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Abstract: The complex composition of aquatic products, with high levels of protein and fat,

significantly impacts the accuracy of liquid chromatography-mass spectrometry analysis for pes-

ticide residue detection. Hence, developing effective purification materials is essential to
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mitigate these matrix interferences. To address strong matrix interference in pesticide residue
analysis, a composite material, multi-walled carbon nanotubes ( MWCNTSs )-sodium alginate
(SAL) (MWCNTs-SAL), was developed and used as purification material in a push-rod oscilla-
tion purification column to establish a rapid method for analyzing 66 pesticide residues in
Litopenaeus vannamei. The composite solution of MWCNTs and SAL was quickly sprayed into
CaCl, solution by electrospray device for crosslinking, and MWCNTs-SAL materials were pre-
pared. The results of scanning electron microscopy image proved the successful preparation of
the MWCNTSs-SAL. Acetonitrile, as the extraction solvent, was modified with acetic acid to aug-
ment the extraction efficiency of acidic pesticides, and anhydrous sodium sulfate was utilized to
remove water from the matrix. Push-rod oscillation purification technology was used for purifi-
cation of the post-centrifugation extract. The target compounds were separated using C,; RRHD
column (150 mmx3.0 mm, 1.8 pm) and the mobile phases were consisted of 0. 2% formic acid
aqueous solution ( containing 5 mmol/L ammonium acetate) and 0.2% formic acid methanol.
The high performance liquid chromatography-triple quadrupole/linear ion trap mass spectrome-
try (HPLC-QTRAP-MS/MS) was used for separation and determination, and the data was col-
lected through the multiple reaction monitoring ( MRM) mode. Due to the different properties of
the target compounds, positive and negative ion acquisition scan modes were employed for
mass spectrometry analysis. The quantitative analyses of the 66 pesticides were achieved by ma-
trix-matched standard curves. The purification effects of MWCNTs-SAL and commercial sor-
bents on the extraction of the 66 pesticides were compared. The pretreatment parameters, such
as the optimal dosage of MWCNTs-SAL and anhydrous sodium sulfate on the purification effects
of the 66 pesticides were also assessed. When using 50 mg MWCNTs-SAL and 100 mg anhydrous
sodium sulfate as the purification materials, the purification effect of aquatic products was the
best. The 66 pesticides demonstrated good linearities in the range of 0. 5-50 pwg/L, with correla-
tion coefficients of greater than 0. 99. The limits of detection and quantification for the 66 pesti-
cides were 0. 5-1 pg/kg and 1-2 ng/kg, respectively. The recoveries of the 66 pesticides under
three spiked levels (low, medium, high) were 64. 1% —107. 3%. The intra- and inter-day preci-
sions were both less than 20. 4%. This study provides an economical, quick, efficient, and sen-
sitive approach for pesticide residue detection in aquatic products.

Key words: multi-walled carbon nanotubes ( MWCNTSs) ; high performance liquid chromatogra-
phy-triple quadrupole/linear ion trap mass spectrometry ( HPLC-QTRAP-MS/MS); aquatic
products; pesticide residues
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Table 1 Gradient elution procedure

Time/min  Flow rate/( mL/min) o(A)/% o(B)/%
0 0.4 95 5
1.0 0.4 95 5
3.0 0.4 80 20
8.0 0.4 50 50
19.0 0.4 5 95
23.0 0.4 5 95
23.1 0.4 95 5
27.0 0.4 95 5

A 0.2% formic acid aqueous solution ( containing 5 mmol/L
ammonium acetate) ; B: 0.2% formic acid methanol.
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Table 2 Retention times and MS parameters of the 66 pesticides

L. Molecular Retention P:?rent Product ions DP/ CEs/

No. Compound Classification CAS No. . . ion

formula time/min (m/z) A% eV
(m/z)

