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Determination of 79 pesticide residues in fruits and vegetables
by QuEChERS-ultra performance liquid chromatography-
tandem mass spectrometry
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Abstract: Pesticide residues in fruits and vegetables are becoming a serious issue. These residues
can affect the quality of agricultural products and people’s health. Therefore, it has become crucial
to effectively monitor and control pesticide residues in the food safety field. In this study, a rapid

and effective QuUEChERS-ultra performance liquid chromatography-tandem mass spectrometry

5 B #1:2025-02-26
« BILEE & A .Tel: (0731)84305950, E-mail : dychen2008@126.com.
E® WA W8 A RRA 4 (2021JJ70085,2025JT80673) 5 i i 45 TLAE { FlE 5 )22 A A S H731411 (20240304107, 20240304043 ) 5
W T 48 T AR fd e ZE BLBE IR (B20160073,C20191035,D202312069311).
Foundation item: Hunan Provincial Natural Science Foundation (Nos. 2021JJ70085, 2025JJ80673) ; Hunan Provincial
Health High-Level Talent Support Program (Nos. 20240304107, 20240304043) ; Research Project of
Health Commission of Hunan Province (Nos. B20160073, C20191035,D202312069311).



+ 1054 -

@ i %43 %

( QUEChERS-UPLC-MS/MS) method was established for the simultaneous determination of 79 typical
pesticides in vegetables and fruits, including organophosphates, carbamates, and pyrethroids. The
pretreatment, UPLC, and MS/MS conditions were optimized. The fruit and vegetable samples were
extracted with frozen acetonitrile after pulverization and homogenization, cleaned up by the
QuEChERS method, filtered through a centrifugal membrane, and analyzed by UPLC-MS/MS. The
separation was carried out on an ACQUITY UPLC HSS T3 column (100 mmx2.1 mm, 1.8 wm) with
gradient elution. The aqueous and organic phases were water-methanol (98:2, v/v) and methanol-
water (98:2, v/v) respectively, both with 5 mmol/L. ammonium acetate and 0.1% formic acid. A triple
quadrupole mass spectrometer was used in positive-ion electrospray ionization (ESI") scanning
mode, with target pesticide residues quantified using the matrix-matched standard-curve method.
The results showed that under the optimized conditions, the 79 target compounds were determined
with good linearities in the range of 0.1-200 pg/L, and the correlation coefficients () were all greater
than 0.990. The limits of detection (LODs) and limits of quantification (LOQs) of the 79 compounds
were in the range of 0.01-4.0 pg/kg and 0.03-13.0 pg/kg. The recoveries at three spiked levels ranged
from 78.2% to 119.8%, with relative standard deviations (RSDs) all less than 15.8%. The established
method was successfully applied to 80 samples of fruits and vegetables from Hunan province. As
a result, 19 pesticides were detected in 31 samples, and thiamethoxam, acetamiprid and clothianidin
being the most highly detected with a content range of 0.012-2.62 mg/kg; According to the data of
the Hunan province survey yearbook, the percentages of acceptable daily intake (%ADI) for chronic
dietary exposure of the detected neonicotinoid insecticides (thiamethoxam and clothianidin) have
been calculated. The results indicate that the %ADI of clothianidin in fruits and vegetables ranged
from 5.74% to 0.36%, respectively, and the %ADI of thiamethoxam in fruits and vegetables ranged
from 0.40% to 19.50%. The %ADI of both pesticides were found to be less than 100%, indicating they
are within acceptable limits. The method is simple, sensitive, accurate, and suitable for the si-
multaneous determination of multiple pesticide residues in fruits and vegetables.

Key words: pesticide residues; ultra performance liquid chromatography-tandem mass spec-
trometry (UPLC-MS/MS); QuEChERS; risk assessment
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0%A ;8.6~9 min, 0A~100%A ; 9~10 min, 100%A .
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Table 1

MS information of the 79 pesticides

A 150 L/h B 3% 57 SR 500 °C 5 B 71 <
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1000 L/h, oAl i3 25 0 L3R 1,

)]

?2‘:

IL

Compound

Parent ion (m/z)

Daughter ions (m/z)

Collision energies/eV ~ Cone voltage/V

Methamidophos (! Jef )
Methomyl (K £ &)
Metolcarb (3 & )
Cyromazine ( K # ik )

