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ABSTRACT: Objective To establish a method for the simultaneous determination of 70 kinds of pesticide residues
in vegetable wastes by QuChERS (Quick Easy Cheap Effective Rugged and Safe) and ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods Vegetable wastes samples were extracted
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and purified by QuChERS method, then the samples were detected by UPLC-MS/MS, and the electrospray ionization

source was used simultaneous scanning, detected under multiple reaction monitoring mode, matrix-matched

calibration curve, and quantified by external standard method. Results

The 70 kinds of target pesticides

exhibited great linear relationships within the concentration range of 2.0-200.0 pg/L, with linear correlation

coefficients were all greater than 0.99. The average recoveries ranged from 61.7% to 109.9%, the relative standard
deviations were 0.4%-9.7%, with 3 addition levels at 0.002, 0.004 and 0.020 mg/kg. The limits of detection were

in the range of 0.0001 to 0.0020 mg/kg, and the limits of quantification were in the range of 0.0003—0.0060 mg/kg.

Conclusion

This method is easy operation, fast, accurate, and good sensitivity, which is suitable for the

simultaneous detection of pesticide residues in a large number of vegetable wastes samples.

KEY WORDS: vegetable wastes; pesticide residues; QuEChERS; ultra performance liquid chromatography-tandem

mass spectrometry
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. SO . e E R, 3RO E L. B HUBK . AR |
FOLARIAEE . AR, ARG, KE&mE . M min . v
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WEWERR . BRHUIR . SUMERE . —OREE. SAOME . CREEME.
Rk . WREEGE . MAWESL . EEAGEE . HUMENS . ORI . A
HORFERE . SBEIR . 28 H . H AR 4 14 2 R H iR
(R Yty FREA. CEMR . ZIER | WERR . LEE.
B R, AR . BETEME . KSR, R R | g
MRS ORFER . FNGONR , CTRIRR G  WREENE | Ik AR |
IRTERD IR . MEDE MR . REE AR SR . A SR
i R (R R 100 mg/L, b2t i R e 45 BR
D 70 BRBRIE SR B ORR R R, SEER 2
5 T ) TR A5 A M G A VB, R ) 3 st R T ol RS T



156 B il 2 A iR A I A 4

%16 &

SR RORRIE AR

TR BRRRBE (B ali, b K e 244k T A BRZA #);
FALII e al, deatfb T ), SEA T I (7 HH 4K O Fff 551
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PSA) (KA CARBHER IR A |, G, HEE. Wik
i (fa %4, 3 [E Thermo Fisher Scientific 23 #]); Z BRI
ali, [EARE b A R H]D

TCOKBRERBE IR T3k 4 500 °Ch#A 5 h, W FTHEes
th, BHIE& .

ACQUITY =2 AH (L3 . Waters ACQUITY UPLC
HSS T3 {41 (100 mmx2.1 mm, 1.8 pm)(3& [ Waters 2\ 7);
Xevo TQ = H VU M AT 5T 1% A [ Ac A L W5 55 &5+ I
(electrospray ionization, ESI), 3E[# Waters 23 7] ]; 3K15 ik
RHEOHLEEE Sigma /A A)); HZQ-C 28 IR IR B (MR
T AR FHARTF LA A F]); SCIENTZ-18N ¥ kT
PERLCT WOB 2 A R 03 45 BN \1); BS200S-WET 434
R-(&E 0.1 mg, JEHTFEZFIHT RKPA BRA H)).
1.2 #HmETE

AR A Y 1 SR (M B AR 20 ) R i B CRE R, AR
FBk R HER A YN VI R/NBE, R T JE O R  o HERR
PRI SR A3 SRR A 5.0 gCRE i & 0.001 g) T 50 mL
RO, A 10 mL 4k, WHER, ¥E 30 min,
A 15 mL 1% R OB, #5130 min, 78
OEPRINA 6.0 g /K BLFREE R 2.0 g EALEN, BIZIIRG
1 min, J&&IJ5LL 8000 r/min .0 3 min. #REL 750 mg
ToKBREREE . 125 mg PSA BT 5 mL HEHLE T, K
B 5.0 mL B ELELE S, WIERY 2 min, U
8000 r/min #.0» 3 min. BT 0.2 pm IEHR, 2 ARG
#ivh, UPLC-MS/MS I 5E .

