[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

5 ol aallhad (e § Cudl Aloes gy Wl

Ol Jame Clildg ke el
1OY B 1F) oo VPAY Sl cp 53 o lad i 553

Seslizul b ol slad dowe 51 oSGl 5 S g T Bl o8 ) 5
Ll p g pee Ll 85U bl g obend 5 sm gL A B

W‘dfu Oy 5! deb.a-df\e-;rgl.é&p}&_;p e ‘\MM

AF/ A @)U AY/ /Y sl s '@)U

oS>

izt Ol sl s 33 o 5 ) 5 a0 1 a S 55T L 05,57 o5 La eSO Lol 7 Lo cSC gy T oo il Oln S| 25k 5 s
G 3 G 5 e 5 5 IS o ol sl S s 358 U ol (S 30T 0 it il oo (Sl BB 4 (T 255 5
el ol o 1 Sl 5 S 5

S S G 5 Sk ATy 5 TIO, D340 o pon 40 i 5 leS 40 s oo 5 2 3 Oio andllen ] 3 s 0 S0
S andlas 5,50 VW KHZ 5 Y0 KHZ (cla ils 5 i 3551, SO s ol Y ool Ciliss (slaclalé 5l 1 5 gl po i b ol Lul 55
b g o iSre SBCIE8 s s UV 155 40 sgme HPLC ols i o3lizad b SO lal 55 o iladl clilé .58

AYW Sl Lol iy 53 5 21 sl VT ol G 3 (5307 U L g5 4 Sl sl 3,57 45 s OLE bl ol claazil
Cble GLlEl s s s s | S L Sl sl ol pan 4 TIO, 5,5 bk &y 50 Y0 KHZ 05 5 5 G L5 il
b Gl Oloolily op gy -Gkl Gl Ol o (6,06 0,350 53 Ll 81 O Sl g Lol b il 81 G Olactily YO+ m@/L G o350
Cble N Gl Loyl b ol G 45 ik ol ¥ U ol pH 5 Ve mME/L Olse 4 US/TIO, wol s 40 &b ST 03555
3,8 ol los Oloj £ MUNH dny pulSCOlal 5 (K g 5T

502 e b kST S Olsie 4 HL0, 5 TIO, 5,00 b B g g ] 5 45 31 0L alllas ol S alol il iig oStz

e oalizid T (slad sloes 1 SOl 5 K g 55T Gl (510 5 ol 1 0155 o

EE S VN VUK. JURTCIUN (v UV U W K- SV PR W L\ L5 T

Q“).@_" <d‘)€—‘; L}"<”;Ji r}l& JKisls c\:,w?l.).@.: PR cla:}m C,.J:U.@.: 6}53 6}>¢.~L;1: -\
Olpl cOlaly laaly (S5 pole ol codlig odSLiils cuodhun sliy) liion S 10 ¢ 00 =Y
ahmahvi@yahoo.com Olpl Ol Ol (S psle o (el o aSLils cJaes Sy wdige 03,8 bslinl (st edins 53) Y


https://journals.tums.ac.ir/ijhe/article-1-5027-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

L5 a8 ds o g o S 0N T a3, ol Ll o
Syl .0 F) S e i Sos 56w 56 S5l
@i 8l el (i, (AOPS) a, iy O senltnS)
Jod 5T 51 s sline sladil 3 0S5 e3 5 DS 5 o
5L 5 xS (P A) U g gladsl b S
5 Os=d la sty ((00) 05 das ST /051 (3)
o3lital 3590 ol Jame 31 Ll Col= (1 (VY OY) O sz g
Sl A 55 el a3 ol ilans S ) 3
2556 Ly 8 La ISl ol S 08 0 B S s un
Aoyl b ol o 51 dyled d ST, STl 5 ales
IS PURPCINN () SR | P RCHU IR S PIMPER
2anST 1 eSS o T el 536 e JBS 5 518 ol om0
Slroroe b s S Coen b il SV guas 4 5 00 5o
b 5 e (S 2815 . (0) LS LS LS 15 S
w3 s Sl VL s b S 0 51 S
Jyemn 55k ) duled o (6,8) O semlslS I 55 oS dinen
Olge a0 O genl oS cpl Jls (Ver e = Yo KHZ 63 505 5
515 gl 51 0l h i (5 51 oS S e el
Sladll; Ol jan HLizl ol jan 4y 4 055 5 5515 5,8
aats G Ol g am odlas g s 5 5S1H 8 4 4 S
S 5 bt SltS Ll sl sl S o oo B3
e Ol Blate 5 a5 Gk 5l pmle Jaes S o
b3 ol cpldas o Gl 0 sl s glacl
LS o Ay 5ol S (a5 7)o (sl 3l 50 SO
o oy (ol S gl (Dol el S B
Sotay (63,25) (S 20 (slas 53 534S Cal cpl il )
SE 5 elaed S 6l Y (5L L5 e DM
Wy HO, o 35 s ol edle 00) duls 5 1
sy 5 CnBS s Lol e Jale ol 45 A8
Smdier Il olsm 4 Sl sl Vsame ol sz

