[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.17357756.1401.17.2.8.0 ]

olnl 2188 gluo g 4345 pole aloxo
AV-AA Slxio NP 3Ll oF olois cppdin Jlo

Sy ey Blo- @ lo 2l y5uiwlg S b subcaS 5 (s vols Bzl sl fhgy 0 0,

. .

Sl FLgsS 99,4 09l (GLadiges ;0 0 amdgill )l b sl 51 (B (5 pS 0l
b= (59,5 3w, B! b 656
fBais Jela oo Ladl Lo juamme I aling s (6550 S gl s Foedd sl
Olnl i s (S pole olKails iq)ls ¢ 136 (hogl Dlihos 35 p0 328 (cand 0Dl oolid S 4350l il -
Olnl Garss o (S pole olSils g)ls g 108 tanl Dlidions 35 0 w325 cod (6550 4 gal il -¥
Olnl 25 25 (S8 ple olStils g s 188 (ol o 5 5o Lol ¥

Ol 28 28 (S pole olSils s gl 5IUT 5 50 bsbil ¥

khandaghi@iausa.ac.ir : g xSl oy -yl pl el s« (codlal o131 ol&itils el yus 9l ¢ e lio g pole 09,5 Lokl & Jotus s0iu 55 =0

VESNYNO oy fu b VEe MY el o Ao )b

° .

Loy Glal Gas 4 OluS 5 cpl Glaoailedl 5955 Jloi! «(55,5LaS ¥ gamae 5l cbla> jglaie 4y ozl glgil 5,15 sdud g dislw
Sl iSedl L i 5 zloel ;0 ael S oy, O drwgs cipgh IS ol 5l Goe ams e Gialidl 1) oldé Y game glgil G pae
o LS)lf u’ﬁl;yus)s u,us)d.v LABUT 6}5°)“»‘ 9 6».7.»..5 oa...og_;‘ ‘51.‘3445.0.0 )| o)&wﬁylf)l

ooliil b 2528l gl el (sl (25 malegale gl ls Som 5 (st ala 56 il (sl gy S 5 5l aslllas ol 50 3Bgdg y 9 390
S8 gl alo e o D3l glsieas ol Gl S (i 5 o 9 s USE 10T olisS alSes A wSg 0 Cojenels sl ons
N (il 9 o) 2 glAl Al pe 93 pa 50 alide sla S ST VL gliSul bl & Gae) Gl rizres ol a8 SIS sl
Jolsite Lo ogdleds o 0li XRD (65501 Lansi ()1 (5 y5ks 55l s FTIR s (oo 2 50 0 0 LDH b ()f5555 [iiS o 2 30adly
035 dngi gliZl (g, 3,T Sl Cuals obidicin; oy 5 358se Ol Elrl GLI 5 s Gl s 4 00 i S3lr
dged plord Bl 4T (5 5bar b 48,5 Sas ogee] ladisad 5l (55, 0,dgilS | pons 5l (S glir] sl seliibse jsbay oas
Fdeo 30 p Tl fe TV [o Y g NV N i A seS i d> g aseid as g alil e Ul gilulas jo pwguors i
S Sygbar og 0,55 5 Vb Bs Gl Ghgy cnl 5 GRdee j0 oSl /o YFYBY) 035 gms (soleidn (g, (bt 0y el ooy
(2o 3 YY-VE) 541 Collas 3zl ol lonsly iolie (puzman b (0,155 o )0 OIF 5l e g, (s 50 9 59,050 0 (o o lasbinl Bl ool

SadSS 5 ay sh evgacme sl (S5 mlemle glAls oo bondeS 5 (o5 walz 8 gl sl (3, ggame ;0 16 S A
Gla ST 6, uFojluil sl 5 anals glaeial plosily 5 pansets o> Ladis oS sl aslhes polie bs, ol odledy il s sllas
\)9..4:‘54 .)Le(.uw c}mui 6[.&:4454.’ 3 RV

ST5les S (S 1ol 595S alSss Y 9pnSy el S joralS (i el B gl o jndglS | A5 wosa] sl B g
<5

dondo @
Loyl 8l (65,5l Y g ame (B aSades a5 5k 5 ol 3=l oz 5l (65,5l—aS Dladgs laas
oolaiw | Lmuszi Elgil 51 2 lab adgy sasms jualS Jalge e b 0905 5 o Corex Al 4 ax el b g e

Y gamme Z8L 51 4 slge ol 5l a8 (V) WS A 0wy o0 B A (655,—0 Liw l Gl el sleass (o


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.8.0
https://nsft.sbmu.ac.ir/article-1-3405-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.17357756.1401.17.2.8.0 ]

e 5 aligpus Ssad Ut o b oddenS 3 ity sals 6 gl5al g, 5,8 AA

aiile solge b1y byl g oo ailE90 Y (slas—nSg 000
Skl boosle S plere 4 eSSl iBey lieS
05 6Pk jshied & mle U gl uly S
a I Pl s G20l G5k ) @legile gzl (b,
a5 5,5 o plml alie gloogeds 4y (Y+) ol glal o 5L
i3y mlo-gle gliils S Ll e 5
o2l 4o el (Dispersive Liquid-Liquid Microextraction)
o oled mhv Sl s sl Sl LSt s s 4 b,
g0 g 009 b ) o u:”" 5B g ouniS C‘)”L’_“" P
0aiS zl el Pl 9,0 a4 o1 56 5 e JUT a e Jlal
TP o5 wslie 31 oy, ol 985 alonT jl cprizman
sYY) Cnl YL: ws) sté)l.: 9 Ml—aﬂa} eés_wsa ool
M
BRI J{L SRR W PRI SR Y- TR L SLNY [ UKV
owu—l LSLQA.)},QJ )‘ oJ.Q_...M.Bylf)‘ GLEJSMBi C‘)M‘
o | 35 GBS gileg S sy lap] (s ejluil 5 (smio
9 3y Jalz B gl slo by, oS 5 5l L |y ol o
!y (DSPE-DLLME) 5y msle-golo gl peiuly S
«(Diazinon) ;s 3bo sla zSedl Lads i ¢ zl,5uul
5 (Chlorpyrifos) s .o ,IS9 (Fenitrothion) js.g,5.28
4 5 35 (GBS 5leg,S by, 4 o] ke (et s
el 00 oolwl (NPD) yaud- 59,505 5l K51
Ligy g dlge
2 Lo Sl
35 e oBaslesl ;o g VFe e o Hle yo latole;l ads
Fd Sy pale oK _iils (595l 5 1o sl Olaiass
oged b (g3l 38, (3 o] sladigei 28 Slxil
S8 a5 ook ST 9 Gae et (gishe o It |
oo Jslxe g ags (Dr. Ehrenstorfer) ,8¢5 il 58
Lo b Ay b gl o (Ve ppm) o g5 eS|
Slgo plow g (HPLC (osls 4z )0 L) Joilio 5 o gl
9905 o gl Jo Lt o Pl 5 oloon
S S5 olxas Fe(NOs)3.9H20) asl as o |
DS g 5000 30w w5l )5 o (Ni(NO3)2.6H20)
S s 5l (Gl osls a0 ) ligS 5 kS o
S JyaS jekaiedy aial ags (Merck, Germany) S .

