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Determination of 64 pesticide residues in fruits and vegetables by
QuEChERs-ultra performance liquid chromatography triple four-stage
linear ion trap tandem mass spectrometry

LIU Jia, CAI Tao", PANG Hong-Yu, LUO Hua-Lan

(Guizhou Agricultural Products Quality and Safety Supervision and Testing Center, Guiyang 550001, China)

ABSTRACT: Objective To establish a method for the determination of 64 pesticide residues in fruits and
vegetables by QuEChERs-ultra performance liquid chromatography triple quadruple-rod linear ion trap tandem mass
spectrometry. Methods The problems of sample agglomeration, low pesticide recovery and poor reproducibility in
the traditional QUEChERS pretreatment method were solved by optimizing the traditional QUEChERS pretreatment
method. Totally 64 kinds of pesticide residues in fruits and vegetables were detected by ultra performance liquid
chromatography triple four-pole linear ion trap tandem mass spectrometry, and unnecessary pollution of mass
spectrometer was reduced by adding switching valve steps, and mass spectrometry system was protected. Results
Quantitative determination of 64 target substances was completed within 10.00 min. The calibration curves of 64
pesticides were plotted by external standard method, and the linearity was good. Most of the correlation coefficients
were above 0.9990. The method had low detection limit and could be used for the detection of trace pesticide
residues. A total of 64 pesticides were recovered with different substrates, and the recoveries ranged from 70% to

111%. Conclusion The method is simple, rapid and sensitive, which is suitable for the preliminary screening, trace
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detection and quantitative analysis of various residues in vegetables and fruits.

KEY WORDS: pesticide residues; vegetables and fruits; QuEChERs pretreatment; ultra performance liquid
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Table 1 Mass spectrometric parameters of 64 pesticides

