[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

B9 oode gaollad (Cons ) o 9 Cuodlw alxo
RTLR VE T RUAVI RVERUN e |

VPP 5P Slrio AT s o5 o,led o 050

Available online: http://ijhe.tums.ac.ir \\/ -
u...’:'.h 9 }3: Jlas \ / jg

B 5
o o«
Of Environ™

S 535 315 Juko 3 sl Sl S 333 3,15 50 F oY (slo S cile Bl
310 yoody  cmadolito 3le i 51 solasw! b 4_5-’T S bozo 31 duw! Seow!

" ealyhen! pplen (g plu ol Fg ke pledl (985 Coal el 21> Lo yile

Ol ol oMl Sl elRisls «liiizd g pole axly iy Lo 5 (reb glie 008l iy Lagzes pole 09,5 )
Sl el eaodlasl olT oK.l gty paaly5 9l o ands 05,5 Y

Ol el e sodal o1 oRils «liass § pole axly g daors 5 (srpds olie 00Siils (s j aome gt 05,5 -V

()‘)—.‘.‘ ‘Q|).QJ ‘LSA)L.J olj olKiils (&3S o Q‘).e{.: ..\:>|5 b r:jl.c saSiisls A 3 ceud 05; -¥

b il fo ol N b
0 0 )9_.|44A4_>Lg))5LM5)\) Gg‘L:..o.'_.w .)9_53@_.»)| 05JJ| )5) ooLn.\_.J du\—ﬁsm} ‘\/\/\T/\V Uél.l)é @)L’
oz 5l Laoan ¥l glsilar Of e (Fogll s omie sl Lo 5l yidn sy9 A8/+YIT) oy &b
P @ 9z 10 yaly oabliie C3la gl S imghy (ol o sl oud LaiS dide A3/F/TO iy &b
S S533 5,15 (3 oV sl 25 il Bi> gl 5 5w PV/S-g-3D-GO/N  A3/-¥/T) el )b

ol 00 4.2_9; )lSA) (MCPA) M‘ g_i._:_u.:| ‘f».f}.d 5)15 J.A.uc 9 (2,4'D) J._M:‘
FTIR ‘5Lm5w5.n )‘ 00—l i uol_‘>5.vla )L».’>l_~a R > ey wS)
olbey oo PH laulib 451 5 ool wl TGA 3 VSM XRD TEM FESEM
e ad dslllas o 1S Cale d gy Cdo o adgl alale s LAl lafe (wlad
B S5 i (Seslisgeyi s oo sl (S Sl (blie QILasl igua—dS (BTlg
oS e gl Y min §2,4-D 55 Gale gl VAL MIN Golad o) oy Sde i S g el Sl Ss6 5,15 e
S5 w._fu_l.cﬁo)_mdl)_»&' °C L’)"‘)" Lodja g/L L’)_J).: il 390 MCPA Loo 4 wL‘o
ile 3,500 5 0/FY ME/G 45 2,4-D 550 ,5(q, ) iz bbb o ar3Slo cadllas '
dile Bi> (gl 00 jiw W3la gl pizmen 0w, 0 FAY ME/g o MCPA s
ools 5z 5,50 1S cile 0 o (gl Cl 53 (LS 0s asd F IS4 (amoye (] g 0 M 5 (S XN Conny
Joe p edate Cim 0l s St 99,5 S p90S3Y o jloael Cwoas p,593)  Ltaghavi@srbiau.ac.ir
Dgr pgd Az 0 Al
Bl (sl Wl oo 0 s Il gl 4 cl T (s gy gl 1 S A
a0l Ol alie izmen 5 (65,585 it slacl o)l (S92 sla S e
Sgi 48,5 ISas aalllas 0,90 slacans V]

Please cite this article as: Hajighasemkhan A, Taghavi L, Moniri E, Hassani AH, Ahmad Panahi H. Removal of 2,4-dichlorophenoxyacetic acid and
4-chloro-2-methyl phenoxyacetic acid herbicides from aquatic environments by a novel polymer magnetic nanoparticles. Iranian Journal of Health and
Environment. 2020,13(1):149-66.



https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

by o2 B mhw Jds a4y Fe,0, ol 3556 39
gt 3 sl cmmpblite ol o8 sliopd colled
ol oadls JSs (g asyla 1y ol (oS wsslwlos
[ e u_ul.s (_gLQpH B Sl u_io.a 9 09g¢— )‘..\_>l)l.:
slie g &Y S 5l ooliasl ag ) 5l gy ST
ol 6l ol (6350 LT Gl 5l 6 S sl ol
G A (emmblie Q3 6il G i B (pl Bas
PV/S-g-3D-GO/N Al as Los 4y ol o,y
(Poly Vinylcaproluctam/Styrene grafted 3
Dimensional Graphene Oxide Nano magnetic
sl | w558 gla 1S cale L ol particle)
Seeliodgey g Sl 059l ol (Ol b
el dnlllas ol Blaal S0 5l 23y sladiged 5l ;5530

Lo o9, g Slge
gl oS 5,5 SIMCPA. (15 Gale 5 (315 0S|
(FeCL.4H,0) aT oz 5,3 55,15 Jolss slgs , S5 5
SLisel Jsdoa (FeClL.OH,0) 4yl # S 55,15
(st S 9,008 (a9 lS (ol ¢ o3l a0 YO
Sl o Sl sl il o i j0g 55 ra o
s3] VoV epnbiol psiSYs S iy o o
oS pgreml S yand sl (AIBN) (L 1555 5095
S e 85,551 2,4-D (55 ile 5 SIS 00 ol

R N |
odd Jw D3lagl lale slooy S a i I
B ol el S S i eslw) FT-IR ofs
5 ahdssl ojlasl Lawsess «(Spectrum Two Jas

IR

e oS 938 915 g5 £oY sl S dile i

do o
45 D9 o0 03 (et g Sl Saldl g Ol e
ool (gl 0590l oy a0 Ll 4/ 4 Y0 Jlu s
S A 65 0 9 09Ny Sz (nl LS 3550 s
Span sloanl )5l o 9 355 (55,385 sLars)
258 sladile 508 6l p 48 (coge ) (S0 09 o0
S50 )l osliil 89 aSlye 9 (65,98 slacms)
dide il o5y 5 () (S5 glais Gile
2,4-D) sl Szl (5538 5,15 60 TV sl S
siwd MCPA) sl Sl (aS5i8 5,15 | ie g
2 oS sladile S8 Gl SLaS 5 oml )
Sl @ oS se il DAL )3 gl e e
(V) 05i oo ool ul ez g o0 lalS 5 LaolST >
Slasls OF jo ol el (wSgid sla a5 Gale
5 b ol mlie 4 g o0l osiul Clspw 4 9,0
Gblie 5l gk ;o a5 (s ysbar (V) il oo o) (e) 2
Mo s o5 B slo O o o | LT s o0
(Pl ) Coom 9 05 % w328 Jdo an (F) 350
095° 99 i (§9; 29— SISl ((Hbge 9 (Sl S
loby, (7 ) Ll (GlS 5 (595 Comms 0 5,
ous slgitiy O 5l pgas cnl Bi (sl 55T o5l
el @3 slahy, cilizes slats; G 5o (V) ol
& o o e 2 lyion gy ol sLalie 51 o
laanld plo an Cos ald (o9 ), 500 slss
@bl g S i)l0 0t (SOl ((lyg 9 s
Sl Crbll (Ll Cools (i (YL cd b L
O 00 () 8,5 o)Ll sais Gl sai ¥l edl sl 5 L3l
oy ) mhw s azg b Lacile gl dLacdl>
Lmoar¥T g il |, ugs o, Slas 4 il o 9l 45
rbliie Sl3g b adaly ol o A Gis |, o
L olsisn [y Ll Ly als oyl 0lp3530 500 5
b3l g iz Glal @ (bliie lase S 5l esla

