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

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
FAF T FAY Sloio ) e+ i) oo yliz o,lods oo,z 050

0

&b

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

‘,f‘f‘“Jj’:’, Jle

ST
queel o7
%,
oty
(AEH) |

s
%,
0, o™

" Of Environ™

Silwled sioly8 40 euls 3ol (b o ST 51 0lastul b wul e S Tusesl (iSTs i Bi>
il B ol 3l eoliiinl b Slid gugige (oS 3 (5 59 5d BlSg2

TS LS (giliisl Y g Lo oMl s (6525 s

Ol e e myde Con i oRiils o (S h pole 0aSladls clasre Cublogy (gwidige 05, )
bl ey j0lo ey yole SLaST (s ol ()l jas (ssdigs 09,5 -

FYC VUL S do el oM L

G388 5S> Aot (i iTsSist (LS pse Sl sl iBas g Aoy e, iq)p (el s g,

)L_wu|)\)YLsu—~]>{>54_)).7uMCA_AsLﬂAJ_JOMdD)_S‘SA)‘)JOQM‘D)H ‘f"/‘\/‘ﬂ‘ w‘)-’s@)b

51 ooliwl b (IMD) sl gl Toas] o 0555 aalllas ol 5l Baa 13wl cenl 55l yfau/yY/oy by gy

(PMS) uLﬂJH}Jj&Q‘SAASBJ-’ 9 UVA )5.: J..\.Jb N W) C)Lo‘ p.:)...w J.:_m.ﬂ u_....JL,IS \fN/W/Y\ Z)W‘ ("}’)L’
el

B ylgie dy oud Mol oy e dST 00ls 5l B () j0 1wy 92 (09
clale L3 5l 6,10 0,40 sle yiel )b .o solawl PMS (6,45061 28 (g5l Jled (ol
5 Olis (ol S slagssl 5 iiSly Gle; clily wgige S, dale (o JBIS
é‘)fyl.nj; oo Ll o cdale 6,5 O)‘J_l‘ e J_:Qj.v LfT LSLQM ) .,\_.I/JS
Sleolawl b JS (T )8 Lo b v (55w Sore s (HPLC) YU SIS L aole NN
o plil 55 YET TOC olSiws Sl el «lilssise s
Sl GBS cdale aigy byl 1o o U5 958 (o 55 asdllae ool jo [ Laasdly
)..v|).3 £+ min wfls Ql_a) BEE) Yo mg/L )_31).! ulﬁ.lj_.as.oyob.»Sj).v clale VO mg/L
ol 0o 0 OF 1l (5w Some (lyae aige sl 5 30 pien .oel Sy 9o 0 AA
3o S5 S (So,6 s UVA g5 o ag bl j0 aliglel gl awslie o
el Bl Lyl s 9 PMS (6550615 528 (g5 Jlad 5l ol g s
Gz ol 0 00 00ld daxwg PMS (6,95 U5 938 (g5 Jlad 0]} 1 (g g deus
So i g acab e sl eog T 0T 5l (5 S 0 i pgow B> 10 (YL o, Slas 0lys o
el e ST 5l g slpoan VT Bis (gl aal 5wyl s 0 i 95 Sy Sl oy
moussavi@modares.ac.ir

(eSS Bl 928 1 g audS 519

Please cite this article as: Akbari S, Moussavi Gh, Giannakis S. Removal of imidacloprid insecticide in the photocatalytic activation of
proxymonosulfate with modified magnesium oxide as catalyst using ultraviolet A. Iranian Journal of Health and Environment. 2022;14(4):683-94.

Copyright © 2022 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@ @ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://journals.tums.ac.ir/ijhe/article-1-6561-fa.html

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

D958 Oliee AVlo &5 s Glaz g0 op )y ASCS]
Sl () el sais (5,155 e yo Yo yeudie Voo J
Froee e o8 Sl G by ) e (g0 ool
b wlgie & cesl o 4o 15 gL > o 5 55,
Sz Bl eyl Seatans 3,Shos 5 (555 ¢ olod ]
cdy (sl wiles (65,5linS Y game 5l 93 Ve Cdadlone
V) 35 a8 )5 S5 008 5 SLS o oS LS (9 ¢ ey
o VVF 890 Vo) Jlo y0 oz 0 s kel b (A
Li lojl g wisg 15T cnl g5l (655l Y gams
b ol 1, VWAF Lo ;o IMD G pme e ol bl
B Sldllas ulul e (A) ols 5,155 0V Y ton
oladale i canl 8 5 O a0 dione ple Jawgs a5
B YN el S gLyt S T molio o (aScdl

V-1 ) sl oas (5 o3l YEYS ppb
gl daphgis, (Jile o lapscdl op)l8
@ Jy ol Coeal Sl ose SWEL 9 55,5leS S L
i 9 e ol e cl (e Ll st Sljlse
gl axlee > L L«ad‘;‘f;’;‘é] YL cdale vg,9 Jdo @
) s pSein azg ol Sogl s glaJlo ;5.004)
il (2ilej] Glacliss g coul 00,8 > 093 4
angi o1 Lk Sl mals jslaie 4 OIS aaar (ol
Oyl calizre sloan] 3 Jold L SuSS (] wslazsl
5 w0Vl (alad slasnlp (i by
JSY ORI KV | Jt- RVE P T XSRS VL UV JE-OWON | | L PV
3 Bge slaanlp l (S Glye 4 (Keal (o JUS g2
o 3l ol o ol e 4 g j0eby slaeanl o 5o
a3 el 4l 58 ol Laame o LT atolySl
Cos S (golse gl ol S jo (goumie Cilidsy Ll
5 i omlin OIS el iy b
ONN0) Sl 48,5 & yge0 caimd Gl 5565 (slaoais V]
Sl Jemily g (o Cdled s @ o e S|
sloanlp o opls LB o5l slaasT 51 (o YL
ST Sl o ST 0yi> s el telS 25
Slge s yo ol PPSoN [ OGO | PY: R0 51 P PN UE DY

