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Evaluation of matrix effects of 77 kinds of pesticides in fruits and vegetables
by ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To evaluate the matrix effects of 77 kinds of pesticides in 11 kinds of fruits and
vegetables such as balm gourd, gourd gourd, small pumpkin, eggplant, cabbage, water spinach, cowpea, Chinese
cabbage, mustard, purslane and papaya by QuEChERs-ultra performance liquid chromatography-series mass
spectrometry. Methods The working curve was drawn with the results obtained by the acetonitrile dilution mixing
standard, and the working curve was drawn with the results obtained by the liquid dilution mixing standard after the
extraction of fruit and vegetable samples by the acetonitrile. The matrix effect was evaluated by the curve slope ratio

method of two different matrices. Results Different pesticides produced different matrix effects in different
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matrices. More than 50% of 77 kinds of pesticides showed matrix enhancement effects in baby marrow, bitter gourd,

Chinese cabbage, cowpea, eggplant, papaw, tiny pumpkin, water spinach matrices. Omethoate in papaw matrix

showed no matrix effect. More than 80% of 77 kinds of pesticides showed weak matrix effects in calabash gourd,

bitter gourd, long beans, papaya, marigold, small pumpkin, and water spinach matrices. Strong matrix effects were

observed for pesticides in bitter gourd, mustard greens, bok choy, Chinese cabbage, purslane, and water spinach

substrates. Conclusion For the pesticides that shows weak matrix effect in bitter gourd, gourd gourd, small

pumpkin, eggplant, cabbage heart, water spinach, cowpea, Chinese cabbage, mustard vegetable, purslane and papaya,

acetonitrile solvent or one of the matrix extract is used as the solvent matching correction curve for quantitative

determination. For the pesticides with medium and strong matrix effects, the main matrix or matrix with the same

matrix effects are used to substitute the calibration curves. The application of this research in fruit and vegetable

detection can quickly and efficiently select the appropriate blank matrix to process the calibration curve and improve

the accuracy of the detection data.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; pesticide residue; calibration

curve; matrix effect
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B AR, B i A ) AL 275 3 T8 1 TR BE,
TR A B H B R B — BB k. ARy
HOE A ) T R BTG SR . KR FIRE, HRRZGIRE
ARG NATTHORERRE, PRI A A R 24 5% B8 A H AR X 2
A TR HEERE

AR 2 5 R RS I B AR v ASUAR €8 3 - 5 IR 59 7 (gas
chromatography-tandem mass spectrometry, GC-MS/MS)#/
B T A A 0T - B BB TR 1S 5 (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
FC5E 5 8 B E B T % 3k ), T QuEChERS
(quick. easy. cheap. effective. rugged. safe) hy—F{Ri
R A 7 B RE B BT AL B R H S5 GC-MS/MSIE
UPLC-MS/MS!"" IS &8 il . et ArHreh, i TREA AL
I3 AR ME AR 2 Y 5 AR TR], TE SRR A I 1o 7 o 2 A7 AE
FEFTRN (matrix effect, ME)SE IS, R oovERt:, BET, A%
ME WA RZE, ST ARG & (O g,
AR HR TS v R % R T (20
VAR F AR BT (st KoK BR3E L ACRER) AT,
HI TR R AR AR R E L, CHOE I SCHOT A BR R 2L
MRS S A 207 A1 ME 284k, AR R EA R AR
AP E AR ) ME SRBLEE SR B, ME RYRLEE 55
AL SR A HISCSCIRIEIE R, R E S ME
SRS AT G, MetBisR, ME BREH &, mgsH b &47 P=0.
-N=., -0-CO-NH-, -OH. R-NH-. -NH-CO-NH-. -NH, %
FRESE TR AL &%) ME BB 7] — AR 25765 K it
HER SR, ME 855, 7ERE2S | DA A 2R 1 0T 3 1 s 1
3¢, ME W8GR, 72 RS AT B BB b, ME 1500 b A%
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AR FEMR YV T 28 A 7= it Jo e IR, )y SR B B
TRERE 24 A SR 1L RS 77 R 2y, 11 FRIRER
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1.1 MR5RF

L FUR, DEIR . BT, S0, R, JLE. /D
FISE . IR 5 D40 7 HLA Bl 7 A I Ay T g A b
K

77 FhA 2O RRUEIR W (R IR B 1000 pg/mL, b4
HEM AR ERARNR S AR A H; I BB (Eiga, Jbsth
FRBPHEAT PR A, HRR (g al, KHTRNE BRI
FA AR, LR (gL, FlghTRn T A bR By
A P2 7]); QUEChERS #hALIRA MR OB AREE: 4 g &
b 1 g FrERM: 1 g FERA ZM: 05 g).
QuEChERS #{b TR A RN L —Me-N-R BT 150 mg;
A1 BALTR IR 15 mg; JOKBBREE: 885 me)(II AT
BACCERLE R A R )