XMC emulsion ( K3 )
Acephate ( Z i ' 1wk )
Carbendazim (£ &)
Diethyltoluamide (3B H 1% )
Isoprocarb (5 &)
Pyrimethanil (%% i)
Carbaryl (1 Z5 )
Dinotefuran (15 H %)
Aldicarb sulfoxid (i 2% 7 )
Propoxur (5% &)

Aldicarb (i K &)
Omethoate (%K)
Atrazine (35 %)
Carbofuran (¢ 14 &)
Aldicarb-sulfone (i 7 g )
Acetamiprid (g H k)
Monocrotophos ( A %)
Mevinphos 1 (G X # 1)
Mevinphos 2 (3 X # 2)
Mercaptodimethur ( {4 j& )
Picaridin (& K55 T)
Dimethoate (4RH)
3-Hydroxycarbofuran (3-¥83 v H &)
Pirimicarb (#1448 )
Clomazone ( 5 Ffi )
Clothianidin (1 1 i )
Thiacloprid (1E H1 ok )
Metasystox ( FF 3 P I )
Imidacloprid (At Hu k)
Phorate (F$1:8%)
Imidaclothiz (4B )
Demeton-S-methyl sulfone ( P 1 i -S-F L4 )
Nitenpyram (/s Wg 82 i )
Cadusafos (Bi £k %)
Phorate sulfoxide ( F 8 I 51 )
Sulfoxaflor (F e H i fiF )
Metalaxyl ( /i %)
Dodemorph (157 R )
Pendimethalin ( —F %)
Vamidothion (¥ K f )

142.0
163.0
166.0
167.0
180.1
184.0
192.0
192.3
194.1
200.0
202.1
203.0
207.0
210.1
213.0
214.0
216.0
222.1
223.0
223.1
224.1
225.0
225.0
226.0
230.0
230.0
238.0
239.1
240.0
250.0
253.0
253.0
256.0
261.1
262.0
263.0
271.0
271.0
277.0
278.0
280.3
282.0
282.0
288.0

94.0",

88.17,
109.17,

85.07,
123.0°,
143.07,
160.0",

91.5",

95.0",
106.9",
145.17,
157.07,

89.17,
11.1°,

89.17,
182.9",
174.0°,
123.17,

86.0",
126.0°,
127.0°,
127.0°%,
127.0°,
169.17,
130.0",
199.0",
181.0°,

72.17,
125.17,
169.07,
126.07,

89.0",
175.07,

75.17,
181.07,
109.0°,
126.0°,
159.0",
143.0°,
173.97,
220.2",
116.0°,
212.07,
146.0°,

125.0
106.1
94.1

108.0
95.0

125.0
132.0
65.1

137.1
168.1
127.0
129.0
132.1
168.0
98.0

124.9
132.0
165.1
76.0

56.2

98.1

193.0
193.0
121.1
95.0

125.0
163.0
182.1
89.1

132.0
90.1

61.0

209.0
199.0
122.0
169.0
99.0

131.0
171.0
153.9
192.1
98.0

194.0
118.0

15, 15
10, 10
12, 27
20, 21
10, 21
8, 20
18, 30
31, 47
14, 10
25,35
29, 22
10, 20
15, 10
15, 10
10, 5
11, 22
18, 15
17,5
20, 20
17, 13
16, 15
10, 15
10, 15
10, 22
15, 35
10, 10
12, 20
35, 20
17, 46
14, 18
17, 45
10, 35
20, 16
15,5
15, 30
25,9
20, 22
15, 20
20, 18
10, 30
15, 20
20, 30
5,15
15, 18

