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Abstract: In this study, given the fact that six kinds of pesticides are mainly detected in fruits and vegetables imported
and exported from the European Union and Japan, but there are no detection standards in China's national food safety standards,
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an improved QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) extraction and purification method combined
with Gas Chromatography-Tandem Mass Spectrometry (GC-MS/MS) detection method was established. This method could
rapidly detect six pesticide residues such as sodium o-phenylphenol and dimethyl dichloromethane in leafy vegetable
substrates. The sample was extracted with acetonitrile, salted out with anhydrous MgSO, and NaCl to remove water,
purified with N-propylethylenediamine (PSA) solid-phase material, and analyzed and detected using GC-MS/MS in
multiple reaction monitoring (MRM) mode. The results showed that the six pesticides had a good linear relationship in the
range from 0.002 to 0.5 pg/mL, with all the correlation coefficient R being greater than 0.998, the detection limit (Rg=3) being
0.15-2.32 pg/kg, the average recovery being 84.50%~106.23%, and the relative standard deviation being 0.96%~8.35%. The
results are in accordance with the requirements of the quality control procedures for pesticide residues in the European Union
and the pesticide limit requirements of the "uniform standard" for agricultural residues in Japan and the European Union. The
established detection method was further applied to the detection of high-incidence pesticide substances in other vegetables,
with good detection results. The method established in this study is reproducible, time efficiency, and easy to operate, which
provides a new detection technology and basis for the detection of various pesticide residues such as sodium o-phenylphenol
and dimethyl dichloromethane.

Key words: QUEChERS; gas chromatography tandem mass spectrometry; pesticide residues; leafy vegetables
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3 B4k, 32 E Millipore A 7

PRdE s REERL R PMEME R . R,
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BT IRA T s HhE. MRiF R, AR &R T
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& PEdEIE Cbe s i, A% 10 mL, BC ] Bl
JFR IR E N 100 pg/mL 58 10 pg/mL K bR A% 257
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VbR el 2 R RZIE T, FH B, B H]m
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FREL 10 g B CRERAEZE 0.01 g) T 50 mL %k}
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Fig.1 Total ion current diagram of 6 pesticide substances
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INEL 3~60 eV (AL RE R B AR s, I3
BT T PR T8 T UL R R F s, A
A6 EUE N7 508 B vy AT B e S R K T R A
NERE T GERE TR & HiR &) 08 &
. EREE X EME TR, AR R LR 1,

6 PR ZjM B E TR K 1. Z55RKHI 6 Fh
KA FAE 20 min N BEHE 15 2 B 4 1) 5 B8 S A0,
MR E MR EE () B 70X R
AR AL RN 12~42 eV, fERCREEfE R T
X JRE [ 25 -0 B 6% a2k 3] v )9 528 E B = o

x1 6 HMRHGRPRIE, CASS. FX. EEETFX. EEBFX. @iERE

Table 1 Retention time, CAS number, molecular formula, quantitative ion pair, qualitative ion pair and collision voltage of 6 pesticides

RGN XEHT AW THBET AEd

TMHT  AbiEw

A foeth CAS KRS /min st (miz)  E/eV A 1(mz) E1/eV F2(mfz) E2eV
1 AR R4 132-27-4 CL,HNaO  9.037 169 (115) 27 170 (141) 21 169 (141) 15
2 —WREHEFEER 1861-32-1  C,HCLO, 13.904 301 (223) 27 299 (221) 30 301(167) 42
3 E A 957-51-7  C,H,NO 14229 167 (165) 21 167 (152) 24 165 (163) 27
4 sheFR,  112143-82-5 C,,H,,N,0,S 15.141 72 (56) 15 242 (168) 15 170 (57) 21
5 R 99607-70-2 C,H,,CINO, 18286 192 (162) 24 192 (190) 15 192 (126) 30
6 EEKE 865318-97-4  CiH,N,  19.560 176 (121) 18 176 (92) 12 176 (65) 24

22 WAEAEWHM

221 RBRAMLHF

QuEChERS V£ H i HI IR BUE A 16 IR
WA H 1% B R O LT LW, R AU,
R H s SR BAE T, ARSI s LG, N
Wi\ 1% BETR Z 5 1E 9 R BIE 77, H Al 4k 30 3%
[ 122 AL CURhESE. B0 ERFR L
JECN T, AEHETTEMFED, PAHCER =R A
RS B RHOR, SR WK 2.