1 methamidophos ( F i) organophosphates ~ 10265-92-6  C,H,NO,PS 4.91 142.0 94.0°,125.0 57 19, 18
2 acephate ( Z Mt 1) organophosphates ~ 30560-19-1  C,H,,NO,PS 5.75 184.0 143.07, 125.0 50 12,25
3 omethoate (S LIRH) organophosphates ~ 1113-02-6 C,H,,NO,PS 6.34 214.0 183.07, 109.0 60 16, 36
4 propamocarb ( FE%EL) carbamates 24579-73-5  C,H,,N,0, 6.42 189.2 102.1°, 74.1 70 24,35
5 aldicarb-sulfoxide (7K VK ) carbamates 1646-87-3 C,H,N,0,S 6.72 207.1 132.0°, 89.0 55 9,20
6 aldicarb-sulfone (3K i) carbamates 1646-8-4 C,H,N,0,S 7.14 240.1 148.0°,166.1 30 17, 16
7 carbendazim (ZH R ) imidazoles 10605-21-7  C,H,N,0, 7.92 192.1 160.17, 132.1 80 25, 41
8 methomyl ( KZRE) carbamates 16752-7-5 C,H,\N,0,S 7.93 163.1 88.0°,106.0 38 12, 14
9 thiamethoxam (WEHI% ) neonicotinoids 153719-23-4 C.H,,CIN,O,S 8.15 292.0 211.1°, 181.1 30 16, 30
10 imidacloprid (A= ik ) neonicotinoids 138261-41-3 C,H,,CIN,O, 9.32 256.1 209.1°,175.1 45 22,27
11 clothianidin (RAJJET) neonicotinoids 210880-92-5 CH CIN,O,S 9.46 250.0 132.07,169.1 35 21,17
12 carbofuran-3-hydroxy (3-}23£78H &) carbamates 16655-82-6  C,H NO, 10.03 238.1 181.1°,163.1 70 16, 18
13 acetamiprid ( IEHt k) neonicotinoids 135410-20-7 C,,H;,CIN, 10.05 223.1 126.0°, 99.0 65 28,60
14 dimethoate (<) organophosphates  60-51-5 C,H,NO,PS, 10.07 230.0 125.0",199.0 56 29,13
15 aldicarb (3K J&) carbamates 116-06-3 C,H,,N,0,S 11.66  208.1 116.1°, 89.0 20 11,25
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Table 2 (Continued)
No. Compound Classification CAS No. Molecular Rfetentif)n Pailrent Product ions DP/ CEs/
formula time/min (m/z) A% eV
(m/z)
16 dichlorvos ( HHH: organophosphates ~ 62-73-7 C,H,CLOP 12.77  221.0 109.07, 127.0 70 23, 27
17 thiophanatemethyl ( 1 3EFEA L) imidazoles 23564-05-8 C,H,,N,0,S, 12.80  343.1 151.07, 311.0 60 26, 15
18 carbofuran ( 5& [ &) carbamates 1563-6-2 C,H,,NO, 13.06  222.1 165.17,123.0 70 16, 29
19 fenthion-sulfoxide (fBRRETH) organophosphates ~ 3761-41-9  C,,H0,PS, 13.32 295.0 280.0°, 109.0 90 25, 45
20 fenthion-sulfone (fFHTHEM ) organophosphates ~ 3761-42-0  C,H,;,O,PS, 13.69  311.0 124.8", 278.9 100 25,23
21 phorate-sulfoxide ( FHFEMEIIN ) organophosphates  2588-3-6 C,H,,0,PS, 14.28  277.0 199.0°, 153.0 25 13, 19
22 phorate-sulfone ( FHEREDR) organophosphates ~ 2588-4-7 C,H,,0,PS, 14.50  293.0 97.0°, 115.0 65 50, 35
23 isoprocarb (S EL) carbamates 2631-40-5 C, H,NO, 14.59 194.1 95.1°,137.1 57 19,12
