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Abstract

Background and purpose: Antibiotics are crucial in various scientific fields, including human and
veterinary medicine, and are widely utilized medicinal compounds. Ciprofloxacin is a widely used antibiotic in the
treatment of infections, most of which is excreted unmetabolized and finally enters water sources through the
discharge of sewage and effluents. Even at low concentrations, ciprofloxacin in sewage and effluents can cause
ecological harm and pose significant risks to human health. It is crucial to devise effective solutions for the removal
of this antibiotic. Advanced Oxidation Processes (AOPs) are a promising method for the future removal of
antibiotics, particularly in aquatic solutions, due to their potential to effectively remove ciprofloxacin. This study
investigated the antibacterial and catalytic activity of synthesized magnetite nanoparticles (MNPs) (Fe304) in
removing ciprofloxacin.

Materials and methods: In this experimental research, Fe304 magnetic nanoparticles (MNPs) were
prepared using the co-precipitation method. The nanoparticles were then examined for their physical and structural
characteristics using scanning electron microscopy(SEM), X-ray powder diffraction (XRD), transmission electron
microscopy (TEM), and BET technique. Fe304 magnetic nanoparticles (MNPs) were initially synthesized, and their
properties were determined. We performed separate investigations to assess the effectiveness of various methods for
removing ciprofloxacin. This included evaluating ultrasound alone (US), hydrogen peroxide alone, magnetite
nanoparticles alone (MNPSs), and combinations such as ultrasound with hydrogen peroxide, hydrogen peroxide with
magnetite nanoparticles, and magnetite nanoparticles with ultrasound. All tests were conducted under the same
conditions. The first step assessed the catalytic activity of synthesized nanoparticles for ciprofloxacin through the
Fenton process. In this study, experimental parameters such as Fe304 catalyst dosage, initial pH of the solution,
Hydrogen peroxide concentration, reaction time, and initial antibiotic concentration were investigated. In the second
step, the antibacterial efficacy of synthesized nanoparticles against Escherichia coli and Staphylococcus aureus was
determined via the Broth Macro dilution method.

Results: The examination of the characteristics of synthesized nanoparticles showed that the average size of
magnetite nanoparticles is approximately 20-30 nm. TEM results confirmed that the synthesized nanoparticles have a
uniform size and structure. The combined process of MNPs/hydrogen peroxide/US exhibited the highest removal
efficiency at 88.36%. This high efficiency can be attributed to the direct effect of the reaction between Fenton agents
and ultrasonic waves, leading to the generation of numerous hydroxyl radicals. The maximum removal of
ciprofloxacin was achieved in 0.5 g/L catalyst, pH=3, five mM hydrogen peroxide concentration, 550 W ultrasonic
power, and 60 min reaction time. For Escherichia coli and Staphylococcus aureus, the Minimum Inhibitory and
Minimum bactericidal concentrations were 3.125, 6.25, and 1.56, 3.125 pg/mL, respectively.

Conclusion: Synthesized iron magnetite nanoparticles have high antibacterial properties against bacterial
strains and many catalytic properties in the Sono Fenton process to remove ciprofloxacin, so this process can be an
effective method for eliminating hospital and pharmaceutical wastewater.

Keywords: ultrasound, Fe304 nanoparticles, antibacterial properties, ciprofloxacin

J Mazandaran Univ Med Sci 2024; 34 (236): 42-56 (Persian).

Corresponding Author: Seyedeh Nastaran Asadzadeh - School of Health, North Khorasan University of Medical Sciences,
Bojnurd, Iran. (E-mail: snasadzadeh3@gmail.com)

42


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

o)l s 5 blrey L coll a1 as

(EP-0%) 11w Juw jonel PRy o)lals  e)les 9 (W o)0s

Ja gl CuiiSo Gljagili 1L jiSbas g Ll ULS Gylles uw) b
rwbnSglag puw Laia

"9 5 Low
"ol e
Vool el sol>
" Ugeo
"l Loy
T30 3wl O psan 834

2 3uS>

).s..,\.'.&l.ksné.ij';n\;)é.ij'.;-\.’.?LnJl:éur}l&)s@}J,\:Ql.:fj&lj;}jwﬁj\ogib&gﬁsﬁT:dngﬁgLﬂ
Syt OT odes Lidu LB a5 Sl LSke Oloys 33 9 mae (SO am BT el slos o ¢ o g 13 amws ol Ols
Ol ol palie (o sl 355 e 2505 T e 4 ol 5 OB wlis G b 5l Culg 5o 5 35 @ 05 ple 8
Wb oLl St (gl el dgs e g azils o 53 (S5 IS Gl Wiy o by 5 OB 55 el 5l 5 s
53 e ST Oodo sla iy o 03 Sl (5038 50l ST am (ST ol Ol g ee Sl Saly 5L 5, cal )
O3 el mndbS 5 ol Shas Cools asllles bl 55 5505 (Glok s Kl iy O el bS] 3 (ST (Sla los
38 15 gy 30 el slh g e C3d> 3 0k i (MNPS) (Fe304) e
o Ay G KL e e S e ) 4 Fe304 (MNPs) aT wblise Sly3 50 o 20 andlae ol 5 i ybg) 9 Slge
95 = S O S s e Il gl gy Sl eslinnl L S5 5L ol (ol b 5 SG 50 Slaaseio (35U
S 3 O S s Ses ((X-ray powder diffraction: XRD) .Gl il 3! - «(Scanning Electron Microscope:SEM)
33453 8 asia (Brunauer, Emmett and Teller: BET) 5 5 s &S 551! 5 (Transmission Electron Microscopy:TEM)
alllan (ol 53 DB 8 I3 s 355 055 g Al B (b S s e 6l D3 SU 2B sl Uyl 06
S pm T adsl Chale 5 2S5 Olej c05 5y denS T CLale 5 J shons adsipH (FEB04 U1 5 sle o 205 sl el
35 xS 3 505509 A/ 5 gl Bl Jols sl gl s 5 g Citlius (slaksl 3 oS gy Nis o
«(MNPs) Les 4 =K ol 3 5 (hydrogen peroxide) ;Lgs as 059 )den AnST,; US) o Lgs s b sl Jol slaas] 3 Jilaa
5 (MNPs/hydrogen peroxide) c—=Se <l 5 5 /0550 4.5, «(hydrogen peroxide/US) &5 ydua deS| o/ L gl 23 !
02350 gl SLts Covls 53 o s s plowil A o Slaale3T bt Loyl 5 )3(MNPS/US) gl 51/ oSe 103 556
aadllas pl 51 ool 5 Ll 53103 8 ol o sl eSS skl 5 JSLE 31 (6 STl 55 0 Sl B5ks S By
s o 5 4 25YY 453 SPSS 1l 5 5 (ANOVA)GS b oS5 il yls 50T 51 etz L

il el Yo L a S Sl b oIl 5 S0ke & 58T et o e Sl sl Slasie glaasl adidl
sl A3 s by e (o 0Ll o 5VL s ST b 1y el e S5 ksl 5 ple 055 ol S TEM glaassl
Jelse o 1S e S5 (U VU Olekily ol 457 sl 03 55 s 53 AMYF ol Olekily L MNPs/hydrogen peroxide/US
S sl s oo S 3 55 n (9305 Sl JeuS 5 0ok S IISSl, A 5 4 e o7 03 5y SCS sl A5 sl L 0 55
S5 0Las 5 S5 000 &S gl A5l S8 (0550 dnS Ty SV g a0 il PH= FeJBIST 23 550 8 /0 il s
PIND YYD s 4 SausS 5 S jlge Chale las wgiysl o sS 5S shilial 5 JSLa 1 gl taT s @ 4ids 90
AT sty 2l oo 0S5 S ¥AYON /07

