[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

g ook galhald (Cww ) e 5 Cudlw done gy Wl

Ol e Clilugs e penl
THE BT Slois A FAY o o ot it o355

3 ol ol s pdiadar 5 gHle S (oo

Awl,:.elf.u\ L;LP ‘VL;AU&.'& \j.".:.n g;‘béjm > J:A\ ‘”'LSJ.;LI B rared sYL:SJb'J_é 6.,\.@ ¢WC~AL€,~5 db.;b LLN}.L

W OITF 22, A/ Y/TA (23l ys s
kS
J/J@;jjﬁdu,~ - ‘_;/ju'/‘u” A;.LGQJJJ/JJ_}_?-}WC;LA%)LW;VJJJgi_w/‘ﬁrua.@yfjft}.g‘j_ﬁ:d“}4—'-:0)’

gl 3551, 5 (COP) (5,5 JU1S & sl il Al 5 U5 sy o andllso ol 5] Gk .53 ,S o sliza] _iliue il i slactyl s
el Lol EF ol S G adai sl (SBR) I se
jgﬂﬁjJ(:—WM'jjﬁ@.Qﬁ;j/jﬁwJﬁﬁjfWJ/,L&JL;///J&A‘JEJ,[}/.{COPJJ’/J&&JJ/)J.WJJ?}}J
COD}ULJ ‘J"‘;-J"‘:‘”" u‘:’);a)b&:w/GCMS AK:—WJJ L.{Av‘/(.‘?/.) .ij;b(:w:u u‘_}‘,’/‘)/ g_,:JJ.r"tLv oLl .,L:j_};d/d.ﬁ.w[; QL:SJJ‘;JL«:L.J
.CJ;J/),;J?;;JJ)}aSBRLfgjjJﬁJ}fb)) ol M’M uLM.J

Ovemg/L I g Femin S|y Oloj 5l e 0bilaSb COD 5 5 e bilé COP sl Ll o zgs 55 45 5l L& ol claasily
Sl s s 50 sk i ltl Lo o> Sl Sl ey (TUSTS) ol g o 5 oo, 101 ME/L 5 vO ME/L 4 117y mg/L 5
by a5 LG s S 4 |, COD 4 5 Sl Olye coilyi 10 SBR 5 4wl 5 ol il (TU= Y/YY) s S G 2T,
Ll A mg/L s HPLC oK

Ol el 5 0350 5 Sl dibme 5 3 i a2 o oV Sl U Sl (601U gl A5 45 isls L ol i S dmatd
ol hai [ fi5 (S5l o (SLO LS (SIS s O e 5 ipe b o Ul e SBR L 1] 5

SBR tJa.‘) cb;iw._v‘) Q}AJT 4&)})‘)\3[5 wa)‘ 6-&;5 &\fj‘}

ydadban@gmail.com DS (SCs 55 0 she ol (il 0dSLils Slslind oo il (51,583 (U g 0k ) =)
Olpl (S5 p ke olStils oty 0aSiils SLtils cdapme il g S5 =Y

Ol (S p ke oKty cutligy 0aSLls shiul ¢ ot (5185 =T

Opl Ol (S pske ol s Lamms 0S5y o oS Slidios S 0 -

Olnl Ol (S pole ol (ot odSLiils s Cudllgy pwdigs 05,5 Lsliul -0

Ol Ol (S5 pole oy (3 Jasms 0aSiin 53 b 015 3150 Sl S 50 —F

Olpl (S5 p ke olKtils ety aaSiils HLtsls cdapme oty gl 53 -V

Olpl (S5 p ke olKtils ety 0aSiils SLslinl ¢ oard (51 2S5 —A


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

Sysb .58 L;Te.);im@)_,ﬂ);y O gl S|
53 eaheal VL a5 oy (10 e e Lo 4 plS s
¥ Lleds Sl llas (sl b Ol g 4 ol Jas
oV A S sl e slo iy 3 s oS0 G
(ol (533 oS ST S Ol 031 5 eslizd F 55 T
Gk s e cle 4 0T 5 )8 ol (Sas 4 S
236 O gl ST 5 0T A5 (VU iy 38 ghoe 3 0T S|
Y @)zl gslasl (ol 53 5 50 JT LS 5

S5 S Al sle S Ol 4 031 58 WSul ok e
553 o 5 a5 Gt VT 51 (ol Sl s
Slols s (A F) 4 S 13 sl 35 50 LS
e 53 5 S5 YL G pae () L3 Sl e s
Lot VT 51 —amy B (O el e a2 il 3B
3 OptldenST Al 3 oSS pds (o ot &) o 4
SN 035 05 (e o @ pslie ST sl e (g3l Giae
Sl Sz ShalS (Sle slad glos 5o 051 oL
(5) el 3 ey Ol s 3 5 Sl o JU) 5
e 53 5 o oalind 55 S5l 51 S Sl Je Ol iy
o3 kel LS 5 med 5 gl SR okl e gl
g el NT 31 5 e o o ik S 2 5 Ly
Ol G Dl o550l g5 cpl 51 P 0) il
s o5 05l el b culee pade s 55 050 Al 2 0Ll
Ko 503 L5158 (6ol Sl sl 0l S aze (SOP)
Olojon 5,58 Lo a5 @ pslie LS 5 (g3lw Sidas &S
SUV) manl 3 sl L 5l el 3L 5503
55 O3 Sl waman buly ) s ol sl <, HO,
O 5 Jgles G JBIS Slasli ol b g5 sen SJUIS
Sl 5 5 B sl Js (V) V) Sl el esli
B L3k e 5505 B e Vb ay ja b sy o (solal
o bl B ol (6l o 5 Aol B Sy e
e Dbl ekl sl 5 S Ol 4
Olge s S50 (COP) SIS 5 05 Al b | s
Salm LS aial gl el 5 S sy S