24 pyrimethanil (#EHZ) phenylpyrazoles 53112-28-0  C,H,,N, 14.93  200.1 183.17, 168.1 30 33, 40
25 forchlorfenuron ( Z M4 0%) - 68157-60-8  C,,H,,CIN,O 14.96  248.1 129.0", 93.0 50 23,47
26 methidathion ( AFM#) organophosphates ~ 950-37-8 CH, N,0,PS, 1531  303.0 145.0°, 85.0 59 13,28
27 azoxystrobin (i) strobilurin fungicides 131860-3-8  C,,H,,N,O; 15.85 404.1 372.17,344.1 80 20, 34
28 dimethomorph (s EEREM ) amides fungicides ~ 110488-70-5 C,H,,CINO, 16.63  388.1 301.17, 165.1 105 29, 43
29 malathion ( BHIERHE) organophosphates ~ 121-75-5 C,H,0.PS, 16.67 331.0 127.0°, 99.0 70 16, 32
30 myclobutanil (M) triazoles 88671-89-0  C,H,,CIN, 16.85 289.1 70.0",125.0 80 35, 46
31 triazophos ( =Mk ) organophosphates ~ 24017-47-8§  C,,H,\N,O.,PS 17.02  314.1 162.17, 119.1 80 24, 50
32 isazofos (GMERE) organophosphates ~ 42509-80-8  C,H,,CIN,0,PS 17.10  316.0 164.0", 122.0 70 23, 35
33 fipronil-desulfinyl (5 H #%) benzoylureas 205650-65-3 C,,H,CLLFN, 17.45  387.0 351.0", 282.0 =30 -19, -47
34 epoxiconazole (FHIRME) triazoles 133855-98-8 C,,H,CIFN,O 17.56  330.1 121.0°, 101.0 85 55,70
35 ethoprophos ( KZk#) organophosphates  13194-48-4  C,H,,0,PS, 17.59  243.1 130.9°, 97.0 67 26, 43
36 fenbuconazole (Jif#<M) triazoles 114369-43-6 C,,H,,CIN, 17.63  337.1 125.0°, 70.0 95 42,43
37 fipronil (FHUI) benzoylureas 120068-37-3 C,H,CLFN,OS  17.77 434.9 330.0°, 250.0 -25 —24, -38
38 flusilazole (FRAEmE) triazoles 85509-19-9  C,H,,F,N,Si 17.79 316.1 247.17,165.1 50 26, 37
39 iprodione (FEfR) oxadiazines 36734-19-7 C,H,,CLLN,0, 17.82  330.1 245.07, 288.0 30 20, 18
40 fipronil-sulfide (5 HLiE WA ) benzoylureas 120067-83-6  C,H,CLFN,S 17.96  418.9 383.0°, 262.0 —-20 -22, -35
41 prochloraz (K& ) imidazoles 67747-09-5 C,H,,CLN,O, 18.23  376.2 308.0°, 266.0 20 15, 22
42 isofenphosmethyl ( FFE 534005 ) organophosphates  99675-03-3  C,,H,,NO,PS 18.24  332.1 231.07, 121.0 20 19, 43
43 isocarbophos (K &R ) organophosphates  24353-61-5  C, H,,NO,PS 18.24  231.0 121.07, 109.0 100 26, 38
44 fipronil-sulfone ( fifi 5L 5 HLHE ) benzoylureas 120068-36-2 C,H,CLFN,0,S 1827 450.9 414.9", 282.0 —28 -26, -38
45 tebuconazole ( M) triazoles 107534-96-3 C,H,,CIN,O 18.37 308.2 70.0°, 125.0 95 49, 47
46 fenthion (fiHi#%) organophosphates ~ 55-38-9 C,H,,0,PS, 18.38  279.0 247.0°, 169.0 78 18,23
47 famoxadone ( MEMA R ) oxazoles 131807-57-3 C,,H,N,O, 18.44 392.2 331.17°,238.1 45 12,24