Slad s ade VU GUSLas ol slyls oikd i CoxSa aT 356 ol anlllas slaasl ulul,; spbisiud
R A 3 g el g s U (51 05 5 g il 03 (Sl BT (S5 Sl e 5 LBl L ST
AL 29505 5 Sl sles ONSL Sl (6l 5 Jgn sy Ll o0 Al B

wlﬂf}h)ﬁ:‘ﬂ ‘gsil‘.’.}:fb"\" upb} 3 F6304Q\)5}?U w\}}.n‘fj)‘ :Ls)ﬁls ‘Sl.b bjl’

E-mail: snasadzadeh3@gmail.com Sl ouSails ¢ Jlod 0Ll 5 (S p ke il 13 5 s — 0 33 3wl & piass © a0 : Jgkimno g0
Ot 35 g ¢ Jlad Ol 5 (S5 p sl ol (bl 0S5 ¢ B s Al a5 lay Dl 5550 okl )

Ol e e Jlod Ol = (S e o5 (2 bltgy 0aSCa15 camn Sty pkige 03 8 ol Y

Ol e s e Jlod ol 3 (S e ol ¢ (S 08l ¢ ABsb3T o ke 5 5954 055 cn ¥

VRO © oy g e VYAV DSl S gl ) VYAl

KR 11010 )oa)aids « PG a)laid «@)lgd § (W )9 ohsjle Al eolc oGRSl alss


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

OmlnSelaguam 83a )3 9ol CnTiSs Oilpel WG Cylas

LSl . (00)3 55 o LI 5 YU PH g dauly (o516
o3le oy pSedins (ST oply g I ey JouS 5k
OOl YA g O gl ST 3 Lo s
O B N P P R
O gl oty 5 (Sl st 48 2y 0 sl |
O3 $U.OVCaul 43 8 1 5 4 5 3550 5l YU
ren 5 SIUE ol (mals Js 4 AT 4T
o ) SLad s 5e L 5 b Comls 5 01!
Sl 5y ansly [aSen o Lag ST Jsbw 095
ONLas 0 Ol o b SLas

UV ENSPRCIUN X GO IV o R Y- Qg
e s s ban L3 sh 6 SL ke sl
LS G b Sl L b oyl ma i g Sl N
o5 31 Jlasl 487 Wl T Jlab (Gla0y 528
il S edd (Jolw s Gl e D) 50
(0355 0 658 S LAl ool 4 e ol
NS g S sbrols S5 el p Sl b sl
DL oS e O )3 &7 Ol 58 ey 5 b
dsdien JTolse o 35 a AT 0 s s
AT o315t 5 asly K YOT Ola 48 5L Hlas 5 Les
G 55 5 b p IS 55l s S Y
55 I ol 55 o 5 3500 Sl ol
HOH® HO2® -k dny 2S5 sl (SIS,
Slo i Sla 2S5 55 ol 53 457 35,8
Y558 oo T 550 4 205 o 503 S OS5

Sl Do 1,5 el G550 S e AT 5 s
oS ST Jule D15t 4 JeuS 5 5den IS, A 5
350 AT OLS 5 0 gl 0T Jlinas 5 Jlb
ol sd I 5 Ha02 ¢ pl posde 5,8 oo 513 eslinul
5 CmedUlS )yl Lol e O 3 555 a5
STl a o sl sl el ol Slyh sl
o ol adllas Lol Gl ol 5Ly (YFYR)3 55 0
O3 P ol Sl ol pund 5 glbawsin g
jléﬁf)l_fA_gl_fa_dUmQ_il.:ﬁHTg;_::;in

4o i

SLS 5058 0258 55 5 (K eSS g BT
osliul 350 Sip 5 (S juels 534S il o o5l
5 0Ll 3 JalS 55k SLS 5 ) (D8 o 13
Lol 5l 1 S LNL sd o 03 plie DUl g
o) 33 Pk 0 o S 5 5 a5 g T Lo
S g s il agr ST g ST 031 gl
S 5T oS 5 03 05 (il sy s 3
Sl CpmtlaS g s (BBl 02 OT (bl Lol
o3litul S 5 i (540530 (S sie Oleys
CurHisFNsOsHCI 515 ool olacd g0 5.3 45 oo
sl e e oS YRVIAY OT S5 S35m 055 5
J_:;J):(J_(L,gf\ (b slasT 3 0T o ble
WO Sl i SBle L T 5o Ll s 55 n 03 (e
PV e ANl 0ds b3, 55 A 53 5 5 S
p3lde ez Ll bl oS T (gladams 53 0T luis
3 =T Lo g ST sl 058l Dl o il 5 on OT
L;uwhm,;@\ﬁﬁﬁ,uwt?,b@
O)das Gl 0T L b e (S5 5 (S5 50

sl ay pomte 15 (or oS o e 3 g
Skl 53 i (da e 055 ST eaglis
Lo laal 5 jin g b Jo s (T glaeSer
293 SLS 5 35 M-W355 0lalE s (g bl
5 e 513, Slas 0 8L 5 b 4 Sy Jamms
S5 a3 ol pl bl e g 1) Oludl Sl
Clalosws I LS 5 ol Oodo (gl MTJKW
4 iy O el denST (a3 ()3 58 8 ol T
Sl g i sl bl B 5 S e ke
s B b s pslie (eSU ks T glaen¥T
el (0P AsL o (2T Gladae 55 (SS55
oS 3o JSGsly W5 el bl ool ol
3Ladlb o b 51 Y gons oS 5 pekn SIS0l 5 o
Sealial U 05 dadenS o 51 pla0ls|

SLal 3 ¢S5 gl Al ol ¢ il b andl ¢ o)l

1€ 10 )oa)gids « PRG a)laid «@)lg § (w0 0)93

ohdjle (Al eolc oGSl alas [S'S


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

ul)lSnm g ojgpas lagi

ST & 05l H1 3L (T I3 5b) sus JSKis
Colg 5o s 5 gl oSl 55 )t
Il 5 hde OT L s wblian FesOs 13 5L
(10)dy5 8 6Sist Vst Loyl 5 o g A ol phad
ol tle 5 (S5d Slaasin ()3 5k ag 3l
Sy Sen 3 Ikl (gla Sy, 5l eslizul b i3 5t
«(Scanning Electron Microscope: SEM) s g5 g3 !
«(X-ray powder diffraction: XRD) .G axsl 3l
Transmission Electron ) ¢y 56 55 S 0 S5 Soo
053 o & —S o311 5 (Microscopy: TEM
=i (Brunauer, Emmett and Teller: BET)

.u\i;;

