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Abstract

QUECHhERS method has been widely used for pesticide residues analysis in fruits and vegetables
because itis found to be quick, easy, cheap and effective. But some fruits and vegetables such as onion, garlic,
carrot, and avocado which are complex matrices can cause some particular difficulties for instrumental
determination. This article describes the development of extraction and cleanup step of representative
pesticides i.e, trans-heptachlor epoxide, chlorpyrifos and cypermethrin in complex matrices sample. For
extraction, the main factors (sulfur-containing compounds, pigment and oil) were studied and optimized in
experiments to maximize analyze recoveries. Various sample preparation procedures and d-SPE with different
sorbents were also investigated to minimize co-extractives and interferences. As the result, in Allium plant, the
use of 3% aqueous phosphoric acid blended with frozen samples prior to extraction step was required and for
carrot and avocado were treated by standard method. For all commodities, the mixture of MgSO,, PSA, GCB
and C18 showed to be much more efficient to remove interferences than the original method. The final selected
method was evaluated and compared with U.S. FDA PAM 302 method using both detection techniques (GC-
ECD and GC-FPD). The results demonstrated that the method achieved acceptable recoveries of 63.7-119.6%
with RSD of 0.8-19.8% at 0.2 mg/kg. This method can be applied for routine analysis of these pesticide residues

in onion, garlic carrot and avocado.
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a17.ai: nsalaanasn (phosphoric acid, AR) tua@nsinuaiaas Mallinckrodt UszimAanigawisni, nea
vinda (glacial acetic acid, AR), Taiatnazinn lnslawnse (sodium acetate trinydrate) uaz agiitlan aanlas
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HPLC) lundnsiugiaes J.T.Baker Uszinaanigeisdni, wunidandamn weulanis (magnesium sulfate
anhydrous) uaz florisi™ (1 4 n3ulufinined 50 ﬁmaamﬂmﬁqm@ﬁﬁﬂuwgﬂﬁ@uﬁqmmﬁ 130°C atieiies 16
%Imrﬁ@ﬂfﬁmu) Wunandgiaas Sigma-Aldrich ﬂ:rzmmjﬂu, Dispersive SPE 2ml, Pigment Sample, AOAC
(d-SPE, carb) kW@ e Dispersive SPE 2ml, Fat + Pigments, AOAC (d-SPE, C18) Vunanduaieea Agilent
Technologies UszinpAanigaiiini, 188a azwnn (ethyl acetate, HPLC) uaz tnaaalsilinu (dichloromethane,
HPLC) Wlunansinaiaes Burdick & Jackson Usemn@navg, lumenaaalss (sodium chloride, AR) (A5 ULae3
ansazanelmidsunaelsfdum) uay MAsudamn ueulansa (sodium sulfate anhydrous, granular AR) (LE7i
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aoUNAR 600°C atinatias 4 F2Tue udadulunauzuiadanilaaiin) lunamnsneiaes Fisher Chemical Ussina
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BuLAe, wasdaLanwmy (n-hexane, PR) LA ka0t (acetone, AR) LHlunaniuaiaes RCILabscan Uszindlng
WATTINNAWYTALN reverse osmosis (RO)
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ANTNIRTFU (Standards): 41 TN1AA A ngW i trans-heptachlor epoxide, chlorpyrifos WA g
cypermethrin Wi unansiugiaes Dr. Ehrenstorfer 1319 Dr. Ehrenstorfer GmbH UseinAiaasuil mwu?‘@%?;
(purity) 311979 98.5-99.0% NFLATLNAITAZANLNIATFIN (stock solution) WFizeNd1TazaENaNANNdNT
tszann 10 lpanFusefiadansluuadinu (acetone) Tnenfusnnigumnifienndn -4°c

