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KA, FRIE, & E KU
(LIS KR BRSPS 330001)

B OE: BN @SOS = R -8 BT % s (gas chromatography-triple quadrupole-tandem mass
spectrometry, GC-MS/MS)IAE & F-H 59 Fifc 2558 B B W PSRRI ik . AE R NG RBORE T, /& 4
ZEROR AL S, R HP-5ms BANGE (415 H1(30 mx320 pm, 0.25 um)43 84, mai g /E N8R, Hik 1.0 mL/min,
A UEHERE, PEAE SR 280 °C, A4 300 °C, Bl 43 280 °C, GC-MS/MS #a >R L £ 2 2
Jof Wi AR = (multiple reaction monitoring, MRM)&E & 43T, £55R 59 FlK 25 7E 50~1500 ng/mL i [ P4 £ 3 K 4F
MZRMESCZR, HISEREL() KT 0.99, &4 27 M (S/N=10)4 0.0005~0.02 mg/kg, 3 & AR IIK - 1A finds
(8] g 290 N 62.3%~115.0%, AHNTHRAEN 2% (relative standard deviation, RSD) (n=6)3 Fl 4 0.76%~15.33%.
838 WOERBUER, MEMRELF, PREFEE, 8 THE S 59 R 2G5k B A 0 P E R TE .

KEA: M RAGRE, SRS = PO BT

Determination of 59 kinds of pesticide residues in lotus seeds by gas
chromatography-triple quadrupole-tandem mass spectrometry

ZHU Zuo-Wei", LUO Chen-Xuan, CAO Jun, CHEN Sha

(Food Inspection and Testing Institute of Jiangxi Province, Nanchang 330001, China)

ABSTRACT: Objective To establish a rapid method for the determination of 59 kinds of pesticide residues in lotus
seeds by gas chromatography-triple quadrupole-tandem mass spectrometry (GC-MS/MS). Methods The samples were
extracted by acetonitrile, cleaned up with dispersive solid phase extraction method. Then separated by HP-5ms capillary
column (30 mx320 pm, 0.25 um). High purity helium was used as the carrier gas at a flow rate of 1.0 mL/min, with no
split flow into the sample. Injector temperature was 280 °C, transmission line temperature was 300 °C, mass
spectrometer detector at 280 °C, and samples was detected by gas chromatography-triple quadrupole-tandem mass
spectrometry with multiple reaction monitoring (MRM) mode for quantification. Results The linearities were good
for the 59 kinds of pesticides in the range of 50—1500 ng/mL with the correlation coefficient (r?) greater than 0.99, the
quantitation limits (S/N=10) were 0.0005-0.02 mg/kg for each pesticides, the recoveries at the 3 levels of
concentration addition were in the range of 62.3%—115.0%, and the relative standard deviations (n=6) were in the

range of 0.76%—-15.33%. Conclusion This method is sensitive, accurate, rapid and simple, and is suitable for rapid
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determination and verification of 59 kinds of pesticide residues in lotus seeds.

KEY WORDS: lotus seeds; pesticide residues; gas chromatography-triple quadrupole tandem mass spectrometry
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T F Jy W SEFHE B 09 BUARD T, £ GB 2763—2019
(ERLEEFRME SRPRAERIRERE) HZk
RAKAERERZE, EFETWIE . CEE . L. Wi, ek
e, T PEA S AR RO T AR A . (H IR AR
AR K AR, TR YE L BIESUK N, B
A ek B, AT Rl 2 AR 2575 Y i B e e Ay
BT H AT ARG AR B I, TR LSRR R . 2.
Tz ki g . REEARCHBERRE
GB 2763—2019, {H & 3E F A& 5k W5 MR 00 A0 A 25 Sk 0,
B b A 7= 34 R A A0 0] A X i 2R A R AR R A
WE RASISTS T . P Rew . BB . RIS
SFAETRIX 6 W, T JUAR (14 [ S 56 rhoxt K AR 2R SR
Ak A A BT AR R TR

FIH, RZGMZFRBAEIMEARR L, AL,
WA SR - ™ ™) A - il
HAT, PR = PO s HA e 2 e ] e e P

AT 15~20 Fli WLys U P, FASTR] A FH IRD bt At 4
iR ] BEAAAEA E RS B TS D0, TR A I T A A0 3 v 0
DAL 7 R T T LA 2 ) Al s i s D ) e 24
H, & 7T 59 FRGMEIMRNER, 2 ONERIR,
QuEChERS i fif b B J5 14404k, ORH (3% - R 15 S ()
Mg, HES T 0 2 A WU LS A B SR DL B e 35 TR
Jedbit 59 Fh 25 58 B 9 O3 vk, a8 22 RO i
(multiple reaction monitoring, MRM)#2CHEAT i P ff JE Al
SET AT, DU S, — Rl R, RGP R,
W TR 59 R 25k Bt HRus ) Ak A A5
Jiik, FERLABI LRI b, AR T AR 2k B R
AR R

