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W E: B8 @2k o8 E AR B (disposable pipette extraction, DPX)45 4 S 4 B i- R F it 1 [R]
BT B ER NER 3 MKRERTN O MRAGBREN T EFE KRERESLYR, ZHEmE, R
Fi DPX-RP #3304 8 B AR A B it ATk . SR AR SUME (B - B BR i v - 25 I A M W (multiple reaction
monitoring, MRM)MIE, NI ER. SR 9 FRZEGILEYTE 10~800 ng/kg IETER N B2 R IFHLMELER,
HXRBIIKRT 0995, FEMNKERHA 0.3~4.7 pgkg, EERRA 1.2~13.5 pg/kg, HHEREH . FER . /MFX
RS INKSE R 50,250,500 pg/kg BIHRAR, YRR 72.8%~115.9%, F ik BIAANHHR #E R 2 (relative standard
deviation, RSD)# 0.29%~9.9%, i#ii5 DPX Zi#iH ¥ A shaTL NG -& AT £ 10 min P LALFE 1~48 4
Beq, AREEE T RMBILEETR], Gie AHEEE. 40, HERER, AT KRERPREZREHN
e,
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Determination of 9 kinds of pesticide residues in fruits and vegetables using
disposable pipette extraction and gas chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 9 pesticide and fungicide residues in
tomato, apple and green lettuce by dispersive pipette extraction (DPX) technology with gas chromatography tandem
mass spectrometry (GC-MS/MS). Methods Fruit and vegetable samples were extracted with acetonitrile solution.
And then the extracts were purified and concentrated by DPX-RP tips. The extracts were analyzed with GC-MS/MS
and quantified by internal standard method. Results The 9 pesticides had good linear relationships in the range of
10-800 pg/kg, and coefficients of determination were greater than 0.995. The limits of detection were 0.3-4.7 g/kg

and limit of quantitation were 1.2—13.5 g/kg. The average recoveries from spiked tomato, apple and green lettuce
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sample matrices at three concentration levels of 50, 250, 500 pg/kg varied from 72.8% to 115.9%, with the relative

standard deviations of 0.29%-9.9%. The extraction of 1-48 samples was less than 10 min using DPX tips with a

semi-automated level extractor. Conclusion This method is rapid, accurate, time-saving, high-throughput, which is

suitable for the analysis of pesticide residues in fruit and vegetable samples.

KEY WORDS: dispersive pipette extraction; gas chromatography-tandem mass spectrometry; pesticide residue; fruits;

vegetables
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HER, ATREHER. KRMTE, FROREH
FAMIHRARIEL . o B R NRG AR IR E R
KigisH, HRBEHEIKRPHRA TSI R ER
R ED,

BRI FEHASREGBEN SN, FERASHE
i, WARGIE RIS AR R BRI, EER
#1518 - HA B i 3% (gas chromatography with tandem mass
spectrometry, GC-MS/MS)8 8| T ® K H#ET, HRHE
B RRAIRST, HRNERESRAREEE . BiERE
W, e A B E  0), BERb R IR B E
it . [51H 2B (solid phase extraction, SPE), QuEChERS %
Ji 15 A TR S AR,

DPX #8320 43 [ AR 36 BT B — i B iy AR ZE R
AR E Sk NBE . S HERIERREAR KBTS
e MMAEBGEE, FRARELD TERNMHR S
[T AC R v S 6t R R BAR HE, DPX #83k 4@ B A
WMABMT S FHBRBMEANBRAKLEMFEH, 2
F st PRBEA BB WY A S BRI, DPX-RP #3k R
43 1 10 A SRR BOHE P 0 S 0 B TR PREARE B, VR PR R
Hr WREXBRNEZIE- LB EFEIL RS Y (styrene
divinyl benzene, XA | FrR), HEYBENKHET,
NREREEBNLEY, 2R EMRERTREIER
S B o S, TP R R R R VB VR T 4 B AR R A L
BiiE Eor e, SER B MBS KA SRE, 508
%] 48 2 B i (matrix solid phase dispersion, MSPD)#H L, #
ERREF, ZBETHALY, DPX H k=480 F A2 B
H44 T SPE fl MSPD ML, XA S R & mARLE
B, EBRERR, RHE FHESHELIEI,

AL F F DPX Fik4 & GC-MS/MS EAR, # T
AT EH K KR 9 MRRE T, AIAIER A,
AFEED, FHESRNE T EMNER (multiple reaction
monitoring, MRM)FI HIRIEE R, 17 E BB P
RAZEN, THEBUHEBRTEETH, BRE TR
B, ERATHENRARBREERNTIE, SHEEE.,
B, FARER, DHAIKR. BRPERGRE 0T
RitE%,

