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Abstract

Background and purpose: Among the numerous chemicals utilized in agriculture, 2,4-
Dichlorophenoxyacetic acid (2,4-D) is widely used to control weeds. This herbicide is considered as a
carcinogen and high toxic pollutant which is very difficult to remove due to its biological and chemical
stability. This study aimed at photocatalytic degradation of 2,4-D using indium oxide nanoparticles in the
presence of ultraviolet light.

Materials and methods: This study was carried out in bench scale and batch system. The effect
of operating parameters such as pH (2-11), contact time (5-240 min), catalyst dose (0.1-2 g/I) and initial
concentration of herbicide (5-40 m/l) on the efficiency of the process were studied. The experimental data
were fitted to a pseudo-first-order kinetic model.

Results: Increasing the pH and initial concentration of herbicide led to reduced efficiency while
increasing the contact time and catalyst dose increased the efficiency. The best result (70% efficiency)
was achieved at pH 3, 1 g/l catalyst dose, 120 min contact time, and 5 mg/l initial concentration. The
process data well followed the pseudo-first-order kinetic model (R? = 0.915).

Conclusion: The results demonstrated that the photocatalytic process using indium oxide
nanoparticles in the presence of ultraviolet light have a relatively good efficiency in removing 2,4-D.
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J Mazandaran Univ Med Sci 2016; 26(137): 159-170 (Persian).

159


https://jmums.mazums.ac.ir/article-1-7721-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-23 ]

oo (— S B} yee—L colS Biba_L as
(109-1Ve) 1W90 Jlw sls)d 1BV d)lads  euind § Cunyy )9y

Siiwl puSgiag 1S (ga -Fi° Y5 wale ,iuwdilSgis ay jai
Pl auuSl Ol jagil jl ealaiwl b 2! sl Jglao jl 2wl

'Ol i oo
¥ sl ol pol
" gorks Slg2
" (59 S Uy
Taslj z U Jels,
2 st pol (o
"7 5985 3900
23S
ol Sl S 55 5 IS (65 -F Y (6,5 LEST ie )3 ealitul 5 ) ge suate _glasd 315 Ols 53 2808 9 diblw
ol VT &S Olpie 38 e ol 03,8 o )15 oalinul 5550 5,8 slaciale J 287 (gl gl 28 ) sba (YF-D)
S 0 VT ol 2 0T (gl 5 (S5 ol Js 40 o7 558 o0 48 8 155 )3 Vb S b 5 15 Ol s
D 53 k) ST D36 ) eslinal b YD S Cale IS 33 4 5 Couta L andllan o Lol JSCie
b il 2 sl ysle g
PH -k SLkes (sla eyl i1 s plowsl m}iUW)>36»l§iibijL:&)>L§:E>Jd\ W bs) 9 lgo
oS ke $1-0) 1S Calde ad gl ke 5 () S 0N-Y) CedBIST 55 (aids YF-0) les 0l ((1)-Y)
s 0305 Gy K am s ad (S Jo b T 3 glaesls 25,5 515 w350 AT 3 Obeily » (2
593 5 rbed OLa) SR 5 dd g o Dbl el g o ASTCade adsl Clale 5 pH 21530 Hlaadl
J,,(.Jf\ B8 595 XLl s PH 55 e ya Ve dslas Sleily o e oAb 4 528 Olaily ol 580 o GBS 48
St Sl 55 4 T3 Gl osls i Jol 2 50 8 a0 28T e sl CllE 5 ai8s VY eles Ol ¢ 2]
(R?=0.915) S o (69 0 G 4 y3 4
sosle s sl 53 p ki) ST S350 3l eslial L (2GS 5 40T 3 o8 55 0L adlllae ol s sz liian]
S5 YD S Cile 4 55 (61 omlte B OLonkily 2k

ol Sl (S35 5 IS (63 -F Y ol AT S35 ¢ U 3 AT 5 ¢ 1S Cale 4 s 15340 (sl 0l

4o b0
A3V 39> o ely5 Ol )3 Jlw ol 3 0l Df}x_f O skea Y8 3 50 OVAD-AF Il 55 O 0 s
S e Ao 55 08 5 25T B Ao )3 VP (IS e 3 pan pgomn JS 3l 0l 5 e S EST 2L
E-mail: taghavi66@yahoo.com Sl oSty ¢ bl (SKhj pske oRils 1 bl 15985 Sgazo i giune —ilge

Ol 3 ¢ Farko gt (S pske ol (o gor Sty oSl laomn obligy ki 05,5 (g3 Jamn (slacs 5 5 p sk Dliknd S e LS
Il Babo dgd (S5 05l o8l (g o Ll 008l claous iy gtign 038 S Jame slas s 5 psle Dlik S m skl Y
Ol et b S5 e ok S (S sl oSl lammn Sty (kige 03,8 (0 T

Ol 633 (oo g (S p sle o815 ¢ g o Sty o dSCEN (g5 Jama (US55 3 p ol Dliind S e e bllgy i (515575 (5 il F
Ol e3¢ Bk gt (S p ke o5 ey 5 Jamn (las 35 5 p sl Dlidimd 5 o cdama Lblgy igs L3l iy D