}gf 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

Ol)5ed g (browld ol Lo yle

g ol JSiie S e 5L8 5l 0og o)le 2,4-D iS
ez 10 ML/MIN 96 b golns Cos @ s yisgi
O sled 5 (S o, Oppo an Ve Pl oot oy
W'M)SIA T Jj_la 9 UV oola_ul S )9 )3_'253\) AR OC
565l aseg o le MCPA 2S cale ol o bl oy
L sglme S ay by il 5 O 5l IS e 5 5 i
O yg0 A e |.lL 00l B, pez o) mL/min Sedd
o3la sl 8 y50 ,5uS50 '+ °C g slad ( wd G,
Syge iS e 98 ;o Lansis o> N /A min b
) el \nG/L oo S8 Ll i ys aalllas

o ddy 6Lmoolo od> 'a)_:”ﬂ GLQJ‘-\"’ ) 6‘)—.’
—C_.Jo) 9 Q_S.u ‘C—‘J‘-‘-’BP g)_‘y,i.}( 6[—@J«.\A l_> o~.\_‘o—|
Ja_ulj) l_> UJ_?- g_i.u...._u 9 Al ool d_..».'aa Gy,
O D9 g pgd A0 A (ol Ao 4 sl Jow
)18 aslllae 5,5 » (Intraparticle Diffusion) _JsSLe
b oo jw wdlagil 5l solaiwl b olisle;l als .cé,5
sleJaloo jo aslllas 0,50 sla iS5 cale colale (ML)
03 UJ_?- P go—w clale U_""’U 6‘)_1 od_al.o.dl.a 9 4_..[5‘
Lo gie g oo plal )L ¥ asdlae ool jo sligle;] plas
00 (6 =S o3lassl Jlaie ylgie dm sual sy ,olis
)L.\AA 9 (\ A_IQLLO) (o RS uLm.\.") el 00l w)‘)j
ol S A (¥ doleo) uél_‘> ln)ff'b s‘)‘ A 00 u\.\> (o
sloads c\.._..ul.‘xa ) SYolse )l oolai_l l_v

C.—Ce
RE_[C—.]X\H (\)
(C.-Ce)V
= &t ™)

@ gﬂ/
yéfg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

ZEISS cs,5 csle SIGMA VP- 500 Joos

Oxford Instrument <5, & colo ;535 L oLl
XRD ol 3 Jls S sl janseis o bS]
Pananalytical <5, s cslo Xpert-PRO Jox)
VSMol&ws 5l cmmbline oly 5 anse s o budSl
(Olm! msS G=ds oS b el LBKFB Jaw)
Joo) TGA olKiws 5l 5l o9 3=dbl e is
Rheometric scientifices , s <sLL.STA1500
oSis 5 La i cale colald (sl (WSgms 5iS
SeS <L DR5000 Joo) UV/VIS jiogidg nS !
oK 5l 3, S5iles S (g5llaz 5 (LT 525 Hach
o3 ojlash) C18 g LKNAUER Jos) HPLC
(flFrmm Ll , 18 o YO MM i Job O Um
i eolawl (55 el el

i oSl gy Jyb e 5 30 Jsb (955 55l
Lasllhae 5)50 slo i cale jlaie (sl (ppioron 5
28,5 &ygo UVEVIS fagiy oSl oS 5 ool
(M) 232 30 b pmer 3SLo oal oty mlis 3o
&1pYYA nm §2,4-D a5 dile ol YAYNM L
2 Sge Jelse adS s 0 e MCPA (25 G le
X) obad Gy A o Y F 0 F X ) pH Lels Cis
(FFemin g Yoo FFe A AV £ X N0 N0
10 1Y 1) o3l 550 o0+ °C 5 FO F XD ) Lao
Fodle Ve e ) e loiie g (VE/Lg# 0 F Y 0
Sl S an ¥ 8,5 18 aallas 0,90 (9 mE/L
=gl 5l eaal cwoas ag pH o clasle;l oled oS
o plowl ads e

(2 ly bl )& o 0 i D3l 0, Shes (b3 6l
Ol )Ly j adlaie jload agd (65,988 LS |
A oS ailaie Sl o0 4ty Bopes ol T 5 (DS
3JUT 8 )50 HPLC ol b laaiges .o oolaiuwl o)) g5

Gile 68 o3losl el olSius oSl Lyl 23,5 ), 8


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

Sl & U oy pH 8L Jydome 8emL 4 +(8M ppoes
Sos9y 2 YFh o an Fe °C glao o byl gadlsl
Gy Gilwlaz 5l s 0l ool bYW wblise e
eV 5 s ol ) 8eJssbl 0 mLGT 4 (ol
slos 1o bglie g 4Ll AIBN /) g g oy pliwl V- mL
Sd S, A T o g s Hawd] o £0-20 °C
PV/S-g- 50050 lps ©3ls aS sasl s g,
L5 0 e 9 JobI L L Y 0,5 0 S 3D-GO/N

() o Seis gl ;o Ve OC e jo g gt Ol

basil

o jiiw WOl gl LSl (a9 (2Ll -

ARV JSs 5o S3la gl (0 352 g (ale slaeg S
a3l b slasS o) USS cenl eah ek
b Gizmes il ead s Qilagl WS
Jols il g ¥ IS8 5o (0l ] aged i prblise
il 00t 03,51 TSI 1o o] > oy Ul )
P Sn b ool 3 3l gl poat ;S T S0
el (g (59 S]]

3000
2500

2000

1500

Intensity (a.u)

0 10 20 30 40 50 60 70 80
2 Theta(degree)

e S5 515 g3 £oY (Sl S dile i

p> 4, (M) «di> Lanil, R (Y0) o¥olas ol 5o
Cy(MEYL) Sl sl 3 0 i S il
C, iz ol 5l 8 Jolowe jo 5 il gl e lale
Sl oloj 0 5 a3l ey 15 cide e lile (mg/L)
W(8) s Jstore x> V(L) cJsdons yo Jolws o>
] D3> o>

PV/S-g-3D-GO/N il gl jiumw -

iy o—2 b9, a— Fe,0, olds b a2l o
sebaie au g (V+) os ays (Co-Precipitation)
2 oSde Sldsil ol ghew 50,5 gan A
LowlesT G815 Jode S0 an Soigl il plos Sy
13 i i ol g Lo 5 4 sl Y mg/L il
Sl Ggany ot ools &yl F h was a4 °C oo
S0 gl ) T o0 L L yial 5 ) eoliul L oass
aS ool oyl as o Sias -V OC glas jo ol05 8
<! FrmL s salgs 00l 3D-GO/N o 4 o) 5
SeyeRs)5 med N €9 Y Msg s e ML 000 5, 18
de Oy Sy Sl aliise S o by le g a8l
L cas pmaiz Jeols oy ad o0y an YE D s

Fe-0—» |,

PV/S-g-3D-GO/N - b . 3D-GO/N - a) Sl axisl iy (o S5 g PV/S-g-3D-GO/N) FTIR b (- st

\OY

gg 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

Ol)Ked g ol b Loyl

=
C} ]
: :
<
< 8
™ 2
: 3
= -20000 = 220000
2 g
-
B 5
= -
= b
-
-80
. af e . e e . .
PV/S-g-3D-GO/N (2 3D-GO/N (il sl | diges gis subliko i —Y S
5 Ve 10000°% Souvie HR% e ke 1000%
SgulVake B2%
Sample: 7748 (Name: 1 ) ,10562mg Sgulake §355%
S Ve 359%
SoValoe 5159%
Syl Vake 47.68%
LB LU e T T
2 m = w ] © ° w 1w n = o = « - K % <
Syalvate 060
S Vake 971603 1°C N Sy 0108
T T T T T T T T T T T T L L o e R
2 " 15 n = E » L © 0 ° w 1w n = w = “© - o0 " <

PV/S-g-3D-GO/N (& 3D-GO/N (Gl 5yl y> 395 3T cio —¥ JSCis

200 nm EHT = 10.00 kY Signal A= SE2 Date:21 May 201! ZEISS
— WD= 68mm Mag= 50.00 KX

