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Comparison between the liquid-liquid partition method
and modified QuEChERS method for the analysis of
pesticide residues in beef fat
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This article described the comparison of a quick, easy, cheap, effective, rugged and safe (QuUEChERS)
sample preparation and the classical method established by National Veterinary Research and
Quarantine Service (NVRQS) for the determination of pesticide residues in livestock products using
GC-tandem mass spectrometry. The classical method by NVRQS used liquid-liquid partioning followed
by evaporizing. The modified QuUEChERS entailed extraction of 2 g sample with 15 ml acetonitrile
containing 1% acetic acid followed by addition of 6 g anhydrous magnesium sulfate and 1.5 g sodium
acetate. After centrifugation, 6 ml of the extract underwent a cleanup step (in a technique known as
column-based solid phase extraction) using 400 mg each of Cis and primary secondary amine sorbents
plus 1,200 mg magnesium sulfate. The quantitation of individual pesticides by both methods was
based on tissue standard calibration curves with a correlation coefficient in excess of 0.98 for the 24
pesticides. The detection limits by the classical method were ranged 1.3~5.0 pg/kg, with mean recov-
eries between 76.2% and 114.3% except aldrin (59.3%) and deltamethrin (63.6%). The detection limits
by modified QUEChERS were ranged 0.3~6.2 pg/kg, with mean recoveries between 68.0% and
114.3% except dimethipin (152.6%), chlorfenvinphos (138.1%), 4,4-DDT (61.5%), aldrin (60.4%) and

chinomethionate (30.3%).
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Atz g S Qlth(LeDoux, 2011; Stefanelli 5, 2009).
ATHoR o] % A 09 ARE A%, olF, A



e
ox
al
N
>
R
%0 Mo
£
=
o
w
=]
Z

off
18
Mo
v
N,
i)
ok

_{

Jo

)
2L o T
RO

£

)

=
B e A%
oz A A=
AJsfoF et A 27

A 7k A

o
i)

é
o e
7 ue

oiN 3
off
2

ofy
J
s
v e
o
koA

o2
po o M rlr
I
2

S{E

Azobe1e)y, ol
bR, 2 A

ARt
:‘_‘)LI

e
T
E
rl
2
30,
E
)
a
o]rl

o] ool A}ﬂ@ 0.
A 4ol o T g
23lo] ELHES A|ASH= ‘ﬂo“:,ﬁ © & hexane-acetoni-
trile partition'-> W54 A8 AASH] flst
of gtk FANEE b Ao] vlslo] o
MSAolnE v34 §o19l hexanct 4 So)<)
acetonitrile 7Fof] Eujg & hexaneZo|| F= HE X3}
Al Hek ofof wksto] Hof i S0 tha wo
o2 A& O 2 acetonitrileZo] Xt} Wo] B}
olelet Yels olgatu Thekal Hulzaol] efsto]
ZHsor B4 7P AASH] o 1A
= 498 AAT = qlov, Eelaso] agA|
A gkob EHf & AR 7|7|EA ol FASHE B9
tEH, F2 FE9 %— 7&@%2‘ A2}2 Ao
el &, 2009), 1 39
ohA] AT S AA A 7171%@‘% St Frt o] A

