (Lo Ver [ 2 jo 008 (Lo Yor
G Sl 5y b sl o Sl oy uiTlo —F 3907
Oy Clile Cw g (&) G99 5T 9 ()

9 _sio ol | 39 5T g dhold ol +/+d Ol y s 1 Lay[35)
(4dds I oloj

Slogl 2 8 S5, B> el » ol Gl b

9 S Sl olanl oy, b el /o0 aials jo glate
S I3 oy p 09 de Lalpd jo (gtidg xSl
QL):> R w.:bs‘ L .cowl ools 03)51 Y )L)g_u 5o C"L"'
Slanil Gogy b i e 5uSibe el V4 o/00
Giall JAUSEL D 4 JAYNENN S S
& IYNAEL IV 5l osiide iSIl g, Loy (p=+/++Y)
a ol ols ol (U= Te o)) Ll JAVAEL Y
shls by ool g0 o0 Bis leasly as” cpl Lo
o 505 i )3 L ggama 55 Syt 5 o sine BV
Sl die Olgie 42 ool 10 Bl Sl ol

AT Jle 4 ol VF 0y90

Oy S5 r}ua@.ﬁ\:w


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

Y&

O\{}é\.«é}-\.wcdl.y"jghw

& = 3
5 @bt slagiSly o S5 bl o pH
S| g_)BLa.Ho )l—MM) a..\.uy—‘ &34 9 oolazwl S)90 ..\.u—‘JB
STy pH ol33l b (SO sl slasil g, 40 [YO-YF]
Slpasille Lo 4 anSsam on g ool o

[YV]

Ze ()

OgalinST Eel y5nS| jga> F doles 4 axg5 b

28,5 o FE @ Ol o Jglone FE™

Ghay b Sy Bl sy oYL ol Gl mls
adllas b 4 oy () pH=Y o (S asTl olas]
IYV] o)y callas o Son o MoOUSSAV

St OH) S99 32 wdgi g a3 50
ol Wosjls HY) i slaps Hea> 4
Jdo 4 ol Llpd 0 0 dolae Billae (58 Sl
JBasl,  (SaSansl op08 5 92 o eSS
[YA] casls valgs (5 in Bi> e JuS g 0un

®

ohey b ) Bde wops VL ob las mls

G (Gl Jazes j0 a8 iy el ST Lng.;J).é

sliwl (59, b sholes S5, Bie leudl, L’LGH
gl 50 dne Ll o ede Sl (So Sl
Ol @bl 5 <85 18 anslie 0,50 (/00 (g losme
Gy b g s e B> lie eSils &S ol
cid 30 0,5 e YO = K5 adgl cdald) SO STl olassl
Yomgoled oloy el e Be=0b,> ol PH=Y
5 AV Y (ol |\ = o5 2801 (s alols caido
Lalys 5o ogde iS by, b Bde leadly xSk
3 Jeniden Ve o=0ig,eannSTy adgl clale) aig
PHO i) ke YOS5, eyl il ]
alold w@ids Yoz wles oloy ymel +/+0=0b > o
oS wbse IYAREL NN (rogibo V=loog Sl oy
(F=YVIYED g p=-/-2Y) 05 g b0 ge DS (lyls
shokee S5y B lesily (6l oy e Ll o
Ceomnd ;0 7y Olaseine b a5 (giluans OB
slp 0de Sl oy, b wus S ans by, g s
Sl SosSIl olaml s, L os 1SOE/YE
355 (5,0 gme S| (gl by aS sls yLas TV Y/
Jslone 4 s B> el 5 (F=1/+ ) 5 =+ /¥OD)
£5 3 sl o5 0.5 n YD I L 5 Snzis
NP NN N E ANCIRN
Cbls el g
L (COD) (gloosd 5L 8,90 G5mST e Lind
ool Lo LF VG (oS slaal anl
oS il malS IAVREFY e 4 opsids oSl

(F=VPIOYY g p=2/+10) 051 (5,0 gmo BT glylo

VWAE Jlo 8 olad oV F 093

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

...j&&,&&)di})bd}tﬁ)}gj\.U;MT}L;MW}J@&\)W\MT}@UK@)}]V?Y

U'“"S‘s ULA) 9 W) J..im; sl u‘).uo Oy GA..M
oo pawd 5o olasil e (ley mali8l Log o,ls ez
39,5 oo Olendly al Bl 4 jomie ais 3 g 039 il
Ol yiin Bam pledily Gloy alBIL (hg, 99 2 5o
o) cillas o Kan g Karimi aslllas b gols a5 ols
I¥Y]