Q58 g AL
ag Ll 8 el 6l i leT asdllae ol 5o
(CCVEYD) Bt (sl 55 plS 5lo g o o>
S ho g s 03,57 o Lkl 53 .28 8 S 50
Jslows ¢ laie OT 53 4o 3390 51 i o sl aya L
3 g (Saha O oty el b g e S g
o PH o8 1 eslital L 3 g 5 0 ) 5l gon Aol
PH o5 sl (lasy 5538 ol HANNA Juts)
Lo 5 gl sl g gol e 3 S 03zl Jslows
o Ol 560 HZ 1S3 b oSG gl 51 oS
e i A & (Elma, Singen, Germany) &l 06+
U loms 31 o3l L i 5, 50 sla ol L (slad slous
Pk Vo e 4 gl O35 0y 5 S el
la e Sl end ) shate 4 S 4 55515 Olse o
2SN 5NV /B Mz 053 b a5 i
OLej 5 QY go e Vo VD) 05 i denSTl (2
S5 g T ) Cbale ((aids —F) ol
Ol 000 Ol 5 (i e 8 ¥ o Frde )
S 5T Cle S k) wls e 555
VNS S 13 Lo 5 4 525 35 90 (Lol lo g o
Jol 53 smi 3l e Ve (OlilST bl

3 JeeS ks IS5, & Olse 4 0 dS
S S0 5L 5 & el Al gl 51 03l
S 5 a0 ) st 0 oS b Ol e 4 (1)
A ploul T (sladasms I puileS gl o S5 5o 5T

b b9, 9 dlge
(s g

CS o ) pnleS og e o o asdllae ol 5o
Gl & (Ao y3 48 o gls) Ol g 1hls slas (g5l yls
Ol g o gl Sl Y oplad Jpulr Ll
ol 534 B olasd 3l ge plad (a3 oo O 1
bl 03 5 ARELT 4 S (s1ls asdllas
NITSNUPEULY SN K ¥ PRI PPV W
44/4 FeCl2.4H20) s 4 IS «(dwsy3 ¥+ H202)
(4,3 WA FECI3.6H20) S 5 i IS o(ds s
(NaOH) 5 5w 5(ds ;3 AAH2S04) K 5 gw o

A ol 5 OlIT oS e S0 5l 5

Ol 5l g o leacd Sl 2 ook Jgor

Ciprofloxacin(CIP) [N
o O el
FWOH
HN A
C17H1803N3F1 hast e b
LaaVints (g/mob) JsSsm 055
Yvonm T dsb S
v-mg/mL (mol/L) <y

FesOs Sl,3 50 oL avain 5 2w
— 30 bl FesOs b liin Ol 3 55
AT Jsn /P& Sy go gy Ao o o §
T gz 2T L S Jga 0 /0Y 5 (FeCl3,6H20) 4T #
O S5 NSl 2 e 8¢ s (FeClz,4H;0)
VO Jgdoee ol o 000 Olojan jbay . ds Jo Jlo
s azmpa At Slas 53 ks LS g5 SN e
055 LS L g eds 6Ll (glo b &y 4o 4y

PP 1Y TGS TPV PN

€O 1€ joue « PG a)Laids «@)led § (W 8)93

ohsjls (A} eolc sl alas


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

OmlnSelaguam 83a )3 9ol CnTiSs Oilpel WG Cylas

At alie S L mlss 5 a0 81,6 LY
u,\JuL;j:fL.{dL;bsj;ug;_uba,:r_f
Sl e bl Bl > Olgea Las
s (Minimum inhibitory concentration:MIC)
S sl plws oS e o 50 S
S a8 e ble Blu > o, e e il

i, (Minimum bactericidal concentration: MBC)

ozl 3kl s Koo (61 4 3w Sladeian F ojlad Jour

anflee BERE™
Sla S 05 SIS ol 5 ki e
B S 23S
ATCC 1552 s L] \
ATCC 1431 e o Fosl S S skl Y

el 5 2T ey
Shimadzu Ju——_) UV zegmsy S ol 5
o bls Lsﬂfa)‘.k_J Ls‘J—’ (U_~’~‘5 )}_&f celw
gf:‘:*:bdj_’\ o‘)Lm_i: UJ\&AJ‘A_& oslawl (JIA}JL;

A eslatl Cade- Oleil
Removal (%) = (Co— Ce)/Co x 100  :) o Lt alslae

aL@l{g’L_ﬁ.&jQ}‘gﬁ_ﬁl&%i@Cf)CO

9548 Clw HANN Jue) ze pH L J gloes pH
Shimadzu-Jdes) (g551 5 51 s g, S o3l (Sl

3lge 05,5 055 &)= (ol s—uS L Libror

L eslaw!

basl
Fe;s04 CuziKe y3 6l Solaieii

S L T S 5 oy o bl o35
3 oSS Sl guas 4 S ol aSa b L

SU DA bt gy anils S 5l e Slej
Vo Odeds 4dds 593 Fror Co o b gl ol )3
Slile3T e 31kl 5l (L3 S 50 5le 4ids
sl Wl TOC ows 6l 5 529 ij| oMb 5 T

(0)ds S

T it D3 b S beled o5 s
MBC sMIC o’

AT O350 oL ST ds Sl candllas ol s
S35 F g SN 23 E B s 30
Gk Dl oishin g STledig) Sl ol i D3 5L
(CLSI) A8t lo3T 5 Il 3,1kl dn o 3 )l il
Skl s Son (sl guu ¢y shite b (YOS 03lizal
5SS skl 4 (Escherichia coli) Js'L_z, &l
sla i g3 Ol L3l (Staphylococcus aureus) ¢l
(Y ojlais Jgdsr) s 4g(IROST)O | grio cale
L b Ol s 6 S g g 2 (6l il
%éu&t%);.u%u,u&ﬁQJ,s
Sl 03 Ken o ot Lme il Sed e Y]
oS 5 S Yo CBIEl 2y Ko Ve s 5 A3 LS
Gl Salx gl 4 ol ST S350 S e
3t 03,8 bglies 1 s i 63lS| CiS Lo
=l S s K Ve sl Saler 5 oS e b
g ails 1y (3 g+ CiS Lo ses) by Lo
b eSale o ST 1 )8 cpldd e (gun &Sal
FIYO AY/O YO B N glacble j3 6, OLL
s o il hn 1 S5 S VA 5 V/OF VYO
O gl o S lgh 53 031 4l Saly s ol
ws Lol beSalr 4 481 ba oL ST Sk
AL L g gl yo Cole Y Sty s
pde Al b3 Cela YF s I 31 ey Lk 0313 13
Laassai gL STL Ao Sl sl Ol i 4 S
A5 sl S A S 5 (S o3Il e s el

LatslasT ol IS ol o 4S5 st ¢ 85 Sz

11Eo 10 Joa)gids « PRG a)laid «@)g § ¢ 0)93

ohsjle (S eolc 2GSl alas |57


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

ul)lSnm g ojgpas lagi

w Who - 1974 "me
& G
&2

5
8= 17.36 nm

£

<

“P1'=18.01 nm

«

<
A .
"
v, N
— 8
SEM HV: 15.0 kV/ WD: 5.23 mm MIRA3 TESCAN
SEM MAG: 350 kx Det: InBeam SE

View field: 0.593 ym Date(m/dly): 03/04/17

I

7 " A ‘

e .%/4’ -
100 nm :

)
)