FAY

e Sl elSlanas] iSe i Bi>

doddo
5750 o e CobS (5t @elyz (B (Sato b ojs el
lise SYgame oy 5l U slaoanYT 5959 S 50
S o)l ©)9,0 At (nl 5 Sl 0id > s
O T R PR A D R P (e A B xlie DB
da Sl olag Cudl e Y game siles (gauaz Slge
as wiloass 0,155 ol slalose g OMSB [o lag,ls g pgous
Slga oyl (Y) 398 o 3L g slrossVT Hlgie b Ll 5
Ailoas ools ausis «591 sl (05 Cug dass 0 45
3 el 2575 onl b Ll catis o oy slocile sl
Sl jo sl Gl 31 as > 0,5 gt Slge (ol jgua>
Slge cpl oS lacdale a5 cunl (pl 5 jgal (gl co Al
Sloses ypdr Ll il oS Gl (sl G e 3
Sloais cuo i Ol ol San oais VT cpl 5l (g b
b b SLuS 5 o aScdl (Y V) asb atsls o ,o 1,
2 3L g ] Gl D 90 g 4 Wits (ogias
Cron Slou] jglate 4y a5 030 5 o S5 b alS bl oy
©S3,lae 5o g wiloass b Lol lapusdS )l s ol
2o Bl g gladl )0 peie b ol Congons sl o 4
3529 (ol L (F) wilasd 3 )1 8 am g5 0,90 0iy Dlogge s
59k olaidl 5l cage s la iS5l 5l eolatul i o
ookl canl (Koo 3)lg0 pam jo 1A v o JSiS |
o 930 Wl by b ogw a5 Glej Lol 00,5 sgae LSl
e yso 4y s Ll 5l eolil LS g 9,5 o0 )l 3
50 b mSedl 5l 5 e VIO g0 wldle bl ol p
OlwSL o oS L.S)L"T (D) 8,5 oo 8 oolal 090 e
aldls mSedl o5 Jha Ve amo oo plis conl ool 3,155
B ras 3,90 Loy PO AVl yuoldl &5 L jenS cpl (o
ol lp doys /N bl cnl 5l aS 0,5 s )8
Ol doy0 A9/ 5 sl Jpame La> jglaie 4 5 BT L
8) giign Sooll slml el O 5 SB- a5k
;I dmidaclopride (IMD)) wl,glSToces) iSo i
50 £2) 97575 1900855 (6,5 b b aid o555 s
oeess (CH ON.Cl los Jse)b 5 YOO g/mol

g{fﬁ yﬂy
100 ylimoj /,lg2 6l /s lg2 695 s

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


https://journals.tums.ac.ir/ijhe/article-1-6561-fa.html

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

O 5 (65T Aonn

Cowds YT MIN Gloj 40 peslis oSt 60 b ooV oyl
2 09 Sl 58 Sy 38 5e8 gy Cal S 1Yol
b olisS oy o pKediz s pdy So,20 LIMD i

Dy Slilgusise Ssn 5 5 Hlejer lasl 3

g, g lgo

s brond 0lse

A A dwoyd AN eols ax 0 L IMD adlas opl o
az ;o b CudS hls eoliial 050 (liard Slge (e
oo QST ooliul 3550 Bl oy Kol
el 0393 (39,5 b oo o]

sl pled i,

b opls e b o s 35T, 5y 51 callnn cal 5o
5STy 69y ol eolaiwl 0 ML gz 5 Ve cm s
LED s 01 695 5 5155 iz 5l (0000
YEONM g0 Job jo jianld oaisS (b sbbogs Jols
69y 2 O il g 6 Jlasl & 90 (SUN LED)
28,5 )18 ageinsl] amio

Bl g ond 2ol aprie dpST bS58 0,08
san 050 051y 0 Sllgagise uSs 5 555 s IMD
035 Jm b2l Jslme aised Glalesl e g0 285 )8
e 9 Sl Cewds e STV Lo sV 5l /oY g
Bl 5l Gilide slaclale ol jen 4 godnie lisles]
(Vo +-Y0 M/L) Slafguwgige cnSgy (Ve +-0- mg/L)
e 4 s gl PH 5 Ve ML oo a4y 9251, 51
CiSe losliul b (508 (55, 52 5 28,5 I, £+~ min
0 mL e 28Ty ley Soe pledl 5l s 0l 03502
Y um 8l oilail b (Sywpe pld lawg diges
o8 3l oolitul b oan¥T owiladl clalé 4 o il
(HPLC, Eclipse Plus Yu s Sloe L slo 31,5 g5log,S
Cl18column; 3.5 um, 4.6 x 100 mm, Agilent)
A (5 Soslail YV M 5o Job 0 UV sl 8T S L
Sy g Fof e gom i b gl 5 T S e 56
Y dolre 5l oolatw! b sans¥T o 56 oyl .09 Y mL/min