A2 AZko] 28 Aeal, e

HPF ML

Sigt 4
A=
A A th(Wilkowska and Biziuk,
2011; Beyer, Biziuk, 2008).
o]o]| Anastassiades 5-(2003)0] A]Zo| A FoFo]
Z we 9 AAE Auels BANS Al
Quick, Easy, Cheap, Effective, Rugged, safe®] ™z|Z
242 whA] QUECHERSE} ™ 519 ©.m(Wilkowska and
Biziuk, 2011), o4 7j¥tE QuEChERSH-& 20074
AOACO] FAH oz AYeix]dchLehotay, 2007). ©]
A O 2 Lo I& F=718}al acetonitrileR FoFS
ZE3to] 1 &9 YFE dispersive-SPEE A
3 acetonitrile®] FZE FZELS FFF o2 77|
2, 34 ok ohzh 4b,
e W e W) okl dhstel &
o NRHSY 4
A th(Paya &, 2007). T
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s HomMn Ato] AR EAUTH=H
T, 2011). Syt FE2XEH A
QuEChERS A A 2]} @ LC/MS/MS2} GC-TOF/MSE
ol-gsto] e HAHE FAREEATEH A
OJoFEe Aol AAMAQbetaL WX Xsof &4
ATt FARE ddom Ha3ES NEste] 24
W& Hgskal leh=ds ke, 2011).
Seluete] SAkEol wiEt sofe XRsErlE
1995ARE F71daA, 77104, 7PH}Uﬂ°lE7ﬂ Z
1650l tisto] AAgE o] 2011 A F 8359
ool tigt XF5l8r]Ee] AAE UHF &
2005). ‘oA Hof wg} &2 GC-ECDY GC-NPDZ
B OHQJ—I:—] AE2oke HelAil el 2L W o}

L

Yk Algdd a2 BadhA] o1l Ao BAT 4~ 9]
GC-MS/MSE ©]-83}0] QUEChERSHS $-83F A3
Rt 7129 2Rkt AA WS vl wsk s}
O] ﬂ;}e A"“O]-S’it}
He 5 B

SAlig

AEA] 2 m2olA 20109 1Y) =3 &
o S 200 g A ste] YEE s BAAR

= Agshar.

Aot & I+

4,4-DDD, 4,4-DDT, chinomethionate, chlorfenvinphos,
chlorpyriphos, chlorpyrifos-methyl, cypermethrin, endo-
sulfan sulfate, y-BHC, permethrin, endosulfan-alpha, en-
dosulfan-beta, deltamethrin> Sigma-aldrich (USA)AI=
XLE|, aldrin, chlordane, dimethipin, endrin, ethion, feni-
trothion, fenvalerate, heptachlor, triadimefon, dieldrin<
Chem service (USA)AIZHE| 4,4-DDE= Dr. Ehren-
storfer GmbH (Germany)Al=FE Lufjst AL z+z)
ARG o, == 95.1~99.9%% th

=23} A A o] AHE-E acetone, acetonitrile, n-hexane
52 AFHOFE XA 8(Wako Pure Chemical, Japan)<,
isooctane> HPLC-8(Merck, Germany)2 AM8-3lS
), 71 9] glacial acetic acid 52| 7|g} A|FEL HE
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EGE A8ttt QUEChERS extract tubes (6 g
MgSOs, 1.5 g sodium acetate)?} dispersive SPE (400
mg PSA, 400 mg Ci3sEC, 1,200 mg MgSO4)+= Agilent
simpliQs AH&-5Hict

71712 7 AR ) 2 AR A 7] (Waters

Table 1. Analytical conditions of GC-MS/MS for pesticides

Parameters Analytical conditions
Instrument GC-MS/MS (Waters Quattro micro GC,
" USA)
Column DB-5 MS column (30 mx250 pm

IDx0.25 um, J & W Co, USA)
Injector temp 280°C
70°C (3 mins)-20°C/min-180°C-5°C/

Oven temp min-300°C (7.5 mins)
Gas flow He (0.8 ml/min)

Ton source temp 200°C

Interface temp 260°C

Ton mode Positive EI

Multiplier 650

Injection mode Splitless

Quattro micro GC, HP7890N), &A= 7|(Turbo vap
), EZ-2 plus (Genevac, UK), MMV-1,000W (Eyela,
Japan), SPE vacuum manifold (Supelco, USA) 52 A}
gohelon] Aokl BA] 1 HHBS O3 2
A71719] 27L& Table 13} 7t}