(5 00)
03538 Ol g & Ol 5 o a8 il o JUS 0
Clled e 4 p sl ST (65 5 S ealaul Wyl 3 ol s
Sladsbs 53 Mk 085 o 8 Vg B
Lol 3 (0) ol ol gl Sl (Sl S w38 5

VYY

e S g ‘;:J' Sl 21,5 w2

4o e

3355 O C3late 5 oS o 51 5l ey o o3l il 6354l
g 53 SIS Gl el e 4 DS 5
VerreenY e 10N s WL el sid il
Sy 2l Vgena (1) 35 o oslin ol Olgr 3 S35 5
Oy 3 e pilin 5 2 5l Ay cosli il 5l e 25515
b g gl slacd sl Lol ea OF sdiledl glacans
3575 (V) s g0 )l ammme 4y Ol ¢ 5 5ks 5 510
S 5 oy s ke ST o S s
RS 50 p S Sea b p S50 ke s i Ol o
Ao b 5 i e G b 5l sl el i ul s el
Ul 5 Oladl 283 5150 5 WOl slos g3ls)ls mlo
ol S ge ol et Gladles 53 (F) Lsd e Jamus 505
lod 4l Jame 4 U5 gdome et O 5 sl shay
oS ol slabame 4 gl 3555 Olpe il (Ses S
A L5 e e A s 4 O et sl Lol Ly
35 50 e E 15 See & S et ST 8l 2 sl 52
() 35,8 b of s

o5 b S Ll 5 S e 5T i 131 O S
el 53 G 5 W5 S S e T LB 05 S
Lz B Sl F o s 3l e D50 40 &S s Olg
d 05l 5 dul o s 4 St aad sladiyl b oo U
3550 585 Slen £l Oless Sl 550 5 45,0 o5k
2> S s Sl ol 35 (P 0) S a3 eslin
Sl Sl 5o p el Ll o o Lame alex 5l 5 Lo
S 35050 P 53 BB S esl (glags3 T 1 il
ban 53 a0l 5l se nl s ) e Do 3t i e
3y o S g 5l 4 sl SOS S a5 4 e T3
L ) Olusl ot 5t 5815 Shas 08l 5k 40 &S
Sl Bbl s G 4 5L bl ol 0F) Al s

Syl o sd o ! o e 5 LS 5 ol S
w\dbjgﬁp))GyMU)gTHMd)w
Gl O szmen ilie la g, 058U (1) dtes LS 5
Sras s 18 bl o o sSae ol (b (ST
oo S esleul ool LS 5 cpl Gl gl S5 s

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

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5027-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

RULSCPNTC R

S i g s s akiledl S ST
(Bl Ol 55 dol b 4 OJsoded STy 500350 0558
L35l el oder dalas (518 5 sk eyl o
DAL 5 I gl 403500 e gl (s 1T
L3 min S w5 as Blal bl s se glaclale b
glackle oF 51 w23 S 15 LS bl e S
SUGsE Sl Jol g 5o ot 5 Al Lol LS|,y i
R S 5 s S, YL e b o la 5es
ool v um (K s I HPLC o&eis v
5 O5a00en S 4 skate 4 a S esls 5 PTFE
e ol (g S eIl s O ol ol sl 4
Gk (P-HIF ARSI D (FRERVPONY o s RESIEPRPo

0 bledly K3 s (ST o

S w pgze HPLC oK 3l eslizal U - JSSLl 5 clale
Waters 5 um ODS2 :olasein L) o sKas 56 05w
i sl sle anil LI K (4.6%250mm, C18
Aeoll o sl S ota 56238 I ko 4 55
g TAONM 5o Sy b s (V/V o) SIS
sV UL Gy e 05 S 1B sl ul s pe i
s lledl o 3 io e ¥/FMIN QIS S Ll Ol
Glacbale otz b olaus & gl WIS sowie (S5 s 51
1035 e T e Sloc i als 53 ALl 5
el o ols LS Y S 3 e ol S

Extemal Standard Curve

Average RF: 5.96601e.006
RF 51Dev: 8666326007
RF /RSD: 145272

Scalng: None

L50 Weighting: None
Force Thiough Zero: Off
Replicate Mode: Replace

Amount ( ppm )

>

[} Linear Fit ax+b

2] 3= 0.85026e-006
b=-20.0207

(Goodness of it (2} 0.991362

T T T T AAAREEAARA LSRR T
4000000  60000CD 7000000  S00000D 9000000 1000000 11000000
Area

53 oslizwl 5,90 HPLC o&sws & gl IS 15 505 — Jss
ALl 5 o
Laasl
OISl 5 B s oS 4 s e Al 3 LS S
Yo KHz s 5 55 55 5 pH=Y svimg/L cLis L