® gﬁ/
yégg J 1Eoo glimo] /P lg2 0)lodh /3,12 0195

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

FAO

L osle ol (gmmdBLS il bty S oSSl
ol I3l e g oo D3l g SI3lE st ol
S8 (SiaST slagali 098 (y5eaST o i Glgie 4 (rlan
dos $)p 0ad S0 slakels sl al plore a4y a3 S
0 i (9 Sl Glacdar oS 53k 5 (el o g 05 (oo
ST G Bl o9 YU s 4 [0 (Sib 5l aisd e
Ol 3l Wb g 03y cmd Jlows 59 b o] S0 20 o 5o
VPN b iol58l o] Bl 428 & 08 B 0o 5 Lo
g OB L ouds Costi (o318 slaanST sasie Slads o
ol 3k sloaSTL anslin ;o (5550 0 Shoe Dl3ls 8
oD S gl o ke S| S (e 4 w3 0 (JLAS 00t
S Slp ol 43S Wl oo 0395 ale Sl DIlE e
oz (555 el sbml 5 (5,58 Codlad Lo 4y 3 o3l
OA-YF) 050 o] 5,50 BB o

S Gla JSGol,) aly p ad iy HgewlalST sloasl,s
S aliws JenS g 0 J00l) 5 Slidsw SIS0l alex )
Ollge JBGol, sl 1) Gy e o 0015 <Ll
D35 (0 wyme o055 G STy 5 mee JS00, Se
(Fe B Y nS) Vb e aos Lo 4 Slalgugige oSy 0
VIB) JeuaS gy Jool) 4 i 5YL GgrnslaanST 508
Olsn PH 1 ormsg 75, 50 collad (izman 5 (4 YNV G
Cyee Sllgw JSGol, g Cwr 68 plaesT S
sloanld jo I olse 4525 10 Wlgi ge pal cpl 45 058 e
AYFYO) asb ails oYL LS el

oS adlhe & Edx o (YY) oKes 5 Sun
G CeB bl olisl 5 IMD e Jlls g2
Ve pleadl) Sobe gl awisls S48 sl 0255 % 55
o 5 4 00 YT g CandBlS cdale YO min e ,0 s o
(V) o, Ken g Akbari Shorgoli .04 V+ 4 £+ mg/L
ST 65 356 b UL 528 0yl 3o 1, IMD sasy ¥
IR o2 290 VoIV Jlo 5o Glons )3 0 Sl pgsilis
LA min jle; 0 e 5l Ve ME/L i jlenil) assls
A 08 eSS dwoyd 44T Bl Ve e mg/L cen JBIS o
S0V mg/L WS o5 (YA) 500 laadllas jo


https://journals.tums.ac.ir/ijhe/article-1-6561-fa.html

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

Ve mg/L Bi> gl Ve e mE/L g VO &b+ YO polie yo
CecdBIS il i ol 028,515 50T 5,50 IMD
a8 S L ofeminb - 23Sl by g Ve - mg/L Ly
cbale ol LY loges 5o sawl Caway b Bub wa
a4 anld oL Vo mE/L 4 YO 5l Gligwgige oSy
Femin b oo YO & sy ¥ 5l 6 pfais ol
ab oanlin Jloged ;5 (Jo3 gy ol 5l o 5 28l Gl
doys £Y w Ve mg/L clale o leal, &5 slasgSa
age cdale lgiea YO mME/L cdale al> o ol 40 0w,

b aid )5 L s b ialesl aslsl g1, PMS

<M)b) &_9.)\2- &_i\)lS

—— 25mg/lL. =50 mg/L

e Sl elSlanas] iSe i Bi>

ygo a0 EXcel 3800 5 5l eolial b Jol> gl g awlxe
S 10500

o UT o5l clale— o UT g cdale
obekily = M)
S p )
U7 5 ks

sBiws j eolitul b ooV (gilu bore (e (pizen
28,5 18 objl s 90 angy Ll 0 TOC analyzer

oaisly

Sl gugige oS sy cdale 36 lanl i olagle)l £5,8 Cp

—-75mg/L —#-100 mg/L

O T T
0 10 20

30 40 50 60

(min) sl ol

tousg YT adgl cdall) PMS (55950055658 (g 5lw Jlad usglyd ;0 IMD B> 5 PMS Cilie glacdalé p36 -) loges
(Fomin G« : gSS1g ylojVee mg/L :candU cdale ) mg/L

Sy (oil8l O yeo 4 sanYT Bi> wis, VO mE/L 4
Bis leail, 45 g 4 il Ltals LS 5T 5l e g
a0 mg/L ca IS clale o ooy AA I IMD
Ay S LSS Y e mg/L e a L2 s ain,0 0)
SlgecaN0-mg/Lec bl cal >0 o