15555 (©) XRD 5 (0) TEM «(@) SEM ; s 1) 03bes 598
AT S

Can G 93 430 (o

Cble sl Lodas e OLES Y o)led Hls gal
Ol oS (e liie U LacanJBIS 5 o)
PORWRT o V1V Vo] e Sy [ K it | -9
A2 e SV E Y eIl Chle i L oA
A VO YL cble s Ll losl il 8
S S Y B (il alS S AT
s 8 bl ag bl Ol piew

s Fet yFet? S Sl JUast o 0T bline
eSS syl e S5 o0 OF gy Soia bl
500k olberd Bl Sl et s T ¢ o b S 5
J—<’.° L alie j3Fe30g .5 yls bl ool
&S OT ksl s Fet? semy Jds 4 Al gl
ISl A5 5 Ll g e o Sl 5 g B
S5 SKen ATV das (a5 1y S5 5o
56503 5V 613 5 5 a5 g (SEM) 5 SI1 s
o3l OT (555 50 5 e sLa S 505 e
L 035U SEM ; 5Las 1(2) oyless ;3 5ad 555 o0
SU ol Sl 457 das e 0L oaSKe i s
FPE NI B O QS JOR VRCHpE
AN @ Sy S 55 023012 1(D) o5l
9 el Fe30s ol i S1y3 $U (TEM) () s
3 sl L sgd poobis 55 K 55 48y sboles
ol oS L
Sl s 6l (XRD) WSS) 5 0 sl 56T
35.5,5 o )15 eslinal 550 0dis s 5lge Sl S
o3lial L XRD LT 1 ol s 1(C) o)l s goss
35 ol sbul ‘_gbaé_{:i S das o0l CuKa g, 5l
PV/FA SYIYE D VCFV/D FO/Y YV/F=Y © blss
NO,JCPDS-Y4+ ¥4 5 llul b a > ,5 VF/D 4
LacSy o sl FE30s (aSs (ol S a0 b gy 5o
ol 5 Blods (5,108 JICPDS (slasyldileul ulul
3 8 plonil ()3 4 S5 L i oS das e LS

el
s sbin i BET e a5 Sl LT
LT3 56 ke o510 e Lo &S 85Il
45 8 S 055,55 o s 3l eslizel L BET
ol i O3 U (S5 s odal Jeas LT 2
3055 5 gt o UM o5 el o e o 5l Ol
YL ol 20 6 A/YO Sy Lo 20 510
Cod 0Lty 0350 YU ol 8 0d i I3 4L

il e 0T g LS 5

KV 111 )oa)aid « PG a)laid «@)ga § (W )93

ohsjls (A} eolc sl alas


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

OmlnSelaguam 83a )3 9ol CnTiSs Oilpel WG Cylas

S 5T Sl I (e
S s 5T sl e Skl ol ol
Folad ylo i 53 Al 3 oL el 505 e
S g T e il 581 L Ll e 0315 OLES
Wl e iaLS ol LS ol s e
S o512 S e ¥ il 558 55 sbey
Ole Sde y3 Cod o1HIS ST enllS o9 e
DRI L 5 Sl 0350 Ao )3 MY L, 4is 9
PRk P el oy e S5 5 5T ke
(ol 4Bl 2l s FVYA 4 T 5 Ll 2
gy Sl Ol e B e Yo CBE L

= . .
s 8 Okl
—0—C=20 mg/L —&— C=30mg/L — & - C=0 mg/L
100 - =% - C=50 mg/L -=--- C=60 mg/L
4 % —-m T
| s
L - - _————
i\: 60 P Ji B g /// X
3 P Y .
K BT T % ------------ X
]) VY75 Tk S i ----------
X 20 ///,:_ --------------
0 B
0 20 40 60

() b

wwjbjﬁ._.w adol Chle J1if oyl g

PH b ()
L &S sm 5T 4 25 635 m sl PH 5!
¢S s 5T adsl Cble ;34 LY GIpH 05 g e
3 ¥ s e D OIS e Ble 2 0 8 e Y
wigs P s Ol g SV o BlS Chle
w2 e s OLES O oyled I3 00 A ) p
PH=Y 515 5a daoys OF/FA 4 Lo s AAYS
33 @S g e bl ol il eSO
s am s PH=Yas b sy o oS 5 T O
Ol g PH Ol sea 5 el Cwsas dus y5 AT

..kiajf

—

o

=)
|

=)
=]
L

=Y
=}
L

P

%o oS gla g s aia
B
=
A\
\

(=]
=]

=}

0.0 0.2 0.4 0.6 0.8 1.0
(5 p K ColiS g0

B 95 SV osled poad

OeeST B 50 o)
LSy Calides glac bl )y ) obateas
Ve b ) el lale jo oole ol cdingy 53 a5 0550
(¥ o5l Sl ad) 5 8 515 (s p 3550 )Y o e
IRl sl od e 4 055 5dn LS 035 530
TP GOSN | g JURNEEH [ ISPt o PRCIPSN
O35 0dmpdenS |y 025530 51> OLES ol &) sbOles
Oladsly Siulpdl Cel ¥ oo Aeda) Chle )l
S A 30 d e Ao )3 PONY 44 YA
Sl 05ty SV gn oo 0 51 i 035530
S5 s, 8 e Ol Sledily )8 rals
0 51 YL glac bale 55 05sder LS, &S ol
L5038 Joas /S adstlan &G Ol pion ,Y po s
ST 25l mls Lse 3 JouS 5 5dn LSSl
el g s Lad 5T 0 4 0T a1 5 08
3 Y gn en 0 Ol s 53 (1S 0 (5,5 s
s e CBE Ol e 4 5 ST,

s as §

wofle H202=1MM -+ H20223mM  -+oke+ H202=5mM -+ 48+ H202=10mM
100
30
60
40

i

et
‘-.'.‘u\“
.

20

Yo ppdessS gl g s a2a

0
0 20 40 60

055508 STl CBlE 1 e ¥ 05leds 398

11€6 10 )0a)gils « PG 2)Laids «@)lg2 § (W )93

ohdjle (i) eolc slEibily dlas €A


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

ul)lSnm g ojgpas lagi

Sl (Fbma Ol juo ron
oS s s DS (ke Ol (o) 2 T
S35 105550 LS/ L gl sl Al 3 Lo 5
O gl pH s s atg Lol 3 o oe
O3aaadensS,y clle 2l (Jf VB
SENPEYS- U W) DU RCg TG ERS PR Y
el TOC 2o le3T o5 000 &S5 gl A5l 150l 015
L a5l 0l (hleT mls dAoslad p sai)d §
S 0 5 s o 3 MYF 1 iy ol 5 g
Sl opl 535 Lo 3FVIVA 550> 13 TOC Code O 5
I 53 ol ol g S 5 48 el 0T S
505 ST (63) G esle 4y oS ) sbay Ll

2y ptd (ST

100
1 80 T B .
1 L o=
1 - - % ¢ .
o 60 ? - - -4 efficency TC
4 -
ﬂ}) 40 é Pd - == efficency TOC
£ 20 ’
4
0 T T |
0 20 40 60
(42) el e

Ol g s 42 5 (S5l (Gebme O A 0sled g

Ol yplie (ol glad i) LS )
el 5
STl o/ kgl A Al 3 ST gy 5 skt
Sl Jlie 53 G z&a S5 5L /0554
O350 ST (US) ol amy i sl A
ez Sl,5 45U (hydrogen peroxide) o les
059 09p eS| o/ 5 gl 5 ((MNPS) L5 4y
/359y 4—n 45|, «(hydrogen  peroxide/US)
5 (MNPs/hydrogen peroxide) c—x&s &l )3 55
Codm (513 (MNPS/US) S gl 351/ i&a o153 5L
e Ll G oSl g S g 5T
P R R I P RO OPPWCHEN 1|
AU S 5 05sdn Sy ksl sl 1S