Yy

e gl Sl 8 ()5 Cpumnd

FURYP)

ot o 3 aS Cil o Slaed VT 5 S s
E 50 5 513 e matis i oS55GS 5 g (sl
238 e Mg /N = Ve mE/L CLls o5 g 3 O
Slaie (EPA) sasee oL i 3 Jaes cbli> Olojlon
03 g0 3lgin) PPb 1 a8 oo slal sl p 1 b
Ol bl 31 6 S o glae 4o ulal ) (V)
(o sl gl adas (e oy 5 sdlig
Ll ($o5 8 chame 4 4l Sl LS

5 S Gl (e I Sl g sla )
w2 (S el O el A S B ol
Sl O 259 5 plord OsllnST 05 N STS
S G s o (P el 4, S @ b ks
2 Sk s sl (e e 4
O Gl 6l Vb slakile Olej ¢ s Sun o 5ilie
L ol a5 e ul 5L 5,5 (Sl glachle s
ol 2 (ol e 5 Slule o glawy o LS
3815 e e OIS e e 4 (Sl i, (Tl
Cn e e 5 S sl d g 3 et NT OS5
bl a5l 5 il e gLl ol slaal 3 S
Coga 4 iy (5SS 5 lie slausl .ol O sios
b Gl Colea Wl s 5 295 SV
Sladsde Sll Cow oS adal Aol b ol Ce w5 ol
o semn S Al ol Sl s e sl adal S
e O S 0 e 51 ploeed Slafis) 03 555
St s Jamen 4y Jaes 31 o1 JUSI LS Ogp o g5
()l s

sladul b Jold pland O seldonST ladil 3o 5 sl
i yb e g ldnSt (AOP) ai, iy 05 wlis]
Sl |l 55 03 5 SaJB1S 45 & gl S|
b e VT I la g 61l 6a) — ool
L GO P S SR CT PPV SRV PURIV K Wik - F PR
e 45 el Jlad 5 al3T Il LS bl b

%ﬁ yﬂﬁ%
1PAE jusly /oguw o lah /it 095 .

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

Ol Ko2 5 Cuolgus (yLdI> hwgy

Jsb 53 el 1S5 gladawls OS5 oLl 5oVl

A S N3 ey 2 s 5e e adeal Al 5

b B, g5l

o (P pe 3150 —

CAS o3 4/0 o lot) b Jly S 51 anlllae ol s
gl 65 (55 oS o o5 5 L (NO.: 108-95-2
o3Uizal U 35106kl lad sl s -k s3lizal L3 S 2l
Slos 5 (S5l 3 5 edd e OF Slos s - ade T
Sl a8 o gl Jslows slial 4 .S 5,10 ¥ °C
Lk kS ) pbed sl ge iy 0 HPLC 5 o a5
el Sl ST (63 w08 DU s o g DU 5 el
At Sl s e DU 55 b A S 5 s
S e 5 S 5 o Al (Dld ol 05550 (52
oo b op S s g Aol ol a5 (sl
Sy o (CAS NO.: 102183 s ys 49/28 o 4b)
L g OLIT S o oS 3 5l 5 B8 s ad sl osle
03,551 Vs 53 0l s CnJBIS 5 0T Slase s a5

RGIU IS 4

52 OVl 43§ 515 G 5 50 25 0 pslie DS 5
oxlizal Jlab 0 S 5 (518 GladenST 51 (6ol Sl Al 5
s gde 5 tage 51 SOV P) Gl el
€opp o Sdoms (2Bl s 5o el ol gl bewJUS
S ol s 2 Ol 4 S s 5 T sm VL
A3l e bt 0 VT K oo Ol e 0 il 0 555
2edle S S vy S 2558 50 B s 4y
G bt s e 4 VL 206K Ll 2 s
035 55 SSal,l s ool glls Fe,O, i3 4t
O 5 ol Ol S Ll s 5 3L3L LB o
35 58 s 53 5L O 0l s ¢ S ol J2alS

Sl i3 eslizal
Sl sl ol b Sy 0,8 Sl s L
oo Il VL a e ghls a2 o glaet NI
35,8 o 3 S5 sladal L Gl 55 )l se ]
3 o e Slatissn IS 5 adas Oleily il ey
Lol Sl eanieas Ayl b (g3l sl s onl 51 s S e
eslizal (SBR) I st e s 5 5551, L Jlad o S5 5) 5
PH o3 5l i Julse 130 (Gatosd 53 il 03 S

sl S S dd oy S el
AV R (M?/g) o35 law
&% AA pHzpe
YO-Y - (nm) Fe304 ol y3 5L o3l
AY 18/28 (25 o ) o s s
ol ol S5

UV/ ;4555 5C18 o5 L 0edS) 2 CE 4100
o Ol bl a3 s § s . Vis CE 4200
e S 55 en 5 S NS el o 5 PH s )

%ﬁ yﬂﬂ%
o TPAE ol /pgaw 6 Lok /i 69>

Ol bmo Cuiil gy ole ozl ing u wale twlibad

YYYy

Sls 0 9 $o96S 5 05 LS, -
oslo A Lol (g1l gl whadie aa ) 5515 53 Lol
CECIL Ju HPLC o8& s w5 b chale s S


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

Jre sl S e 5 YOEY °C O gl 50 4
L AmL/min) ol > Jliis (04/0+) Slius 5L/
3 S Gy YOFM 5 Ik LHPLC oS
S el COD €503 Y0 5 b apad #Y ol lacs 5al
Glae » bl b alal  Cileses gl el il Ll
o33 0LE Y Jsd> 55 a5 ol “One factor at a time”

