2025 4 10 f & i% Vol.43 No.10
October 2025 Chinese Journal of Chromatography 1145~1153

B R X DOI: 10.3724/SP.J.1123.2025.02001

BRE ZERMNKE N HA QuEChERS-S 18 i -5 B R it %
5] B 46 i 25 S 7k 3R vh 34 Fhoe 25 R 4% 35t 4 ok B8

wkEe ', EEMH, K OE', K E', T #° H#FR', FARY
(1. /3 BB XK B 48 4 S K R BSR40 20 B W0 S0 06 28, O Im R 2 A Ab T2 B, HlF 221 730070;
2. N & 2 A IR A I BT ST B, HOR 22 7300505 3. H R A Wi Ak ok S IR EE A0 b L E SR E
Hfi =M 730070)

TEE O T A3 AN AR 24 7 5 S K S P i % B8 KO AR B G B AR 0 T AR S N T R A £ BE e A
KA (MWCNTs-COOH) i 7 (1) QUEChERS K4 GC-MS/MS H7 A X} % 32 /K 5 v 34 A 24 Te AR5 5% B3 10 v o
R0 77 9 o 3 ol O A T Ak B o AR R e T A BT AR L B T B SR K R TR 34 Bl 24 R AR 0 o AR A T A% A
ELART BN < BRSOk SRR i 2 EEE R R, I B & 2 B & QUEChERS EN-$ A, 4R35 B30 5, B 3 % 7
ZERH 10 mg MWCNTs-COOH b i IR B ORI 2 mL B R ARER T, H&H NN TR ORE %,
FEff 22 0.22 pm Jé JE AL B iR I8 U5 L 248 Agilent HP-5MS UT A AR €35 4% (30 mx0.25 mmx0.25 wm) #2 )7 I i 43
B, GC-MS/MS £ Jx i W I ( MRM ) A0 AG M, 6 5 DG FBC AR i o it o ZE DR AR S0 56 45 11, 34 Rl 265 R ARk 78
A BE Y 2 MV N S R R M 6 B LR E R B R T 0.997 4, U7 B B AR A A B (LOD: 0.023 ~ 0.817
pg/kg) FE i fR (LOQ: 0.077 ~ 2.696 wg/kg) . FEAR . . 3 AN IAR KR, 34 Fhge 25 S A Wy v i ml e 5k
78.9% ~ 104.5% , X5 F7 i 0 25 (RSD) Ry 1.0% ~ 7.8%. A< 5 v e AL AR 38, W ff v 200, i TP oK R vh 2 41 4ok
2 AR i 5% BR R

KR R ZBER YUK ; QUEChERS ; S €3 - — 3 PUMR A T35 12 5 85 28K SR s k2 SRt

FE 225 :0658 SCERARIRAD : A

Simultaneous detection of 34 pesticide and metabolite residues
in vegetables and fruits using improved QuEChERS-gas
chromatography-tandem mass spectrometry with
carboxylated multi-walled carbon nanotubes

ZHANG Xinzhong'?, WANG Xuemei'®’, CHEN Jun', ZHANG Zhen', DING Hui’,
DU Xinzhen'®, LU Xiaoquan'’

(1. Key Laboratory of Water Security and Water Environment Protection in Plateau Intersection, Ministry of Education,
College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070, China; 2. Lanzhou
Institute for Food and Drug Control, Lanzhou 730050, China; 3. Key Laboratory of Bioelectrochemistry and
Environmental Analysis of Gansu Province, Lanzhou 730070, China)

Abstract: With the rapid advancement of industrialization, agricultural intensification, and ur-
banization, issues pertaining to environmental pollution and food safety have become increasingly