1.2 UFE5E%
Agilent1290-6470B A 15 &0 AH (0335 - B BT 1A (38
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FH15E

E S RHE A BR A A ); Milli-QA B4l K HL[25 B - #)
R oA RAF] LXI-IB LA A/ ZEE 0N LR
BREAERT); PL602-L HLF R 0.01 g, H4r-FCH]
LA (FHRARA T, DC-100 245 M HER AL GE Sk
PR HA R Hl); UHPLC XB-Cjg (A3%4:[2.1 mmx50 mm,
1.8 pm, RN (B BRA Fl 1o

1.3 XWFE

1.3.1 #Heehdl&

T S SR B R BURESR LMK BE GB 2763—2021 &5 %
SEFARME B PR R RR R IR ) B A BUEIE T
SREUAIH
132 ZTaARARGRRYE S

FREGAAE 10 g F 50 mL 2.0, IHA 10 mL 2 .
6.5 g QUEChERS #HiEAIAL TRATHAT 2 min, 5000 r/min
B0 2 min, ¥ 6 mL _HIFWRFES RIS QuECKhERS LIRS
HORHATELOE R, 5000 r/min B0 1 min, 15525 FIERIK
1.3.3 A7/ T 4R & 04 Be )

WER I — B RE A0 77 Bl 2 b o VPR PR G B
10 pg/mL FTRAIRAERE 2 T 18 °CHEAE, PR A hriE
T H R B 0.1.1.0.5.0 pg/mL IR-AFr HERE K, 4>
SR CHEAR 11 P 28 1 38 BOROE O B3 3 0.005 .
0.010, 0.020., 0.050, 0.100 pg/mL FruE TAERZ 12 2,

Ep)

it

1.3.4 A& &S M &M

3k A8 UHPLC XB-Cig (2.1 mmx50 mm,
1.8 pm); WahA: 0.5 mmol/L ZBRER(0.1%M IR (A)-
FEE(B), BREEVEME AR 1; WEE: 0.3 mL/min; H:f: 40 °C;
PEREPREL: 1.00 uL.o

®=1 OBEGRE
Table 1 Elution gradients

i ) /min A% B/%

0 95 5

0.5 50 50
8.0 15 85
9.0 2 98
11.0 2 98
11.1 95 5
15.0 95 5

1.3.5 Figdktt

BT B I, AR B T
R R 3, B B R 3500 V; THRSME: 7 L/min;
TR 350 °C; FEAbARIE J1: 46 psi; HARIBE:
350 °C; ¥R AE: 11 L/min; 77 Fk 25 22 2 i Wl i 1
B 2,

RiEEH

Table 2 Mass spectrum parameters

VTS R A/min - BT () FEF(z) T N A il 88 H /v etk
FERE AL 1.020 189.0 144.0%/102.0 120 10/15 EET
e 1.134 142.0 125.0%/94.0 80 10/15 EET

% R 1.237 184.0 143.0%/125.0 50 4/4 EET
FURR 1.297 214.1 183.0%/125.0 80 5/20 EET
Tofs B I A 1.318 207.0 132.0%/89.0 80 5/5 EET
AR HK 1.319 197.1 117.0%/89.0 120 25/50 EET

T KA 1.340 223.1 148.0%/86.0 110 10/15 EET
ZWR 1.358 192.1 160.1%/132.1 120 17/33 EET
D& 1.444 163.0 106.0%/88.0 80 5/5 EET
15 tht 1.478 292.1 211.0%/181.0 80 5/20 EET
B 1.482 224.1 127.0%/98.1 100 20/20 EET
QUi 1.604 256.1 209.0%/175.0 80 10/10 EET
WE Lt 1.646 250.2 169.1%#/132.0 80 10/15 EET