100 -

A 80 &\-

9 ~ %_‘ N

i% 60 1 \é‘-_.\

e\ £

91 40

i

£ 204

0 T T T . )
0 2 4 6 8 10

pH
Jloes ad sl PH ;118 o5l y g

a3 S sladds oy p 3l Jols mls

oy J%Bql&»duu:;f\jguj)s (‘5’3“)5‘ o
b8 e o S5 L) G 5 6 !
> 5 sl s o (St Sladite w1 L g
SValn s B bl 5 g p a8 o

3S0L 55 Sysen Oy oo |y bdde cpl s 2

Ci= Co-kot (4)
Ln Cy/ Co=-kit [5]
1/Ce- 1/C o = kot (6)

Cred S (o) S5 5T adsl ke Co
Oljte(ad o 8 k) tole 5o S g ST Chle

Al (b pelaS gl e Cod sl Ol @L:..
S (CIAPRE) ot (Sals b il a3 S
Lﬁ_<§;:§ sladde b o 2 glaesls u.sil“”““ ..L:fda

QJJ)FJM.@‘OMab‘bc)w;a)wﬂj«aj).}

Sols o 28 L;m;ugw@:iir,;

 4a
. dsl 4
5
~ y=0.031x+ 0.267
(o R2=0.9979
=
O3
=
= 2
B
1 //"
0
0 20 40 60

() L e

el 5l g O Ul a5 e SnS Je F osled p g

€9 1S jou)e « PG 2)Laids «@)led § (0 2)93

ohsjls (A} eolc sl alas


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

OmlnSelaguam 83a )3 9ol CnTiSs Oilpel WG Cylas

oo Dol il 31 la ¢ oS 550 IS,
03 55 gr JonS 5 e SISl b s 40 5 5 ST
Laded BI85 55 e S5 b o
48 15,557 o a3 O gl 51T (51 (S - shaun
il gl LAl 5 ol sl oT Cilae
P (Y-0 o leds alslaa) L
g 4o 457 01K 5 Katsumata asfllas ool
Oledsly 457 5l QLS ol plasil O 528 558 5 5 ) 3
o3 0 Bl AP )y sd ST e Bl
A Jadl il 2 5 Jge Jue VB /00 ke
(D) sl 0l Vfou.ul) oT 5l
S K55S sdalie (O, Kan 5 ZhoU (glantllas 5>
SO U Gl Oledlily il ol Sl g p 0y chile
SalS 0Ll 0T 5l da 5 Gl ol jadeiin Slals

()l a3l

Fe3* + H202 — Fe — O2H?* + H* 1Y oyleds aal
Fe — O2H?" + US waves — Fe?* + HO2 :v o Lo abail
Fe?* + H202 — Fe¥* + OH" + OH~ 0¥ ol abal

Fe3* + HO2" — Fe?* + 02+ H 10 o less aail

Qi CLlE 0 )
O5sodad €058 g g O olbenS 1 AT 5 50
JeS s oen ISl 5 e Ol 4 LST
L STy plowl L Fojless adal) b oS ool
LSy 5 Eel a2 b 55 Lol
Sde Lg&badlgi:l)jlu_{i 653;@“})“
Cble il Ll Vbl 5 O gl
L5 IR el (ol o B LS 05 sk
@ Sl ams )3 5 JeuS o JLSs),
Al e RIS sl Ol el pd e T 5
2yl LT ials WlsT, 05s,e Shle
it YU glac ble js. v ils dalgs o
Jos JonS ke SISty i sl Ol sy LS,

O3sodenr YL lachle )5 s 3 sai dal

4S Cml il S o o 3l o (65U
AEL Lo e JouS s s JSCs), W5 pute L Ll e
L il alpan by o Ol Ol 0 YL
Oleksly ol a5 Cwl 03 0 s s MFF ol Olekl
Tl b oss Jalse o STy pdes 151 26V
e LSSty dd 5 min 45 03 4 S35 sl A

55 635 sl JouS 5k

mys B hydrogen peroxide
hydrogen peroxide/US ® MNPs/US
B MNPs/ hydro gen peroxide MNPs/ hyd o gen peroxide/US
88.36
50.14

28.42

11.32
763 410
B e

Calien gla (Sladul B 3 (oS g e o ST Y 00lad g

ook 2w ot 3 gl b S VS ol sy
ST ol U Jeol b Y oled Jsdr

05 S S b 2 aT LS 3L b ST
a3 2 OLMBC s MIC 3lie b1y e p S 5 e

AT CxKe S350 gl Sl Sl b F osled Jsue

(Mg/ML) S ss” clae filoo (MQ/ML) oS jlgn il ol T
#IYD AZAN) Q,Lfl::,}:,\

Y/AYS \ios 38 oS S sl

I )

& Soefe w fef2 s

as /¥ Sley3 $U G Sl Bl aS sls ol ok

Olesly ol o il 531 &S5 g0 5T @ o gL /Y
CVOILGE 5 adeyd 5L 5L glac bl s ,'VS
Al oS50 Ssl; 50 W5 5l (AU
oS 5 s 55 0 5t ORI e

e Y Sl - T S PR ISl Loy

11€6 10 )0a)gils « PRG 2)Laids «@)ga § (W )93

ohdjle (i) eolc slEibily dlas Oo


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

ul)lSnm g ojgpas lagi

S5 ST D 53 0 55 Al p 2T 0 5 S
ladl 3 il oo el pH 4 by o
SoMLl Cda)s s 56 PH e iy O galdnST!
5 JenS 55 JLSGly A 5 Oljn €055 emtenST,
L{.})‘)JW)J)R}AOJT;LJB)D;M
O S sloen oL Loyl 5 syl 5 Lomes pH 201530
ol LS5 oo ST IS T 5 Bl JhalS 55
255 45 s & 5 s £ 5 Ll ol ol oS
ST 5 0S4 055508 denS Ty 0 oy 2 sy
dale Jlisa ) Gd o8 Jials 4 53 ol
LFOFF)Cils
O YL lapH o cal_in slaa ! 3 s
4 m e bl 53 L s 4 0SS,
Jle y5 ;5 Chaudhuriy EImolla .5 5 s 4 2 T
LS5 o oy PH s & sl 5 £ Yoo
5 Sl S50l 055 5dp denST (i 5SSO 5
35 15 0504l 5 I p g ST SO0 5

(F9) Lidus oo

e Jele (s

03 S s s A Dl (s 2 S
S GRS b 0T aeylie 5 Caliies gl bale
o 2S5 St (o)l 5a) s S s ST
oy ¢S85 0 ks ST S e 0 iSOl
Rl e U a RSy 2alS S o 28T
GRSy ol CBLE L 5 AT e Ol ) Y e
el Bl ey S LS lally 4 o ouin
OT 31 S Ly laT 51 ol B )1 s
Lo ale s 3 el by e ol i, o5 3
FAPVIAS o (69 m sl a3 &St |

b oS g e 41 325 (535 2 O 5 Giri
DL gl (sl plasil slaallian 055 13 3 oslin
£55 31 ol g s 40 5 STl g St oS 51

