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Simultaneous determination of 523 pesticides and metabolites in beet using UHPLC-MS/MS and GC-MS/MS

YUAN Haiyue"?, SHI Xiaomeng’, LI Bei', WANG Wenwen’, LIU Xiaowei’, HE Zeying”

(1.Hainan Institute for Food Control, Key Laboratory of Tropical Fruits and Vegetables Quality and Safety for State Market Regulation,
Haikou 570311, China; 2.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China;
3.Agilent Technologies Limited, Beijing 100102, China)

Abstract: This study aimed to develop a multiresidue method for simultaneous detection of 523 pesticides and metabolites in beet using
QuEChERS extraction combined with UHPLC-MS/MS and GC-MS/MS. The samples were extracted by the QuEChERS pretreatment
method, purified by d-SPE with MgSO, and PSA, and determined using UHPLC-MS/MS and GC-MS/MS. The dosage of PSA affected the
recoveries of 40 pesticides, which were between 60% and 120% when PSA was used 0 mg+mL™ or 5 mg+mL™". The recoveries of 523
pesticides and metabolites at 2-200 pg- kg™ ranged from 65.1% to 116.4% with RSDs <24.1%. The limits of quantification (LOQs) were 2
pg kg or 5 pg-kg . The linear correlation coefficients were >0.99. There was no significant difference in the detection results of the two

instruments for 142 pesticides. The concentrations of pesticide residues detected in real samples were all below the corresponding national
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maximum residue limits(MRL). However, according to the European Union standard, residual concentrations of chlorpyrifos, deltamethrin,

and fenvalerate exceeded the MRLs in some samples. This analytical method is simple and rapid, and its accuracy, precision, and

sensitivity all meet the requirements of pesticide residues analysis. Therefore, this method can be applied in analysis of 523 pesticides and

metabolites in beet.

Keywords : beet; pesticide multi-residue analysis; UHPLC-MS/MS; GC-MS/MS

32 (Beta vulgaris L) {E 0 BB HERMEYD , 178
T E ALy R E A 100 Z4E 04y s, S o 2 i
SR RN SR 27 4E 555 IR o, [A] It BA — 2 19 24 ]
W™, HR T PR FESE AR R i B
2 R AN BT A ) R A 25 5% BE i O i M bR e &
SR ME T O E Y. 12 B PR SR E K (anrh
EETH A B RUE T AR 2 FE R ) IR SE
1 i A R R BR B PR (MRL) o & [l 58 il 22 9 B
K% BA BR B R U GB 2763—2021 ¥ it 5 v i K3 43
W2 FR B K E M 0.01~0.5 mg-kg ™o BHZE PR
2755 BR RSN 0T i R 1 ot 28 4 R R A 7 o o A
PSR ek o s

M A 25 22 5% R RN T B i €% £ I T
T AN PO 5 B QqLITH i Ha i B} Obritrap® Fl1 &
AT TOF', AT FH 52 Ak b A 24 Z2 5 B 1) e 1
A3HT, Fer B R T A D = B DUAR AT (QQQ)
R SRR A o P 3 R I — L DU AT S el vy SRR
A i LA R 25 R BRI R T TR . H
HEF XS v B AR 25 5% BR 0 Bk i i 1 /0 AU
324 (desmedipham) FIE[ 3% 77 (phenmedipham ) 78 & %
WA R e BRH R )5 FE A R TR AR B e e T —
PSR rh A 245 Z2 5% B ARSI 7 i HoAT S bR i o

B X AT AN BRI AR, QUEChERS 7 /& H i
FAL R F B TFB, o & il 2] 0 R
e\ R e b A RE G (C18) L 2 - N-TH HE Rt
HRERE (PSA) Filf 854k i 8 (GCB) , Hi PSA /] DL
b G BRI TP BESS RR TR AR M TR L (1
HAE A EL T A [R] B TT RE X — Al o 11 4 24 L
A W B R, 8 8 SR A . SOk £ A PSA X
WL A HRGE o DRI, R GE 5% PSA W B A 52 i 2
e 2.