PV/S-g-3D-GO/N o> 51 FE-SEM 5 guai —F S

® ﬂﬁ%
;//%9 J 1199 lgr /Ul 0lats /b s 093

Ol Bamo Caisl sgy ole ozl ing fy ole aolilias \OY
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

-avomg/L b pl, 1, MCPA clale 4 #/Y mg/L L
cbale as bl ol olis 65,9las oMol asges o
S Ges oz Ol aigal )0 55 ke gla i il
sle iS e 05 oKiws (V NE/L) Lo is o> 5l
o e chale as os Aol T 4 sgmu 4 ool SO
Yymg/L L ol i sladiges jo Lo aS cale
5l ooel Cowoas Ay byl 0 Laaiges plad o4
ool wlod oo jiiw wdlsgl L i wliole;l
sobod 50 15T de pw cdale (Bl a ] 3 5l ey g 0l
o5 (O NG/L) o e id o 5l S Ladiges
BUE APPSR B U GOV I TP RN IO i -
cle (Bws s i d> a az g L) JolS Bas o
035 3890 (Bl sladises sl aslllas 5)50 sla 25

de o -

prsnl lize sladus 5l oad arle sla il
Jgaz 0 a5 g bilen .ccwl oo 00,51V Jgaz ,o L
le g0 ;2 gl iz a8 0l e cdalin S de
G pgd a0 4 Jow i MCPA 4 2,4-D s
S

o pygnl-
ale Qi asllas o odsl cwoay glaosls Gy
PV/S- Lils b gy MCPA 4 2,4-D sla iS5
Sl alais b 5SS gla Jas Ly g-3D-GO/N
bayull o5 18 )2 )9 e mEds)
00)3] Y Jﬁ"\) )\) ‘uz_L.:u ‘_gl_bﬁ)ajj." 0l d.._wl.?bo
sdal Gty py3anl slasls an a>g L .ol oo
Gt e sla e L Lyl G 5 Jyir (o 53
sosls L I, MCPA:R?*=-/a3A) 2,4-D:R?*=-/340)

Cewlyls s ol

VoF

e oS 938 915 g5 £oY sl S dile i

B byl pb 53w dinge SLialoj] -
ooly ylii V loges cadl jisu j0 45 o bilea pH dU
SFAse s T Ll PH o der anld coulons
Cwddy Ba> lendly Jude s a gl 90,5 0Oy
odel Cwsts PH .ol ¥ ago PH caallas 0] )0 o0l
G J>lye 1500 p0 4 PH (s 4y ad> o (0] o
ot el

Sl o Sl ) logas o it iodler j90 il
B> leail, PV/S-g-3D-GO/N ;40 Lisl38l L oS
ALl el gy B a s gl iolidl 5
o g/L 1, PV/S-g-3D-GO/N 40 a5 o8l
sl

Gty (V ogad 7 i) gl i wlaed loy b
Gile Giia clad log LTl Ly as ols s sl
PV/S-g-3D-GO/N Ly (wyp S50 sla s
olog 0 2,4-D S Gile gl e ol anl o il
ol ey ;o MCPA 1S dile (6l g YA miIn ulas
30 yiden Gl L iacw ) oo 095 ,iSTasan Yo - min
sytigms ol iz 43 iz, s ol
alaimMo V loged o jidu 0 aS g lhilen ilod iU
5 odlr (LS B0 °C LA i Les iylil U 05t oo
do, o Ve YO 5l oo sl o S cale Bim azes o
Sbee il

oole aJgl e lale il S dde adgl cdale 50U
2 Fse s e Lol 5l (S iz alE s ea Y]
0diiS ymnss Jole adly 1o g el i laie g e
oot ) sl Jolmo § 3o 5L 53y 00l i
Sl 00l 0ol s 0 ) Jogaio s 0 4S o b
i lenily «Jdome o Lo iS cile e bale i l38l L

Sbee nlS

g byl o 43 ous ol L3l gl & L5 -
Sl 1, 2,4-D 28 Gale coble ous bl oLyl

% 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

OlyKe2 5 ol ol Lo e

70

7 50
60 4
40
2 0 X 30
T 40 - ©
3 3
£ 30 A £ 20
& 2 —4—2,4-D —@m—MCPA
20 1 —¢—2,4-D 10
10 1 —m—mcpa
0 T T T O L T T T T T
0 ) 4 6 12 3 4 6 7
Adsorbent Dose (mg/L) pH Ll
<
80 -
70 -
60 -
X 50 A
E
5 40 A
o 30
o
20 { —+—2,4-D
10 { —m—MCPA 0
0 ! ! ' T T ! 0 100 200 300 400
25 30 35 40 45 50 55 . .
A Time (min)
Temperature (°C) S .
120 -+
100 -+
80 4
X
E
o 60 -
£ —
[J]
[a's
40
—4—2,4-D
20 A
—— MCPA
0 T T T T T T 1
0 10 20 30 40 50 60 70
(mg/L) s cale clale N

Bl Lol 55 axlllan )50 G A Chle ausl Cdilé 5 Los o wlod olo) cdls 350 PH b yiol )l jiG —) o0

oS e adgl cdalé Jib(o oo Jil (0 wbed loj il (Z «odl> 390 wib (o PH 36 (I

® ﬂﬁ%
__//%Q J 11999 Jlgs /Jgl 0 leus /o3 jam 0393

Ol umo il gy pole ozl Liiag Ju ole oolilad ATAIA
ijhe.tums.ac.ir



https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

e oS 938 915 g5 £oY sl S dile i

oo 3ol o3l gl Lansgs MCPA 5 2,4-D oicr (Sokipas 0 yiolyly ) Jgoir

Slado
ol S Joo
MCPA Y.f-D
-IFYA FIVEY qe (mg/g)
ooV </[+Y¥ ki (minfl) Jol 4z 0 als
LY - 108 R?
\1AR \TAB qe (mg/g)
<[+YA ofeef k> (g/mg.min) P9d 4>, Al
+/344 JALY R?
SN <I¥ ki (min"?)
YIYYE AR C (mg/g) 6l 05 o 39k
- [AAY - [AAA R?

oud ZMol Q3L 9l gt MCPA 92,4-D iz o9l b yialyly =Y Jou

ylado )
MCPA Y.f-D SFAS P9l Jo

TAY biFy qmax (Mg/g)

M 1PV ki (L/mg) )

-0 Y RL 295
+/A49A </240 R2
WYY YIVA K¢ [(mg/g)(L/mg)1/n]

Y/ SIVY n ligys
Jh\is AJAYQ R?
a/Fy \YW-/EA A (L/g)

-IV¥ TN B "
Y#YA FAYY b (J/mol) DeSes
+/a4¥ <IAON R2
FIAY V/AQ A
\IYYE < JEDY B
V¥ Ay G 0P =g,
AR -1334 R2

ggﬁ yﬂy
1799 Jlgs /Jg! 0 losis /> jaww 095 ;//.