1 MR5ERZE

L1 #HR5RF

BT (M), . IECkE. Wik, £E
Thermo Fisher Scientific 22 A ); 59 Fl& 2545 5 (100 ug/mL,
1 mL, VARG EFEI); AL E(10 mg, 98.5%,
& [# Dr.Ehrenstorfer GmbH /A ]); Waters DisQuE 3 i 43 H{
B A0 £ DisQuE 50 mL 42U (1.5 g TOKES
TREM, 6 g TLAKBBREE). 2 mL DisQuE ¥/ NE (e IR FF

HRFA R A ).
12 UFE5EE

Agilent 7890 B GC/7000 D QQQ = A Ik UM AT AH
3% FE R (FC E1 ). MassHunter T /E% . HP-5ms
EHMEH G0 mx320 um, 0.25 um)(EE Agilent 24 H]);
KQ-500 E i i 45 il 8 A5 A (B Ll i 75 A A A BR 2 Wl );
N-EVAP AM Y (3 E Organomation 23 #)); SQP B ¥ K
(FEZFNWRL A R A D), SL 8 B HL(ERE Thermo
Fisher Scientific 2 A]).
1.3 XWHE
1.3.1 AR 6 B

TRAARHERS S I IC . &3 0.5 mL 59 Fl 255 i
B&W, BAWE/NT 10 mL, HNERZ 10.0 mL, B
il B A PR SRR BE N S pg/mL FORRIEIR & 1% 55 T

WA -LENFREREH: MERAREL 3.5 mg FREL
A, HOEREMIFELR S 100 mL,
132 &#g&Ht

ke HP-5ms (30 mx320 um, 0.25 um); #HA: &
alig; AR 1.0 mL/min. 23k Ao JERESS IR
JE: 280 °C; fEHIZRIREE: 300 °C; FTif i 2815 BF 280 °C;
PR 1.0 pLo THERETF WL 1.

*1 FEERF
Table 1 Heating program

T 2R /(°C/min) K/ C L5 [A]/min
0 60 1
40 120 0
5 310 0

133 Hamirade

(D3RI

PRI 5 g iRECHETER 0.001 ), B T 50 mL 42 BUE h,
JIA 20 mL Z 5 E 30 s, BIZURGZHZE 10 min, B
FEAY T, M HRA 80 kHz, M7 20 min, L4500 r/min .0
5 min, &, W FIE® 10 mL, AR ZEET, AN
80 uL, HECkEEAZE 2 mL,

()b

W bRV T AT AR ZE B A /NS Ve ik, T B0 IR
2 min, ¥ FEVERGE 022 um JEFYS, BYSAH @S- AR
A E o
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2 GER5HH

2.1 BLEHRMK

ABIFEE T N Pl TEC B 3 R R E
VI, ARFRFLIBCR N N> 2 NiE>1E e, (EL PN A £ DR 7 5
W, BARARGRAR ORI, (HI R AR B S OCR B
T, AT IRELREA . WA E Z 1
ERIGER . Ht g SR A R AR, ISR Rl 2 B IOaK
LA GUELDI I NG

AHFFTHEF] PSA . Cig. PCB {E AL, HHRR
Z /D EHDUE T AP TR R A 2 [mlREE R I
AWEFERE T T ISR & 9 it /M, AR LR 2.

ST R LI, 1 S 2 5 2 g b/ NV [ R S
R A PR 4 S5/ R AR 6 5. 75
8 5 3 g b/ NE SR AR B, HERMAT GCB,
TR B ORGSR AR BRI ISR TR B . TR S 5 /N,
REAE 15 B AL OR, T LA A A 5% A [ e =R s 7 v 432 32
TR, e B v T /NS A Ry AR I 5 B e AR 39
FRIg &R
LA AR R S, HEE Bk 59 R Z55R bR
TR it 451 JoR T T i 5 R FLAR A2 35 R T4 O B8 e 1Ry
BT MFET, SAMEET . TN
AEILER 3.