M1 BZHR-ZZBEERSYLEAR

Fig. 1 Structure of styrene divinylbenzene
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2.1 MBESIAH

Agilent 7890B/7000C = PUR AT .18 58 Bk J it
(AL 7693 R B shitHEEY, £ E Agilent Technologies 2%
&]); Benchmixer™ £ % 4% 3% IR HE{X (3 E Benchmark 23 &));
SIGMA 2-16K & R B L L(EEE sartorius 422 H]); MicroSep®
DPX-RP #sk 43 # X B MM AEBUE (S mL/60 mg, TR
AR AR/ E]); DPX 24 383l A ST BIU(ES
e E B A RAR),

9 FhRZGARHESR(R 1, 100.0 pg/mL) JF4E L4 ZEFER-D,,,
4 =98.0%, B BRI FRFA SR BHIUIIET

N5 . iR, ZMZ 8. ECf(fRitl, Fg%Rits
FUBHRAAE), BBk, BARBLFELNE
R AD; SEREFK A Milli-Q B4k,

22 XWHE
22.1 BB
BEIRHESI: 43 BIMERIRER 100.0 pg/mL KIF R
RS EFRER T 10 mL AR, AR HIEH
A% 10 pg/mL BIBABREE &R, T-20 °CIRTE. 451 9 FhR
R HESRA | mL, BFFE—1 10 mL A2H+, AR
FAEZ, BoAL 1.0 pg/mL BTR-A4mE & 3
BFCIE-Dyo. AELEARBEREH: 25 HERR
B 100.0 pg/mL FrMERSEFR | mL 2] 10 mL WAEET,
FWEE A% 10mL, RHIBMKER 10 pg/mL MHESREE
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BRER.

EEEAREER: BENERTHRIRAGHE
B ER. NEEENZ AR, AHBRECREHRE
M. ERRBERRARESSERR, SMERNHAR
Wi, FzaEREREHMEENR 10, 20, 50, 100, 250,
500 1 800 pg/L HYEESRICECARAE T/EW
222 HHWLE

OFFEFRAEH S

FA ¥R NEXRHYRE YHET ., KRETH. B
RANSUIR, AREASNERY, BRES, B,
YERidee, & H, BF-20 °CIRFE.

025:3:8

FREL 10 g REECEHA D) 0.01g)F 50 mL .04, #
BaInA 40 uL FEFEHE-D, NIRIEHE, MA 10mL 21, BF
ZEHGRIEIRIE 15 min, 7£ 4000 r/min B5.C> 10 min,
HERRE 2.5 mL EERTFRED, WA 2.5 mL iFEL
YW 6 mL KB TK, FERNFRRILE.

@ik

B GR A0S % SO 2Y3%4T, R A DPX-RP #3k R
S ECEAMERRAE S 4 DPX 24 8183 A shRT BRI
EREAE S . BEBRESBRINT: (1) PEEL: E8 5 mL
DPX-RP #3L 48 E AHMAEBUAE AN DPX 24 i@ ¥ A 3h
BUALTEIY, M EFIMA | mL Z5, BEAUEHR 1 K, ik
HE; QBURELZS S A DPX-RP 483k R /0B E AR AL BUE
BE ST PRSI 16 mL), FE BRIk
He: Q)MEdR: M EFIMA I mL £BFK, EH%R 1K,
KR ()R AW B A 700 uL W Z B ZBE-TEC

(11, VVIREER, KRS TH RS, &1k
K%, ibwks 2, REBUEEBARGE HLAE)300 L ERHH
B, WEBMA 12 pL REEENRER, FASHaE-8
K i 1% (GC-MS/MS) 7 #T o
223 AAREE- BB ESH

(1) BEEH

ZHE HP-SMS Ultra Inert 38430 mx0.25 mm,
0.25 pm); FHRAEF: 60 °CIR3F 1 min, L 40 °C/min F+ &
170 °C, FELA 10 °C/min F+ZE 310 °CIFHF 3 min; FHEER: 1 pL;
B @5, 4F=99.999%, Hi#: 1.0 mL/min; #FEETR
[E:250°C; #EFX: AWMt

() ®i%kH

F R FE B F¥i(electron impact, EI); B FHER:
70 eV, BRI 300 °C; HHIERATE]: 4.08 min; H
#F A £ &R EF KT (multiple reaction monitoring,
MRMMER.. FASFRERNR ., BEFHAF{ER . RjEE
BRE 1.