Ot ebl5 e bl (S p ke ol8ails ¢ o o Cblidgy STl clamn Cblgy ptige 03,8 < n

01l e o dsdr 2 (S p sle o8l (il 0dSails €y § Lan (1855505 5 ke Dliiond (S 0 came Sl puikign |73 (6 mils ¥
WANYNY s )6 VAP AW L Sl g gl el WAV V3l 55 )b

1190 sls)d « 1BV s)lash (diud g Cany 3)9s ohjle (Al ek slEiily dlas 1o


https://jmums.mazums.ac.ir/article-1-7721-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-23 ]

ul)\Sam g gleils Hianan

S gans 53 b iSEST B g O penldinST]
S Cade 4 o el 48 8 S a5 3 g
D3 5L s 53 Ady B )55 b s D15 S 60
Heslial Ly ply s IS5 5 5255 4 25 <01 ZnO
58T 65 -F Y 4 i e Bl sl s SU
TiO2 /231 8 oS 5 3l eslimal b dowl ¢Sl S 53
Seslial b0y 55455 4525 5 oo o) b lite
sl i Cale 4o 5 (09 S/ TIO2 (6 pun 3l 50
SHOPes o> il Sleslinal L cp ks o L 2
33 B8 428 O sl ST AT 35 5187 (Slad gas
Bl 53 4 o Bl e L A e o
AnST (63 135U Sl eslizal b o Yof-D iS'csT
D5 o gy ol A 5 5 ol pailas
S ] ki o) ysle 4,..2|/(=}:3l:.:3 LuSTles Slys et
el A g pilad ST (63 lay sk sU (19
Jbite i 2,0 s slad 8 5 NI o B
G 3ol 4 5 S5 w5550 OV TIOZ /BizSs
S 5 Sleslial b 218 48 AT 5 Oletily Kos
U 0D 2,6 Je 4 25 3 TiO/INZ03 &l )3 56
5 (0 =T e a5 ;3 MgO/ZnO/IN03 &l )3
88 4 o 55 TiOX N0 Solyd s 5l esliul
GLIp 3525 b oCal 4 8 515 sy p 3550 (V)3
AT ol e U 53 SadsT b gl ks S5
45}1?3@;64{&\}3@&0]“&3}163)\;}:} o lne
5 Ol AS 4 5L YL ls Clale s D)3 50 0
Odd s Olaj 5 AT 3 51 dm S1y3 5L (g5l
Sy o SB35 5587 03 g e T 3
YU (65 A1 40 5l et 0L b sbats T3 5 GGlas
NS in 5 Jils sUV 55 5l enlinul &y gao o
O e 05 5 Sgcdoms g andl ol 5 )8 sasl e by e
S5 @S 035 Omly s 4 A 5 55 Sl eslinal
Fp 238 STN-YE)s S oyLal 5 g ge I3 5L
O3 55 o 5 ol g (slaed VT WS 5 o 3)15a
oy VT o ble U (slad slowe & 5555 ) 5,008

Sl ¢Sl S 55 gl S Cale ()l 03 5
SoaslES 55 6855 elda 53 les 28 by 4y S
P e slacde as, U8 sk e
SN eslenls) s ) (-\—'f (sl pis
534S (gadmie gl 3lye Ol 53 (NS ,E
PR U U PN I P PUPP S SP UL GRS S
o5ba (YF-DY) sl oSl 8 55 5 JS (oY oF
S8 o3lizal 350 5,8 (slale J 257 (sl (sos 28
a3l Bl ey oslizad i oS58 e
Cblim Lul3T b o oly ko laT & o1,
T s iS ke cpl Slows o 1S 0T o 5 oo
Cilig slgr Olojlw (Ml 05,5 Ol +/Y ppm
&l YF-D jloes Clale STl Ol e a0 1, Ve pg/L
33 YF-D 4 oo ()l 03,5 Ol gaalsT OT
Glatam g 53 0T jor das el U8 Sl T
(OBl e 55, Wr 3l i L5 # 5> Calibes
Olge au by 4S5 Cade ool Sy Sler Sl
Ol 455 L 53 (1 63.8) 1300 0 VT
o ST S AS ST ol 4 sl ot Dlados
ol il plans = (oSS58 5 (S5 s B
S Sl s 4 e VT yl o Ll e
SLa 5, 0556 VNl [ s 0T ol
VS PE PRPUS=S PSR TS E Ve 75 SR N S
3 S i SLa 3 5 (gt O gl 23
SU Ly b 5 4o Gz ed 5 oland
La oy opl bl el 4 8 515 ) 5550 Sily3
Dk pslie (slaedy VT 4 5o (sl o OLaki
claa T i s gladlon s .(Y) dlesls 0L YoF
P il 03,5 03,51 5 ) g ey O gl
B8 53 &5 o AT 5 AL 4Bl a5 DS
5 o 48 el 8y ko T30S Sl
@SSO AT 3 ol @558 0t VT OUs Sdas e

0425l 0 YU Sl Ol L 01351 s 5,

1. 2,4 -Dichlorophenoxyacetic Acid

191 1190 3ls)a ¢ 1V s)laid @uiadd § Cunyy 8)9s

ohsjls (S eolc oGSl alas


https://jmums.mazums.ac.ir/article-1-7721-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-23 ]

d-Value ( Angstrom )