Y g ase el g aiS oo 3985 ogus alax 3l (65,9l—iS
) aidloe s edl oailedl I (6 polie (gl (55,5leS
o b mSesdl onilendl ol )0 g g pSoslasl I (Y
9 Sl 519595 5 (g )l Zeol 5l (65 )5l iS Yy axe
Ol 00 sl S lgie 4 b Sl sailanSl jlade S Tas
(F) 058 o0 &l)) 5590

DSV FOUR S CO-X EVOY B IR P
2bSl s aLF sline b la 25 sl o Sase sla S edl
oS 0 dgilS | 5 0 SIS ) pga asile JT slo iS5l
Gxdib o5 e op o, b gScsél Sy b
s g3l I sl S350 0,8035l5 )| pgans (B) Wigds oo
ol goad Qdz olS S pgady, lawgi g abl e
poem Joe B g5l (5 jsba (F) Wigd (oo Jiie olS
w3l Slas 5l 6 nSola l—uly 0abgLS)
s 53 sl Slallan (V) a5l o 1yl et
Q) Cawslons plol 0,8 85315 )| agons 5l 5L oDl sges
(A

Galitee sladiges ;5 Sl 5 puiian s (6 o505l Ygono
S350 Sl 5 oo s ooy Slale Jie lele o
S 503l (sl g s 3y Sl Wadiged odzmy 8L s
o Ll oy by, o s,z el b mS sl Sl olis
2 Sged g5lw ool a5 Sl 51V e) Cewl oY (g5lwenlel
2 adls G g, ol 5l e 8,86 san Jole s
S sle Sig 5l ol belJUl 5 T oslal g ol olulis
ool | CollB YU s ps 3 sa JTooy) 55l oobel s,
3 1008 Sy Lame Jlocisgs (05 a5 o5 Lol
OV 0y 6l 1 o Sos5 culil 5 slay o0 sl 5l L
gl il g glmoslel glp G5 sS slo gy ()55SG
59, 35 45 Cloas @] Llié slge 5l Cilises clacolU]
(VY \Y) Liquid-Liquid Extraction b a;leale !5 |
\0) Solid Phase Extraction L awel> 5zl 5w | g, 9
9550 ey gl il el latsg, 51 OF

oolaiw ] galizes sladls l del> 31 2l sl by, o
Layered double ) 4il5gs 4 (slaa—Sg 0.0 45 040 oo
lo ¥ sl w aiile o el LB s 4 (hydroxide
S5 s Aolis 15 Y S ol ol Cooslia
ol e 5l S Gml e a9 (o0 )l Sy
ol 5l salises glail 1131 9 (V) Wig) o0 o 4 o3>
8 0olaiul 3,00 calizee glo iS5 d T g uFo3lail sl
i s il s ksl Lol @y (VY DA wilazs §


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.8.0
https://nsft.sbmu.ac.ir/article-1-3405-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.17357756.1401.17.2.8.0 ]

A4

@32ly ooy 5 (sl 5 sl (Joilil (Jsibie slo D>
bl g (@230 Ve B Y ol )

—abe glrly s il o )3 5o Jelse Grizran
O ) eaiSEl i | Pl o g £98 Jols (ot 20 mle
o Pl Sy o 5l iy Sen Ve g Fe B Fe yolis
ol 5938l L) (93 Ses S g (GB 1 9)989lds 59)lS s 5
(o= 59 o 0V ¢ U oo odgame o NaCl 3l gglas
3,5 gileage

P9y 3l el () 50 Fie syl (o 5 sln
b Jelse cnl b s ooliiwl " oley G jo el "
i byl o lelJUl 5l o b S 5 s dslie
(V0 wlazd 5515 b5l 9
DSPE-DLLME gl ysci! s,

baigas 3 il Lo 0 lazyl b Sl 2l sl ol
KV NCSPURVIE SRRV 7 WO UH. 3 NV R W
W) f La\ ? )Q J}l?!.q pH 9 Ods}é‘
J&1s 45 oals a4y chitosan-Ni/Fe LDH Gal> 51 6 5 Lo

YO )‘J.E.A B CRNAN

D3 gy 2 laclil Qi Caz g we S iy 4ged
Ore LAl B w9 55,9 430 7 Do 4y bgloe
ol yo ol (Hettich, Germany) §a.ey sl adds o (40
Ol Pl e o D3l sl (219, Jskme 59, 2 4l e
59yl Jolo Joloe 00,5 (S35 4d3s ¥ 5 oud adlal
00 ol 69y 25 Gsl oz (s29) oias—3 Pl 500
9 03933l 0,99 15 ouriS gl Sl Pl 5y Ss
4 Sy g 0ad oupdS (ladiad SSpw (59)0 & Jole
Jole bl 50 w08 (isy orbgs o il le B (0
(42,85 ;0,90 Bv v L a0 B) ool 58,5l Jol> (gl
GC-NPD ol&iws a4 oo opuzsas 56 51 5de S SO g
GBI, 5ilog,S olliws b gilwloer bl i
iz sl GC-NPD (go s g Lol
25 ©y9—ots ogea| ladigas I aslllae 5,50 slo S
azyo Voo Jlael Lol oy oolos asli o ol
42,35 o Lo yiulidlaz 0 Ve g daBo ¥ o o 3 ol
O 092 4h80 )+ Btey Lod Conl s g az 0 Yoo
Lo fog)See +IVO (d2ls Jlad e Yo Joka HP-5 (39s
NPD Lo 55 T glos 5 yiog,San /Y0 oSk 56 caolseds
Splitless/Split g5 3l oasS 53,55 09 o T il a> 0 Yo o