(FA) ! 03 g d}‘ 4>y

L S s JLSCl) J S0 53 LS,
LS 050 s A 5 Esl g eals 1Sy
(A LS Al g
S eslatul U 0L 5 Zhang 45 (glaslbs s
Wl il 855 ol (555 2 0528 55 g L]
51 0580mpn ey e 31 S LS oali
OT ldm 5355 oo Oleily il 31 sl V/AF @ +/A
ElS FOLL e Srals bl C ke 05800
Uil s ol 75 01, a s Monteagudo axlas
sl pat e CBLE 6 b 0Js S, Ll
Eel 0T 3l dns 5358 e oo DLl 2ol 55

(FV)5 55 oo Sals

el g poes Sl G )

S5 g T sl Chle Sl ek Sl ol s
ol ol QLAY aJLo_-i' J‘.}}_«J BE) wu{)h,mw
S o g e &S5 g BT ke 215 L Ll
I T *’g—:’*}:‘w:‘T PR (’J—fgr'\:"’*'
S g 5T Cle 231U 5 Sl 3 g Ao s MUY
Sl oS 2y F e 5 S iy
ol Ll anl alS do s FV/YA 4 0T 5
LSLAJ\SiJ‘) u.:;l_;) ;}J—w Q‘J_:.e o.,\_;iYT )I.,qu
54l SRl Gle DY pams dogas fouS 5o

LYY Jlys 0K 5 oS gladlas s
MUKP J...ﬂf)‘ oalai il \_1 ‘J Ww}bj#
(Pl ‘\LM.:U wwjb}w 1:3}1 cble

PH 56 oy

bl ol il ol 00> OLES Bo jlads 515 505 5o

Ol 1161 )ou)e « PG a)Laids «@)lgd § (- 8)93

ohsjls (A} eolc sl alas


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

OmlnSelaguam 83a )3 9ol CnTiSs Oilpel WG Cylas

S e Golge Chle o Ol L JSTLE A1 e
L le 53 02T S350 & Cand (55 by Cunglie
3015 o8l S S Al (6 ST

Sy = slandlas Y04 Jlu s ol 5 Subhi
)u\_'n:‘: (:L'».t‘ L5l§\?~":"lf&|)w}§J3\ w;;}.l:ﬁt.wl
S S skl g9y oaT S5k A sls Olis @\:3
S S SIS LA o (g anils 36 sl
JLs s Wang aadlas s MH.(M)@! ails
Brahmchari aslles ;3 5 2,8 do Of SIVA VY I
S aT Sy sl Ko S1Y Y Jla s
(OVOF) Ll

Jlas b8 &S 0l s 4 FesOs candblS 4
N el g s S5 g 5T S sl
ole)T el g Ll o s 4 (ST slad slows
Jga s D050 ST, Clale PH=Y i U5 Le
)bkﬂjﬁ(ﬁ'/kugwcﬁgﬁ
s§ »“x{ ».T - ] . 3 ‘:_3?' e S‘j QL‘)
e (’J—fgr'\:"’ Vo eSS e
Cod> Sy MUK};}# Cols 509D ol i
J’,—:-; gs.’.y\—' &\_j‘};‘fl.' K] K;:—tﬂl" LS‘J‘-’ La.i_..l‘}”-
Loty ;805 5 e s e p S slags STL 03
.J}.ﬁ/ oslazwl \Adﬁbc}uﬁ

SISl

Coman Glided b By s ool
CrAb S L Sl ol 5 (S p e ol
IR.NKUMS.REC.1402.155 s S 5 F+ Y+ \FY
OT sl 5 Sladss Coplae Jle Colam S
RONMPRIVSIES PUPESHR

Sl bna Ol fre

Vo)l 5l a5 53 COD LT 51 fol ol
L e 585 e 653 5 5T ke 53 457 55 0L
Sgd> (g3l Sdme Ol O 530 6 g Al 2 5l eslanl
CperlS sl g e JolS (5l Sme pide 35 Lo p3VA/AD
sl laes sl b S ediasOlsy w3 ol Lo
oMzl 5 4l p (b pleS gl o 25 1 (AL
Sl opman 5 b o S 5 ST ST (g kL
Al b I 3 bS5l g e ST S el OT
OV0)3 pd oad i (Gme o3l s JalST ) sba
b JT bS5 b iy O sl L3150l 5l
Sl b es el fds s osle 4y JolS7 ) 5ba
Coaglin Jilis a5 okl 4 1y JT S 5 ksl
sl asls (S5 s s pdgan s ol s )
ot S S5 STy 05950 OV L e o o
BlF e Y ol 56 ause o a s il o g8
YL sl laclug le Gdme 5 4 6l
OFFa)s 8 515 eslinal 3 g0 awleS sl

o 5 o1, en s Bremner Lo 5 457 glanllas s
Sl (S 5 S FY Dol 1L s, Yo oA
Sl Ol o plom) 0 528 55 5w a4y !
a8 #r Ol Soke Sl &S ul 5l abow g4 TOC
o3l O 55 55 gu AT 3 5148 Sloj bal 355 Ao 3 1)

OB 2153l o3 FF 4 Oleckily s

ol S 3 Gl g fSn o Comnnlot i)
oS S Al ol s olge Ll filus
Bl s s il e 85 SaVOF
YYD ososl wsS 58 skl ol 5 Saas
ALl i ol 2 Al e 5 85 S
Ao 2 055 S PIND SYNYE 5w L 20
05 Sk sl Olis s STy sbay 5 b oalie

11€6 10 )0a)gils « PRG 2)Laids «@)ga § (W )93

ohdjle (i) eolc olEibils dlas oy


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

ul)lSnm g ojgpas lagi

References

1.

Al-Buriahi AK, Al-shaibani MM, Mohamed
RMSR, Al-Gheethi AA, Sharma A, Ismail N.
Ciprofloxacin removal from non-clinical
environment: A critical review of current
methods and future trend prospects. J Water
Process Eng 2022; 47(6): 102725.

. Halling-Sgrensen B, Nors Nielsen S, Lanzky

PF, Ingerslev F, Holten Litzhgft HC,
Jargensen SE. Occurrence, fate and effects of
pharmaceutical substances in the
environment- A review. Chemosphere 1998;

36(2): 357-393.

. Tolls J. Sorption of veterinary pharmaceuticals

in soils: A review. Environ Sci Technol
2001; 35(17): 3397-3406.

. Gilliver MA, Bennett M, Begon M, Hazel

SM, Hart CA. Antibiotic resistance found in
wild rodents. Nature 1999; 401(6750): 233-
234,

. Sarmah AK, Meyer MT, Boxall ABA. A

global perspective on the use, sales, exposure
pathways, occurrence, fate and effects
of veterinary antibiotics (VAs) in the
environment. Chemosphere 2006; 65(5):
725-759.

. Boxall ABA, Kolpin DW, Halling-Sgrensen

B, Tolls J. Are veterinary medicines causing
environmental risks? Environ Sci Technol
2003; 37(15): 286A-294A.

. ElImolla ES, Chaudhuri M. Comparison of

different advanced oxidation processes for
treatment of antibiotic aqueous solution.
Desalination 2010; 256(1-3): 43-47.

. Ericson JF, Laenge R, Sullivan DE. Comment

on “Pharmaceuticals, hormones, and other
organic wastewater contaminants in U.S.
streams,1999-2000:a national reconnaissance”.
Environ Sci Technol 2002; 36(18): 1202-1211.