15K 6 5 4 3 25 A0 UEE 1 gl g
M e s S R
.75
e JJ L h.ﬂ Jl ALA A /JLU‘AA sl A
10 20 30 40 50 60 70 80 )

O3 HSUXRD SilejT sl s SEM o 5ai o) 05lads 9
p 3yl S|

oo g b Sl loT
3348 sl (63 5= o o addllas & o ]
(OlisleT plonit 5 shatey i plonil A& ST e
=S 58 5,05 6 -F Y i alde S gl Jgloes
Clle s 0T Lalls s s leslitul U denl ¢Szl
Slacbile ag S s b ag 2 e S e
33 ooy 3550 S\ el )l . S5 eslizal 3 46 (gbm
NY) GBS 5 593 V-NPH Jals G
sl ey (i YF=0) olai 0L3 (i p 8
25 NEel 035 (2 1 p S e Fr-d) 25 ke
ST 3550 515G 5L 55 L 4505 Fr 5l § g
S I 3 Gios Al e 8 3wl @ S 15
Pleedd ansls S5 b lie K s b bl L
SRS PUNCIPE g RSP p
Sl o STUV Y s 51 ity ol sle ansl el
= Sl S YF 2 s L (UV-C) Silg )Y

e Gae p Al A STL00)3 55 o 3 g iy
S L3l oo r oS L L (o3 bS5 (2s 8
(Grhy 5 slad s adez Sl (5l sLas )8
13 B 53 5 (655 S5 S GE sl e
s ST OV s i
S Ulesls plis gy Sl (YO)ISL s —
23 8 F 5o CnBS 5 pe gty ST D)3 5L
SNl 55 opl bl JT laods VT Cod
23yl AT D5 50 0 S L eyl 5o (oS
35 GBS 5 AT 3 5l oslinal b Lo VT 4 o
i Ol s g odn U aalllae sl 1 s 15
Szl S gy IS 63 -YF 1S Cale 2B g
235 25 53 p Al ST D3 5L 5l eslil

L el sy ] 5l

b9 9 330
osldzw] 5 40 3/ 40

3 G sl 3 eslitul 3,40 YF-D L[5S Cale
A ags Aoy A Lok Ao s LOWIT ¢S e o8 s
el ol 1Y oled Jgde 55 0T Sliaseine &7

(YY) axllas 55 40 2S7 Cale Soliasein 1) oslad Sy

pKa STpede 0

[ oS 5k
vamok ;) mg/l) BE ° =7t
OCH,COOH
! 55 IS 63— Y
YIA Y VY Y/ F o eSAE
(YF-D) sl Sl

Cl

S 5 5n ol oslinal 3550 o land Slge L

O3 sl Lds (ol 5 S 0 S0 15w 5 el
US Research Nanomaterials <.s” % 5l p g ) 4.5
= 5sSEM 55 oles o s gl &
Ly o &) oyt ldnST D3 56 XRD 2 Le 5T
MCE) K o s tas oo 0L 1y oisle &S0

A ag | A el oS L5 5 (membrane, 0.22 pm

1. Jet Bio-Filtration

1090 313y ¢ 1V )laid «@uiiaidd § Cunyy 3)9s

ohdjle (i) ok slEiily alas \¢p


https://jmums.mazums.ac.ir/article-1-7721-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-23 ]

ul)\Sam g gleils Hianan

U s Sl o 4 e a8 s i )
YF-D iS5 Cale 4 o Okl pH L350 M) 55
255 3l 53 p Al ST D03 SU Sl sl b
20T s a8 S35 )15 (nnp 3050 ik <ly5le
Lol Ol s .ol ol 03,51V ojlecs Hl3 4o
S Sosba bl o S 4 Oletily PH 1530
AT Cs 4 gl LapH 5 Olelsly o YL
PV a5 5 ¥ L ol p PH s a0 2 Olelsly o YL

v\AT Cewd @ R SL

(%) S ploast,
- 1t 1t t & v < > »

©3-F .Y 25 Cade 4 e Ol pH L300 osled sloges
20555 553) UV/INyO3 3l eslitnl L dwsl ¢Sl oS 55 5 1S
IS e sl e 5 4ia 1Y el OleS i e 8 /A

SIS JURE

Cad G 55 1
oS e i Slesly 1 Cn BT s )
S oslial Uy dal &Sl (S 55 5, ST (65 -F Y
35 =) oS Y50/ 6350 55 UV/INZOs
B 593 56 Y oyl ls 005 .08 8 513 o
S35 5 A5 63 -F Y ASCale 4y Ol
s e 0lis HUV/INGOs i eslizul b del ¢Sl
393 Sl 38l Lo sd o odaline Hls sad j3 4S5 sbokes
A DO DU PP W WSS | PR PR PR PH
Lo sl e Ol (6 5 i oy b lazl 5 Oletil
L a0 Oledsly il 580 co )3 gl 595 5t 2l 53
4 75 Okl 0 YL 258 o odalie (5 508 s
Lo g on oalin 2 0 8V Ll )30 55 )
Oledsly )3 (65 2als )3 80 9 5 i il