1.3 {(UEREH
355 fF: Waters ACQUITY UPLC HSS T3 ik

(100 mmx2.1 mm, 1.8 pm); FEiR: 40 °C; AR 5 uL;
Wi 0.3 mL/min; LA 5 mmol/L HFREZ-0.1% H BRACIE B (i
SH AYFT S mmol/L H & - H B W (T sh Al B) ki s A
PEATRRRE VRN, VMR A L 1.

JEiE A R HLBESS B TR (electrospray ionization,
ESI); £ v Wil (multiple reaction monitoring, MRM)#&=(,
EE T, BHEHE 2.5 kV; B TIRIEE: 150 °C; &
AL 400 °C; AR HE: 800 L/h.
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Table 1 Gradient elution conditions of mobile phase

B ] /min E/(mL/min) B A/% GBI B/%
0.0 0.3 95 5
0.5 0.3 95 5
2.0 0.3 60 40
7.0 0.3 5 95
7.5 0.3 5 95
10.0 0.3 95 5
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Table 2 Mass spectral parameters of 70 kinds of pesticides

bz LA R B F(m/2) FE T (2 HEFLH R/ V i g /e V BT HEH#ig
1 [TIESEiRE 216.08 174.22%,96.03 30 18,25 EET
2 TR 282.30 212.19%, 194.19 14 10, 16 EET
3 D& 162.94 106.15%, 88.06 15 10, 10 EET
4 SN 194.10 95.10%, 137.10 15 14,8 EET
5 PO A 202.00 117.00%, 145.00 30 28,20 EET
6 Ik e 202.88 128.97*, 157.01 16 12,8 BT
7 156 2 B IV 207.17 132.04*, 89.04 16 6, 14 EEF
8 5 K Jg 208.17 116.03*, 89.04 8 6,18 L&
9 o RN 223.00 148.00*, 86.00 30 14,10 =
10 [e0gS 221.00 109.00%, 79.00 30 22,34 EBTF
11 LY 222.11 165.10%, 123.00 30 16, 16 LT
12 3L T H AL 238.00 163.00%, 181.00 30 16, 10 EET
13 e R 223.00 126.00*, 90.10 28 20, 35 EET
14 N4 224.10 127.10%, 98.10 15 16, 12 EET
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=25
75 TR BT (/2) FET(2) HEFLHL R/ V fili i e /e V BFHE
15 LB A 228.00 109.00%, 168.00 25 25,15 EET
16 R 230.10 125.00*, 199.00 30 20, 10 EET
17 R 237.00 90.00*, 72.00 12 10, 10 i
18 K 243.20 97.00%*, 131.00 18 31,20 EET
19 b B A 247.10 109.00*, 137.00 15 20, 10 IEET
20 g o i 250.00 132.00*, 169.00 30 18,12 EFET
21 58 Ht 253.00 126.00*, 90.10 32 20, 40 E®ET
22 B 256.00 140.00*, 168.00 17 20, 20 EEF
23 ke 256.10 175.10%, 209.10 22 20, 14 FET
24 WA = 257.00 109.00%, 79.00 19 18, 30 EEF
25 I WE HL R 271.10 125.90%, 224.90 30 25,12 EET
26 SRR 273.20 121.00%, 231.20 20 25,12 IEET
27 e 292.00 132.00*,211.20 30 22,12 EET
28 FERR 279.10 247.10%, 169.10 25 13, 16 EET
29 A5 B 55 S A 295.00 280.00*, 109.00 29 18,32 BT
30 fE B B 311.00 125.00*, 109.00 29 22,28 EET
