[ Downloaded from ijhe.tums.ac.ir on 2026-06-23 |

5 ol aallhad (e § Cudl Aloes gy Wl

Ol Jame Clildg ke el
V40 B IAY Slouis VTRY Sl cp55 o lad (i 553

23 Al (G5 0SS (G 95 emST D5 $U US98 ST )

sl S o 31 e JT 515 S

ré)lj f}’ W 4 u).)..e ‘Y‘_;'.;”ij v.‘;l> g*\é)j.ﬂ.lﬁ ol r__ljn

AF/ VIV 1 B @)U RAVAR VA PGSV '@)l;
306 o lo5kS Jpans (sla sy 45 ool 4 g b clizas oI55S il Y pame Aol slajlo i Sl and T 30 idn 5 4
ol S s UV/ZNO i oslizad b oGS 335 O el bS] oulai oo (sla sy Sl iCon _pl5liS il S 5 5 ) ll] sl 4
el ol (lad sles I ks T 5130 Gidm 1 (655 dewnST 33 56 2 U1 558 1 o o anfllas ol I Gk 335 o o3lize] LS 5
@ Sy ol ol o ool A LT ilidie 55 dien sy 53515 Gl o3zl b oS ol oy zei anllloe G andlles ol gy 0 A0
S0t ool 1 T ] 53 ool 0k o3lizal folS L] Cogr Sl ony S 5 oilig UV Y L 0T (650 5 0050 1L e
YOYII g0 Ssb 15 jia g8 s il olSows 1 o3lizal b oo gt ool CBLE o Coal 0y S a3l mds S 5lgo sl Ol gin
5 s 3y g0 S gt el Gl 5 0 UV ¥ il oo s PH (elad Olo o Son gt o] a5l CLilé (cls 2ol )l ok e
Olej 3 FA0e UW/CNY il oo b iduly sl and] Ll Comd (G ool Coni 3 50 1 oalizeel b Koo gt doon] diegy il laaisly
A ol (= o) Y mg/L Jsl cLle XL ol pH O Yemin
A PH sl L L1515 S8 S8l ol 5 Olaj (L] b G55 s LIS 48 315 OLE ol ] 5 S e
el ke I sle Gl 3 a5 55, O UV/ZNO 2 UL 335 0 ilaSl sl 5 SU i) 5l oslézel ool plo bl o

iedlBIS 538 O sl ST ¢ Sl5508 Sl OV e (Sn gt Aol (2 JT s 5 S O304

dto\»l;) é.&ﬂ r}lﬁ 5L<.i;.'|\s M.LJJJ 9 g_,w?:U.@_s o ISESls glﬁ.;?m g_,w?:U.@_s ‘;&J\o\eﬁ J..Z)‘ J»LM)LS Lg}m:..ul: (d}iw.a awa{‘y> =\
mary mansoury@gmail com

QLW«) L;‘<":'ji ‘:JJ& AK:..J\J M.g‘.,\x.: 9 g:,w?‘.,\.@ S ASES]s ;Ja.:m g:,w?‘.,\.@ a); A)L:,i.}‘: ;Ja.:m CAJIU.@ 6}55 -y
Ol ) (S5 ke oS8l capdis 5 Sl o udSLiils asms Sl 05 S Olils dases Slig (51585 Y


https://ijhe.tums.ac.ir/article-1-5209-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-23 |

0 Sl s w o Lime 4l gl s Sl
(B o B e 53 el sl St (Slao i of o
A esliwl 550 LS g s JSCsl,y Al 55 ) bt
04-YNL LS

30 Sl esli il L 0l e 5 Asgari Yo Y Jl o
DLkl 780 Ly 1y oo gen Al Il 2 S L (5555018
L oLKes 5 Godind YoV Jlw 5 (YF)as S Gl
doeed Gl ol Jaw g5 ol onls 2 g Jla op S Sl eslizul
Mori Y ¥ Jle 3 (YL S s o 1) o 51 Ko son
L b I alsn 5 S s Al (5555 4 325 Ol
Lo Slees bodosls iy (Sl 3 Sl sl il L
@338 (il LS5 S ity 5 (THO,) s
N oz S5 Ole 45 S a5 L3S () 2
wdr STOC Gl (Rt 5k 15505 il
Penru Y)Y Jlo 55 .(Y0)s,ls Ko Jsle 53 UV,
UV Loy l) Sooser el 25 5 6558 50 0L
sVUPH &5l 0L s s S ) UV/H,0, ,
533l Gl S g dul i HLO, 555 2l 58
(P Sl on Sopod Aol 325 LIS Oy ) 5o
ol bS8 Gi gl » ZN0 5l andlas ol 5o
ik Ol 3 V0 Cbl a8 ol ol eslitul ack
4 e O3S A 555 5 pblinn 5 2SN sl 51 mns
(VD315 o yles AT (5

ST 3 0 B8 28 3 ey andllas ol 51 e
b sl Gl s 6 el d S )
03538 & 3L sl aalllas sl ol (slad e |
A el U5 el e O e e
L 6L it 55,200 Sl ;b Cos Ly o omes
sy e GBS Gl (gl Lol O gl j2hd

e fg, 9509
asdlls 3 .23 8 plol A La3T ke 3 G (!