a4 R i} [t /min YL R BEES T BT L TE TR
1 =REEE 3.30 3-hydroxycarbofuran-1 238.1 163.2°
2 3.30 3-hydroxycarbofuran-2 238.1 181.2
3 T P et 1.36 acephate-1 184.1 142.9"
4 1.36 acephate-2 184.1 125
5 g H Jpk 3.32 acetamiprid-1 2232 126.1°
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6 3.32 acetamiprid-2 2232 99.1
7 TR 3.86 aldicarb-1 208.3 115.9°
8 3.86 aldicarb-2 208.3 88.9
9 BB RN 2.08 aldicarbsulfone-1 2233 86.1"
10 2.08 aldicarbsulfone-2 2233 147.9
11 RS RIAL 1.86 aldicarb sulfoxide-1 207 132°
12 1.86 aldicarb sulfoxide-2 207 89
13 I 44 T 2K 7.10 avermectin bla nh4-1 890.5 305.1°
14 7.10 avermectin bla nh4-2 890.5 145
15 W TR g 5.12 azoxystrobin-2 404.3 344.17
16 5.12 azoxystrobin-1 404.3 372.1
17 2 TR 7.75 bifenthrin-1 440.3 181.1°
18 7.75 bifenthrin-2 440.3 166.2
19 25 4.49 carbaryl-1 202.1 145.1°
20 4.49 carbaryl-2 202.1 127.1
21 ZHR 2.99 carbendazim-1 1923 1603
22 2.99 carbendazim-2 192.3 132.1
23 LNEy: 4.32 carbofuran-1 2222 165.2"
24 4.32 carbofuran-2 222.2 122.8
25 SRR H e 5.03 chlorantraniliprole-1 484 453.1
26 5.03 chlorantraniliprole-2 484 286.1
27 KAl 5.83 chlorbenzuron-1 309.2 156
28 5.83 chlorbenzuron-2 309.2 139
29 i 8.24 chlorfenapyr 1 408 221"
30 8.24 chlorfenapyr 2 408 250
31 FRE I 6.77 chlorfluazuron-1 540 383"
32 6.77 chlorfluazuron-2 540 158.3
33 s A 6.54 chlorpyrifos-1 350 97.1°7
34 6.54 chlorpyrifos-2 350 198
35 K 0.76 cyromazine-1 167.3 85.1°
36 0.76 cyromazine-2 167.3 68.2
37 T 5.94 diazinon-1 305.3 169.1°
38 5.94 diazinon-2 305.3 153.1
39 [ E5 g 4.27 dichlorvos-1 221.1 109"
40 4.27 dichlorvos-2 221.1 127.1
41 AR gk FH P 6.09 difenoconazole-1 406.1 2517
42 6.09 difenoconazole-2 406.1 337.3
43 B HRUIR 5.71 diflubenzuron-1 311.2 141.2
44 5.71 diflubenzuron-2 311.2 158.1
45 SRR 3.28 dimethoate-1 230.2 125"
46 3.28 dimethoate-2 230.2 198.8
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47 o175 T 4 5.35 dimethomorph-1 388.2 301.3"
48 5.35 dimethomorph-2 388.2 165
49 Rk 6.30 emamectin bla-1 886.5 158.17
50 6.30 emamectin bla-2 886.5 126.1
51 Tk 3 i 7.55 etofenprox-1 394.2 177.2°
52 7.55 etofenprox-2 394.2 359.2
53 A MERE 4.69 fenitrothion-1 278.1 143"
54 4.69 fenitrothion-2 278.1 125
55 T 5.72 fipronil-1 454.1 367.7"
56 5.72 fipronil-2 454.1 4372
57 EAUAI 4.91 forchlorfenuron-1 248.1 129.2°
58 491 forchlorfenuron-2 248.1 93
59 HAEELUN 3.01 imidacloprid-1 256.1 209.3"
60 3.01 imidacloprid-2 256.1 175.2
61 Sk 5.72 iprodione-1 330.1 245"
62 5.72 iprodione-2 330.1 288
63 PR S M 5.81 isfenphos-methyl-1 3323 231.2°
64 5.81 isfenphos-methyl-2 3323 273.2
65 K B 4.90 isocarbophos-h2o-1 273.1 230.8"
66 4.90 isocarbophos-h20-2 273.1 121
67 Rt 5.37 malathion-1 331.2 127.1°
68 537 malathion-2 331.2 285.1
69 R 4.84 metalaxyl-1 280.2 220.2"
70 4.84 metalaxyl-2 280.2 192.3
71 e 0.92 methamidophos-1 142.1 93.8"
72 0.92 methamidophos-2 142.1 125
73 KZ B 2.36 methomyl 1 163.1 88.1
74 2.36 methomyl 2 163.1 106
75 FURR 1.67 omethoate-1 214.3 183.17
76 1.67 omethoate-2 214.3 125
77 EZ ¢ 5.35 paclobutrazol-1 2942 70.2"
78 5.35 paclobutrazol-2 294.2 125.3
79 ZHIURR 6.57 pendimethalin-1 282.2 212.1°
80 6.57 pendimethalin-2 282.2 194.2
81 RAT 5.07 phosmet-1 318 160"
82 5.07 phosmet-2 318 133
83 Ve T 6.03 phosalone-1 368.1 182.17
84 6.03 phosalone-2 368.1 322.1
85 FRE 5.97 phoxim-1 299.1 77"
86 5.97 phoxim-2 299.1 129.1
87 FH el STV AN 4.68 phroate foxide-1 277 199
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88 4.68 phroate foxide-2 277 171
89 SEER a7 4.77 phroate sulfone-1 293 171
90 4.77 phroate sulfone-2 293 143.1
91 Dk i filz 5.98 prochloraz-1 376.2 308.17
92 5.98 prochloraz-2 376.2 70.1
93 N IR 6.29 profenofos-1 373 302.9"
94 6.29 profenofos-2 373 345
95 TR 1.43 propamocarb-1 189.2 102.2°
96 1.43 propamocarb-2 189.2 73.9
97 NP ik TR T 5.93 pyraclostrobine-1 388.3 194.2°
98 5.93 pyraclostrobine-2 388.3 164.2
99 ik il R 6.97 pyridaben-1 365.3 309.3"
100 6.97 pyridaben-2 365.3 147.1
101 WA 5.25 pyrimethanil-1 200.2 107.17
102 5.25 pyrimethanil-2 200.2 82
103 SN T A e 7.11 tau-fluvalinate-1 503.1 181.3
104 7.11 tau-fluvalinate-2 503.4 208.3
105 Pk 5.71 tebufenozide-1 353.1 133.17
106 5.71 tebufenozide-2 353.1 297.2
107 WIE g 2.53 thiamethoxam-1 292 210.9"
108 2.53 thiamethoxam-2 292 181.3
109 = 5.40 triadimefon-1 294.3 197.17
110 5.40 triadimefon-2 294.3 224.9
111 = I 5.46 triazophos-1 314.1 162.17
112 5.46 triazophos-2 314.1 119
113 T 1 il 6.50 hexytjiazox-1 353.1 228.1°7
114 6.50 hexytjiazox-2 353.1 168.1
115 SR 478 isoprocarb-1 194.2 95.1"
116 4.78 isoprocarb-2 194.2 137.2
117 R T BRI 5.14 terbufos-sulfoxide-1 305.1 187
118 5.14 terbufos-sulfoxide-2 305.1 243.3
119 FET 6.42 terbufos-1 289.1 103.2°
120 6.42 terbufos-2 289.1 233.2
121 FET IR BN 5.15 terbufos-sulfone-1 338 321.2
122 5.15 terbufos-sulfone-2 338 171.2
123 KN Wk 5.60 ethoprophos-1 243.1 97"
124 5.60 ethoprophos-2 243.1 131
125 e R 3.26 trichlorfon-1 274 109"
126 3.26 trichlorfon-2 274 220.9
127 WA 5% ] 5.50 buprofezin 1 306.2 201.1°
128 5.50 buprofezin 2 306.2 116.2