3 GRESH

301 RiG&EHMKL

LT AR R, BHBENSBERE, it
B AR 25 E Yy i B ERAE BN AT Y 18.5 min, B
BFHEME 2 iR, XRALAYHITEEM, BEF
HetRAMGEF, BELEYEFAME, KB FEFR
RERER, oMRALASYR 2 AT ES LML R L
# 1|, RECEATRMNES e giR 20, JHKE A
BT & [ W I (MRM) 7 85

®1 EWMRBOREFE. BFRAER. iR

Table 1 Retention time, monitoring ions and collision energies of 9 pesticides

e RY LR CAS & {R 86t 8l /min BT miz REERER/cV
1 HHEHE 1897-45-6 8.623 263.8>168.0* 25
chlorothalonil 263.8>229.0 20
265.8>231.0 20
2 = 208.0>181.1* 5

43121-43-3 10.05

triadimefon 208.0>111.0 20
128.0>65.0 20
3 BEF 32809-16-8 10.87 96.0>67.1* 10
procymidone 96.0>53.1 15
282.8>96.0 10
4 e 51877-74-8 15.63,15.75 183.1>168.1* 10
permethrin 183.1>153.1 15
183.1>165.1 10
5 MAEI 68359-37-5 16.38 162.9>90.9* 15
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s RAZIR CAS & {R B B [Rl/min BFXt miz RiERER eV
eyfluthrin 162.9>127.0 5
198.9>170.1 25
6 FEULIETR 70124-77-5 16.71, 16.89 198.9>107.0% 25
flucythrinate 198.9>157.0 10
156.9>107.1 15
7 Eai€ i 102851-06-9 17.61 250.0>55.0* 40
fluvalinate-tau 250.0>200.0 40
181.0>152.0 40
8 ZERE P R 119446-68-3 17.88 322.8>264.8* 15
difenoconazole 264.9>202.0 15
324.8>266.8 15
9 Lk R 52918-63-5 18.12 181.0>152.1% 20
deltamethrin 250.7>172.0 20
252.9>93.0 20
10 #IE9-D,, 285138-81-0 9.93 324.0>259.8* 5
chlorpyrifos-Dio 324.0>99.0 5
324.0>291.9 s
1 FELK 1024-57-3 10.66 262.9>193.0* 35
heptachlor-epoxide 352.8>262.9 15
354.8>264.9 15

s e BB T,

3.2 FICEEEMAMEK
KORFZEAERRS A REE, kg 75%%, %
T8 WA AR i R 4R A SR B U2, B AT 48 R SR BRI 32
A, EERCRBUK PR SKE, HHTFREENSL,
Bt A LB B2 Al ERARME NY/T 761-2008 {#i3EFIKE
FAEUBE, HHE. DRAEEMERFRERRALE
BE ) POy gk #R el 7 B4 3R BUE A
S IR R B R 1RBUE, % DPX-RP #3k
AT E SRR B iR 5E!), DPX LK 5
BEABERER RIS EREBRRLN, B—F
FRMERRERA, Bk REE . SEENIEERE
AKIBEBRR T EAEREE, RAZES T HERN
AN, LgREY, 2dikzE, BfRnkays
DMRE, HSPMRRBETRIFHER. DPX FEEX
KRR RSB, ARELS THEILBNMERR, Bk
SR IR B AT LAt iR R Y, Wi £ T O0%E
B BiR i e, #IF DPX AREREK ¥ A ZhRBEE