YAY

e O3 93U K G938 51 vy

FURYP)

o5 ar 53L3 Ot ol e 3 3m se b T sl
3 Shes 3 Ioestl alear 1S o sl Of U slie apias s
G A e 5 ol 5 slinl Ol ST gl
Sl DY ame sl 5 DS 5 I LIS STy s S
Jols JTslge 5l b shsee ks Tslgn (V=P el G508
(OS5 o Skd g oden Al (SO Al (Sa s
3 (Seesen DS 5l el sladeal 5 0 S 5 50n A
ol Dlalllae (ML 35 o s b STl pe o g
S e yasie IS Loedd la3aS glacl g p el
N gramee o 53 3y pe Jslsa LIS S1STs 00
S 5 ol oo O3 55 0 A5 a5 Gl
Aies (HAA) ol Szl Jla 5 (THMDWOLs Jlags 5
A dcea 1 e 5 500 o o LS 5 0

o 058158 O e s ) ST slge Bl g
g Qg A G S D A sed (Jled S Lan s
S5 S 8 48 5 5 n oslizal o 8 5 O el (S5 s
(A0l nlee

236 O ada Jlme sladylp 2t Sl 4 e 55
531 (U T ) DOC sl el 4
w5 iy O el eS| e 5l 8 slaSoa, el sladlw
O gl denS| Al 3 55 sl 43 815 4 53550 (AOP)
(€] 5 OBy NINCFRIAN CUR P ER P PHE-SIW [ FpE JUL
Lpd et kST Jglie glacaeSa oSl b g &S LS S
s sl 53 JnS s (LISl L e s
UV/ZnO UV/TiO, UV/H,0, H,0, 5l sslis_l |
OseldenSt ol 3 (V)52 oo W55 o) ol s
4 o 6365 Sllie (B 58 o a4, Ly
o Sals EsLAOP s Jsliase asas sLausl
OAIMW)ILs o a5l 1, DOC Gl 5 es s 5

o S5 31 (SBIS 5 (g5l b ad ,doy O spnltenST s
e slas S o5 (S0l ¢1,— Zn0 s sls

23 g oo eslizal UV wil 53U cos Colin Sl 4 o b

it 9 tmﬂfﬂ/
191 Gliuuls /g 6 jlosh /poidus 695

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5209-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-23 |

"J‘)'S.w’b 9 Sype Slabd! 0

23468 5 Al 55 80 Jed Sl e it () 2 b
S olse Gl s pH 5 il cas (s, ol Sk
ymg/L sbaclle iolsl ol 3.8 ol b
6Lﬁu,:~:u C)u\_..:rj ARl 9 SUAANAIA Y 6L§pH ;Y’~mg/L s
Lol 5 FA0 5 YOV FVY+ (YAFs YaT pw/cm?
Gyes o 6l bl . us )y » VArmin b \omin
)‘Jﬂff )\ AJL".:M\ L’ Lhwf_vl.:ﬁ C_,Jﬂl.@.r BENS A )‘jgj JL} A
Lasls gas o3 S aslis 43 b byl 5 JUT 5 SPSS
A5 ey Excel sl 5 v s

Lail

YUY sl s s XRD, SEM, TEM (sl yel il
Wlb“b))jiy JQJQASXRD%L.@A‘QMQJJ‘}T
(Wurtzite) ol JUS18 (555 36 45 s e 0L
s sk ekas Ol 50 sy Ll Rl &
ﬁTEM_}SEMﬁyﬂJ .J.'v‘e.l_joﬂbé)udﬂ}.ﬂjéj)
O3t S msly sy o VR P NS
.Jd\wl.l@.?u“(..a)l.:S):«S.u;chU;bngJSZHO

® ﬂ[/
%ﬂ J 1P9E sl /g ol /i 635

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

VAY

UV) Jriol 355 5 5 aind 555 00 Sl (55
e 4 (Batch) —asle ai v b 0L 2 81, S s
Vgors 238 0 555815 53 ¥ el 5 Ve mL
cde 5 (TOC) s T p S 6, Seslhl a3 NOM
adlan cpl 53 (YA)s 55 e o3ls 0L2s (UV, ) UV aasl
UV sl Ol i, JINOM clale ¢ Sejlul ¢l
Y\+e—vis Jue UV/Visible j g5 S (UV,,)
NOM bl o ol ot oslisul (K ol Sy
e 3,10kl IS alal s Jsgme 5 5,0kl slads 503 55
Sl jeize (YAl o5 plomil OF) + 50TV e L i
ol sNOM oJyl cdale  wles Oley pH b il
o a sl (Soesr DS 5 ey UV ansl
L INOM) b JTsl0 51 g o 2t S s o
ol gl et Siogon Al Che e 40 s
o ;3 Jgloes sl asdlas rb.u't S (T YA) ol ab
S, S 10 el Ko san el 5l oslizad LY oo v mg/L