HF U E R, % 3R F UHPLC-ESI-MS/MS Fil
GC-EI-MS/MS B A& 37 Fif = v 523 Rl 245 K AR
1) 22 5% BA A 5125, [R) st LA i Ak B 2 v PSA £l
FH &, 25 52 9 R 00450 %) 1 f L Il il 3 D o i PR
(LOQ) S e Mk AL Bl 55, U Ry =2 o 24 2 5%
FA R B R S HE

1 #RE5FE

1.1 288 R F S+

T A3 AT R UHPLC R 40 53 B — 3 UM AT - 4%
PEB TP RS (QTRAP 5500+, SCIEX) . S 20 M %
FHAUAH 1% - 5 0 — 8 DU AT 53 (GC-EI-MS/MS)
(7000 D, Agilent, 3 [H ) .

H i | 215 F 28 1K (HPLC 2%) , I H Kt /R
Fh2# 2w (Fair Lawn, £ [E) 5 R (413 >99% ) FlH 2
B (4B FE>99%) 3k A BT hr T A fb H R A BR A A (1
1) 57K, 5 Milli-Q & 48 (Millipore, 36 [E) 24k .

P HRAE N, B AL AR TR B CR AP R W B
Pt FHNERRECH 10 mg- LIRS FRUER WL, —20 Cl
17,4

QuEChERS #£ Bt 42 (Bond Elut QuEChERS P-N
5982-5650:4 ¢ LK BRI EE , 1 g FrBEIREN — K G,
0.5 g MR —ANER KB, 1 o EALER) T4y AL
AHZE IO [ 55 PSA I H A RHE AR (36D .

1.2 HERBTALE

VEPRAS FUEISRRE S T AT, LA GRS H
PR TR 2 AT 5 6 e 4%

SR AR R B A SE G = 22 w9 R R R
QuEChERS J7 il &1, FRHC 10 g 1A ORS B % 0.01
g) A 50 mL AR NG 2508 . SRIE A 10 mL Y
2N B BT E R QuEChERS 2B f0, B EhR
T NPEY 1 min, Z )54 200 r-min” B0 5
min, B0 JF, 6 mL EIER ] 15 mL R0 F
o, P 545 900 mg Ja7K MgSO0. ., 150 mg PSA . i i
VA1 min, 0814 200 remin” 05 min, B B
1 mLad PTFE fFLE A (0.22 pm) 2 38 )5 #6477 UH-
PLC-MS/MS43#7. B2 mL F3EW T 10 mL (B 545
H, 40 CRIBFFRREARREIL T, A 20 wL A N Fx 1
mg- L' AL ABEW, A1l mL AR OB E %,
3 PTFE fFLIERR (0.22 wm) J&5 254 7 GC-MS/MS 230 # .
1.3 Bk ks i &4
1.3.1 UHPLC-ESI-MS/MS

LCAS I £ 4 - 1 F C18 {2 % 4 (HSS T3 £, 2.1
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VRETS Rt Y FAEE TH

100 mm, 1.7 pm, Waters , 5% 5 ) 51 7 €a 3% 53 55 5 bR 15
BN 40 CL A A K TS AH B R FEE 35 2
mmol - L F R £ F10.01% FF R , Ji 8 4 0.3 mL-min™,
VRS R WL 1, HEFE S 2 plo

JOT TSI 2% 4 < B U Ay HL IS 55 3 U (EST) , 5
DB Wl o=t NS R il N ER i oal W RS E 2
I W5 AL (MRM) o HLE %5 HL R (ISVF) 5 500 V, 25
TR 350 °C, 55403 11 (GS1)3.48%10° Pa, Ji#4
P T71(GS2)3.48%10° Pa, S5 S 71 2.07%10° Pa.

F1 RBEREBEREV.AVL)
Table 1 Mobile phase and gradient conditions(V,+Vy)

B 7] Time/min Vi/% Vil%

0 97 3
1.0 97 3
1.5 85 15
2.5 50 50
18.0 30 70
23.0 2 98
27.0 2 98
27.1 97 3
30.0 97 3

T VR S AH AR E L, Vi i 204 BARAY M BE HE
Note: V, is the concentration ratio of mobile phase A and Vy is the

concentration ratio of mobile phase B.