48 phoxim ( Y-Hif) organophosphates  14816-18-3  C,,H;N,0,PS 18.70  299.1 129.0", 153.0 55 18, 10
49 pyraclostrobin ( F 7&4) strobilurin fungicides 175013-18-0 CH CIN,O, 18.71 388.1 194.1°,163.1 50 18, 36
50 hexaconazole ( C. M%) triazoles 79983-71-4  C, H,CLN,O 18.76  314.1 70.0", 159.0 85 45, 40
51 phorate (FFIH%) organophosphates ~ 298-02-2 C,H,,0,PS, 18.96 261.0 75.0°, 47.0 51 21,53
52 difenoconazole ( ZEfE I ERm:) triazoles 119446-68-3  C,,H,,CL,N,0, 19.15  406.1 251.0°, 337.0 105 35, 24
53 (E)-diniconazole ( (E)-Jmki) triazoles 83657-24-3 C,H,,CLLN,O 19.15  326.1 70.0", 159.0 105 60, 40
54 emamectin benzoate macrocyclic lactones 155569-91-8 C,HyNO 19.25 886.5 158.1°, 82.1 50 41, 110
(PP  R R H L)
55 trifloxystrobin (5 & 5) strobilurin fungicides 141517-21-7 C,H,F,N,0, 19.33  409.1 186.1", 145.0 40 23,63
56 tolfenpyrad (M H LAY ) amides fungicides  129558-76-5 C,H,,CIN,0, 20.18  384.1 197.1°, 171.0 40 35,33
57 fenpropathrin ( B & 4978 ) pyrethroids 39515-41-8  C,,H,,NO, 20.60 350.2 97.17,125.1 85 46,23
58 chlorpyrifos (#EAEH%) organophosphates ~ 2921-8-2 C,H,,CL,NO,PS 20.61  349.9 197.9°, 97.0 75 28,45
59 pendimethalin ( —H &SRR ) anilides fungicides  40487-42-1 C,H, N0, 20.72  282.1 212.17,194.1 40 15,28
60 etoxazole ( Z.IfiMk) - 153233-91-1 C,H,,F,NO, 20.84 360.2 141.0°, 304.1 80 42,25
61 propargite ( TEMF) organosulfurs 2312-35-8  C,H,0,S 20.86  368.2 231.2°, 175.2 20 14, 21
62 (E)-fenpyroximate ( (E)-Mighfig) benzoylphenylureas 134098-61-6 C,H,,N,O, 21.18 4222 135.07,336.1 90 43,23
63 esfenvalerate (Jﬂﬁiﬁﬁjk’;ﬁﬁﬁ) carbamates 66230-04-4 C,H,,CINO, 21.29  523.0 280.97, 506.0 55 23,16
64 fenvalerate (&JWZMHS) pyrethroids 51630-58-1  C,H,,CINO, 21.41 437.2 167.17, 125.0 30 19, 59
65 pyridaben ( Bk R ) - 96489-71-3  C,,H,,CIN,0S 21.64 365.1 309.1°, 147.1 77 17, 34
66 bifenthrin (BA2HER) pyrethroids 82657-04-3  C,.H,,CIF,0, 22.65 440.2 181.1°, 166.1 40 22,58
DP. declustering potential; CE: collision energy; * quantitative ion; —. unclassified.
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Fig. 1 Total ion chromatogram of the mixed standard
solution of the 66 pesticides (5.0 pg/L)
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Fig. 3 Effects of different purification materials on
purification efficiencies of the 66 pesticides
R recovery; C;: octadecylsilane chemically bonded silica;