(Y35 g ol 5o
Cgr &S ol (I8 oSy i el eslinal 981,
Heidolph) ol ; oy & Jsle |8 LD
S S| 366 s Jeats (pump drive 5001
Lo s ol 2 (S eD) el 56 S 5 5l eslinal 5 50
55 S0 s XRD) LS5l 55 eSS Sl aalin !
s b S Sl i (TEM) )5 =5 S
(850 ST D13 50 Slas guat ad Sl ey A oS
merbliie O3an (555 5 48 D3 5L HAY O il s
Ao SGpal Al pla 5101 51 dmy 5 db 035 g
aigd 535 OML o A2 o3lin ol & 5ol sl 5l
3l s A 4 3lS 55 55 $0C glos 3 5ol i
e X3 S 13 55 3 0C gl 53) h e w0 O
oialesl s w2138 6,58 ;3 ¥04%C slos 3V h e o
O3 B G 2 (s 3 @ Sy o) SEM
AP QUSRS RUE SIS I S SN TF PN WY

sl 5 Dy e 5815 Sleds


https://ijhe.tums.ac.ir/article-1-5209-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-23 |

5 calale mg/l
—p Y
2 4
)
33 -
A e )
3 2
°\° * A
1 -—j— Y .
0 —0— Yo
0 30 60 90 120 150 180
P * v.
(a85) o

& PH ;3 Zn0 L g Kopn sl Sl OLkl) =Y 15 god

Aol Gl 3 oled 4 i sl an Sl Bkl S
SoYa0s pw/em? b S s LUV a sl 5l (S pen
Sivemg/L b ymg/L slacble 3 5 calisee slapbes
3ol b ad esli Y Lo pH s S ol

&;.w‘ ol e.>‘.> Qm Y b)Lq.jf )‘J}.&J’ DL J:jlai w‘

20

18 "y
(mg/l)
16
a2 14 ——2
o
I » ]
10
:4 —4—10
LR
X 6 ——15
4 =20
2 ——25
0 ——30
0 30 60 90 120 150 180
(aido) oy

LUV ail v g Ko pup sl Sl Olakily =Y ol 5 s
s pH ra0r pw/em? s, ods

Songap Aol Gl > Calies la e LU s S

oyl ckls ,al UV/ZnO o L JBIS g R E—

Aol 3l sline 4l slachale LHA Gl ol e andllas
V pH dAmin L omin glaobsy 5s 5 S sun
S ol s bl Y0, pw/em? as 5 s

ol o 0313 OLES Y o led 13 s 5 LasJUT

YAY

e O3 93U K G938 51 vy

1000

500

600

Counts

400

10 20 0 A5} o0 60 10 80
2 Theta

<1356 (TEM) (5558 G988y Sn oS - ¥ I3
S5 eS|

ZnO 51 SEM) Lissy b8 o sSans Son oSo — F K3

(Fevve gl )5) aded (555 0dd S

(Seoon Al Bl 3 oles 4 Zn0 Gl 6
sl s S pn Al Yomg/L b Ymg/L slaclale
ol ol s A ) a VLl pH s il

el 0 6313 OLES Y oled 13 s 53 5JUT

9 yﬂ/
1P Gliunls /g 6 Lo /oo 0,95

Ul buzo Cudlsgy pole ozl sy fu ole solibad


https://ijhe.tums.ac.ir/article-1-5209-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-23 |

C,‘)ls.a’b 9 Sype Slabd! 0

100
80 pH
)
N
3 o0 —-—3
. &5
% 40
=~ =7
20 =9
0 =11

0 30 60 9 120 150 180
(@hedo) ol
25 Son g0 dol B 53 PH 36 -0 s 508
a5 YmE/L 4yl clle ) UV/ZnO .yl p
(F40+ pw/em? s 5

Dol ol Jhome 4 D)3 550 0l 55 51 Oliabsl g
23S0 A Ol &S i ol Al el s 2 s
GS o3l ol ol oKy Lo i el sl 5 T
O e 5 63 5y DLy 551 (slel 5 1zl ) G

sl oles 1 +/+0) mg/L

P s (21 029w 2 2 (e S Gt (0l 2
PH (ol JTslse aJsl clale UV/ZnO o JUIS g
03 e cile gla s 5 5, AL 5 e 3 Sl
L3S 3 w35 ai gl -