® gﬂ/
%ﬁ J VP9t il /g3 6o /it 6 )95

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

VY

sl Comd e JU 5 8 el as 4 led 5 s
5ol ahai 53 s bl gl 3 AOPs gLauy 3
Sbhas Vlhams ol saarglyoul M b6
Sl 5 a5 sl e ) S Ol i 1S
oo dils il (5 e o s Sl S laet T
ool ol 2 00) 3,8 5 el al 350 (S 5 5]
b BB g Al 3 S ey B b anlllae ()
S Olpe 4 O3 sda St 5 TIO, Sl 35U s )ls
S sl Bl 5 5 Sl 48 iy Ol AT ] 3

RCI U VT O I B S N O W

b by, g ols

S8 3,50 alend sl g

035 = b Sl 5 lad e i) 5o slaclals
L (C,H, NJO HCD a5 lSolal 5 S
wld 15305 Jhaie O 53807 5l iy Lot 4
candllas ol 53 esli ol 3,5 TIO, 3550 a s g
(P25, Degussa AG, Germany) s Lss <l,3 55t
S-SR PEPSIA AT 1 1) RGP R R« WY
534S 55 10 £ O @M’ o s mla 5 44/0L
5 Yoo mg/L aor mg/L o+ mg/L oLl ¥
b S S seslinwls e o B Ol e 4 00 mE/L
2> 05300en AeST Clle ¥ 5l eslinal L oliyleT s
polibl adS .ci o &) s 0010 ME/L 63 s
PH ks cgzr 8 5 s YormL @i o2 (05,
o3l Y N s s 5 S s IS Aol 514 5 F 03 s s
KislasT glos 55 5 b s S o olilesl ads
63,5 53 35 30 S gl o) oK 3l eslizad L (YO C)
Sy Ol Sy pole ol Laes Collgy i
Sy

b3l et 2,

S 5 olel e SOl Il BB s sk 4
Sl Olej 53 K ol calises glachle (ISl 5
i O ool 3 5 i eals I3 oK s 53 V0=V Y min

Wgﬁeﬁ-ww‘%bﬁﬁpﬁd}kﬁ)‘ouw


https://journals.tums.ac.ir/ijhe/article-1-5027-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

&

o

S gl Agl a1 p S6  p

b s Ry Sl 5 Gl 3 ol 4 e
w\)swégauﬁbij‘Wb@w\ggj
slaasl 3 5\ KHz [ol8 5 5 cb , 0 & ulS
ﬂQCﬁﬁ)\AA)LﬂM‘))}AM}HUSﬁy
OH" 5157 ladialy LS5 Ol o8 ol Condly !
5 me sl 5l ol 4 SOl Al s s
OV) el 25 By b

H,0+US » H + OH’ M)
2H 4+ 0, - 2HO’ ()

Aol b opl o gad 5 Il Ol gme a8 ol 51 ol s
S Bl Bl 5o 55 ot ulple a5t
B CCIUII SO GNP ) SRS GOV SN C{ W [
N[V PS GO U PGP T P PR O AP
WL i g Jgr Co)pdB a8 oS Wles gus i
ol s eV Gl s Syl Il Aol s
B Ol Ll o ol 5359 50 Gla0 s S 2
Jos O 5 5l ol sl ladISGoly dled s s
Jsles s Jb a Sl a5 L5 ol 5108 OA) ol
ke O Sleslinal s a0 andllas opl s SSll 5 (gl
b B Ol D18 e cpl by 3y Jhoms Gla0 5 36

Sl Cd el el 1y andllas ol 5y L ASSLL

)Y

e S g ‘;:J' Sl 21,5 w2

e 15 5a 534S gailen das e 0L VY KHZ
Lol 2o YO KHZ Lls 5 s Gl LS ol
e g lals 5o g Ll p SIS S s
Ol 0L L pH sYo KHz Lol 5 55 lSSlul s
3 opl 534S shailen ool 0l 03551 Ciliss ladkile
s Sl slachlale js Gl Slellly ccnl ol osls LS
ol gl e S el o SRl Sty Ol I3 50
& 5 e gl 3 Olakily JS 5y oS el OF 51 S
Yo LS Lasl b o g 53 5 0355 St e
OISl Gl lsas F S Lol 4 S ) 50 G
L Ol s Ti02 slackle s caihe glaclale s
s e 0l |y gz pH Y0 KHz LG8 5 54+ min
il 31 L Gl Oleily ol Sl sad ol 53 S shailas
O1 5l e 5 48l 2ol YO mg/L clale 6 TiO, ckls

ool adile 3Ll L5 G oleil
25 4

20 A

(TC) S Lol 35 B> w0y
W

0 20 40 60 80 100 120 140

(min) 4yl

23 ALl 5 Gl )3 sl Al Al Bl 8-Y S
gl B gs 5 il 5O

M‘ﬁ%})ﬁé)}]@bb&bﬂé%)%b
S ST AF iV v mE/L Jslns 05550
A58 ol s 0ley £emiIN Gl ds WSSl 5
4 e VY min‘u. u,i;Sl) Ol &lﬁ‘ﬁbl: olis @L"J

A5 S @ pug/L) oKavs yasis a5l 5wl

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

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5027-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