MWCNTs-SAL

PSA. ethylenediamine-N-propylsilane-silicagel; HLB: polysty-
rene-divinyl benzene sorbents.
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Fig. 4 Effects of different dosages of (a) MWCNTSs-SAL and (b) Na,SO, on purification efficiencies of the 66 pesticides
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Table 3 Limits of detection (LODs), limits of quantification (LOQs) of the 66 pesticides and their spiked recoveries,
intra- and inter-day RSDs under three spiked levels

2 ng/kg 10 ng/kg 20 ng/kg
No. Compound Lob/ - Low/ Recovery */ Intra-day Inter-day Recovery */ Intra-day Inter-day Recovery */ Intra-day Inter-day
(ngrke) (ng/ke) % RSD */% RSD%% % RSD */% RSD¥% % RSD */% RSD¥%
1 methamidophos 1 2 91.0 2.4 5.6 84.1 3.2 6.2 92.3 4.7 4.7
2 acephate 0.5 2 79.9 2.3 6.2 88.4 2.2 4.1 82.9 6.7 6.7
3 omethoate 0.5 2 83.9 1.4 7.4 89.1 2.3 5.4 90.8 5.5 8.1
4 propamocarb 0.5 2 82.2 2.6 5.0 90.8 2.6 5.1 94.0 6.2 6.3
5 aldicarb-sulfoxide 0.5 1 81.0 6.5 7.8 89.7 2.7 4.2 100.2 7.1 11.6
6 aldicarb-sulfone 0.5 2 88.1 2.3 2.9 87.4 0.9 1.6 93.2 1.7 1.7
7 carbendazim 0.5 2 81.8 1.5 2.2 85.7 0.7 1.2 91.6 1.3 2.1
8 methomyl 0.5 2 84.6 1.9 2.2 89.3 1.4 3.7 98.3 2.6 6.5
9 thiamethoxam 0.5 2 80.0 2.0 4.3 89.4 0.7 5.5 89.9 1.1 33
10 imidacloprid 0.5 2 84.3 1.3 3.6 89.5 1.1 1.3 91.4 0.7 2.1
11 clothianidin 1 2 83.6 2.0 3.2 89.2 0.8 1.6 90.5 0.8 1.8
12 carbofuran-3-hydroxy 0.5 1 84.6 1.8 1.9 87.5 1.3 1.7 92.6 1.2 2.5
13 acetamiprid 0.5 2 86.2 1.1 1.2 89.7 1.0 1.5 92.0 1.2 2.6
14 dimethoate 0.5 2 85.4 0.9 1.9 90.1 1.2 1.1 91.3 0.9 1.2
15 aldicarb 0.5 2 83.9 1.6 2.8 88.8 2.2 33 96.2 2.2 5.7
16 dichlorvos 0.5 2 64.1 7.4 13.1 73.4 2.3 8.2 82.1 0.5 0.7
17 thiophanatemethyl 0.5 1 78.5 1.3 3.8 80.1 1.0 2.5 85.5 1.5 4.2
18 carbofuran 0.5 1 74.8 1.2 4.5 84.1 1.3 1.6 90.3 0.8 1.5
19 fenthion-sulfoxide 0.5 1 81.7 1.7 33 85.2 1.7 1.9 90.4 33 4.5
20 fenthion-sulfone 0.5 2 78.3 2.1 4.8 79.8 0.8 3.1 85.1 0.8 3.6
21 phorate-sulfoxide 0.5 2 84.0 1.8 2.5 85.8 1.6 1.9 92.2 1.1 2.2
22 phorate-sulfone 0.5 2 78.7 3.1 4.4 80.2 1.4 4.8 91.1 1.9 4.1
23 isoprocarb 0.5 2 74.4 2.1 4.8 83.8 1.6 1.9 89.7 0.7 1.0
24 pyrimethanil 0.5 2 75.5 4.0 4.7 84.1 2.1 2.5 89.3 1.6 1.6
25 forchlorfenuron 0.5 2 71.5 1.7 5.7 78.7 1.1 1.4 88.6 1.1 5.0
