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Abstract: Based on the characteristics of tea samples, a method was established for sim-
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ultaneously detection of 10 organophosphorus pesticides residues (dimethoate,

omethoate, phosemet, malathion, dipterex, dichlorovos, quinalphos, demeton,
methamidophos, monocrotophos). In this method, a novel pretreatment method of Sin-
QuEChERS was used for extraction and purification, and ultra-high performance liquid
chromatography tandem mass spectrometry (UPLC-MS/MS) technology was used for
detection. In view of the strong matrix effect of tea samples and the characteristics of
organophosphorus pesticide decomposition with heat, a packing column filled with PSA,
C18, carbon multiwalled nanotubes (CMWNTs) was applied in the Sin-QuEChERS
methods. After an ordinary extraction by acetonitrile, vortex oscillation and centrifuga-
tion, the purification of chlorophyll, lutein and tea polyphenols in tea leaves was
processed with a simple pressing of the Sin-QuEChERS packing column. The purified
solution can be directly injected into the detector. This Sin-QuEChERS method can
improve the removal effect of matrix interference by SPE, improve the purification effect
of pigments, lipids and some sugar sterols, and reduce the interference of chromato-
gram. Compared with other extraction and purification methods, it has the advantages
of simple operation, obvious purification effect on impurities, less adsorption on pesti-
cides and accurate results, and can greatly shorten the analysis time. At the same time,
because this method does not involve heating and other links, it is suitable for tempera-
ture decomposition of organophosphorus pesticides extraction and purification opera-
tion, and is able to improve the accuracy of organophosphorus pesticides detection re-
sults. In the optimized Sin-QUEChERS methods and UPLC-MS/MS detection condi-
tions, the preprocessing time can be controlled within 10 min, so that the analysis time
of a sample can be completed within the 0. 5 h. The linear range of 10 organophosphorus
pesticides is 1-500 pg/L. The limit of detection (LOD) is 0.08-1.38 pug/kg, and the
limit of quantity (LOQ) is 0.27-4.60 pg/kg. The recoveries are 71.6%-115.0% and
RSDs of different spiking levels are less than 14.5%. Compared with the traditional
sample pretreatment method, the new developed method has the advantages of simple
operation, time-saving, good universality and high sensitivity with the premise of ensu-
ring repeatability. The method was applied for the detection of organophosphorus pesti-
cides in standard addition of blank tea samples and 20 kinds of tea, which proved the
feasibility and importance of the method. This method provides a new way to evaluate
the quality and safety of tea more quickly, simply, cheaply and accurately.

Key words: Sin-QuEChERS; ultra-high performance liquid chromatography tandem

mass spectrometry (UPLC-MS/MS); tea; organophosphorus pesticide
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Table 1 Mass spectrometric parameters of 10 organophosphorus pesticides

r5 G B X EEBRAMERE il 48 B 1
No. Compounds Ton pairs (m/z) Tube lens/V Collision energy/eV
1 SRR 229.9>>198. 8" 54 10,16
229.9>>170. 9
2 AR A 214>125" 58 21,15
214>>154.9
3 SV JH B 317.9>>159. 9~ 59 15,33
317.9>133
4 IR B 331>127" 62 12,23
331>>99. 1
5 FA R 256. 9>>220. 9" 73 11,18

256.9>>109. 1

6 AR 220.9>>109* 74 17,7
220. 9>127

7 WE T 299>>147" 69 22,21
299>>163

8 L 259>>89.1* 48 6,32
259>>61. 3

9 FH e 142>>94. 1~ 62 15,14
142>125

10 AR 224>127" 58 16,8
224>>98. 2

T % 7R 8 BB TN

FR 2 ANKFNA A0k 2 BN Y [ 4 E Xt

Table 2 Comparison of recoveries of Sin-QUEChERS method with water extraction and without water extraction

Ak Extraction without water /K Extraction with water

Peftziiles k&S AR X 7 o A 22 &S AR T A o i 22

Recoveries/ % RSDs/ % Recoveries/ % RSDs/ %

IR 99.3 2.1 85.4 4.3
AL IR 89. 2 12.0 87.2 8.4
. 4% i 85. 2 9.8 47.5 2.0
ERIE VR R 90. 5 8.6 54.5 7.2
T 89.7 11.7 111. 6 13.7
T R 99. 6 10.1 116.9 19.1
1 7 89.3 10. 6 94.3 0.8
o T 96. 3 7.0 78.9 9.1
FH Jri i 90. 7 12.4 56. 1 2.9

KB 71.6 14.5 91.0 4.4
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Table 3 Comparison of matrix effect on 10 organophosphorus pesticides