1.3.2 GC-EI-MS/MS

KA S S AF A% A R VE 1701ms B 4145 1
(30 mx0.25 mmx0.25 pm) . LA RES, GiEHm
THN 1 mLemin™ o FERAR THERR T - 0046 5k
40 °C, 1545 1 min, 7£ L4 40 °C - min™ FHELF] 120 C, %R
JGLLS5 Comin” FHES] 240 °C, F-LL 12 Comin THEZE
300 °C, PREF 10 min; FEA AT, AR CHREE N
280 C, HFEIABUN 1 L.

i A B IR H TR IR (ED s s HUE
370 eV 5 WA X Ry 22 S5 ny W I AR = (MRMD) ;5 ilf 4
ARAF LS mL-min ;25 NS 1 mL-min™', BT
TSR Sy 2 I 1% W 280 C.

1.4 HiEFEEE

HE 48 R 3 48 SR v AL A5 1 AR I
FE KRG 2 R R (LOQ) (R AE RN Ak g 5 4~ 7 32
SEFRBRUEA PIRE o AR S T T I T B RORS  E
FE 5 AR BE K- 3R A7 SR A F 5 o oV R A
528 11 5 I B BBV 8 40 i) ) 523 e 25 AR g
Py %) % 790 0 o o o v A (VA B85 93 301 S 2.5.10,.20

1% WHART]

50,100,200 pg-keg ") PEFFERYEWF 5T, IF 1108 2 sk
o 75 LOQ A2 SR il 2 [T IS0 A RSD 25K 1) di
RS o
1.5 KREEHERRAGZRBRI

W S T BE I SEAE 5 232 6y, SIS AL S L —20 C
TR FE 45 TR 432 BRO1.2 755 1 4b 3 )y v R 47 RE i
HTAL B, SR FH 1.3 9 A28 S R 4T 523 Bl e 24 5% B
I 7 o

2 #ER5iTie

2.1 PSAEEMRKL

BB 5 AR (19 PSA I, 20510 0.5, 10,
25.50 mg-mL™", XFHEECH B9 2s BT S AL R e T4k
AbEE . H AR R F GC-MS/MS i 4 471 i 452 5 ik
frivks. MR AT, Bl 25 PSA ARG N, LA
BORBEAE . Z 5,8 S AR K PSA FH
TR FHNAR R, GC-EI-MS/MS 11 LC-ESI-MS/MS
R0 58 5k PRAE L0 1) 523 Tl fe 24 v, [t %5 PSA {5
SEIEIN, A 40 A 251 ISCRFEAR (% 2) . Hor,
22252 5 ) SR R TR IR S A 251, T H. PSA X 572K [G
TRV VR B I e, B R 5 mg - mL, VR TR
TR ESCR AL 50% A A, J0wk it A 755K .
PR , %o 5 2K E TR, ASECfilE FH PSA HEF ik, 22 5%
i) (1) 39 Fh 4% 2578 PSA I3 M 5 mg - mLL™ B AT LA A2
IR LE 60%~120% Z 8] FHEESK , AR 2 1) PSA i
HEATS N 25 mg-mL',
22 BigMREEYE

TRORR R SR (835 25 1 S 805 T GB 23200.121—
2021 F1 GB 23200.113—2018 1 157 [ 5 # 19 5K
A 25 1) MRM 2% (R B bm o © AT 19 453 B oh , %
70 FpUEAT S EW Ak . X F UHPLC-MS/MS, X
TR 25 AT o i v (9 2R 04K, LA AL MRM 4514
FIAF N 1) 335 2 800, F2 A0 46 25 7 i (DP) A1 Alf i
fig it (CE) LA K AR TRl i & o7 =X, R [M + H] 5% [M +
NH4] o Hrp 24 F& H F UHPLC-ESI-MS/MS £ l .
XX 24 Rl 24, 1 S0 B i R bR HEVS AR Ak 24~
MRM 500 SR I5 7628 1RSSR U W BC ) AR v
Y HP X K MRM 14 706 B 32 BB 4 i 7 5 A ) 15
FXE N ERAENEE F . X F GC-EI-MS/MS,
45 P 2535 FF AT . 1 Se e ai iR e T
PR R BRI IE] o SR, FH ™ B8 A0 B P 24
HEATAMHT | B A AE 2 MRM 544 Hh i o8 A Fe A 1
MRM 5 {4 FIAH R 9 il fi B & (CE) o 38 3 Fil SR 441571
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Bl 1 CC-MS/MS £ TR & PSA X = A ERAFHBR
Figure 1 Purification of different dosage of PSA on blank matrix by GC—MS/MS full scan model