Gyg—ar G5 9 bl ol 5 v ax 0 Yoo gleo b

53] slaJsbme o6 i S5 5 T 5iles S s
(Dani 1000, Italy) ;5 81,5 g5leg,S ol 4y baws 5,
2956 sl gl b i S ) w9 G2y
<85 18 oolaiwl 0,90 el lews]y 5 Lalss
—OlighS Al 90 4 Yty uad S jemolS dngd
(chitosan-Ni/Fe LDH ) S/ cynl

o33k 38l 5 NifFe LDH (sl <g joualS args sl
A ool | gagms yom 29, 5l Ol e g 2 Lol Wl
SV L el Slis Jge o000l a oM jebas (VF)
Joloee) ous o e o i s Vo s IS S Jga
e Jogo LAY b masns SLoyS Jge ooV e 5 ()
Jole) 03,5 Jor shate O 2 oo YO+ o ap S5 000
Y Joloee 45 0yad oyhad &g o N Jolome ] 51 e Y
a2 PO TPM oo b Celus ds Soo 4 Jol> Joloxa g adlsl
YV o olieaS 0,5 /0 lax &0y (prizmed Ol 03]
Jolme ol 5 2t S | St 10 0 ¥ Jshoma 51 2 les
g aslol ;o Joloxe a5 el ¥ e 4y 0 a8 0,008 & ja0 @
Celw Y Cowe 4y ol Jolows (V00 1PM) 050 5 bgloes
Jo—aze g oad Sy, ol § cilw ax 04 gles o
0l > 2l s Il b s scans 5 00,8 Blo jl (y Jo >
W88 S ol 5 il ax 0 0

b iy dawgl ol At CojenelS Sladiiie s
Philips, ) XRD L (X-Ray Diffraction) .Sl o5, (ily
i i g (L =10 08 A) CuKa il aie L (USA
Fourier-transform infrared) a4 )58 Joo5 30,8 g0l
Omized . plosl (Bruker, USA) FTIR L (spectroscopy
PPy S fagi iy 5000lS (i by (o)
SEM L, (Scanning electron microscope) i sy, 59,5l
«é,8 & ,e0 (Tescan Mira3, Czech Republic)
gl Pl b g3 lwaiagy

DSPE- zl,5u—wl ald> 0 g0 12 30 S50 slo,gSLs
2 S5 Jelge ot (g3l waige ol 45905 ,0 DLLME
&_io.j )LX&.A ‘(f)fgél'““ T" 9 YO~ ‘\Y(b N ‘V& AR ‘T(b
S (V2B Y 00g05me,0) 2l (o (o559 o 0 VYO
9 &3)’ ‘(MJJ ) 9 AF XY D 6LQULA} )Q) k.)\:\? ULO).
YO e FO o ez les ) oniye—i Pl p>
)I uLs).Q )‘ )3.:.]5)1.:.0 Yooo 9 VO« AYDs N


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.8.0
https://nsft.sbmu.ac.ir/article-1-3405-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.17357756.1401.17.2.8.0 ]

Oen g (aldg s Ssed jligy [on bodduS y pioy dels 51 gl ysal by 5y, -

—LDH ——LDH-Chitosan

. W
3 .
D]
S
5

Yoo

Y b & A\ £ [H b L A
Sl asls

Co9eelS g NifFe-LDH (sla izl XRD (5551 Y Sl
chitosan-Ni/Fe LDH

@l Sl pwyn el FTIR b
SLES Y USS o 5 ol FTIR s 51 oolicl b b jseels
Ni/Fe ,Lsls FTIR Gub o a5 jshilan .ol sud ool
CModgdzme ;0 9250wy o g oo odolie LDH
a5 O-H 05,8 aiS olols,l a4y Ly ,e FYVA!
3lse baY G ) 35790 T sl s 5 wiile Coss
S Slales )l 4y by e VEYY CMT 5 55200 slaSy
S oLl 4 Lgsye VYOA CM s 3550 Sy 5 C=0
chitosan- <o 908 FTIR oo )0 .alil o0 C-O ¢ lael
sads oLl YYVOCM™ a>b ;o 4 4l 55 NifFe LDH
NHz 5 O-H (slaos,S 28 oliles,l 4y by a5 cun
Sloos,S Aol aiman 5 g loms S8 o 35755
2 99790 SaY jolxe b a1 )3 99290 OH (xbas
2 35750 Sy eizred Ailge Alss 4 vy
iy 4y il ;3 FOA g Ve e YL YADF VAT
S olals,l C-H o line 288 olalss )| socms ylis
Ly, glog,S 45 Syzge C-O (glaog,s C-H o lials
olils) 5 COH 05,5 )0 35350 C-O iiS wlils)

OF Y0) wilse iS5l otas

255 Loy

A% —LDH
——LDH/Chitosan

Fove  FAdre Yo Yare  Yeas Vdee Vess  Bdes

(Fa Al 2 ) (2rsn 348

5 Ni/Fe-LDH a4¥g40 oSy 000 FTIR b .Y JSC&
chitosan-Ni/Fe LDH < j5.0lS

poade 0y 0T alxil ad o S ey Sae [0 g ole—adl
L cwiy & «(makeup) Sl g Jol> 55 90 2 laica
435 8 e e g adlh po e Bl e s ol
b9 s i
)‘ ):":JQSL:A » ‘b;yl_‘ IR 9 YO« Voo D YO N
C\):’L‘Z_A.J Slp Gl 2w slo gl (Ban sl C«:.JLST
Limit of ) jasei 5 o> B 5l olo,e56 ol e JUT
;LSS «(Limit of quantitation) oS s o> (detection
dojg) G 58 9 59y 2 )3 (RSD v )d 1) 6 2y
(YY)
o loonds €8l 1 (o)
Carlie ooyl Logross| il o 2S5 edl zl5eul jo
6[2:4.39».3 :-\.3.]5‘ ‘_g)’L.wooLo] )\ o= (Y%) u.a)f )‘)5 oola_wl
P\.\Sp)\,...l).,,a)fbim\’& 9 Yo ¥ s;m.éd_wsowg"
0l At (P9, L Wiged o upes 5 0B Wl la Sl |
Felsheo) G 28,5518 5T g gl 050 5k Sz
009l 55 e bl 5l laedale oo b oo S5 Ose ol
slocadle awslie b el 51 os U1 5 zl5en 1 g eads
28,518 oLl 8,90 ool Cawsay sl js
basl e
chitosan-Ni/Fe LDH <o jgaol5 Olasine
CagalS 55k LSl :(XRD) sl 65 5 1 59X
el oo ool Ll Y SS ,0 XRD oo Ja g5 cons i
- S & yg0d Ni/Fe LDH o j5mlS 45 by o XRD ol
FYIF X0 YYIY AV Ll 20 jolie jo o laise 50 slo
Sl 5o )5S 50,5 84lg 1 s .l o Ll £V
6,08 LDH sl o] oYU colue o @) Cojemls
Sy g ooy b Ol b ol baos Suasl o
oanlis chitosan-Ni/Fe LDH o ;0.5 Lole jo slalin