SR o Sl Jobo 4 oal Jloel Gl >
leardg S anTp 5l gl pesny s sl Jalse
acdls ol cel by oad Gl all
Sgb oo Ll ojlal mals g ean LSis slbols
g Slbgw, JSis cael ancls o8l cpl e
Sgdee vl ;5 FE(OH)s ool apnSgjun slaasd
auld hlS bl b oeske g5 ol e il
Gk ) dale oal o)l padine b lientiy 1S
e mizmed g 99380 mhaw slaziSly » ,5b
Sy 39BNl 25 2SI mhaw &S alags
s ol el S5 e 2SI (sl ST
sl (55578 Gyl (Ko S sloanl B o a0l
5y Bi w03l wnld  oad Jlesl oy il
Cod lgiiss |y oosl L3l s a5 wlee il
w Wl g w5 o anT s abl e a5 gla STy 3G
GRIBI L gy 93 5 )0 05 el ONsmee E559
b asllas uls as ols olas Saalsdl i laal, o
LYY] o)l cillas ol e g Kuokkanen a3

adsl 5y b by 5o oy xSl s alals (ol
Ot Seoglia ol s 4 LaSy atedls (e o 1,
o5 Jslona bl a3 oo el Lo 231
ol &5 wboe 285 (Brae 0byx Ol 9 390

5 ool sboe Wy pae G ol elS

5o anlllae zll oS wijls (g g o Slee LS lae 4
5 Zaied Lawgs ould pbxl lagh b ogde 2SI s,
oK g Zhou yiomen [YA] o)l cilas o, S
Yl PHET o (ygidg il (g, 45w ams
S e S5y Bl jo ok (3 ml PHEO jo 4 laas
Cillas pol> adllas L as [Y-] o,ls |, (Methyl red)
Gl SIS el 4y ilgran pac Jdo oS Calas
bk PKa a5 5,6k a4 o)l LS LS, (pKa)
ooy S5y A o wllioe oy ie 5l S
@ S Syt B pleadl) Sssal slabae
bl ygii8e 2SI g, b glliie

Ky Ba> 50 mhe layalyl 5l (S ean¥T cdale
SlaS 5 GgmliST 4 bgrye Slalllas LI o 5 ol
ehlE Lmals b adllhas 5,90 connVI clale iolydl JIT
4...]3‘ cdale U"‘"‘JS‘ L: [Y‘\] Sl 0S¢y o‘).a.h ..\...s—‘)ﬁ
plas jo ol 4z )0 (o Cul 4 azg b oanY
Og o0 0L oS Cdale b diged )0 4y joed Cae s ddiges
oan Yl g oS adaie yo LiSTy lp 5LS 890 loj g
50 00,5 oo Bdo LIS olidl el g g o i
seals K5y Bl lewdly cedale goli8l L Ggy 90
s Sied Mohammadi asdllae L gl as oo lis
Y] o)ls Slepe o) SKan

plsl o )‘“‘fr—’i’ Jelse 51 (S pSly e
oley b 5, Bas alaly el gawlognST slaasT s
LY Mbso Ja...u).o 0MYT 9 0dusS dxie O JA—AS‘S L
a8 ol Jlade (33l cel oy Gralil a5 5,5k
RIS g0 saasd 5 Slhgw, JSi 5 oad
oan ¥l Bl > oliend 9380l a3 o FE(OH)s

Cod ooB g 4 4y L Bk 5l 085

VWAE Jlo 8 olad oV F 093

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

Y#Y

O\{}éu)-\.wcdl.g"jghw

odle 4 0,5 13 Jlaine gow Sldlhas [0 005
polid udl)S alaz 5l by 2SI L s iSUl iy 3
Aols COD zals 5 shilite o5, Bio 4o 0y
ol 2l b sl Cavs 4y il 5 5,5 518 solanul 5,50

Q) ogade Sl g SO aSdl olasil a5 oly las gl
Ky Bi> ay 0B golaidl 5 S5 slaghs, olexe
oo (5 5kwad LS 4 gs’i e Jolore 5l obylie
O Fhe Shles belse ileante b (Jy win
Sl ialil Gl jo o)l (gyiden IS (S STl olas]
Ohsy 90 2 50 eled (o g ean VT Clile )y 055
S ore Sl gy 50 e denSTy cdile
Gl A gk el oyt (g sl
033k (il 5 rals el uled (loj g ean¥T il
S gy o5 cale 5l oolainl b g 88,5 oo eoi¥T i
Gl 1) e Sl anl B ol Ol ofeyoe
ol
SI0ya8 g Sl