Slislae;l alsl cp > & Lol S a g 3

FAS

30 Candbls Galize slaje 56 colioley] aslsl o
auld oLl Yo mg/L g Yo N0 e be ol
sl E85 18 w9550 PMS (555015 528 (g5l Jlad
AMD 31V mg/L el cdale &ygo a0 iolesl Lyl
Femin b+ oley ;0 VO plp Slilswsige cuSyp cdale
ouls 0ald LS ¥ loged [0 aS disS len Laiad bl el
O o dlsls c b L e aolidl Ly el

ggjﬁg yﬂy
100 ylimoj /,lg2 6l /s lg2 695 s

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


https://journals.tums.ac.ir/ijhe/article-1-6561-fa.html

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

O 5 (65T Aonn

—— 50 mg/L. —4—100 mg/L —8—150 mg/L =200 mg/L —8—300 mg/L

100 ~
280 -
Y
A 60 -
)
§ 40 -
- 20 A /
0 T T T T T T
0 10 20 30 40 50 60
min) sty ole

adgl Cdall) PMS (55950615 923 (g 5lwJlad uislyd 10 IMD Gis 3 Comd B cilizo glacdile w3l - 1o g0
($+min G+ : STy (Lo VO mg/L :PMS cdalé (Ve mg/L :ouis¥T

VE g FF VA plp ol S g Olts a5 jgas s anl Sl S s Sl wlls Jod Ol @l slagss! 56
56 o iin Ol o gl bl cpl pdel Cass ds o oialojl 090 Sl 58 anl8 )0 IMD Bio LI5S
Bl 00ge s O ,Slos ol yo |, 2D gd e samlin Y jlogei 10 a5 b len b 5 18
100 -
2 80 A
b}
A 60 -
)
~ 40 A
n
"
3 20
0 I
055l Ok SHY N ol S

mg/L) T sla 0,0

adgl cdald) PMS (5,935dU5 938 (o 5lw led sl yd )0 IMD Bio g ol 18 99590 Jglaio gaygmil mdb =Y 1o g0d
($+min : STy oloy ) MM el 38 18 mE/L :cawdBlS cdalé VO mg/L :PMS cdalé )+ mg/L :ousg¥T

® ﬂy
;/121)?99 J 1Eoo glimo] /P lg2 0)lodh /3,12 0195

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


https://journals.tums.ac.ir/ijhe/article-1-6561-fa.html

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

a2 oo HLas ¥ loges jo ol Cowdy s .cd)8 138 oy p
A VVemin gqe £ X ley 0 gile Sore ol aS
Ll 2o )3 YA § 20 OY XY

100

o0
-
I

N
e
I

\®) N
(e (e

SRV JUPY LY KVONY A SRV R E

anlp 3 IMD o (g3l Gome Glime (o ool Sz
5 TOC okl peses) PMS 6)5}.‘:”3593 Lg)‘l.wdb.é
3,50 VYo min b Yo alisee slaple) jo g aige bl

0 I I
30 60

(min) =s1, ol

90 120

adgl cdile) calizo sWylo 50 PMS (6,595l 438 (5w Jled wislyd 10 IMD (6 3lw Saxe ol je (o -F loges
(10+ mg/L :caudU1S 50 VO mg/L 1l guogign oS 9y <dilé )+ mg/L touis¥T

oy oS5 008 G0l 5 oad 1iSTy 3)ly ol sl J9SUge
39550 o 4y I dlge 43525 )0 (coge Jole 095 a5 wyles
(Y5 F)) (F 5 ¥ aloles)

h
HSOZ > HO" + SO ™

S0;~ + H,0 - HO® + SOZ~ + H* )

coble s sl 2als wasl cassy mls b @l
sloaisS yod 009, 4 i3 oo |, (V- » mg/L) PMS 5YL
oS (FAS 4| Sloogar b o s, sy 5 Jod
o (E;= 0.1 V)HO", 5 (E=1.1 V)SO," wils
PMS VL slacdale yoman (Fe) (F-) 0 SYolas) ols
5 0050 Jldl | candblS o Jlad slaolil> wilg oo

FAA

osle chale 5 go b i oewloelST sloasls o
Sl olaS 5 Bl )0 Sse laygSl 5l (So oS as]
2 s b il Sl adllas ol 5l ol gl e
04 sl w o AMD 55 0 i) Jow oV & i
Jol> pian 5o leaily iSTa>=PMS 5l vo mg/L clale
3750 53 S sl ol 1 5 il ]
ol g g 08 b g IS0l g b a8
(YUY ojls 1) hnSg 0 JB000, L aols, coblB YL
Slaguyy JBool, I olge 2528 Jolye 5l al>pe (sl 5o
53 oS oS ol 0 5,105 250 51 (o a5 098 00wl
e slaanl 5 5 ST g3 ol ST bS5 a5
wly ol @ aes Sl ks & JIS50l) cnl el

b plins juf O jgo 4y Cowl 0l aSly 0 e & g0

ggjﬁg y}ﬂy
100 ylimoj /,lg2 6l /s lg2 695 s

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


https://journals.tums.ac.ir/ijhe/article-1-6561-fa.html

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

O 5 (65T Aonn

h
N,MgO > e~ + h* O
h* + H,0 —» HO* + H* an
")

HSO; + e~ —» HO™ + SO;