.CM‘ a.L.a

e gl Sl 8 ()5 Cpumnd

3 O3 s E L1 a0l S il 5 \MD)
s lladly 2 o gl pasie Ll 5 s a0l o
LT B 5 46 500 533 52 50 SIS 03 S (6l 6 s
Sdie 5 s 8 Gl oYY U S i s (V) (658
3,5 s e 4 w0 dilegdl J ploes 051 ol gl 0T Y ML
NEERVEOW ] PENEYAR '/ RUP EVR RN 1T/ Op P EEp

aMmhﬁubfLubchJ&}wd\fwaebﬁ

batbesl plosil Jolje 5 Jaul 5 - g

obesl Ll s
| -GS b i ) s b asbe] Bit
(min) ol ; pH
(g/L) (mg/L)

0 L S0 Voo sl pH 3 e !
« e A Y N ras O HlAde pas v
N A Y Qe JJ&)L«: L;J\M_}&JJ?- Y

S A Y Yoo s Coans pual ¥
N A Y Yoo dacly DL 5 s o
Y¥ A Y O+ SBR iyl p b Soidsm s 7

(45 535 O3 IS 05y Tl 55 Sl plol ®
B e
: A
1 1
== -
T i
6

(13 5 0 (5o ot =Y 155 03 -F elgs =Y VL o g 05T S ) 5 (55BN (55 O3 e Skl Sled ) S
o 051 58 sl plos A Ol GooF ey Y oS Sl 05 —F ST, -0

Y'Y

%ﬁ yﬂﬁ%
VPO jaly /pgas o jloh /i 0495 . T


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

Ol Ko2 5 Cuolgus (yLdI> hwgy

LS plB) e sladleg o LCSO desls 5 Laosls U1
Y a)wdéw)‘abw‘bﬂ(TU> uLM;”Cﬁ:A_.wJ;-b‘)

100

LCsq M

TU =

O3 S Jmols ol sl DS 5 s sl
gl oo b e Il g lal i 5o 13 (6555001
SIS gy S ol&ws 4 s 5 ¢l = (LLE) mlo—anls
S Do ol s S bl e ey Sl b 58
Dbl 555 9 4o 4 4es Ve ML & 01K IS Y mL
pm prmin Clswdyd S s h owg s s wlsl
min Sde a0 gl 2 SIS Sl 5l s dd bl Foo
1S 5l S ol & 5 andls s I 56 5l 6503 ) L0
538 el Agilent Technologies 7890A Juw ¢35
oot gl asl 5L 5 5975C Jue o 55555 LISl
$bes YV OC 55 los YAPC v slos ol a>
0,55 g slas 00°C o) 58 sl glos Y04°C 55l
ML/ ¢ gds o5 50+ °C/min o8 oles o YAL°C
o3 8 hasis 5 5o MIN

SBR K552 55515 -

S0l &S cond V L e U515 G el SBR g8,
¥ oado (13 po 050 b s edd ag (SO5 5 50 A adead
seeioas \YIMIN (2iST YY e MmN (O S Y min: el axsle
S o L 31 (65500 O sl andal i Sl cads
(i 3,508 0553 33 55 0 il J 3 5 COD (gl o3
3 8 e LT G ekl 5 s azils

Laasl

Jstows a3t PHL 1 s -

L SOP syl 53 48 das o 0L gl ¥ IS yllae
U (oys YA)PH =f 5 |6 Gl sl pH o153
(ol a1l Ao 53 YO 5 s (Us s VYY) pH=Y
5 COP 1l 55 o BA> 0lly o mdy oS J= 5o
L3 S & so (Ao s AY/%) pH =A

%ﬁ yﬂﬂ%
o TPAE ol /pgaw 6 Lok /i 69>

Ol bmo Cuiil gy ole ozl ing u wale twlibad

YYo

Lé)""“ bj|)‘.\ln‘,6}l.u JJMW-‘G_
Slesle W LCOD iz v 6l o sad Olason
UUSOYY'C e)w&j)wb‘jj&_ifﬂﬁﬁ'&j)
ol 53 ol Gds Olekily 5 A azils 5 dze 5 Ikl
Sleslawl L 03l 58 andllas cpl 53 .5 S pend (i Lisee
oKy 5 (o3 49/0) VU o bt 05 ST J5S
oS Lo ARDA-COG TAJus 555155 o
ol b B L) el g ST, w6355 58
o3litwl b ad odas /0 L/min oL > L (/0 L/min
2ol e 6o 031 sl (W) sl oy 55 5
03158 0L > &S as S s ¥v mg/(L.min) s,
ool L sl 5358 s g ST, 5l s &
QJ‘)\V\_‘Z‘A 41.7-),0 J—f.‘)" Ji);v_.i)}rj (J\._JJJY')
BE coJ;J;LJJ}CODJJJJ}UJALgb\A_:Q_eW
e Sl A e wlbe YO MIN folB b Sl hie ¥
S0 5S gl Cnd 53 4525 (5l 0 dd OB pme O e

(VA s S asles (V) dslas 32 b 51 (2)
7 = Cos )

Cph,in_ Cph,out 5
Q‘ L S

J e S e on il B eme Ol e =2

mg/L e gfef‘a" d)‘ )‘J.iA: CO3

2 e s s Jole o i G s C
dauly OS5 9 oo puatd —

o3litu] Ol Cas yuand (gl LK 205 51 gy ol o
e a3 5 lagds Sl Il & w5l 4 s
VeomL sle 55 COP wl b o 5 sl ahead il
s Gy bl & g 35 3l (Sl sla iy s
VY XA XY OYh slaobes 5o 5 s S wlsl sdls o)
S (pans g 03,0 5053 Sla 23l Jolad 4 Cad 47
jupj&udubéﬁob)&\g;,.j)'lmjf_)u“;)fﬁ.)él