3}.1@ odalive 4 2

(i 525 g Lo 3T plonl g A 0linad 50 0 5L
S e glal ble codd alo ¢S gl Jslowe
eals Uil et o, b s a5 a5 i ile
(aeia sl 5 4SBT LaaS sai PH e L2
L mbliin O5an (555 = 9 43 SLS1 0T 40,350
Shsbe 55 AU S caads )3 593 Ve Sy
sy ee el Ol (b 3l ey B esls S 5 i
YY Gl als Sl g ses I3 gL g lulus | ghate 4
33 AS Cade Hldie 5 (1 YL 0313 g O3 ,See
S S o3I e 55 5 S o> 1 o3lizal b Lad ol
N 3 g 5 Al 6 IS s s SIPH 5 (o
Juce e pH o&eaws 31 PH it (gl 5 )Y 5s
S a5 5 7Sl s 1 dys 8 esliwl Mil51
iz ¢l = (UV-vis HACH, model DR 5000)
ol Szl S 53 5 IS (5 -F Y S ale Sl
ool s s (P o3l e 5L YAF g0 J b o
Ly adlas opl 53 oslizul 3550 58T, ¢Sles Y

sl 5 3a (US55 58T S lad = b oY osled g
ool 058 DB —F (S Ty dhaia ¥ (IS iy Y AUV V)

b axdl
pH i/

Bl AT 5 55 ege (sla el 31 (S pH
RO |{ g P M WS PS GO X WO IV STV

1B 19G0 slayd « 1PV o)lauds «@din § Cuny )9y

ohsjls (S eolc oGSl alas


https://jmums.mazums.ac.ir/article-1-7721-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-23 ]

A ile oyl Ll i
4 e by o S Cade 4yl bl 3L
L ol oSl S g5 5,08 (o -F Y S ale
J_gp_?g\f Fr b0 03 gdmes 43 UV/INO3 5l eslinal
Chle JIF ojlad a0 .55 S5 w390 i
63 =F ¥ A il i Qlakily A il 4
LUV/INZO3 i eslital b dewsl ¢Sl S 535 5 )8
Oladily ( 2S Cale ad gl Clale 21550 b odas e OLES
UV/IN03 5l esliiwl U oGS 528 U 0T 3 o
sl cble L aS o) b bl e el
Y - JE A SR Y S S Y I T

u\.w)@ M).} \’F/Vb 4: M)J \'X j‘ 41‘},’:5 dL‘b‘\J‘J

>

(%) S ol
r

-
B

\ Y t- ¥ 8
(2 52 25 olas) o 2l

WY S Cale 4 e Oledsl)y s el Olej 56 iE oolads sIoges
553 UV/IN0g 3l eslinl L sl Sl S 53 5 IS (00 -F

(485 1Y+ 1l 0Ly s W PH 2l rp 81 o350

SEYJEpENC
S Sy a0 5 Lo ey bale s
S 52 5,05 63 -F Y S Ude U
Cws 45 slaosls UV/S;08 il eslizul b dew! ¢Szl
slae 457 by Goda K a5 s ¢S b oe]

d[2—4— D]
———————=k[2-4-D]
dt (FY) Y dslee
3
In& = —kt
Co (FY) Y Jsles

(%) i lowst,
- <t 1t 6 & v < > o

o0 Ve 1,0 Yy Y.0
() 32 p5) oS 590
S Cade a2 Qledlly p CandUIS™ 595 b Y oskad 510903
PH) UV/IN203 3l eslizanl b dowd oSl S 55 5 IS (63 -YF
oS e V0 ST Cale gl ke 5 48 1Y 1l Oy oY
(S

ol Olaj g1
S e 4 o bl o el Ol 56
Shestial U Al oSl S 53 5,08 c5-F Y
JwT@u.\sc_,_;Jf)b_;w)ﬁ;)yuvnnzog
Sy g do 13 g pl 3 sl odkaT ¥ ol 15 4o
e OLe3 SRl 331 L g s Oladsily ol 31 sl
@Wids VY U elas Olej Sl 31 L o3 ss oo salie
N - PPNt RS IV PRE
G5 T e L s Olonkily ol 31 coles ol S
L s o Oledsily 53 65U il 530 Al e 4l
odaliiio 4iBs VYo 5l 5 i wlas Ol Lol 3l
s Ol Ol e 0 aids VY ules Ol 1 358 o0

b S s ag

- © > v

(%) Bis obously

=

o Yoo A Yoo Yo.
(ai32) o

WY AS Cale as o Olelly s wled Ol 50 i olads Hlaged
553 UV/INy03 3l eslinl L sl &Sl S 53 5 IS (65 -F
e VAT e adgl e ¥ pH e S 10,350