10.

11.

12.

13.

14.

15.

. Halling-Sorensen B, Holten Lutzhoft HC,

Andersen HR, Ingerslev F. Environmental
risk assessment of antibiotics: Comparison of
mecillinam, trimethoprim and ciprofloxacin.
J Antimicrob Chemother 2000; 46(SUPPL
1): 53-58; discussion 63-65.

Javan F, Zazouli MA, Babanezhad E,
Gholami-Borujeni F. Removal efficiency of
enzyme horseradish peroxidase in removal of
tetracycline and ciprofloxacin from synthetic
wastewater. J Mazandaran Univ Med Sci
2020; 30(189): 95-106 (Persian).

Martins AF, Vasconcelos TG, Henriques
DM, Frank C da S, Konig A, Kiimmerer K.
Concentration of ciprofloxacin in Brazilian
hospital effluent and preliminary risk
assessment: A case study. Clean - Soil, Air,
Water 2008; 36(3): 264-269.

Hayes A, May Murray L, Catherine Stanton
I, Zhang L, Snape J, Hugo Gaze W, et al.
Predicting selection for antimicrobial resistance
in UK wastewater and aquatic environments:
Ciprofloxacin poses a significant risk.
Environ Int 2022; 169: 107488.

Kelly KR, Brooks BW. Global Aquatic Hazard
Assessment of Ciprofloxacin: Exceedances
of Antibiotic Resistance Development and
Ecotoxicological Thresholds. Prog Mol Biol
Transl Sci 2018; 159: 59-77.

Lima VB, Goulart LA, Rocha RS, Steter
JR, Lanza MRV. Degradation of antibiotic
ciprofloxacin by different AOP systems
using electrochemically generated hydrogen
peroxide. Chemosphere 2020; 247: 125807.
Igwegbe CA, Ahmadi S, Rahdar S, Ramazani
A, Mollazehi AR. Efficiency comparison of
advanced oxidation processes for ciprofloxacin

removal from aqueous solutions: Sonochemical,

OB 1ISe 1 j3peid « PG o)Lad «@)led § (w 8)93

ohsjls (A} eolc sl alas


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

OmlnSelaguam 83a )3 9ol CnTiSs Oilpel WG Cylas

16.

17.

18.

19.

20.

21.

22.

sono-nano-chemical and sono-nano-chemical/
persulfate processes. Environ Eng Res 2020;
25(2): 178-185.

Jun LZ, Quan WJ, Cheng YZ, Wang Y, Wen
MY. Efficient removal of ciprofloxacin by
heterogeneous electro-Fenton using natural
air—cathode. Chem Eng J 2022; 433: 133767.
Yao B, Luo Z, Yang J, zZhi D, Zhou Y.
FellFelll layered double hydroxide modified
carbon felt cathode for removal of
ciprofloxacin in electro-Fenton process.
Environ Res 2021; 197: 111144,

Santhosh C, Kollu P, Doshi S, Sharma M,
Bahadur D, Vanchinathan MT, et al.
Adsorption, photodegradation and antibacterial
study of graphene-Fe 304 nanocomposite for
multipurpose water purification application.
RSC Adv 2014; 4(54): 28300-28308.
Shahzeidi ZS, Amiri G. Antibacterial activity
of Fe 3 O 4 nanoparticles. Int J Bio-Inorg
Hybrid Nanomater 2015; 4(3): 135-140.
Zaman MM, Karal MAS, Khan MNI, Tareq
ARM, Ahammed S, Akter M, et al. Eco-
Friendly Synthesis of Fe304 Nanoparticles
Based on Natural Stabilizers and Their
Antibacterial Applications. Chemistry Select
2019; 4(27): 7824-7831.

Gonzélez Labrada K, Alcorta Cuello DR,
Saborit Sanchez |, Garcia Batle M, Manero
MH, Barthe L, et al. Optimization of
ciprofloxacin degradation in wastewater by
homogeneous sono-Fenton process at high
frequency. J Environ Sci Heal-Part A
Toxic/Hazardous Subst Environ Eng 2018;
53(13): 1139-1148.

Pirsaheb M, Moradi S, Shahlaei M, Wang X,
Farhadian N. Ultrasonic Enhanced Zero-
Valent Iron-Based Fenton Reaction for
Ciprofloxacin Removal under Aerobic Condition.
Environ Process 2020; 7(1): 227-241.

23.

24.

25.

26.

27.

28.

29.

Abdili T, Fazlzadeh M, Alighadri M, Rahmani
K. Efficiency of sonofenton degradation in
removal of sulfacetamide from aqueous
solutions using nanoscale zerovalent iron
particles. J Mazandaran Univ Med Sci 2017,
27(154): 130-146 (Persian).

Hu Y, Wang G, Huang M, Lin K, Yi Y,
Fang Z, et al. Enhanced degradation of
metronidazole by heterogeneous sono-Fenton
reaction coupled ultrasound using Fe 3 O 4
magnetic nanoparticles. Environ Technol
2017; (just-accepted): 1-22.

Wang J, Zheng S, Shao Y, Liu J, Xu Z, Zhu
D. Amino-functionalized Fe304@SiO2 core-
shell magnetic nanomaterial as a novel
adsorbent for aqueous heavy metals removal.
J Colloid Interface Sci 2010; 349(1): 293-299.
Firouzeh N, Malakootian M, Asadzadeh SN,
Khatami M, Makarem Z. Degradation of
Ciprofloxacin Using Ultrasound/ZnO/Oxone
Process from Aqueous Solution-Lab-Scale
Analysis and Optimization. Bionanoscience
2021; 11(2): 306-313.
Pourshaban-Mazandarani M, Ahmadian M,
Nasiri A, Poormohammadi A. CuCoFe204@AC
magnetic  nanocomposite as a novel
heterogeneous Fenton-like nanocatalyst for
Ciprofloxacin degradation from aqueous
solutions. Appl Water Sci 2023; 13(179).
Jaafarzadeh N, Takdastan A, Jorfi S, Ghanbari
F, Ahmadi M, Barzegar G. The performance
study on ultrasonic/Fe304/H202 for degradation
of azo dye and real textile wastewater
treatment. J Mol Lig 2018; 256: 462-470.
Khatami M, Aflatoonian MR, Azizi H,
Mosazade F, Hooshmand A, Lima Nobre
MA, et al. Evaluation of Antibacterial
Activity of Iron Oxide Nanoparticles Against
Escherichia coli. Int J Basic Sci Med 2017;
2(4): 166-169.

11Eo 10 )oa)gids « PRG a)laid «@)lg § (w0 0)93

ohjle (Al eolc oGSl alas oK


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

ul)lSnm g ojgpas lagi

30.

3L

32.

33.

34.

35.

36.

37.

38.

Kumari M, Pittman CU, Mohan D. Heavy
metals [chromium (VI) and lead (11)] removal
from water using mesoporous magnetite
(Fe304) nanospheres. J Colloid Interface Sci
2015; 442: 120-132.

Hou B, Han H, Jia S, Zhuang H, Xu P, Wang
D. Heterogeneous electro-Fenton oxidation
of catechol catalyzed by nano-Fe304:
Kinetics with the Fermi’s equation. J Taiwan
Inst Chem Eng 2015; 56: 138-147.

