[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

IVA-IGA Olado 1RGA jub /W s)laid /9 sls

oudni ygio 49 9590 B 5 youks W3 3 5 Jos (53l gt g CS L

S50 gn Ag0d 43 (S g 93w wog M1 99 (LRI
“5 b ol (ol Jloor dw Todl) (o (el 3L 6y 1031 (59,8 LS jaal

|).3.| sQ‘).er's' ‘C)‘)‘er.’. géw).) r:jl.c oKils ¢C~i‘:|..&.e). PRURKY ! 45)> C«w‘d.ers (e os)f !
Ol el ool (S pole slBiils cuilogs 0aSails clae Cublogy (cwdige 09,5

C‘

W i ipds g b AV /P sl o g b

oaSs =

«8379uS Y gz adg3 10 (65590 70 Lyial38l g ST gl ] S g Lo 1S ] 5l 00 i snliiul g a3 b e o oo
b)) 3:80 9 el (sl Sy g 13 0 0 3929 sl (D 1 DS 5l e S SIL Al 0 Sy 209, S
b ol ) (ol 5 (o sl o bl b sgrga pslie alio 5 a5 (Lol sl o Lo (25 Sl Clalé pglae
ol anteds o polaiSly gl 3l S e 4 (JoSUse B anly jlosliial g i Baaly ol adlllas ool o955
sy ol & (SaSslyen iged 15 (Sog e sl yogial 5l egi 90 Sl

Pl s 4 039,15 oS JoSho (lsie iy Sl ol b g (odWlssS 508 gy 4 (JsSge B ol )15 (o9
00 (sled L g (5,6 00183 Wigey (lpre 4 S STie (99 5SS Ll g ole agig lgre s sl Sy ST pgnil i oy
09y (5395 38y Seon 5l ol (6 oy Sy il g Sl (2 g s (g3l oalel (189, plac 301,84z
Slebos 03l S 28,5 55 0 b oud it yorly (parseds slo (g S 5 Sl gl 558 Gl g o S oolicd
855 18 g3k a5 (2] 250 (Sudslse diged il (n e S8k s 3 pleadly oYL A (Db Cesd Lz (i
F5) gl golad odgazme 13 5. 59,8 Ll b eSSy JsSso I8 oy D)3 (sigey gl oy Gl Sloslinila aidly
U155 (J5Sge B yorly S5 4y el 56 55k Sl (il (g, 00 (il e Ll co ol Lol (el YVIY
digad 31 S8l o d A5l i g 0l Lt 055 (Sslis igas 51 i 050 A 8T (sl jagil il g i gl VL
anteid A g dal Cwd s i e S o VYo B Y+ tale ojl jo  as gl po S ioein i o 008,57 ol Sl
Ar Ve e b polie SlaS 5 029 Soled p ol alons 1l 055,500 Pl 508 (g 590 yasial 99 2 sl B,
A by e S 5 4o Line il Lol ol

Vi 3,557 e 3,5 53log S5 IUT (3 ol o & ol 00t gl il S8 i 4y (JoSUgo B yarly 0,15 36 S Az
5o5 bl ez sloel B (LBl e, j55e b9, allae (il aS sl Las VL (6 pdy Sl 5 Sl ol Ll
S (oo o oy (Sl digad ;3 51000 (25 231 528

i g kol gl ]y SySTpo B ponds a sty i S ot SIS OIS =
W0 bglo (A 53ileg,5

shahtaheri@tums.ac.ir a.5Ke Jytums oot g (Sudg xS Conmy 3

)5 oyl g Calbrlagy aslilins


https://jhsw.tums.ac.ir/article-1-6163-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

)98 @ (JT)ge LIB (sraaly WAL 3)5 Jac Sibw airgd g Caalw

oj9 0l Lwsly Gl 58 g Sy (oo S5 41 (55908 S92 50
@ (99, b e ez Sl la a5 23T glgl 3L
(S PlogS 958U 53 5 mle (S Sgleg,S b
5 mle SS5lessS 5 5999 5l (s egisdg Sl
LEDY OV ] 0,8 o S0 o miw b 38
SWSie S5zg Ul wd iy Sl 992 b (S
pae iged S 5le )0 Sgzge plie SLS 5 L
SRl ) asil Sy BB Senlas ol
o 398 by @l sle ,eSSs by b e Ul )
dangi Dy9p0 oJsare sl o8 Gialesl o Sl
Caz dged Gile oolel 3o 5 Ll glo g,
398 (oo larl SLS 5 Elgil (Giges Larsu g Lalss
e sl g,y culie 4 axgi b ol Lyy-vol
S () drwgd oo a4y bo ] F aiged (55l oolal
aibe ogebogil Gl 5 (bl ClllB L oyl 5 @
Solid Phase (SPE)) sal> ;L ;| colainl L (gjlulos
gy Jel> 38 5l eolaw! b (gjlulas g (Extraction
a:8L iul581 (Solid Phase Microextraction (SPME))
FRPCER SOV PIIE) FIRNCESP S R AT 2 RGN
ond 53 la gy o LB Cesls e ol
wotadl oS Joe b g @b O3> Gl oo
B sl pocdy 5 0uy Slaszge il prle by
(Molecular Imprinted Polymers (MIPs))  J¢Sg0
Lol 0508
5 oy sl Sl (JiSse LB gla el
Sk g ey LB b, b oS ates colais
o Ol v93 il Lalph jo a5 YL Caeglie
Wgad 55k oolel Cz el glo 4T 51 (S e
bl J o el Y g 22 b SLS S
DAl S5, o0 Jlots 0 o 15 8T 4 (PCB)) an I5
S roely G 4 a0l S 5l (655 0500 b b D3> ()
Jssle ojlail 5 JSa L illas 2w aiy 18 Jobo j0 o5
5 23 Bl el oul (6,05 B (Baw L) oSl
) b aiges glgil 5l 0,50 SLeS 5 polais] 2db