31 FH L ST A 301.10 174.90%*, 125.00 30 29,17 EEF
32 P 7% 306.25 201.16*, 57.03 20 12,20 EET
33 % IR 311.06 140.9%8, 158.01 18 28,12 FET
34 30 314.00 162.10*, 120.00 17 16,28 EET
35 =R 314.10 118.90%, 161.90 31 35,18 EET
36 T It 350.20 97.00%, 198.00 36 32,20 EET
37 e 353.10 133.00%, 297.10 12 20, 8 EET
38 00 Pk 356.30 176.90%*, 119.00 17 11,37 EET
39 B 363.00 289.00%*, 307.00 21 24,16 EETF
40 Ik It R 365.15 309.10%, 147.10 28 15,22 EFET
41 Fik 26 i 349.49 107.05%, 177.20 16 44,18 FEf
42 T 406.20 251.00%, 152.00 34 22, 60 EET
43 R 2 g 440.29 181.08*, 166.00 12 14, 40 BT
44 SRR 484.37 286.20*, 453.40 25 25,18 EET
45 TRER 493.02 158.03*, 141.00 27 19, 35 EET
46 ZARER 732.44 141.89*, 97.89 34 30, 60 EETF
47 FH 22k 886.60 158.00%, 302.10 40 37,28 FET
48 ety 189.10 102.00*, 144.00 22 17,12 EET
49 = 190.00 136.00%, 163.00 32 37,22 EET
50 ZHR 192.10 160.10%, 132.10 30 18,28 BT
51 WETH R 202.00 131.00*, 175.00 42 30, 25 EET
52 LEEI 268.00 124.00*, 226.00 19 40, 10 EET
53 R 274.90 178.00%, 153.00 37 24,26 EETF
54 e 280.10 192.10%, 220.10 15 17,13 BT
55 T s 289.10 125.10%, 70.20 25 32,18 EET
56 KEST 297.13 159.01*, 201.08 40 20, 16 BT
57 T8 e 308.26 69.99*, 125.01 30 22, 34 EET
58 L Mg i 314.00 70.01%, 159.00 31 22,28 EET
59 P Ak 326.10 70.20%, 159.00 37 25,34 EBT
60 RFER 326.10 148.00%, 91.00 17 20, 34 EET
61 5N Ik 371.99 164.86*, 284.95 28 36, 20 EET
62 I 1 ] 375.35 225.17*,203.26 34 18, 18 T
63 Ik fief iz 376.19 308.14*, 70.06 18 16, 34 EET
64 M I T T T 388.32 163.16*, 194.17 16 28, 14 EET
65 I T N 388.16 165.04*, 301.06 34 30, 20 E®TF
66 1% T i 404.10 372.00%, 329.00 20 15,35 EET
67 Z ik Y FRmE 406.40 251.20%, 111.10 35 25,60 EET
68 SR 248.10 93.00%, 129.00 25 35,15 FET
69 EZ 294.10 70.20%, 125.10 27 20, 38 EET
70 SRR 214.10 154.00%, 172.00 9 18,8 EEF
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Fig.l Total ion chromatogram of 70 kinds of pesticides
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BE(L. 2. 5 mmol/L)R IR Lb K &, 7E 5 mmol/L HH R
BWRIET, 70 B AR 245 1) PNBCR I TE 60%~110% 2 18] o R I,
PeELL 5 mmol/L F R %-0.1% H IR /K 5 (A)FI 5 mmol/L
FH R 2 - FH IR 15 VR (B) Ay ik Bl AH A 7 68 BE V6 B, 10 min PN
SERL 70 Pl 25 A PLE AN, - HISI AT | 4 BE N R L
PEEAT .
23 REESSLGERE