\OF Ol buzo bl gy pole ozl g fu ole eolilad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

Ol)5ed g (browld ol Lo yle

ouds 2ol 3l gl Lauwgi MCPA §2,4-D sla s’ el wder (Salindgo i sl pol)ly — ¥ Jouir

AS(j/mol.K) AH(kj/mol)  AG(Kkj/mol) Kl T(K) oS ale
V/YfEa \YIYYAY -VO/fYY Yor/evY VYN0
A AR OYY/H- ) ARAVATA Y.f-D
=\VIY#A IAVIARIA YYYO
\$ JADAY Yo/ 0.9 APVAY YYFIO0F AR VAT
-\O/YYY YYY/AOY YAV O MCPA
S\S/AY- OYH/NYAQ YYYNO

b 536 ST O ladis S 55, a5l
U5 o Cood (V8 O F) cils algss i bliie &3
a8 oo ol 1, Fe,0, bliagl old oy ls )
Ol 3l ;S oI by A Lol (o alio
5 <l PV/S-g-3D-GO/N 4 3D-GO/N ools 55 ;o
A (S5, oo ploul SlaMol as el 1 51 S
ol 03,55 8bmgl 1 s 5 1, (6 i gt onnbliis
oK 3l ool b oo 5w L3l gl g bliie oly>
Vibrating Sample) __ils,l asges guw pbline
aS jghilen i e i (Magnetometer (VSM)
5 3D-GO/N b p, 5 058 o ovalin ¥ JS& 0
el S i olfws (ol ;0 PV/S-g-3D-GO/N
L ly 3D-GON (Loblise glosl) wlorey dil>
PV/S-g-3D- wilers dil> 51 s aS 004 V-emu/g
Dby Jds 4 eals olecul (YYemu/g) GO/N
2ol 3D-GO/N (55, y bl 5 p525Yg 15 g
Lli> Sy wiilos g 055 00iiS iz Jele lgme 4y as

aeas e Sl s e blse oly >
L PV/S-g-3D-GO/N 4§ 3D-GO/N 5, ,> L,
Thermo gravimetric) 5> ;6 JUT b,
3 adlas 550 £+ -°C L ;a0 5l (Analysis (TGA)

® ﬂﬂ/
.'/,21)?99 J} 1199 Jlgr /Ul 6ot /[0 juww )93

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

VOV

i Saolaoge i -

ol 3 i alb Saaliyoga s Slalllnn 5| ol ol
Jouz a5 ass¥ len vl oa s 0 ¥ Jouz )0 Guiod
AH 5 AS Soaliysgn s slo il aos so 5Lt 55 ie
IRCCEIW-SF /L € PRI Y

- .
oul yidaw L3l Ll -

e FTIR Gl a s a5 ) ISCo )l cwnd (o
Joe d ey Lwoad piw O3l ale glaog S
AY ) sl oo ools s dbogyye ol 5ol
L asles oo 00l ;58 (glwog,S T-T0 slowisn (VY
DIz s g 0303 Jslad aalllas 8590 sLa 1S ale
D9t D3 (59) 2 aslllas 3)50 sl 1S ade (o
a3 plad sgdsse sanliie ¥ S5 0 45 15 biles
S 9 o=l g ed9m JFEe 5 (59,5 0w D3l gl
s Sly3el S e sy s i Ay SaS gl
ol A MG F e LT 3yl g 00sm 4l IS
X-Rey) (ool assl 3,85 oliws ;0 Fe,0, slasly
(FVY) (YY) Ol=bs yo g aiw (Diffraction
sl 5 (10 O F) Wi oo 0ams (FF+) 5 OV)) (- )


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

D3l gl )3 iodx 3 S (ole slaeg Sy in
Soged o S o aS jeblen (Ve VF) 0ol oo il
gL 5l i 4 D3l cdale ol L og i o odalie )
s 45 gz |y o e 5 aile o ol iz Lol
ol Cud 03T 5 il (slaJgSge (o 0555 5 SEalS
G G, Gl o i o) en s Wang s alllas ;o
595 55 =l sl 53 (gblide G315 ST lags
51zanloo (Y1) umo 5 canlie 81,5 oS+ /F g/L
@y ol 51 g azs L o shiie 50 wilrail S 5 o Sen
50,5 00l 2,4-D A8 Gile 5y plojan i
0 S il e i3l 48wl pled 5 oLl
05,5 Lz )0 Cdgame uw dSlg e a4 (e
D3l gil S 5las Wl 5 oS  Saeidi (o)
i gl Y0 @/L ikt glacbile Uy _aibliie
GIL L 1) iz aige 590 95,5 (oo ol (530
g odl> Jlade ioli8las s als fledl g ais,gl cowoas )
e S gl (JUd iz slag e (99 s 2
(YV) 09500 232 Al comw 93k slaosde )
ol azmiliz Q3la a0 40 Bpae Gl ;s B, L )
Ry e R R S UCBRRRTS e
Slacdb ansls olyen & 5 ]) (Harome Sy (e ]
Joges o s 50 ool ot i A a g L g g, 0l
BT olSim Ay i oyl A5 A (6, A o)
LD gL 1, PV/S-g-3D-GO/N 355 &5 szl s
sl s dle Qdz i pled pley Gl L giod o0l o
gy 1l PV/S-g3D-GON bvsgs ) 1 )50
S @ i) S8l il S S s L e
s Esrafily Lwg oo sloul wladsss L asl ol ()
G OlsSse ) o ede 5 (1) o )ls ol 53 o) Son
Sl JsShe il i St 5 45 9505 4z s
DAz ey 9 03,5 9,55 p il ghw b 25 e de
9 JHE 0 wda Joe o Wi di o0 i Lo
oS Ll 5l 59,5 o0 050 3l s g5l £ 8

YOA

e oS 938 915 g5 £oY sl S dile i

Sl oo ool Las ¥ JSCh jo a5 4SS len B8
N0-°C joly 065 59 9oy o3l s 3D-GO/N
Cwd 5l 1 59y oo Cd xhaw Of L3 Jdo 4
N0 PC LA dg05 10 059 adlS (S jobay aas o
u‘).)?_ul_: C}.Ia_.» &9y = 0 uJ_'> u—‘)_am 4_>L....u)\>
oot °CLs =59 oS S5l e (V8 il
R R S L e e
A by e o jo ol LS 318 s e Jdo 4
seals 5 (7 s ye o i) PV/S-g-3D-GO/N
ol Ol pses Jdsanao s ) ) neS lie 4 s
Y. ‘OC L_sl_m)t;oél.a 09 | u‘)OC‘LL““’L.Sﬁ))—"’M
sleasls o easS Jdo an ol 51 e g 009 el
o an ¥00C 0 55 pals il oo alS ey
w0 S350 daze L cwl ST 818 g
olid a8 ams o ylis s plosl 5> 565 U]
plosil cibge L 3D-GO/N (55, 1 (5 ,0ely sloasLs
OC L_sl_m) s A_>|9.v‘59 0 ).o.._..u uél_‘>9.vl.a 9 Sl 00

Ded aid,§ a, e ddge LY.

@8 p yge Jolge (owyy -
Podzanldas gl S s call ise
S S 50 ygme S5 g0 seb 4 ¥ L il ol pH
sl S S dide g0 50 45 cal ol o] cde
4 5553 sla S cale L8 slapH o a0 ls sal
S oo Iy GialS i g ools IS ks (sl o2
Cillae 0 iz , 50 Slo,as L svalin ol (YY)
4,7 L ol pH dime 51 S as ST.OA ) o)l
2 =S e 1S dle Gz sl apge ll S Glse
55 L olssioe |y o] cde a5 (V8 OV LY) sl 5, L
el baasgi s i il (gloppanilSe 5 3l
Gial331 L aS 0 sanliie 5aiod ) 40 il b je
b oo iyl Bas leasly B gL e L5 G3Ls 590

}gf 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

Ol)5ed g (browld ol Lo yle

Cedybo g 0355 prlaas (59 2 0oV (Bl 4y ol 4
2 R So il o JlS a9, gy Q3
by oS dide iz 24D aS Gide U bLs)|
aolse Gl VAL MmN Gl iy glaple o o3l
ot 1o 5 bl s ey Sl (Sen a1
o Ol 4o D3z gl jl izl Joe g O3La
oley yub oy 0 imslosl a8 Lssl 5ol YA+ min
P95 Oype baze gles 3 iz ald o el
309 WA Clae s 2,4-D 4l by ye iolosl o5
S9a> bame sles MCPA o by o ilosl a5
PS5l Sy ALl a5 a0 S5 4y 09 YYOC
e il = 5 il SIS (sl 3 45y

sl
cdo pleaily Las yiolidl aes oo lid V loged s i
Lo Lialjl 45 015 8525 555yl o co ial33l 1,
Ot 953552 9 00 b JoShe Sitms (651 i3l oo
Iz o iz slade g asllas 5 )50 sla 15 ale
s Liang (Y)) og-i oo i PV/S-g-3D-GO/N
Oloe an Bk 0,390 0 )5 a0 5 ) Se
i 5 1) s oy Bis L iS Edl Liis o wdls
Uil a s an Gyl g asges caslie Les il
bl iy )il o LaJssle (o Ssliyoge i oS >
S5 Syl ST 0gd oo 3 g8 g S 5 La S
09— iz oole Culd g el wilgs o Loo il
Hlaasglbogd Qi mhw ddle ojlasl js 2l
ko 5 35k g Bl ain 1 L il it
ozl @ ) Qi Sty ol pleS e casdllas (] 5o
e olsSer ) ez Ol Ginli8l 9 0,5 jsal Sl S
Cel Loo o8l (adl iacisls bgs o oaas Jdo
3555y Gl ol Jlss a5 LaJSle jigy s o5 >
G g 03— odigd iz 5 L3l slaoShe o S5e
Sl 59y = 9 slashe Cia Jloiol s 5