[Y’ L\ﬂ] Sl OO)BT Og>g A

149

doddo =

Jshiie 4 a5 Wiied o Slge alax 5l la S 5]
035 j5b 4 (55)sleS DY game (535l I 6555l
SlasS 5 onl (2l 005 (o 1B ooliinl 950 oz 50
s Dlogzae (( Siiglsn lo bame jo ol (ol
S Sy b prdins 28 g prline D90 @ 1) So
b s Sl 5 nl b eles a5l (o0 5 ) Syl
o o Bpae g il oslel (J& g Jom cadgs anl 8
N peiins 2 Sjg0 a0 b (S 5 (55,5l (A5u 5
oS wzl e gl 13é 5 oF o o o euile 3L G b
@litee gla 5,1 o oo g ol SYNS 9, el
Iy ol ss 3 o cilisee slo s low Jo0 5 O

Spacy sl 55 ot dex I nien
Slp rae Slypis o9l Holie 4 a5 Col Gm9 my
DS (0,8 esliial 550 il 5 (55,9laST DY gaes
e 30 S 0yi (nl Coegens Sl p5lSe
sla Jobo lic s pdy 3585 glad G5k 5l g (s
G5 ot [F ] il o e 4 Cas arace
Cawgd (07 SLS 5 ey e Sl g0y fm o
bee 0 bl lo 2l jo o (g aitn
28 5 e 447lge W3l o0 LAty LB (AT sl
S8 g LS ey 50 omg s SlaS 5 L s
Sl 2lie Slge 5 ST o b T ewile (b 32k 5l L
O e sla 1,5 SLuS 5 ol aess 45 Wl o
oad 4l gam 4l [F 0] culs walys Jlos a1,
Ot g pel G bapms 5l cbla> lojle (55 ]
bl 6y s bl Sl b LS 5 slee o 1,
ool o Slalllas ol ogdle LY] el wols I3
Slpl 595 9 crten b uled Olee ) 9929 (5 )loa
(ol e 055 DNA - sl oSS 53555
ol 0313 L 1) s 5 0,5 5] s 5o SO
IA-v-]
T lo gy angi wszrse Slilas 4 azgi L
it sl wsed o o (15 ST ke (e
Gl slulinl b Jol> gl awslie 5 oo s

1A jasl /W o)laid /9 sla ¢ )(5 (lel g Cublagy aslilnd


https://jhsw.tums.ac.ir/article-1-6163-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

ISR TR SN
«(ledl Sartorius) Jluzws 595155 «(Led] Socorex)
ebliie (508 (anignr SON0) Sigusl sl plox
zioled (5955 JgmnS (55 0] Chiltern) ,ls o
(LldT Memmert) (4ol (o TP3001) Jlusus
Metrohm) ;e pH «(;,leJ] Duran) alus g olKws

7t7S) NS oy ol el 4 Alie £9uSg 9 (g
s oolitl 55 (ol e

9 @y 09 & P B el )

le.ch PG ‘9§.” J9S.Lc VFY e el )'| solazw L
ey plml 4 p5 cud g 4 (Gl eaias Jlal
ik 3 ele josie 5 58 JoSle oo 25T Lo
ke A b tn e ol Gl Jae e VoS S
3 el Sl Ste Jgo (heo ¥ g5l 089,057 2]

AR RV-R 1 ORI VORGP E ] R VRPY-I-R N IRV
o oo Fr g ol Slin (63 5SS ol S oo
dlol juisly B0 a4 J g seisginl Gueesl Y o
Sde o GuaiSTly B,k ST Bis glaie 4 .0 S
5 5 5 S8 B 3 yeeall o aigho )¢
b gl yondy A T8l a0 bulyd onl o
00 sles b e, ploax jo STy Sib (ol 13
Ads )5 je0 Ar Loy b 00 2 5 01T (Sl az o
ol plesl 5l ey 35 Oyge el VA Soe a
esle 1S Josle Bd> jslaie 0 (gamsl i pocdy
ol o Yoo 5l oolatul b gd s ol g el
09y Vo) el 4 el ol il S
W Sde d 59, 50 9 Jlgie 59) a3 abuS g olSius
los o alols jods Coled 5o o plosl 4 celes
yobie 4y > ool S oS bl a0 ¥
ooy loslainl b a5 0 g0 g (colais| Qi LS
e yoeh ploie cod vall el SO (JsSUge U
L ((None-imprinted polymer (NIP) JgSdso _JB
b e S JoShe (0ged ALl (g0 5 wline by,

1WA 1l /W a)laid /9 sla ¢ )5 (el g Cuibslagy aslilnd

ohBes g o3lj (s9)e LB)s18)