S les b oS ol Slidos ojgn Jol> Gaios
9 Dl Coglee 09> lame Cublagy (qwdige Dl
Sl (gwdige 03,5 9 OlayS (b psle olRadls (55l
ool 4 Az o S pole olSils Cubligs el Lo
wole i slasl 6 s 5l dlewy (ol 4 &S Sl oo,

w2l 1) S5 g ol JlaS 5955 09,5 9 35

Bl g a] JSid glp (S lade 4 fuSgy0ee
Sl Loy S ey Aol il 53l L ¢ paimod ol o5,
o2l slig (e 7S 8,55 5 Bk Sy 5l aS 09,
9 SMgm 4 gedy & JeSoen lagn by
Sy p S Byb g 0eh LSS s eS slawisd
2 el (Rl (oS g 0 sl andy b 1SS, JoSUge
S S5y Bde ool g GhalS Sslinly iUl Qi A
Bi> pleily alold Al L ) 90y )0 45 S9d o0
U5ySan 5 Rahmani adlis b gl a5 culs Lials
VST oLl cillas
SenSTy o cdale gl bogpd Sty Gl
olBl e o fSg 0 G0l Jlade oy5g,000
Sy Bi 00il 5 i Gl ol Jlis 4 g il
Scbile )3 G590 dnS n (Byb 5l aboe SRS
Cge 9 AL JeuSgyuen addsi jo (Swilail Sl ol
L [YO] spiion 5y cu)PS )3 035k 5 s S
039 aSTn i Joe oo Ve cbile 4 ang
olosily C85 amii g syl anld
Jodo a gd i8Il By, )0 ae Lyl Bds
SoFSI Slinl 4 Cuns (g0 SeS p ok cdale
355 oLl cdlae cnl 4 plgiee ik slocusgazs
(28lg ML ;o gl 3 Falslas olge 0929 <o 4y a5
@ (g yiwd (Brb 5l g b eoliitul S SN

slptdony a5 Sl 09y Hla5 0y90 e OB

VWAE Jlo 8 olad oV F 093

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

e s e Ky Qi 35 0 guid g ;SN iy T3 b Ayl 3 S5 i1 sUimil wy T8 1) w0 VEF

References

[1] Leili M, Ramavandi B. The efficiency evalution
of activated carbon prepared from date stone for
removal of methylene blue dye from aqueous
solution. J Sabzevar Univ Med Sci 2014,
21(35): 502-13. [Farsi]

[2] Santos AD, Cervantes F, Vanlier J. Review
paper on current  technologies  for
decolourisation ~ of  textile  wastewaters
Perspectives for anaerobic  biotechnology.
Bioresour Technol 2007; 98(12): 2369-85.

[3] Lima E, Royer B, Vaghetti J, Simon N, Cunha
B. Application of Brazilian pine-fruit shell as a
biosorbent to removal of reactive red 194 textile
dye from agueous solution Kinetics and
equilibrium study. J Hazard Mate 2008; 155(3):
536-50.

[4] Royer B, Cardoso N, LimaE, Vaghetti J, Simon
J, Calvete T. Applications of Brazilian-pine fruit
shell in natural and carbonized forms as
adsorbents to removal of methylene blue from
agueous solutions-kinetic and equilibrium study.
J Hazard Mate 2009; 164(2-3): 1213-22.

[5] Bazrafshan E, Mostafapour FK. Evaluation of
color removal of Methylene blue from agueous

solutions using plant stem ash of Persica. J

North Khorasan Univ Med Sci 2012; 4(4): 523-
32. [Farsi]

[6] Golka K, Kopps S, Mydak Z. Carcinogenicity
of azo colorantsinfluence of solubility and
bioavailability. Toxicol Lett 2004; 151(1): 203-
10.

[7] Kargozoglu B, Tasdemir M, Demirbas E. The
adsorption of basic dye from aqueous solution
onto sepiolite,fly ash and apricot shell activated
carbon. J Hazard Mater 2007; 147(1-2): 297-
306.

[8] Moussavi SP, Emamjomeh MM, Ehrampoush
MH, Dehvari M, Jamshidi S. Remova of Acid
Orange 7 Dye from Synthetic Textile
Wastewater by Single Walled Carbon
Nanotubes: Adsorption Studies, Isotherms and
Kinetics. J Rafsanjan Univ Med Sci 2013;
12(11): 908-17. [Farsi]

[9] Mohamed M, Joseph F, Taha E. Enhanced
removal of Methylene Blue by
electrocoagulation using iron  electrodes.
Egyptian J Petroleun 2013; 22(1): 211-6.