B8 5 1) ol S ) sl s a4 4z U
Gl 0T 5L S Son g el B 3 25 4 ZnO
53 2 a6 edd S5 ZN0 ol lis 4
HA Sl s ol 5 cd Qa8 Kon g Al G
Ainh Gy edd s N0 Ll e s sdd Cii>
S sy oo ol S S e e S
Lol Gl e wlad Oloy Aol 8l L as ol ol s s
(Vcwl asl Gl B3 HA b Gl LI o« Soen
5 0L 5 Kitis ol Kea s Mori oollas L =W o
AP Y Y0) 5l cilhes o, Kea sMijin

> 2l A i sl anil 36 5l el cuts il

® ﬂi@
%ﬂ J 1P9E sl /g ol /i 635

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

YAQ

mg/L
—— Y
-0
e\

% Bi> vy

=)0
- Y.
- Yo

—— .

0 30 60 90 120 150 180
(aido) ke
23 P55 0l Sl 5 Ko gp el 4yl S S6 Yl pad
(*40 pw/em?® a5, wud (x> pH ;s HA G-

Lol 3 s UV oae sl il a6 Ol ey > 0 o
A3 S s S gen Al Gl 0Lkl UV/ZnO
AT Yo pw/em? b a0 s Slilesl )
SV Ll pH dAmIn 0Lsj j5Y40 5 YOV FVY:
N3 gas 53 LT 5l ol s s plonil YmE/L il

el 0l yareia ¥ o led

100
‘!Aﬁ).‘l cad
uw/cm?
80
2
by 60 —— 2030
A —m— 2840
)
2 —#—3570
—<3720
—#%—3950
20
o
o 30 60 %0 120 150 180

(AaB)la

BL) ks.:ﬂ‘,:.h "T."'" bl BL) u.i.jb“ IR J.:.?U -¥ J‘.\}o.;
(s pH Ymg/L &y <l ,5) UV/ZnO wi

UV/ZnO wl i spH ol i 36 s ad> e s
o 0 s olilesl s S s HA Gl 0lel
Lsvomin sLaok; ;5 5V 54 & O & LLspH
b ol 5 Segen Al YmE/L cLe ;5 \AY min
5> LUl pl 5l ol s s Y40 pw/Cm?

sl ol 63l QL:..: 0 o‘)l.a...iv)‘)}a.;


https://ijhe.tums.ac.ir/article-1-5209-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-23 |

Sldllas b Jol ol (FOESL ials Gl Oleil
V)5l ciills SlS ol ,Kea s Huanga

g b iulsle 550055 5 58 235 5 Oy 5 S
o =03 S G O 3T e 50 ZNO IS
Oljee el (Rl 2B Oles ey o (al ol 23 o0
S oS 55008 JGsl) 4t 3 5 i Lol S
Slp B o S s b ISl el A 5
Loz o ol dal ot ) Soopon sl IS0 50 4 523
53 . (FA)LL o ol 331 Gd Oleily ¢ ity 0ley ol 5l
ol 5 Asadi (o1, s Dehghani fard olalss
Sl oad 218 elie mlo o, s s Zhang
(FY 5 57Y)

YA uw/em? & Yo pw/em? 5l e coas sl
}guT@u@@;p.ag il 531 e g deal G OLel
VoY puw/em? (b ol ss e ool bl bl
Uil o 56 (P<e/-d)el Slslas YAO pw/cm?
UV/ZnO sl 3 53 o san Aol G 3 iy | 5le anl
odalie aS ) bolen .l ol 0313 OLES ¥ ol i3 gl )3
OB s Ll ey G Ol 55 SRl 0l 55 e
Sl A slns 5 Ll g el Sl s 4 oden) S5
e L dISsl; A5 Il el s 5 eds S
sHiridia «5 6 K5 cldlas 3 55 0 fS s 0n
| Jol> s cilesls ol 0,8 5 Akyol 5 OIS s
(Y OYVAS o b

PH o JUS 5 gla 2ST5 3 e o el 5 S0
CndBlS g2 edane b Slio sax PH 5 ol Jglos
.Sl pHch‘;m..; OVESN (1 NV e B LGP
Sad sl 5 s S Ol sm plab Sl J 5o 51 (555
PH J 25 Jslse Ol VM o IS 0l 555
a5V BV pH il sk ol gl ds eslin
oA e soss3l g5, SI 00 g plas
ol polie ey 5l a3 5550 2elsly S nls 13 O s
0 oslad I3 50 (FF)Ai |ol=pH Llg oolie Llis 5