K% ﬁ‘(ﬁ‘iﬁ&%é}éﬁﬁﬁ: %ﬁﬁ?ﬁiﬁ?ﬂ@éﬁi‘ﬁﬁﬁ BRI B/A
Pesticides Regression equation Regression equation Ratio of the slope B/A
of standard solution (A) of matrix solution (B)
IR y=2034x—698. 5 y=1977x—917.8 0.97
AR 3R y=1254x—327.6 y=1540x—1281 1. 22
DA RTR: y=1520x—565. 8 y=1332x—1748 0. 88
i B y=12402—611. 1 y=1170x—713.8 0.94
WA H y=2397. 0x—665. 0 y=1339. 5x—680.5 0. 86
s y=434. 6x—520. 4 y=442. 0x—1092 1.02
S T y=8527x+147. 1 y=28892x—1807 1. 04
PR y=855. 8x—646. 7 y=798. 8x—449. 0 0.93
FH Ji i y=1646. 1x—806. 2 y=2579. 4x—1204 0. 90
IR y=2086x—444.5 y=3468x—92. 80 1. 66

2.5 AEMEETEE. REEKRUR.EEMR
10 A AL AR 25 I Pk 7 AR L S PR 1]
oy B B R A TR 4. 10 R A HLBE A 2y
3 YR 1 2 M S BRI 24 1~500 g/ L, U 1T Y
5 RE R B Z T 2R OC R R R OC R
BAE 0,999 4~1.000 0 Z [A] . LA 5 & T X
3 R AR MR b (S/ND B 2 5 ¥ 19 i BR (LOD) 2y
0.08~1. 38 pg/kg, LA &8 T XF 1 10 £ {5 1
L CS/ND i 2 5 25 10 8 5 BR (LOQ) 2y 0. 27 ~
4. 60 pg/kg.
2.6 AEMEWRERSREE
R B8 UE Ty ¥ ) T S AR BIE 5 6 A8 2R

FE S AT AR [ S2 58 n bR K SF 43 510 20,
100 F1 300 pg/kg MR A br dE &b o A bR 7K
SIS UCF-AT S50 s T 12 [T AR RS % B 5 T
5. ImkrAKFE A 20,100,300 pg/kg B, 10
Fivge 25 (1 7 2 e Oy 77,600 ~ 110. 7%,
74.6%~108.4%.71.6% ~99. 6% .RSD 43 5
AINF13.6% .11, 9% ,14. 5%, A5 R F W A
58 8 37 (1) Sin-QuEChERS J5 2 76 K [A] i b5
KRS Sy IR b F 71,66 ~115. 0%
Z 0 RSD /NF 14. 5% , AT % &5 4 [ )i 2
B 00 K5 %5 5 BE A% 1 2 22 b s A B ARG DN 1Y



533 = % :Sin-QUEChERS %54 UPLC-MS/MS [f] i} 6 0 2% i v 10 Fh HLBE A 25 3% B 275
R4 0HENBRANEEFEMLETE (n=3)
Table 4 Linear equations, linear ranges for 10 organophosphorus pesticides (n=3)
e e %ﬁﬂd?ﬁ% l@f‘ﬁ?‘lilﬁ Zﬁ&*ﬁi%é& 6 1 BR S T BR
Pesticides e/ min Regression Linear ranges/ Correlation LODs/ LOQs/
equations (pg/L) coefficients(R?) (pg/kg) (pg/kg)
IR 6.8 y=1977x—917. 8 1~500 0. 9999 0. 16 0.52
SEAL IR 3.4 y=1540x—1281 1~500 1. 0000 0.08 0.27
V. i i 10.2 y=13322—1748 1~500 1. 0000 0. 26 0. 87
IR 10.5 y=11702—713. 8 1~500 0. 9994 0.27 0. 88
HoE H 5.7 y=2339. 5x—680. 5 1~500 0. 9999 1. 21 4. 04
P53 es 8.4 y=442. 0x—1092 1~500 0. 9999 1. 04 3. 48
145 i 11.0 y=38892x—1807 1~500 0. 9998 0.29 0. 96
PR fe 9.5 y=798. 8x—449. 0 1~500 0. 9998 0.18 0. 60
P iz e 2.8 y=579. 4x— 1204 1~500 0.9996 1. 38 4. 60
AR 4.8 y=3468x—92. 80 1~500 0.9997 0.19 0. 64
x5 AEHEEKE(n=S5)
Table 5 Recoveries of the method for adding pesticides (n=5)
JnFrHk BF Spiked concentrations JnFrk BF Spiked concentrations kR He i Spiked concentrations
2y (20 pg/kg) (100 pg/kg) (300 pg/kg)
Pesticides Al i % pflES AlES
Rech:ii/ % RSDs/% Rec:lviii/ % RSDs/ % Re:viii/ % RSDs/ %
R 110. 7 7.4 91.5 6.2 99. 3 2.1
AR R 104. 9 3.7 108. 4 2.4 89.2 12.0
V. i 85.9 6.1 79.3 5.4 85.2 9.8
E DRR 86. 2 9.2 74. 6 6.6 90. 5 8.6
FiaEes 109. 7 11.6 74.8 4.2 89.7 11.7
W 108. 2 7.2 90. 0 11.9 99. 6 10.1
148 i 100. 4 13.6 103. 2 4.0 89. 3 10. 6
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Table 7 Detection results of organophosphorus pesticides in 20 kinds of tea
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