[10] Ponnusami V, Madhuram R, Krithika V,
Srivastava SN. Effects of Process Variables on

Kinetics of Methylene Blue Sorption onto

VWAE Jlo 8 olad oV F 093

ow,&ﬁf}ua&uu@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

Y£0

O\{}éu).k.wcd\.g"jghw

Untreated Guava (Psidium guagava) Leaf
Powder: Statistical Anaysis. Chem Engin J
2008; 140(1-4): 609-13.

[11] Rafatullah M, Sulaiman O, Hashim R, Ahmad
A. Adsorption of Methylene Blue on Low-cost
Adsorbents: A Review. J Hazard Mate 2010;
177(1-3): 70-80.

[12] HaeWon G, Min C, Byung-Taek O. Removal
of Methylene Blue Using UV-C Pretreated
Citrobacter freundii JH 11-2 and Bacillus
pseudomycoides JH 2-2 Biomass. J Soil
Groundw Environ 2014; 19(2): 38-43.

[13] Sied Mohammadi A, Mehralipour J, Shabanlo
A, Roshanaie G, Barafrashtehpour M, Asgarl G.
Comparing the Electrocoagulation and Electro-
Fenton Processes for Removing Nitrate in
Aqueous Solution for Fe Electrodes. J
Mazandaran Univ Med Sci 2013; 23(104): 57-
67. [Fars]

[14] Naje A, Abbas S. Electrocoagulation
Technology in Wastewater Treatment: A
Review of Methods and Applications. Civil
Environmental Res 2013; 3(11): 2224-590.

[15] Faigun M, Fadil N, Othman J, Sohaili Z.
Remova of COD and Turbidity to improve

wastewater quality using electrocoagulation

technique. The Malaysian J Analytical Sci 2007;
11(1): 198-205.

[16] Bazrafshan E, Jaafari AJ, Mostafapour FK,
Biglari H. Humic acid Removal from Aqueous
Environments by Electrocoagulation Process
Duad with Adding Hydrogen Peroxide. J Health
Environ 2011; 5(2): 211-24. [Farsi]

[17] Neyens E, Baegyens J. A review of classic
Fenton’s peroxidation as an advanced oxidation
technique. J Hazard Mate 2003; 98(1-3): 33-50.

[18] Bulut Y, Aydin HA. kinetics and
thermodynamics study of methylene blue
adsorption on wheat shells. Desalination 2006;
194(1-3): 259-67.

[19] Almeida C, Debacher N, Downs A, Cottet L,
Mello C. Remova of methylene blue from
colored  effluents by  adsorption on
montmorillonite clay. J Colloid Interface Sci
2009; 332(1): 46-53.

[20] Chatterjee S, Kumar A, Basu S, Dutta S.
Application of Response Surface Methodology
for Methylene Blue dye removal from agueous
solution using low cost adsorben. Chem Eng J
2012; 181-182: 289-99.

[21] Ahmadi-Moghadam M, Amiri H. Investigation

of TOC Removal from Industrial Wastewaters

VWAE Jlo 8 olad oV F 093

ow,&ﬁf}ua&uu@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

s e Ky Qi 55 0 g g SN iy T 9 b gl 3 S iS00 3wl wu T8 918wy VEF

using Electrocoagulation Process. J Health
Environ 2010; 3(2): 185-93. [Farsi]

[22] Maakootian M, Asadi M, Mahvi AH.
Decoloration of Reactive Bluel9 dye in dying
industry wastewater by electro-Fenton process.
J Health Environ 2010; 5(4): 433-44. [Farsi]

[23] Ghanizadeh G, Asgari G. Remova of
Methylene Blue Dye from Synthetic
Wastewater with Bone Char. J Health Environ
2009; 2(2): 104-13.

[24] Classer L, Greenberg A, Eaton A. Standard
method for the examination of water and
wastewater. 21st ed: Washington DC: the
American Water Works Association. 2005; p. 5-
14

[25] Vasiliadou |, Karanasios K, Pavlou S, VVayenas
D. Experimenta and modelling study of
drinking water hydrogenotrophic denitrification
in packed-bed reactors. J Hazard Mater 20009;
165(1-3): 812-24.

[26] Sierra-Alvarez R, Beristain-Cardoso R, Salazar
M, Gomez J, Razo-Flores E, Fied J.
Chemolithotrophic denitrification with
elemental sulfur for groundwater treatment.
Water Res 2007; 41(6): 1253-62.

[27] Moussavi GR, Khosravi R, Farzadkia M.