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 ]

Sl g 9 (S s 051 Hlae -
ol = COD 5 |6 lade l3l a5 3 s O3l 5ldis
Glle STy Sl wblie S5 4 COP b > s
L ol 4S5 shailen .l ol 03l DL ¥ st
sl Bl b g3l a4 B ae 051 G ae lade das
i COD (sl3l a ool 50l o il 5l asl b Jsb s
JJL_{L;" J:A.AG &S\j le.@‘u‘ DL ‘Lf‘:“.’.\jﬁl u\.}j)k&ibb.)\_.\;
5 g8 08 e n il e 051 Olge IS 55k 0

sl sl 4wl /A ME 5 YY/ VMG s 5« COD

e a3l Aol yd ‘:1‘)15 O

el  COP mSOP at A
A
AT Yy
3 .
3 FFL —
) Fo .
A ’ AL ol
7
3) ARYA
= ,
L B \
¥
£ ! A R
pH

COP .yl 3 55 ilsses adgl s pH 5 8 4555 s ge3 - S5
omin oL /0 g/L =c—.Jsis Vv mg/L = 5 SOP

Sty il Sl Clgu“;a,\.:q;bCOD,yél;\ggwoj\)nw-r Jsdr

otalesT Lyl
, CodBS chle b adyl bl b ol Bt
(min) O pH
(g/L) (mg/L)

0 L S0 Voo oI5 pH 31 cpens \
v A Y O b s O3l e pens \
NN A Y O e Jo ol S 5 B> Y

2 A \ Yoo ey S e ¥
NS A Y Yo dhauly OS5 s 0
V¥ A Y O SBR il b b S5 452 2

il odu, WOME/L w2815 0l s sl

Pl dawly LS 5 5 Coams -

wel w87 LC, | Conw 5l &5 das o 0L Y Ju
qwhmin)'\ma_g}\c,kleW):YNj\gLﬁ
s Sly s, b byl Aulslalglcble u sy
a el s algl chle sy Y0 @ akar Ol sl

Yvs

Sl JTslse Gl 4 b o il Sl gl 4S5 5k Oles
mg/L Jslee ad5l COD Slais cas o 0L Y S 5o
FAN Gl Gle kil b oS cwl sl Jraw WV PY /7
sde, YOV ME/L 4 STy Ol slesl 55 s
oo 53 COD 5 I skileadl chile s ls pod ol
JHI TOC Slais peomen .ol oy S bl b s
33 Ao ,s OF Gl oleily b oS el YAY mE/L Usles

%ﬁ tm/fﬂﬁ%
1PAE jusly /oguw o lah /it 095 .

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

Oy Kot g Canlepad (31313 Chavgy

1,400 - |
. — & -COD, 0.018 (min-1) L
. —i@— Phenol , 0.062 (min-1) 3
4 1,000 _
: ==k=-TOC removal (%)
2° |
’} 800 o -‘
. U — |
2 600
E L
s X e T T e - ___
E 400 -————____ I
£ .
200
0 T - . .
0 10 20 w0 - - .

time (min)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

(/)TOC Gis

(A Jslas o5l pH 5 ¥ g/L cencdblS cdale 00 m@/L J6 4yl cdale) COP wg Lyl i )5 (gilau Sdan 5 6 4 550 Ol —F S35

VIEA YV/¥8 . VIEA .
VV/AS \EZARNYA ¥/44 7.
YoV VIgQ . A\VARRVA
Y/ ¥/+4 7 V/AA .

+/¥Y JARRRA 2
+/A4 AN EA YANY
AZAR JARE JAR
V/av JAL4 YAY

H’, yw
o TP by /pgaw 6 las /mids 693

Ull buzo Cublsgs Gole ozl Giidg ju ole solilad

Y/ YY

AIEY A ol Oy
S VY "

Y/VA . 45

AR Yf
JARR! A
v/Y 4sns Yo min
¥V Al
7Y RV

YV


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 ]

(mg/L) ke

e gl Sl 8 ()5 Cpumnd

—+—COP asl,5 ,oCOD

——SBR 44l ,0COD

= -COP su)8 aslsl & y50 ,0 COD
—#—COP osul)s 0 Jb

—8—SBR a5 0 b

wea=-COP ol aslsl & g0 4o Ji8

min) :\k;

SBR 555 55515 53 edd (5,556 55 051 iy Dlay (S 45285 Sloges -F K3

G570 A 63 3dmen 55 aslie (SlaceeJBIS (6l s Sladllas L
5L s el Sl Aol a5 L (Y )l sl 5,18 VY
o OV YUPH s Sole 4 b el 474 Jsles (pKa) Js
PH o e ol O s ol gy Sjsm 4 )l
o pKa s es s 58 Gl JUIS Ol 8 4SSl (6
23S s,k 4l YA B VY x (oS pHzpe
S Jos 3 edudy cplicul sl osls gL 50 Y ISs
L s i e Jb s ol (M) el os S
0351 (A ol G L JUB w5035 e 5L 6l
ol 03 s S e Dl Sl Sades 50 0l
5338 oo LS JeeSsden JSGs1 & sas ol pH
i Sldlas (YY) 55 8 o atead Okl ol 33l o
Slbes Glaes 3 (p S Pl i cpl 3 S il el
S 5 ShS 5o glaoy S (o JUS T 03 edes
3 B s 55 (5l ol sl o S (s
O3 g il sl e 53 5 (YY) pHZPC Jlois i)l
1 YN Llold B a5 Jld SISl A5 5
5035 S50 COP 3 ou VT w325, Jsls pH IS 55 b
Gl Sis en 5otV OLS 5 g3 5 skl a4 Sae
S PH o pcabin sl gl 516315 CnBlS o