(e

1090 313y ¢ 1V )laild «@uiiaidd § Cunyy 3)9s

ohdjle (i) eolc olSibils alas %S


https://jmums.mazums.ac.ir/article-1-7721-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-23 ]

ul)\Sam g gleils Hianan

20T O s 05850 s YF-D i8S CalepKy 55U
Ol ok SY/PF 51 5V slapH
o PH OLKer 5 6 507 gL, 8 Jb- s
Sheslial L 05505 o (U 58 4 5 )
PH .90 S° 5,158 AL ol 1, TiOz Ol 35U
oLl b S 5 el U1 33 4 25 61 g
5F L oy s 5 45Zn0 5 TiO2 &3 65 5
53 5UPHz o s ol s 4 Sl os 3518
SIS 5 sl PKa 5 (¥ 58/Y0 L 1l e 5 40 &)
PKa 55l pH s ()l s ols s (Y/0OY)
YL 53,0 55y 2 Oy ST S 5 S
Ol i ol S o S e b S JT S 5 pKa
=SS o B e BB sk 4 Nl e
S Cale P 03,08 31 U1 o 555
S PH 3 .l VPP el oSzl S 505 S (05
Oy g iy S Cade acen L5 yliide ol 5 5L
lad s 51 0T IV aomss 433,05 355035 9
w S Cade PH ol YL 5ol N 4l
A ST )3 5 PHpze (F9)3 403 545 5 0 95T Sy g
Sl IVINE 0l S A 390 5 0
PHpze 4 Comd 50y PH o U 53 mlas
e 515 5 om b PHpze 51 AL pH I Ll &2
Ol (Sl s SN Jales |5 el 5L o NTpKa
Sl GBS e melaw 5 5 0l NT (gl 05T
GLapH 3 &8 ol o Ol o5 (g 1KLL oo
S S soden S0 p I oYL e lle YL
OH") JouS 5 I3l JSKi5 5 by b 28T
1y oo VT (BI85 4y o a3 457 351 5 2
AT 6oy m PH 51 s Lal s s il 580
A Tp a5 2 O 6wy 28 s ¢ aud IS 53
o e e S S s e
5,50 ladlSsly 5 ¥ oI slad She (sl

MJHC%‘)MT}J})JJOMM

1. The Point of Zero Charge

&Sulﬁéus;m&p:;jMCOJCtoijdg

stelbeole; 53 (8 oo o ) Y-F-D
S0 a3 4k Szt 53 4 e Sub K i
o duloes R? 5K (gL ol (¥ Lsl s (Min')
RPN EWR S NEY [ JC WP PPN JU
S 53 9, (ea-F )Y L Sade oINS g
L ol ems 5 4 UV/IN0s i eslizad b dewl ¢Szl
Szt 35 0 o)l 15 gas L o /AN 5+ /00

.MJ&

.
3
(@]
AR
£

10—

Y-

& Yoo Ve [ Ya. [

(aBo) oylo

O gmnlkanS) AT 5 S A 53 s St 10 6 slomds 51 gmid
L el Sl S 5 5 S (65 -F Y 28 Cale 2B
<,gj¢;gfw~ 3536 553 5 F=pH) UV/IN;0;5 31 oLzl

Q)b@%é‘ﬁeﬂwbuéuﬂbgtf okl Joo
35 63 -F Y S Gale 2Bl 5 O gl ST AT 5 oS5
UV/IN0s5 3 alizul b dwsl ¢Sl S 50

6513 0 g a5 k (min') R?
YO/l CeJBlS 45 5 as o =pH A-mg/ng,\;.ma VRN LAV
I )

U1 55 O e8I AT 3 5 PH 31 e

L el ) 5 IS (538 Y 25 e
Ol o YL a8 51y oLis UV/INGO;3 5l eslanul
Sl AT 3y il oYLl pH s Ol
PH 0354w 5 paT wST I3 66 55 » YF-D
23 oda Oledsly cp SYL aS Sl LSV B L il
23358 Jm= YLl PH D5 5 dewl sla pH

O gl glapH s Gl 20580 s andlbs ol

190 1WG0 slayd « PV o)lauds (@dind § Cuny )9y

ohsjls (S eolc oGSl alas


https://jmums.mazums.ac.ir/article-1-7721-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-23 ]

Ol wny  do 45 0L 5 Li adllas s
55l 5 5 eslial Uy iy e & 4 o
Cble G 48T w Jateia cdistls  IN04/TIO:
35S 4 il e K sl il 4 K Sl
Ol 1y oy Ar (YL Ol a7 b ials™ /Y
S e B8 5 4 2 ) gl (VAR e
S oalil L el Sl S 55 5,05 (6 -F Y
Rodriguez-Gonzalez L. 5 45 In20s/TiO2 il 535U
qugwtdglgowkucwat,&w;
a3 ad S Sl Vo mInt L K s
ONLS o (69 &S5

I L ST 5,8 (6, S e Ol e OLL o
Cde &Sl o 2alS 28 e 4 e Ol pH
030550 c]a_w SR U251 P IRV ] P P WP VR
gl a3 ) 55 &8 AL PHe 31 5wl s PH
Sl mSI a5 ol e b 6Tl 0350
CnedBS e oela 5 5 0T (6l 05T OLe
ARG P I i I - o B W PR W |
sl e a5l s S e s Oledl
395 Sl Bl Ad 4 e DLl JialS el ST Cale
5 Ad 4 Dbl il 531 Ca 1l 55 50 GBS
2 S o B s b RIPI L
4S 31 Ol L oy i odaline 4n e Olad
©3-F Y S Cale B8 45 O gl ST AT 5
L UV/IN03 31 eslizul U dewl ¢Sl S 53 5 IS
a3 Szt ANl O S5 0
S AS @Y S e 4 S s Cans K
OleUl, UV/IN203 i ealital b sl Sl S 53
13 Ol panlie T