HZSY 2 HIE HZ

10 mg# #3dlo] 10 ml &5 &

230 ¥l acetoneo] AT o FEFL (1,000
ugmh o2 soick E mEel 7t Auuol o
2} isooctane} acetone O 2 3]45t0] 10 pg/ml=Z THE
of xFgANoZ ALt HI7MA| Z(spiked sam-
ple)= HFALFAIE 5=} 10, 20, 50, 100 pg/kg
o] HEE %] BEFATINS Hrsle] A%

aksich

s
7t7ke] REES

‘ Weigh 2 g sample in separatory funnel ‘

‘ Weigh 2 g sample in 50 ml tube ‘

l l

‘ Add 50 ml of hexane ‘ ‘ Add 15 ml of acetonitrile containing 1% acetic acid ‘
l l

‘ Add 50 ml of acetonitrile ‘ ‘ Add 6 g MgSO, and 1.5 g sodium acetate ‘
| Shake | Shaking for 10 mins

Transfer the lower phase into new tube,
repeat 2 times

Centrifuge (4,500 rpm, 5 mins, —4°C)

l l
Evaporate to 2 ml (40°C) ‘ ‘ Tansfer the supernatant 6 ml into new tube-A
! l
Stay 15 mins in —70°C refrigerator Clean P V.Vlth column based SPE
preconditioning : 6 ml of acetonitrile
l l
Centrifuge (3,000 rpm, 15mins, —4°C) ‘ ‘ Load the sample (A) and collect
! l
Transfer the supernatant into glass tube Elute W.Ith 6 mi of ac?etonl.trlle
containing 1% acetic acid
l l
‘ Evaporate to dryness ‘ ‘ Collect and evaporate to 0.5 ml ‘
! l
‘ Dissolve in 1 ml isooctane ‘ ‘ Adjust 1 ml of acetone ‘
l l

| Analysis by GC-MS/MS |

Analysis by GC-MS/MS |

Fig. 1. Flow diagram of liquid-liquid partition method for analysis
of pesticides.

Fig. 2. Flow diagram of modified QUEChERS method for analysis
of pesticides.
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A 0] ZHFe- Hlo]Ao| Trof 80.0£5°C Lo 124]
7F EoF To] WA MRS 223 T 50°C L8 Abo

ol
AR sk AE =, AAske] vl 9 3les A
ol A&kt
Ad-of FHiH: 7o utelE o A

F71Q0A, FYARo|EA FoRtA ¥l whap A
F 2.040.1 g2 50 ml Hexane® & -£-3[5}aL, 50 ml
acetonitrile 2 23] £&3}o] =2 ml)3tch -70°C Y
Fao A 1587 A d7 &, 4°C, 3,000 rppm o2
1587 A4Sl AUES AASAL Ao
acetonitrileMS =3t T, isooctane 1 ml= &3} 5}
GC-MS/MSZ2  BEASIAtsd4ARER =
21, 2010).
SAE|H (modified QUEChERS
B): XHRA|E 2.0£0.1 goﬂ 1% acetic acidE 3233t
acetonitrile 15 mlE Y31 6 g MgSO.} 1.5 g sodium
acetateg Ho 1087 A3t &, 4,500 rpmo 2 5E

7 AA BT ste] A==l 6 mlE acetonitrile 6 mIE
condltlomng@ column based SPE (400 mg PSA, 400
mg CisEC, 1,200 mg MgSOsell ¥l HAE &AL
HkS 5 19 acetic acidS 3EESH acetonitrile 6 ml=
EMAIA Sl &AL 500 ul2 =3 |, acetonel
Z 1 mz 92 T GC-MSMSE H4519 ),

SPE AAZS 9]3t 224 QUEChERSO| A #| & o]
T2 AES AT f AR EHE dResE A9sel

d1spers1ve SPE HIHo] 3]4=80] A 235l0] 1 A
£ 9|2 column based SPEZ Z-8-35}o] A3

-ﬂa

Al ol thst EE%E Fig 137} Fig 28 A
t},

ol
3@ N
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EZAYTA

—_

&0 YA RS 72 Aol ueh F&3 &9
O 2450) O RIERA0 pgmi) S 34 5to]
5~500 pgkgl] HEoA FEIALE AT Ak
24% W 098 o4kl Ao AuPAC)E Kt