O155e2 9 (5950 s ol

6l 035 G mite g Sl B3l g0l (6550 553 0
i palie 00s Ll b Gl Okl opl by 6345
Sl Sl edal Cody 5 b g (1 .(18) Lle o 2l
w0 1L TIO, @l sl Cilis slacbale [36 «
=02 AOPS Calizes slanl b 55 Calises «.;T slasa NI
ol oWas i P Y AY) a0 lsFen A les gal
& Tio2 <366 51 aS AOPs sladsl 5 4 S Wlesls
(el 0 o3linl JT sl pe Gi (gl o JBIS Ol e
Sy Sl gt ia Jldie Sl ol gl chale 4 S Sl
S Loy g5 5 eled S5 Wl e 0l Jla o3 456
52 0350 a5 pend rmen 58 b a0l
el f(YY 5 Y ) sl e Bl e JUS (VL glaclale
Ol (3lwting SIS o311 51 i B pme ) sl
Wl (558 CedUS g e okl 35 TIO,
PH 56 (o)

&7 S5 e PH s iy 0 slinst sl 3 o
OLas 0 IS s skilan 5,108 30 Laiie odNT w52
SISl 8 Gl s slalaDle LB sl ol sl 03l
PH 55 4525 Ole 5 3005 5525 calois sLapH o
b b PH ane ol min gl LB gy sl
T 2 S s i DL 5 SSE 5
I8 o b s b L O el ST sl 5 i JBIS
54 53 ege i pH s Wlesls olid 3 ladlas
S e il e g sl Gl

25 1
S
3 20 4
3
3‘ 15
E e
4 D
C 5 4 e ) 03 e S e VY
e —— ) 530S e )Y

0

0 50 100 150

(min) 4

il glacdils Bl s s o US wulp il - JKs
(0 KHZ 315 3) il sbaole) s ldSilul 5

(TlOZ)“,,l:ﬁs AnST g5 ChE 56 )
kJ.\? QLAJ\J‘) C,u.u‘ ol OJ\) QLM.JY J@)) 45)_5.%4[.0.&
Yo mg/L cLle 5 TIO, bl [il5biL Sl s
Sl b Bl oleily O 51 e 5 b il
S a3 a8 313 S Candly l 4 Ol a1y il ol e
Blol zais S350 s K sl sbbdSse IS
Lgudﬂy:_,_?jr.k;&):m.TionﬂAleQ;)J
05350 (3ledled sl 55 pie S Ol 4 S sl Il
65}\}3Q}&C&W&J@Q\)$}U.Jﬁ&w
Syl A3l gl Wl 05 3L et 40 S VL e
wll{.sﬁwap)&uwlcqgrxjosjsﬂ%y
b i sl S5l O3 6l ks oS Sy s

90 ~
80
2 N —o
3707 - —a
13) 60 - —0
3, 50 1
3 40 |
\—.){;30_ —— A eSS ey
~ 23 e S e 00
~ A0S e VY
10 + —o— S T
0 T T T T T T T T T T )
0 50 100 150 200 250 300 350 400 450 500 550

(mg/L) 0,5 ol cdale

(0 KHz L8 3 8 min kb 0b3) bl 5 i ,3TIO, il glacbile 136 -F K3

® gﬂ/
%ﬁ J VP9t il /g3 6o /it 6 )95

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad


https://journals.tums.ac.ir/ijhe/article-1-5027-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

70 -
60 -
50 -

40 -
30 -
20 ~
10 -
0 -

pH=4 pH=5.5 pH=7.5 pH=9

oS Ll 5 B> oy

%b‘ﬁCﬂB)TC djo‘_;‘,,ﬁpH,;ls—O,b,d
4+ min 3b; 5 Y0r mg/L b il » TiO, clale oomg/L b

Ko S adyl ke 5 STy by SU ) p
A

STC sl clae 5 iSly olas 36 ) 6l
Ol 0 53 TC Cidsee slachale (bi> 0Ll g3,
TiO, s ag o lale b agar!po s s Libe
S8 YoKHz .6 5 5 (f Jslss) pH 5 (YO mg/L)
534Sy shailen .l sl 03,51 & Ll5 gad > mW .S
S g 1 Dl oy el 0 a3ls O 13 505 o
b Lall4 min Bo min i aSTs ol il L
Lle 3L ol L VY min 2T 0ley B 0T 51 ey
@j\&u&_ﬂss;ﬁau‘i;u@ugiﬂww
23 Jle Olge . mls o 5o 1y aes lekily il TC
4 min _iSls ol 5 YV mE/L Jsles TC 5l kel
Olookily ol Sl 3 ol VIFYZ Gl Ol
mg/L ;v mg/L 0o mg/L Jsles 45l glac bkl sl »
ol W 2 OVVL 5OV SE/EV T Jsles o5 5 4 V00
wOlg o, TC sl e J2alS b o Olekily il 550
630,350 SIS OLSG Lyl 15 55 S 313 el 5 ) 5o )
15T Sty axdls PH 5 ules Ol psiles AuS]
Sy 5l 5l e ol Jss 53 (OH®) S 5500
odd ity Semb glackle ;s OH? ladsl, L TC
33T sty o 5 TC w2l 53l o gl ol