2.2

F2 HEAERKNE
Table 2 Commercial purification column
5 B /INE SR

1 2 mL DisQuE #+b/NMETHIZEA 150 mg MgSO., 50 mg PSA

2 2 mL DisQuE #+b/NMETHE A 150 mg MgSO,, 25 mg PSA

3 2 mL DisQuE +fb/NETHIHE A 150 mg MgSO,, 50 mg Cg

4 2 mL DisQuE ¥Hb/NMETHE A 150 mg MgSO,, 50 mg PSA, 50 mg Cis

5 2 mL DisQuE #+k/NE T3 A 150 mg MgSO0,, 25 mg PSA, 25 mg Cjg

6 2 mL Aglea /F+{b/NETHHE 150 mg MgSO,, 50 mg PSA, 50 mg GCB

7 2 mL Aglea #Hfb/NEHi%E 150 mg MgSO,, 25 mg PSA, 2.5 mg GCB

8 2 mL Aglea E{b/NVETI%E 150 mg MgSO,, 25 mg PSA, 7.5 mg GCB

#*3 MRM BHMHE
Table 3 Determination of MRM parameters
5 B BT FE BT X (m/z) EMEETFX 1 (m/z) EEE TN 2 (miz) T4 il eV

1 i 109.0 79.0 184.9 93.0 144.9 109.0 5 10 10
2 PR P g 141.0 95.0 95.0 79.0 95.0 64.0 5 10 10
3 R 143.0 99.1 129.1 58.1 188.0 58.0 10 10 10
4 LTt R MW 136.0 94.0 142.0 96.0 124.9 47.0 10 5 15
5 5L 121.0 77.1 136.0 121.1 121.0 103.1 20 10 10
6 KL 157.9 97.0 157.9 114.0 138.9 97.0 15 5 5
7 FURR 109.9 79.0 155.9 110.0 155.9 79.0 15 5 20
8 TR 201.8 145.9 237.8 145.9 321.8 201.9 10 10 10
9 b 121.0 65.0 121.0 47.0 128.9 65.0 10 30 15
10 IRR 86.9 46.0 92.9 63.0 86.9 86.0 15 10 5
11 AR 127.1 109.0 127.1 95.0 97.0 82.0 10 15 10
12 ST 161.0 119.1 161.0 146.0 256.9 162.0 5 5 5
13 PR LA LI 124.9 47.0 124.9 78.9 285.9 92.9 15 5 20
14 FH T Bt 262.9 109.0 125.0 47.0 125.0 79.0 10 10 5
15 MR 220.0 192.1 234.0 146.1 234.0 174.1 5 20 10
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= 3(8)
=2 PRUER) 5T FE BT X (m/z) EMEBEFX 1 (m/iz) ENEE TN 2 (miz) Hiff# AE eV
16 R-HFER 192.0 160.1 160.0 145.1 160.0 130.1 5 10 20
17 R tm i 126.9 99.0 172.9 99.0 157.8 125.0 5 15 5
18 FHRERE 153.0 97.0 124.9 96.9 199.0 143.0 10 5 10
19 FR L TR 153.0 96.9 96.9 64.9 96.9 78.9 10 20 15
20 i 278.0 109.0 124.9 47.0 124.9 79.0 15 10 5
21 BEALIR 196.9 169.0 198.8 171.0 313.8 257.8 15 15 15
22 X B 9 138.9 109.0 290.9 109.0 138.9 81.0 5 10 15
23 = A ] 208.0 181.1 208.0 111.0 128.0 65.0 5 20 20
24 K e 120.0 92.0 135.9 108.0 121.0 65.1 10 15 15
25 FR I S Mt 199.0 121.0 241.0 198.9 241.0 121.0 15 5 25
26 Wt R 238.0 166.2 166.0 55.1 166.0 96.0 10 20 15
27 ZHRR 251.8 162.2 251.8 161.1 161.9 161.1 10 15 10
28 I 128.0 65.0 168.0 70.0 128.0 100.0 25 10 10
29 G 350.8 254.8 366.8 212.8 254.9 228.0 15 25 15
30 JE & 96.0 67.1 96.0 53.1 282.8 96.0 10 15 10
31 N 144.9 85.0 144.9 58.1 85.0 58.0 5 15 5
32 PN TR 207.9 63.0 338.8 268.7 296.8 268.7 30 15 5
33 FE TR BEIR 124.9 47.0 124.9 79.0 309.9 105.0 10 5 10
34 A A I B 278.0 109.0 125.0 47.0 125.0 79.0 15 10 5
35 P R 172.9 145.0 172.9 109.0 172.9 74.0 15 30 45
36 WA A i 181.2 166.2 181.2 165.2 166.2 165.2 10 25 20
37 R RS iR 181.1 152.1 207.9 181.0 125.0 55.1 25 5 10
38 VoL 141.0 113.0 141.0 63.1 204.0 176.1 15 30 10
39 FAERTSEEE  208.0 181.0 197.0 141.0 181.1 152.0 5 10 25
40 A 147.2 117.1 1472 1322 147.2 105.1 20 10 10
41 DK fif Jric 195.9 96.9 180.0 138.0 310.0 69.8 30 10 15
42 AR 163.0 91.0 163.0 127.0 164.9 91.0 10 5 10
43 ZR Tk Y B 322.8 264.8 264.9 202.0 324.8 266.8 15 20 15
44 TRT A ik 252.9 93.0 181.0 152.1 250.7 172.0 15 25 5
45 I TR I 344.1 329.0 344.1 171.9 344.1 182.9 15 40 25
46 TR 137.1 84.0 137.1 54.0 199.1 93.0 10 20 15
47 W5 R 198.0 183.1 198.0 118.1 198 158.1 15 35 20
48 PLF L 238.0 166.2 166.0 55.1 166.0 96.0 10 20 15
49 T P 168.0 140.0 196.0 140.0 168.0 60.0 5 10 25
50 (WAL 256.0 82.1 231 175 256 159 10 10 15
51 2K A 277.0 241.0 262.9 193.0 262.9 191.0 5 35 35
52 Freeaii 233.0 165.1 233.0 91.0 314.7 232.9 15 20 10
53 I 161.2 134.2 161.2 106.1 161.2 91.0 5 10 15
54 A P 125.0 89.0 250.0 125.0 125.0 99.0 15 20 20
55 IR Ik e 199.0 184.2 184 169.2 184 156.2 10 10 10
56 il 2 s 128.9 102.1 197.9 129.0 128.9 78.0 15 5 20
57 TG e 162.9 90.9 162.9 127.0 198.9 170.1 15 5 25
58 SR A TR 167.0 125.1 208.9 141.1 181.0 152.1 5 15 20
59 M A Tk 2 T 132.0 77.1 164.0 132.1 132.0 104.0 20 10 15