26 methidathion 0.5 2 80.3 1.6 2.9 81.0 1.5 2.9 87.5 0.7 2.0
27 azoxystrobin 0.5 1 71.1 1.4 5.7 71.3 1.7 5.9 90.8 1.1 7.4
28 dimethomorph 0.5 2 71.3 1.7 6.0 75.4 0.9 4.0 90.3 1.5 7.7
29 malathion 0.5 2 71.7 1.6 6.9 74.2 1.6 6.1 82.1 1.9 5.1
30 myclobutanil 0.5 2 70.9 3.7 7.9 71.3 2.1 2.8 81.3 1.6 5.2
31 triazophos 0.5 2 71.4 2.4 5.7 71.0 1.1 53 81.0 0.6 5.2
32 isazofos 0.5 2 71.9 1.5 5.2 74.1 2.0 5.5 79.7 1.4 6.2
33 fipronil-desulfinyl 0.5 2 70.1 6.3 11.1 78.5 14.3 11.4 90.6 3.4 14.3
34 epoxiconazole 0.5 2 72.4 3.7 5.1 76.5 2.7 5.0 94.4 2.0 8.7
35 ethoprophos 0.5 1 75.0 3.2 6.5 83.3 2.8 3.4 89.0 2.9 2.7
36 fenbuconazole 0.5 1 76.5 8.4 9.4 73.5 3.8 4.1 81.3 2.5 6.3
37 fipronil 0.5 2 80.5 12.8 12.3 88.4 7.7 10.7 92.6 3.0 16.7
38 flusilazole 0.5 2 70.5 3.9 9.1 75.3 1.6 3.4 92.0 2.2 9.8
39 iprodione 0.5 1 72.9 10.3 10.8 80.2 4.9 5.7 101.6 1.6 15.0
40 fipronil-sulfide 0.5 2 85.1 15.8 20.4 71.4 7.2 10.4 92.3 6.3 17.4
41 prochloraz 0.5 2 86.0 4.5 9.8 81.7 3.7 5.7 101.2 6.8 6.5
42 isofenphosmethyl 0.5 2 74.9 3.7 6.7 76.6 4.9 7.8 74.4 4.7 7.4
43 isocarbophos 0.5 2 72.2 2.3 5.9 70.4 2.4 8.9 76.2 4.4 11.2
44 fipronil-sulfone 0.5 2 70.7 3.6 6.0 79.3 11.0 11.0 97.5 3.1 18.7
45 tebuconazole 0.5 2 69.2 3.2 6.6 71.4 1.3 3.6 86.1 1.3 4.0
46 fenthion 0.5 2 74.5 4.7 7.4 73.8 2.7 6.4 76.1 1.3 8.4
47 famoxadone 0.5 2 72.9 6.2 8.5 77.1 2.0 2.6 92.2 1.6 14.0
48 phoxim 0.5 2 70.8 4.7 6.1 74.4 8.7 7.9 74.0 1.8 11.0
49 pyraclostrobin 0.5 2 72.9 3.7 5.9 71.1 1.6 5.9 93.3 3.3 15.0
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Table 3 (Continued)
T 2 pg/kg 10 pg/ke 20 pg/ks
No. Compound (ng/ke) (pg/ke) Recovery */ Intra-day Inter-day Recovery */ Intra-day Inter-day Recovery */ Intra-day Inter-day
% RSD */% RSD%% % RSD */% RSD#% % RSD */% RSD%%
50 hexaconazole 0.5 2 71.8 4.5 7.7 74.7 2.3 2.8 79.9 1.2 6.3
51 phorate 0.5 2 74.6 2.8 6.4 70.9 4.7 6.6 88.7 2.6 8.5
52 difenoconazole 0.5 2 70.4 2.4 7.7 71.0 1.3 6.1 75.5 1.3 8.2
53 (E)-diniconazole 0.5 1 78.3 6.8 8.4 71.0 1.5 4.8 94.9 2.2 10.2
54 emamectin benzoate 0.5 2 69.9 10.7 10.7 70.3 14.8 13.0 87.8 3.2 15.7
55 trifloxystrobin 0.5 1 72.0 8.3 7.9 73.3 8.7 7.0 92.8 1.4 15.5
56 tolfenpyrad 0.5 2 80.4 5.3 5.3 78.6 2.0 5.4 107.3 1.9 14.9
57 fenpropathrin 0.5 1 72.2 3.3 7.0 74.4 1.9 4.6 91.8 2.1 13.5