J).J:L;a

) Y5

e S g G:U' Sl 21,5 w2

Aol 3 Obeily 3 e il e PH 50 558 sl s
s a3 oLl OF 2l 31 L oS (gla oS oS o L
=B Cle b o Sl feS ol gladlSGsl, ials
Sl iS1y plamil 4 Ol 5 o 1) el PHL 5 a3 00l (VL

OF O 5l Gl sl laes 3 15

2HO, — 0, + H,0, ™)
H,0,+0, - 0H +0H +0,
e” +0, -0, ©)

0,” +H" - HO, )

Sl S Casl el e be 3 S S35 S shiles
Sl 0l &J‘;WJJ\JQS“”QMDFPHJ
w s SRl 4 e Ll Rl al 45 L e SR
Oljee il 3l wzmen 133 5 (Gl Jasl 5 55 2nUIS 35 5or
Candly pl s 018 o 1) el il i 5o dSOLul 5 Bl
53 e b Aol GGl e d 5 5 a8 sl
Ol 53 6 (e )b Al Clommbe 5Bl ps ghenl Ll 5
D SYL L 5 Jleé sl clle
el (Y0 YY) usl s Sls) VL G Ol el b
4 S (Y0) OL,Kea s De Bel L g ol Cowd 4y S
S b 5 o S5 e T 45 535 2 PH 36 asllls
adlas 55 35l Calles Wlatls 5 5] 6 g Agl 3 51 eslanal U
PH L3 G s 51 ol o o8 dil s Ol 550
V dslee PH 55 4525 Olse Sl S 2l ¥ L8 Y Joles
Guyel‘ Ja..wj.}' OJ.AT e @L\J L: Ot Cib U’i‘ RS

3 5ls u‘"«“"‘“‘ e (V9) O

9 yﬂ/
1A lisls /g3 o jlosis /iidisd 6593

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5027-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

RULSCPNTC R

o0
(=)
J

IS 5 (A BS g g 4 o S
Shealanal b GGl 135 4 528 St (o) 1 sk 4
pseudo) Jl a5 4 Sz Jue US/TIO, ) 3
w2 Cheo 5 (5l Ysens oS (first-order kinetics
0 S g Bl oy w0 cidi JTolS 5 o JBls

S e N |
oS O O
1 1 1

N
(e
1

—— S eV

wLbd‘ﬂ.(ch\v)wﬁ)\}w)ﬂb‘)‘)ﬂﬁj‘)w‘)s +ﬁ§)=(u§3?‘°[)

oS Lol 55 B sy
[y} W
S S
1 1

Sl wg Jal s Lttt b ag pa S Ao e
10 |

YU PH 5 psslis oSt (g5 0,356 YO mg/L . —0— ArefelT
St s Ly &y (A N 2ST5 0bey LS 0 15 30 45 60 75 90 105 120 135
o3> DLV S 53 Gl 5 2 JU e 45 (adus) oo
ol el 0 SN a3 OF Sl -
sty S5yl A5l s ey i s ISl s 3 ¥ Jslwe pH Y0+ mg/L Jslee TiO, i) i

) ' (o KHz .i\s 3

3,1 Glgen

OISl 5 4 o gl Jol A s and St sla el ) Jgdr

t 172 (min) R? ko (min') Lot lslee (mg/L) Lk
0+/40 /A4 VYEx) y =0.0136x +0.0152 A%
F VA +/44Y V) Ex) T y=0.0114x + 0.0087 00
FAIFN /44v V) ex\ et y=0.0101x - 0.0458 v
AS 15X +/44V Ax\ o y = 0.008x - 0.0406 V0

055548 deuS 3 03931 56 o) 2

oS U 55 OMwST G Ol s 0 O soded STy 05558 1.2 - : j ;ji;:

@ e LI O il g a4 S 55 51 JSol, 1 4 A s v

Lim gl 4335 o (fedBB O plnST 5 51 Cog | 7

b elie H O, clile Ol wis Ll H O, L1, %0.6 |

T YIRS FRCT S PRUET [ FOV TPy P - 04 -

H O, Cilises slaclale 55 b byl eas 4l H O, 0 -

5 VYoo mg/L vo mg/L o+ mg/L c_Lle e s 0

L »pH sYor mg/L JsleTIO, lhile V0 mg/L 0 20 40 60 80 100
0 5emS1 Ay 3 5518 oS 31 0L ool s s ol ¥ (min) 4;

S5 g 5T B Olokily G IS 5 g il 3 ol o 4 ALl 5 42 (s Il A 4 sl Szt gwie -V IS

adas o Al sl gla LD LB s bal, S e glachls s

® gﬂ/
%ﬁ J PR Glinls /g o ladb /@i )93

Ol buzo Caiil g ole ozl iusg ju ole aoliliad VYV


https://journals.tums.ac.ir/ijhe/article-1-5027-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