prominent. The use of pesticides plays a vital role in augmenting agricultural yield and quality,
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thereby serving as a foundational element of modern agriculture. However, improper or excessive
application can lead to pesticide residues, which pose a significant threat to ecological systems and
human health. Therefore, it is essential to enhance the surveillance of pesticide residue levels and
to pioneer novel, efficient analytical methodologies. Sample pretreatment constitutes a crucial stage
in the detection pipeline. Consequently, the development of rapid, green, and efficient sample
pretreatment techniques has advanced significantly and gained widespread application in recent years.
To effectively monitor pesticide residues in fruits and vegetables while reducing matrix interference,
we established a high-throughput method for detecting 34 pesticides and their metabolites. This
method utilizes a modified QUEChERS approach with carboxylated multi-walled carbon nanotubes
(MWCNTs-COOH) as a clean-up sorbent, followed by analysis with gas chromatography-tandem
mass spectrometry (GC-MS/MS). The detection conditions for 34 pesticide and metabolite residues
in fruits and vegetables were established through the optimization of the pretreatment process,
chromatographic conditions, and mass spectrometry parameters. Specifically, fruit and vegetable
samples were homogenized and extracted using a commercial QUEChERS EN extraction kit. Fol-
lowing shaking and centrifugation, the supernatant was transferred to a purification tube containing
10 mg of MWCNTs-COOH. Subsequently, this supernatant was evaporated to near-dryness under
a gentle stream of nitrogen, reconstituted in ethyl acetate containing an internal standard, and
filtered through a 0.22 pm nylon membrane filter. The target substances were separated on a HP-
5MS UI quartz capillary column (30 mx0.25 mmx0.25 wm) with a programmed temperature gradient,
detected by GC-MS/MS in multiple reaction monitoring (MRM ) mode, and quantified using a matrix-
matched internal standard calibration method. A full scan was performed across an m/z range of
45-500. Retention times and characteristic fragment ions were identified using the NIST mass spectral
library. The most intense fragment ion was selected as the precursor ion. Parameters including dwell
time and collision energy were then optimized to select the optimal product ion for each transition.
Acetonitrile was selected as the optimal extraction solvent, and 10 mg was determined to be the
optimal dosage of MWCNTs-COOH for purification. Under the optimized conditions, all 34 pesticides
and metabolites demonstrated good linearities within their respective concentration ranges, with
correlation coefficients (R?) greater than 0.997 4. The method demonstrated low limits of detection
(LODs) and quantification (LOQs), ranging from 0.023 to 0.817 pg/kg and 0.077 to 2.696 pg/kg,
respectively. At three spiked concentration levels (low, medium, and high), the recoveries for the
34 pesticides and metabolites ranged from 78.9% to 104.5%, with relative standard deviations (RSDs)
of 1.0% to 7.8%. Additionally, matrix effects were evaluated for six types of fruits and vegetables
at a spiked mass concentration of 0.2 pwg/mL. The results indicated significant differences in matrix
effects among the sample matrices. Chives exhibited the strongest matrix effect, followed by chili
peppers and celery. Bananas, grapes, and peaches were the least affected. Overall, strong matrix
effects were observed in over 20% of the analyte-matrix combinations, with vegetables generally

exhibiting a stronger influence than fruits. The evaluation confirmed significant differences in matrix
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effects for the target pesticides and metabolites across the various sample matrices. Consequently,

a matrix-matched calibration method was employed for accurate quantification to correct for these

effects. The developed method demonstrates high purification efficiency, accuracy, and repro-

ducibility, rendering it highly suitable for the simultaneous determination of multiple pesticide and

metabolite residues in fruits and vegetables.

Key words: carboxylated multi-walled carbon nanotubes (MWCNTs-COOH) ; QuEChERS; gas
chromatography-triple quadrupole mass spectrometry (GC-MS/MS) ; vegetables and fruits; pesti-

cides and metabolites
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Item Rate/ Tempera- Hold Run time/
(°C/min) ture/C time/min min
Initial value 60 1 1
Gradient 1 40 170 0 3.75
Gradient 2 10 310 3.3 21.05
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For peak Nos., see Table 2.
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Table 2 Retention times and MS parameters of the 34 pesticides and metabolites and internal standard substance