Bl cdale 2alBIL Y Jloses 5l ol mbs ulul
gy @ pi¥ 28l el anl B oLl e e 0>
okt b o)lsan ¢ bS5 ola tiSTy L5 oS el
YL clale all )8, cwn bl mhu b g cBless
S gz g Jole ;5 ©eaS sbml 4 e e JUlS 28
) CandBlS Sge mhaw 5 0nd Sooen (59, Cucdllinsd
e S9b oo (oS STy Sy B bl jl g 0ls als
2 2d pedlfe ol Jl 4 e JB s YL cdale
Vb slachale ;o Koo (ggm 5l 005 o0 e piaw
Slilgmgign oSy n ColannS] Bpae (e il
Sy Gl o By, (pl &5 Cr om0l e
VY ANF) 0eb o0 dlyd Job o Slsw JG0l, s
o dblsys IMD Gis cqs 40588 Slillas o
cglandllae 3 aS o 18, § ), 8 pw)p 3 )90 (g0
L (V) Y-\ Jlw o ol,lsen g Akbari Shorgoli
ST (65 bl gzs Yoo mg/L bl ) sola ol
oy A+ Bi> 4 3950 YA+ MIN lej 40 peslis
B g 0, 8oe g5 oo (gleuslin ;o a5 wus IMD
aal) 1o Cyeizman g canlie | ol Guios 5 o dugd
@ e SeST aS 39d S5 Wb (g Silgs A L
s 59 25 alld i (A €V) e Sl s
SeS1 3 Canedli15 525 il aalllas ol gl 1 o5
auld cal 50 O3 slapsl ;8U og ool PNl s
Ll 4 (35,00 slapsl &5 050 oy 4550 Olgie |,
3 OieeST slops! il Soluay aulyy o ojlasl ol
ol g CEWL (halS o g ond i denST S Lo
S ol 4 OA) WS e jeam 5o Bl ol

o2 eSS T Ay o (559,508 (SVL (69809 xSl ol

® gﬁ/
,-/AI)?DQ J 1Eoo glimo] /P lg2 0)lodh /3,12 0195

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

£ A

WS ) loged 5o ol ol &5 ales jzaS |, GsSly e pas
@ Glallas o oKen o Kohantorabi .col sggie
Slalguwgige S gy lojed dl 3 (o Gabod pl Al gls

YY) ol caws JToan¥1 B cg 5

SO;™ +S0;™ — S,04% )
HO* + HO® - H,0, ®
HO* + SO~ — HSOZ *)
HSO3 + SO~ - SO0%~ + SOz~ + H* )
HSOZ + SO;™ + H,0 » HO3 + 2H* n)
HO* + HSO5 — SO%™ + H,0 ®)
HO® + HSOZ — HO3 + S0%~ + H* 0

oledily VYL ol lo badl isu jo a5 a5eSlen
Cawdy CendllS g8 V0 mg/L clale ;o IMD Gi>
JERORIPRIRVAN N [ SRV VRV SR 3 11001 IERIPURIRWY
ool cings 4>l CendBlS g el i mll L
ASepl Gle oo |y oduay (pl il als oan ¥l Bis>
2 SlaolSle yi gy Il 5 o5 3305 ol
IS0l Jb slotis adg o ConcdblS mhans 55,
Sed oo 0o Sl w9 (Slgw 5 JnSg)002)
S ole 4 aise Ce g | sanVl ol bl g
Slidgwgise mSgn 9 N-MO cundblS (o 2l3blen
S5 s 55 6yt Sl JIS0l, VY asles ik
580 el 1 aslys (ol oLl o 5 555

(YY) 05,5 V0 mg/L


https://journals.tums.ac.ir/ijhe/article-1-6561-fa.html

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

JoS g 002 5 Sllg Gl JIG0]) 4 S (5765 Lo
33,5 2 IMD 565 2ol caw ol cpad a5 055
OYF) (VA 5 VY doles)

NO,;~ + ROS — NO3 + OH~/S02~ %

NOj 4+ H,0 + e~ = NOj + 20H"™ (A

AN 5D SIS Q%fl gl pis 25 ey Sl ol
Slilgwn 9 A G m STy @ Olgee |y (e YA &
LY 919 dole) C12 s HOCI oJg a5 sls cos
IS0l b alie 5 5208 slen 5 (ppmmlaaST Jonsly

(VY) wles oo Dl g

HSOz + CI™ - S02~ + HOCl 0%
HSO; + 2CI” + H* - SO + Cl, + H,0 (V)

byl Jds a4 lg oo addlhas ol slacoogass alox 5l
plsl Coz (oBly diged 4 (wytus pas UgST L Ly
ol o Jolaie oyl 28l 0976 (o) cOligles]
o=t g EPR aila o5 glasdUl S 5 o
Dges oLl anld (b Jld JGol) sleassS

oy B2 sVl 4 egdle e Gy ai
B R AR UL I S R e
Bl leaily T loges j0.0m0 oo Sl JT olge oy gumlans]
Femin loy ,0 0o, OY L ply g uls 0 TOC
szl LSas Lo a4 aS ooy powb ks IMD
4525 a5 el ST s LS 5 5 pglie J5SUse
slacley ;0 a5 (V) col Bas oS 5 5 5 )lgis oo Ll
Slgi SLS el (l g 28l alidl g5l Same lanily 5V
el a8 )0 5l 155 ool wloS

£4-

e Sl elSlanas] iSe i Bi>

Solo ar oles oad ails CanlblS oS sl o el
&5 Gl o 5 wiled Qi [ PMS ans L L slaasss
ColarnST & b5 s 5] sy (slopyg S i