60 WELAE1 182.9 154.9 182.9 118.9 216.9 181.9 15 25 20
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23 HMXREEER

FHZS S THRIOB (52 1.3.3 80 D SR IEATRE A AT AL 2,

AINNFRWE R R, ERRBCE] 59 R 25 3L BT N Arbr i 1
YERZR, B RE4r 514 50, 100, 200, 500, 800, 1000,
1500 ng/mL, #% 2.1 WEMFHETT 43T, LA 59 Rk & Prbsifk
TR TR B AR AR bR, B AR AP BB XS AR
W i S T W TR L S AR R AR I 2, 45 T b
HESTBAE 50~1500 ng/mL JUFE NI RIFLERR, H
FERBOEIKT 0.99, L Bk . Aokl zs ik
FTHEAT IBRIZ S, LAIHE BB T i g A {F 1R L (S/N) = 10
Wi 59 FhAZHHRHE ¥ E 7R 0.0005~0.0200 mg/kg.
L2 P RS RO R J 0 i 1 L] 1~2.
24 FHEEWMMSMAREESLIE

RFEET I HERR B, TR, . 185(0.02. 0.04,
0.08 mg/kg) 3 MACEIEINEISZ L, HAAKCHE 6
W, 1SRN IFR [ BCRLE 62.3%~115.0%, AHATFRIE 2
(relative standard deviation, RSD)JZ A 0.76%~15.33%, &
AR BRI 1T AT AR XA o vt 22 B 7E P 423G M o il
W R AT PR RN R . MR R . MR RS, m
PRI, A 2 BE TR H PR LR 4.

x10° |

W) o7 5%

2.5 EPRERAEVNE

o A58 i g ST 9 43 ik, Wi R 12
3 86 S5 - RE S AT 59 R 25 ARSI, L 1 AR ASI v
IR, FREEA 0.021 mgkg, mTEM LR EZRME GB
2763—2019 FAE MY AR ER i 0.01 mg/ke, I H O HZM
FRfE NY/T 761—2008 { iSRS P A HLEE . AL .
Bkt 2 i A 22 B R TR SIS 24 22 R BRI 2 ) 6T G AR B 11
TR A TR . ZIR AR, KBRS AR
FORIETEEMN . 2 Rl i R A s, % B iR 0.0034
0.0058 mg/kg, 1 kil i HH 5046 e, 5% 5448 0.196 mg/kg;
IR 3 16 A1 B35 IR 7E GB 2763—2019 AR X 3% il iE 7%