B ek Sl gl i Gue L ol dslllas
5o oolaiul 0y50 polas! QA e 4 JeSUge
Olie & (o (BS 0 diged (g3l oolol a3
Sy S5 oz ob g shere 5 i ea VT S
gl gl (29, b 23 5l cnl 98 4 jaris gl
09y S lsre 4 (Response Surface Methodology)
gl a3 (g5l aig S e 508 (g3l Joe
Sl ey GBS oy sl eyl ules 5 oL
oy plal 4 (lyol) SO 59 g diged

Mooey =

S 5 Olpe

ool 995l @S e n S epte 3wl
4 Sl SO ST e, X 5,4 51 (Trans 4 Cis
Olge a0 D3 ST (60 JoSlS (sl ale yagie lgae
@ s ssnginl ungsl -V Y 5 il enims Jlal
Ol S e e85l Jesl,) (iSTy S5kl plsie
LI g0 el Sl (il (Sglgs slo D
9 SS9yt i iz e g 2oyd TV (ool L
IV Gegls az o b H=47.11) 5L slo Jslxe
3590 exinnd 2l (b 5l ad as plall Spe o555
S 5leg S oltws oy sla 50 5l (S lge 4 5L
1545 el (Selec)PURITE olSiws bawsi aslo
235 ol 5 el

oS 5l eoliiul b b wigal woles 5ol
oSy cSle Yoo s Lo mlbe SlSsls S
K-) YU ,lid cww @ xoe o] Knauer
9(K-2006)  an  lgle Lo sl (1001
(Prontosil 120-5-C18) usSas 38 C18 jeiw
CHESe oS5 ol oad il age Ll cos
B ol a4 AT e 4 Ol 5 sl
Jsb g aids p il (o VB jgee o pn o5 joxie
yoey 3 9 Td 50 s plmil 4 egli Yoo e
2 2l s a ol Sl eslial 5 (JsSUse I

slo ol gliul Cqz walr 5B silulaz anl


https://jhsw.tums.ac.ir/article-1-6163-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

)98 @ (JT)ge LIB (sraaly WAL 3)5 Jac Sibw airgd g Caalw

o3 Sl 5B (glalaa g jlead (raes 55k 5 PH
S5 0,50 18 il Lis bl colys jo 9 ab ool
00 res bly i JsSlon B pagly L
S )WLl LMIP 1 (5 5900 digas ;5 39290 dunlie 25k
Al IS Dd w3 Sjge g s 4
2Bl anlp e a4 by Slaslel
3o el 5B gilulaz giw 5l ey (1500
sl el At Ll 38,5 i 53 g (535
b 5l 5 Al Jelge Bdo (i al> e 0 Fge
@ 05590 ol Y MLl eoliiwl b g Cunds al> 10 SO
Jtee 5l (satin pn> Jlagd dl>ye ) am); bl
zlypeenl Pl glgre 4y ol Sl s j0 V-V e (g9l
G5 3l o g 2B 03l jee (g jlend (el (20 b
ek 3 il e e 5 gles S olis
2928 5l dar g B diged 0 99290 (2 e p SALE s lis
Qo0 Dyeo Ay g Ao delz 5B (g5lwlas (g )]

D 8155 el s

lo Jolzo s5lo oolo]
P S S e Ve chle b jobe Jolxe
Sz O o D (6,0 &S g yo s A Jsilee
polie alie, 5ld oy5e ojlailinl glo Jolxe ags
Sile 33, o3 60 <l b jole Jlme I alisee
ool i JoSdse B ok SUls (2Ll ln o
e ¥ olae ((Se3gdse aiged 5l e n gl o

ol 5 I eolizl b (giloliz ail$ gile aig
ok

5 Oty Sllllas 5l Jol> mlis 4y azgs L bl o
D3z )0 fge g7 L‘?—"-’“ @S O pe Sligles]
I5Sg0 A6 yarly bt g 55 0yt SOl
> diges o0 9 PH coolainl 550 Q3> e Julis
o Sz Ol 0 09790 Sl a0y 5l el Dl
bogio Wb a5 w8 bl gl ange wilB o
Slipalbl Aol b 155 3,50 bl L3k 5 i e
g e st 4 5550 S # 5l S 5 gl o
Sl omb 9 b oo (el o (rlnly 090 e
) Joazr b @l oy 2 0590 slo oo 5| S50
S o b Shgy sl ookl b5l 0 90 diged sl
4 ¢ (Central Composite Design (CCD) (535 ;e
Calts 1 5 28,5 Sypo R34 )bl il a5 oS
30 &l alflaz job & gl al> 0 YA iolejl aws g0
At o il 5 i 5

> o YA 51 G 50 00l end Lulid 4 a2 gi b
wdz anlp gl ang caz ead Ak Gl
B oy 5l patine lade laml al> pe 0 50 (e
ol 5B glelar (JB oy S S 50 (JeSse
mL ;] JLs 4 g Jgilie Y mL jgue b g ol o0ls 3
al> 1o oygiw 51 ) mL/min gold b ojsg 6o ol )
15l o ey pll &0 (Conditioning) (¢ le daius

Lo cpyiop 3l Ve mL g 5 O ppm cdale 4y Jolxe

Oy, S 0 gl Bl 5l g i Al g0 50 g S H9uT 1 (g 5lw Al 5l (P 0 yiS (SYL g s 0> — (V) Jgu

V. \ (655 o) oil> e

" i 4is05 pH %

Y - 10 (480 [ id (L) diges joue Sy .