5o MS/MS 2414 ion 43

SYSAAER ] AR FARBAAALG o7
AR Gt Age] AFBA AAANY AAG
=l 28%0] 5oF F GCR B4 7Hsat 2053} A%
YA Tl F 24T HoFS BASHATh

350 2430 tfslo] 212t | ughl 5E9] £E§

mlo
PN

A|5lo] full scan mode= H-A5}o]
A]ZK(retention time)x} AFAHEZ S sel3tich 1
ZA3}LE vl O 2 precursor ion (m/z)S /g 35107 colli-
sion energy (V)& 3~39 V ¥ oAl 3
2)5lo] product ion AHEHL t}A] &¢ 18}3‘11:} 1
AHEZo| A precursor®} Z§HSt collision energy,
product ion& A& 3}o] Table 29t Zro] HoF ¥ HA
271 24akgct

240 =3k #EFO] Wik GC-MS/MSE| TIC
chromatogram-2 Fig. 31} -2t ©]3 chlordaneo|Lt
Y Aro|EA 9 Fo2 o] JHAE Qs peak7t
olg] Jfo]EZ peak & ThE peak?} WS AJ7ho]
AAA oka =7t F5gh 3 o] peakS AeHslo]
v iof ARG}

INE=2SPA )

AOAC 2007 QUEChERSH-S 0] 831 Aozl
fego] 2AE|A] kol AOACH T} a0l tat]
Aol GC-MSMSE °]-&3t FoFsA A S &
A(EHTARER sddY, 2010) ok
4 9] dispersive SPES ©]-8-3F A A 2|H& oA
2 Agstglony, 7t A2l el 3]a&o] Table 31}
ol AzstAt
AEA|7HS AASE Wb hexaneS & 718t
Al&o] H7Ht FEENHY FE7F 50 pgkg s

2 |o rlo Ok 42 to

_IZi L

1' mE

o N
Ql AL, dFAe WY oletR Fa=E o] Aol &
A ey, sE=NAS F71s W2 aldrin, chlor-

dane, chinomethionateE A £|5l3l+= 50 ugkgi-e &
o] Hgitk. oo} Bejue gl A AA =
Z O 2 hexaneS A7}t =t AGA 7S AAFsE vb
R} 3

]Ol'cq 1*11?4
A7kl ARE| oL, dimethlpln_q- chlorfenvmphos‘ﬂ

80| 50% oJAolda 1 29 EZL 105~
45.2%%t}. o]|2 7| dispersive SPES o|-83F A 2
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Table 2. GC-MS/MS parameters for pesticides

Compound Precursor ion (m/z) Product ion (m/z) Collision energy (v) Dwell time (sec)
Dimethipin 118 90 3 0.05
124 76" 5 0.05
y-BHC 183 147 12 0.05
219 183 9 0.05
Chlorpyrifos-methyl 286 93 21 0.05
286 241 20 0.05
Heptachlor 272 237 12 0.05
274 239 15 0.05
Fenitrothion 277 109 15 0.05
277 260 6 0.05
Chlorpyrifos 197 169 12 0.04
314 258 12 0.04
Aldrin 263 191 27 0.04
263 193 27 0.04
Triadimefon 181 127 6 0.04
208 181 9 0.04
Chlorfenvinphos 267 159 12 0.1
323 267 12 0.1
Chlordane 373 266 24 0.03
375 266 12 0.03
Chinomethionate 206 148 12 0.03
234 206 9 0.03
Endosulfan-alpha 195 159 6 0.03
195 160 6 0.03
4,4-DDE 246 176 30 0.05
318 248 21 0.05
Dieldrin 263 191 27 0.05
263 193 27 0.05
Endrin 263 191 30 0.08
263 193 30 0.08
Endosulfan-beta 195 159 6 0.02
195 160 9 0.02
Ethion 231 175 12 0.02
231 203 6 0.02
4,4-DDD 235 165 20 0.02
235 199 20 0.02
Endosulfan sulfate 272 235 15 0.03
272 237 12 0.03
44-DDT 235 165 30 0.03
235 199 12 0.03
Permethrin 183 153 20 0.1
183 168 9 0.1
Cypermethrin 163 127 5 0.1
181 152 20 0.1
Fenvalerate 125 89 15 0.1
167 125 10 0.1
Deltamethrin 181 152 20 0.1
253 93 15 0.1

*The bold texts are quantification ions.