A4

e O3 93U K G938 51 vy

S das o DL Y oslad s sad 53 Sosed Al L3l
Sile e YalS 1) o g Al Ll 5 o e ] 51
e gl 25 O 4 o o s oS ey
Imoberdorf I, Kea s Lamsal (l,Kea s Huanga
UV sl (56 o nb JTsle 25 53 5 Ses
el (b o3 sl Oliies .(FO-TV) ol o 5015 oS
oo el sle axil a8 Kud a2 UV glac eV L bl
L ol Jale) JaS s ods J0sl L5 o oleS @
S5 4 e 5 5 S A5 B e 4 | (e VT oS
(FYLS Gl | Sn g8 ol oS Ll 55 o

Slp Sl kol s s s UV sl 5 -5 ol ol ol
slety b T slse G 515V 0Lkl 4 ol
RCOH PV - [PVRIVE PP P S

Soosep ool ad gl lale 0 oas O3 Y o jlo sy
<l UV/Zn0 ol p s HA Gl s as 5 5 0L
Sogop el Clale 21581 L 555 e sdalive S & S0lan
il als S gon Aol G- Ol 5 Y omg/L wYmg/L ;)
eSols o 313 0L a1y SSlke amglie (Lol SIUT s o
SYME/L sl bl 5s s Smpa Aol Gl Oletil
(P<e/0) o azils (gl pme sl Yemg/L

b g HA @ 53 Soson dul sl Ble 56
L2 5 oS sodes Jd GadGol, W5 W el JBls
(FA)s 5o a5 ISl Gl b S Al Sl
SalS 5 2T 0ley il b e g Al Gl 0Ll
Bl ol Al Rl S sen Al gl ble
HA 5l g i pslie VL Glachle s wdal cuy
ColaS ol odor DI PE Lol 3 ol Dlds (55
ST 3l Bl 5 G JBS w4 (6555 05 58 JWE) Jlals
5 S st b ladlS0sl; b Sasen sl J S35
(YA 58 o S 2SN Slae i 5 0

Bl 535 o ey b (6,05 andllae s 01, Kes 5 L
st plasy VOh I e TIO, esli ol b Koo pon A
Yyemg/L s omg/L 31 HA c_Lle 215k 4 Koo,

it 9 tmﬂfﬂ/
191 Gliuuls /g 6 jlosh /poidus 695

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5209-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-23 |

“J‘)'S.c.h 9 Sype Olalud! 0

0> ol e sl oS sls O 0S5 05051 5 A3 S
Ok (P=2/0Y) 503 340 s 2 5 53555 laesls
Lol oy o0V ME/L 81, 5l s 5 g5, lale
wl g o) g Sler Sl Ol Sl ax 5
S ol a4 S ks GualsT O s (55 sl e
chle (oas dpd WY mE/L I iy Sl 5 5 eab

OVl Csllas > s e 3 s A S5

S S 4o

Ol Sl Bl L S Al jaseln (65550 52 s 0l 53
53 wskks QL PH ials s HA oJyl clle (i als
pH Gas ol s ol oid Lol Sogan Aol G
Db s s Seepen Al YME/L sl clle L Ll
Colg o Jolb ag Ll 3 Ol pe Y40 uw/cm?
G O s 5 Sl ar s L S eslg iy
Ky3h s 8 smae Sl Gl ST Ollas s (st 55
265,83 esle il 55 Jidolysle 55 b e
A2l S35 BB 5 O it o

d‘)).\é} ’gﬁ:’*
4 O‘}_;PLJ.A_AUQLJ”L% Gl r:.;-;:) J_.pb- a_Jlae O—i‘
S AeeST 3 56 etz U a5l ge 2 JBIS 52
wu)lscjaﬁ'ﬁjbufiéudjbw)lw&j)je&&%ﬂ
K} é&ﬂ f}iﬁ aL<.i_?\.> C,q“l.a?- la 45CM‘ \Y’quu DL J\.&)‘

.w( ol |J>‘ QUMJ.S ‘}JLA)J “.5’;.»4‘\);@.’ g_)LAJ\?

cl.u

1- Simpson D. Biofilm processes in biologically ac-
tive carbon water purification. Water Research.
2008;42:2839-48.

2- Kawamura S. Integrated Design and Operation of
Water Treatment Facilities. New York: John Wiley;
2000.

3- Golsan E, Fearing D, Banks J, Wilson D, Hillis P,
Campbell A, et al. Seasonal variations in the disin-
fection by-product precursor profile of a reservoir
water. Water Supply. 2002;51(8):475-82.