0 ) (G (o) glpel Pl o2

Y -1 gl Pl jae co '
(@50 /) o) }

V. \ 03l 3 50 Sl 0y <

Vi

1WA b /W sylaid /9 sla « )15 (lasl § Cublagy aslibnd


https://jhsw.tums.ac.ir/article-1-6163-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

Sislo b colesh Josse LB ady I3 4 b
a1y Goglh YV/Y B AY/F) ol olal oogame ;o (59,5
Wil ol

CSljb 5 oo abye gjle dngy I Job> mlu
ald @ arg b Galesl al>pe OA ploxil 51y
0l Fww Syeudy O3> 0,5 Jas odld i i
3 08 Jsbma 53 Syrpe colll S Anglin 3yl
03,5 dpmlme Z8Ljl g D Jole 5l Sl o
oyt Ll 5 iz Sle 4 (2b Cews Gl
lo piie bLS )l osd (ot Ll So8 0 e (1S
L (3l 5 iz lyme) iy i b slbec Jie
B ey 050 pgd az s g blie ¢ s alasl) (505
53,5152 (om0 5 sl 5T s ol 22858
o pi slo ool 8Ll 5 e Sl o ol (sl
4 oads al )l frvalue ,eS1 (YoV Jgaz) (e A5
ol ol aS ams o plas 1) oYL polie JToasl (5
b osls 5l g ybel Joo Lol BB (o i S 0l
2 5 Jeol> p-value ol polie 3,b l.cwl o2
S i 0 0ad )l sla Joe (o)l jLael cl> o g0
a3 oo olis 1) a0 90 Gy
b 3l El ghe b Joe G Gl SeiS
o 0ols las (R2-Adjusted ¢ R?) il lg 50T ol o
oo laie Gl (Vo V) Jodz (0 ouds aul )l b ogls
as,0 Y 5 AV 5l s a5 wes oo LS R s

0hBas g o3l (59)0 LB)sy0)

AL cnyen b als agzlye S Lol wges 51 2l
L ) e g 0B g5l eBy o5sy 60 ol i) oo
Sylie slo Clale wiged glp oud (el aige pH

30,5 a8lal 1 & oy e

ol jitw (JoSgo 6 ks D)5 9 JEF b (o)
s goslail g (s LSl (pw)p jslaie @

oolista b Sl gy 5l s J3S50 B yoly
Scanning(SEM))  sivs, 9, CoSug So 3l
Jol> amcs .ol oolawl ( Electron Microscopy

Sawd )3 (gm0 Ggamlpryesh o9y Suddse (V) JS5)

SEM MAG: 25.0 kx Dat: InBeam L MIRAJ TESCAN
WD: 4.80 mm BI: 7.00 2 pym
View field: 8.30 ym  Date(midly): 08/2317

o3Il g s le a3 b yo (SEM) (5 9%uwg 5o guai — (V) S
oy 61y oo iiw Jesdge B poudy Zolaw

U‘.‘J 0 o> ).o}.)J 990 L= Mi)s 3|y 6‘)‘.’ cewbo Juo bl ey )2 0390 (J"“J.i A u...ﬂ.u‘s ).Jl.vT C.ll.’i.v -(Y) Jgo=
N0 B poudy 595 32 R yRon

P- value F-value = Mean Sum of P- value
square  squares
Y/YYxy e \RTZAR YYOV/A FYYYI V/Axy e

oleeY YIND Y¥IVE YYF/Y O+ $x)-F
Y/eax) - OYIVY INAATAR VFOYIY O+ fxV eV
- - \ie VA -
RARRYNG YIVYY \VIbF AYIA RN

Multiple R? = 0.97; Adjusted R?=0.96

1WA 1l /W a)laid /9 sla ¢ )5 (el g Cuibslagy aslilnd

g Joe 505 €55
&k

F-value Mean Sum of
square  squares

ATARIATA YeAVY FYFYA Y S a0 by
af- YAIYA YY¥/A Y b g bl Jelss
£YITE OYAIYY  NeosIY Y P9 4> ey
S A VOA 14 Residuals
YIAY \O/4 Ya/n o Lack of fit

Multiple R? = 0.98; Adjusted R?=0.97

1vp


https://jhsw.tums.ac.ir/article-1-6163-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

-)Bis @ (J9Tge QB (syealy W3le 3)5 Jac Sl aingy § Odlw

S 25 esalin g3l ang Sliglesl Sk caz
olaws Giolidl 4y 1) alliace ol olgy oo G985 Ll )
Codyls malidl ams o g solait Gis sl cole
Sl Cans oolaiwl 3550 L3> YL polie o Ldx
28 50 5w sl bl 508 5l 4ges pH
5550 A paly Lot e DS 5 e 01,3
5 odl> olewd le a4 o] ags Jlade a5 cul
Sl dols @l Lelulp oyl (S a5 050 U]
53 ged PH 130 (o) S (5] 008 Gl
a OIFA 5 OIOA s pH colys 5o gl ysel anl)
Az b s S gy polie ploie 4 oS
seb a0l s Trans 4 Cis yegp! Giz leadly
@hlS Sone (39,900 Slo Wigm Cwale 44z b S5
Syge ol & blo g (3 0508 Sy o i wnl B
wil B 5oy bl abais o a5 S50 50 sl
Sl (slo 05,5 U5 il LI PH s julg 0