=

90 5


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.8.0
https://nsft.sbmu.ac.ir/article-1-3405-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.17357756.1401.17.2.8.0]

0

Vo) s oY o)l iin Jlo ool i mbio 5 435 ple dloe

50 Sldlas aelsl aS 00,85 Lol> £ 5 ¥ 2l o ;o Gl s
A el £ 2l o

Oley Gae idn dal> 5Bzl s ul o i0ds Gl Gow
@l el 38 bl S (525 559 iz
aido F lo; 4o leubl Gis aS ols yliis sawl cwoa
Gl 3 sl Gl ik g 485 O )0 oS jsbay
iyl )18 0es lade p YL o lo;

Godinds gl canlio Dl Cbl roadg gl P> g4
ol Eaopl Pl D3> (55, o Cdx lac U]
S iy Pl S plsis 4 al> e cnl )0 eangd P
Ogl ol lis bl g wale> 55 DLLME al> 6 jo
ol |y asdllas 5,50 s Pl ooy 0 Slae 1 YL

oo F-F IS5 o a5 aisS les oaugd N> oo
oty 3Vl (g Pl 1 55 S ) 35
VLR J R e pes o

9y 51 LUl dzly ol oy, 5 1 gd2rly ploj ke
s9ke (a S)1s (ob Sl oningl Pl (55, 23l
A o odwlive ¢ ploul el LAy slapley o gzl Ze!

g g0 JolS pdxlgaads ¥ 5l o

DLLME al> 0 ;3 4o sla pol)ly (65lwaionte s
ol (A-0 IS gub) s eadaSElpmiw | P> g9
el | o ez o 511y 0,8lae g 85,08 5 ol

3,18 (DLLME) zlzeiwl pgo 518 jo jlo 157 Jleaiss

2 Sl acadle (o) 0aldS Tl Eiw | M o
ol38l L as ol il eaSzl S wl Pl wze bl
O3 i 5 I3 gl il o]y i o B 6 o
g8 00 oz 51 aslol )3 5000 5Bl oo 20l
A oolaiwl p,8 15

i3 L85 0l 51 (ST S 2558 ol (o a1
lowde polie ;0 wo—wirs (G mdd gd Ko polie
S ol 51 Slallan aolsl jo cplplis o o5 conl i

eldes, b Shy e slp SEM O pglai
ABC sloyisy o .0 0olaiwl SEM yslas 1 oy jg.0lS
s olesS, 5 LNI/Fe LDH ¢y j.0lS aiils aan jlislo
Iy @YU sl condbgyas [lsle 04d oo cdnlice calise
(Blie jo ams o lis Y coale gl SIS a5 b
Joeseie <l chitosan-Ni/Fe LDH ¢y jsnlS  cwliicsn

‘_gl.b ).~..‘>u ) MQGA ul.u.u.i gs’l})"’ ‘SLQOWM‘S)LOLAB

i o b a8l o oeas sla Fhag yeed (DEF

P

Ca9a0lS 5 (ABC) NifFe-LDH sl SEM gl ¥ S5
(DEF) chitosan-Ni/Fe LDH

Tl Al Al 5o 0 Fige b yolyby (gilwdine i
JPEWE TIRVIE 351t

Sgs oo oanline A-F SLo ol 4 az g5 L i0dl Hlade
o e VYO b le ke il b gl 5ol o], 45
e e ol )T 51 e g 428L gl

VIO ke b (e 58] 45 ol sl gl 1gi) oo il
2l gl il pladdly (555 e b ez g e o
Mgy S e (lgie 4 ooy VIB e ol by el
s sl

PH 5 dacodbl 5L b go—u! conle Jds & il 51
HCI 51 Jokoo PH oelass sl 098 53k ainge b Jslons
sl cwde YL o eolaiwl (;¥ge +/V) NaOH 4


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.8.0
https://nsft.sbmu.ac.ir/article-1-3405-fa.html

Oen g (aldg s Ssed jligy [on bodduS y pioy dels 51 gl ysal by 5y, Ay

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.17357756.1401.17.2.8.0]

i
A
i jr
2 i s
,l 1 8
W TR
i
2 , z
'- LA e X
Yo ar ¥ re wa o e Wa o Yee Ty " r ¥ 2 # r a1 4 1
[ y® plon) aodln jlads Caibad 8, 8y e Zria
L
¥
A .

<
T ¥

-

{1 o it oty
4
[ 30 g1yt gl
- B

1.
' = sl -
+ - Te
v e priad
. i
it T e e 1Y
LT -] [-%] Lr -] LR bLF-]
1 pn— g i ey 0] i g liia
A- A ® aomles
e C ¥a ® ey e

skt g} o pliil iy
-
[EVCRUHS (P HEAFL TN

L L) P A LD

+1
. : oy 1 B s g AT
e 1 b F
. S
’. 3 ©
B gy pnid ‘
‘. .
B ey puy A8 .
N .
gt Wphae S N

alshae glat wiigger Sk £ 30

oSl lade ((B) «odl> ladie (A) oges] 5l o 1Sl il jo sy del> Bzl el al> e s S50 syl ey PSS
0303 g J» &9 «(F) 080 g J)b > «(E) ‘0.53)5 QLc)‘Q..\A (D) ‘J5l;m C\‘5> :(C)

\ B s A B opiib
As = » B lnsds et
™ T W . .
AT i * %’_ RECrE
3 . .10-
e X
1* s
¥ ==k I
7 Rl T "
- T +
T sk o3 & 39'? W
& o ?5* ¥ ¢
. b g F
r 8 # ¥. o
(g Soad e e Mo 3 o ASZ kel P> 90

WS iy > £45 (A) gl la iS5l 2l el o idy wle ~pule zl Suinly See al o 48 S5 sla el )l oy p O S
OMM > o> :(B)