58 chlorpyrifos 0.5 1 71.4 4.1 7.8 77.0 2.8 4.9 80.1 4.7 11.5
59 pendimethalin 0.5 2 72.1 2.2 7.1 73.3 2.5 4.5 92.9 1.6 14.1
60 etoxazole 0.5 2 71.5 3.8 6.1 71.2 2.7 5.5 92.7 2.0 14.4
61 propargite 0.5 2 75.4 6.9 6.0 73.5 3.6 15.9 98.4 2.9 16.4
62 (E)-fenpyroximate 0.5 2 73.1 3.7 7.6 77.4 3.0 3.7 93.5 6.4 18.9
63 esfenvalerate 0.5 1 83.3 7.5 7.6 81.2 4.4 7.9 96.1 7.5 12.6
64 fenvalerate 0.5 2 72.3 12.0 14.2 76.0 6.2 9.8 101.6 6.8 7.9
65 pyridaben 0.5 2 73.5 11.0 12.3 81.4 10.4 18.0 94.4 2.9 11.9
66 bifenthrin 0.5 2 75.0 7.9 8.4 71.7 6.0 9.4 94.4 12.8 12.6
* n=6; # n=3.
[5] GuoY G, Zhang J, Xu J, et al. J Agric Food Chem, 2021,
3 g 69(25) ; 7199
[6] Gosetti F, Mazzucco E, Zampieri D, et al. J Chromatogr A,
AW 5T H T MWCNTs-SAL & & ¥ fb b4 L il 2010, 1217(25) ; 3929
HPLC-QTRAP-MS/MS &*,ngﬁ(fﬂﬂﬁg T 66 F [7] Qin Y H, Huang B Y, Zhang J R, et al. J Sep Sci, 2016, 39
M ey 5P IA (9): 1757
&%ﬁﬁ% E(J mﬁﬁ\*ﬁﬁ{fo %Eﬁﬁﬁﬁ%ﬂ%ﬁ’ﬂ MWC- [8] MaL L, Zhao L W, Wang J Q, et al. J Chromatogr Sci,
NTs-SAL E%yﬁ{kjﬁ*"l‘ﬂﬁﬁtg E/:J Y$’ﬂ:‘f¢ ﬁg ’ HI DJ\ 2020, 58(2): 109
TRIEE s b Xof 7K 7= o 356 5 8 B i3k A7 i A b 3 [9] ZouN, Chen RH, QinY H, et al. J Sep Sci, 2016, 39(18):
ey J S =Y = S 3638
VAT IR DT MEE 20 R, RABUEE G AL PEAF, Oy [10] Song L, Zeng W B, Li A, et al. Food Control, 2022, 131;
255R ARSI T R T K B K™ i i R 2575 G 108436
DR DL N AR 25 5% B8 XU DAL 458y 44t 7 s A [11] Meng Z J, Li Q, Cong J H, et al. Foods, 2021, 10(7):
HR A H, 03!
[12] MuS H, Wang C Y, Liu H, et al. Biomed Chromatogr,
52T H 2021, 35(10) ; e5176
[13] ZhouRD, Mu S H, Feng T, et al. J Food Compos Anal,
(1] Eunjung K, Sihyun P, Hyunjin P, et al. Molecules, 2021, 26 2022, 109: 104506
(9): 2575 [14] Dong X Q, Lan T, Tian X, et al. J Environ Sci Heal B,
[2] Wang SY, Yang G X, Tang Y Y, et al. Foods, 2023, 12(6) : 2021, 56(8): 771
1131 [15] Wang J, Wu T, Wang X Q, et al. Chinese Journal of Chro-

Wang C X, Huang F, Wang M, et al. Chinese Journal of
Chromatography, 2013, 31(3) . 206

FALH, BN, T, % @i, 2013, 31(3): 206

Zhang Y, Qiao H, Chen C, et al. Food Chem, 2016, 192.
612

matography, 2023, 41(4): 330

EI, R, FHA, . @i, 2023, 41(4) : 330

Tu X T, Yang H B, Guo F, et al. Chinese Journal of Ana-
lytical Chemistry, 2021, 49(4) . 528

WRAEI, B, Mg, S5 BTk, 2021, 49(4) ;528