Ll 2 T gl S

> Sbos il a5 Sl e 30 (e 55k 4
Ly f A S0 2 Slislesl e pals slad sod 53 Ayl 3
b Sy 5 Gt oD el 2T O e O Juls
e R N . B BT
S s g bl s SGLl 5 G el g5 2
o313 QL S cpl 53 a8 shailen .ol sdZ 03514
G i O 5l a8 (614 e 5 Gd Oleily Cl 0l
Saie O 51 i 3 0l ealitael - SCLal 5 J gl ot L
S Ol Oleily ialsl ) 45 A a Gl a3 s
Yl Y min ST, 0l s Jle Ol s 4 5 Sl 63 4
S5 Gl IS sl edalie il 3V
53 b Glaly spam 4 Ol5 o 1) Ll i ) 5o
Oy a3l 5 n o8 ol aie O L anylie 3 i
zlsl oy 0o 15T sl U5 3 S e ule S
el s 4 gl b ol ) Ll s Sl
adlas 4 45 (Y4) 0, 5 Villegas-Guzman L.
Ssm S bt S Sl G Dl Sl 5
3l Cilas Llaztls o, (dicloxacilling - lulus JGs

100 -
90 -
80 -
70 -
60 -
50 - /
40 -

o _‘_J)a:uui

30 - ——
20 A
10 -
0

;:"f'%‘T

T Lt ol

(TC) eyl Lol 155 B oy

0 10 20 30 40 50 60 70 80
(min) 4yl
Lyl 5 Gl 5 Gl S T il 36 -4 IS
s Y0 ME/L o550 chale) Cilisee g0l 55 Liale)l aug
(bl Byl o 9 Vo e MG/L 055,008 4S|  Chals

VYA

e S g ‘s:.l' Sl 21,5 w2

Bl Oleg s 5 WSSl s Y mg/L clale s Jle ol se
Joles oles a4 CnJBS 5 g sl 3 1,8 45 £+ min
CBle) 035 dea ST Ve mE/L s S Ly s YV
Ol Jls 503 A S8 ey AR Gl Olotily (g
Ol 1y O3 g S|y clale Blis 5o o dSOlal 5 Gl
Sleily ol st enls OLES 5 53 oS shilea s
clle L oSSl 5 sl glacble oS s Gus
e 3 b o SRl 3V e ML LS 0555008 01,

o Hzoz Sy e Ol oy el plily o AalS
s HO,” |25 5 55 sl sty b iles OH L
S ST a8 S 5 50n 55T ISl b s lis s

OF AY) sl cas 340 g5l
H,0, + h" - H* + HO, V)

OH’ + H,0, - H,0 + HO, )
55 ek esls oLty Gl glaolely oS el S3 0L
@b Lledd ol £rmin Sy Oley 53 A Ll s
Gl 4 e VY MIN 4 STy Oley 1581 aS sls OLis
S omb ol oo mg/L YV glechle 53 K5y
A3 S O pg/L) oKans jasiis A

100 +
90 -
80 -
70 A
60 -
50 4
40 - —— S e TV
30 —— 3 S e 00

A3 8 e VY
—— ST

(TC) oS Ll 556 B> oy

20 A
10 A

25 50 75 100 125 150
(ME/L) (59508 Sy ke
slackls Bl s US/ Hzoz/TiO2 Ll a8 A s
0,30 chle Fromin STy 0b)) oISl s Calise
(f Jslee pH ;5 Yo+ mg/L

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

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5027-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

RULSCPNTC R

Ol S Loy S, Olge a1y oS 5l 5 -
e e R LG
Sl gl ang Ll dols s Wl 5o SIS
K s YO KHZ 08 55 )8 - Sl 5 S g 21
5 psslis LSt (63 0,350 YO ME/L ks (K sl
O3 5 ool Jasl 5 o (05558 AS1 Vo mg/L
S sl olil asdlas bl Sulg 5 s min :_Sl;
S olse VU chle gl glaclany 3 Aol b opl LIS
5 ki O3l S labamde 0B ey Sdae slal g
Joo e 5 T Glast VT (ol slacble (5ol glac]

ol gdaalsl O

S8 g S
S s Ul b Slads o b 1 i s
5 TIO, 3556 5l eslial b i eBIS 55 gun 56 13
A5 e ol s 31 S 8 S5 5T
WAY Jlo s Ol Slys silig ol 5 i o she
3 S—dnpsle ol culam L aS Wl YH 00 ) uS'L

RGIUH Iy W3 S | % S VS - VRGP e

® Z)ﬂ/
%ﬁ J VP9t il /g3 6o /it 6 )95

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

1¥q

@ oL 4 gl Ol 5l e Sley aS 515 OLAS axllas o
Sl 5 G Ol A sali ol & ga s Sle Ol s
Oleily ol ol oS il ialS (glalamSle |0 5k
ol sy min _zSTs 0oy s Jls ol e 4 ol
0 Olg e 1y Slakily 2alS ol s ol e Yo/ s
248 sl s L Sl 3 T sl (VL slis
Oy SOl B ooy S sl ) ol Olse 655
5 aadS 56 0T 3lwdls 50,550 4 5 5 G sd YT
O osdle das o 2als 51T gl LS i opl b
Slaos Vb slachle 555 Jlsle ool VU slis
okl Julse Ol & Clg 535 5mm 50 LIS 5 Sl S
o e opl b s es el Jor 5 OH® (Ladisl,