RN ERET
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Table 2 Regression equations, correlation coefficients, limits of detection, recoveries and relative standard deviations of 64 pesticide
residues in celery

%0 0
M PR S S U e oo
(hg/ke) i T T R
SR Y=20671.26646X + 3108.64186 0.9995 0.06 85 98 87 2.0 099  1.03
LTt R W Y =4.96581e4 X +5.87773¢4 0.9989 0.17 71 77 73 481 421 437
IE H ik Y =5.89190e4 X + 3715.38382 0.9997 0.02 90 102 98  2.04 1.09 136
KB Y = 14875.54368 X +2164.48953 0.9995 0.04 78 98 88 428 407 3.38
T8 KA Y = 6542.32025 X + 1580.72631 0.9990 0.06 99 101 99 3.07 2.89 2.87
o BT Y =25110.91906 X +5679.92792 0.9996 0.02 89 95 98 241 242 211
By 24 7 2% Y =1537.33236 X +1211.24426 0.9988 0.06 105 91 111 567 551 248
M5 TR i Y =6.12991¢4 X + 560.46653 0.9996 0.01 80 85 82 241 247 101
WA R Y=12866.87459X +14673.99313 0.9980 0.04 75 72 77 .01 1.03  2.11
FH 28 Y =15132.89245 X + 583.10403 0.9997 0.06 90 99 101 335 411 2.87
ZWR Y = 16446.29758 X + 1157.71345 0.9992 0.05 89 101 90 28 201  1.03
SH Y =1.22783e5 X +1723.94370 0.9996 0.02 105 103 103 2.09 099 123
SRR H I Y = 10664.22085 X + 506.15272 0.9992 0.01 90 103 93 339 354 2095
Kk Y =10125.90409 X + 356.29739 0.9993 0.13 89 85 83 212  1.09 118
B Y=294.35169X +86.13835 0.9980 0.50 77 71 73 475 388 381
FE MK Y =10192.79753 X +162.45626 0.9994 0.03 79 75 88 471 437 326
BESEIR Y = 6815.32373 X +826.54439 0.9985 0.16 70 85 81 881 679 5.6
Kb Y =12378.43425 X +9536.00393 0.9963 0.19 79 88 80 726 44 4.4
TR Y =4.90391e4 X + 688.08907 0.9996 0.03 88 90 90 747 561 438
R Y =11151.21994 X + 24027.52669 0.9997 0.17 73 79 77 751 346 4.53
E N RN Y =4.74008e4 X + 2457.42711 0.9992 0.04 85 87 86 231 1.19  1.19
FREY7e Y = 11194.83992 X + 904.92586 0.9994 0.14 90 98 90 345 287 294
SRR Y =4.32581¢4 X + 1398.56886 0.9996 0.04 88 99 94 257 189 188
VDAL Y =3.92355¢4 X + 1850.80884 0.9995 0.04 90 90 89 1.89 1.89 1.88
HH 4k Y =27753.51520 X + 5246.57052 0.9990 0.002 90 101 88 345 345 287
ik 34 ik Y =6.00903¢4 X + 8402.20635 0.9965 0.14 74 72 77 5.67 551 248
A AL Y =3479.76039 X + 55.24183 0.9995 0.17 73 75 89 567 44 4.4
UG Y =501.54102 X +290.19721 0.9936 1.32 71 71 70 751 346 453
SR Y =3.15539¢4 X + 5983.56270 0.9993 0.18 75 76 77 345 119 2.09
AL Y =7645.55526 X + 305.43122 0.9991 0.06 89 99 101 101 1.03 1.01
SR Y=1129.0289X +287.7691 0.9913 0.14 72 75 73 923 655  6.18
PP L S M g Y =5.82676¢4 X +8841.47423 0.9994 0.02 89 88 83 .01 1.03  2.11
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Mnglke) [ I T i i i