B, R 24~48 MERMEELAY 10 min, HiER,
& E

3.3 FEMNKMEE. RLREERR

FTHBREREL, ARz AR HIIRHELR,
BILAZS (3 AL VR EE S AR R AR v IS R RV ERR IE B 2R, 384T
ERSTRITE. B S fE Al RRIEGEMRTEE
FikabE, SFIEHERWE R 10, 20, 50, 100, 250, 500,
800 pg/L M7z AERILAARE LAERHITIE, AEILEY
& B B0 T AR S R L A IR RESEAR-D o WETETAR ELAE oAk
¥R Y, XRBEWRE XA ng/LEREER, B8 HsRE
M BAMXER, RAMRERETE, USRS
3(S/N=3)H E K i PR (limit of detection, LOD), LI{EME LK
10(S/N=10)8 E £ EFR(limit of quantitation, LOQ), %R N.%
2, M7 2 A4, 7E 0~800 pg/L KIREETEREIN, 9 FRZGML
PR RBIT KT 0995, B RIEFMIZEMXEE, B, 9 F
RGHRHRN 03~4.7 pgke, FEMRHN 1.2~135 pg/keg, B
B RS
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Fig.2 MRM total ion chromatogram of matrix-matched standard solution of 9 kinds of pesticides
%2 EMRBULAVEMELE. RURANERR
Table 2 Linearity parameters, detection limits and low limits of quantitation of nine pesticides
s REBHR R/ (ug/kg) KHEHE MHERE PR/ (ng/kg) E BB/ (ug/ke)
1 AR 0~800 ¥=0.011.X-0.0162 0.9993 0.3 12
2 =10 o] 0~800 ¥=0.0126X-0.0231 0.9995 0.4 1.3
3 15 F| 0~800 ¥=0.0359X+0.5096 0.9988 1.0 3.2
4 kT 0~800 ¥=0.0119X+0.0501 0.9998 32 10.0
5 REWEE 0~800 ¥=0.0122X+0.0251 0.9995 47 11.5
6 ERLH B 0~800 ¥=0.0286X+0.0854 0.9999 1.2 40
7 B 0~800 ¥=0.0041X+0.0098 0.9999 4.1 13.5
8 ZE B B 2R 0~800 Y=0.0154X-0.029 0.9999 23 6.7
9 REHEH 0~800 Y=0.0048X-0.0165 0.9996 43 7.6
FNIBRAKE ST FIHEAT 6 RFATH, HE P E KRR
34 ERERBEFEXE

ZERRPHEMEER LR, EEPREMESTEGE

HAXPRAERZE, GRIE 3. 7 3 MRMAKFT, 9 fikzy

ERIBEOZREZGFT, FRNESH . DNEXATLR B ERE R 72.8%~115.91%, X4 HEIR 2= (relative

50, 250, 500 pg/kg fik. . & 3 MEEKFHRAERE, — BEOMEENEEIAMESR.

standard deviation, RSD)A 0.29%~9.9%, 2877 B ay¥Ews
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Table 3 Spiked recoveries and RSDs of nine pesticides in tomato, apple and green lettuce

AR i PMER ¥R
e AT Apg/kg) B iR /% RSD/% BT 2R /% RSD/% R /% RSD/%

50 87.64 4.08 100.41 1.16 98.44 3.83
1 HHEH 250 105.2 6.9 77.68 2.98 11591 2.36
500 108.1 8.78 89.63 4.59 102.07 455
50 106.95 4.19 100.57 3.57 91.5 5.56
2 = 250 108.83 1.08 108.97 1.81 91.23 1.17
500 114.27 2.17 102.7 1.26 98.0 0.29
50 87.05 5.96 98.38 0.68 104.04 4.19

3 R 250 109.86 6.51 100.5 2.06 113.04 2.1
500 106.37 5.17 102.28 257 99.45 1.06

50 106.58 3.76 73.66 3.08 83.0 3.0
4 e 250 86.54 2.64 86.6 3.15 99.78 4.99
500 81.26 3.38 76.24 3.81 96.29 1.74
50 85.3 1.72 78.63 497 87.8 5.19
5 F W AE 250 86.89 0.73 100.49 1.52 94.97 7.94
500 89.84 3.25 101.12 1.7 92.05 0.73

50 90.49 1.68 91.16 3.94 81.65 3.65

6 WL 250 93.99 2.39 106.82 2.68 96.62 3.54
500 98.17 1.52 113.85 5.26 95.32 0.87

50 92.51 4.5 77.16 2.35 72.8 9.9

7 FRU: WS 250 82.67 1.8 93.05 2.54 91.34 9.5
500 81.07 0.89 98.14 3.69 91.73 0.82

50 112.4 7.61 83.29 5.48 82.55 5.59

8 HERE PR 250 100.5 5.7 108.65 4.08 94.5 7.13
500 104.8 7.09 115.81 334 90.77 8.54

50 97.89 6.67 96.26 6.16 84.68 3.35

9 REE 250 83.01 1.65 96.49 2.36 88.56 8.31
500 80.8 498 96.58 2.21 86.76 1.7

4 & e

ALBAASHAE-ZENRTRRAELSSREL
KA HE MR H 2, B TRIER. KRPZH
KRBV S, MEREENER. DBRRBEHEAMIE
FIA Ty o S (o P f5R UG Fchm ok Bl 2% 0 &8 52 T (MRM)
B, PR T EBEN, B8 TomEREMAHE,
BRI, EFREHE GB/T 5000.218-2008 (K RAi
FHEHEARARNNE ) PR EIBRE S,
RAIEREL, hEREIA, ZFERE. A6, B3T3
JIEEER, AT IEZRE. FEATRHMFER
B R BRER, BATKRMERPRAREN
RERKW,
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