4 cilisie slaole) ps el adal o Sl Gi)F 2
Lsbad ol L 5l i aauly oS 5 GC/MS
ST sl oSzl ol (S 5 Al A5l o 55 0,55
VO sl s LS 5 Sole s el (Sl A
O3 —Sasded (63 =Y (Js8S) O3y —Sasdes (63
B oY el S5 S =Y (0S5 00)
Ldd plald b S 46

SBR 5585 55515 -

Aol B s ahal i 5l e S a gy F ISS Gollas
COD 5 b 0l b ol Sl 555 e o3l L2 COP
e B3 3l e VVPYmE/L 500 mg/L s 5 e
4l S a oI =5 05l Al B s e
Aol b ole sl 55 5 e, AYY mg/L 5 VY2 mg/L
Aoy VAME/L ) 2aS 5 is 550> 4 SBR

550 4 sl PH el o313 0L sl 555 5b Oloon
s IS o 36 e VT glad e IS s ites
Sl Jsloes G0 g Sl 5> s o 155 o PH
PHzpe 5 5 o JUIS e (sla S5 5 oy
534S (s S e W YV Jsles Vi e o LB

%ﬁ yﬂﬁ%
1PAE jusly /oguw o lah /it 095 .

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

Ol Ko2 5 Cuolgus (yLdI> hwgy

LS5 J8 b, Lol e 1 sl sl 3 el
Gl pizman 5 (YA) oS 4enS| Jalye b oS 5 55 adansl
5 eils B e e JUS s o B S S s
w b e ol al b Ll 53 05l G ume Olekily ialS
ol A 55 SlnS 5 S ladend STy ol i Lals
(Y4) cdls o3 b STy s

452 Ol e el ol 0als QLAY IS5 3 S5, 5k Olea
gs—5 1)+ min Ol 3l e OF 51 ool JTslse 5 b
Sl 55 oS il o3 YA A0 Uslas s 5 a0 Al b
Ay o o3 FUA 5 AND 4 (Fr mIN) i STy Ol
5 0TCOD 5 s Gl plakily aS el b s 0yl
WJle sy ol mis iy O geuldnST glaa] b S
adglclle Uy glea O sulanstasl b 55 Gl Slas
() Cl 05 5 Ao ,3 YV L ) o/A g/L sl COD
sl ps asll 42 5 VY FAXYLC, | lis of Jpus ol
(VIV) o3 YO 5 VYV (Yoe P Uslas o3 55 a0 4ol Olo
WA a5l jldie 3l 50 aelw YA (TU) oo a1y 5 ol
4 ey il b glgl 5o Al /0w Al B gl s A
o opl 303 SLES |y e 2818 1L YY/8 Uslas 4S5 5b
Ol A3 50 5 0508 hgs 4 9 S SlalS )l )
0 s S RS e VEY SEY/Y sl S 5 4 &S
Slads EPA 5t ul bl o (F)e il i il
oles &il35, S Cpso @ s 2 Ol o [0 5l
Sl el s IS Cans A 5030 VWA Pg/L
Voo Jsbes NOEC e il sialive 0y o NT dale
LK ol b s J;ALCSO Sldde (Vo )owl &35 A s
LC,, K5 Lidss ulul aS (Pl ¥ mg/L 550
S 3 (1) ol s 5518 VV/FY mE/L doles o
sl 0 e 1 F/AY ME/L S andlas 5 el Lyl
o Sl Coaw Olje ol plnil i Gb
Slesglme ypo 4 (TU ) Caw a1y ol
Ve L) VN e SN (o ) o
ol ol S (oo Sulg ) >V v (o Jle) )

%ﬁ yﬂﬂ%
o TPAE ol /pgaw 6 Lok /i 69>

Ol bmo Cuiil gy ole ozl ing u wale twlibad

AR

33 e Gl o lls bl COP
Y8 Y QJ;- n.LLiYT )\_L;.A (5‘)\ 4.; uﬁf’a“’ Q)‘ )‘J\.E.A })}A )J
S JI S Jlie 3 D51 e (6 e 5S

ISl 5 03l w55 ole (Sl Sdas pde o 4 fas 5o
b g LS 5 a5 05l bl 2S1y 5 fenS 5 s
S 4 O3 a5 i3 e a2 (5 R0 S sl eyl

(Y5 X0)35 8 o 513 5 5 alslaa

CcHsOH + B .03 —» By — products

3 1¢-1 (\c)
ki=1.3 xI10° M'S

5l zeS adsl 265 53 B liie Vs ST s aS (g 4k 4
A(Y) Wles sad S5 ST B o/Y Uslrs 5 (6 20 08 ool U
a)jb&%:)ﬁ&oMl—:ﬁrd_}&)J45&)}190[».&
J=le 53 05l G peze Slde Jes 55 s .ol 5L 05INY
Oy CadS Ly ol (6 20 08 gl = 31 2eS Al 3 ad s
b ST Gl (gl b eme 051 e L )18 oLl
el 03 5 eiie 0l NT 5o a gl3l 4 Y MOl L +/Y )
O peae llis COP g, a opsl 5T Gl gl 5 (Y9)
ool S VT Uge a sl 4 FY MOl B ¥ 550> 51 3
Aol gy aS ol esls Olis wline Sladss (YY) cunl ol
BB 5 b 4 5 O3l OB ae Sl o 2l (S50
S 01 53 b peme O3 Ol e 4S5 5b 4 sl ST 4l
Ol e Sty b o b sl (6 3058 sl d
Sl L(Y8) 55 8 o xin OF (6 e S sl d 5l 3 eme
ol ol VT dl s sl5l s 051 G me (VL OLekil, J