3 & 1

AWFFEHE S, T B 7o 59 R . R,
fifi . Eh# A QUEChERS 454 GC-MS/MS #il 7wk, ¥
W6 I T S B £ S R M R, S5 IR R 7EAR
b7 (R N 1] S o S =7/ N o WV SR CT < 2
62.3%~115.0%2 [0, THZF L TEFHELAERT
et P PR U 2 R MR TR DU

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
SRR A /min

Y S B9 iy
Fig.] MRM spectrograms of blank

+TIC MRM (**->**) 100.D (100)
x10%

I8 S LSS M b
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

K& A]/min

P2 PAREE bl 3 ]
Fig.2 MRM spectrograms of added standard sample
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Table 4 Retention times, recoveries rate, precision and detection limits of each pesticide standard (n=6)
) o R ” ) o W 0.02 mg/kg  WANE 0.04 mg/kg  WNE 0.08 mg/kg
e W /min HOCARE T AR e RsDoe MR pope R Rope
1% o 1%
1 EA S 6.296 Y=2.486X-0.102 0.9978 85.3 1.61 96.3 1.65 103.0 2.55
2 FH PR gt 7.160 Y=0.751X-0.027 0.9976 66.8 2.67 69.3 3.65 68.9 434
3 FaRs 8.914 Y=0.5457X+0.0036 0.9967 73.6 6.62 72.4 6.54 75.3 5.23
4 ZMEH pewE 10.492 Y=0.0928X+0.0019 0.9975 62.3 1.53 63.5 1.66 66.3 1.45
5 S 11.210 Y=12.559X-0.262 0.9992 89.4 423 90.3 2.64 91.5 3.22
6 KW 12.971 Y=4.781X-0.084 0.9992 92.1 2.87 95.3 3.87 100.2 2.17
7 AURE 13.051 Y=0.2076X—0.0088 0.9985 64.4 5.34 63.9 3.96 67.5 433
8 TR 13.985 Y=3.554X-0.092 0.9983 102.8 222 99.5 1.96 102.0 3.42
9 ik 14.150 Y=8.725X-0.074 0.9982 98.1 433 89.5 3.43 95.6 3.96
10 PR 15.413 Y=1.041X-0.046 0.9951 71.0 5.63 73.4 5.77 69.4 432
11 AR 15.321 Y=0.765X+0.002 0.9992 82.4 3.52 82.4 2.40 89.4 3.68
12 Ei 16.791 Y=6.078X-0.123 0.9991 93.4 3.45 95.5 2.84 93.6 2.55
13 WL SEN 18.086 Y=1.621X-0.037 0.9990 90.4 523 93.8 2.47 92.3 432
14 WIEXHBE 18.198 Y=1.055X-0.053 0.9967 74.2 523 88.2 3.22 102.4 2.44
15 PR 18.541 Y=5.144X-0.110 0.9990 98.4 1.33 99.4 2.42 103.2 3.24
16 R-HIFER 18.543 Y=3.361X-0.080 0.9987 953 2.32 96.4 1.36 97.5 2.21
17 EE AT 19.537 Y=5.701X-0.177 0.9987 94.4 121 90.9 1.32 101.1 1.92
18 SiEERTA 19.750 Y=15.803X-0.349 0.9990 93.4 2.62 95.4 1.53 96.4 1.22
19 R 19.529 Y=0.9824X+0.0377 0.9979 90.3 2.06 89.6 1.30 87.7 1.53
20 A 19.873 Y=4.581X-0.0898 0.9991 96.8 1.53 96.8 3.23 99.3 3.22
21 BEALIR 19.901 Y=5.716X-0.157 0.9973 115.0 3.53 97.5 3.12 943 2.34
22 X B B 19.975 Y=1.883X-0.115 0.9913 86.5 3.98 79.5 4.02 80.3 2.39
23 = 20.054 Y=4.341X-0.078 0.9994 95.4 8.78 99.2 9.29 108.3 9.49
24 K B 20.243 Y=6.828X-0.108 0.9996 96.1 1.74 98.5 2.25 98.0 2.95
25 FILSHIEE 20.875 Y=17.760X-0.409 0.9989 78.5 7.84 74.3 7.36 71.5 5.54
26 WIE H I 21.133 Y=0.647X-0.0076 0.9973 68.4 8.53 70.1 8.34 71.2 8.33
27 “HERR 21.090 Y=1.959X-0.133 0.9908 75.6 4.74 90.2 4.66 82.2 5.73
28 Y 21.657 Y=6.915X-0.075 0.9987 73.6 5.43 743 435 76.5 438
29 I 21.763 Y=1.453X-0.0379 0.9993 77.6 932  106.4 7.95 109.3 5.72
30 R 21.823 Y=11.731X-0.317 0.9990 97.4 3.21 98.4 232 96.3 2.96
31 A 22.142 Y=3.822X-0.076 0.9998 90.1 9.53  107.0 8.33 110.0 10.73
32 IR 23.235 Y=0.916X-0.0025 0.9993 86.7 7.67 89.6 7.05 83.6 8.64
33 R BB 24.910 Y=0.104X-0.0069 0.9960 95.4 2.35 98.5 3.21 105.3 1.24
34 FEEBEER 25.053 Y=0.3869X-0.0094 0.9998 92.3 2.63 94.3 1.45 92.1 1.44
35 T FRne 26,157, Y=9.149X-0.049 0.9994 99.3 242 1013 2.64 105.3 2.31