5 iz Ul Gln cd S @ o sl ool Sl
Gl Bl & (o yten GBS opti pegial g0 2Ll
R? Jlade 52 Solas ol pogde ol oo yuannis LB
Jos 55 Sige sl 5251 memo Ll R-Adjusted
olas oo 02l e s J5Sge B yarly o

el ro 03031 9550 gl Joo 9l 5l g delol o
Sy il b ol 5] Soe s S,
556 aie polie Coles 5o 9 b dnlone o ppiie Wiz
Oty OS5 oypia Cdlsl g i al e )0 e sl
dolaa 535 5 5o b JsSlse M6 el b
Sy e Solver aigbl &b 5l (Jol> (Sgew S,
(F Jgoz) 20,8 dcwlxe Excel

oolaiwl 0,50 LAl Ay Jlade s b oalal) o
59 0ad alyl wls el p dged g5l oolel anT 8 o
S oyt ot iz plal, Sk (F) Jux
bl ol (@Bl oS (VL v 4y So05 (n ey

OB 0 gl poial 90 b3k w3 (g3l ity Sy el Juo LRSI S (o) 8590 (1903] A (il g RIUT S - (F) Jgus
J9g0 CIB youdy 51 0y yok0 1

Oy —TTans

Mean  Sum of P- value
square  squares

VVax) - VOY/OA AAANIEA Yags/-y F/¥axy -

P- value F-value

o[+ Y'Y YIOA YYIYO a4 <IYOO

o[-0y Y-y Va/a¥ OA/AY o
- - 7ITA AAAVAR! -

RAA YigEN ARIZON VAR <IYYAY

Multiple R? = 0.96; Adjusted R = 0.94

g Joe 9ol £55

F-value Mean Sum of &b
square squares
#YI0F fvo/- ) VEYO/-Y Y Sy ez gl
+/¥aq Y/AA ARO Y a,b 9o Jlize Jolss
ANY 7199 VAY/-# Y pgd a0 geuly
= YIfY 1EY/a9 V4 Residuals
\IVE AIY$ fY/va I Lack of fit

Multiple R? = 0.91; Adjusted R? = 0.88

S50 B youdy bwgd (39 o 1 S 0 il (5 pog | <L b g i Al o 50 Jgo (b wel )y (5l ol (et Adige Lo —(F) Jouor

pH
(5 )3z lade
el jous Sy
(485 » ) (oo
G (Leoigd Pl pe
(1) g2 P 53 39290 sl e
(4833 p ol (o) gt (o0

N4

Trans ,es3!
OIFA OIOA
YIVY YIVY (
5 -If J
Y/a¥ o
\ ; &
.
.
Y Y

1WA b /W sylaid /9 sla « )15 (lasl § Cublagy aslibnd


https://jhsw.tums.ac.ir/article-1-6163-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

s MIP sloail cabogy po bl ol o JgSge B
Shgo 4 Ml g ool el Ay byl i cow NIP
a5 ol Cawsd 4 s bl ol (6505 ojluil asliee
$lp gl ool sl oals ools Lis (B) Jgo o
wotasl glo colu 352y cle 4y J5SIse IB ol
i 4 5 15 28T JiSge (sl oad LS5
o35t 005 Jsge B saly 5 i 05 i
o A 3550 SO Bge jiw p gl @S (nl &S

sl

Ayl 05 oo o 5 al e Jolye T (a0
ol i  JoS5e

P polail o5 Joe Sl g (g jsbaie 4
el (e S8l 5 iz o oud s gyl
ags yuS <8l cpl 51 Ye mL > 4 0+ ppb clale L
O3Vl 5 gild i S sle AT 28 g a
500 Glo chile by Cagi 9 50 p2l5e Jelse plyie 4
Jslme 4 (Cryien) S5 0550 cbl cldale plp V-
bl g iz Jolhe QT)'I o 0,8 a8lsl oals ags
bl cod p2lie Jalse gsl> slo diges 5l plaS o
O 3l ezl Jslome BT g s plovil & 4
S S gleg,S olKiws 3l eolaiul b sl 58 5lulas
delgs s9am 5o el dlsl plie 5 pll gle
Jgoa 5o 0ol S5 @bt wlul 2ol acule o> 13e
oy gl Voo clLlE b S alilae Jolse jei> (9)
556 el SBL3L we s p Cdlys e S
il 4zl gl Ll

a0y S pogpl dar Cad b g lonily duglio —(8) Jgu
S99 B pd youdy 5l 0 Jeg0 B youdy bawgd

ag/y £ - /vf Cis (MIP) JsSJg0 B pody
AFIAN £ - 10V Trans

AR/ NAV Cis S0 B 8 ey
YISO  £i8V Trans (NIP)

1WA 1l /W a)laid /9 sla ¢ )5 (el g Cuibslagy aslilnd

ohBes g o3lj (s9)e LB)s18)