3-FRAE A 1.688 238.0 181.0%/163.0 80 5/10 IEET
e ik 1.710 223.0 126.0%/56.0 80 15/15 EET
IR 1.750 230.0 199.0%/171.0 80 5/10 EET
K W 1.812 225.0 193.0%/127.0 80 2/15 EET
T P 1.976 256.0 228.0%/140.0 100 10/25 EET
iofs K, 2.064 116.0 89.0%/70.0 80 5/5 IEET
fheieis 2.413 221.0 145.0%/109.0 120 10/15 EET
LNEpAY 2.454 222.0 165.1%/123.1 100 10/20 EET
5 2.516 221.0 128.0%/102.0 30 22/22 EET
AR BRI ST AL 2.572 295.0 280.0%/109.0 154 13/29 EEF
2 2.661 202.1 145.1%/127.1 60 5/29 EET
fEBRBEIR 2.736 311.0 125.0%/109.0 129 17/25 EET
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=28

VA BEI/min - BB T (m2) F T (mz) TESIH R v Izl A /g
GEE TR 2T 2.946 277.0 199.0%/143.0 80 5/15 LB+
FHREBE IR 3.089 293.0 171.0%/143.0 60 5/15 EET
TK et 3.334 312.0 270.0%/236.0 103 8/16 EET
SR 3.423 248.1 129.0%/93.0 100 15/35 EEF
E N 3.481 303.0 145.0%/85.0 78 4/24 NX-en
0% B 3.571 200.0 183.0%/107.0 120 25/25 IEET
SR B 3.639 484.0 453.0%/286.0 102 10/13 EET
AL 5 3.731 259.0 89.0%/61.0 55 12/48 IE#T
M TR [ 3.950 404.0 372.0%/344.0 120 10/15 NX-en
ZARTEEA 4217 732.5 142.1%/98.1 110 35/95 EET
o7 TR 1 b 4332 388.0 301.0%/165.0 120 20/25 EET
2R 4.390 294.0 125.0%/70.0 120 20/15 IE#T
Th it 4.408 331.0 127.0%/99.0 80 5/10 NN-an
= A 4.535 294.0 197.0%/69.0 120 15/20 EEF
i D e 4.660 289.0 125.0%/70.0 120 20/15 EET
SE Tk 4.677 316.0 164.0%/122.0 120 10/26 IE# T
ZABED 4713 746.5 142.1%/98.0 110 34/101 IEET
I 4.760 3142 286.0%/162.0 120 10/20 IE&ET
CHZRWER] 4.774 760.5 142.1/98.1 80 35/100 EET
KR W 4.993 243.1 215.0%/173.0 100 10/10 IE#T
CHEZARWEL 5.270 748.5 203.1/142.1 40 42/37 IE&T
FRRLH 5.399 337.0 125.0%/70.0 120 20/20 EET
G 5.413 386.9 351.0%/282.0 100 10/35 Uy
i 5.481 353.0 297.0%/133.0 83 8/48 NX-en
FR G SE B A o R OR R IR R 5.600 886.5 158.0%/126.0 150 40/45 IEET
FRE 5.640 434.9 330.0%/250.0 120 15/30 T
FH 3L S Mk 5.687 354.1 312.0%/253.0 120 13/14 IE#T
TR I 5.690 323.0 171.0%/142.0 120 10/20 IEET
PR 5.710 311.0 158.0%/141.0 78 20/36 IE&T
K LR 5.815 309.0 156.0%/139.0 90 11/30 EET
fE B 5.817 279.0 247.0%/169.0 100 10/15 -
b B 5.840 247.1 137.1%/109.1 80 5/15 NX-en
B LN o 5.888 418.9 383.0%/262.0 110 10/30 Uit
i 5.897 308.0 125.0%/70.0 120 20/20 EET
TR 5.939 305.1 169.0%/153.0 140 20/20 EEF
Ik i iz 5.976 376.1 308.0%/266.0 80 10/10 IEET
ISEZA 6.018 342.0 159.0%/69.0 120 20/20 IE#T
e 7 6.039 363.0 307.0%/227.0 120 15/20 EET
b 6.190 261.1 199.0%/75.0 70 5/10 EET
L HUE IR 6.198 450.9 415.0%/282.0 135 15/30 Ui
FU 6.208 299.1 129.0%/77.0 80 10/20 EET
M e Pk T 6.264 388.1 194.0%/163.0 120 10/20 EET
T 2k 6.541 271.0 159.0%/131.0 80 10/20 IE#T
2 ik Y B 6.697 406.1 337.0%/251.0 160 15/20 NN-an
Efi U 6.966 528.0 293.0%/249.0 120 10/10 EET
PR 7.215 373.0 303.0%/128.0 80 15/53 IE#T
VB 1% ) 7.303 306.0 201.0%/116.0 120 10/15 NX-en
AL 7.899 350.0 198.0%/97.0 100 15/35 IE#T
e 8.311 360.0 304.2%/141.1 130 15/30 EET
RE IR 8.949 542.0 385.0%/383.0 83 20/28 IE# T
Mif s 2 9.013 365.0 309.0%/147.0 95 7/25 NX-en
By & 1 22 9.422 895.5 751.3%/449.2 200 2/14 IEET