wisasiiaunzgunsal

\AaaLATiueYNg (blender, Warning Commercial Model: HGTWT) a9 3 Fuss dmsudasneging
WAL 5 m"mmﬂw‘im%u%mammgm Lvﬁlmmmmw (homogenizer ultra) m’%mmjw (shaker) Lﬂdﬁ‘l"a\iixmm
4eyty1NIFi(rotary evaporator) Tulasthalm (micropipette) n1aiaastlilm (Pasteur pipette) Tninas 1u1m 600
104an7 naensagyTiUe’ (Bichner funnel, diameter 13.5 cm) 29AAAANNAL (vacuum filter flask) 1UA 1 AR3
nII8uaN (separatory funnel) 1u1A 0.5 waz 1 ans AeaxIllasuaTANT NG MTU florisil™ (22 mm id x 300 mm,
teflon stopcock, coarse porosity fritted disc) WATANU5U sodium sulfate (25 mm id x 250 mm) NTEUBNAILAA
LL‘L]‘LIfI“gﬂTJﬁ (mixing cylinder) 2U1A 250 AaaaMT LaalalLNLas Wanar (Erlenmeyer flask) 311A 250 HadART
29m5uNRATAUNAN (round-bottomed flask) TU1A 250 LAy 500 NARAAT NTILUTI NARALTURNINNANARN
(centrifuge tube) 1WA 50 HARART WA 15 NARAMT Lﬂdilfa\imw,uémm’mlfmﬁ‘i‘w FRNTIMELLILAN AR A WEa
FABINANAMFLINARANARDS agRitlounasd a9ndnnaunn 4 Fadans Wiend1tle fausnans nsza1mnses
No.2 dn@ Hesdnalaoudlueasdinu Squau 2 A% Afeaz 2 9alus Hugudegnmgiainda -15°C, GC-ECD;
Technology 6890N Tme 'l analytical column: OC-RTX (30 m, 0.25 mm id, 0.25 um film thickness), GC-FPD;
Agilent Technology 6890N IR analytical column: DB-35ms (30 m, 0.25 mm id, 0.25 um film thickness) Lae
raunslsueteafannaialidekanesdlnu 2 A% uazueSilaianiou 2 A wdhieliudioieutimn g

FaneaUASNITFITLNAIRENRUNTANA
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o ] I~ dl v o o aa % 1 o [} = | o I~ dl °
FaadaNenliduiunmaaeuids laun nesvialunjuaznssiaiusiaunuresianinaneiug
(Allium) wasaniilusounuaesivanisendnggs uavezlamladumunuresianiladugs dnuasnaldis 4 aiia
azfianmalinuansindndngivan inaaauuaziiiu sample blank tfetnedmiunisinszilssunn 500
o b ° dJ kA v v 1] dlo/ % v 6 ¥ 0’/’ v =3 :/’ A
nFu deinannaranais il ianrdauniudsznuld enduecloantalildnanaaniiuman adniiuld
= v o o 1 Y G A’l < o a 3 ¥ © ¥ @ dl” I o Y =
fpdpviuiaetneduguan auatszanm 1 gnuiafimusiuns (cm’) wiainWidwlemeaiudearsesun

fuanuis dautiefaeene az 10 N3N (£0.1 n¥) 1138 5 NFN (£ 0.05 n¥H) a9lu centrifuge tube TUA 50 NARANS
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wialfiiludaetingdiasizif (analytical portion) fivatineiiealalitinundnsziazgnifuine ugududananmni
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ANN91 -15°C (reserved portion)

o o = o 1 o [ = 1 o ¥ A aa o 1 d”
@WM?UH’]?LM?EN[ﬂ')@ﬂ’]\‘iﬂ'ﬂﬁdﬂ'ﬂﬂmLL@zﬂﬁ‘zLVIENﬂ@uﬂ’]?'&ﬂﬂ maalneisnissamallil
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359 1. TusnetnananuniTies d95qeen9EHIs 10 N5
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359 2. Tfusat1efeunsutuds (guungdainagn 0°C) inldtieandn 24 9T 4atfunn 5 n3u naniy
neanagnesnianatasesas 3 tngtinuidn 15u1ms 5 NadansnaN Iid1 T uAQLATaNHAN AN UNADANAADY
(Vortex)

ad a o !

359 3. tfudatreiirunisutuds (gruugiainan 0°C) Tdtieanda 24 42w funsanaanasniaaany

al
v ' 2 v

%euay 3 Inatinmin dmsndin 1 Ae 1 deutidqunanil 10 nfu Andluinmindaasng 5 n5u
N194@1A (extraction)
o e A o e v o 4 Y e dua
UIAIBLNNHIUNITLATHUNAIDELNNILAY mmma‘mmmmﬂaxﬂﬂumamﬂmwimmema‘mmgfm
(matrix blank) meﬁqmjwﬁ@mwmmﬂm (spiked sample) ANdNdw 0.2 RaanFusianlaniy dnudunaunig

o o

aradall

1. 3% PAM: 302 (Pesticide Analytical Manual) (U.S. Food and Drug Administration, 1994) 1452 g4
1Funas 50 nFu wnainlnanisiin acetone WeasBaatintesas 65 Ingtsunas 11 100 Jaaans tudae
Lﬂdﬁlm Homogenizer ultra 2 Ui mmfumméﬁfm Buchner funnel @<l Vacuum filter flask 2unm 1 am3 mmfuﬁ']
An3aAFatinain A acetone IAnaNBaLtintasaz 65 Ine1Funns 1hunas 50 TARANT 41194 2 A 1i1@n3
armilEvananldly Mixing cylinder 211@ 250 HafARTuAULNITIN 2 dauiviniu Aruivilanadaed? liquid-

o

liquid partition uw&avinliit3grasag florisi™ column s alumina column LNALASILITANINEN OCs WAz SPs Hatl