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

wlsl (65 51 B ae g (g3laBl blod oy Js (YA)UL o

el 5 b ey O e (S35 s s 53 Aol

S S 4o

Ghls el srew U a5 sls oL =k (S b
o3 COP 3l 3 05 COD 5 |5 0 o 4 325 5 e S
Sl G35 p 4ieds iy planil Lol SOP il 5
5 5eS Ce L LS 5 CCOP il 3 s ot NT (5L~
S 3l QL mli 25 o Jool (S5 s
ol Kl e 6 Sge s 0 (S5 s Aol B LAl bl 5uals
WAmg/L 5 e i3 B as 5 e s 54 ol COD
S5 Psm o581, 5 COP il ayl b IS ok a4
J&S}d)udm 40.\%VT&JJ¢-)JJ§)A}J¢‘)S Lﬁ_':’j)
L oS el b ol el wias ol of Cvaw
L_AJJMUS&Q;L‘@)Q}!VSQ@QM«{«_;U:
O3 ke 50 oolaml Llod 510l sdoe sslizal cllls 5 iKs
Slie Jol 3 53 O3l G eme Ol s 45 ool 5l 4
wlie Olad= ;5 358 0 slgiy 1 6 gad el ul o sbL
555 oslaza RIS

Sl g S

o Olse L abobl - b 5l s ol s o
S e JUIS b S5 6555 BS 55 03l s Shes
J;ég_é.;\;-):J&é;ﬂ;fﬁéj)a,hiq,.rﬁ];e3o4abb
VAOVA US 5 VFAY Jl 3 (5555 ahaite 3 “ Sz Sy
¢JQ‘J€QDJ}}&)§¢}1§¢K£J‘JC€L&Q6CM~‘
5 Y SSOLEIS W VY S RGN I W S 1 O BPR| V app PR
Clg Slides S e Sl 5 e slaco b
33,5 o0 G158 5 Dbl (S pske oS80 Lo

Yt

e gl Sl 8 ()5 Cpumnd

(YO X))

i Oloy 6Ll 55 Ol Caame ol s ulal opl 5
S aam s Lol 3 e Swlar s 5 (TU =4/0)
Ledopn Ve Gl Ll baolig 5o eliledl Jb laie oS
4 3les BPA 51kl (ol cesl sdons; V Pg/L 51 2e8
(TO ) el o p b gla O s adss

3 g e Al Ole el 55600 ¥ J g )5 45 shailes
S Ll 3 sleml 5o (5 5pm psb & Al B ad sl 6o 5o Ll
GCMS ilesl s Gl | oo a5l (2l 3l s
DS 5 Gymaidls CanS e 3 S Cd e il
A5 OpS asker 5 IS OS5 5m el Slagyl e
S S o 058 4k LS 5 gl o bl S (e e
1L (FP) ol 3 555 4 Cond (S S Sl gl
@y Sy aalsl oo 5 aBl Ll ad sl 56 s e
Aol 5 Szl dd Wil SLenS 52 S ol @ 3l g
e STy Ll 534S (g, 4 b e SRalS (SIS
(O gl eS| e Slidis ailen .3 S o pH zals
LS 5 Jold 0 sl denST (glalail s DS 5 g e
5 S p (Sl (Sl glad il L da s
508 3 gl Ol 3 O 4 5 S DS 0SS gn
SlS 5 oSl 5 SIS Sl sladand il e
ol L3 5 OS5 IS OS5 o bl e
(el L S il S5 550 0 55 0 iS5 skome LS 5
2l sl b 5 Ly COD 5 6 e o s illas
Sremg/L WY mg/L s 5 S5 sm— olan
4% g\ v Q&Qb.ﬁ\)bndzz\ﬁfhajbdbjjlﬁ
HPLC ol8is bavs i s BB i 5l S & koo
Las 53 s (gl s S5k 4t \AME/L
Oramen (V) il 508 Gyl oIl 31
SAs 75 % SosbE 55 O3l i &5 ol DL s
S S o = s Gy S 1B S s e
COD ;5 b Gl i e sy s oo Ao o

B 455 Olse 031 Ole (2181 5 33,5 e

%ﬁ yﬂﬁ%
1PAE jusly /oguw o lah /it 095 .

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

Ol Ko2 5 Cuolgus (yLdI> hwgy

dl:.e

1. Busca G, Berardinelli S, Resini C, Arrighi L. Tech-
nologies for the removal of phenol from fluid streams:
A short review of recent developments. Journal of
Hazardous Materials. 2008;160(2-3):265-88.

2. Liotta LF, Gruttadauria M, Di Carlo G, Perrini G,
Librando V. Heterogeneous catalytic degradation
of phenolic substrates: Catalysts activity. Journal of
Hazardous Materials. 2009;162(2-3):588-606.

3. Lin SH, Juang RS. Adsorption of phenol and its de-
rivatives from water using synthetic resins and low-
costnatural adsorbents: A review. Journal of Envi-
ronmental Management. 2009;90(3):1336-49.

4. Li X, Zhang Q, Tang L, Lu P, Sun F, Li L. Catalytic
ozonation of p-chlorobenzoic acid by activated car-
bon and nickel supported activated carbon prepared
from petroleum coke. Journal of Hazardous Materi-
als. 2009;163(1):115-20.

