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QuEChERS-

s, w2 A AL 2 % RisEE! nm!
(1. REEME SR, KEL 671000; 2. J PHELLHE AR ZFEBEE M S EWH R EBE, BT 530226)

# E: By LUEAEZEE(solid phase extraction, SPE), QuEChERS 1E A HrAb 35 1, SR FH e R A G 33 46 I
FRPEZEAMERR . FE FEMINZIE  MgS0,., Jisk NaCl, NaAc #2HL, B0, BCEERIN PSA ¥k, &
O, B2 mL BIFHRAAEART, M 1.0 mL WEHE RS, SRt aisne, SMrkehat, %R ZRER
FIBER RTE 0.5~10 pg/mL i Bl NNE G R RAF, LVEMERE(DH AT 0.9999, 7F 0.50, 2.0 #1 10 pg/mL 3
ANEINKET, b B N 84.15%~99.28%, #H XT F1 #E i 22 (relative standard deviations, RSDs) 2}y
1.69%~3.40% (n=6), KiHPR/NT 0.1 mg/kg. 453 5 SPE AL, QUEChERS & HAT HIRAYKR HIBR . FRAEf
BRI, S TR b 2T ORI R A

KA [EAAAHG QUEChERS; 1 R ; HER R, SRORAH I, SR

Determination of carbendazim and probenazole in apple by QUEChERS-high
performance liquid chromatography
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Guangxi Vocational and Technical College, Nanning 530226, China)

ABSTRACT: Objective With solid phase extraction (SPE) and QuEChERS as pretreatment methods, to detect the
carbendazim and probenazole in apples by high performance liquid chromatography. Methods The sample was
extracted with acetonitrile, MgSO,, anhydrous NaCl and NaAc and centrifuged. The supernatant was purified with
PSA and centrifuged, 2 mL purified solution was concentrated to near dry and dissolved by 1.0 mL mobile phase, then
detected by HPLC, and quantified by external standard method. Results Carbendazim and probenazole had good
linear relationships in the range of 0.5~10 pg/mL, and the linear correlation coefficients (r%) were all more than
0.9999. The average recoveries were 84.15%~99.28% at the three spiked levels of 0.50, 2.0 and 10 pg/mL, and the
relative standard deviations (RSDs, n=6) were in the range of 1.69% to 3.40%. The limits of detection (LODs) were
below 0.1 mg/kg. Conclusion Compared with SPE, QUEChERS is found to have lower detection limits, and is
simple and rapid, which is suitable for the determination of carbendazim and probenazole in apple.
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WEGEACGRAE 7 RE, AR R E TR e, 2K
RFIER R B T A IR R R, SR @il REM 35
P A TR, T TR BT S RAE e
Biif, ESERA AN Tad R & s e 2, Xk
e BRI PR RS, A —E M EHEY, 2Rk
Ren R A AR, XA R E, CAIY
S F IR R EAT S B R i X AR 2 5 KR
AR R, EARE AR R R BRI Z —, Bk
ISP SR P AR 245 1 B BRI 2 i f Rl o T

HTI, A 24 5% B G DN 17 T Ak 38 7 ok = A VRO A% B
LA RARAE G | A AR B o i A A )
S, ARG WO AE UL T A T 2R 0 R AR,
VEEBT . APUER R S AR A B0k I 4L
A, (HEAEE R Je, FERTHE . MR TR SR AT AL 3
4 ¥, QuEChERS ‘72“4](quick, easy, cheap, effective,
rugged, safe) A PE ., L. . AR AREMLS
ks, QUEChERS A ZAMuA, Hrb 2 ME Ik
J&= EN 15662 #:5H AOAC 2007.01 U9 HET, %
IR s 25 3% T 790 A A 0 vk 2 A R O ik
TRORE €3 - FR BT 200 RO S - R B R AT R
UF e A R AR, AR Byt A, N
) BRI o 100 e 8V € 3 A A A 5 (68 FL A B,
B . HIEAWFFE R AT QUEChERS 454 w5 280l AH
I XE R Z R R | B R AT TR, i
[& HZ£ B (solid phase extraction, SPE), QuEChERS 2 Ffi/R
[ HTAL B 7k, FFOLET % T QUEChERS Hr i 2 ICER I
HAER), BT — AR PR AT EE IR P 2T R
WE TR 7 N E T 18, DA SR e 20 R W B R A A DU
et 2%,

2 MH5EREE

2.1 HRSRA

ZWR . VER R TR 100 pg/mLCEROL FER
B BRI AT ), R N (fial, f8E Merck 24
rl); JOKBRFREE(MgSOy) . ERFR (VU I FE B A4 I A7 PR
Al); JoK ZBREI (NaAc, KETIEE R & AT IR ),
KA F R A AN [Na HCit- 1.5H,0, Bk v (b ) b2
ARA T KA FFB R = 41 (NasCit-2H,0) . 5 L i
(NaCl), AR 4. B Sl (o bral, 25410
RFIA A E]); ODS Cg FEHS0 pm, 60 A). PSA(N-/N%E
IR HLRL(40~63 pm, 60 A)(REH AR AT,
AHAEI/IVEE (Lab Quick MCX 60 mg/3 mL)(b 5t 2 64 E 24
FHEA AW