¥

GC-ECD uaz@ndaunilaninn1sannansngy OPs faeansuan1ad n-hexane 100 HadAAT uaz dichloromethane

v v

v
o o

100 NaAART LWeNFaeLATed shaker 19aN 2 W7 Aanals 10 Wi ansiulagnsazaaduanaiauaztingnsazaiedis
11 UMY sodium sulfate anhydrous Tu chromatographic column ﬁmiﬁg sodium sulfate WUy drop by drop

o an v 4 4 u e Y
8911 round-bottomed flask 1U1A 500 NAAAAT TLLULAILLATAY rotary evaporator LN FULTNRATAA
acetone 5 NadanT (ANNENTYW 5 nFuFeRaaans) T graduated tube TNN3LATIZYAYE GC-FPD

2. 9% QUEChERS (Quick Easy Cheap Effective Rugged and Safe) lffaatnevianiaznssifiaunissas

v 1
o ad a

93738 (389 1, 2 waz 3) waren wazezlaanla $9 10 N5 U centrifuge tube 21NA 50 HAAART IANANTNIATFIU
¥ v A a o 1 a o A o . LY Y o Wy 1w a a . .
Andindiv 0.2 Raanfusanlaniu Wemnn spiked sample WeinlHdinmi Aialeeinatios 30 w1 wAn glacial acetic
. N . [ % a aa % = a = o =
acid 12841911 acetonitrile ANNENTWIesay 1 TnetFuins 10 Haaans LwgrAeiawsar) 30 Ju a1nduis
sodium acetate trihydrate 1 N§ WAz magnesium sulfate anhydrous 4 N3 LeNFAaEde 30 37 il uyuwReN
ANBILATENHWINENAINNLFIAN (centrifuge) AAINLEA98Y 4,000 rpm 5 W Liuansazataduuuly centrifuge
tube UM 15 Hadans LBNRT 5 Hadans
n19911Yiiaqns (clean-up)
1. vinl¥iragnasiae florisi™ column %38 alumina column Wansazansilfiainnisainsiaeds PAM: 302
LAZANIATANEAINTD QUECHhERS HNU column BN column 9149 2 18A TLA8FAINIALAIENUNIZAN LA
ansazaneflisziweuialiuliunnséiag n-hexane 3 €Uy ethyl acetate 1 491 3N1AT 2 NaRART 11NN

AmszsAae GC-ECD waz GC-FPD
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2. ﬁqiﬁu‘%‘qw‘?gﬁqa d-SPE %flm carb 138 d-SPE %ln C18 Taannaifiu d-SPE luansazanaiiliannis
afP&8 QUECHERS 1agin&aeila 30 3unil uda centrifuge AIMNI3I8Y 4,000 rpm 5 11T ANATY LALANTETR
1Bunns 2 Taaans WIARTNIUA 4 TARGRT MU LU B8 AT IMELLLVAN S AR A LA (evaporator,
multiple tube) UFUFN1RIA8a1INANTZUING n-hexane 3 42U ethyl acetate 1 @31 BNNAT 2 NaAART TN

AANZIAYY GC-ECD uaz GC-FPD N36saisfnatinauaznnain liBgnauansuasai 1 uaznn 2

F115991 1 N9TENARRLUAZN I WLTANBULILIGNG]

N3LETENARLN n19nliitsgns

US-FDA PAM:302  wausialvin) naeifiem: 25 nfu + nsaneawasniaa  column chromatography
9588z 3 Inesnvin U3 25 Aadans - Alumina column
wAsan azlamila: 50 N5u - Florisi™ column

- liquid-liquid partition

QUEChERS vananlvg) nazien wasan azlaanla: 10 niu column chromatography
vananlvn) nasien 5 g wanduvisetluiu nam - Alumina column
Waanasniaaansdasaz 3 Inatnmin fiau 5 - Florisil column
Ladang dispersive-SPE

a o ¥ A v a
- Fn nantdniReans Sasas 1 Tuerdlalu - Carb : MgSO,, PSA, GCB

1n9810 AaA@RT 911 partitioning (sodium acetate - C18 : MgSO,, PSA, GCB, C18

1 g + magnesium sulfate 4 g)

981TIMENAERTYINT TN 23 (21107 3) Tuenau - SuaAl WA 2561 1431



wAsan, azlamla

!