Wei H, Hu D, Su J, Li K. Intensification of
levofloxacin sono-degradation in a US/H202
system with Fe304 magnetic nanoparticles.
Chinese J Chem Eng 2015; 23(1): 296-302.
Ozdemir C, Oden MK, Sahinkaya S, Giiglii
D. The sonochemical decolorisation of textile
azo dye Cl Reactive Orange 127. Color
Technol 2011; 127(4): 268-273.

Wang N, Zheng T, Zhang G, Wang P. A
review on Fenton-like processes for organic
wastewater treatment. J Environ Chem Eng
2016; 4(1): 762-787.

Katsumata H, Kobayashi T, Kaneco S,
Suzuki T, Ohta K. Degradation of linuron by
ultrasound combined with photo-Fenton
treatment. Chem Eng J 2011; 166(2): 468-473.
Zhou T, Zou X, Wu X, Mao J, Wang J.
Synergistic degradation of antibiotic norfloxacin
in a novel heterogeneous sonochemical
FeO/tetraphosphate ~ Fenton-like  system.
Ultrason Sonochem 2017; 37: 320-327.
Wang N, Zhu L, Wang M, Wang D, Tang H.
Sono-enhanced degradation of dye pollutants
with the use of H202 activated by Fe304
magnetic nanoparticles as peroxidase mimetic.
Ultrasonics Sonochemistry 2010; 17(1): 78-
83.

Munoz M, de Pedro ZM, Casas JA, Rodriguez
JJ. Preparation of magnetite-based catalysts

and their application in heterogeneous Fenton

39.

40.

41.

42.

43.

44,

45,

oxidation- A review. Appl Catal B Environ
2015; 176-177: 249-265.
A, Gholami P, Vahid B.

Heterogeneous  sono-Fenton-like

Khataee
process
using nanostructured pyrite prepared by Ar
glow discharge plasma for treatment of a
textile dye Ultrasonics Sonochemistry 2016;
29: 213-225.

Zhang Z, Zheng H. Optimization for
decolorization of azo dye acid green 20 by
ultrasound and H202 using response surface
methodology. J Hazard Mater 2009; 172(2-3):
1388-1393.

Monteagudo JM, Durdn A, San Martin I.
Mineralization of wastewater from the
pharmaceutical industry containing chloride
ions by UV photolysis of H202/Fe(ll) and
ultrasonic irradiation. J Environ Manage
2014; 141: 61-69.

Basturk I, Varank G, Murat-Hocaoglu S,
Yazici-Guvenc S, Can-Glven E, Oktem-
Olgun EE, et al. Simultaneous degradation of
cephalexin, ciprofloxacin, and clarithromycin
from medical laboratory wastewater by
electro-Fenton process. J Environ Chem Eng
2021; 9(1): 104666.

Hakimi M, Alikhani M. Characterization
of a-Fe203 Nanoparticles Prepared from
a New [Fe(Ofloxacin)2CI2] Precursor: A
Heterogeneous Photocatalyst for Removal of
Methylene Blue and Ciprofloxacin in Water.
J Inorg Organomet Polym Mater 2020; 30(2):
504-512.

Liu Z, Wan J, Ma Y, Wang Y. In situ
synthesis of FeOCI@Mo0S2 on graphite felt
as novel electro-Fenton cathode for efficient
degradation of antibiotic ciprofloxacin at
mild pH. Chemosphere 2021; 273: 129747.
Aseman-Bashiz E, Rezaee A, Moussavi G.

Ciprofloxacin removal from aqueous solutions

00 1ICeW )oupib « PG o)lad «@)les 9 (w 8)9s

ohsjls (A} eolc sl alas


http://jmums.mazums.ac.ir/article-1-20126-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-08 ]

OmlnSelaguam 83a )3 9ol CnTiSs Oilpel WG Cylas

46.

47,

48.

49,

50.

51.

using modified electrochemical Fenton
processes with iron green catalysts. Journal
of Molecular Liquids 2021; 324: 114694,
Elmolla E, Chaudhuri M. Optimization of
Fenton process for treatment of amoxicillin,
ampicillin and cloxacillin antibiotics in
aqueous solution. J Hazard Mater 2009;
170(2-3): 666-672.

De Lima Perini JA, Perez-Moya M, Nogueira
RFP. Photo-Fenton degradation kinetics of
low ciprofloxacin  concentration using
different iron sources and pH. J Photochem
Photobiol A Chem 2013; 259: 53-58.

Mondal SK, Saha AK, Sinha A. Removal
of ciprofloxacin using modified advanced
oxidation processes: Kinetics, pathways and
process optimization. J Clean Prod 2018;
171: 1203-1214.

Giri AS, Golder AK. Ciprofloxacin degradation
from aqueous solution by Fenton oxidation:
Reaction kinetics and degradation mechanisms.
RSC Adv 2014; 4(13): 6738-6745.
Shoorangiz M, Nikoo MR, Salari M,
Rakhshandehroo GR, Sadegh M. Optimized
electro-Fenton process with sacrificial stainless
steel anode for degradation/mineralization of
ciprofloxacin. Process Saf Environ Prot
2019; 132: 340-350.

Wang A, Zhang Y, Zhong H, Chen Y, Tian
X, Li D, et al. Efficient mineralization of
antibiotic ciprofloxacin in acid aqueous medium
by a novel photoelectro-Fenton process using
a microwave discharge electrodeless lamp
irradiation. J Hazard Mater 2018; 342: 364-374.

52.

53.

54.

55.

56.

57.

Ji R, Dong Y, Zhao H, Pan C, Wang G, Zhu
Y, Li J. Z-scheme cobalt-iron oxide/perylene
diimide supermolecule heterojunction for
high-efficiency ciprofloxacin removal in a
photocatalysis-self-Fenton system. J Colloid
Interface Sci 2023; 648: 623-632.

Salari M, Nikoo MR, Al-Mamun A,
Rakhshandehroo GR, Mooselu MG. Optimizing
Fenton-like process, homogeneous at neutral
pH for ciprofloxacin degradation: Comparing
RSM-CCD and ANN-GA. J Environ Manage
2022; 317: 1154609.

Bremner DH, Carlo S Di, Chakinala
AG, Cravotto G. Mineralisation of 2,4-
dichlorophenoxyacetic acid by acoustic or
hydrodynamic cavitation in conjunction with
the advanced Fenton process. Ultrasonics
Sonochemistry 2008; 15(4): 416-419.

Subhi  H.

Nanoparticles-Chitosan Composite on Bacterial

Activity of Iron  Oxide

Biofilm Formation. International Conference
on Pure and Applied Sciences 2018: 7-10.
Wang X, Cai A, Wen X, Jing D, Qi H, Yuan
H. Graphene oxide-Fe304 nanocomposites
as high-performance antifungal agents
against Plasmopara viticola. Sci China Mater
2017; 60(3): 258-268.

Brahmchari RK, Kumari P, Kumar S,
Sharma R, Pani Prasad K, Srivastava PP, et
al. Antiparasitic effect of biogenic iron
nanoparticles against the ish ectoparasite
Argulus siamensis: In vitro study. Indian J

Fish 2023; 70(3): 107-115.

11Eo 10 )oa)gids « PRG a)laid «@)g § (w0 0)93

ohsjle (S eolc 2GSl alas [\1%


http://jmums.mazums.ac.ir/article-1-20126-en.html
http://www.tcpdf.org