25
30
30
30
25
18
25
30
25
35
25
15
20
30
15
30
25
30
30
30
26
20
25
30
30
24
34
30
30
30
30
30
30
15
30
30
30
20
30
25
30
30
25
30
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Table 1 (Continued)
Compound Parent ion (m/z) Daughterions (m/z) Collision energies/eV  Cone voltage/V
Flupyradifurone ( itk mk g fifi ) 289.1 126.17, 90.0 20, 40 30
Myclobutanil ( }if 2 "k ) 289.1 70.17, 125.1 17, 33 30
Thiamethoxam (g Ht 1% ) 292.0 211.0°, 132.0 18, 21 30
Phorate sulfone ( F! £ ) 293.0 171.0°, 143.0 15, 15 25
Triadimefon ( =W ) 294.2 197.0°, 225.2 15, 13 30
Mefenacet (1 i 72 i ) 299.0 148.17, 120.1 18, 25 40
Bifenazate (I 7 kAR ) 301.0 170.0°, 198.0 20, 5 25
Clofentezine (DU % ) 303.0 138.17, 102.1 9,20 25
Fenamiphos (FR4 ) 304.1 271.17, 202.1 21, 37 30
Tebuconazole ( Ji M ) 308.2 70.17, 125.0 21, 37 30
Azinphos-methyl ( I 23 B k) 318.0 132.0", 160.0 5,10 15
Fenamiphos sulfoxide (4%4k #§ WK ) 320.1 233.07, 108.1 20, 45 15
Sulfadiazine (fiff Ji 1 i ) 323.2 126.0°, 277.0 40, 10 30
Benalaxyl (5 2 ) 326.0 148.0°, 294.0 10, 5 40
Pyrethrin (B H45 %) 329.2 161.17, 133.1 10, 15 25
Pirimiphos ethyl ( % g i ) 334.0 198.0°, 182.0 20, 25 40
Fenamiphos sulfone ( % £ # i) 336.0 266.0", 188.0 20, 25 15
Propiconazole (¥R ) 342.0 159.0", 69.0 20, 20 30
Thiophanate-methyl ( Ff! 347 15 2 ) 343.0 151.0°, 93.0 20, 45 25
Oxazone (I ) 345.1 220.0°, 303.0 17,5 40
Etoxazole ( Z WMk ) 360.0 141.1°, 304.3 33,17 40
Sanmite ( Ik & ) 365.0 147.0", 309.0 20, 10 30
Paichongding 1 (JRH10E 1) 367.2 263.1°, 137.1 15, 25 30
Paichongding 2 (JR HLIE2) 367.2 263.17, 137.1 15, 25 30
Propargite (Hi4F) 368.0 175.17, 231.1 9,1 30
Prochloraz (1 i ) 376.0 308.0°, 266.0 10, 15 25
Pyraclostrobin ( i mk ik & i ) 388.0 163.17, 194.1 17,5 30
Dimethomorph 2 (4 Fjt 15 0k 2) 388.1 301.17°, 165.1 17, 33 30
Dimethomorph 1 (4 &k 1) 388.3 301.1°, 165.0 20, 35 30
Difenoconazole (Zfif 1 #Rmk ) 406.0 251.1°, 111.1 25, 69 30
Spirodiclofen (#2 i} fig ) 411.0 313.0°, 71.1 10, 15 30
Cyflumetofen ( T %675 ) 448.0 173.17, 249.2 25,2 30
Abamectin (B4 3 %) 895.5 751.37, 327.2 45, 50 90
Fluazinam (9 %) 462.9 415.97, 397.9 -13, -13 30
Demeton ( N W) 259.0 89.0°, 61.0 10, 35 30

* Quantitative ion. The numbers 1 and 2 indicate isotopes.
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Table 2 Recoveries and relative standard deviations (RSDs) of the 79 pesticides (n=6)