HBTHS 70 R AR 2GR TRAN S FIBOE S8, oA 4530 WREAT LA PR TR . AR 25 A9 7 7 R LOQ

A2 B A I TE A5 AT 275 1R bR
23 EBEAERIESHEE
2.3.1 {UARTERE
3L G, 523 B 2y, A 399 A& & T UH-

PLC-MS/MS £ , 266 Ffiif & F GC-MS/MS Kl . 3
HA 142 ol [ B 3 FH - A S A
2.3.2 IR ANE F R LOQ

R AE2.5.10.100 we-kg ' #1200 pg-kg™' 54
AN B 58 AR T iR EEE 4 (n=5)
SR R T 1 (%) VRS P TIOR3 J32, A T TS it g LS5
W BE 15 245 P R R B A ) 28 B AR 2 R R 1 b A

AR S I [T A3 36 1 [0S 23 R XA 1 g 2 RSD 1
FE L MR SANTE 11312/2021 BYESR , & B A [
I RSD ¥ 7] 45257 1 S (IR AN AR 2

UHPLC-MS/MS FI GC-MS/MS 9 1] g % 1 RSD
TE SNSRI IR BE /KT, GC—MS/MS A6 4% 245 1)
ISR KRS TE 80%~100% 2 [] , RSD 4 K 2 H(<10%
B 5 e - ke W K454 T UHPLC-MS/MS A6 I A&
24 1 BT RRHB 401 60%~80% =2 [1] , HoAt ik FiE /K SF-
AR 2 14 i 2% s K 3 7E 80%~100% 22 1] . [+
B 48K ZBURSD<10% . 19 FlAG: I ASC 2 A6 000 g 4358
4 25 10l It & K 65.1%~116.4%, RSD<24.1%, H
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Table 2 Pesticides affected by PSA and their recoveries under different PSA dosage

F02EFETH

LA S YA TR a2 Recovery/%
Chinese name English name Omg-mL" PSA  5mg-mL'PSA 10 mg-mL"' PSA 25 mg-mL" PSA 50 mg-mL™"' PSA

8—FRIL K ELH 8—hydroxybentazone 97.54 100.20 83.19 57.49 39.27
i M s Amidosulfuron 114.60 100.48 78.10 54.17 54.08
I Bensulfuron—methyl 95.84 92.46 83.22 38.50 29.07
DN Bentazone 90.58 104.36 86.39 56.91 42.28
S Chlorimuron—ethyl 103.34 97.19 89.83 57.91 43.22
SRR Chlorsulfuron 108.56 91.04 69.39 48.37 33.55

ik ik Cinosulfuron 94.31 100.61 89.56 60.56 37.49

S5 Clethodim 99.69 101.33 84.49 56.77 41.68

9 F T B Clethodim sulfone 94.46 104.38 94.05 41.02 50.75
s Bl IV B Clethodim sulfoxide 98.99 97.48 75.30 37.75 26.16
PRI AT Cyclosulfamuron 104.15 99.15 81.23 42.30 27.28
VI ] Cycloxydim 101.21 100.35 89.23 60.69 4223
SR PR Endrin aldehyde 100.24 50.04 32.02 8.46 5.04
CE Ethoxysulfuron 103.27 93.13 82.83 44.62 37.26
LS e Florasulam 107.50 93.14 89.02 59.11 41.08
SR Flucetosulfuron 105.89 96.82 81.27 57.88 40.33