BORAHMR I LW 2, S REMEE . B2 M
e BRRLE, N LA A BB e R A0l A b B AR TS
QuEChERS J& H i fff i FL & Ay A 4b ¥y 2%, 38 Tl
PELARMHE . SRR S, AT
RN 5 Y D 122 T Chg) PSA J& QUEChERS
R R IEDR, B P . W bR e SR
Cig FERGRAEMAE T, WRZE. WIFE ., 58058 K%,
PSA EZELEEWMETHY, EE. FHLR. 23R .
A, ] DU i SR A S — R ) R
SHMET PSA. Cig. PSA+Cg 3 RV G AR iy
HFALROR o o BUSOR LR B, AR PSA N
9125 mg B, SEEE RS 0T R B X BRSPSk
AR o
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BiRIEFY A B L, A B &F T B LR
4y, GNELMREST. MFE . BiZS. MRS, XEYIRSTINE
AL BRI AT, R AT A SR B R e . FE TR R
Sy R AN, AR I BTk 58 T RE T3 H ARk A
Wy A ASERREO S SRS BT A (D B R:

ME/%=(%—1)X 100% (1)

o, A, B8 SR 3 VA VR ) P o VS T 0 TR,
A Z AR FIBC ] A bR HE R TR AR . 2 |ME|<20%, 3R]
Te B B TR 20%<|ME| < 50%, 3¢ B JE T Hh 45
IME[>50%, &M%t H ARk A4 B iy 5L 5 200, 52
B AT 0.05 mg/L S FIFR A + SO i Bk
FRARMER W AT AL . i 2 AT, b BRI AR
B S B SO0V (IME| < 20%) B A 25 550 — B, A JE AL
N (20%<|ME| < 50%) i) + & B g =, 1 4 o 5L 5T A
(IME[>50%) fit I J2 2 st B i i o BEPARR U, Dk S8 %
Fe b ELAT v A5 R i T AN A 245 L iR B 61.4%.
PRIt AR 2 v e 235 10 3555 T o o Y 90 11 =Xk ik A 7
FE AT, DA BRI 0T TP sl
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Fig.2 Effects of different matrices on MEs of 70 kinds of pesticides
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Ry T8 B 3 RSN, AN B 9T SR FH A 1 3 JOR I VR R
2.0~200.0 pg/L FRIN Tk IR A PRI, LUBT S
SRR AR AR, WETI AU AR AR AR E I R . S5, 1E
+ ERME B 70 ik A 7E 2.0~200.0 pg/L Tih
RIS BN R RAF, MHCRECH 0.991~0.999, WL
T E T R (3R 3). AL 3 A5AT 10 5 E ML (SIN)
TR B BRAE EBR, WE 3. 70 FACZ A HBR
0.0001~0.0020 mg/kg, * R4 0.0003~0.0060 mg/kg, 1%
T GB 23200.121—2021 { B ibE2EZEAAE HEYFRER
b 331 A 24 R HACI AR B B I E VA A - g ER
FH:) MG TP HUE A% A 2 ) Jr i fE B . B2
A AR R A R, XSS H A H
N BRI 07 PR, %o e 2458 B 150 P L B (AL R o e
IR AR, X ELTT BB A 40 4 UGS F (AL AG I 4 4
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WEELZIM AN Bk 70 R 251 + G RURIZ A BRE
W, ZRANES AN 0.002, 0.004 F10.020 mg/kg 1) 70 Flfe 2578
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BAREVA W, BRI E ST () R T AL PR AN A . RN Xt AR fE W 2% 7 0.4%~9.7% = [8] , 3L A W £ GB/T
JKERES S 6 A AT, 0 E PEH BT K A S A 7 g 27404—2008 { SEHGEE GRS HVE 25 BL A ) AR ifE
2 BRI 3, 70 Rl 24 ISR TE 61.7%~109.9% 2 7], A Xt [T A AR XS A v s 2 P 223K

F3 70 FHRAWEMTEE. HXER, REHR, E2R. FHERKERSHEHSIRERE

Table 3 Linear equations, correlation coefficents, limits of detection, llmlts of quantification, average recoveries and relative
standard deviations of 70 kinds of pesticides