() Kpd o dSolal 8 Bl Olekily hals

S 4o
S g B Bl (gl Kyl i, Ol 0 A 5 el
Lol €3 .8 13 oslit el 3550 T glad slhoes 31 WSSl 5

Ol oo 5 3l 5 disy o 3 sm (Slala=Se |6 55l |


https://journals.tums.ac.ir/ijhe/article-1-5027-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

e

1- Martinez JL. Environmental pollution by antibiotics
and by antibiotic resistance determinants. Environ-
mental Pollution. 2009;157(11):2893-902.

2- Zhang J, Fu D, Xu Y, Cuiyun L. Optimization of
parameters on photocatalystic degradation of chlor-
amphenicol using TiO2 as photocatalyst by response
surface methodology. Journal of Hazardous Materi-
als. 2010;22(8):1281-89.

3- Emad SE, Chaudhur M. The feasibility of us-
ing combined TiO2 photocatalysis-SBR process
for antibiotic wastewater treatment. Desalination.
2011;272:218-24.

4- Emad SE, Chaudhuri M. Comparison of different
advanced oxidation processes for treatment of antibi-
otic aqueous solution. Desalination. 2010;256:43-47.

5- Kiimmerer K. Antibiotics in the aquatic environment
— A review — Part I. Chemosphere. 2009;75(4):417-
34.

6- Gad-Allah TA, Ali ME, Badawy MI. Photocatalytic
oxidation of ciprofloxacin under simulated sunlight.
Journal of Hazardous Materials. 2011;186(1):751-
55.

7- Xiong P, Hu J. Degradation of acetaminophen by
UVA/LED/TiO2 process. Separation and Purifica-
tion Technology. 2012;91:89-95.

8- Hapeshi E, Achilleos A, Vasquez MI, Michael C,
Xekoukoulotakis NP, Mantzavinos D, et al. Drugs
degrading photocatalytically: Kinetics and mecha-
nisms of ofloxacin and atenolol removal on titania
suspensions. Water Research. 2010;44(6):1737-46.

9- Daghrir R, Drogui P, Ibrahim K, Khakani AE. Pho-
toelectrocatalytic degradation of chlortetracycline
using Ti/TiO2 nanostructured electrodes deposited
by means of a Pulsed Laser Deposition process. Jour-
nal of Hazardous Materials. 2010;199-200:15-24.

10- Balcloglu A, Otker M. Treatment of pharmaceuti-
cal wastewater containing antibiotics by O3 and O3/
H202 processes. Chemosphere. 2003;50(1):85-95.

11- Bautitz IR, Nogueira RF. Degradation of tetracy-
cline by photo-Fenton process—solar irradiation and
matrix effects. Journal of Photochemistry and Photo-
biology A. 2007;187(1):33-39.

12- Elmolla E, Chaudhuri M. Improvement of Biode-

e S g ‘;:J' Sl 21,5 w2

gradability of Synthetic Amoxicillin Wastewater by
Photo-Fenton Process. World Applied Science Jour-
nal. 2009;5:53-58.

13- Elmolla E, Chaudhuri M. Phtocatalytic deg-
radation of amoxicillin, ampicillin and cloxacil-
lin antibiotics in aqueous solution using UV/TiO2
and UV/H202/TiO2 photocatalysis. Desalination.
2010;252(1-3):46-52.

14- Homem V, Santos L. Degradation and removal
methods of antibiotics from aqueous matrices-A
review. Journal of Environmental Management.
2011;92(10):2304-47.

15- Michael I, Rizzo L, McArdell CS, Manaia CM,
Merlin C, Schwartz T, et al. Urban wastewater treat-
ment plants as hotspots for the release of antibiot-
ics in the environment: A review. Water Research.
2013;47:957-95.

16- Emery RJ, Papadaki M, Freitas dos Santos LM,
Mantzavinos D. Extent of sonochemical degradation
and change of toxicity of a pharmaceutical precur-
sor (triphenylphosphineoxide) in water as a function
of treatment conditions. Environment International.
2005;31:207-11.

17- Hou L, Zhang H, Xue X. Ultrasound enhanced
heterogeneous activation of peroxydisulfate by mag-
netite catalyst for the degradation of tetracycline
in water. Separation and Purification Technology.
2012;84:147-52.

18- Klavarioti M, Mantzavinos D, Kassinos D. Re-
moval of residual pharmaceuticals from aqueous
systems by advanced oxidation processes. Environ-
ment International. 2009;35:402-17.

19- Sanchez-Prado L, Barro R, Garcia-Jares C, Llom-
part M, Lores M, Petrakis C, et al. Sonochemical
degradation of triclosan in water and wastewater. Ul-
trasonics Sonochemistry. 2008;15:689-94.