@) Sl 0s00 S5 L Sge Wem 5180 50 Qi
sl wlyx JLos
Obedily p diged je Sy U o) p Cux
Slllas bl 4 a>g5 U MIP lawg oy i
1D 6 S 8 Lde al> e (65l aige Slisle;T aline
plsl & igas 6,051 gl aids ) (Lo YV
sl ools g5l Joo 5l Jol> gl coles 5o 9 e,
Sy 33 (e p S egil Sge i Jol> (02
oy oo kA 1 oy lad |y asds  md Lo o/f
N alie Sllllas S 5l Jol> gl bl 5o
st e e S5 b Lged jpee Sy ol VY
WSy dgape |y Wil Jawgy bl Gas leddly wiles
2 a8 Giolesl al> e YA bl b bl al> e j0
o5k & @iz a3 oud (e A LS S e
5 o 556 A oS5 0 s S el il
5® 99790 Sl Gliee iz o2 9 (lagd Pl ool
Syge ey gl Gl p G Pl oSS
Jsoz )3 ead all @bt ulul » 285 )13 (om)
LSy 5o Jobe jd Lo YAY 5 0 polae (F)
S &y 0SS e Jole lore 4 sl Sl
olonl sl Wigy cuwl OB s 4 ei)e 5 NN
3 F9se JB oy L Transe 5 Cis jegjl 90 oo
Obeily ST g 0,55 S ge ysb @) Lz al> e
Sl o 4y iz v auled (el | clJUl 2l e
GxS B sl cole @ s Pl Fge (gw s
gl slr ¥ Gy S (el g 6 pecdy D)3 00
Ot 03l 50 g > j9me Cae pas 51350 590 U]
B i Syge R0 48 93 b S 5,0 g 0
Oype Sibe Jao @l plulp Sl 0 o5 288
A Sy Ol @y alBo i) (e Voo w8 S

digy Lol oNIP g MIP Cd> lo], (sduulio
Cbib g wdx gile ange Jle plesl 51
oy 68y (S Ol jslaie a4y yiepy (AS 0 >

Ve


https://jhsw.tums.ac.ir/article-1-6163-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

-)Bis @ (J9Tge QB (syealy W3le 3)5 Jac Sl aingy § Odlw

#2150 Jolge plprdee 98¢ bd clalé joio j0 MIP bawgi (1 yio . pog il 9 &l ol lonily - (F) Jou

Oy TTANS oy p CiS
((ORL ((ARSLTF

(o5l £ SD)

(o5l £ SD)

QNY £ )Y Af/7. £ V/AY

q4/-¥ £ +/PY ay/Fa £ Y/AA

O 0 e yog il 90 El il (lotly 4 gy po gl — (V) Jgux
g0 B oy 3l ool b (e 3glgm diged 3 (2 yo gy

() 8Lk clal Lges

(53ks £ SD) (ppb) s

QF/-0 £ Y- o il
A¥/ ) £ AP v ({
AP £ YIVE q. })
AYNF YA B @
AF/OA £ IYY o o
APV« ofeny Ve E
AAARE A VAR a- 5
ASIYF £ YIVY B 7

L oagzrlse )0 ool jiiw JoSlge B ey 380 5
odds b b, sl eolauwl Sl codizen slo diges
1ok 0,00 15 8T b uled (Sofglsm b)) 5o
S 0y el 90 glysal pl Sileg S slo las
2 00 (il digy lylpd o ol diged 1 g ey

Sl 00l ools oled (V) S5

xS Az =
S Glgre 4 JoSg0 LB ey i anlllas ol 5o
GRS oyt JMis (i gl (polaiSl 5 (g O3l
Syl )b o) bl 4 (Soiglsn diged 5l e
Al 50 95 10 g ek Sl pl oS Jos Al
Clallls 4 45 b o o IS 5 bl 5 i
G5l At 9 (32 0590 Jele (nl 55 otes 00s ploxil
s MIP oW ey Ul Jol ol 28,5 138
S50 S ale Jlade s 5 Bl (gilulas o oas
ralqdloup"uﬂg:%w)ojolodLJul)%Ja..,.l).cb)a).laj

Yo

Aln o

(02392 S c0o55ks 05YLe)
)_3])_3 Voo

(02392 S 035k 03 YLe)

A9y il pize
wiz e )0 fge slo sl (s5le a5l
oo e polate drohs, Cudidge LSl 5 L5k
po g Al sl iged )0 (e Glo el 252
ey b9 b 00905 5 aSRls w95l iz
o Yo\ Y e ppb (il o3l 53 (el oS i
R=0.99 L o (ol alayl, 5 2,8 olonil aiagy Laylps
L sles,S 5 v 5 (i n ool 9o clale (Lo
o9y panseid d> (B, 5l sdalive cogase (pl 4o
4 Trans ¢ Cis gl 90 5lp ;5 alal, 5l eolaznl b

b sl i)y p)Se,Sen OIVY 5 BIO) asi

LOD:@
m

e igad 4o T 0,50 S ST i yeni
2 ead (Hhb sy by Gl jelate 4
L (Soiglom diged 5o 5 0500 ol jlae s
L ole dges q>lie Jolss sol> 5 odummn oS5
oS el 50V Y e QY ppb) alie slo clale
ot 9 Sobsl ool 3.8, Lol Ve mL s a4
4 el P iy ile oolel Sl pll |
S35k Ol 5 5T @le (BT 5iles S olKiws alwss
bl @bs bl b paseie (2Bl diged Sl o e p
lo diged 5l o e S8L3L lewsly (V) Jgazr )3 0t
S oo ogllae Ll glo cdale (alod 50 (So5elen
il lisabsl L5 5,5 Lae Ll s odle ol oy

1WA b /W sylaid /9 sla « )15 (lasl § Cublagy aslibnd


https://jhsw.tums.ac.ir/article-1-6163-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

ohBes g o3lj (s9)e LB)s18)