e it Flumetsulam 110.82 97.83 70.30 25.25 18.78
P gk 2 ik s i Foramsulfuron 101.25 79.39 47.16 20.21 10.77
SN R P Halosulfuron—methyl 103.65 90.43 73.24 61.49 46.47
PR L AUt o A Todosulfuron-methyl-sodium 99.67 94.60 81.46 58.99 41.82
P L il Mesosulfuron—methyl 100.67 97.95 64.33 31.99 20.21
IR I 5 i oA Metazosulfuron 95.42 97.92 86.97 58.98 42.26
P gk e Metsulfuron—methyl 106.78 90.78 78.32 49.62 34.03
BRIk Monosulfuron 96.73 60.79 37.45 16.79 10.18

W R JH i P Orthosulfamuron 98.89 98.36 81.46 44.49 3271
IR Penoxsulam 102.55 99.65 79.97 51.75 3091
I DI AR IBE A Probenazole 107.65 83.21 60.51 10.43 5.61
R P i Propyrisulfuron 111.32 96.08 83.01 57.68 27.64

I i 1 Pyroxsulam 104.08 84.25 64.82 27.76 13.35
i Saflufenacil 105.79 91.64 73.10 54.94 40.87
B2 o TR I Spirotetramat—enol 100.73 97.17 75.97 40.84 16.96
W2 2 BRI FE - A BETE  Spirotetramat—enol—glucoside 126.53 96.08 85.62 68.73 53.99
FRE e Sulfentrazone 103.30 101.26 87.97 56.49 41.84
T i i e Thiencarbazone—methyl 99.12 91.40 82.24 64.20 51.36
TBE il e Thifensulfuron-methyl 102.86 92.84 80.04 46.28 37.78
SR S Tralkoxydim 111.16 106.27 89.51 65.15 55.01
ik A8 Triasulfuron 114.62 101.43 83.72 34.84 18.86
R Tribenuron—-methyl 97.94 104.45 87.26 57.34 4535
R P Triflusulfuron-methyl 102.78 93.29 77.08 54.21 48.30
96 P ik e Tritosulfuron 103.37 91.97 74.70 68.53 55.52

SANTE SCHFZ R 246 R 28U 2545 8] T 4 N\ = 09 1]
% H RSD. UHPLC-MS/MS F1 GC-MS/MS 1 s i =
W 6 25 HE R 523 Rl 25 I AR W 7e w32 R ) 2

R LOQ 48 K Z BN 2 pg kg™, 8 P4k 24 1) & HH IR
LOQ M5 pg-kg's %7k 523 Flf 26 19 22 1 IR LOQ
T GB 2763—2021 #p i v L & A AE il 3 b ) B

1% WHART]
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3 3 UHPLC-MS/MS 534 s R 5 ) £ B8 B i8] F0 MRM 241
Table 3 Retention time and MRM parameters of pesticides in UHPLC—MS/MS analysis

FEAERHZE A [ ek B

HE BT oK

AR P& e e % B B[] EEwE BEX T mlifERE B I fiiEEGe
Chinese name English name Adduct Retention time/min DP/V MRM I CE/eV MRM I CE/eV
8—FRIL K F R 8—hydroxybentazone [M-HJ 4.78 -100 255.0-108.0 -36 255.0-106.0 -35

D i Acequinocyl [M+NH.]* 25.73 60 402.0-189.0 40 402.0-343.0 19
FR IR iR Acequinocyl-hydroxy [M+NH.]* 25.22 110 343.0-171.0 40 343.0-189.0 30

A W T ] Amicarbazone [M+NH.]* 6.63 30 259.2-143.0 41 242.2-143.0 36

KR Bentazone [M-H] 5.10 -80 239.0-196.8  -28 239.0-174.9 -24
PR o P Cyclaniliprole [M+H]' 18.17 50 603.9-285.8 19 601.9-283.8 26