5. He K, Dong YM, Li Z, Yin L, Zhang AM, Zheng
YC. Catalytic ozonation of phenol in water with
natural brucite and magnesia. Journal of Hazardous
Materials. 2008;159(2-3):587-92.

6. Pocostales P, Alvarez P, Beltran FJ. Catalytic
ozonation promoted by alumina-based catalysts
for the removal of some pharmaceutical com-
pounds from water. Chemical Engineering Journal.
2011;168(3):1289-95.

7. Kasprzyk-Hordern B, Zidtek M, Nawrocki J. Cata-
lytic ozonation and methods of enhancing molecular
ozone reactions in water treatment. Applied Cataly-
sis B: Environmental. 2003;46(4):639-69.

8. Wang LK, Hung YT, Shammas NK. Advanced
Physicochemical Treatment Processes.New York:
Humana Press; 2010.

9. Rao Y-F, Luo H-J, Wei C-H, Luo L-F. Catalytic ozo-
nation of phenol and oxalic acid with copper-loaded
activated carbon. Journal of Central South Univer-
sity of Technology. 2010;17(2):300-306.

10. Chang C-C, Chiu C-Y, Chang C-Y, Chang C-F,

%ﬁ yﬂﬂ%
o TPAE ol /pgaw 6 Lok /i 69>

Ol bmo Cuiil gy ole ozl ing u wale twlibad

ARA

Chen Y-H, Ji D-R, et al. Pt-catalyzed ozonation of
aqueous phenol solution using high-gravity rotat-
ing packed bed. Journal of Hazardous Materials.
2009;168(2-3):649-55.

11. Wu Z, Franke M, Ondruschka B, Zhang Y, Ren Y,
Braeutigam P, et al. Enhanced effect of suction-cavi-
tation on the ozonation of phenol. Journal of Hazard-
ous Materials. 2011;190(1-3):375-80.

12. Moussavi GR, Khavanin A, Mokarami H. Re-
moval of xylene fromwaste air stream using catalytic
ozonation process. Iranian Journal of Health and En-
vironment. 2010;3(3):239-50 (in Persian).

13. Sui M, Xing S, Sheng L, Huang S, Guo H. Het-
erogeneous catalytic ozonation of ciprofloxacin in
water with carbon nanotube supported manganese
oxides as catalyst. Journal of Hazardous Materials.
2012;227:227-36.

14. Li L, Zhu W, Zhang P, Zhang Q, Zhang Z. AC/
03-BAC processes for removing refractory and haz-
ardous pollutants in raw water. Journal of Hazardous
Materials. 2006;135(1-3):129-33.

15. Pratarn W, Pornsiri T, Thanit S, Tawatchai C, Wi-
wut T. Adsorption and ozonation kinetic model for
phenolic wastewater treatment. Chinese Journal of
Chemical Engineering. 2011;19(1):76-82.

16. Wu G, Jeong T-S, Won C-H, Cui L. Comparison
of catalytic ozonation of phenol by activated carbon
and manganese-supported activated carbon prepared
from brewing yeast. Korean Journal of Chemical En-
gineering. 2010;27(1):168-73.

17. APHA, AWWA, WEF. Standard Methods for the
Examination of Water & Wastewater. 21sted. Wash-
ington DC: American Public Health Association;
2005.

18. Bagal MV, Lele BJ, Gogate PR. Removal of 2,
4-dinitrophenol using hybrid methods based on ul-
trasound at an operating capacity of 7L. Ultrasonics
Sonochemistry. 2013;20(5):1217-25.


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

19. Guerra R. Ecotoxicological and chemical evalua-
tion of phenolic compounds in industrial effluents.
Chemosphere. 2001;44(8):1737-47.

20. Moussavi G, Khavanin A, Alizadeh R. The investi-
gation of catalytic ozonation and integrated catalytic
ozonation/biological processes for the removal of
phenol from saline wastewaters. Journal of Hazard-
ous Materials. 2009;171(1-3):175-81.

21. LaszloK, Sziics A. Surface characterization of
polyethyleneterephthalate (PET) based activated
carbon and the effect of pH on its adsorption capac-
ity from aqueous phenol and 2, 3, 4-trichlorophenol
solutions. Carbon. 2001;39(13):1945-53.

22. Moussavi G, Khosravi R. Preparation and charac-
terization of a biochar from pistachio hull biomass
and its catalytic potential for ozonation of water re-
calcitrant contaminants. Bioresource Technology.
2012;119:66-71.

23. Bhatnagar A, Hogland W, Marques M, Sillanpii
M. An overview of the modification methods of ac-
tivated carbon for its water treatment applications.
Chemical Engineering Journal. 2013;219:499-511.

24. Weber WJ. Control of Water Quality: Physi-
cochemical Processes. France: Reverte; 1979 (in
French).

25. Chu W, Ma C-W. Quantitative prediction of direct
and indirect dye ozonation kinetics. Water Research.
2000;34(12):3153-60.

26. Ning B, Graham NJD, Zhang Y. Degradation of
octylphenol and nonylphenol by ozone—Part I: Direct
reaction. Chemosphere. 2007;68(6):1163-72.

27. Rosal R, Gonzalo MS, Rodriguez A, Perdigon-
Melon JA, Garcia-Calvo E. Catalytic ozonation of
atrazine and linuron on MnOx/A1203 and MnOx/
SBA-15 in a fixed bed reactor. Chemical Engineer-
ing Journal. 2010;165(3):806-12.

28. Kusic H, Koprivanac N, Bozic AL. Minimization
of organic pollutant content in aqueous solution by
means of AOPs: UV-and ozone-based technologies.
Chemical Engineering Journal. 2006;123(3):127-37.