Recoveries (RSDs)/%

Compound Tomato Red grape
Low Medium High Low Medium High
Methamidophos 116.3 (2.6) 96.5 (0.4) 89.7 (4.3) 84.9 (2.9) 81.0 (1.8) 84.3 (4.8)
Methomyl 84.3(7.9) 98.1 (4.7) 103.9 (4.4) 87.0 (10.5) 102.6 (7.5) 96.6 (9.2)
Metolcarb 99.8 (5.4) 95.7 (5.6) 101.6 (7.7) 81.6 (4.3) 98.8 (4.7) 95.5 (10.6)
Cyromazine 105.0 (0.9) 109.1 (3.6) 108.7 (6.6) 92.7 (1.0) 89.3 (1.4) 92.8 (8.4)
XMC emulsion 97.9 (2.5) 93.5(3.5) 98.5 (3.7) 84.4 (4.1) 98.4 (4.8) 96.2 (3.0)
Acephate 94.6 (7.3) 104.6 (2.2) 106.4 (6.7) 82.3(3.5) 85.5 (1.9) 93.8 (11.0)
Carbendazim 83.5(4.2) 85.8 (5.5) 85.4 (2.1) 89.6 (2.7) 98.5(0.9) 93.2 (12.9)
Diethyltoluamide 93.1 (1.6) 78.5(2.9) 78.2 (4.7) 101.3 (3.1) 90.6 (2.0) 82.5(2.2)
Isoprocarb 95.0 (5.8) 98.7 (2.6) 98.9 (3.7) 88.3 (5.1) 99.5(2.9) 86.7 (4.5)
Pyrimethanil 105.9 (8.8) 111.1 (3.6) 106.7 (2.9) 83.5 (5.6) 98.0 (2.2) 89.1 (15.8)
Carbaryl 85.8 (5.2) 98.2(2.9) 93.9 (2.7) 89.3(2.5) 97.3 (3.0) 92.7 (2.8)
Dinotefuran 116.5 (1.9) 118.6 (2.9) 103.1 (4.9) 80.2 (4.8) 93.4 (2.0) 81.3 (11.0)
Aldicarb sulfoxid 80.5 (2.5) 104.4 (4.7) 102.7 (2.6) 118.2 (5.0) 91.8 (3.2) 86.3 (7.9)
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Table 2 (Continued)
Recoveries (RSDs)/%
Compound Tomato Red grape
Low Medium High Low Medium High