20- Salehi M, Hashemipour H, Mirzace M. Experi-
mental study of influencing factors and kinetics
in catalytic removal of methylene blue with TiO2
nanopowder. American Journal of Environmental
Engineering. 2012;2(1):1-7.

21- Hoseini M, Nabizadeh R, Nazmara S, Safari GH.
Influence of under pressure dissolved oxygen on tri-

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

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5027-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

RULSCPNTC R

chloroethylene degradation by the H202/TiO2 pro-
cess. Journal of Environmental Health Sciences &
Engineering. 2013;11(38):1-6.

22- Ghanbarian M, Nabizadeh R, Mahvi AH, Nasseri
S, Naddafi K. Photocatalytic degradation of linear
alkyl benzene solfunate from aqueous solution by
TiO2 nanoparticles. Iranian Journal of Environmen-
tal Health Science & Engineering. 2011;8:309-16.

23- Joseph CG, Puma GL, Bono A, Krishnaiah D.
Sono-photocatalysis in advanced oxidation pro-
cess: A short review. Ultrasonics Sonochemistry.
2009;16:583-89.

24- Hoseini M, Safari GH, Kamani H, Jaafari J, Ghan-
barain M, Mahvi AH. Sonocatalytic degradation of
tetracycline antibiotic in aqueous solution by sono-
catalysis. Toxicological & Environmental Chemis-
try. 2013;95 (10):1680-89.

25- De Bel E, Dewulf J, Witte BD, Langenhove VH,
Janssen C. Influence of pH on the sonolysis of cipro-
floxacin: biodegradability, ecotoxicity and antibiotic
activity of its degradation products. Chemosphere.
2009;77:291-95.

26- Guyer GT, Ince NH. Degradation of diclofenac in
water by homogeneous and heterogeneous sonolysis.
Ultrasonics Sonochemistry. 2009;18:114—19.

27- Elmolla ES, Chaudhuri M. Comparison of differ-
ent advanced oxidation processes for treatment of an-
tibiotic aqueous solution. Desalination. 2010;256(1):
43-47.

28- Wang X, Wang Y, Li D. Degradation of tetracy-
cline in water by ultrasonic irradiation. Water Sci-
ences and Technology. 2013;67(4):715-21.

29- Villegas-Guzman P, Silva-Agredo J, Giraldo-Agu-
irre AL, Florez-Acosta O, Petrier C, Torres-Palma
RA. Enhancement and inhibition effects of water
matrices during the sonochemical degradation of the
antibiotic dicloxacillin. Ultrasonics Sonochemistry.
2015;22:211-19.

30- Sirtori C, Agiiera A, Gernjak W, Malato S. Influ-
ence of water-matrix composition on Trimethoprim
solar photodegradation kinetics and pathways. Water
Research. 2010;44(9):2735-44.

® Z)ﬂ/
%ﬁ J VP9t il /g3 6o /it 6 )95

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad


https://journals.tums.ac.ir/ijhe/article-1-5027-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-30 ]

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

Survey on Removal of Tetracycline Antibiotic from Aqueous
Solutions by Nano-Sonochemical Process and Evaluation of the
Influencing Parameters

M. Hoseini', Gh.H. Safari!, H. Kamani?, J. Jaafari', AH. Mahvi*

! PhD Student of Environmental Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran
2 Academic Instructor, Health Promotion Research Center, Zahedan University of Medical Sciences, Zahedan, Iran
3 Assistant Professor, Department of Environmental Health Engineering, School of public Health, Tehran University of Medical Sciences, Tehran, Iran.

Received: 18 August 2014; Accepted: 11 November 2014

ABSTRACT

Background and Objectives: Among the different types of antibiotics, tetracycline antibiotics are the second
most common group around the world that their entrance into domestic sewage can result in contamination
of water sources. The aim of this study was to investigate the efficacy of the nano-sonocatalytic process on
removal of tetracycline antibiotics from aqueous solutions.

Materials and Methods: In this study, the effectiveness of ultrasonic irradiation without and with TiO,
nanoparticles and hydrogen peroxide were studied in tetracycline antibiotics removal. For this purpose, a
reactor different concentrations of tetracycline was exposed to two irradiation frequencies of 35 and 130
KHz. Concentration of residual antibiotic was measured using HPLC equipped with a C18 reverse phase
column and a UV detector.

Results: It was found that the efficacy of ultrasonic irradiation alone in removal of this pollutant was
negligible and at the best conditions only 20.3% removal was achieved at the frequency of 35 KHz. Addition
of TiO, nanoparticles improved the removal efficiency; the removal rate increased with the increase in TiO,
concentration until 250 mg/L, after which it remained approximately stable. The best removal efficiency was
achieved by adding 100 mg/l hydrogen peroxide to US/TiO, process at pH 4 in which 94.3% removal was
achieved after 60 minute.

Conclusion: The results of this study showed that the sonocatalytic process using TiO, nanoparticles and
along with adding H,O, as an oxidant is very effective and can be used for removal of tetracycline antibiotics

from aqueous solutions.
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