AR

e gl Sl 8 ()5 Cpumnd

29. Fontanier V, Farines V, Albet J, Baig S, Molinier J.
Study of catalyzed ozonation for advanced treatment
of pulp and paper mill effluents. Water Research.
2006;40(2):303-10.

30. Altenor S, Carene B, Emmanuel E, Lambert J, Eh-
rhardt J-J, Gaspard S. Adsorption studies of meth-
ylene blue and phenol onto vetiver roots activated
carbon prepared by chemical activation. Journal of
Hazardous Materials. 2009;165(1):1029-39.

31. Bernat Cami X. Treatment of biorefractory waste-
water through membrane-assisted oxidation process-
es [dissertation]. Spain: Universitat Rovira I Virgili;
2010.

32. Kim BC, Park KS, Kim SD, Gu MB. Evaluation of
a high throughput toxicity biosensor and comparison
with a Daphnia magna bioassay. Biosensors and Bio-
electronics. 2003;18(5-6):821-26.

33. Kim KT, Lee YG, Kim SD. Combined toxicity of
copper and phenol derivatives to Daphnia magna:
Effect of complexation reaction. Environment Inter-
national. 2006;32(4):487-92.

34. Manusadzianas L, Balkelyt L, Sadauskas K, Blino-
va I, Pdllumaa L, Kahru A. Ecotoxicological study
of Lithuanian and Estonian wastewaters: selection
of the biotests, and correspondencebetween toxic-
ity and chemical-based indices. Aquatic Toxicology.
2003;63(1):27-41.

35. Giinesf EH, Giines Y, Taline I. Toxicity evaluation
of industrial and land base sources in a river basin.
Desalination. 2008;226(1-3):348-56.

36. Rubalcaba A, Suarez-Ojeda ME, Carrera J, Font J,
Stiiber F, Bengoa C, et al. Biodegradability enhance-
ment of phenolic compounds by hydrogen peroxide
promoted catalytic wet air oxidation. Catalysis To-
day. 2007;124(3):191-97.

37. Zazouli MA, Ghahramani E, Ghorbanian Ala-
hAbad M, Nikouie A, Hashemi M. Survey of Acti-
vated Sludge Process Performance in Treatment of
Agghala Industrial TownWastewater in Golestan

Province in 2007. Iranian Journal of Health and En-

%ﬁ yﬂﬁ%
1PAE jusly /oguw o lah /it 095 .

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

Ol Ko2 5 Cuolgus (yLdI> hwgy

vironment. 2010;3(1):59-66 (in Persian).

38. Taghipour A, Mahvi AH, Vaezi F, Nabizade R,
Dehghanzade R. Study the Efficiency of the com-
bined system of coagulation and flocculation/ozona-
tion in treatment of fresh landfill leachates in Tabriz
City. Iranian Journal of Health and Environment.
2011;4(1):57-64 (in Persian).

%ﬁ yﬂﬂ%
o TPAE ol /pgaw 6 Lok /i 69>

Ol bmo Cuiil gy ole ozl ing u wale twlibad

VY


https://journals.tums.ac.ir/ijhe/article-1-5431-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-09 |

Iran. J. Health & Environ., 2015, Vol. 8, No. 3

Evaluation of toxicity reduction, mineralization, and treatability
of phenolic wastewater treated with combined system of catalytic
ozonation process / biological reactor (SBR)

Y. Dadban Shahamat"2", M. Farzadkia®, S. Nasseri**, A.H. Mahvi*¢, M. Gholami’, A. Esrafily?

! Department of Environmental Health Engineering, Faculty of Public Health, Golestan University of Medical Sciences, Gorgan, Iran
2Environmental Health Research Center, Golestan University of Medical Sciences, Gorgan, Iran.
3 Department of Environmental Health Engineering, Faculty of Public Health, Iran University of Medical Sciences, Tehran, Iran.
4 Department of Environmental Health Engineering, Faculty of Public Health, Tehran University of Medical Sciences, Tehran, Iran.
3 Center for water Quality Research (CWQR), Institute for Environmental Research (IER), Tehran University of Medical Sciences, Tehran, Iran.
¢ Center for Solid Waste Research (CSWR), Institute for Environmental Research (IER), Tehran University of Medical Sciences, Tehran, Iran.

Received: 18 May 2015; Accepted:15 August 2015

ABSTRACT

Background and Objectives: Phenol is one of the industrial pollutants in wastewaters, which due to its
toxicity for biological systems; various pretreatment processes have been used for its detoxification. In this
study, the combination of catalytic ozonation process (COP) and sequencing batch reactor (SBR) were used
for detoxification of these types of wastewaters.

Materials and Methodology: In this study, the effect of COP on phenol degradation, COD removal, and
detoxification of wastewater was investigated. To determine the acute toxicity of effluents and identification
of intermediate compounds produced in COP, bioassay using Daphnia Magna and GC / MS were used,
respectively. Then, phenol and COD removal of pretreated wastewater was investigated in SBR.

Results: It was found that under optimal conditions in COP (time = 60 min), the concentrations of phenol and
COD reduced from 500 and 1162 to 7.5 and 351 mg/L respectively and pretreated effluent toxicity (TU = 36),
after rising in the initial stage of reaction, effectively reduced at the end of process (TU=2.3). the integration
of this process with SBR could decreased the COD and phenol concentration less than the detectable range
by HPLC.

Conclusion: Results showed that COP has a high effect on biodegradability, detoxification, and mineralization
of phenol and combination of COP with SBR process can effectively treat wastewaters containing phenol.
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