WA g Cycloxaprid [M+H]* 425 70 323.0-289.0 30 323.0-126.0 46
LIRS Ethametsulfuron—methyl [M+H]" 8.20 49 411.1-168.0 35 411.1-196.0 23
R A T Flupyradifurone [M+H]" 4.65 80 289.1-99.0 63 289.1-126.0 29
TR TR T Fluopimomide [M+H]" 16.52 125 417.0-399.0 20 417.0-207.0 32

P 2 5 s i e Foramsulfuron [M+H]" 7.77 80 453.1-272.0 17 453.1-181.8 33
S L e S Halauxifen—methyl [M+H]" 12.29 80 345.0-285.0 29 345.0-250.0 42

Ef1 ] Indanofan [M+H]" 16.43 65 341.1-175.0 18 341.1-187.0 17

LI Monosulfuron [M+H]" 5.35 40 338.1-136.1 24 338.1-110.0 22

G IR R Oryzalin [M+H]" 16.08 90 347.0-288.0 24 347.0-305.0 20
SN 2, ] Oxathiapiprolin [M+H]" 14.84 90 540.5-350.0 42 540.5-500.1 33
JRERPGT S Prothioconazole—desthio [M+H] 16.30 110 314.0-70.0 51 312.0-70.0 51
S PN T e Pyribambenz—isopropyl [M+H]* 21.74 25 424.0-364.0 18 424.0-185.0 46

WG i i Pyroxsulam [M+H]* 6.60 80 435.1-166.0 40 435.1-195.0 35

U S e P Tetrachlorantraniliprole [M+H] 16.36 80 537.9-319.7 19 535.9-317.7 16
AR Tetrachlorvinphos—7 [M+H]* 17.71 75 364.9-127.0 21 364.9-203.9 53

M i) it o Thiencarbazone—methyl [M+H] 5.09 73 391.0-359 14 391.0-230.0 25

SR it Triafamone [M+H]' 7.58 120 407.0-245.0 33 407.0-160.0 57
RBRFA PR & MRLAH . &35 46 bn 25 5308 3R 24 5% B RERIF R LR o 2 BE ROV A7 TR IR A A
JE ST HT AR DCAR HESESR , 2R B T A 37 4 5 i TG Wi iy Al e s 2 B ™, — ik 7E GC-EI-

MS/MS Fll LC-ESI-MS/MS H 43 51| 412 18 F J57 4 568 k1)

BEAR, 142 Ffr i FH T P S A 0 7 e 24 1 [T i
KM RSD M LB ZE AN 2 s . 453 R Bl 24
B4 [T WA B A AT5 R TE 80%~100% Z ] . %F T RSD,
UHPLC-MS/MS [ 55 BUPE2E b GC-MS/MS I G-, s A
S, HX T UHPLC-MS/MS, GC-MS/MS %} 1Y, 142 Fif
A 25 BRI TG B B 22 5
2.3.3 LA BRI

DA 2 53 ) o et VA B2 SR A AR A, XoF Iy U T R B 5
PR A U 1T R B A R AR B, iR 1T IEIB/WE,,H%Zz
P, e K FH GC-MS/MS it J& UHPLC-MS/MS, fiT A 4%
G TE TR BE VS N ) 2R RAF R ZPE R A
X R B E T 0.99, 3 H , UHPLC-MS/MS 1 GC-MS/

S5 5L 7R B A3 A OG R AR T 0.999, M C & 4l
%@%E%EO

R 2o T A 70 R S O v A 24 o oA 2R 1Y

il . 51.80% .23.60% F1 24.60% () H 454 1 UHPLC—
MS/MS 43 B H 43 1) 5 5 3 5T &% (ME<-50% %,
ME>50%) . " & 5 Jit % 1 (- 50%<ME<-20% 1§,
20%<ME<50% ) F1 55 J& 51 2% Wi ( -20%<ME<20%)
22.20% .21.10% F1 56.70% [ B 54 7£ GC-MS/MS 43
M o 43 591 S 5 R R R4 (ME<-50% B, ME=50% ) .
A5 B TN (—50%<ME<—20% % 20%<ME<50% ) il
55 HE TR0 (—20%<ME<20%) . % %F 142 #3& F T
P i ASL s A T 4 4 25 76 UHPLC-MS/MS 230 #7 Hh 2 52
98 5L 5 A%, T 7E GC—MS/MS 43 #r rh 22 5% 55 5L 5t 4%
Mo HF7E GC—MS/MS F1 UHPLC—MS/MS £ il 4% 5
i I R S 0 A 24 A AR R ) S B ARV, Ry e KRR
JEE T B R 285007 ) S i, B R R R R G T 1 A A
P FE S BR A fb A 0 R 356 5T DG C A o h 2R 2 1
E AT o
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R TR 54R