9] 3lgo] 50% o|st=E AxRste FXAE A= 7|29 oH-oHEHHL £ WOl sZubo] Qo] 6
column based SPEE #|-g-5}o] 243} H4-& Zh= ] A9 AlmEA g A7 H= 2Q =T, 7o
Z modified QUEChERSHS +2]3}4t}. e AR E7) % 51901, modified QUEChERSH
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Fig. 3. Total ion chromatograms of sample extract of beef fat fortified at 100 ng/kg with various methods. (A) Liquid-liquid partioning, (B)

Modified QUuEChERS.
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Table 3. Recovery (n=3) of pesticides by comparison of sample preparations (spiked at 100 pg/kg)

Pesticid Increasing shaking time Adding hexane Adding concenturation procedure
esticide
Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%)

Dimethipin 16.2 4.0 134 1.6 50.1 1.4
v-BHC 16.8 33 12.6 0.2 32.0 0.6
Chlorpyrifos-methyl 17.3 35 12.9 0.4 359 0.8
Heptachlor 12.7 24 7.4 0.1 25.2 14
Fenitrothion 214 4.1 154 0.2 42.1 1.1
Chlorpyrifos 17.9 4.0 11.2 0.3 34.1 1.5
Aldrin 11.9 2.6 49 0.3 18.8 0.7
Triadimefon 18.1 4.0 144 0.6 38.1 1.5
Chlorfenvinphos 17.2 39 14.4 0.2 57.1 22
Chlordane 14.4 3.7 8.4 0.5 25.6 2.8
Chinomethionate 8.9 2.1 7.2 0.1 10.5 0.1
Endosulfan-alpha 16.5 37 9.2 0.3 32.7 2.8
4,4-DDE 14.6 3.6 7.0 0.2 249 0.4
Dieldrin 17.7 34 9.3 0.4 279 0.7
Endrin 19.8 42 8.3 0.2 33.5 0.4
Endosulfan-beta 17.5 35 11.4 0.4 32.0 22
Ethion 18.9 4.0 12.9 0.2 394 1.0
4,4-DDD 16.9 39 11.2 0.1 319 0.3
Endosulfan sulfate 15.7 2.8 12.0 0.5 45.2 32
44-DDT 19.6 44 9.9 0.2 33.7 1.0
Permethrin 16.0 3.8 9.6 0.3 28.6 1.0
Cypermethrin 14.8 3.6 12.5 0.1 35.2 12
Fenvalerate 14.2 33 12.3 0.2 36.8 1.1
Deltamethrin 13.6 29 123 0.5 36.8 2.6

2 column based SPE AA|e} H=1A 07 <l3le] 6
A0 AgA o] 3~4A7F F= 22 %

HZAZ HY

A A& 2.020.1 gof] 1% acetic acidE 3Z3HSE ace-
tonitrile 15 mlE& @3l 10E87F A3 &, 6 g MgSO4
I} 1.5 g sodium acetate2 o] 1087+ Zgsial
4000 pmO.T SEZF BT 43 8 mis
dispersive SPE (400 mg PSA, 400 mg CisEC, 1,200 mg
MgSO) = A 1087 g3t &, 4,000 rpm o2 55
7+ AAEREE H, 1 ml& GC-MSMSE HA519 )

Hexane AJ}

A A& 2.0+0.1 gof| hexane 15 mlE #7}sto] %l
g5}, 1% acetic acidE 3ESE acetonitrile 15 mlE
Yol Aekat #, s}EohS §AM 6 g MeSOu} 15 g
sodium acetate2 @3l 10E57F Agstkc} 4,500 rppm e
2 SR7F QRIS T, A4S § miE dispersive

SPE (400 mg PSA, 400 mg Ci3sEC, 1,200 mg MgSOy)