> Gl By s Hlbes Gl (ool oo AP

@ gﬂ/
yéfg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

AR

Sl oY g yiin loy L3l JSs a4 eole d585 (51
Caplo (Jlzyo 30 b oo o3l 6 eS Ce i L LA
B GQL.’.} Gudli" guu\_v- 4_.,.[5‘ J_'>‘J.a B ‘)_f....o dJ_Io
4l ol Lag e (2 pley €838 L (Hg 0,25 (o0
235290 e SlasSle [y addls Ly s Jds 4
u_nbl_‘> Gb_u B 00— A_:..\_‘> (o 6L¢>J5S.La 9 Jj_lm
Loy alie glaasl (YY) ool oo il i Jae
5 (Y0) o, ea g Naghizadeh «(Y¥) ,Kwa s Cengiz
5 ol 00 5,155 (Y8) o)l Ssa 4 SenthilKumar
2,4-D Gis ayge ooy @ o K g Jung aslas
Gl oo 48,5 15 0 4- min MIEX o5, by
by yiSlas o), Kan g Tang aslllas ;o 45 Jl> ;0 (YY)
Fe/OMCoilr 55, 1 09750 S 5,5 slos,S 4
g Gl slesanYT Bi> SIS vy p y0 il
0035 )5 (Selite ol 8 (emablise 5950
a1, £+ min ;le; o, Kea ¢ Ghanizadeh .c .l
Cojgels 93U lags Oyt Bd> ps aig olej plse
358, Cwdas palo ST - 815 oS bl
$9y = Sladlas jo o Kan ¢ Wang  coes (Y9)
ST al g o slalae 5| SO slacss, i
38403 b,yl3S Yo MIN 1) aigy ol wnboline o815
Ozl g Caz ol Slblwg e a5 asls olo g
Ol Jdo an g oo 1) @it wlallas jo Jolws oyl
Oz 5 il Siw yhg, w3l £o oYl Eo yo
(Y+) 0903 lgie @id, Sas ooVl slacdale jo gl
S5 oo ol oyl aile coli L y85 g j>UY s+ min 5l ey
il Ll maw (59, p Jled oS ol 5 Jdo 4


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

33,5 o0 iz plosdly palS o Lo iS5 ide 4y
bl Jdo 4y e oo 1y yol il cde () jlogai o yisv)
PV/ Gilr gl (55, 2 w0z o3ms slodons (om0
sl S cade sl JgSle bawg S-g-3D-GO/N
g Saber vy sosl Cowsds gl L ases ool (YF)
ol Gl Ly O slasan¥T Gis o oS an
cstoliion doled 10 1 00 i (YY) o)l ceiyllas 3
clasSle ol clacad ;5 (FA) wls,S 55 1,
oxgt @iz JoSbo (b Cdm 03l onis b i
S a5 ol ol YL (65,51 L (mla e 5 00
S (b oo il Qilafeais b Cis sla JsSle
S5 ol S 55, iz 5 0 el 5Vl (55,1
Ci2 o0 3 hals Aol )3 09t o0 £9-5 0wl
Yoo Jlo o e 3 Ghanizadeh (v4) wes - 7,
S5 stise gl Y+ F JLu o oS en s Dogan
s ¥VT a gl clale o5 a5 asols Ui, 58 LT asis S
5 s 2 1y i s 45 e (5,50 ol
5 3= ol K2 g Dehestaniathar (f\ f+) o es
139l lawgy Ol s Gds s 0 aS Rbod A
Oyl5S aiols ploxil dagilio L ool s gy <SG ,8 S|
ol edble ol U ol s Bds e 45 aS0ges
OOy ol s asgr L aals el LT ool oo Lials
i i dy e s cdale p a3l ke
Jbs slacl ol by ol oo 3ls w5, ]
Sleaily o Bl 5 4zl pals 15 el i g
S glacdals s aS Jlojs wobioe sl i
o 00 Sgamme 55251 ol Jlad Syl ooVl

(FY)

o S -
slo S e Gl oS aas oo yLits sdwl oty mols

Slagore 9929 4o (Siw (cmnblie 3> (55 2 555
4.._.» S“ 5 “4A¢5l.‘>uql_w‘).v5¢)b ‘—’bl} (55))"‘-4”_’3

15

e oS 938 915 g5 £oY sl S dile i

w)osuldwjé‘)QSQ@daJMjoJ_b
o..\_,.ﬁﬂ ools 6L&>J5S.Lc w)._wo ) kfo‘) 4 &_:‘)_0.> 9
cde gla JoSle 385 Cae s Azl j0 g oad S0
Dl gy JHE JBl g (o2l w59y 2 S
Sedls )bl s o0 (S Sk 4 (TV) anl oo Al
o=l Sl des il b 0ds gl ol aS
e sl JBlas oogaze (o Les s L L3l
(Lower Critical Solution Temperature JgI>=s
S sles o 5l S 58 .08 o ,—eas(LCST))
b 500, 345 Ldls o Slwlan ol sla JsSle ¢ Jodoe
PV/S- Gils g oS dade sla JsSdo (s alols oLl
J8las sl o a Les oS Sy (Hg 090 o0 059
2 5 J 51 o Lo JsSle o sbona (s s
eRsdes Sl So il g ead 0a S g 23l
3l 5 L5 pres o S el 9 0SS (o0 oy
oS SV nlS Jing 500 Bk 51T sl oo Al
U"‘)‘b ‘5)5}0 A K9y » FESIWENILY \)‘Ju‘ u‘j_..c a4
0391 Lod 0wl oole S il ouis oolaiwl delllas
(V) 0S oo o ol el SO s inl38l L g
)90 pye o (8 e JoliS 998 o0 s Joe ]
sl 4y PR 6me9~ 9 .»)_f slsul Wil 9 aslas
Sl sl Lo JyShe e 5 a8 IS 5538 e
(Y0) ool ials sl 5L5 o

Az led oo LS Al 358 JoVo g Slaslis asa g Ly
Cewled 4 ol 3> g e ay

clale ol as ois ovmlie (iogh ol jo wien

}gf 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

Ol)5ed g (browld ol Lo yle

dome bl 1) ¥ S0 g cB e Qdr 5 2l
Gla_w )O 09).9.0 T-TT (_ng.\Jj_\.) l_a MCPA 9 2,4—D
00— uol_‘> 67(']4_“ g_)..\_‘> 9 ..\.._...JL' 009_45 J_Al.u uol_~>
)I oolaz_wl u...l.ub ) LS‘)—"‘S)—'-’RL ua.‘>l_~u ML‘
$lpadllas ol 10050 o000 0 A 10 5aY adolee
Sl A.)}.U@o EREERET N Ql..i;j:\_foog_g LRI l_:)_").s
slapgnl Gl slaJow adly ;o (F7) (<R <)
Aa)im.\s.s 0d—S \.\.ul.v ‘u,u_bj).) U”‘ )\) ) é)g_a g.)..\_‘>
Olej gy — @) p gl Joe po Jlie (lye
Gedad 00 S A0l 09 dlne S an S0 g as
Slade aslas pl o 5 (FY) sl 155a5Y Jao L Laosls
Ve oY ool 92,4-D i dide ol - 138 U ol g
Sl iz oy K Gl Ly IS 5l o a9
)LA_CLA u_...m.lb J_vl.atsa w—")s‘ CS'M ud_‘> oolo L.S‘)—'
(FA XA crnl Gz ogs Jaud Bl oumo s el