YY) wb ol gl Jd e Ll g 00 )5
101 (655 el St i) soanie Clallas s
Ol 0395 SBU Gl eslinul b 59, wenST 5 porslns
o anllae cpl o a5 (FF 1) el 0ids Ui 5 ciligo
S Olginy Wl oo G2iSTy L 5o Jslie slogygel 952
Al o pgada WS Jee ailp IS S Ll
Dl s a5 sl 5 SIS, slao 4
5 ol (V) 05 e ool rbliieg iUl g5
o Sbkes malS 5l 50 o iies Olo S cedwlians
(O3] O3 do,0 AA 51 leaily a5 (glassS a0 cuils ol 8
S olse a wlgiee LS Gl sy 20y VF 4
b o (VY8 dolee) JGol) Jld sloaisS canls,
oty ©05 b aisS s o 3 s o 25T
5 ol sladlusl, wibe 8 bl 5 HglanS]
Y0) oK g Kan .(YF YY) 55 (VY eV) wls S
ol aline gl 4y 0,85 &390 51 eolawl LIMD GBds o

HCO,;™ + HO® - H,0 + €05~ ()
HCO;™ + SO, — S02~ + HCO,"~ (\0)
HCO;™ + h* - H,0 + CO5"~ (%)

FF @ ao,0 A 51Ol Glaygas Hgas 10 piaw 035b
bogas ;5 Qda Gk 5l s ol cdl pall ws)s
5B 58 5 gemlinSlsd glaanlp UV ab o
baoe & Sl slagn (o958 L oasl 185,50 Wl
5 (V¥ VINO; aislen laaiyS i Sl
5 OsmslannST JLewily a5 ous oy (VY V)NO,

%ﬁ yﬂy
100 ylimoj /,lg2 6l /s lg2 695 s

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


https://journals.tums.ac.ir/ijhe/article-1-6561-fa.html

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

O 5 (65T Aonn

PENESIEATICYR
sl e ool Cd s pae Jolss IS SIS ads Bag g
Wlos S ole, allie pl yo 1) (o 5luonls g laosls Cay o cailS g0
2! IRMODARES.REC.1398.201 ajlis 33| oS

S0y g Sl

alae” Glgie b oasl 0Ll Gl (oa5) Jol> dlis )l
oas 2ol MEO @l 135l b (6,9 50b15 938 a3 5 Shoe
15 "0l T 5 IMD s B3 45 Sye 488 5 ompbline
oS cool Med-AMAYF oS 5 VYA Jlo j0) 135 aladie
3 mies .l oo Lzl oyae can 3 oKl coles b
(CISSC) MJliper cole slas,Kan g ladlas 5550
Sl culem bl arlpl s yskd g Slisiod cpsle &
Dgdise 10,08 ATV = b ol b anlllas ]

References

1. Balighian A, Ataabadi M. Hexavalent chromium
removal from a simulated wastewater using Fe(II)
modified bentonite. Iranian Journal of Health and
Environment. 2020;13(2):319-34 (in Persian).

2. Magi E, Di Carro M, Mirasole C, Benedetti B.
Combining passive sampling and tandem mass
spectrometry for the determination of pharmaceuticals
and other emerging pollutants in drinking water.
Microchemical Journal. 2018;136:56-60.

D, Meric S, Nikolaou A.

Pharmaceutical residues in environmental waters and

3. Fatta-Kassinos

wastewater: current state of knowledge and future
research. Analytical and Bioanalytical Chemistry.
2011;399(1):251-75.

4. Plakas KV, Karabelas AJ. Removal of pesticides
from water by NF and RO membranes—A review.
Desalination. 2012;287:255-65.

5. Kanwal M, Tariq SR, Chotana GA. Photocatalytic
degradation of imidacloprid by Ag-ZnO composite.

® gﬁ/
yégg J 1Eoo glimo] /P lg2 0)lodh /3,12 0195

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

£a)

& S Al
03955 I e ST 00 dgd Cen B 928 aalllas (ol 5o
Bi> ;0 6590 0,8les (glad,g o 4 o YV IIM olasl b
Dllgugise oS5 p CilagST s 58 Glojen jga> ;0 IMD
CanedBlS cdale agy bal i jo adllas 5l fols ls.cuils
5 VO MP/L clilgugige ouSg,n clale N0+ mg/L L,
IMD (3ls gose g 4325 oyl5e £+ min 2STy los 5o
S GlaFa 05 e ey BY 9 Al s )
el 5l 090 6 Gl Bro VL luSane Cux
3> Symyn slogsel %o b amslia )3 SlipSar (rizman
@bl el 3 (g S8 ad Sy STy e

Al asls aulyg

Environmental Science and Pollution Research.
2018;25(27):27307-20.

6. Sarbaz S, Moraveg GH, Heydarzade MR, Sirjani A.
Influence of host plant resistance on the efficacy of
imidacloprid toxin against whiteboard growth stages of
cotton. 20th Iranian Plant Protection Congress; 2012;

Shiraz (in Persian).

7. Akbari Shorgoli A, Shokri M. Photocatalytic
degradation of imidacloprid pesticide in aqueous
solution by TiO2 nanoparticles immobilized on the
glass plate. Chemical Engineering Communications.
2017;204(9):1061-69.

8. Meng P, Heng H, Sun Y, Liu X. In situ polymerization
synthesis of Z-scheme tungsten trioxide/polyimide
photocatalyst with enhanced visible-light photocatalytic
activity. Applied Surface Science. 2018;428:1130-40.