2 &7 1023 ZFskal 4,000 pmO R 527 A4
e 5, 1 me GCMSMSE 45}k,

SZEUY Ft

A& 2.0+0.1 gol] 1% acetic acidS 3 3}HSF ace-
tonitrile 15 ml& @3l 10E87F A3t &, 6 ¢ MgSO,
I} 1.5 g sodium acetate2 Yo 1027+ AgstaL
4,500 rppm o2 5FE7F Y4tk A5 8 mE 4
ml2 523 & dispersive SPE (400 mg PSA, 400 mg
CisEC, 1200 mg MgSO)E <A 1057 Agslo]
4,500 rpmo.& SEIF YRR F, 555k ace-
tone 1 ml=Z &3l5}o] GC-MS/MS=E A3}t

ac

3

Jo

C
ey

h !
0

B

o] Ao =7} 20, 50, 100 pgkgo] HEE 24
T FTEN AN Hrlste - Fujat
modified QUEChERSH 2.2 23t & GC-MS/MS
2 EAste] AYge(EHo 34 FU=(HEolA
F)E ZARSE A= Table 43 .
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Table 4. Pesticide recovery results in GC-MS/MS for the 2 methods spiked at 20 pg/kg, 50 pg/kg, 100 pg/kg in beef fat

Mean recovery (%) RSD* (%) Coefficient of variation (%)
Pesticide Liquid Modified Liquid Modified Liquid Modified
-liquid QuEChERS -liquid QuEChERS -liquid QuEChERS
Dimethipin 102.0 152.6 1.7 2.1 23 54
v-BHC 102.3 81.8 1.8 0.5 23 1.9
Chlorpyrifos-methyl 99.3 101.0 1.8 0.6 22 1.1
Heptachlor 76.2 72.7 1.5 0.4 33 1.5
Fenitrothion 114.1 102.3 2.7 1.7 32 44
Chlorpyrifos 99.4 97.1 1.5 0.3 2.1 0.6
Aldrin 59.3 60.4 1.0 0.3 2.6 2.1
Triadimefon 111.4 103.5 29 0.2 3.7 0.6
Chlorfenvinphos 104.8 138.1 23 1.6 33 2.7
Chlordane 96.8 75.4 23 0.9 33 3.7
Chinomethionate 91.7 30.3 2.0 0.3 3.0 2.0
Endosulfan-alpha 81.2 79.7 0.8 1.8 2.4 5.6
4,4-DDE 80.3 63.0 1.5 0.3 3.8 1.2
Dieldrin 104.5 78.0 1.4 0.5 2.1 2.1
Endrin 104.4 72.6 1.8 0.4 2.7 1.2
Endosulfan-beta 104.8 81.5 2.0 1.2 2.5 29
Ethion 110.9 96.9 2.8 0.2 3.7 1.1
4,4-DDD 107.6 82.5 24 0.2 2.8 0.8
Endosulfan sulfate 90.2 92.5 2.0 23 43 53
44-DDT 82.1 61.5 1.9 1.3 3.7 5.7
Permethrin 86.0 78.8 25 0.4 4.8 1.6
Cypermethrin 94.9 114.3 29 0.6 5.6 1.4
Fenvalerate 88.2 1123 22 0.8 43 1.4
Deltamethrin 63.6 99.5 1.8 1.9 39 47

Mean of 9 replicates. *Relative standard deviation.

71z0] oo B e ALg AFe] B8 fo
nitrothion®| 114.1%= 7} =4 Uebtal, aldrine
59.3%, deltamethrin® 63.6%% #*]Z3}% o, 1 9]
FYEL 762~ 1114%E v A F53t 3agS
Ha, AUEE 21~56%Ch