K Wt i Y =4.12476e4 X + 196.06408 0.9995 0.04 85 90 88 1.0l 1.03 1.03
E i i i Y =3.83325¢4 X + 551.26947 0.9994 0.11 88 98 98 1.01 1.01 1.1
R Y = 1.39035¢5 X +2519.75036 0.9997 0.03 90 101 104 1.07 1.03 1.07
FH e Y =28864.08049 X +5501.95162 0.9992 0.04 88 85 90 335 4.11 2.87
P& Y =22873.01936 X +3629.70680 0.9993 0.04 89 101 109 3.45 209  2.08
FURR Y =4.34267e4 X +512.88168 0.9990 0.02 71 73 77 5.67 2.08 2.08
EZ Y =24254.43604 X + 1381.29741 0.9996 0.22 79 88 86 4.4 3.51 4.4
THRR Y = 11231.78242 X + 727.32168 0.9990 0.12 71 72 71 44 4.45 1.1
RATRE Y =523.66932 X + 1162.46926 0.9969 0.10 78 88 73 1.64 2.34 0.51
B i Y =20744.35432 X + 5413.64619 0.9995 0.03 88 81 89  1.99 425 379
FH Y =28111.30044 X + 5399.95439 0.9991 0.10 89 99 95 1.0l 0.9 0.9
22T R AT Y =1.46481e5 X + 6673.27221 0.9996 0.02 95 91 89 698 5.61 1.76
FH LR Y = 13880.77167 X + 1211.25893 0.9993 0.001 93 91 101 3.46 5.33 1.64
K A frie Y =4.26403¢4 X +2331.38530 0.9995 0.04 88 89 109 1.6 1.6 1.6
IR Y =3.15706¢4 X + 2652.58072 0.9998 0.02 78 83 83 036 157  5.09
FATR L Y = 1.83761¢5 X + 23890.19289 0.9989 0.04 70 76 77 039 0.95 1.47
NP ik T i Y =5.35806e4 X + 7512.93863 0.9996 0.0048 88 83 89 1.8l 1.42 1.74
Mk it R Y =5.97634e4 X + 2580.62497 0.9996 0.02 78 88 98 522 2.34 4.88
W7 e Y = 15345.86339 X + 3133.83186 0.9995 0.16 73 79 76 778 198  3.35
T A e Y =7172.73290 X + 1067.21244 0.9990 0.07 69 77 81 626 3.51 3.07
g Y =9.66275¢4 X + 2682.64330 0.9993 0.03 81 78 76 2.01 322 622
e R Y = 15640.30854 X + 808.18247 0.9993 0.04 80 9 88 517 4.72 1.05

= T ] Y =19179.82711 X + 845.81558 0.9997 0.04 88 91 97 492 1.84 1.27
=BTk Y =5.30441e4 X + 6813.42968 0.9997 0.01 85 89 85 415 345 415
VA Y =25516.10091 X +2055.34662 0.9995 0.01 90 89 93 2388 6.55  5.19
SN Y =13019.21445 X + 993.51953 0.9991 0.16 89 9 90 247 262 3.65
TR B Y = 17489.78577 X +2069.15890 0.9996 0.01 89 95 99 1.4l 1.41 2.29
FET miE Y =1370.27826 X + 1758.70779 0.9990 0.05 83 88 91 1.81 1.42 1.74
TR Y =6.77096e4 X + 20099.98718 0.9996 0.14 90 91 89  1.01 0.9 1.41
PILSE 3 Y =5.00874¢4 X + 10429.27163 0.9995 0.15 89 91 93 421 4.01 3.89
[ Y =5979.70564 X + 225.07058 0.9988 0.30 88 91 95 8.78 7.87 771

WEE R i Y=5319.7823X + 12595.45281 0.9929 0.07 86 88 83 5.19 414  3.62
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B XIC of +MRM (124 pairs): 238.100/163.200 amu Expected RT: 3.3 ID: 3-Hydroxycarbofuran-1 from Sample 102 (kb) of 20190429.wiff (T...
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Fig.1 Chromatogram of celery blank sample
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