26.327
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FAE)
- IR 0.02 mg/kg  WINAE 0.04 mg/kg  WMINE 0.08 mg/kg
RIE {5 B2 15} ] v .
5 b ) L b )y IEES e = = =
Pt /min B pop, PR pepe, PR pone
1% o o
36 B S BiR 28.152 Y=46.87X-0.269 0.9993 94.3 1.33  100.5 1.63 98.4 1.44
37 F R 45 TR 28.385 Y=12.19X-0.214 0.9988 90.6 1.93 94.8 0.76 97.9 1.36
38 2. e 28.457 Y=5.730X-0.074 0.9991 85.6 435 86.7 4.66 90.4 4.73
ST E SR 20 860
39 FIECAER O Y=14.65X-0.494 0.9974 89.3 2.95 93.2 1.89 98.3 3.80
P 30.132
A g
40 Ik R 31.690 Y=27.24X-0.533 0.9985 90.5 3.58 96.5 3.09 93.5 4.11
41 R fif i 32.106 Y=1.479X-0.068 0.9964 99.1 4.56 97.6 4.62 95.8 4.95
33.131.
JER— 33.435, _
42 S S R 13,586 Y=6.737X-0.129 0.9975 96.4 3.82 95.4 2.14 98.0 2.52
33.875
. 35.675.
43 ZR[k FH IR 35.871 Y=125.3X-1.343 0.9981 99.3 2.52 1005 1.54 100.4 1.30
44 R AR 36.368 Y=1.102X-0.048 0.9928 79.6 7.32 74.1 6.54 80.8 5.22
45 % A I 36.943 Y=3.037X-0.022 0.9986 73.2 5.42 71.2 4.53 74.3 5.42
46 TR 16.385 Y=2.154X-0.064 0.9983 85.4 11.33 89.3 15.33 90.4 12.13
47 W B M 16.478 Y=3.346X-0.131 0.9951 79.4 7.53 75.4 8.42 79.2 6.42
48 ey 17.372 Y=3.741X-0.0718 0.9990 96.5 1.33 98.1 1.78 99.3 1.53
49 TR 21.794 Y=0.761X-0.053 0.9931 86.5 5.43 87.5 5.83 83.3 5.32
50 % I 2 23.010 Y=0.584X-0.0104 0.9984 79.5 6.33 80.2 5.34 81.4 5.83
51 Gl 23.293 Y=0.605X+0.0084 0.9968 90.3 3.24 93.2 2.45 94.9 2.01
52 RS 23.827 Y=11.66X+0.0452 0.9980 95.4 2.52 93.4 3.77 98.2 2.86
53 = 25.706 Y=0.791X-0.055 0.9956 80.3 2.14 85.2 2.89 89.2 2.76
54 e 26.778 Y=2.205X-0.0154 0.9980 80.2 4.34 78.3 4.62 82.3 3.23
55 IR DR 28.426 Y=1.064X+0.0106 0.9962 97.5 3.21 98.2 2.81 96.4 1.98
56 it 32.726 Y=5.230X-0.0439 0.9958 95.3 2.82 94.9 2.90 92.8 1.08
57 HGUFAEE ;’516557 Y=0.699X-0.032 0.9970 103.6 5.63 83.3 3.51 89.9 3.63
58 HUL TR g;"zzi N Y=0.217X-0.0076 0.9979 86.1 5.74 80.9 7.55 88.5 7.37
59 M TR 35.342 Y=0.1158X+0.0020 0.9952 83.9 5.24 86.4 4.84 88.9 3.27
SE Tk detector [J]. Anal Instrum, 2021, (2): 5-8.
. SR o . e . [3] REMRZ, XU, FHEE, 45 BRARHRALFI-SOH @RI E A 12 Fl
[1] SMgds. A[E™=HE RO P HLEAR 2558 B T 0], ZsueRil BRI, i 2 BRI, 2021, 12(6): 22462251,
Fl2E, 2014, 42(19): 6233-6236. o ]
XIONG JJ, LIU C, YIN HF, et al. Determination of 12 kinds of
WU MQ. Determination of organochlorine pesticide residues in lotus seed
. X . X . i organophosphorus pesticide residues in onion by copper sulfate
and Plumula nelambinis from different field origins [J]. J Anhui Agric Sci,
2014, 42(19): 62336236, treatment-gas chromatography [J]. J Food Saf Qual, 2021, 12(6):
(2] XU MG E P BTERE . TR . AR IR b 2246-2251.
[4] TREE, 47, SKIELE, 55, RS HTIL e AT A 24 5% B AS I o 1 1o