Propoxur 88.2 (7.3) 91.9 (4.6) 83.8 (2.6) 90.2 (6.4) 98.9 (3.9) 94.8 (11.8)
Aldicarb 111.7 (9.1) 115.4 (2.5) 101.6 (5.3) 81.4 (8.5) 95.6 (3.7) 94.4 (4.6)
Omethoate 109.7 (1.4) 110.5 (5.3) 104.5 (3.5) 98.1(3.7) 90.7 (1.7) 1152 (2.4)
Atrazine 102.4 (3.1) 104.9 (15.8) 78.7 (4.7) 84.0 (5.5) 101.1 (1.1) 96.7 (5.9)
Carbofuran 100.8 (0.9) 103.7 (2.6) 93.3(3.5) 86.5 (5.4) 100.2 (1.9) 89.2 (2.7)
Aldicarb-sulfone 93.5(1.6) 102.0 (1.4) 98.8 (5.8) 81.6 (4.5) 96.1 (2.8) 87.8 (15.1)
Acetamiprid 81.2 (1.6) 116.2 (3.5) 91.0 (3.8) 82.8 (4.1) 99.3(0.9) 106.9 (3.1)
Monocrotophos 97.8 (6.4) 90.9 (2.5) 92.2 (4.6) 85.3 (5.0) 98.0(2.2) 94.3 (6.5)
Mevinphos 1 97.7 (7.4) 101.9 (2.8) 96.4 (4.3) 83.8 (5.4) 98.3 (1.8) 96.8 (12.7)
Mevinphos 2 101.6 (7.9) 107.9 (7.3) 94.7 (3.6) 80.2 (4.5) 93.2(2.2) 91.5(10.8)
Mercaptodimethur 83.5(5.8) 82.4 (2.7) 87.9 (6.3) 87.3 (5.5) 97.4 (3.8) 90.1 (14.2)
Picaridin 103.1 (3.6) 118.9 (3.6) 118.6 (11.8) 86.5 (4.6) 98.1(3.7) 110.9 (7.9)
Dimethoate 89.4 (4.6) 94.1 (5.3) 94.7 (6.3) 115.7 (5.2) 114.3 (15.8) 89.2 (6.3)
3-Hydroxycarbofuran 91.2 (2.6) 97.9 (6.3) 95.0 (5.3) 83.8 (5.6) 94.3 (3.5) 87.4 (5.5)
Pirimicarb 100.1 (2.9) 100.2 (1.3) 88.3(4.3) 82.0 (4.9) 99.6 (1.3) 110.9 (11.4)
Clomazone 113.3(3.7) 95.0 (4.3) 88.9 (3.3) 85.1 (5.4) 100.6 (1.4) 102.7 (3.9)
Clothianidin 117.3 (7.5) 98.7 (2.7) 98.3 (1.8) 89.9 (5.1) 99.6 (1.9) 81.3 (12.9)
Thiacloprid 106.7 (4.2) 85.4 (2.6) 78.8 (4.5) 86.2 (4.6) 100.8 (1.3) 82.5 (14.3)
Metasystox 107.7 (3.9) 100.4 (2.1) 94.8 (3.6) 82.6 (5.5) 87.0 (2.4) 89.7 (11.2)
Imidacloprid 114.7 (6.6) 116.2 (7.8) 115.6 (10.6) 83.5 (4.7) 97.4 (2.2) 109.0 (11.5)
Phorate 79.8 (2.8) 113.3 (4.4) 118.9 (4.1) 89.5 (13.9) 94.0 (7.7) 84.7 (4.8)
Imidaclothiz 112.9 (3.6) 94.5 (5.5) 117.6 (3.7) 101.3 (3.8) 92.5 (4.7) 92.6 (9.2)
Demeton-S-methyl sulfone 98.5 (4.4) 96.4 (4.3) 99.5 (6.5) 82.6 (6.3) 99.7 (1.3) 110.9 (10.6)
Nitenpyram 118.6 (4.7) 84.7 (3.8) 98.4 (6.5) 102.4 (12.2) 80.4 (4.2) 106.0 (8.4)
Cadusafos 101.3 (2.8) 78.9 (2.8) 94.7 (2.9) 86.5(7.9) 93.8 (3.7) 108.0 (3.0)
Phorate sulfoxide 94.0 (1.8) 98.7 (4.3) 93.9 (2.9) 90.0 (4.2) 102.8 (1.8) 96.4 (11.0)
Sulfoxaflor 86.8 (5.6) 98.6 (6.4) 104.1 (7.8) 81.6 (9.0) 102.0 (6.2) 84.3 (12.9)
Metalaxyl 98.7 (2.3) 97.2(2.9) 81.9 (4.5) 86.6 (4.7) 100.9 (1.4) 96.6 (2.2)
Dodemorph 93.5(2.9) 78.2(2.9) 104.1 (2.9) 83.7 (5.9) 99.4 (0.9) 95.5(4.5)
Pendimethalin 95.1(2.9) 119.8 (2.9) 118.3 (2.9) 114.0 (11.2) 95.7 (4.8) 104.2 (14.8)
Vamidothion 89.7 (2.9) 85.4 (2.9) 79.9 (1.9) 81.1 (4.3) 98.5 (1.0) 96.2 (2.8)
Flupyradifurone 107.5 (5.8) 95.1(5.3) 116.4 (6.4) 83.5(5.9) 98.2 (2.7) 93.8 (11.0)
Myclobutanil 108.7 (1.8) 107.9 (4.3) 109.1 (3.2) 86.0 (6.0) 102.5 (2.1) 93.2(7.9)
Thiamethoxam 115.6 (4.5) 101.6 (2.4) 100.2 (5.3) 80.6 (4.9) 91.7 (3.1) 82.5(11.8)