@i Sl dge i -
$Los Gl 55 oo oaalina ¥ Jpaz 5o 45 psbocles
24D 15 Gile 5o o i e Sl Sl o lne
309 Sk, saies Lis el cpl g ol sos MCPA
Sl aslllan 550 1S ale 50 ;20,50 ;0 BA> Sy
GRIBIL Qi Al o e (B b L a0
S50 Ol s e ol sl I S s L
5 (00) iz wnlp (o9 S9Fudg> saas LA S
sohy i ol g as coul ol S AH ccis Jlocis
N PR R SCUE SN IRIC P PR
Sl (AS) (9,581 Ol yems cite ;o0lie (O)) 0ol oo
bl lauly o> o (Sl solilas s as el oyl

oo Oyle 4 5 OF) cwlacils ilidl Ods b s

@ gﬂ/
yéfg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

V7Y

Die Sl 48 CiS Bl oo il B ol 50 pod Az
Jolad> 50 20,5 (o0 &m0 ad> 10 93 50 Q3o o
Oloj g 035 FS a5 pgo ad>pe g wibles 5Ll @y S
4y L e (FV) 0o 5L sl s b 0 65
3g5 adalae Uy rioos oyl oo}l s sakss oy
Sl sl o st ol pael csay 5 sloyd
558 sl S Gl Qi anli ce b e S lyS e €
oole S9-45 Jawsgh cmnbolise (gan a3z gl 1
asly 358008 J S 23la SS90 dm odig b DA
O s b eSheS uSis aiile (6,500 slaasl b
sy 080S” J uST ailg o0 0igd Dz g 3L le
g soel Cowsd ol b ass ol (FF) ol
S5 slais cale b bLS )| o 55, 500 (bl
e )0 55 o), 5en 5 Njoku as's sboas ol 5okas
Sledl Y10 Jlo o Jlad S 55 o 2,4-D i
P9 Az )0 s Seilimw Jow jl iz a sl as ol
s Doczekalska Y- VA JLw ,0 (F0) cul 00,5 cns
2L MCPA 52,4-D sla 55 Gile w5 o Son
bl aalllae o g asiols 1,5 4 alllan 5,6 Jixb S 55,
03 gad L pgd Az )0 duls Joo jl i St 5

QYY) el

@i p ol -
o Jame Ly 5o (il 5o o355l glavosls gkas
aie) o=l y0 SN0 e Slides Lo 0eSY
2 ol § Pandiarajan a5 g, sba o ls  Slgseen
JLed oS hvg (wSsid gl oS Gle Qi B8
loazsly 3ol o T sladae 51 Uiy Cugy 5l Jol>
s Doczekalska (¥) oisl 50y Joo L glate |,
S el Gz pyignlan bas e glaadl 35 o,
24-D sla iS ale Caz ol o 1) 055 ingh
2505 Jos 1 srkate o Jlsd () lass MCPA
SRy 55 edmsl Sty sl el )l ;S0 (V) wdly


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

O s iz 553l (s 2 iy o0 1T M/ 4y
3l g 0090 4y S ik ol o Cds anlidas ol
Seeliaoge i Slalllae 5 anled o Cprd 5905V Jos
Snd L pSle S 5 995093 o slasS oad el
POl izren el ogy pgo az s A b S
MCPA 52,4-D (sl £S5 il G (6l oo
Voo B leaily) JolS cidge Ly 28l slaaises
Olo (9% 4 Sy o0 Lt g 0B a8 5 e (9o
@ 005 T Ol alie 51 55530 (slasan¥T Bi > 6l s o 5
soliiwl 525 Doz bl wile p )5 slalaze ;5 059

LY

SN Sl
ol 2 e Lol B SIS S S
lis ol ol glawosls g Laools Casy o caslS g0 Lzl

wles S cle,

e‘o)ds 3 s & e

Sl nSsi5 5,15 o0 ¥y ¥ gla S cile i
aS el 6)—.;5‘5.{,—14-&")‘5 "g_r.'T slala=e )'| MCPA)

Sy pale ol iils sl g cdlagy caSiils colem b
Bl Ll susiils proee Cowly,y oy Ay S gt

References

1. Chen H, Zhang Z, Feng M, Liu W, Wang W, Yang
Q, et al. Degradation of 2, 4-dichlorophenoxyace-
tic acid in water by persulfate activated with FeS
(mackinawite). Chemical Engineering Journal.
2017;313:498-507.

2. Esrafily A, Farzadkia M, Jonidi Jafari A, Izanloo M.
Removal of 2,4-Dichlorophenoxyacetic acid herbi-

e oS 938 915 g5 £oY sl S dile i

355 5 JLain! Bl 5 (alis (o Al oo ims Lt
i a5 Sl b S cile L J5Sle
Olyss B ol [ Slis i AS o coen ol
O3l a by e pole vl St mhaw o (g 5L
g dul> laalal, o o nl B olil a0 aS 5 sba el
PIsil 55, 5T de S S le Qi Jo b o il
A s 55 90 4y o 5 438l il bl
500,35 pdy Bllasl aalllas 550 sla 1S cale gl
plasl Gl o g slv ol s 5l 5 ccnl (S
S oL @ cete lade (ol Giaren (OF) 0 5

OF) el Gaz anl B g laol 5l (S g el
9 ;o AH g AS olie 35 o)) en o ST asllae o
san VT Ca anl )b aas o lid a8 aal cwoas cie
S sl Fe,0,@ Si0,- NH Cils s, 0 ]
polie 35 e g Salman aalas ;o .(00) cewl 034

(a;)u_u‘o..\_wu_u.umﬁé)_bAHjAS

=

(S 5 ARl
Ol ) 00l i Q3lrgili ol plis pol gy mls
51, MCPA §2,4-D sla iS5 dile wily o alae
bl @3lz 590 ¥ bl PH Jolts Bl ag Ll -5
5 555 de LS ale g5 o gl 0 °C L 1l Les 50 /L
Yoo min 42,4-D 25 le gl VA min ules ols;
5 aslei i ] glalase s MCPA 25 Gile ol

3 (G) @i Sed b e Sle (Bio g Ll o
MCPA 35 dile 3,40 40 5 0/#Y M@/ 45 2,4-D s ,5

cide from aqueous solutions by Functionalization
nanoparticles magnetic: Equilibrium, kinetic and
thermodynamic studies. Journal of North Khorasan
University of Medical Sciences. 2018;9(4):1-8 (in
Persian).

3. Pandiarajan A, Kamaraj R, Vasudevan S, Vasude-
van S. OPAC (orange peel activated carbon) derived

% 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

Ol)5ed g (browld ol Lo yle

from waste orange peel for the adsorption of chloro-
phenoxyacetic acid herbicides from water: adsorp-
tion isotherm, kinetic modelling and thermodynamic
studies. Bioresource Technology. 2018;261:329-41.

4. Dehghani M, Nasseri S, Karamimanesh M. Remov-
al of 2, 4-Dichlorophenolyxacetic acid (2, 4-D) her-
bicide in the aqueous phase using modified granular
activated carbon. Journal of Environmental Health
Science and Engineering. 2014;12(1):28.

5. Izanloo M, Esrafili A, Jafari AJ, Farzadkia M, Beh-
bahani M, Sobhi HR. Application of a novel bi-func-
tional nanoadsorbent for the simultaneous removal
of inorganic and organic compounds: Equilibrium,
kinetic and thermodynamic studies. Journal of Mo-
lecular Liquids. 2019;273:543-50.

6. WHO. Guidelines for Drinking-Water Quality, Vol-
ume 1, Recommendations. Geneva: World Health
Organization; 2008.

7. Nourisepehr G, Emtiazjoo M, Nourisepehr M, De-
hghanifard E. Performance evaluation of magnetic-
multiwalled carbon nanotube in removal of 2,4-DNP
from aqueous solutions and determining toxicity re-
duction. Journal of Environmental Health Engineer-
ing. 2016;3(4):337-49 (in Persian).