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.8.0
https://nsft.sbmu.ac.ir/article-1-3405-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

qy

o o digad SO 0 A wisle las ls el ool ools
S50 5 Gl 50 059,80 YA Cale L) (ysmibo (Sl
G 50 p555,500 Y10 ClAE L) ogy oo )IS sl LSS gl
Flg eoleddn gy Some (o p (rized 095 o0 csaline
ot lerin i) 2L 50 e ladiges 8L
S o sk polie (2855 el s st ol
olie ol aSul @ dr g b ot 4] Y Jgan 4 ladigas
g b 28l 1 wils )3 ampe VYo I Ve eil o

REI

n

(A)

295555 Fady

(aida) (g lo3ls oylaj

5 lasliwl Jglowe GC-NPD (slagl Soilos S .8 Sl
SIS cad) iy 0,8 e VO cdale @ o zS sl
3 (C) ;65! BT dB) com ol (sladiges (A) (o]
O 2l aigad s sdlering (o9, 215l G D) sl LSS
39 55,500 V0 cale b lac JUT L suiaslal sass Jls;
oo S (7)) (gdg e (V) eogiasbes 1) L B)

S0 325 (g (S Ll o6,
Lg °9¢‘°‘.j ‘5L<2:4\.’5,<u ‘L;i».m.:l.w fl.@)‘ Q»))J Cawddy 6‘).3
g o 009l adllae 3,50 slacJl I Solite slaclale
9 IR kS)L"" OOLO] 9 C‘)M‘ W) L.S)L"‘"‘L""ef Q""B) &L]a.a
Sl glaciadle Cos Wy 3 65 hao Hloges 0l ).Jlj
B YO N DY) slackle )oouds 7l Sl slac il
Sl casoas e JUT 5l o) 5 a)Sg Ko v g YO+ N e e
5 (7)) (Sinod cuyd jpiome Jlade (ganaz ;o Sove
3> el Gty e JUT 51T yo gl by, (o eogae
S @leobale ply ol 4 ) (05 et 9 g A
3Py €35 5 s AISS sy ssliiedy b a5 Ly
yohie cpdy ol eolatwl (RSD %) (oo o laibiwl 8l ol
LSS F L el 51 G o 5l calisre clale w0 ladiges
oy il zlseil angs s o g LSS bl cow
O 095950 50 S Corlns (bl s 3 lslin] Byl
L}"’?) 6}”) 6);;).))|)i: 0D UL""‘J =L§ J.AT WJ.J \°/V LJ Y
S 5l g,y el aS 35 sl leasly il oo
adsl wiges 0 ] Jlake @ eads zlyseil cJBT S ke
JURU-N E LA L BT S VR WS G A ST S VW E9N
o adsl cale &y JT 56 0 cUl Ll cdale cons ol
23 Gho) e liel Sl Jol gl aps 5 duloe diged 3

ooy S 1 gy 1 5§ (S (sB4ig0i 5ILT s
gl o eoledn by, ol oy p sl
5055 @l i O laaises jladllas )50 gl il
erdged aee bulyd Cow ol (6 yeSoslail 4y pladl sla LSS
olis eaises GC-NPD 6Lmﬁ|)fsju5; Y S e

o] Gladiges 5l 0,andgils | sla il 2l el o olpiion by, sl Slasie N Jous

M= %) o 3 sbin] Gl il ws yo

E gl + Ll ,e5l Gk 5 55 930) bl ilizes polie G35 5 299 GrSoilulas pasiias Jas eogace
o Jailianl Gzl o fsll Gl el IS 15 5o o iy RPN SeSsl) s pSsl) el
n=Y) n=Y) SO (Gl sl (G e (Gl e
Vee YA - Vee Yo Y-
Yyt Y ¥ d - \TERR TAN U1 YE Y YN -[aag R Y NIRRT RS
VEt o ¥V- £Y0 AT 1 A AR T 70 -139¥ Aoy 114 BRI Oy
Vs+ ¥ YA- ¥ N YA FA YooY vIs <133A - Y Y CJFP-YD- s S

[ DOR: 20.1001.1.17357756.1401.17.2.8.0 ]


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.8.0
https://nsft.sbmu.ac.ir/article-1-3405-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.17357756.1401.17.2.8.0 ]

Oen g (aldg s Ssed jligy [on bodduS y pioy dels 51 gl ysal by 5y, af

ows..’—‘ slediges 5l 6,0u855 )| LSL‘%;“SVB—‘ zlhmeel o Gigy 2l 0 plend il il aslllas YJgoo

o lasilinl Bl £ pns bk polas

s e — i
Wi Ll 2 s o o Sl ¥ Cile 4y Lo dUT bglivo b aigas do
avY a5ty avY il
s+t vty . +f 85y
av+o q.-xf AMED o9y IS
W Ll 2 s o p Sl Ve il a4 U] bglis b igas dan
avo 3 av+y il
avty arto ariy RREAERE
afe qvir QY o et IS
o adlsl i Lo jo 0,59l YO cldale 4 FSOWH] Lol b digad dan
av+o vty 00 o83
arty 112t AREF Oseisyetd
0¥ AVED SLEN g IS

A3l o LDH L 5908 S, 5l S> Ni/Fe-LDH
79 Sz gl Ojpa ar S sladige

ailgiy b abl plaie ganails g olal lils wb ael> ols
88,5 udu beddbl gyl Jolowe 51 j0 e 15 jeba
dgad JIo 51 adlas coblB Wb Qi pl Ko B,k
3 @Yb ode ©pad g a Al ) Gy yulw wnl B b
alFgo Y anSg 000 CojeelS v (YY) aBL Sl 95 5
LU o ool idg ol5eS lawgy Gudos ol jo s, Sa
Vb i e )b (a9 mhaw b g ol Lele ol
Gas slo zSedl ol polie Ldss i gzl 5wl sl
30 P sla eyl g3z 50 Gl lade (YY) asl ails
ol oo (a5 el 5B gl S uly Ko () (2
0 4 ol duls B Cas @ gl LI e S
S o5 polie ;5 a5 (5 b Coul bgrye diged Joloee
la.ﬁ ..\_wl.:u;o U"”L' C‘)JL._M:‘ ul.m.\.'l) g9 0992 pf)l_e S
Oleaily g axdl ol la 5 cad L3> lade iol38l
ARPENINESESULIE =

I, S35l laeudUT rog—b colblB wub ooisg—o D>
Gasb ol g JT56 50 Pl LB imen g ax_ils
px> 09, 5 DLLME al> 6 )0 ouisS ise, Pl lgica
S—tbise ooleimiay P9, 50 Fhe Sl 8 edisd Pl
5009 (58 odubdiud 18,0 le_,u.”.:] (o> o8l L asT >
YY) b oo l38 o 51 e e JBT cudl>