b2 SRR LHEE/(ug/L)  MXFRE KB R/(mgkg) ERBR/(mgkg) CEEERIER %  HXARERZE /%
1 B 2.0~200.0 0.991 0.0005 0.0015 69.5~102.2 0.5~5.8
2 CHR R 2.0~200.0 0.999 0.0005 0.0015 82.7~105.7 2.1~4.6
3 &S 2.0~200.0 0.999 0.0020 0.0060 75.9~108.8 2.7~4.2
4 SR 2.0~200.0 0.994 0.0004 0.0012 67.5~86.5 2.3~5.1
5 7 4 [H] 2.0~200.0 0.991 0.0010 0.0030 65.9~105.2 4.5~5.8
6 ke Uk 2.0~200.0 0.999 0.0020 0.0060 64.1~100.6 1.8~6.7
7 196 ISR 2.0~200.0 0.999 0.0020 0.0060 67.5~103.5 2.9~6.4
8 6 K, 2.0~200.0 0.999 0.0020 0.0060 71.4~90.4 3.2~5.1
9 1o KN 2.0~200.0 0.991 0.0020 0.0060 71.4~96.7 0.8~4.2
10 Hhe i 2.0~200.0 0.993 0.0002 0.0006 61.7~99.1 2.4~4.1
11 7 2.0~200.0 0.992 0.0020 0.0060 64.1~109.2 3.0~5.6
12 3R B 2.0~200.0 0.999 0.0020 0.0060 70.7~96.7 7.2~8.3
13 I HUBK 2.0~200.0 0.999 0.0002 0.0006 91.8~95.8 0.4~6.2
14 &4 2.0~200.0 0.993 0.0010 0.0030 78.0~99.6 1.3~3.5
15 L TR B 2.0~200.0 0.999 0.0002 0.0006 75.3~106.2 2.4~3.7
16 R 2.0~200.0 0.991 0.0020 0.0060 78.1~92.8 2.1-3.1
17 R 2.0~200.0 0.999 0.0020 0.0060 77.6~105.8 5.6~8.7
18 KL 2.0~200.0 0.996 0.0002 0.0006 77.2~108.9 4.0~6.2
19 b A B 2.0~200.0 0.999 0.0020 0.0060 65.8~98.4 4.6~7.8
20 WE H i 2.0~200.0 0.999 0.0020 0.0060 90.1~107.2 1.6~7.5
21 gE bt Ik 2.0~200.0 0.999 0.0002 0.0006 78.7~94.9 2.3~6.1
22 iR 2.0~200.0 0.999 0.0002 0.0006 69.8~90.9 2.8~6.1
23 Mt b 2.0~200.0 0.997 0.0002 0.0006 65.6~107.6 1.3~3.4
24 SR 2.0~200.0 0.999 0.0020 0.0060 92.2~109.9 2.2~4.5
25 I o 2.0~200.0 0.993 0.0020 0.0060 70.9~84.0 2.1~6.7
26 TR B i 2.0~200.0 0.996 0.0002 0.0006 72.2~94.8 1.2~8.4
27 WE s 2.0~200.0 0.991 0.0020 0.0060 73.0~92.1 4.6~8.2
28 fEHiRE 2.0~200.0 0.996 0.0005 0.0015 69.4~93.9 4.2~72
29 35 B SV B 2.0~200.0 0.995 0.0005 0.0015 80.8~101.0 2.3~6.5
30 FETREIL 2.0~200.0 0.994 0.0005 0.0015 66.1~109.3 4.2~6.5
31 FE T A 2.0~200.0 0.991 0.0020 0.0060 66.4~109.1 1.6~8.1
32 E 5 ] 2.0~200.0 0.995 0.0001 0.0003 80.5~95.5 3.2~4.8
33 s HUIR 2.0~200.0 0.998 0.0002 0.0006 76.0~108.7 1.7~5.4
34 Eln 2.0~200.0 0.998 0.0005 0.0015 74.2~108.3 2.3~4.1
35 e 2.0~200.0 0.997 0.0002 0.0006 62.8~103.1 1.4~3.5
36 B HEIE 2.0~200.0 0.995 0.0001 0.0003 84.3~106.5 2.6~4.8
37 7 I 2.0~200.0 0.996 0.0010 0.0030 72.7~106.5 2.1~6.2
38 H sk ik 2.0~200.0 0.999 0.0002 0.0006 80.0~104.0 3.1~4.6
39 i 75 2.0~200.0 0.992 0.0020 0.0060 80.3~94.1 4.5~6.8
40 ik g 5L 2.0~200.0 0.998 0.0001 0.0003 84.3~109.9 4.5~8.7
41 k2 s 2.0~200.0 0.996 0.0010 0.0030 80.8~107.4 1.6~7.6
42 gk i 2.0~200.0 0.999 0.0010 0.0030 70.8~101.7 2.1~6.5
43 AR s 2.0~200.0 0.991 0.0020 0.0060 78.4~87.9 4.2~8.1
44 S R 2.0~200.0 0.995 0.0010 0.0030 71.0~108.3 2.7~6.5
45 SRR 2.0~200.0 0.994 0.0020 0.0060 72.0~106.3 4.2~6.5
46 LR EE 2.0~200.0 0.995 0.0002 0.0006 81.0~87.1 3.1~8.2
47 4 4h 2.0~200.0 0.996 0.0005 0.0015 81.0~108.2 3.6~7.1
48 R 2.0~200.0 0.995 0.0020 0.0060 75.1~106.4 4.5~6.5
49 = B 2.0~200.0 0.996 0.0001 0.0003 78.4~96.5 5.1~6.5
50 LB 2.0~200.0 0.997 0.0002 0.0006 71.1~106.3 3.4~6.7
51 WE R 51 2.0~200.0 0.992 0.0002 0.0006 66.6~95.9 5.3~9.1
52 3 2.0~200.0 0.996 0.0020 0.0060 74.9~86.6 4.2~8.4
53 R 2.0~200.0 0.991 0.0020 0.0060 74.8~101.2 2.3~6.7
54 LR 2.0~200.0 0.998 0.0002 0.0006 73.2~102.3 1.5~6.7
55 i i e 2.0~200.0 0.993 0.0020 0.0060 75.4~108.0 2.6~7.6
56 KEiFt 2.0~200.0 0.995 0.0010 0.0030 70.2~105.2 3.5~7.4