& 2 RAREREFHKRA R ZE
Table 2 Recovery rate of pesticides with different extractants
B TR 1% BEBR T
FHE Tk b kB Sk KB b
T /% KT /% KT /%
NF80% 1 1667 0 0 3 50

80%~120% 3 50 6 100 3 50

KT 120% 2 3333 0 0 0 0
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TN, s 28 Bk % 0] 2 B SR BUSCR B, 6
i B A4 & P [E IR I TR 80%~120%, £4F & KR A
RZGTRE W R BRI - AR 2P R AE
70%~120% 2 [A" M ER Tk BERA 3 Rk &
YIER AT A ER, 5 RGP RRAR R 8

Gy AR NBEREIE ) ELREACHUAT BRI Ab 20k 4
SIEATT, (H AR R, 5 VR S )
=GR, B EKE, BN R R
AU 1% BE R G T SRR R, AT LA
WG H AR E D) R, AR IR A 2451, BAE
ARSEEG A 3 PR 25 IR BOSCR AN AR, [Ntk
M SRR

222 RBANR=E
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= SRIEIEIETNGN e THIERHER & BYE
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Fig.2 Pesticide recovery rate under different extractant volumes

PR A B AR 240 S P S I CR A
KEEAMEM, RIGHAHEE D SEIRIA T /> $REL
ROEAG: 1RBGHH & R T ge TR 4E R, &
IR Y, RFNR B, R, Ak E 4 4
BRI - 50 104 154 20 mL, FANKPAE=A
AT, HAMRTAFESRRE 1.2.2 AR, 45 5R LK 2.
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W 2 A, ERIGIHEN 15~20 mL B %
FE it B R RE S IR B e, $2 UGR89 20 mL B
BEE 15 mL GHRIGK, Do iR %, e
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FURA,  3E 2 MR T T R AR 2510 S P I AR,
WA RE & 5l R AW R, &
1) MgSO, it 2= T W K 45 kB H ik, AsSLis
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FHESEEH R, M OEMIE T K, =S8ANHE
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FE, JEId ERAT IR B ARSI K R R AR
AL SR R A, (H I &) NaCl i 4
P b [N R AR AR SG 1 B 4 S NaCl g
K050 10 1.5. 2 g, BAKFA=APAT, H
f FT ARG PR [F] 1.2.2 AR R, 25 5 LI 3. 45 R,
4 NaCl TRINAKEAE 1~2 g I, & B FRLa %
BI1E 80%~110% 8], ZZALASEH &, 4 NaCl ¥
IKEAE 1.5 g B, K84 B AR AP IR 30k 2 e ey
iff NaCl ik 3] 2 g B, S FeRZMRREIRE R TR
Fefash . RIAS S NaCl Y& E N 1.5 go
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Fig.3 Pesticide recovery rate under different NaCl dosage
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BEEERAMRAGEE R ERIEN, &R
SAFRLR G AW ECR AR o DRI, ARSI 1
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etk PSA &, HAhAT AP BRIA 1.2.2 R AL B,
SR 4. ZERFW, PSA AE 100~200 mg VNG
FEIN, % BAR &Y R IITE 70%~120% JuE K,
BEE PSA HIEMM I, BEE EFHES, % PSA
F L 3 125 mg K& B 258 5 [ W32 H LR
BEILG, DR A ORAIE K 22 3Ok 2454 o [ i 22 08 31 i
fm, JEHL PSA &N 125 mg.
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- CHIEEFRR
o fRAEE
& PRI T i

100

100.

FCE / %

90

8

100 125 150 175 200
PSAHIE / mg

B 4 F[E PSA BETRZA LR

Fig.4 Pesticide recovery rate under different PSA dosage
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Fig.5 Pesticide recovery rate of different GCB dosage

23 HFEHM

FEF AN, (Matrix Effect, ME) &8 EFE S
FELERR H bRt & 4 LAAN 0 FA L 5T B 2 0 B AR &
PRI R 7= A BB M, RS S IR S PR 1A K
R HAT, AL U NN (1) 1
AR IRAL s () BRI s (3D ik &4t
etk s (4 PWFRPIIIE B AERY,  ew F 77 2
R S By WL R ey T i W i SO = B 1
P, AR SO R 1.2.3 VR A3 R DT O bR A
WOIATERIT, LA 2 36 3 U R EA T PRA -

ME=0%~Dxmm6 (1

ENS

A—— R TRAT A KA E

B—— SR AR R AR

IME|<<20% A 55 % 5 RS, AT G 75 SR BUH it s
20% <|ME|<50% 4y o & B i 2L, |ME|>50% N

SR R TR IO, 2B HOUHE it 9 R R RN, 4k R L
3o AR, 6 P 5T I B 5T RASEAE -8.39%~-1.68%
Z i), RIAFFFEF, PR AT AR A 2 1 2
VC R AR AT RS IE

%3 6 MRGMEIR, BENE. THEKE, BHE

Table 3 Detection limit, matrix effect, average recovery and
precision of 6 pesticides

A5 wodh FR L%
1 ARSI KB40 2.34
2 ZWAHFEXR -1.68
3 H7E -1.75
4 o TR, -2.83
5 fit Ak -2.70
6 o o B P -8.39