UNAINNIAE

o ' =
M@NM'JSLMQ_J, NITNEN

Freeze (-15°C) 24 92114

IR

1ai Freeze (Room temp.)

v

1Ty \ v/ v/
Uiy 3%v/iv tluudonaniu 3%viv 1T
phosphoric acid 1:1 phosphoric acid 1:1 ‘
F9520819 10 g
WA 1% acetic acid in acetonitrile 15815 10 ml Lweiuses] 30 A
\FNEINAN Na,SO, 4 g + NaOAc 1 g Lieiugss] 30 31
Centrifuge AIN1137 4,000 8L/477 1A 5 W)
ARNANTATANY 5 ml d Centrifuge tube 1um 15 ml
|

N1 Alimina colimn

N1 Florisil column

Pigment Sample, (carb)

LA Dispersive SPE

LA Dispersive SPE

Fat & Pigments (C18)

sTEIANg Rotary evaporater

v

|39 30 T

Centrifuge AYNIEY 4,000 29L/UNT 1981 5 W)

\/

WNugnsazang 2 ml ld amber vial 2170 4 ml

A Y v
FTUERUNDLLIANAE N,

v

Usutrunmaiilu 2 mi faeansuan n-hexane 3 : ethyl acetate 1

v

ApTzsiuaiag GC-ECD / GC-FCD

M 2 dupeunisinnsiansinandngivalunenvialun) nssiien uasen uazezianila fiaeds QUECHERS
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NANISIALLAZIANTIIHA

'
=

udsanmsaiauaznisin isanaiansaiaiiliandnies GC-ECD uaz GC-FPD ufa azlilasan
TnunsusadasnelunIni 3 4150 GC-FPD lufansaadafisnmizianya (specific detector) ATIAALILANY
@13nqH OPs fiawla wi%fu aslsifiaNATLNU (interference peak) A9NINNTANHILILANTNINANTATALAZNITNN
’Lﬁﬁqwﬁuﬁmﬁq w4 1iln wanvialve nsziflen uasen uazerlann Taald Total area sum duifly
function ﬁmmmm'sm@\iﬁyuﬁ‘lﬁﬂmwv%\mumﬁmifmLﬂuLEimﬁ(Hz) &5 GC-ECD \flafiuilgnswviavund

P nNNuaned iR ATLNawIuaIUILNIN seuNnaianN1sainuaznvn i nadUssAnsnmaAnasnng 3

3 3a. ]l ‘ ' 3b.
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a

A wiunenvialunjuaznsziien innaifseuiiesds US-FDA PAM:302 i3 QUECHERS N¥inlHiii3qns

fingel d-SPE im Carb waz 13in C18 waz fae chromatography column a%ia Florisil™ wazatia alumina HANLI1

'
yalal
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Total area of Onion Total area of Garlic
0.500 5.000
0.400 4.000

I
0.300 3.000
0.200 2.000
I
0.100 = - T 1.000 I . '
0.000 T T 0.000 - T T T i
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o o o A A aa a % Y @ o ! - a
AdnARgig 3 3laNEANDluNIIATIANUNITANAN94e uaslidudounuaesaslungn aasn tunaesu
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o o cr . da . 4 e v O
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\elsziluAnNY (accuracy) wazdauideauunInsgIudNinS (RSD) iiatlsuifiuadnniias (precision) Ine

AuANUETEaNiL AN AOAC AB %recovery Bgjss1dng 60-120% uaz RSD fiaendn 20%
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0.000 0.000
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2w 5 nemluansnisnlseuiiay Total area sum 284MNR MDA NITN BTN TFTUNILLILIANG"]

ad a a

NAN13NAZDLAINN M LAURR BN WU TUNLI1E1991 3 TTALHBENUNNIaTARATN1IN ITL3aN e N 16
0

q
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19.8%) Turiaaeineia 4 alln amnsnindsllddszendldluautszdnivenisiinsziansindndngia ludnualin

o '

a =
HanuantTRma il

719799 2 Accuracy (%recovery) Lag precision (RSD) 289nN199LAI1ZH trans-heptachlor epoxide,
. . v ¥ a a o a o o ] =
cypermethrin WaE chlorpyrifos AMNLANUY 0.2 m@mumn‘ﬂamu SLNWENWJSWQ.J NN
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o 1 a
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%recovery  RSD  %recovery RSD  %recovery  RSD %recovery  RSD

t-heptachlor 841 10.0 113.2 41 98.9 145 813 20
epoxide

cypermethrin 110.2 2.2 106.7 4.2 104.9 17.7 63.7 2.2
chlorpyrifos 89.2 0.8 116.9 3.2 119.6 1.5 96.8 19.8

19113 8w LN AuT 19 uilszanfaaninimmeagauain i lFaesdsinanininagau fawils
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a o

(parameters) %uj nanfulimsution (full validation) 141 19911 specificity/selectivity N19%11 accuracy Whag
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matrix effect L{lufiu parameters wanfinAAmzdfiasiarsandfiasinednals et ug Wvunzauiuau
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dldy ya o va ' dy % 1 ada A % 1
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