Modified QUEChERSH 2 A&-3F A3 o A= dime-
thipin®] 152.6%, chlorfenvinphos”} 138.1%%2 Y% =
Al JeEbE XY 4,4-DDT7} 61.5%, aldrin®] 60.4%, chi-
nomethionate= 30.3%%= 3480 | A X34
71 99 EoFS 68.0~1143%= U35t I4LS L}
B, AUEE 0.6~5.70] 0t} o= #A4H vali-
dationo] 3t Codex HAH L7} 10~100 pg/kgoll Al
ol &o] 70~120%°| B2 i FAEH] A7t
stalou, H 7H4] E4E HAE Holkth

G2 AezS 7Fx) 22 QuEChERSH o A cleanup
T4 of dispersive SPE?} column SPEE  H|nL$H
Lehotay 5(2005)0] =3t AyE R, dispersive
SPE®} column SPEC|A] =LA Zfo]&E Holxl ¢foit,
21-82.210]| A chlordane, DDE, dieldrin& column SPE¢]|

A Bpgo] thd "ot E3L chlordane, chlorpyr-
ifos, chlorpyrifos-methyl, dieldrin, endosulfan sulfate,
permethrin®] 3] o] A-ATe} FARRE 23]
£ Holx it} H-of HufHHo| A= retention time
window”} +£0.095-0] 3] © 1}, propiconazole?] 7§ -9-of =
WRE A7) 0145 o4 Zjol7} vhA o] 7}
stof FAEA oA A ol glSlth. Modified
QuUEChERSH-2 ©]&3l Al3o]A= retention time
window”} £0.055 0 72 oo} HujsH Wt QM & Q) 7,
propiconazole®] 9= ATFo] 7155 Fth

HAE ot 542 FARA A AlLstaL, o]
5 =4 daide 7129 AArE H&sA
matrix®] FFZ AAT 4= Q== gep permeation
chromatography (GPC)E ©]-&3t 7 %] 2| ¥(Castillo 5,
2011)0]1} programmed temperature vaporisation (PTV)
injector, pulsed splitless injector 5(LeDoux, 2011)=
GC inlet o 2tso] HAsh wlo] g
Ao g AZFslH, matrix effects R &s}7] Y8l A
2Y Ago] EFENES H7}Sh= matrix matched
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2011), QAHH o=
HAFolA= ARE 2 *é@‘%‘jili FE3
NS 5] A3}= tissue standar
Anastassiades 5-(2003)2]
=2 /\/\7:161—.CL 3&/&461— B 0
o} Z+e 8 7|E 7HA 5oF5LS matrix-induced en-
hancement effecto] FFS Wo] W= oz AddH
=g, o] A4+ chlorfenvinphos”7} +z2A4F P=0&
ZHA AL QlolA Blgo] A U Aom HIIth
ES}, Schenck?} Lehotay (2000)+= P=0 A%y} =0 2
3l amideE o] 7IA1 9l EZE0°] matrix en-
hancement®] @aFo] Wol Ueit= 2oz FAs5t1
¢l o, dimethipin®] 7 XA 4719 =02 30|
o4 Bpgol we Aom Azt 794
ok pl=ZAo|x, A& zF}Hel, ufj& orAg A o]
Zl=E= Rosenblum £(2001)9] Lo wh=w, 1
4,4-DDT+= GCol4] DDD& HsfjEo] 3]4=&o] Yo}

, =N-, -OH, P=0

oiX ﬂHU of x2

A= dARE UE)H, Castillo 5(2011)2 internal
standard$] 4,4-DDT-Ds& AHE-SFe] 1 Z4& 415}

At} 283l Castillo 5(2011)2] Ao A H} 2
Z13+4 9] DDD, endrin, dieldrin, B-endosulfan®] X]%l
I} acetonitrileAlol| A Q] E2|s}sta Hujolzte} E2b
ARl Cisollo] AA= d]pgo] <70%7F ¥ ZAoe=
A5t Q=Y aldin®e 72 eloz 3489
o2 HEr} oyl chinomethionatel:= 3]5=&9]
shat 2191 22 EHARL, peakrt B3 tail-
! o g Hol SPEQ] 24| 5 PSA°| 9
aixe] |72 peako] WolA|3, Felste
Ba7F dojd Aoz A F thAnastassiades
5, 2003). whebA] o] Aol A {71Q1A, F71H A,
Mg AR EA SO ok EARASNIA shlo.
U, HYE Hlojd 529 tisfl A= analyte protectant
U internal standardE #83l= W 59 F71F <
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Table 5, Calibration equations, correlation coefficients, limits of detection (LOD) and limits of quantification (LOQ) for the investigated