Phorate sulfone 91.9 (2.6) 99.5(3.9) 97.3 (4.3) 87.9 (7.8) 100.9 (3.1) 86.7 (4.6)
Triadimefon 109.9 (3.8) 111.6 (2.9) 114.3 (2.8) 82.8 (6.4) 100.5 (3.3) 89.1(2.4)
Mefenacet 96.8 (3.3) 92.1(4.3) 91.5 (4.7) 80.8 (5.3) 94.6 (3.6) 92.7 (5.9)
Bifenazate 97.8 (1.5) 110.7 (3.2) 101.4 (2.3) 82.4 (4.9) 92.9 (3.8) 104.5 (2.7)
Clofentezine 118.1 (3.7) 113.8 (4.2) 113.6 (4.3) 78.3 (5.6) 92.6 (4.9) 100.9 (15.1)
Fenamiphos 92.4 (4.3) 79.4 (1.8) 90.1 (2.3) 85.3 (3.6) 98.5 (1.1) 94.8 (3.1)
Tebuconazole 110.4 (4.1) 104.0 (2.1) 115.5(3.4) 84.2 (6.4) 100.3 (2.5) 94.4 (6.5)
Azinphos-methyl 97.6 (7.4) 116.9 (6.6) 113.5 (4.3) 78.2 (15.8) 84.8 (3.0) 108.6 (12.7)
Fenamiphos sulfoxide 105.8 (4.2) 108.5 (4.6) 96.0 (7.4) 86.0 (4.3) 101.1 (1.1) 96.7 (10.8)
Sulfadiazine 89.4 (9.6) 119.8 (8.3) 102.1 (7.5) 96.9 (14.0) 113.1 (10.3) 112.4 (14.2)
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Table 2 (Continued)
Recoveries (RSDs)/%
Compound Tomato Red grape
Low Medium High Low Medium High
Benalaxyl 99.3 (4.3) 99.5 (3.2) 96.8 (6.4) 85.4 (5.2) 99.2 (2.7) 87.8 (7.9)
Pyrethrin 94.0 (4.3) 95.7 (3.7) 98.8 (2.6) 104.7 (12.0) 79.3 (6.9) 109.3 (6.3)
Pirimiphos ethyl 92.9 (2.4) 80.7 (1.1) 109.5 (4.2) 89.6 (2.9) 98.7 (1.2) 94.3 (5.5)
Fenamiphos sulfone 110.8 (3.1) 111.8 (0.7) 80.4 (7.3) 84.8 (4.9) 101.1 (1.1) 96.8 (11.4)
Propiconazole 104.4 (3.6) 112.8 (4.6) 113.2(3.8) 81.1 (3.7) 99.1 (2.5) 91.5(3.9)
Thiophanate-methyl 114.9 (3.8) 115.2 (1.6) 78.2 (6.4) 117.3 (4.7) 92.9 (1.1) 90.1 (12.9)
Oxazone 92.2(7.7) 108.8 (7.4) 105.4 (9.3) 112.6 (5.2) 93.0 (4.0) 115.9 (14.3)
Etoxazole 92.0 (2.1) 97.4 (1.5) 113.4 (6.3) 82.4 (2.6) 93.6 (0.9) 89.2 (11.2)
Sanmite 97.8 (1.5) 84.7 (6.4) 84.8 (10.7) 81.3 (8.3) 93.8 (3.5) 87.4 (19.5)
Paichongding 1 114.1 (5.5) 111.7 (3.7) 110.1 (4.6) 92.5(5.3) 84.4 (2.1) 114.0 (4.8)
Paichongding 2 98.2 (9.4) 111.8 (6.2) 108.9 (8.4) 101.2 (11.2) 91.6 (7.9) 100.0 (9.2)
Propargite 80.3 (4.4) 79.4 (4.3) 78.5 (6.8) 79.8 (7.1) 90.8 (5.7) 100.8 (10.6)
Prochloraz 91.3 (4.2) 1143 (3.1) 97.4 (6.6) 78.9 (6.2) 86.5 (3.7) 82.5(8.4)
Pyraclostrobin 97.4 (4.6) 107.7 (2.9) 108.8 (3.1) 83.9 (5.3) 97.2 (2.3) 89.7 (3.0)
Dimethomorph 2 108.4 (3.1) 80.7 (4.7) 79.8 (4.3) 105.0 (7.0) 114.0 (7.2) 119.2 (11.0)
Dimethomorph 1 107.8 (5.1) 81.2 (4.9) 81.6 (7.2) 80.9 (4.9) 98.7 (2.8) 84.7 (12.9)
Difenoconazole 104.4 (2.1) 111.4 (1.8) 95.2 (3.8) 80.5 (5.6) 99.5 (1.6) 92.6 (2.2)
Spirodiclofen 90.1 (2.8) 79.8 (4.0) 85.5 (5.7) 78.2 (9.4) 82.1 (4.5) 96.7 (4.5)
Cyflumetofen 96.1 (4.6) 78.5 (3.2) 79.3 (6.8) 109.5 (6.2) 89.0 (3.4) 1023 (15.8)
Abamectin 88.7 (1.5) 118.5 (3.3) 117.7 (2.2) 78.6 (3.9) 87.7 (3.8) 78.2 (2.7)
Fluazinam 90.8 (8.8) 113.1 (9.4) 90.4 (5.4) 78.5 (10.2) 89.7 (3.1) 78.6 (11.0)
Demeton 79.8 (8.0) 95.8 (2.7) 105.9 (3.3) 84.4 (5.8) 104.9 (9.5) 79.0 (6.6)
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