9. Liu X, Wu X, Long Z, Zhang C, Ma Y, Hao X, et al.
Photodegradation of imidacloprid in aqueous solution
by the metal-free catalyst graphitic carbon nitride using
an energy-saving lamp. Journal of Agricultural and
Food Chemistry. 2015;63(19):4754-60.


https://journals.tums.ac.ir/ijhe/article-1-6561-fa.html

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

10.vanGestel CAM, De Lima E SilvaC, Lam T, Koekkoek
JC, Lamoree MH, Verweij RA. Multigeneration toxicity
of imidacloprid and thiacloprid to Folsomia candida.
Ecotoxicology. 2017;26(3):320-28.

11. Moussavi G, Rashidi R, Khavanin A. The efficacy
of GAC/MgO composite for destructive adsorption of
benzene from waste air stream. Chemical Engineering
Journal. 2013;228:741-47.

12. Rashidi R, Moussavi G, Khavanin A, Ghaderpoori A.
The efficacy of the ozonation process in the presence
of activated carbon impregnated with magnesium
oxide in the removal of benzene from the air stream.
International Journal of Environmental Science and
Technology. 2019;16(12):8023-30.

13. Asgari GH, Feradmal J, Poormohammadi A,
Sadrnourmohamadi M, Akbari S. Taguchi optimization
for the removal of high concentrations of phenol
from saline wastewater using electro-Fenton process.
Desalination and Water Treatment.2016;57:27331-38.

14. Shokoohi R , Almasi H, Sedighi M, Daraee Z, Akbari
S. Application of a moving bed biofilm reactor in
removal of ciprofloxacin from real hospital effluent:
Effect of operational conditions. Avicenna Journal
Environmental Health Engineering. 2017;4(2):1-5.

15. Yu X, Zhang J, Zhang J, Niu J, Zhao J, Wei Y, et
al. Photocatalytic degradation of ciprofloxacin using
Zn-doped Cu20 particles: analysis of degradation
pathways and intermediates. Chemical Engineering
Journal. 2019;374:316-27.

16. Moradi M, Moussavi G, Yaghmaeian K, Yazdanbakhsh
A, Srivastava V, Sillanpdd M. Synthesis of novel Ag-
doped S-MgO nanosphere as an efficient UVA/LED-
activated photocatalyst for non-radical oxidation of
diclofenac: catalyst preparation and characterization
and photocatalytic mechanistic evaluation. Applied
Catalysis B: Environmental. 2020;260:118128.

17. Ahmadifard T, Heydari R, Tarrahi MJ, Khorramabadi
GS. Photocatalytic degradation of diazinon in aqueous
solutions using immobilized MgO nanoparticles on

concrete. International Journal of Chemical Reactor

FaY

e Sl elSlanas] iSe i Bi>

Engineering. 2019;17(9).

18. Akbari S, Moussavi G, Giannakis S. Efficient
photocatalytic degradation of ciprofloxacin under UVA-
LED, using S, N-doped MgO nanoparticles: synthesis,
parametrization and mechanistic interpretation. Journal
of Molecular Liquids. 2021;324:114831.

19. Maeda M, Watanabe T. Visible light photocatalysis
of nitrogen-doped titanium oxide films prepared by
plasma-enhanced chemical vapor deposition. Journal of
the Electrochemical Society. 2006;153(3):C186-C89.

20. Heng H, Gan Q, Meng P, Liu X. H3PW12040/TiO2—
In203: a visible light driven type-II heterojunction
photocatalyst for the photocatalytic degradation of
imidacloprid. RSC Advances. 2016;6(77):73301-307.

21. Golshan M, Kakavandi B, Ahmadi M, Azizi M.
Photocatalytic activation of peroxymonosulfate by
TiO2 anchored on cupper ferrite (TiO2@ CuFe204)
into 2, 4-D degradation: Process feasibility, mechanism
and pathway. Journal of Hazardous Materials.
2018;359:325-37.

22. Tang J, Huang X, Huang X, Xiang L, Wang
Q. Photocatalytic degradation of imidacloprid in
aqueous suspension of TiO2 supported on H-ZSM-5.
Environmental Earth Sciences. 2012;66(2):441-45.

23. Chong BM, Azman NHN, Mohd Abdah MAA,
Sulaiman Y. Supercapacitive performance of N-doped
graphene/Mn304/Fe304 as an electrode material.
Applied Sciences. 2019;9(6):1040.

24.Guo F, Jiang X, Li X, Jia X, Liang S, Qian L. Synthesis
of MgO/Fe304 nanoparticles embedded activated
carbon from biomass for high-efficient adsorption of
malachite green. Materials Chemistry and Physics.
2020;240:122240.

25. Shokohi R, Shabanloo A, Zamani F. valuation
of efficiency of persulfate activated with heat in
2,4-dinitrophenol degradation from aqueous solution
by central composite design method. Iranian Journal
of Health and Environment. 2017;10(2):187-98 (in
Persian).

ﬁfg yﬂy
100 ylimoj /,lg2 6l /s lg2 695 s

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


https://journals.tums.ac.ir/ijhe/article-1-6561-fa.html

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

O 5 (65T Aonn

26. Akbari S, Ghanbari F, Moradi M. Bisphenol A
degradation in aqueous solutions by electrogenerated
ferrous ion activated ozone, hydrogen peroxide
and persulfate: applying low current density for
oxidation mechanism. Chemical Engineering Journal.
2016;294:298-307.