® Z)ﬂ/
%ﬁ J VP9t il /g3 6o /it 6 )95

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

VAV

23 S gen el Bl SIS 1 1ty oS el OF Sl
dooel O3l 2alS el YL Ll pH s UV/Z00 il b
5 S gn Al S5l bl e o YUPH 55 S pen
S ST 3 5 pHZpC 0FF) el g8 ,\,,_,.S\pHch
g > Al LA 5 YLPH s e L L
o Segen ol SGI s w0y el e (655 AS]
e O (L N V| SERPS PR PR JOWAY
Cople 35 g0 LB Ll 5 55 So g Aol Bl Ol e
o3 Gk sl bases PH 258l 5 5o Ol edNT
o3 ZnO T 3 e (SO Gl e Esl oS
358 o St gt Aol Gl Ll falS 4 e
Oy Somson Aol b PH s s G b 51 L(F50¥0)
byl 5 Bsb etV bl s oS 55l 5 IS0
(F9)3 15 Gl 6l s (6 Feomls

OL,ea 5 Capasso 5 ol K s s Asgari 45 gla_sJlks
Sl S 515 OLES iy plowil Sn et el B (55
53 (BVOF0) sl jmals Gl Ol )Y 4 ¥ 5IpH
e 5 Chu O s 5 Yigit o5 ol ie il
PH als & wsls 5,155 sl plowil 01 5 Liu
Sl e 5k L HA Gl 0Ll Y e d
(FA=0 )aas o

5 bl Seadl olus 3l ead Jols sl Se il
I S5 B Ol eend S 0SS 5 (oM O e
ol 3l sl sy S sl DLt g1, )
O L e B SVI K P IS WL

4- Ke-Xin Z, Hong W, Shu-Guang X. Performance of
combined pre-ozonation and biofiltration for the pu-
rification of water from china Yellow river. Environ-
mental Science. 2007;1:52-61.

5- Kenneth P. Associations of cancer mortal-
ity with THMs in drinking water. National Cancer.
1978;61:124-29.

6- Babi K, Koumenides K. Pilot study of the removal
of THMs, HAAs and DOC from drinking water by
GAC adsorption. Desalination. 2007;80:215-24.


https://ijhe.tums.ac.ir/article-1-5209-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-23 |

7- Capar Ge, Yetis U. Removal of THM precur-
sors by GAC: Ankara case study. Water Research.
2002;36(5):1379-84.

8- Koparal AS, Yildiz YS, Keskinler B, Demircioglu
N. Effect of initial pH on the removal of humic sub-
stances from wastewater by electrocoagulation. Sep-
aration and Purification Technology. 2008;59(2):175-
82.

9- Humbert H, Gallard H, Suty H, Croue J. Natural

organic matter (NOM) and pesticides removal us-
ing a combination of ion exchange resin and pow-
dered activated carbon (PAC). Water Research.
2007;42:635-43.

10- Farrokhi M, Kouti M, Mousavi G, Takdastan A.
The study on biodegradability enhancement of land-
fill leachate by Fenton oxidation. Iranian Journal
Health & Environment. 2009;2(2):114-23 (in Per-
sian).

11- Legube B, Leitner N. Catalytic ozonation: a prom-
ising advanced oxidation technology for water treat-
ment. Catalysis Today. 1999;53:61-72.

12- Carlson K, Via S, Bellamy B, Carlson M. Second-
ary effects of enhanced coagulation and softening.
Journal the American Water Works Association.
2000;92:63-70.

13- Rahmani A, Samarghandi M. Performance anal-
ysis of coliforms removed from drinking water by
electrolysis. Journal of Hamedan University of Med-
ical Sciences. 2008;15(2):60-65 (in Persian).

14- Kristiansen H. Corrosion and corrosion prevention
in distribution system. Water Research. 1981;1:561—
82.

15- Mesdaghinia A., Tayefeh-Rafiee M, Mahvi A.,
Vaezi F. Using coagulation process in optimizing
natural organic matter removal from low turbidity
waters. Journal of Water and Wastewater. 2006:57;1-
7 (in Persian).

16- Chang H, Wu N, Zhu F. A kinetic model for
photocatalytic degradation of organic contami-
nants in a thin-film TiO2 catalyst. Water Research.
2000;3:407-16.

17- Murray C, Parsons S. Comparison of AOPs for the
removal of natural organic matter: performance and
economic assessment. Water Science & Technology.
2004;49(4):267-74.

18- Murray CA, Parsons SA. Preliminary laboratory
investigation of disinfection by-product precursor re-
moval using an advanced oxidation process. Water
and Environment Journal. 2006;20(3):123-29.

YAA

e O3 93U K G938 51 vy

19- McCullagh C, Robertson J, Bahnemann D, Rob-
ertson P. The application of TiO2 photocatalysis for
disinfection of water contaminated with pathogenic
micro-organisms: a review. Research Chemistry In-
ternational. 2007;33(3-5):359-75.

20- Bulter E, Davis A. Photocatalytic oxidation in
aqueous titanium dioxide suspensions: the influence
of dissolved transition metals. Journal of Photo-
chemical & Photobiological. 1993;(70):273—83.

21- Matthews W. Potooxidative degradation of co-
loured organics in water using supported catalysis
TiO2 on sand. Water Research. 1991;25(10):1169—
76.