8. Bao S, Li K, Ning P, Peng J, Jin X, Tang L. Highly
effective removal of mercury and lead ions from
wastewater by  mercaptoamine-functionalised

Behav-
iours and mechanisms. Applied Surface Science.
2017;393:457-66.

9. Hajighasemkhan A, Taghavi L, Moniri E, Has-
sani AH, Panahi HA. Adsorption kinetics and iso-

silica-coated magnetic nano-adsorbents:

therms study of 2,4-dichlorophenoxyacetic acid
by 3dimensional/graphene oxide/magnetic from
aquatic solutions. International Journal of Envi-
ronmental Analytical Chemistry. 2020:1-21. doi:
10.1080/03067319.2020.1734194.

10. Saif B, Wang C, Chuan D, Shuang S. Synthesis and
characterization of Fe304 coated on APTES as carri-
ers for morin-anticancer drug. Journal of Biomateri-
als and Nanobiotechnology. 2015;6(04):267-75.

11. Chakravarty P, Sarma NS, Sarma H. Removal of
lead (I) from aqueous solution using heartwood of
Areca catechu powder. Desalination. 2010;256(1-
3):16-21.

@ gﬂ/
yéfg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

\PY

12. Kumar R, De U, Prasad R. Physical and chemical
response of 70MeV carbon ion irradiated polyether
sulphone polymer. Nuclear Instruments and Methods
in Physics Research Section B: Beam Interactions
with Materials and Atoms. 2006;248(2):279-83.

13. Swan P, Walker R, Wopenka B, Freeman JJM. 3.4
mum Absorption in Interplanetary Dust Particles:
Evidence for Indigenous Hydrocarbons and a Further
Link to Comet Halley. Meteoritics. 1987;22:510.

14. Wang Y, Su P, Wang S, Wu J, Huang J, Yang Y.
Dendrimer modified magnetic nanoparticles for im-
mobilized BSA: a novel chiral magnetic nano-selec-
tor for direct separation of racemates. Journal of Ma-
terials Chemistry B. 2013;1(38):5028-35.

15. Kurtan U, Baykal A. Fabrication and characteriza-
tion of Fe304@ APTES@ PAMAM-Ag highly ac-
tive and recyclable magnetic nanocatalyst: Catalytic
reduction of 4-nitrophenol. Materials Research Bul-
letin. 2014;60:79-87.

16. Aliannejadi S, Hassani AH, Panahi HA, Bor-
ghei SM. Fabrication and characterization of high-
branched recyclable PAMAM dendrimer polymers
on the modified magnetic nanoparticles for removing
naphthalene from aqueous solutions. Microchemical
Journal. 2019;145:767-717.

17. Doczekalska B, Kusmierek K, Swiqtkowski A,
Bartkowiak M. Adsorption of 2, 4-dichlorophenoxy-
acetic acid and 4-chloro-2-metylphenoxyacetic acid
onto activated carbons derived from various ligno-
cellulosic materials. Journal of Environmental Sci-
ence and Health, Part B. 2018;53(5):290-97.

18. Kazak O, Eker YR, Akin I, Bingol H, Tor A.
Green preparation of a novel red mud@carbon com-
posite and its application for adsorption of 2,4-di-
chlorophenoxyacetic acid from aqueous solution.
Environmental Science and Pollution Research.
2017;24(29):23057-68.

19. Pirsaheb M, Sharafi K, Dargahi A. Performance
of Granular Activated Carbon to 2,4-Dichlorophe-
noxy Acetic Acid Aemoval from Aqueous Environ-
ments Iranian Journal of Health and Environment.
2012;5(1):21-28 (in Persian).

20. Gupta H, Kumar R. Removal of PAH anthracene
from aqueous media using banana peel activated car-
bon. International Journal of Scientific Research in


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

Environmental Sciences. 2016;4(4):0109-14.

21. Wang L, Cheng C, Tapas S, Lei J, Matsuoka M,
Zhang J, et al. Carbon dots modified mesoporous
organosilica as an adsorbent for the removal of 2,
4-dichlorophenol and heavy metal ions. Journal of
Materials Chemistry A. 2015;3(25):13357-64.

22. Saeidi M, Naeimi A, Komeili M. Magnetite
nanoparticles coated with methoxy polyethylene
glycol as an efficient adsorbent of diazinon pesticide
from water. Advances in Environmental Technology.
2016;1:25-31.

23. Salman J, Njoku V, Hameed B. Adsorption of pes-
ticides from aqueous solution onto banana stalk
activated carbon. Chemical Engineering Journal.
2011;174(1):41-48.

24. Cengiz S, Cavas L. Removal of methylene
blue by invasive marine seaweed: Caulerpa rac-
emosa var. cylindracea. Bioresource Technolo-
2y.2008;99(7):2357-63.

25. Naghizadeh A, Nasseri S, Nazmara S. Removal
of trichloroethylene from waterby adsorption on
to multiwall carbon nanotubes. Iranian Journal
of Environmental Health Science & Engineering.
2011;8(4):375-82.

26. SenthilKumar P, Ramalingam S, Sathyaselvabala
V, Kirupha SD, Sivanesan S. Removal of copper (II)
ions from aqueous solution by adsorption using ca-
shew nut shell. Desalination. 2011;266(1-3):63-71.

27. Jung BK, Hasan Z, Jhung SH. Adsorptive removal
of 2, 4-dichlorophenoxyacetic acid (2, 4-D) from
water with a metal-organic framework. Chemical
Engineering Journal. 2013;234:99-105.

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

29. Ghanizadeh G, Azari A, Akbari H, Kalantary RR.
Performance evaluation of nanocomposit magnetic
graphene sheet-iron oxide in removal of nitrate from
water using Taguchi experimental design. Journal
of Mazandaran University of Medical Sciences.
2015;25(127):49-64 (in Persian).

30. Wang C, Feng C, Gao Y, Ma X, Wu Q, Wang Z.
Preparation of a graphene-based magnetic nano-

Tai

e oS 938 915 g5 £oY sl S dile i

composite for the removal of an organic dye from
aqueous solution. Chemical Engineering Journal.
2011;173(1):92-97.

31. Constantin M, Asmarandei I, Harabagiu V, Ghimici
L, Ascenzi P, Fundueanu G. Removal of anionic dyes
from aqueous solutions by an ion-exchanger based
on pullulan microspheres. Carbohydrate Polymers.
2013;91(1):74-84.

32. Liang Y, Fan C, Dong H, Zhang W, Tang G, Yang
J, et al. Preparation of MSNs-Chitosan(@ Prochloraz
nanoparticles for reducing toxicity and improving
release properties of prochloraz. ACS Sustainable
Chemistry & Engineering. 2018;6(8):10211-20.

33. Wu X, Wang X, Lu W, Wang X, Li J, You H, et
al. Water-compatible temperature and magnetic du-
al-responsive molecularly imprinted polymers for
recognition and extraction of bisphenol A. Journal of
Chromatography A. 2016;1435:30-38.

34. Ramos J, Imaz A, Forcada J. Temperature-sen-
sitive nanogels: poly(N-vinylcaprolactam) versus
poly(N-isopropylacrylamide). Polymer Chemistry.
2012;3(4):852-56.

35. Chang C-F, Chang C-Y, Hsu K-E, Lee S-C, Holl
W. Adsorptive removal of the pesticide methomyl
using hypercrosslinked polymers. Journal of Hazard-
ous Materials. 2008;155(1-2):295-304.

36. Amiri MJ, Abedi-Koupai J, Eslamian S. Adsorp-
tion of Hg (II) and Pb (II) ions by nanoscale zero
valent iron supported on ostrich bone ash in a fixed-
bed column system. Water Science and Technology.
2017;76(3):671-82.

37. Saber-Samandari S, Gazi M, Yilmaz O. Synthesis
and characterization of chitosan-graft-poly (N-allyl
maleamic acid) hydrogel membrane. Water, Air, &
Soil Pollution. 2013;224(9):1624.