- e

s O30 Ul gl sl gl gl I (nl o
S jeeelS) el Ll oole G 3l ogee ol (glo A gl
o9k 4250 oy p sl Sl 5 G5l o eslil (LDH
S yeb 4 .8 )3 18 eolaiul 550 o jemels LS
saios G5 XRD 55 15 oo oF 5 55 S5 sy
9 305 Sy b (V7 YY) wd Lo 59k JLlo o525
0022 (LS 5 iz oyl 4o NifFe LDH o auels oy e
OS50 )y 150wl CuenelS 5ok Sl
ol bas Faa T oo 6,08 LDH by wcyemels o
Shalw o Glalin sl Sy g 009 ezl Sl >
L a5 w0,5 san L chitosan-Ni/Fe LDH g ;9.5
TA) o)l callas )50 sla iaghy ;o ouls plil slo jo)l55
Gk Sl a5 5,5 0 XRD wladllas o IS ol 4y .(\F
L chitosan -Ni/Fe-LDH slacy 5505 5o Ni/Fe-LDH
el 00

Gl ele slaos, § iz a5 aSyl a4 azgi b
15 i 5 055 so pll o aie gL _ a5,
Ogb oo (27 Lol B 50 i co bt LSl
Olyed 4 )98 b ol 308 ggole (i b (alplis
Slge ;8 6 LSl Sl 4 o0 (9 53 cwlie Slals
039350 40 39250 FTIR slacSy (YA) ol oas aszliss
LDH 45 5,5 o5 \YOA cm? o \#YY cm® ryyacm'?
O gl (VF ) cul Sl S e 3l ea i
chitosan - co 555 9 ol55S o Lhal—w sl s


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.8.0
https://nsft.sbmu.ac.ir/article-1-3405-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.17357756.1401.17.2.8.0 ]

20 Vo) Gl ¥ o )lad aain Jlo )yl e mlio 5 45 pole dlowe

4 Sad il ogdleay 05l 5w Toosl Liuliél 5 cass
58 50 cauSzlZewl Pl Pl wilgs o 2,5l laows
S50 ez olidl 4l e g ools malS s 1, S
5 Ol 5l alaS e (YO) 06—0 (g5l 5.8, S )0 glay o0
A Jale ol b @90 oal o i b axd s 550 5%
Sl ly NaCl Jlade ol b asllas pl )0 09 o s>
Saos olbeg o ol ile 5l o cél zals zlZu .l
L8 S50

gl )5 goli—iny ey LB byl Hskaie 4
9y sl 325 sl el o] gladigas 5l o i ed]
Al sladiged )5 b by, plow 4 Lo polie b ol
> el b 00l LS Y Jgaz 10 5 00s0,5 anlie
S S50 Ghe) Lanlis HeS L 5 (as edguzme (par S
Al e 00l 7 pkae sla g, oo bawslie LB L

53 DLLME al> 5o s s0isS gl 3l Dl g5 Sl
bl wb oaSzlFs | Pl ol Lo miee sl yally
Wb eizen 5 il | o JBl gl sel 5 (o 56 0 sy
KV K GO 6)9%*? b asl ol 5l aglace &> )l
3l aa il b gla Pl tmghy Sl 5o (YY)
Pl o 2ol gilelaz (555 55t il bawgs § Sl
Foe glpily,Sn lahy) LS 50 5 eanSel Sl
2 9Bk i adsl eanSEl Sl Pl g 4z o o]
S o gl 5l 00 dpen 5B e O j9—a )]
sl slacwdle g adly pals Lalis )5S g 095 e
S Pl e G0l L b3l il wialys galS s
(FF) Wb alS (623,155 5 gl e
slaslne 4 Soi Gl el il slatg, 5 lages
o Sl B b Kb jpd aSyl Jol 0l blize 51 90
Sod glaJssse (o (S ol czse ol B s
5 bo] el mals 5 colbl ela JsKse s 4l ume
i | Dl 5 4y ol it JUisil ol by o o 56

alie sla g, b oo (slodisos 5l o amdgils )| sla iSedl gl sl o golgiing Loy, oLlS amslis ¥ Jgu

2o Cl).z..wl olewsl, [T MARNCY LR PRE Q_A.JLJT Lged o9,
2 eS80 2 eS80 zl el

Gl Gl

%) INVACARYS DRV SRR AR

V) AFI0-V - VIY IY-0/% DY
aslllas o] Y-V

RV NR TR

o9y IS ey3ed g b o sbs Sl s all

RN TY-IL PREER PN =il (8, <
o982 A (Ogadg d (gl 00| d

Gl Jagisd SuylS5T 4 same (535 (31,5 gilos S b iz rtans el 36 2l iy Seco 1l

07 g Sl 4 e 4 e G (BT leg S L oadizida iy aal> 6 glslio

b330 55 LSBT 4 seme (65 IS 5leg S b oadiidnr s mle-mle glily S b osd 3l (i sl B sl i

GC- ol yo )5 (silwainge 9 48,5 )18 ()2 9590
S oads gzl | sbeldbl o (5,505l gl NPD
Ol s ool (o8 5, ooleid iy by, Egemme o L AT
(VIF-017) sllan 5 pdny 1S5 Gl cpmizes 5 00y
Gid oo 0 pS 96 [+ YP-Y0) ay o c0gux s
Lolss )56 gl (pollae polie (g (nl ogdleds ol oo
2 S e [N =0V ) ek iS5 o> (YAL-YF)
Cddy (Amo,0 YE-VY) 2l el loaily o (o o

REX Y

Sl i 9,4 del> Ll oole SO dnlllas ol yo

SaY S gin SlacajoalS ploie b (9w @2 ool
g Ll i slp 9 ol chitosan-Ni-Fe LDH « 5 g0
o9y S 5 Osis e (ogle e S Zl (g Sl
Selr B gl | gy ab p (S o] sladiged )
58 Gl Bl jshaieds (28,5 )18 eolaiul 590 iy
odiges 1o bl 5omly ol gjlulan Sl § Llis

Gl 25y mlembe gl ) b 55 de (s, (b
DSPE-DLLME gzl ;o J50 o sl 4l .0y S


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.8.0
https://nsft.sbmu.ac.ir/article-1-3405-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.17357756.1401.17.2.8.0 ]

e References

1.

10.

11.

12.

13.

14.