093] i 35 a3 B g A) oo (g5l A Lyl i Voo /L CALE 51500 55 oy ke S Ll digei &l il o Fgilag S — (V) Sl
(aaLis diges :C g ¢y yioy Trans o Cis b

125 _ hezenz] —— K-ZEOD[2]
per

&)

100

] (B)

oo

mAll

Bk

50

©

b polie (ol dlie ((So5edom 5 (harmee slo e 5o
Lo ooV cpl JuS Coles ,0 g 99240 sla o lasbiw
E9 opl sl oolaul g ool 1o (slos ;i3 aswgi 0] 5l
30 Ll 485 O g calite GluS S 6lp b L3
S J50 A8 Sln sl 0I5 CollB oy olel
Sz Lowdly 5 93 wiile (Sslsn slo Laly ;0o o

20,5 co gy 6‘;1 Oladlao

1WA 1l /W a)laid /9 sla ¢ )5 (el g Cuibslagy aslilnd

Gilwlaz gl Q3 pl 05 Jos adlllas Cpz onls
s 9 (Selslser Aiged 3155 0,50 Ul (5 piolie
3heslaiwl sblse 3l .cils Jlds a |y (gl Cuddso
B olaidl Sl s 4 JsSge LB sla ey
Ol SV Ceaglio g (55lks el ause 4 (g o0 el
Pl YU polie 4 5L pas calizes Lol i o b O3l
5,5 o)l W i pos 5 oy b ol 5,8 s
b glaoai ¥l o5z polie e pg3) 4 azg L

V¢


https://jhsw.tums.ac.ir/article-1-6163-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

)98 @ (JT)ge LIB (sraaly WAL 3)5 Jac Sibw airgd g Caalw

REFERENCES

1. Khadem M, Faridbod E Norouzi P, Rahimi Foroushani
A, Ganjali MR, Shahtaheri SJ, et al. Modification
of Carbon Paste Electrode Based on Molecularly
Imprinted Polymer for Electrochemical Determination

of Diazinon in Biological and Environmental Samples.

Electroanalysis. 2017;29(3):708-15.

2. Rahiminezhhad M, SHAHTAHERI S, Ganjali M,
RAHIMI FA, GOLBABAEI E MOLECULARLY
IMPRINTED SOLID PHASE EXTRACTION FOR
TRACE ANALYSIS OF DIAZINON IN DRINK-ING

WATER. 2009.

3. Chocholous P, Satinsky D, Sladkovsky R, Pospisilovd M,
Solich P. Determination of pesticides fenoxycarb and
permethrin by sequential injection chromatography

using miniaturized monolithic column. Talanta.

2008;77(2):566-70.

4. Shishovska M, Trajkovska V. HPLC-method for
determination of permethrin enantiomers using chiral

B-cyclodextrin-based  stationary phase. Chirality.

2010;22(5):527-33.

5. Tornero-Velez R, Davis ], Scollon EJ, Starr JM, Setzer
RW, Goldsmith M-R, et al. A pharmacokinetic model of
cis-and trans-permethrin disposition in rats and humans

with aggregate exposure application. Toxicological

Sciences. 2012;130(1):33-47.

6. Du J, Yan H, She D, Liu B, Yang G. Simultaneous
determination of cypermethrin and permethrin in pear
juice by ultrasound-assisted dispersive liquid-liquid

microextraction combined with gas chromatography.

Talanta. 2010;82(2):698-703.

7. Feo M, Eljarrat E, Barcel6 D. A rapid and sensitive
analytical method for the determination of 14 pyrethroids

in water samples. Journal of Chromatography A.

2010;1217(15):2248-53.

8. Gabbianelli R, Nasuti C, Falcioni G, Cantalamessa
E Lymphocyte DNA damage in rats exposed to
pyrethroids: effect of supplementation with Vitamins E

and C. Toxicology. 2004;203(1-3):17-26.

9. Park E-K, Kim J-H, Gee SJ, Watanabe T, Ahn KC,
Hammock BD. Determination of pyrethroid residues
in agricultural products by an enzyme-linked

immunosorbent assay. Journal of agricultural and food

chemistry. 2004;52(18):5572-6.

10. Tisch M, Schmezer P, Faulde M, Groh A, Maier H.

VY

11.

12.

13.

14.

Genotoxicity studies on permethrin, DEET and diazinon
in primary human nasal mucosal cells. European
Archives of Oto-rhino-laryngology. 2002;259(3):150-3.
Pico Y, Rodriguez R, Manes J. Capillary electrophoresis
for the determination of pesticide residues. TrAC Trends
in Analytical Chemistry. 2003;22(3):133-51.

Shen C-y, Cao X-w, Shen W-j, Jiang Y, Zhao Z-y, Wu
B, et al. Determination of 17 pyrethroid residues in
troublesome matrices by gas chromatography/mass
spectrometry with negative chemical ionization. Talanta.
2011;84(1):141-7.

Massaroppi MR, Machado SA, Avaca LA.
Electroanalytical determination of the herbicide picloram
in natural waters by square wave voltammetry. Journal of
the Brazilian Chemical Society. 2003;14(1):113-9.
Sosa-Ferrera Z, Mahugo-Santana C, Santana-Rodriguez
J]. Analytical methodologies for the determination of
endocrine disrupting compounds in biological and
environmental samples. BioMed research international.

2013;2013.

15.0midi F Behbahani M, Abandansari HS, Sedighi A,

16.

17.

18.

19.