No. Compound Retention time/min ~ Monitoring ion pairs (m/z) Dwell times/ms Collision energies/eV
1 dichlorvos" 4.450 184.9>93.0", 108.9>79.0 15,10 15,15
2 methamidophos"’ 4.489 141.0>95.0", 141.0>79.0 10,10 5,10
3 acephate" 5.438 136.0>94.0", 136.0>42.0 10,10 5,15
4 omethoate' 6.462 155.9>110.0", 109.9>79.0 15,10 5,15
5 phorate" 7.107 260.0>75.0", 230.9>128.9 15,15 10,10
6 «a-HCH? 7.239 216.9>181.0°, 181.1>145.0 10,10 5,15
7 dimethoate"’ 7.423 92.9>63.0°, 86.9>46.0 10,10 10,15
8 B-HCHY 7.650 216.9>181.0°, 181.0>145.0 10,10 5,15
9 y-HCHY 7.725 217.0>181.17, 180.9>145.0 10,10 5,15
10 isazophos" 8.094 161.0>146.0°, 161.0>119.0 15,15 5,5
11 5-HCH” 8.112 217.0>181.17, 181.1>145.1 10,10 5,15
12 chlorothalonil”’ 8.196 263.8>229.0", 263.8>168.0 15,15 20,25
13 o0,p’-dicofol®” 9.076 139.0>111.0", 250.9>138.9 10,10 15,15
14 phorate-sulfoxide" 9.410 199.0>142.9, 96.9>64.9 15,15 10,20
15 phorate-sulfone" 9.411 153.0>97.0°, 124.9>96.9 10,10 10,10
16 fenthion" 9.452 278.0>169.0", 278.0>109.0 10,10 15,15
17 chlorpyrifos" 9.482 198.9>171.0°, 196.9>169.0 5,5 15,15
18 p.p’'-dicofol”’ 9.571 139.0>111.0°, 250.9>138.9 10,10 8,8
19 isocarbophos" 9.610 135.9>108.0", 135.9>69.0 5,5 15,15
20 isofenphos-methyl" 9.921 241.1>199.1", 199.0>121.0 10,10 15,15
21 pendimethalin® 10.035 251.8>162.2", 251.8>161.1 10,10 10,15
22 heptachlor epoxide” 10.105 352.8>262.9", 354.8>264.9 10,10 15,15
23 procymidone® 10.352 96.0>67.17, 96.0>53.1 5,5 15,10
24 methidathion" 10.510 144.9>58.1", 144.9>85.0 10,10 15,5
25 profenofos"’ 11.036 338.8>268.7", 207.9>63.0 10,10 15,30
26 dieldrin® 11.189 262.9>193.0", 262.9>191.0 10,10 35,35
27 fenthion-sulfoxide" 11.787 278.0>169.0", 278.0>109.0 10,10 15,15
28 fenthion-sulfone"’ 11.869 309.9>105.0", 135.9>92.0 10,10 10,10
29 triazophos" 12.152 161.2>106.17, 161.2>134.2 5,5 5,10
30 bifenthrin® 13.392 181.2>166.2", 181.2>165.2 25,25 25,10
31 cyhalothrin®’ 14.303 197.0>161.0°, 197.0>141.0 25,25 20,20
32 cypermethrin® 16.078 163.0>127.0°, 163.0>91.0 25,25 10,15
33 fenvalerate® 16.977 224.9>119.0", 167.0>125.1 25,25 15,15
34 difenoconazole® 17.332 322.8>264.8", 264.9>202.0 25,25 15,20
35 deltamethrin® 17.563 252.9>93.0", 250.7>172.0 25,25 15,5

* quantitative ion; # internal standard; 1) organophosphorus pesticides; 2) organochlorine pesticides; 3) pyrethroid pesticides; 4)
dinitrotoluene herbicides; 5) dicarboximide herbicides; 6) heterocyclic fungicides.
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Table 3 Linear ranges, linear equations, correlation coefficients, LODs, LOQs, average recoveries and RSDs (n=6)

Analyte Linear range/ Linear equation R? Recoveries (RSDs) % LoD/ Loy
(ng/kg) 5 wg/kg 20 pg/kg 50 pg/kg (pg/kg)  (pg/kg)