22- Sanly, Lim M, Chiang K, Amal R, Fabris R, Chow
C, et al. A Study on the Removal of Humic Acid Us-
ing Advanced Oxidation Processes. Separation Sci-
ence and Technology. 2007;42(7):1391-404.

23- Asgari G, Mortazavi B, Hashemian J, Mousavi
G. Performance evaluation of catalytic ozonation
process with activated carbon in removal of humic
acids from aqueous solutions. Journal of Hamedan
University of Medical Sciences. 2010;7(4):25-33 (in
Persian).

24- Godini H, Mirhosseini S. The application of iron-
coated activated carbon in humic acid removal from
water. Proceeding of 2nd International Conference
on Environmental Science and Technology; Singa-
pore; 2011.

25- Mori M, Sugita T, Mase A, Funatogawa T, Kikuchi
M, Aizawa K, et al. Photodecomposition of humic
acid and natural organic matter in swamp water us-
ing a TiO2-coated ceramic foam filter: Potential for
the formation of disinfection byproducts. Chemo-
sphere. 2013;90:1359-65.

26- Penru Y, Raaijmakers MJ., Guastalli A., Esplugas
S, Baig S. Influence of high salinity on the degra-
dation of humic acid by UV254 and H202/UV254.
Ozone: Science & Engineering. 2012;34(2):101-
108.

27- Uyguner C, Suphandag S, Kerc A, Bekbolet M.
Evaluation of adsorption and coagulation char-
acteristics of humic acids preceded by alterna-
tive advanced oxidation techniques. Desalination.
2007;210:183-93.

28- APHA, AWWA, WEF. Standard Method for the
Examination of Water and Wastewater. 20th ed.
Washington DC: American Public Health Associa-
tion; 1998.

29- Owen D, GHowdhury G, Paode Z, McCoy R,

it 9 tmﬂfﬂ/
191 Gliuuls /g 6 jlosh /poidus 695

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5209-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-23 |

“J‘)'S.c.h 9 Sype Olalud! 0

Viscosil K. NOM characterization and treatabil-
ity. Journal the American Water Works Association.
1995:87:46-63.

30- Thurman M., Wershaw R., Malcolm R., Pinckney
D. Molecular size of aquatic humic substances. Or-
ganic Geochemistry. 1982;4:27-35.

31- Masombaigi H, Rezaee A, Khataece A, Hashemian
J. Effect of UV radiation intensity on photocatalytic
removal of E. coli using immobilized ZnO nanopar-
ticles. Kowsar Medical Journal. 2009;14(3):25-32
(in Persian).

32- Noori Motlagh Z. Photocatalyst decomposition
of methylene blue dye pollutants in wastewater by
using synthetic zinc oxide fixed on glass. Yafteh.
2012;14(5):51-61 (in Persian).

33-Kitis M, Kaplan S., Karakaya E, Yigit N., Civelek-
oglu G. Adsorption of natural organic matter from
waters by iron coated pumice. Chemosphere.
2007;66:130-38.

34- Mijin D, Savic M, Perovi. A study of the photo-
catalytic degradation of metamitron in ZnO water
suspensions. Desalination. 2009;249:286-92.

35- Imoberdorf G, Mohseni M. Degradation of natu-
ral organic matter in surface water using vacuum-
UV irradiation. Journal of Hazardous Materials.
2011;186:240-46.

36- Lamsal R, Walsh M, Gagnon A. Comparison of
advanced oxidation processes for the removal of nat-
ural organic matter. Water Research. 2011;45:3263—
69.

37- Huanga X, Lealc M, Lia Q. Degradation of natural
organic matter by TiO2 photocatalytic oxidation and
its effect on fouling of low-pressure membranes. Wa-
ter Research. 2008;42:1142-50.

38- Ehrampoosh M, Moussavi G, Ghaneian M, Rahi-
mi S, Fallah Zade H. A Comparison between tubular
and batch reactors in removal of methylene blue dye
from simulated textile wastewater using TiO2 /UV-C
photocatalytic process. Journal of Yazd University of
Medical Sciences. 2010;9(1) (in Persian).

39- Li X, Fan C, Sun Y. Enhancement of photo-
catalytic oxidation of humic acid in TiO2 suspen-
sions by increasing cation strength. Chemosphere.
2002;48:453-60.

40- Asadi A, Dehghani M., Zare M., Rahmani A,
Golestani far H. Photocatalytic removal of chromi-
um VI by UV/TiO2, UV/ZnO, UV/H202. Journal
of North Khorasan University of Medical Sciences.
2011;3(4):7-13 (in Persian).