22 UEE5ERE

Agilent 1260 = %0 AH @351 (3 Agilent 24 H]);
Mixer B-400 35 {% (B 1 BUCHI 4\ #)); IKA VORTEX 2 1
AT (15 IKA 23 7]); QUINTIX-1CN H, F R 0.1 mg,
[ Sartorius 2~ F]); BRI EIRYR S A% (R M T 370K
BT ), LT-ET ZWAL AL SR 2R R B 4 FR
23 w]); HC-3018R (R v VR 5 DML CL B P R h AR AR
A BRAF]); UPH-IV-20T #8246 K ML 2 sl A PR
2l
2.3 FREBRREH

A EREIE 1.0 mL 278 2% | YER RAREY R IE
WE 10mL FEIEP, HOmE ., FEEa ik iLa A ER,
i i) 0 B ¥ EE 24 10 pg/mL A FRMERE AW, T—18 °C
TRAF 4 . MEFRRE I T R | WE TR R bR o6 75 T i 3
MZ G RER 0.5, 1.0, 2.0, 5.0, 10 pg/mL RS FR
T AR .
24 HREILIE
24.1 HopfaE

TR A LRI T Y R . B Ry, e
AL IEHLAINK, UK e 3 ST AR b o B A7 AE DKAE
ELiE
242 SPE#*

FREL 10.0 g HFRIERFES T 100 mL #EIEHH, A
20 mL HIEE, $5R 1 min, 7EMLAAE PR EIREE
30 min, iFJE, WK, B 10 mL FFRT 45 °C/KIB7E
T, F 5mL 0.1 mol/L FhFRVA B 3R AY Wi i LA A 104k

THSE A [ A UM (LabQuick MCX, 60 mg/3 mL)H
2mL B, 2mL 2% Kl 7TiE k. B ERRIBGE RS A
EALE MEAHZERUNME, FrEER e e, WKIRAH 2 mL
2%%K . 2 mL 2%%/K-H B . 2 mL 0.1 mol/L #h2 |
3 mL R GE, TR ST, AR R A
e 1i/Se )5 3 mL 4%%0K-H BEaipe e, ik bl
RIRHRAR 2T (REE 45°C). H 1.0mL i shAliE sk, of
0.45 pm JEBE S5
2.43 QuEChERS #

FREX 10.0 g(+0.1 )P BT RAE 5, JEE S0mL &0
W, A 10mL 2, WWEERS), A 4g oK MgSO,4.1¢g
NaCl. 1 g Jo7K NaAc, NELRERY AR B 208 M IRg 0
BN b, 35 BOHRE IR IE 2 min, BHARIET SR TE S,
LA 4000 r/min .0 5 min; BBEREESA S mL _EERT
15mL .08 %, A 125 mg PSA #il 750 mg Jo/K MgSO,,
ST, WHEIRST 2 min, LA 4000 r/min B.0r 5 min; HX
2mL FIEWT 45 ORI AR T, A 1.0 mL i sh M
AR, 1 0.45 pm JEIE R
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25 BiERH

35415 ZORBAX Eclipse XBD-C18(150 mmx4.6 mm,
5 um); HiAHAHN 0.02 mol/L BERRERZE Wl: LMK (75:25, 1A
L), FARIZ 0.22 wm JEBLLLE; HiHH 1.0 mL/min;
TEARIELRE 30 °C; HEREREN 10 pL, KK Hy 286 nm.

3 HBRS55H

3.1 QuEChERS HJRTAIB Bk

IMAZRE, IRE, MRS 7o, SRIEImA
JorK MgSO, FIEREUER, RIMZ/SFMA Cis. PSA. A&
k5% 2 (graphitized carbon black, GCB)Z: W fif 751k
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/%

ZHR

3.1 @I eHikiE

QuEChERS My#EHEE =224 NaCl, Jo/K NaAc, 171
FRENFUK SRR A 4. JLr NaCl Af LUPE & 8 i,
R AR5 SRR IO 725353 155 Jo/K NaAc ATLA
fEFEBABE AL T — 590 IR, AP RN FUK S AT R
AN PR ZE DO A TR pH {E N, Bk HAn
L&z,

VIR 2 pg/mL W P& R RN 2 18 SRR G PR IR 13251
5, A RIR B NaCl(A 4H). NaAc(B 41). Na;Cit-2H,0+
Na,HCit'1.5H,0(C 4 ) . NaCl+ NaAc(D 4). NaCl+
Na;Cit-2H,0 + Na,HCit-1.5H,0(E £H) N2 Hh, HAthsz:
SRAFAHRIVEXS B, SEIRE5RILE 1.

m NaCl

NaAc

® Na3Cit2H20 +
Na2HCit'1.5H20

H NaCl+ NaAc

® NaCl + Na3Cit-2H20
+ Na2HCit 1.5H20

WE B R

S REMNGERN &N T ESNEA )