AMBEEFR R[] TR, 2021, (2): 5-8.
LIU W. Determination of atrazine, chlorothalonil, deltamethrin and

heptachlor epoxide in soil by gas chromatography with electron capture

HERET]. B 2B~ 4R, 2020, 11(6): 1695-1701.
XU H, LI Y, ZHANG TT, et al. Application of chromatography in the



6512

1 i 2 A iR AR I

1l LERVES

[10]

(1]

[12]

[13]

detection of pesticide residues in wine [J]. J Food Saf Qual, 2020, 11(6):

1695-1701.

KRE, PR, DHN, . SN EE-LIORR BRI AT LR
AR TS RIS ER S h i A HLSL S A DLBEAR 25 5R B (7). Sl iy

1, 2019, 38(11): 1340—1346.

ZHANG LX, LUO YJ, MA PJ, et al. Determination of organochlorine and

organophosphorus pesticide residues in vegetables by gas chromatography

coupled with solid-phase microextraction fiber based on allyl-o-

cucurbit[7]uril [J]. J Instrum Anal, 2019, 38(11): 1340—1346.

BUE T, Bl TR . = OO (3 5 W5 E R A ) 5 3 T A 8B o3

HIFEI]. LR R, 2021, 49(7): 157-159.

YAN YN, LU ZQ. Research on the determination of effective ingredients

of combined insecticides thiamethoxam and cyhalothrin by HPLC [J]. J

Anhui Agric Sci, 2021, 49(7): 157-159.

TIRtE, i, FLOR, AF. 2 BERRIN BRI AR 2 BRI 2 AOR

ARSI E BT 7 R a5 F RIS AR 2 AR B it (1], PSS (b

1), 2021, 57(3): 223-228.

FANG SJ, YANG M, WANG HB, et al. Determination of seven

carbamate pesticides residues in vegetables by matrix solid-phase

dispersion extraction of multi-walled carbon nanotubes-high-performance

liquid chromatography [J]. Phys Test Chem Anal (Part B: Chem Anal),

2021, 57(3): 223-228.

HAKAMI RA, AQEL A, GHAFR AA, et al. Development of QUEChERS

extraction method for the determination of pesticide residues in cereals

using DART-ToF-MS and GC-MS Correlation and

103822. DOI:

techniques.
quantification study [J]. J Food Compos Anal, 2021:
10.1016/j.jfca.2021.103822

FIETE, sk, D@, 55, AU EIE-HR IR BT Tk [N 43 B 4G 2L 5T
w1196 Rk Z55% A [T]. & dh 4 RGN 244], 2016, 7(3): 1069—1081.
TIAN FF, ZHANG X, MA JF, et al. Determination of the residue of 196
pesticides in the grape matrix by gas chromatography-tandem mass
spectrometry [J]. J Food Saf Qual, 2016, 7(3): 1069—1081.

3, ARERE, JUPETE, SF. VRORH (- L TS5 T I PR R I 2 KK
5 R LA AR B B[], RS AR T, 2020, (4): 10-13.

NIE LJ, LI GH, GONG XX, et al. Determination of 5 organophosphorus

e
3]

pesticides in tandem mass spectrometry rice by performance liquid
chromatography-electrospray tandem mass spectrometry [J]. Cere Feed
Ind, 2020, (4): 10-13.