SLiemls ol 055 63,208 S s ol L
AT s Oleasly il el jsbte o 5 i Olallas 4
LB 5 5l b D356 ol S 50,08 G b
ST 88l €903 &K 5 2 AT 3 Obekily o
b e 1S Cale ol gl (g5sliS e L

bl (gl (ol e 5 e 5 Oy I L)l
Slalas 53 ods 5158 aig sla pH pislae oy
A e 4wl Caliiee ola il L 4 el
AT Ll oy o Sl st sla S 5
TR [

Oy CendBlS 553 J1 g 2 3 Jool ol
el Sl (oS 55 5 IS 63 -F Y S Cale o
RS YU /N e39dme 53 UV/INGOs i eslizal |
2 e Vbl B g 3 ol Ol 2
RTINS I P ORI [ W - g
I8 g 355 15 IN203 153 56 51 eslizul b b
Sloily 2 2 0 8 Y U ol US55 555 55 il
35 5515 &5 4 035 oy YV bl 4o
LS s WU Lo 55 IN203800,3 6L Sl eslizal L Y
U1 553 Gl ) 53238 S5 gy 350
iy Ao )3 FA LSy 45 5 2 e SV L,
T Cows

G 4S s S 5,158 55 0K 5 Singh
DI el Sl S 585 JS 53K Y o 55
o 3Bl gt GBI A 0 S Y 5 THOs 65550 550
23 st 55 B e 2 e SO LG 5 0T
AL o356 lajss (F s i £ LT ol
WS G5B G5 MR a5 55l oh o Ay s
CJbS@\}»H)@cnfdJ@é:h 4o 3
B 4y e 3 Sl bl e IS S
sl CBle 5 g s A gl D g eslinal 3 ) e
oz 53T GLadlSGal; a5 S o YT
1S gy ki ey i s Ll
A5 e el VT sl Cble s p v a5
dalg Sslite Slles Ll i 5 53T cLadSSsl,
o Ol o wlad Ol LS50S L(F) o) 5
L el Sl S g5 5 ST (5 -F Y 5SS ale
crlad Ola il 58l b sls oL UVIINGO;3 5l eslaud

b o sl AT 3 Oleil

190 313y ¢ 1RV )laild «@uiiaidd § Cunyy 3)9s

ohdjle (i) ol slEibily alas %%


https://jmums.mazums.ac.ir/article-1-7721-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-23 ]

ul)\Sam g gleils Hianan

A6 5 ST Byl e oy (555005 4k
o Sl 53 asde Su g (S pske oKl
RARIKSY

References
1. Zand E, Baghestani M, Nezamabadi N, Min

Bashi Moeini M, Hadizadeh M. A review on
the last list of herbicides and the most
important weeds of Iran. Weed Research
Journal 2009; 1(2): 83-100.

2. Tang Y, Luo S, Teng VY, Liu C, Xu X, Zhang
X, et al. Efficient removal of herbicide 2, 4-
dichlorophenoxyacetic acid from water using
Ag/reduced graphene oxide co-decorated TiO
2 nanotube arrays. J Hazard Mater 2012;
241-242: 323-330.

3. Kundu S, Pal A, Dikshit AK. UV induced
degradation of herbicide 2, 4-D: Kkinetics,
mechanism and effect of various conditions
on the degradation. Separation and Purification
Technology. 2005; 44(2): 121-129.

4. Han D, Jia W, Liang H. Selective removal of
2, 4-dichlorophenoxyacetic acid from water by
molecularly-imprinted amino-functionalized
silica gel sorbent. J Environ Sci (China)
2010; 22(2): 237-241.

5. Bian X, Chen J, Ji R. Degradation of 2, 4-
Dichlorophenoxyacetic Acid (2,4-D) by Novel
Photocatalytic Material of Tourmaline-Coated
TiO2 Nanoparticles: Kinetic Study and
Model. Materials 2013; 6(4): 1530-1542.

6. Tang L, Zhang S, Zeng G-M, Zhang Y, Yang
G-D, Chen J, et al. Rapid adsorption of 2, 4-
dichlorophenoxyacetic acid by iron oxide
nanoparticles-doped  carboxylic  ordered
mesoporous carbon. J Colloid Interface Sci
2015; 445: 1-8.

S jSwwlyw

o le> 1 als r)'\( s pdllas ng\.w«iy
‘_g’\'_&‘.l.é; Sled = E) é‘:’ﬁ (_519 e\i.&.;‘: Syrn 9 Lgb\.n

@j&ﬂ(}&@@b)éﬁé}-&éw‘ju)b

7. Tang Y, Zhang G, Liu C, Luo S, Xu X, Chen
L, et al. Magnetic TiO 2-graphene composite
as a high-performance and recyclable
platform for efficient photocatalytic removal
of herbicides from water. J Hazard Mater
2013; 252-253: 115-122.

8. Yousefi Z, Mohmadpour R-A, Zarei E,
BarafrashtehPour M. Lignin degradation
from synthetic wastewater of pulp and paper
industries by using of UV/Fe-Doped TiO2
photocatalytic process. J Mazandaran Univ
Med Sci 2014; 23(2): 96-106.

9. Dianati Tilaki R, Zazouli M, Yazdani J,
Alamgholilu M. Efficiency and Kinetics
Studies of Photocatalytic Degradation of 4-
Chlorophenol from Aqueous Solutions by
Sunlight in the Presence of Zinc Oxide
Nanoparticles. J Health 2015; 6(2): 134-143.