pesticides in beef fat

Liquid-liquid Modified QUEChERS
Pesticide Correlation Regression LOD* LOQ'  Correlation Regression LOD*  LOQ'
coefficient equation (ngkg) (ngke) coefficient equation (ngkg) (ngke)
Dimethipin 0.9988 y=33.399x+4.3656 2.8 8.6 0.9946 y=11.855x+3.6889 34 10.3
y-BHC 0.9996 y=162.04x—47.669 2.7 8.2 0.9951 vy=93.985x—11.157 1.2 3.6
Chlorpyrifos-methyl 0.9994 y=186.82x213.5 34 10.3 0.9961 y=97.107x-19.081 0.4 1.2
Heptachlor 0.9946 y=110.13x+184.35 4.0 12.0 0.9945 y=70.133x+29.406 1.5 44
Fenitrothion 0.9987 y=213.37x-323.16 42 12.6 0.9889 y=66.621x—27.354 32 9.6
Chlorpyrifos 0.9973 y=300.8x—707.97 1.3 39 0.9936 y=200.16x+58.249 0.5 1.5
Aldrin 0.9996 y=42.215x-34.067 3.8 11.4 0.9974 y=40.397x+8.6522 22 6.7
Triadimefon 0.9996 y=202.05x—70.591 43 13.0 0.9951 y=159.04x+2.4831 0.4 1.1
Chlorfenvinphos 0.9996 y=261.13x-202.56 3.6 10.9 0.9935 y=90.156x—27.563 0.9 2.9
Chlordane 0.9983 vy=9.3739x+0.8939 4.1 124 0.9972 y=6.9078x+6.8465 1.7 5.0
Chinomethionate 0.9997 y=388.05x—332.65 3.7 113 0.9813 vy=94.392x-261.89 2.5 7.5
Endosulfan-alpha 0.9993 y=30.078x—34.463 2.1 6.5 0.9955 y=20.219x-8.6223 6.2 18.9
4,4-DDE 0.9984 y=419.06x—765.75 3.0 9.0 0.9968 y=320.89x-156.56 0.5 1.5
Dieldrin 0.9995 y=36.491x—35.578 2.6 7.9 0.9979 y=26.633x+19.839 4.2 12.6
Endrin 0.9996 y=41.821x—41.32 2.9 8.9 0.9967 y=28.173x+4.6501 1.0 3.1
Endosulfan-beta 0.9998 y=29.671x—10.806 32 9.7 0.9974 y=19.055x-7.1523 4.8 14.5
Ethion 0.9991 y=396.57x—613.57 4.0 12.0 0.9946 y=257.06x—134.15 0.3 0.8
4,4-DDD 0.9991 y=1625.8x—2516 3.7 11.1 0.9964 y=1091.1x-332.89 1.1 35
Endosulfan sulfate 0.9932 y=108.37x+206.69 43 13.1 0.9955 y=21.687x+18.749 2.1 6.5
4,4-DDT 0.9980 y=393.4x-761.27 2.9 8.6 0.9967 y=81.362x-79.301 4.1 124
Permethrin 0.9986 y=172.95x-378.43 3.9 11.7 0.9957 y=119.22x-28.134 1.5 45
Cypermethrin 0.9995 y=114.11x-36.147 5.0 15.1 0.9928 y=58.752x-13.57 2.1 6.4
Fenvalerate 0.9995 y=391.29x—443.22 35 10.6 0.9937 y=155.96x—41.452 0.5 1.5
Deltamethrin 0.9986 y=114.13x-230.25 1.5 44 0.9953 y=35.764x-40.733 1.7 5.3

*33 (o/S), B0 (o/S). o: standard deviation of the response, S: slope of the calibration curve.
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