Removal of petroleum hydrocarbons from

contaminated groundwater using an
electrocoagulation process:batch and continuous
experiments. Desalination 2011; 278(1-3): 288-
o4,

[28] Virkutyte J, Jegatheesan V. Electro-Fenton,
hydrogenotrophic and Fe** ions mediated TOC
and nitrate removal from aguaculture system:
different experimental strategies. Bioresour
Technol 2009; 100(7): 2189-97.

[29] Zaied M, Bellakhal N. Electrocoagulation
treatment of black liquor from paper industry. J
Hazard Mater 2009; 1639(2-3): 995-1000.

[30] Zzhou M, Yu Q, Lei L, Barton G. Electro-
Fenton method for the removal of methyl red in
an efficient electrochemical system. Separation
Purification Technology 2007; 57(2): 380-7.

[31] Rahmani AR, Masoumi Z, Shabanlo A, Akbari
S, nasab HZ, Almas H. Investigation of
Sonochemical Oxidation Process in the
Presence of SiO,, CuSO, and NaSO, in
Removal of Acid Blackl Azo Dye from
Aqueous Solution. J Rafsanjan Univ Med i
2014; 13(12): 1115-28. [Farsi]

[32] Karimi B, Rajeei M, Ganadzadeh M,
Mashayekhi M. Evaluation of nitrate removal

from water by Fe/H202 and adsorption on

VWAE Jlo 8 olad oV F 093

ow,&ﬁf}ua&uu@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

\ta

O\{}éu).k.wcd\.g"jghw

activated carbon. J Arak Univ Med Sci 2013,
15(69): 67-76. [Farsi]

[33] Kuokkanen V, Kuokkanen T, R&m6 J, Lassi U,
Roininen J. Removal of phosphate from
wastewaters for further utilization using
electrocoagulation with hybrid electrodes. J
Water Process Engineering 2014; In press.

[34] Rahmani A, Samarghandi M.

electrocoagulation treatment of color solution

containing colored index Eriochrome Black T. J
Water and Wastewater 2008; 20(69): 52-8.

[Farsi]

[35] Edami A, Moradi M, Ghanbari F, Shaktaee
HR. Study on Performance of Electro-Fenton
for color removal from Real Textile Wastewater
Based on ADMI. J color Sci Technol 2013;

3(25): 173-80. [Fars]

VWAE Jlo 8 olad oV F 093

ow,&ﬁf}ua&uu@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.9.4.8
http://journal.rums.ac.ir/article-1-2523-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17353165.1394.14.9.4.8 ]

sl e Ky Qi 55 0 g 5 SN iy T3 b a4 (SO oS sliwil wn T8 o1y sy o VEA

The Study of the Performance of Electrocoagulation in Comparison to
Electro-Fenton Processes at Decolor ation of M ethylene Blue Dye from
Aqueous Solutions Using Iron Electrode

M. Malakootian?, M .R. Nabavian?

Received: 21/02/2015 Sent for Revision: 21/04/2015 Received Revised Manuscript: 23/09/2015 Accepted: 06/10/2015

Background and Objective: Methylene blue (MB) is one of the cationic dyes whose presence in textile
industries wastewater can be hazardous for ecological systems as well as general health due to aromatic features.
The present study aimed to investigate the effectiveness of electrocoagulation (EC) and electro-fenton (EF)
processes at decoloration of MB dye from agueous solutions using iron electrode.

Materials and M ethods: This research is a laboratory study carried out as pilot in library scale in the first half
of 2014 in Environmental Health Engineering Research Center of Kerman Medical Sciences University. The
reactor with general volume of 500 ml containing two Fe-Fe plate electrodes (15x2 cm) connected to a [ direct
current: (DC)] power supply was used for decoloration of MB dye. The effects of different factors such as
contact time, dye concentration, Hydrogen Peroxide concentration (for EF process), used energy, electrolyte,
optimal pH, and inter electrode distance were investigated. Data were analyzed using two-way ANOVA.

Results: The average efficiency rate of removing MB through EC in optimal conditions (with primary dye
concentration of 25 mg/L, pH=7, current density=50 mA, contact time=30 min, inter electrode distance=1 cm)
was 93.3%+1.3%, and the removing efficiency rate of EF in optimal conditions (with primary hydrogen peroxide
concentration of 100 mmol/L, the primary dye concentration=25 mg/L, pH=5, current density=0.05 A, contact
time=30 min, inter electrode distance=1 cm) was obtained 78.9%:+0.1% (p=0.003).

Conclusion: The results showed that both EC and EF methods were effective in removal of MB dye from
aqueous solutions; however, with optimization of effective operational factors, EC method could be more
efficient.

Key words: Electro-coagulation, Electro-fenton, Methylene blue dye removal, Iron electrode, Aqueous solutions
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