Shahtaheri SJ. Application of molecular imprinted
polymer nanoparticles as a selective solid phase
extraction for preconcentration and trace determination
of 2, 4-dichlorophenoxyacetic acid in the human urine
and different water samples. Journal of Environmental
Health Science and Engineering. 2014;12(1):137.

Liu R, Zhou J, Wilding A. Simultaneous determination of
endocrine disrupting phenolic compounds and steroids
in water by solid-phase extraction—-gas chromatography—
mass spectrometry. Journal of Chromatography A.
2004;1022(1):179-89.

Ghavidel E Shahtaheri SJ, Jazani RK, Torabbeigi M,
Froushani AR, Khadem M. Optimization of solid
phase microextraction procedure followed by gas
chromatography with electron capture detector for
pesticides butachlor and chlorpyrifos. American Journal
of Analytical Chemistry. 2014;5(09):535.

Koohpaei A, Shahtaheri S, Ganjali M, Forushani AR,
Golbabaei E. Application of multivariate analysis to the
screening of molecularly imprinted polymers (MIPs) for
ametryn. Talanta. 2008;75(4):978-86.

Khadem M, Faridbod E, Norouzi P, Foroushani AR,
Ganjali MR, Shahtaheri SJ. Biomimetic electrochemical

sensor based on molecularly imprinted polymer for

1WA b /W sylaid /9 sla « )15 (lasl § Cublagy aslibnd


https://jhsw.tums.ac.ir/article-1-6163-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

dicloran pesticide determination in biological and
environmental samples. Journal of the Iranian Chemical

Society. 2016;13(11):2077-84.

20.0midi F, Behbahani M, Samadi S, Sedighi A, Shahtaheri S].

Coupling of molecular imprinted polymer nanoparticles
by high performance liquid chromatography as an
efficient technique for sensitive and selective trace
determination of 4-chloro-2-methylphenoxy acetic acid
in complex matrices. Iranian journal of public health.
2014;43(5):645.

1WA 1l /W a)laid /9 sla ¢ )5 (el g Cuibslagy aslilnd

21.

22.

ohBes g o3lj (s9)e LB)s18)

Zarejousheghani M, Fiedler P, Méder M, Borsdorf H.
Selective mixed-bed solid phase extraction of atrazine
herbicide from environmental water samples using
molecularly imprinted polymer. Talanta. 2014;129:132-8.
Wang Q, Zhang X, Xu Z, Gao H. Simultaneous
determination of three trace organophosphorus pesticide
residues in vegetables using molecularly imprinted
solid-phase extraction coupled with high-performance
liquid chromatography. Food analytical methods.
2015;8(8):2044-51.

VA


https://jhsw.tums.ac.ir/article-1-6163-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-21 ]

Journal of Health and Safety at Work Volume 9, Issue 3, Autumn 2019

Synthesis and optimization of application of a molecular imprinted
sorbent for selective determination of two pyrethroid isomers
from biological sample

Omid Reza Heravizadeh', Monireh Khadem®, Ramin Nabizadeh?
Seyed Jamaleddin Shahtaheri**

1 Department of Occupational Health Engineering, School of Public Health, Tehran University of Medical
Sciences, Tehran, Iran.

2 Department of Environmental Health Engineering, School of Public Health, Tehran University of Medical
Sciences, Tehran, Iran.

*Corresponding Author Email: shahtaheri@tums.ac.ir

Received: 2019-02-18, accepted: 2019-07-07
ABSTRACT

Introduction: Along with the extensive production and use of various pesticides for controlling pests and
enhancing the production of agricultural crops, there is a growing concern about the adverse effects of
these toxic materials on human health. Therefore, the development of sensitive, selective, and accurate
methods for continuous assessment of pesticides concentration in occupational and environmental fields
and comparing them with national and international standards is of great importance. This study was
aimed at synthesis and application of molecularly imprinted polymer as a selective sorbent for residue
determination of two pyrethroid isomers in biological samples.

Material and Methods: The MIP particles were prepared by a non-covalent approach using permethrin
as a template, chloroform as progen solvent, methacrylic acid as functional monomer and ethyleneglycol
dimethacrylate as cross-linker, at 55 °C for 18 hours in an oil bath. Field emission scanning electron
microscopy was used to investigate the morphology and size of polymer particles. Afterward, the critical
parameters, which could affect the recognition properties of synthesized MIP, were investigated and
optimized under the selected operational ranges for the highest adsorption and recycling yield in solid-
phase extraction of permethrin in biological samples

Results: using precipitation polymerization technique, uniform and spherical particles with the nano-
ranged diameter (less than 21.2 nanometers) were obtained. Under the optimized condition, the
designed molecularly imprinted solid-phase extraction (MISPE) technique exhibited great potential for the
extraction of pesticide isomers in the real sample. More than 93 % of the recovery obtained from spiked
urine samples. The linear calibration curve was obtained from 20-120 ug.L-1 (R2=0.99) and the detection
limit was less than 6 ppb for both isomers. The presence of interferences had no effect on the selectivity
of the method up to 100-fold.

Conclusion: employing the molecular imprinted solid-phase extraction method along with the high-
performance liquid chromatography technique resulted in a selective and sensitive approach, suitable for
guantitative monitoring of the desired pesticide in complex biological samples.

Keywords: Pyrethroid Insecticide, Molecular Imprinted Polymer, Solid Phase Extraction, High Performance

Liquid Chromatography
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