57 A 2.0~200.0 0.992 0.0020 0.0060 64.1~109.4 4.6~8.9
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58 e 2.0~200.0 0.992 0.0010 0.0030 71.7~109.2 3.8~8.4
59 5 A i 2.0~200.0 0.991 0.0010 0.0030 67.9~109.6 4.2~7.6
60 KRR 2.0~200.0 0.991 0.0020 0.0060 78.4~108.3 3.7~6.8
61 TR R 2.0~200.0 0.993 0.0002 0.0006 74.2~106.6 2.4~6.9
62 I e il TR 2.0~200.0 0.994 0.0020 0.0060 68.5~109.0 5.1~9.7
63 DK 5 i 2.0~200.0 0.998 0.0020 0.0060 70.5~85.7 4.5~8.6
64 EE A i T i 2.0~200.0 0.999 0.0010 0.0030 79.5~109.1 2.4~6.8
65 7S T N g 2.0~200.0 0.999 0.0001 0.0003 88.0~107.8 1.5~5.2
66 V% T Hi 2.0~200.0 0.997 0.0002 0.0006 76.0~104.5 4.6~7.4
67 % Tk Bk 2.0~200.0 0.998 0.0005 0.0015 68.1~108.7 3.5~8.1
68 SR 2.0~200.0 0.998 0.0010 0.0030 68.9~98.1 4.1~7.9
69 EAA 2.0~200.0 0.995 0.0010 0.0030 66.4~99.7 5.5~9.4
70 AN R 2.0~200.0 0.991 0.0020 0.0060 65.5~109.9 4.2~9.6

2.7 EBREERINE

el Tk, RAEGSE ﬁﬁ%ﬂmmﬁﬁmzow

T 70 PR 2GR EAAE LI E o SR 7 Rk, A
*@ ZWR . %fﬁ\%E%\ME%\%Eﬁﬁm&

ZARWRGE ). FER . ZHERA . 55 LR Rk K
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Table 4 Detection results of 70 kinds of pesticides in actual
vegetable waste samples

e (AT K Y ] V-1 5% B
/% /(mg/kg) /(mg/kg)

TR 30 ek Hi~0.310 0.031

ZHR 30 Hek Hi~0.304 0.030

F5 30 FHH~0.010 0.002

1 i Jiz 10 FAir Hi~0.351 0.052

M, H ok 30 A HH~3.290 1.230
SR 10 HeA Hi~0.451 0.041

ZARWE 10 HHH~0.012 0.006
3 & #

AT LR BT S H B4 IR A DA R B B 4

S AT A Ak, %mm&@%%%ﬁﬁﬁ%%,z%
TR AE . WS AYLRSEEFR T, W
THWREW ML, #57 T QuEChERS #1445 &
UPLC-MS/MS XJ B 54 70 FhAe 245 5% B8 1 [m] B R sk
R A s, %0 e A BTAL PR B BRI R L W
REEPR, WERG . RBUE R RS, & TR R R 5
YA 25 Z2 5% B IR . ) FHIZ 0y TR X S PR gk S A e S
(B S FEAE R EA T O A, Kol 7 Ahofe2ly, DI dORIALR
PRI 32 BEBHER SRR R h K o AR 2 30 AR KRR DY, XF

JLPRFI B, G B A U b, Lk Ak 25 0T BE

SR R e . R, TSR T R S R 3 R ARk
LAY, DARIE H ek, mE SR 2 TR ys e v Y
oA A
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