Fig.l Effect of different extraction salts on the recovery

HE 1A LUEH, D H LR AR R R TH
fl LA, BT LI 3% $E NaCl+ NaAc MR HER .
3.1.2 M AALF 6k

QuEChERS 74 B W B4 (L0 222 3 Fp, 05102 Cg.
PSA. GCB, M C g W3 P AR . 2051 EAEW
PE L SR DL AR AL G, PSA 1RSSBS A
R, SRR . AR . HY 2B ER S
Y. W0 R SO B W SR, GCB i 21 B L
T R AR . S A

SR EE UMK BB A, AVLR . &
e g | R R YT RS % EF] GCB
23 W RSP T B X R R AR, 23 R B 22 R R R T
R, FLWIALHERR T GCB, i C 5 Fll PSA 1 AW 712k
e

PIIIAR 2 pg/mL BE B R A1 22 B R IR A bR e B S SR
RS, 3 BIRFH PSA+C 5(A 2H). PSA(B 4). Cis(C #)H

M RAESR), At SE IR A F A TR E XS L, SEgaal SR 2.
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Fig.2 Effect of different purification reagents on the recovery
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HE 2 ARG, B 412w R e 2 mICR i s,
JITLARERE PSA VMR R4
32 ZMEEMELHERE. E=MR

B4 0.5, 1.0, 2.0, 5.0, 10 pg/mL MRS
PR TAER MG, Z W R | B R PR AR E TR
EREEUE 3, LAS AR B R A AR, WeTa FHh Ak
b, VEbRHERNZE . 25 R L RRI4E 0.5~10 pg/mL 3
P2k G R AT, RETH 8 T I e oR o 22 B 2 e
RGN . SME BRI R BULE 1.

20 +
ZHR ERR
- o~ o
5 P 2 =
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£
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S
ol
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K3 ZWA. BEEARGE TR A%
Fig.3 Chromatograms of carbendazim and probenazole standard
solution

*1 ZEHINBERNEKESE, BXEK
Table 1 Calibration curve and linear correlation coefficient of
carbendazim and probenazole

2 Sk 5 Mgy LR
/(ug/mL)
ZW R Y=40.88432X-0.0244915 0.99995 0.5~10
IE TR R Y=55.44496X-3.48451 0.99994 0.5~10

PL 3 F545E e L TR H FR (limit of detection, LOD), 10
(a8 2 mBR(limit of quantitation, LOQ), 554N
2 PR, A3 2 ATLLUE H SPE Fl QUEChERS ks i Fi
BOMHEIE, QUEChERS ELATHBAK A H PR AITE 5 FR

F2 ZEXMEFEROGHR, EER
Table 2 The limit of detection and the limit of quantitation of
carbendazim and probenazole

e HBR /(mg/kg) E R PR /(mg/kg)
24T
SPE QuEChERS SPE QuEChERS
LR 0.015 0.013 0.050 0.043
IBE TR R 0.026 0.021 0.086 0.070

3.3 FHIEMEWERMEEE

PLZS FUSESRORFRSS, %S 0.50, 2.0 F1 10 pg/mL 7K F
HTR A PRI, %SRRI R G AT B 3, EAT Il
SEE, RANIARER AT 6 WK, THEEI bR R
FIAAST AR ENR 22(RSD), 255 L5 3. SPE 75 . QuEChERS
BHNARAE G AN B 4~5. SPE HE AU MIAR A1 i R 7E
79.23%~85.10% 2 [6] , RSD fH 7£ 1.25%~6.32% 2 [a] ,
QuEChERS LW AR EMHRTE 84.15%~99.28% 2 [8], RSD
HTE 1.69%~3.40%Z [ AN 5] iy b 3 7 v g S SR vp
ZWR . WEHR A B ECR R E S k.
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Fig4 Chromatograms of the sample spiked with carbendazim and

probenazole of SPE
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Fig.5 Chromatograms of carbendazim and probenazole standard
solution of QUEChERS
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£3 2MAERIAESEPSER. BERAMERE S EMEN R ERE (n=6)

Table 3 Recoveries and relative standard deviations of carbendazim and probenazole by two different preparation methods (n=6)

o /% RSD/%
PR R A By 3
0.5 pg/mL 2.0 ug/mL 10 pg/mL 0.5 ug/mL 2.0 pg/mL 10 pg/mL
i SPE 79.23 81.47 82.73 1.57 1.25 4.13
ZHR
QuEChERS 99.28 95.38 97.31 1.69 3.40 3.30
SPE 85.10 81.70 83.29 1.53 1.50 6.32
WETH R
QuEChERS 96.61 84.15 88.87 1.72 2.93 2.27
. e (71 %%, EM5, Adpdl. W 17 Fhak R A2 A AL - %/
4 &FH ¥

435157 A SPE. QUEChERS ¥ Wi R i b 3 5 1 166 A 1o
RO i 2 S R p 2 R e R, e 25 R R A R
I (R WA B FIRS 25 B . B4R SPE WiAHLL, QUEChERS
LI TR BOATD | SRIHCR & . B HARAERTE, ST
AbERE A, HATEE . B . PRSI, SR HEAE
R A HER . DR, QuEChERS- /5 20 AH {83525 38
T SR 22 1 RAE R R
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