T g R T
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Office Excel (12.1.0.18276) 4% #d A 74511 | il 0
2 b PR

ME/%=(Kmatrix/Ksotven—1)*100% (D

Ho, Konawi 241725 F1BEBOBIC 1] 0B 1 A il e Abbe
Keolvent N ZIETEFIAC T AORRE TAEMZR AT, 24 ME>0, %
PR SIS AKN ; ME<0, RPN THD TN 24 ([ME|
<20%Mf, FKINE ME; 4 20%<|ME|<50%I, F£IN
FR45 ME; 4|ME[>50%, M A58 MEFT,

2 HER55H

2.1 77 MRAGRERILEE

Bk 77 R 2500 68 TR, REREHEN 15 min,
MIE 1 AT A 425476 10 min A H 0, 8L ABF ST
PRI ST 77 R 2l

22 ZHEMUNMRBERGLERANEMERYVTS
EREXRAY

SRR AE i 1.3.3 FrfRAd 12 AR TAE 2R 40
BIRHERBEIRT 0.99, FFH GB/T 27404—2008  SL5H;
FEPEHIHRE &SRR ) % F o afir ik i
IEHHZRA S RBURIET 0.99 AR . ZIEFIHS 43 3 A 2R
PERA AR LR 3, Wtk mE R RERAA 1491
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Fig.1 Total ion flow diagram of the standard solutions of
77 kinds of pesticide

Fz3 BAN. BN, 353k, 0. SISHFERRMCERTILE RGN EEASFIE
Table 3 Linear regression equations of matching pesticide with acetonitrile solvent and matrix solution of papaw, bitter gourd,
brassica juncea, Chinese flowering cabbage and cowpea

&Y g FAR R sied el B
FHEZIEL Y=1.51E+7X Y=1.63E+7X Y=1.71E+7X Y=1.48E+7X Y=1.47E+7X Y=1.62E+7X
F it Y=9.18E+6X Y=7.70E+6X Y=1.02E+7X Y=546E+6X Y=1.87E+6X Y=8.52E+6X
TP el Y=1.27E+7X Y=1.06E+7X Y=1.34E+7X Y=7 49E+6X Y=9.54E+6X Y=1.11E+7X
FURR Y=8.75E+6X Y=8.76E+6X Y=9.30E+6X Y=6.27E+6X Y=7.67E+6X Y=8.23E+6X
T KR Y=3.95E+6X Y=3.86E+6X Y=3.97E+6X Y=2.92E+6X Y=3.31E+6X Y=3.54E+6X
AUk Y=3.53E+6X Y=3.66E+6X Y=3.77E+6X Y=2.69E+6X Y=3.34E+6X Y=3.36E+6X
1o K G Y=1.68E+7X Y=1.62E+7X Y=1.62E+7X Y=9.51E+6X Y=1.14E+7X Y=1.33E+7X
ZWR Y=3.95E+6X Y=4.09E+6X Y=4.22E+6X Y=2.63E+6X Y=3.45E+6X Y=3 46E+6X
K2 Y=6.45E+6X Y=6.71E+6X Y=6.22E+6X Y=3.92E+6X Y=5.17E+6X Y=5.78E+6X
Wit g Y=3.95E+6X Y=3.91E+6X Y=3.97E+6X Y=2.18E+6X Y=3.55E+6X Y=3.64E+6X
N Y=9.99E+6X Y=1.03E+7X Y=1.01E+7X Y=6.62E+6X Y=8 43E+6X Y=9.18E+6X
Az Y=1.17E+6X Y=1.36E+6X Y=1.87E+6X Y=3.78E+5X Y=1.58E+6X Y=1.68E+6X
WE i Y=1.31E+6X Y=1.37E+6X Y=1.62E+6X Y=3.38E+5X Y=1.23E+6X Y=1.35E+6X
3-FRSE A Y=2.36E+6X Y=2 45E+6X Y=2.59E+6X Y=1.58E+6X Y=1.81E+6X Y=2 44E+6X
WE PR Y=6.63E+6X Y=6.34E+6X Y=6.65E+6X Y=4.22E+6X Y=3.72E+6X Y=6.09E+6X
SRR Y=1.28E+7X Y=1.17E+7X Y=1.13E+7X Y=7.69E+6X Y=7.98E+6X Y=1.01E+7X
K Y=938E+6X Y=1.01E+7X Y=9.77E+6X Y=7.10E+6X Y=8.14E+6X Y=9.31E+6X
TRENT Y=1.13E+6X Y=1.02E+6X Y=9.95E+5X Y=8.45E+5X Y=8.76E+5X Y=9.75E+5X
T K, Y=3.85E+6X Y=426E+6X Y=4.07E+6X Y=234E+6X Y=3.56E+6X Y=3.89E+6X
fe3 g Y=9.97E+6X Y=8.00E+6X Y=5.82E+6X Y=4.72E+6X Y=5.63E+6X Y=5.68E+6X
A=) Y=1.95E+7X Y=2.16E+7X Y=2.15E+7X Y=1.76E+7X Y=2.12E+7X Y=2.04E+7X
ORI Y=4.77TE+5X Y=4.51E+5X Y=4.53E+5X Y=2.69E+5X Y=4.63E+5X Y=4.14E+5X
FEBRHET Y=2.60E+6X Y=2.83E+6X Y=3.20E+6X Y=2.46E+6X Y=3.32E+6X Y=3.13E+6X
GBS Y=1.26E+7X Y=1.18E+7X Y=1.22E+7X Y=1.06E+7X Y=1.15E+7X Y=1.13E+7X
FEHRBEIN Y=1.22E+6X Y=1.35E+6X Y=1.55E+6X Y=1.36E+6X Y=1.57E+6X Y=1.50E+6X
FHPEREIEAR Y=1.00E+7X Y=1.11E+7X Y=1.15E+7X Y=1.04E+7X Y=1.18E+7X Y=1.08E+7X
FRHREER Y=3.01E+6X Y=321E+6X Y=3.19E+6X Y=2.95E+6X Y=3.23E+6X Y=3.01E+6X