Konstantinou IK, Hela DG, Albanis TA. The status of
pesticide pollution in surface waters (rivers and lakes) of
Greece. Part I. Review on occurrence and levels. Environ.
Pollut. 2006; 141(3):555-70.

Bhanti M, Taneja A. Contamination of vegetables of
different seasons with organophosphorous pesticides and
related health risk assessment in northern India.
Chemosphere 2007; 69(1):63-8.

Baig SA, Akhtera NA, Ashfag M, Asi MR. Determination
of the organophosphorus pesticide in vegetables by high-
performance liquid chromatography. Am. Eurasian J.
Agric. Environ. Sci. 2009; 6(5):513-9.

Gilden RC, Huffling K, Sattler B. Pesticides and health
risks. J Obstet Gynecol Neonatal Nurs 2010; 39(1):103-
10.

Van der Hoff GR, van Zoonen P. Trace analysis of
pesticides by gas chromatography. J. Chromatogr. A 1999;
843(1-2):301-22.

Sharma D, Nagpal A, Pakade YB, Katnoria JK. Analytical
methods for estimation of organophosphorus pesticide
residues in fruits and vegetables: A review. Talanta 2010;
82(4):1077-89.

Ojha A, Yaduvanshi SK, Srivastava N. Effect of combined
exposure of commonly used organophosphate pesticides
on lipid peroxidation and antioxidant enzymes in rat
tissues. Pestic. Biochem. Physiol. 2011; 99(2):148-56.

Razzaghi A, Khanjani N, Daneshi S. Contamination with
organophosphate toxins in humans in Iran: A systematic
review. J. Health Dev. 2016; 5(1):90-7 [in Persian].

Gongalves-Filho D, Silva CCG, De Souza D. Pesticides
determination in foods and natural waters using solid
amalgam-based electrodes: challenges and trends. Talanta
2020; 212:120756.

Mitra S. Sample preparation techniques in analytical
chemistry, John Wiley pub. New Jersey, 2003 pp. 12-35.

Bidari A, Ganjali MR, Norouzi P, Hosseini MRM, Assadi
Y. Sample preparation method for the analysis of some
organophosphorus pesticides residues in tomato by
ultrasound-assisted solvent extraction followed by
dispersive liquid-liquid microextraction. Food Chem.
2011; 126(4):1840-4.

Garcia C, Tiedra P, Ruano A, Gomez J, Garcia-Villanova
R. Evaluation of the liquid—Iliquid extraction technique
and application to the determination of volatile halo-
organic compounds in chlorinated water. J. Chromatogr. A
1992; 605(2):251-5.

Amini R, Khandaghi J, Mogaddam MRA. Combination of
Vortex-Assisted Liquid-Liquid Extraction and Air-
Assisted Liquid-Liquid Microextraction for the Extraction
of Bisphenol A and Bisphenol B in Canned Doogh
Samples. Food Anal. Methods 2018; 11(11):3267-75.

Montes R, Rodriguez I, Ramil M, Rubi E, Cela R. Solid-
phase extraction followed by dispersive liquid—liquid
microextraction for the sensitive determination of selected
fungicides in wine. J. Chromatogr. A 2009;
1216(29):5459-66.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Zahiri E, Khandaghi J, Farajzadeh MA, Mogaddam MRA.
Combination of dispersive solid phase extraction with
solidification organic drop-dispersive liquid-liquid
microextraction based on deep eutectic solvent for
extraction of organophosphorous pesticides from edible
oil samples. J. Chromatogr. A 2020; 1627:461390.

Grover A, Mohiuddin I, Malik AK, Aulakh JS, Kukkar D,
Kim K-H. Chitosan-Ni/Fe layered double hydroxide
composites as an efficient solid phase extraction sorbent
for HPLC-PDA monitoring of parabens in personal care
products. Chemosphere 2021; 264:128429.

Guo X, Li Y, Zhang B, Yang L, Di X. Development of
dispersive solid phase extraction based on dissolvable
Fe304-layered double hydroxide for high-performance
liquid chromatographic determination of phenoxy acid
herbicides in water samples. Microchem. J. 2020;
152:104443.

DulL,Wang X, Liu T, LiJ, Wang J, Gao M, et al. Magnetic
solid-phase extraction of organophosphorus pesticides
from fruit juices using NiFe204@ polydopamine@
Mg/Al-layered double hydroxides nanocomposites as an
adsorbent. Microchem. J. 2019; 150:104128.

Elanchezhiyan SS, Sivasurian N, Meenakshi S.
Enhancement of oil recovery using zirconium-chitosan
hybrid composite by adsorptive method. Carbohydr.
Polym. 2016; 145:103-13.

Psillakis E, Kalogerakis N. Developments in liquid-phase
microextraction. Trends Analyt. Chem. 2003; 22(9):565-
74.

Pil-Bala B, Khandaghi J, Mogaddam MRA. Analysis of
endocrine-disrupting compounds from cheese samples
using pressurized liquid extraction combined with
dispersive liquid—liquid microextraction followed by high-
performance liquid chromatography. Food Anal. Methods
2019; 12(7):1604-11.

Rezaee M, Assadi Y, Hosseini M-RM, Aghaee E, Ahmadi
F, Berijani S. Determination of organic compounds in
water using dispersive liquid-liquid microextraction. J.
Chromatogr. A 2006; 1116(1-2):1-9.

Chandran S, Singh R. Comparison of various international
guidelines for analytical method validation. Die
Pharmazie 2007; 62(1):4-14.

Muscarella M, Magro SL, Palermo C, Centonze D.
Validation according to European Commission Decision
2002/657/EC of a confirmatory method for aflatoxin M1
in milk based on immunoaffinity columns and high
performance liquid chromatography with fluorescence
detection. Anal. Chim. Acta 2007; 594(2):257-64.

Shirdast A, Sharif A, Abdollahi M. Effect of the
incorporation of sulfonated chitosan/sulfonated graphene
oxide on the proton conductivity of chitosan membranes.
J. Power Sources 2016; 306:541-51.

Moradi SE. Preparation of biopolymerical nanocarriers
from chitosan/Arabic gum by complex coacervation;
Evaluation of physicochemical, microstructural/molecular
properties and its effect on oxidative stability of kilka
(Clupeonella cultiventris) oil. Iran. J. Food Sci. Tech.
2019; 16(4):199-214 [in Persian].

Badawy ME, Lotfy TM, Shawir SM. Preparation and
antibacterial activity of chitosan-silver nanoparticles for


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.8.0
https://nsft.sbmu.ac.ir/article-1-3405-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.17357756.1401.17.2.8.0 ]

ay

28.