27. Sun Y, Meng P, Liu X. Self-assembly of
tungstophosphoric acid/acidified carbon nitride hybrids
with enhanced visible-light-driven photocatalytic
activity for the degradation of imidacloprid and
acetamiprid. Applied Surface Science. 2018;456:259-
69.

28. Joice JAI, Kalaivani S, Divya R, Rajesh Kannan
E, Sivakumar T. Synthesis, characterization and
catalytic activities of titania based nanocatalysts for the
degradation of carcinogenic Imidacloprid. Transactions
of the Indian Ceramic Society. 2011;70(3):109-14.

29. Somanathan T, Krishna VM, Saravanan V, Kumar
R, Kumar R. MgO nanoparticles for effective
uptake and release of doxorubicin drug: pH sensitive
controlled drug release. Journal of Nanoscience and
Nanotechnology. 2016;16(9):9421-31.

30. Guo F, Jiang X, Li X, Jia X, Liang S, Qian L. Synthesis
of MgO/Fe304 nanoparticles embedded activated
carbon from biomass for high-efficient adsorption of
malachite green. Materials Chemistry and Physics.
2020;240:122240.

31. Kohantorabi M, Moussavi G, Giannakis S. A review
of the innovations in metal-and carbon-based catalysts
explored for heterogeneous peroxymonosulfate

(PMS) activation, with focus on radical vs. non-

radical degradation pathways of organic contaminants.

Chemical Engineering Journal. 2020:127957.

32. Kohantorabi M, Moussavi G, Oulego P, Giannakis
S. Radical-based degradation of sulfamethoxazole
via UVA/PMS-assisted photocatalysis, driven by

Fe304@ CeO2@ BiOIl

nanospheres. Separation and Purification Technology.

2021;267:118665.

magnetically separable

33. Chen L-C, Tu Y-J, Wang Y-S, Kan R-S, Huang C-M.

® gﬁ/
yégg J 1Eoo glimo] /P lg2 0)lodh /3,12 0195

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

Fay

Characterization and photoreactivity of N-, S-, and
C-doped ZnO under UV and visible light illumination.
Journal of Photochemistry and Photobiology A:
Chemistry. 2008;199(2-3):170-78.

34. Duan P, Ma T, Yue Y, Li Y, Zhang X, Shang Y, et al.
Fe/Mn nanoparticles encapsulated in nitrogen-doped
carbon nanotubes as a peroxymonosulfate activator

for acetamiprid degradation. Environmental Science:
Nano. 2019;6(6):1799-811.

35. Kan Q, Lu K, Dong S, Shen D, Huang Q, Tong Y,
et al. Transformation and removal of imidacloprid
mediated by silver ferrite nanoparticle facilitated
peroxymonosulfate activation in water: Reaction rates,
products, and pathways. Environmental Pollution.
2020;267:115438.


https://journals.tums.ac.ir/ijhe/article-1-6561-fa.html

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

£
£

AN
@ ;
\ £

m|
PR
7

oy ' o
gy \@

o, o
" of Environ™

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

Iran. J. Health & Environ., 2022, Vol. 14, No.4

HETH AND EXVIRONMENT

Orginal Article

Removal of imidacloprid insecticide in the photocatalytic activation of
proxymonosulfate with modified magnesium oxide as catalyst using ultraviolet A

Somaye Akbari!, Gholamreza Moussavi'*, Stefanos Giannakis®

1- Department of Environmental Health Engineering, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran
2- Department of Civil Engineering, Polytechnic University of Madrid, Madrid, Spain

ARTICLE INFORMATION:

ABSTRACT

05 December 2022
Revised: 19 February 2022
Accepted: 22 February 2022
Published: 12 March 2022

Received:

Keywords: Photocatalyst, Mag-
nesium oxide, Peroxymonosulfate,
Imidacloprid

*Corresponding Author:

moussavi@modares.ac.ir

Background and Objective: Imidacloprid, a neonicotinide plant toxin, is
used as an insecticide in agriculture. Due to its high degradation resistance and
water solubility it is of highly concerns. Therefore, the aim of this study was
to investigate the degradation of imidacloprid by modified magnesium oxide
catalyst under irradiation of light and peroxymonosulfate.

Materials and Methods: In this study, modification of magnesium oxide
with nitrogen was made by sol-gel method and then iron oxide nanoparticles
was used as a magnetic source. Operational parameters were catalyst loading,
peroxymonosulfate concentration, reaction time and common anions (nitrate,
bicarbonate and chloride). Residual concentration of contaminant was measured
by high performance liquid chromatography (HPLC) and mineralization rate was
evaluated by measuring TOC.

Results: The results of the study showed that the photocatalytic degradation of
the pollutant in the optimal condition was as following: catalyst concentration=
150 mg/L, peroxymonosulfate = 75 mg/L and reaction time= 60 min was 88%.
Moreover, at optimum condition, the rate of mineralization was obtained 52%.
Results comparison for prepared catalyst under light and dark condition indicated
that the as-made catalyst is photocatalytic.

Conclusion: The as-prepared catalyst can be activated as a photocatalyst under
LED light and proxymonosulfate for removal of organic pollutants.
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