5523 fRE, & BRRURH G- AR B TS T SR v 77 Fhefe 245 1) 56 s nis 187
=348

Ew HE FEAR N Pied EAN HIE
N Y=2.18E+5X Y=1.83E+5X Y=1.24E+5X Y=1.65E+5X Y=2.04E+5X Y=1.74E+5X
il Y=2.86E+6X Y=321E+6X Y=3.00E+6X Y=2.93E+6X Y=3.30E+6X Y=3.02E+6X
ARFM Y=6.69E+6X Y=7.18E+6X Y=7.11E+6X Y=6.89E+6X Y=7.85E+6X Y=7.02E+6X
RN Y=3.97E+6X Y=4.46E+6X Y=4 41E+6X Y=427E+6X Y=4.64E+6X Y=432E+6X
AR R Y=7.51E+5X Y=8.31E+5X Y=9.19E+5X Y=8.36E+5X Y=9.06E+5X Y=8.53E+5X
PRI 3% Y=8.86E+6X Y=9.38E+6X Y=9.68E+6X Y=9.65E+6X Y=1.04E+7X Y=9.52E+6X
WA TR Y=1.10E+7X Y=121E+7X Y=1.28E+7X Y=1.27E+7X Y=1.29E+7X Y=1.23E+7X
ZARTEHE A Y=7.93E+6X Y=7.51E+6X Y=7.25E+6X Y=6.69E+6X Y=6.88E+6X Y=7.09E+6X
ST bk Y=2.06E+6X Y=2.30E+6X Y=2.63E+6X Y=2.89E+6X Y=3.02E+6X Y=2.53E+6X
EZ U Y=3.05E+6X Y=3.25E+6X Y=3.24E+6X Y=3.34E+6X Y=3.70E+6X Y=3.25E+6X
R 2k Y=6.07E+6X Y=6.86E+6X Y=7.00E+6X Y=6.74E+6X Y=7.07E+6X Y=6.83E+6X
= A Y=1.85E+6X Y=1.75E+6X Y=1.83E+6X Y=1.90E+6X Y=2.02E+6X Y=1.82E+6X
i R Y=1.68E+6X Y=1.83E+6X Y=1.94E+6X Y=2.00E+6X Y=1.99E+6X Y=1.92E+6X
A Y=8.08E+6X Y=7.96E+6X Y=7.70E+6X Y=6.99E+6X Y=7 44E+6X Y=7.51E+6X
ZARTEHE D Y=2 42E+6X Y=2.71E+6X Y=2.74E+6X Y=2 40E+6X Y=2.75E+6X Y=2.71E+6X
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