24 FEFWIE

241 KMHXASEER

AR S SR FH 2 1 2 TR VR A A A A VRORR R A
0.002~0.5 pg/mL 3L 8 MK FERAFE, 1% 1.2.4 {45 5%
PEEATATIN, DL SR BN AR (O, TR G I TH
FUNAALRR (y) SetilbrEfhi g, RAZEHMBEL,
DL 3 55 etk (S/N=3) A5 vEH R (LOD)P,
SR NFR 4. HRKRY, & HRNEWEM N
FEVE TR A 2 R 08 R R I, AH R REY KT 0.998,
6 f H brtb &kt RN 0.15~2.32 ng/kg, &
H A FRR B0 R R« —HAndE” R AR ERT
0.01 mg/kg FERP,

R4 6 MRAKMTERE. &MEFRE. HXRH. KWHR

Table 4 Linear range, linear equation, correlation coefficient and detection limit of 6 pesticides

A5 ] ST E /(mg/L) KM A2 MK ZHR b TR/ (ng/kg)
1 AR R IR IKEN 4N 0.002~0.5 Y=3 111 511X-4 520.547 0.999 8 0.68
2 —WRHE R 0.002~0.5 Y=4 034 864X-8 091.213 0.999 8 0.15
3 E 0.002~0.5 Y=11 718 740X-34 721.09 0.999 8 0.19
4 ot F B, 0.002~0.5 Y=1 099 509X-9 243.44 0.998 6 1.35
5 S 0.002~0.5 Y=4 063 978X-43 661.21 0.998 3 0.38
6 v o B 0.002~0.5 Y=751 009.5X-8 491.358 0.998 1 2.32

242 ERFAoAEE R

B2 (I RE A% 0.01. 0.02. 0.05 mgkg =ANERN
IR A FRE TR, % 1.2.2 J7iE AT 400
W, BARIMAKFES 6 Ik, HRNES. HES A

A1, 6 M EARLA P T RIS R AE 84.50%~106.23%
Z i), K% RSD AN 0.96%~8.35%, SLih&E Ry
5 WK AR 25 5R B o A R A R Bk RGP
B AR AE 70%~120% 2 J8], BEEVET 20%",
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®5 6 MRGRAMERBNE. FHEKER, BEE
Table 5 Addition amount, average recovery rate and
precision of 6 pesticide mixed standards

2.5 AN 7 ik o FE A4 R
0 R M. MR LS . i R R i 3 RP AR FR
[ £ 22 4 E bR dE . 40 GB 23200.113% 4548 5

A% 4k R g %i’Jt;fJ ROSD ‘ ‘ ‘ e
fughe) (mgkg) #F% 1% U P e R 2 % AR A B B A 1 T S A
COTEE g om im0 2w BT TSR GC-MS/MS B (02 25 i
________________ 005 9718 122 AT 5 TR (0 G40 L IR 7T, SR I A 9236 RS i
. SFE %; g; xz VNI 3 R 254 R AT SRR AR, IR
HEE 005 9639 300 HALRII ], R (M BT, REIE. it
""" o 001 10990 1.19 K F KR, B I A KRS R
S HEL WF 6 AT R LARRBHREE AR,
"""""""" 001 9754 2.04 BB (] R AR B, 3 Bl 259 5 €3 B L I 6~8.6
4 B 135 002 97.00 565 PR, AP ST K 7 AR I 3 ok 259 R
---------------- o WORELEE, ABIMR IR, PR, R R
5 mEt 038 0.02 9586 3.34 A b SR B R AR 24558 B o d i R AR T
................ ot KU, 5 AR M AR B <« — bR Rk 2
o EE L am 002 8453 525 PR 8 R 0 ) A s s T R T i A 3
005 8 206 FAVE, EREFME RAT.
% 6 3MARANRBEE., EEBFX. TEBFI., dilEBRE
Table 6 Retention time, quantitative ion pair, qualitative ion pair and collision voltage of 3 pesticides

BB s %%ﬁ@ EEBF  mERE FEHBEF1 O AEERE1] O THF T2 AERE2

/min (m/z) /eV (m/z) /eV (m/z) /eV

1 38 3 e 14.507 164 (67) 9 164 (98) 15 164 (80) 24

2 v iR L g 16.981 340 (312) 15 330 (241) 27 330 (310) 15

3 AR E R 18.573 116 (89) 15 205 (116) 15 205 (58) 24

R7 IMARHGKMER. &MARE, BXRY, R, ERBE. FHOKE, BEE

Table 7 Linear range, linear equation, correlation coefficient, detection limit, matrix effect, average recoveryand precision of three pesticides

T i Kt A2 it v T S e
1 3 e 0.002~0.5 Y=422 944.6X-3 022.559 0.999 7 0.24 -1.65 106.87 2.87
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