® Z)ﬂ/
%ﬁ J VP9t il /g3 6o /it 6 )95

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

A4

41- Dehghani fard E, Jonidi Jafari A, Rezae Kalantari
R, Gholami M, Esrafili A. Photocatalytic removal
of aniline from synthetic wastewater using ZnO
nanoparticle under ultraviolet irradiation. Iranian
Journal of Health and Environment. 2012;5(2):167-
78 (in Persian).

42- Akyol A, Bayramoglu M. Photocatalytic degrada-
tion of Remazol Red F3B using ZnO catalyst. Jour-
nal of Hazardous Materials. 2005;B124:241-46.

43- Benhebal H, Chaib M, Salmon D, Geens J, Leon-
ard A, Lambert S, Crine M, et al. Photocatalytic deg-
radation of phenol and benzoic acid using zinc oxide
powders prepared by the sol-gel process. Alexandria
Engineering Journal. 2013;52:517-23.

44- Ghanizadeh G., Ehrampoosh M., Ghaneian M.
Application of iron impregnated activated carbon
for removal of arsenic from water. Iranian Journal
of Health & Environment. 2010;7(2):145-56 (in Per-
sian).

45- Capasso S, Salvestrini S, Coppola E, Boudonno
A, Collelo C. Sorption of humic acid on zeolitic tuff:
a preliminary investigation. Applied Clay Science.
2005;28(1-4):159-65.

46- Orfao J, Silva A, Pereira J. Adsorption of a reactive
dye on chemically modified activated carbons: influ-
ence of pH. Journal of Colloid & Interface Science.
2006;296(2):480-89.

47- Asgari G, Ghanizadeh G, Seyd Mohammadi A.
Adsorption of humic acid from aqueous solutions
onto modified pumice with hexadecyl trimethyl am-
monium bromide. Journal of Babol University of
Medical Sciences. 2012;14(1):14-22 (in Persian).

48- Cho Y, Choi W. Visible light-induced reactions of
humic acids on TiO2. Journal of Photochemical &
Photobiological. 2001;148:129-35.

49- Liu S, Lim M, Fabris R, Chow C, Chiang K, Dri-
kas M, et al. Removal of humic acid using TiO2
photocatalytic process — Fractionation and molecu-
lar weight characterisation studies. Chemosphere.
2008;72:263-71.

50- Yigit Z, Inan H. A Study of the photocatalytic oxi-
dation of humic acid on anatase and mixed-phase an-
atase—rutile TiO2 nanoparticles. Water, Air and Soil
Pollution. 2009;9:237-43.

51- WHO. Zinc in Drinking-Water: Background
Document for Preparation of WHO Guidelines for
Drinking-Water Quality. Geneva: World Health Or-
ganization; 2003.


https://ijhe.tums.ac.ir/article-1-5209-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-23 |

Iran. J. Health & Environ., 2015, Vol. 8, No. 2

Photocatalytic removal of natural organic matter from aqueous
solutions using zinc oxide nanoparticles immobilized on glass

M.S Mansoury'”, H. Godini?, Gh. Shams Khorramabadji®
' MSc student of environmental health engineering, Lorestan university of medical science.
% Phd environmental health engineering, associated professor, Lorestan university of medical science.
* Phd environmental health engineering, associated professor, Lorestan university of medical science.

Received: 17 March 2015; Accepted: 17 June 2015

ABSTRACT

Background and Objective: Natural organic matters (NOM) are known as precursors to disinfection by-
products. As conventional treatment processes cannot get disinfection by-product standards, novel methods
have been increasingly applied for the removal of disinfection by-products precursors. The UV/ZnO process
is one of the advanced oxidation processes using photocatalytic technology. The present study aims to
investigate the effect of UV/ZnO photocatalytic technology on the NOM removal from aqueous solution.
Materials and methods: This study was conducted in a lab-scale batch photocatalytic reactor. The volume of
reactor was 1liter and covered with UV lamps. Peristaltic pump was used for complete mixing. Humic acid is
a key component of natural organic matter and it was used in this study. Each of the samples taken from the
UV/ZnO process and other processes were analyzed for their UV absorbance at 254 nm by spectrophotometric.
Initial concentration of Humic acid, contact time, pH, and UV irradiation were investigated.

Results: The highest efficiency of the UV/ZnO photocatalytic process for removal of Humic acid from aqueous
solution was achieved at initial concentration = 2 mg/L, contact time = 120 min, UV irradiation = 3950
pw cm2, and pH=3. In this process, the removal efficiency for 2 mg/L humic acid was 100 % at 2h retention
time.

Conclusion: The research showed that performance of system was increased by increasing contact time and
UV irradiation and was decreased by increasing HA initial concentration and pH and UV radiation with
ZnO agent could not remove NOM lonely. Photocatalytic system using zinc oxide immobilized on glass
have high performance to remove humic acid from aqueous solution. The UV/ZnO process was efficient and

environmental friendly for natural organic matter removal.
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