Dichlorvos 1.363-500 y=2.9052+0.024 0.9998 92.2 (3.6) 93.4 (4.1) 95.3(3.2) 0.496 1.363
Methamidophos 2.482-500 y=2.1632+0.045 0.9998 91.6 (3.5) 92.5 (4.7) 93.6 (3.3) 0.752 2.482
Acephate 1.891-500 y=1.9352+0.032 0.9998 79.5(4.2) 83.5(5.2) 87.9 (4.2) 0.573 1.891
Omethoate 0.943-500 y=3.591x+0.074 0.9980 93.5(3.4) 92.3 (5.2) 93.5 (4.4) 0.286 0.943
Phorate 0.265-500 y=2.4202-0.010 0.9999 99.8 (4.2) 98.4 (5.3) 103.9 (4.2) 0.080 0.265
a-HCH 0.899-500 y=7.6642-0.030 0.9996 92.4 (4.2) 91.8 (5.4) 91.6 (2.0) 0.272 0.899
Dimethoate 0.976-500 y=2.381x+0.024 0.9995 95.3 (4.8) 94.3 (3.2) 94.6 (2.9) 0.296 0.976
B-HCH 1.384-500 y=5.0322+0.012 0.9999 88.4 (1.7) 90.9 (4.9) 92.7 (6.1) 0.419 1.384
y-HCH 1.666-500 y=5.1432-0.027 0.9995 93.8 (2.9) 94.2 (6.6) 93.5(3.4) 0.505 1.666
Isazophos 1.098-500 y=4.834x+0.015 0.9999 92.9 (3.2) 91.4 (3.9) 92.4 (4.4) 0.333 1.098
6-HCH 2.439-500 y=3.7442+0.021 0.9998 90.8 (3.2) 88.2 (2.4) 86.8 (3.7) 0.739 2.439
Chlorothalonil 0.950-500 y=1.7192-0.013 0.9999 78.9 (3.3) 83.6 (4.2) 88.5 (5.1) 0.288 0.950
o,p’-Dicofol 0.271-500 y=21.040x+0.195 0.9994 82.3(1.3) 81.5(3.2) 85.9 (4.5) 0.082 0.271
Phorate-sulfoxide 0.509-500 y=3.387x+0.016 0.9996 92.5 (5.1) 94.3 (4.9) 95.4 (4.8) 0.154 0.509
Phorate-sulfone 1.169-500 y=8.867x+0.091 0.9991 94.3 (4.9) 95.3 (4.2) 95.9 (2.3) 0.354 1.169
Fenthion 0.180-500 y=11.380x+0.138 0.9997 97.7 (4.1) 98.6 (3.1) 101.3 (2.0) 0.054 0.180
Chlorpyrifos 0.900-500 y=4.3982x+0.009 0.9999 94.3 (5.2) 95.2 (2.5) 93.4 (7.8) 0.273 0.900
p,p'-Dicofol 0.588-500 y=14.5802-0.021 0.9997 85.9 (2.6) 82.1 (4.1) 90.4 (4.7) 0.178 0.588
Isocarbophos 1.586-500 y=7.7382+0.049 0.9997 89.8 (5.3) 93.5 (3.6) 95.4 (1.9) 0.481 1.586
Isofenphos-methyl 0.194-500 y=12.6302+0.061 0.9999 97.6 (6.3) 95.9 (5.0) 99.9 (4.7) 0.059 0.194
Pendimethalin 1.045-500 y=1.1782-0.016 0.9994 94.1 (4.9) 89.4 (3.7) 92.3 (4.7) 0.317 1.045
Procymidone 2.021-500 Yy=5.484x+0.746 0.9998 92.5(6.1) 94.3 (1.9) 89.9 (4.2) 0.612 2.021
Methidathion 0.158-500 y=11.5402-0.199 0.9981 93.4 (2.9) 94.7 (3.8) 96.4 (3.0) 0.048 0.158
Profenofos 0.844-500 y=1.7352+0.011 0.9997 92.4 (5.0) 88.3 (3.7) 93.2(3.8) 0.256 0.844
Dieldrin 2.696-500 y=0.838x+0.005 0.9998 89.9 (6.2) 90.4 (4.8) 91.4 (3.6) 0.817 2.696
Fenthion-sulfoxide 2.017-500 y=1.864x+0.014 0.9992 90.3 (3.7) 92.2 (3.5) 90.5 (5.2) 0.611 2.017
Fenthion-sulfone 1.403-500 y=1.0252+0.011 0.9997 93.2 (2.1) 91.3 (4.8) 88.5(3.2) 0.425 1.403
Triazophos 1.395-500 y=2.773x+0.033 0.9996 90.4 (3.4) 95.4 (1.0) 94.3 (1.1) 0.423 1.395
Bifenthrin 0.077-500 y=12.250x+0.042 0.9999 98.8 (1.6) 97.4 (2.5) 104.5(4.9) 0.023 0.077
Cyhalothrin 1.848-500 y=2.5912+0.013 0.9999 94.6 (3.8) 95.2 (4.1) 93.4 (2.7) 0.560 1.848
Cypermethrin 1.478-500 y=3.947x+0.089 0.9998 92.5 (4.3) 91.5 (3.2) 92.5 (3.7) 0.448 1.478
Fenvalerate 1.519-500 y=5.6742-0.031 0.9991 94.1 (3.8) 94.7 (3.9) 95.3(2.5) 0.460 1.519
Difenoconazole 1.135-500 y=6.678x+0.029 0.9992 94.3 (2.1) 95.9 (4.8) 94.3 (5.3) 0.344 1.135
Deltamethrin 1.996-500 y=1.5302-0.037 0.9974 90.4 (4.3) 94.3 (4.7) 95.1(4.9) 0.605 1.996

y : peak area ratio of target compound to internal standard; x: mass concentration ratio of target compound to internal standard.
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Fig. 4

(a) Matrix effects of pesticides and metabolites in six actual samples at the level of 0.2 pg/mL and (b) distribution

and proportion of matrix effects of the 34 pesticides and metabolites
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