10. Zazouli MA, Ebrahimzadeh MA, Yazdani
Cherati J, Shiralizadeh Dezfoli A, Rostamali
E, Veisi F. Effect of Sunlight and Ultraviolet
Radiation in the Titanium Dioxide (TiO2)
Nanoparticles for Removal of Furfural from
Water. J Mazandaran Univ Med Sci 2013;
23(107): 126-138.

11. Shibin OM, Yesodharan S, Yesodharan EP.
Sunlight induced photocatalytic degradation
of herbicide diquat in water in presence of
ZnO. Journal of Environmental Chemical
Engineering.2015; 3(2): 1107-1116.

12. Vranje§ M, Saponji¢ ZV, Zivkovi¢ LS,
Despotovi¢ VN, Soji¢ DV, Abramovi¢ BF, et al.

1V 1RG0 slayd « 1RV o)lauds «@dind § Cuny )93

ohsjls (S eolc oGSl alas


https://jmums.mazums.ac.ir/article-1-7721-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-23 ]

13.

14,

15.

16.

17.

18.

Elongated titania nanostructures as efficient
photocatalysts for degradation of selected
herbicides. Applied Catalysis B: Environmental
2014; 160-161: 589-596.

Dévila-Jiménez MM, Elizalde-Gonzalez MP,
Garcia-Diaz E, Santes-Aquino AM. Assessment
of the effectiveness of combined adsorption
and photocatalysis for removal of the
herbicide isoproturon. Physics and Chemistry
of the Earth, Parts A/B/C. 2016; 91: 77-86.
Solis RR, Javier Rivas F, Gimeno O, Pérez-
Bote JL. Photocatalytic ozonation of pyridine-
based herbicides by N-doped titania. Journal
of Chemical Technology & Biotechnology
2016; 91(7): 1998-2008.

Seck E, Dofa-Rodriguez J, Ferndndez-
Rodriguez C ,Gonzélez-Diaz O, Arafia J,
Pérez-Pefia J. Photocatalytic removal of 2, 4-
dichlorophenoxyacetic acid by using sol—gel
synthesized nanocrystalline and commercial
TiO 2: Operational parameters optimization
and toxicity studies. Applied Catalysis B:
Environmental 2012; 125: 28-34.
Rivera-Utrilla J, Sdnchez-Polo M, Ocampo-
Pérez R. Role of activated carbon in the
photocatalytic ~ degradation of 2, 4-
dichlorophenoxyacetic acid by the UV/TiO
2/activated carbon system. Applied Catalysis
B: Environmental 2012; 126: 100-107.

Seck E, Dofa-Rodriguez J, Ferndndez-
Rodriguez C, Portillo-Carrizo D, Hernandez-
Rodriguez M, Gonzéalez-Diaz O, et al. Solar
photocatalytic removal of herbicides from
real water by using sol-gel synthesized
nanocrystalline TiO 2: operational parameters
optimization and toxicity studies. Solar
Energy 2013; 87: 150-157.

Yang L, Sun W, Luo S, Luo Y. White fungus-
like mesoporous Bi2Sz ball/TiO, heterojunction

with  high photocatalytic efficiency in

19.

20.

21.

22.

23.

24.

25.

purifying 2, 4-dichlorophenoxyacetic acid/Cr
(VI) contaminated water. Applied Catalysis
B: Environmental 2014; 156-157: 25-34.

Li C, Ming T, Wang J, Wang J, Yu JC, Yu S-h.
Ultrasonic aerosol spray-assisted preparation
of TiO2/In203 composite for visible-light-
driven photocatalysis. Journal of Catalysis
2014; 310: 84-90.

Xiang X, Xie L, Li Z, Li F. Ternary
MgO/Zn0O/In,0; heterostructured photocatalysts
derived from a layered precursor and visible-
light-induced photocatalytic activity. Chemical
Engineering Journal 2013; 221: 222-229.
Sreethawong T, Ngamsinlapasathian S,
Yoshikawa S. Photochemically deposited
nano-Ag/sol-gel TiO—In,Oz mixed oxide
mesoporous-assembled  nanocrystals  for
photocatalytic dye degradation. J Colloid
Interface Sci 2014; 421: 191-198.

Vaiano V, Sacco O, Pisano D, Sannino D,
Ciambelli P. From the design to the
development of a continuous fixed bed
photoreactor for photocatalytic degradation
of organic pollutants in wastewater. Chemical
Engineering Science 2015; 137: 152-160.
Yang T-H, Harn Y-W, Huang L-D, Pan M-Y,
Yen W-C, Chen M-C, et al. Fully integrated
Ag nanoparticles/ZnO nanorods/graphene
heterostructured photocatalysts for efficient
conversion of solar to chemical energy.
Journal of Catalysis 2015; 329: 167-176.
Pham T-D, Lee B-K, Lee C-H. The advanced
removal of benzene from aerosols by
photocatalytic oxidation and adsorption of
Cu-TiO./PU under visible light irradiation.
Applied Catalysis B: Environmental 2016;
182: 172-183.