29.

30.

31.

32.

application in preservation of minced meat. Bull. Natl.
Res. Cent. 2019; 43(1):1-14.

Pontes-Neto JG, Lyra MA, Soares MF, Chaves LL,
Soares-Sobrinho JL. Intercalation of olanzapine into CaAl
and NiAl Layered Double Hydroxides for dissolution rate
improvement: Synthesis, characterization and in vitro
toxicity. J. Drug Deliv. Sci. Technol. 2019; 52:986-96.

Bahrani S, Ghanbarzadeh B, Hamishekar H, Khiyabani
MS. Nanoencapsulation of omega-3 fatty acids using
caseinate-pectin based complexes: FTIR, DSC, particle
size, and encapsulation efficiency. Iran. J. Nutr. Sci. Food
Tech. 2013; 8(3):1-15 [in Persian].

Zhang YC, editor Hydrothermal synthesis of Ni-Fe
layered double hydroxide with high crystallinity using
homogeneous precipitation method. J. Adv. Mater. Res.
2013; 821:1313-6.

Mohebbi A, Yaripour S, Farajzadeh MA, Mogaddam
MRA. Combination of dispersive solid phase extraction
and deep eutectic solvent-based air—assisted liquid-liquid
microextraction followed by gas chromatography-mass
spectrometry as an efficient analytical method for the
quantification of some tricyclic antidepressant drugs in
biological fluids. J. Chromatogr. A 2018; 1571:84-93.

Cao Y, Zheng D, Zhang F, Pan J, Lin C. Layered double
hydroxide (LDH) for multi-functionalized corrosion

33.

34.

35.

36.

37.

protection of metals: A review. J. Mater. Res. Technol.
2021; 102:232-63.

Farajzadeh MA, Mohebbi A, Pazhohan A, Nemati M,
Mogaddam MRA. Air-assisted liquid-liquid
microextraction; principles and applications with
analytical instruments. Trends Analyt. Chem. 2020;
122:115734.

Jalili V, Barkhordari A, Ghiasvand A. New extraction
media in microextraction techniques. A review of reviews.
Microchem. J. 2020; 153:104386.

Farajzadeh MA, Afshar Mogaddam MR, Alizadeh Nabil
AA. Polyol - enhanced  dispersive  liquid-liquid
microextraction coupled with gas chromatography and
nitrogen phosphorous detection for the determination of
organophosphorus pesticides from aqueous samples, fruit
juices and vegetables. J. Sep. Sci. 2015; 38(23):4086-94.

Sapahin HA, Makahleh A, Saad B. Determination of
organophosphorus pesticide residues in vegetables using
solid phase micro-extraction coupled with gas
chromatography—flame photometric detector. Arab. J.
Chem. 2019; 12(8):1934-44.

Su R, Xu X, Wang X, Li D, Li X, Zhang H, et al.
Determination of organophosphorus pesticides in peanut
oil by dispersive solid phase extraction gas
chromatography—-mass spectrometry. J. Chromatogr. B
2011; 879(30):3423-8.


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.8.0
https://nsft.sbmu.ac.ir/article-1-3405-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 ]

[ DOR: 20.1001.1.17357756.1401.17.2.8.0 ]

Iranian Journal of Nutrition Sciences & Food Technology 98
Vol. 17, No. 2, Summer 2022

Use of Dispersive Solid-Phase Extraction in Combination with Dispersive Liquid-
Liquid Microextraction for the Assessment of Organophosphorus Pesticides in Fruit
Juice Samples Using Gas Chromatography-Nitrogen-Phosphorus Detector

Limoei Khosrowshahi B!, Marzi Khosrowshahi E?, Afshar Mogaddam MR 34, Khandaghi J**

1- M.Sc Graduate of Analytical Chemistry, Food and Drug Safety Research Center, Tabriz University of Medical Sciences, Tabriz,
Iran

2- Ph.D Graduate of Analytical Chemistry, Food and Drug Safety Research Center, Tabriz University of Medical Sciences, Tabriz,
Iran

3- Assistant Professor of Food and Drug Safety Research Center, Tabriz University of Medical Sciences, Tabriz, Iran
4- Assistant Professor of Pharmaceutical Analysis Research Center, Tabriz University of Medical Sciences, Tabriz, Iran

5- *Corresponding author: Assistant Professor of Department of Food Science and Technology, Sarab Branch, Islamic Azad
University, Sarab, Iran. Email: khandaghi@iausa.ac.ir

Received 21 Nov, 2022 Accepted 6 Mar, 2022

Background and Objectives: Use of various pesticides to protect agricultural products increases likelihood of residues
of these compounds entering the human body through the consumption of food products. In this study, an efficient method
was developed for the extraction and preconcentration of organophosphorus pesticides from packed juice samples using
gas chromatography-nitrogen-phosphorus detector.

Materials & Methods: In this study, a combination of dispersive solid-phase extraction and dispersive liquid-liquid
microextraction was used for the extraction of pesticides from fruit juice samples. Chitosan-Ni/Fe layered double
hydroxide composite was synthesized and used after characterization as adsorbent in dispersive solid-phase extraction
step. To achieve high extraction efficiency, effects of various factors in the two extraction stages were investigated and
optimized.

Results: Interaction of chitosan with the produced layered double hydroxide was verified using Fourier-transform infrared
spectroscopy and its crystallographic structure was verified using X-ray diffraction. In addition, porous structure of the
synthesized adsorbent, indicating large surface areas and high extraction capacities, was verified via morphological study
of the composite. Developed extraction method was successfully carried out on juice samples as the sample matrix
included no significant effects on the separation of analytes and limits of detection and limit of quantification of the
method included 0.011-0.019 and 0.043-0.063 ng/ml, respectively. Linear range of the suggested method was wide
(0.36-0.250) and the method included an appropriate precision with RSD% less than 5.6 for intra and inter-day precisions.
Values were also desirable for the extraction efficiency (72-76%).

Conclusion: In general, dispersive solid-phase extraction in combination with dispersive liquid-liquid microextraction
included a wide linear range and appropriate repeatability. In addition, this method included desirable values for
enrichment factor, limits of detection and extraction efficiency and hence is recommended for the assessment of target
pesticides in juice samples.

Keywords: Fruit juice, Organophosphorus pesticide, dispersive solid-phase extraction, Chitosan-Ni/Fe LDH composite,
Gas chromatography
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