38. Xu L, Wang S, Zhou J, Deng H, Frost RL. Col-
umn adsorption of 2-naphthol from aqueous solution
using carbon nanotube-based composite adsorbent.
Chemical Engineering Journal. 2018;335:450-57.

39. Crini G, Gimbert F, Robert C, Martel B, Adam O,
Morin-Crini N, et al. The removal of Basic Blue 3
from aqueous solutions by chitosan-based adsor-
bent: Batch studies. Journal of Hazardous Materials.
2008;153(1-2):96-106.

40. Ghanizadeh G, Asgari G. Removal of methy-

}gf 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

Ol)5ed g (browld ol Lo yle

lene blue dye from synthetic wastewater with bone
char. Iranian Journal of Health and Environment.
2009;2(2):104-13 (in Persian).

41. Dogan M, Alkan M, Tiirkyilmaz A, Ozdemir Y. Ki-
netics and mechanism of removal of methylene blue
by adsorption onto perlite. Journal of Hazardous Ma-
terials. 2004;109(1-3):141-48.

42. Dehestaniathar S, Amini S, Maleki A, Shahmoradi
B, Reshadmanesh N, Teymouri P. Adsorption of ni-
trate using diatomite-supported ferric oxide nanopar-
ticles: determination of optimum condition, kinetics,
and adsorption isotherms. Desalination and Water
Treatment. 2017;65:418-27.

43. Andreoli E, Cullum L, Barron AR. Carbon diox-
ide absorption by polyethylenimine-functionalized
nanocarbons: A kinetic study. Industrial & Engineer-
ing Chemistry Research. 2015;54(3):878-89.

44, Mittal A, Mittal J, Malviya A, Gupta V. Adsorptive
removal of hazardous anionic dye “Congo red” from
wastewater using waste materials and recovery by
desorption. Journal of Colloid and Interface Science.
2009;340(1):16-26.

45.Njoku V, Islam MA, Asif M, Hameed B. Adsorption
of 2, 4-dichlorophenoxyacetic acid by mesoporous
activated carbon prepared from H3PO4-activated
langsat empty fruit bunch. Journal of Environmental
Management. 2015;154:138-44.

46. Saad MEK, Khiari R, Elaloui E, Moussaoui Y. Ad-
sorption of anthracene using activated carbon and
Posidonia oceanica. Arabian Journal of Chemistry.
2014;7(1):109-13.

47. Belhachemi M, Addoun F. Comparative adsorp-
tion isotherms and modeling of methylene blue onto
activated carbons. Applied Water Science. 2011;1(3-
4):111-17.

48. Li 'Y, Wang J-d, Wang X-j, Wang J-f. Adsorption—
desorption of Cd (II) and Pb (II) on Ca-montmoril-
lonite. Industrial & Engineering Chemistry Research.
2012;51(18):6520-28.

49. Kakavandi B, Esrafili A, Mohseni-Bandpi A, Joni-
di Jafari A, Rezaei Kalantary R. Magnetic Fe304@
C nanoparticles as adsorbents for removal of amoxi-
cillin from aqueous solution. Water Science and
Technology. 2014;69(1):147-55.

50. Eser A, Tirtom VN, Aydemir T, Becerik S, Dinger

@ gﬂ/
yéfg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

VPO

A. Removal of nickel (II) ions by histidine modi-
fied chitosan beads. Chemical Engineering Journal.
2012;210:590-96.

51. Uslu G, Tanyol M. Equilibrium and thermody-
namic parameters of single and binary mixture bio-
sorption of lead (IT) and copper (II) ions onto Pseu-
domonas putida: Effect of temperature. Journal of
Hazardous Materials. 2006;135(1):87-93.

52. Naghizadeh A, Nasseri S, Rashidi A, Rezaei Ka-
lantary R, Nabizadeh R, Mahvi A. Adsorption kinet-
ics and thermodynamics of hydrophobic natural or-
ganic matter (NOM) removal from aqueous solution
by multi-wall carbon nanotubes. Water Science and
Technology: Water Supply. 2013;13(2):273-85.

53. Shahryari Z, Goharrizi AS, Azadi M. Experimental
study of methylene blue adsorption from aqueous so-
lutions onto carbon nano tubes. International Journal
of Water Resources and Environmental Engineering.
2010;2(2):16-28.

54. Srivastava VC, Mall ID, Mishra IM. Adsorption
thermodynamics and isosteric heat of adsorption of
toxic metal ions onto bagasse fly ash (BFA) and rice
husk ash (RHA). Chemical Engineering Journal.
2007;132(1-3):267-78.

55. Si YB, Fang GD, Zhou J, Zhou DM. Reductive
transformation of 2, 4-dichlorophenoxyacetic acid
by nanoscale and microscale Fe304 particles. Jour-
nal of Environmental Science and Health Part B.
2010;45(3):233-41.

56. Salman JM, Al-Saad KA. Adsorption of 2, 4-di-
chlorophenoxyacetic acid onto date seeds activated
carbon: equilibrium, kinetic and thermodynamic
studies. International Journal of Chemical Sciences.
2012;10(2):677-90.


https://ijhe.tums.ac.ir/article-1-6422-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

Iran. J. Health & Environ., 2020, Vol. 13, No. 1

0

&b

Available online: http://ijhe.tums.ac.ir

£
£

AN
@ ;
\ £

m|
PR
‘/
%,
O &
gy \@

HEALTH AND ENVIRONMIENT

Original Article

%, &
" of Environ®™®

Removal of 2,4-dichlorophenoxyacetic acid and 4-chloro-2-methyl
phenoxyacetic acid herbicides from aquatic environments by a novel polymer
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ARTICLE INFORMATION: ABSTRACT

Received: 6 May 2020 Background and Objective: Increased use of pesticides and chemical fertilizers
Revised: 10 June 2020 in agriculture in order to increase the productivity of fertile lands has led to
Accepted: 14 June 2020 pollution of water resources with a variety of pollutants, including herbicides.
Published: 20 June 2020 In this study, a new polymer magnetic nanoadsorbent named PV/S-g-3D-GO/N

was synthesized and used to remove 2,4-D and MCPA herbicides from aquatic
environment.

Materials and Methods: To investigate the synthesized nanoadsorbent structure
FTIR, FESEM, TEM, XRD, VSM and TGA techniques were used and the effect
of parameters affecting the optimal removal of herbicides by the adsorbent,

Keywords: Polymer nanomag- including pH, temperature, contact time, adsorption dose and initial herbicide

. . concentration was investigated. The kinetic, isotherm and thermodynamic studies
netic adsorbent, 2,4 dichlorophen- W vestig ’ Y .

. . of adsorption were also investigated.
oxyacetic acid, Metylchlorophen- P W vestig

Results: The results showed that in the optimal adsorption conditions including
pH 3 for both herbicides, contact time of 180 min for 2.4-D herbicide and 300
min for MCPA herbicide, absorption dose 5 g/L and temperature 50°C for both
herbicides, the maximum absorption capacity (q,, ) was 5.62 mg/g for 2.4-D and

4.94 mg/g for MCPA. The synthesized nanoparticles that were used to remove

oxyacetic acid, Thermosensitive
adsorbent

2,4-D and MCPA herbicides from real samples were totally successful (100%
removal efficiency). For both herbicides studied, the isothermal data followed
the Longmuir model (2,4-D: R? = 0.995; MCPA: R? = 0.998), and the kinetics
of the adsorption process was a pseudo-second-order model (2,4-D: R? = 0.991;
MCPA: R? = 0.999).

Conclusion: The results of the present study indicate that the synthesized nano-

*Corresponding Author:
l.taghavi@srbiau.ac.ir

adsorbent can be used to remove phenoxic herbicides from agricultural runoft as
well as water sources contaminated with the studied herbicides.
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4-chloro-2-methyl phenoxyacetic acid herbicides from aquatic environments by a novel polymer magnetic nanoparticles. Iranian Journal of Health and
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