Cho YS, Huh YD. Controlled-synthesis and
photocatalytic properties of h-In203 and c-

11990 313)3 « 1V s)lasd (@il § Cunyy 8)9s

ohsjle (Al ok oslEibily alas VYA


https://jmums.mazums.ac.ir/article-1-7721-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-23 ]

ul)\Sam g gleils Hianan

In203. Bull Korean Chem Soc 2010; 31(6):
1769-1772.

26. Chakraborty A, Kebede M. Efficient

Decomposition of Organic Pollutants Over
In203/Ti02 Nanocomposite Photocatalyst
Under Visible Light Irradiation. J Clust Sci
2012; 23(2): 247-257.

27. Cho SY, KimSJ, Kim TY, Moon H, Kim

SJ. Adsorption characteristics of 2, 4-
dichlorophenoxyacetic acid and 2, 4-
dinitrophenol in a fixed bed adsorber. Korean
J Chem Eng 2003; 20(2): 365-374.

28. Rodriguez-Gonzalez V, Moreno-Rodriguez

A, May M, Tzompantzi F, Gémez R. Slurry
photodegradation of 2, 4-dichlorophenoxyacetic
acid: a comparative study of impregnated and
sol-gel In 2 O 3-TiO 2 mixed oxide catalysts.
Journal of Photochemistry and Photobiology
A: Chemistry 2008; 193(2-3): 266-270.

29. Rodriguez-Gonzalez V, Paraguay-Delgado F,

Garcia-Montelongo X, Torres-Martinez L,
Gbmez R. Effect of the In203 content on the
photodegradation of the alizarin dye using
TiO2-In203 nanostructured semiconductors.
Journal of Ceramic Processing Research
2008; 9(6): 606-610.

30. Wu C-H, Kuo C-Y, Lai C-H, Chung W-Y.

Surface characteristics and photocatalytic
properties of TiO2-In203 composite powders
by using the sol-gel method: effects of
preparation conditions. Reac Kinet Mech Cat
2014; 112(2): 543-557.

31. Talebian N, Nilforoushan MR, Ghasem RR.

Enhanced photocatalytic activities of ZnO
thin films: a comparative study of hybrid
semiconductor nanomaterials. J Sol-Gel Sci
Technol 2012; 64(1): 36-46.

32. Gu X, LuS, Qiu Z, Sui Q, Banks CJ, Imai T,

et al. Photodegradation performance of 1,1,1-

trichloroethane in aqueous solution: In the

33.

34.

35.

36.

37.

38.

39.

40.

presence and absence of persulfate. Chemical
Engineering Journal 2013; 215-216: 29-35.
Zazouli MA, Veisi F, Veisi A. Modeling
Bisphenol A Removal from Aqueous
Solution by Activated Carbon and Eggshell. J
Mazandaran Univ Med Sci 2013; 22(2): 129-
138.

Rezaei Kalantari R, Dadban Shahamat Y,
Farzadkia M, Esrafili A. Investigation of
photocatalytic degradation of Diazinon in
synthetic wastewater using nano-TiO./UV. J
Guilan Univ Med Sci 2013; 22(Suplement
1): 32-41.

Safari H, Ahmadpour A, Mousavi M, Rashidi
H. Compare of TiO2/ZnO nanoparticles in to
photocatalytic removal of terephthalic acid
from aqueous solution. 14th Iranian National
Congress of Chemical Engineering; Sharif
University of Technology, 2013. p: 1-5.
Bekboélet M, Yenigin O, Yiicel 1. Sorption
studies of 2, 4-D on selected soils. Water, Air,
and Soil Pollution 1999; 111(1-4): 75-88.
Kosmulski M. Pristine points of zero charge
of gallium and indium oxides. J Colloid
Interf Sci 2001; 238(1): 225-227.

Deshpande AS, Shchukin DG, Ustinovich E,
Antonietti M, Caruso RA. Titania and mixed
titania/aluminum, gallium, or indium oxide
spheres:  sol-gel/template  synthesis and
photocatalytic properties. Adv Funct Mater
2005; 15(2): 239-245.

Salavati H, Saedi H. Photocatalytic
Oxidation of Aromatic Pollutants and
Electrochemical Behavior in Water Over
Nanopolyphosphotungstate  Supported on
In203. Int J Electrochem Sci 2014; 10(22):
4208-4222.

Singh H, Muneer M. Photodegradation of a
herbicide derivative, 2, 4-dichlorophenoxy

acetic acid in aqueous suspensions of

199 1990 sla)d « 1PV o)lauds (@dind § Cuny )9y

ohsjls (S eolc oGSl alas


https://jmums.mazums.ac.ir/article-1-7721-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-23 ]

titanium dioxide. Research on chemical
intermediates 2004; 30(3): 317-329.

41. Samarghandi MR, Siboni M, Maleki A,
Jafari SJ, Nazemi F. Kinetic Determination

and Efficiency of Titanium Dioxide

Photocatalytic Process in Removal of
Reactive Black 5 (RB5) Dye and Cyanide
from Aquatic Solution. J Mazandaran Univ
Med Sci 2011; 21(81): 44-52.

11990 313)3 « 1V s)lasd (@il § Cunay 8)9s

ohsjle Al ol oGRSl alas Ve


https://jmums.mazums.ac.ir/article-1-7721-en.html
http://www.tcpdf.org