HIME, ﬂ‘*{i@i AP OB (- HY I BT L D SE A0t o 47 i
PRZGFRRR[T]. 12 5L A RN 24412, 2020, 11(6): 1833—1840.

HU LL, HAO HL, SHI HZ. Determination of 47 kinds of pesticide
residues in tea by high performance liquid chromatography-tandem mass
spectrometry [J]. J Food Saf Qual, 2020, 11(6): 1833—1840.

TRk, JHE, PRIK, 4. QUEChERS 5 i AbFH-JROR (0 3%- £ B
PE SR 66 Fia HLBE AR Z)5E W T[], @i, 2012, 302):
146-153.

WANG LZ, ZHOU Y, CHEN Y, et al. Evaluation of QuEChERS methods
for the analysis of 66 organophosphorus pesticide residues in vegetables
by liquid chromatography-tandem mass spectrometry [J]. Chin J
Chromatogr, 2012, 30(2): 146—153.

XUy, B OB L HR I T TR DA AR A 8 Rhee 245k

Jb k24, 2017, 45(5): 83-88.

LIU C. Rapid detection of eight kinds of pesticide residues in cereal grains

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

by ultra high performance tandem
spectrometry [J]. J Northern Agric, 2017, 45(5): 83—88.

HAFE, XISCH, Bk, 4 QuEChERS-H i UM (0 - B 96 B ik
D2 ISR 38 B 245k A (9], A3HTkE, 2017, (9): 13971404,

DONG YL, LIU WJ, CAO J, et al. Determination of 38 pesticide residues

liquid chromatography mass

in nuts by QuEChERS-super high performance chromate
graphy-tandem mass spectrometry [J]. Anal Chem, 2017, (9): 1397—-1404.
B, T, WEZE, 5 BOHERE SN BBREHEA KT 24
BTRGEEN]. 4ol S8R, 2016, 36(11): 9-12.

LI Y, DING LT, XU CK, et al. Research on pesticide residues by
UPLC-MS/MS [J]. Agric Technol, 2016, 36(11): 9—12.

AR, UK, SR, S5 —FE FARIxT 98 sk ol i
SETERISEALT]. B S R Tk, 2020, 46(16): 236-242.

ZHANG WB, GU YP, ZENG DL, et al. Study on the stability of 98

liquid

pesticide standards in three common solvents [J]. Food Ferment Ind, 2020,
46(16): 236-242.

CAMARA MA, FUSTER A, JOSE O. Determination of pesticide residues
in edible snails with QUEChERS coupled to GC-MS/MS [J]. Food Addit
Contam Part A Chem Anal Control Expo Risk Assess, 2020, 37(11). DOI:
info:doi/10.1080/ 19440049.2020.1809720

KM, BRICH, BRYD, S SRR - R DO A I R R
KBS R 3 AL 51 RR 2GR IORTSEL]. R AR
247, 2018, 9(6): 1297-1307.

ZHU ZW, ZHANG WZ, CHEN S, et al. Determination of 51 kinds of
pesticide residues in 3 kinds of substrates (rice, garlic chives and tea) by
gas chromatography-tandem mass spectrometry [J]. J Food Saf Qual, 2018,
9(6): 1297-1307.

R, BRYD, RAEH, S SOM GRS = T UG H BT S R e
SEVGLLRGR 47 PR 2458 ER (1], ol 22 A A 241, 2018, 9(5):
1142—-1148.

HUANG ZL, CHEN S, ZHU ZW, et al. Simultaneous determination of 47
pesticide residues in tomato by gas chromatography-triple quadrupole
mass spectrometry [J]. J Food Saf Qual, 2018, 9(5): 1142—1148.

wIEE, RO, WA, AF. UM R DU BT [ e
HERER 2R AT B AT A AR B [T]. AR RHE, 2020, 45(8): 276-281.
MENG XM, PAN SX, TAN MN, et al. Determination of pesticide
residues in strawberry by gas chromatography-triple quadrupole mass
spectrometry [J]. Food Sci Technol, 2020, 45(8): 276-281.

BRAS S T E B R F R GRHE R AR A D] BrRk, 2018,
12(27): 24-26.

QIU XY. Key points of green prevention and control technology of main
pests and diseases in lotus seed [J]. South China Agric, 2018, 12(27):
24-26.

(FTES 4 RBEE W)

KER, BRIEM, TERRFE
RABEMBREWRN.
E-mail: 645233198@qq.com