R4 GC-MS/MS 5347 Fh R Z5 B4R BE B 18 70 MRM B3
Table 4 Retention time and MRM parameters of pesticides in GC—=MS/MS analysis

F02EFETH

AR PELH R - BA B[R] e Hlf 5 BE B Hilf 5 g
Chinese Name English Name Retention time/min MRM I CE/eV MRM I CE/eV
2,41 5 F BR 2,4-D Tsooctyl ester 26.32 222.0-98.0 30 220.0-98.0 30

FERR Benazolin—ethyl 19.82 199.0-170.0 10 170.0-134.0 15
SEMESR G Bromoxynil octanoate 28.94 276.9-87.9 30 127.0-57.1 5
3-FEHE v H L 3—Hydroxy —carbofuran 14.05 180.0-162.0 5 180.0-137.0 10
[E PR Cis—chlordane 25.11 372.9-265.9 20 271.9-236.9 15
i i Chlorfenapyr 28.67 246.9-227.0 15 136.9-102.0 15
FAN Chlornitrofen 29.00 316.6-286.6 15 235.9-172.9 25
PR A B Chloropropylate 27.66 251.1-139.1 15 139.1-111.0 15
SRR e Chlorthal-dimethyl 22.68 300.9-223.0 25 298.9-221.0 25
FH e Py R il Demeton—S—methyl 16.61 142.0-78.9 10 112.0-79.0 5
TR B Demeton—S—methyl-sulfone 26.05 169.1-125.1 5 169.1-109.0 15
2,6- AR WL 2,6-Dichlorobenzamide 20.00 189.0-173.0 5 173.0-145.0 15
B Dimetachlone 26.25 243.0-215.0 5 243.0-187.0 5
TP+ R i Endosulfan sulfate 30.29 273.8-238.9 15 271.9-237.0 15
Sk B Endrin aldehyde 29.52 278.9-209.0 25 249.9-214.9 30
SR PG Endrin ketone 31.17 316.8-280.7 5 316.8-100.8 10
965 15 TR Enestroburin 37.14 190.0-102.0 35 145.0-102.0 30
EE Erbon 27.58 171.0-99.0 20 169.0-97.0 20
it 3 P Etofenprox 33.20 163.0-135.1 10 163.0-107.1 20
93 55 TR JHe Fenaminstrobin 40.42 132.0-104.0 10 132.0-77.0 20
“ARFEA ALY Fentin hydroxide 32.25 351.0-196.9 25 351.0-119.9 35
SR NG Fipronil desulfinyl 26.99 388.0-333.0 15 388.0-281.0 35
8L HL T o ik Fipronil sulfide 28.92 420.0-350.9 10 351.0-254.9 20
R Fipronil sulfone 31.85 384.8-256.8 20 382.8-254.9 20
T Flufiprole 2261 421.0-403.0 10 403.0-368.0 15
SR ND Flumorph 34.81 284.6-164.7 10 164.7-76.9 20
RN P e Fluopicolide 30.12 346.9-171.8 30 208.9-181.9 15
TR PR TR Fluopyram 26.33 172.9-94.9 30 172.9-74.9 50
SR FL ik Fluoronitrofen 26.37 303.0-273.0 15 301.0-271.0 10
W R iR Fluthiacet-methyl 41.69 403.0-84.0 10 403.0-56.0 20
K& i i Genit 26.60 141.0-76.9 5 141.0-51.0 35
UL R R Haloxyfop—methyl 25.02 375.0-316.0 10 316.0-91.0 20
L& Heptachlor 19.99 273.7-236.9 15 271.7-236.9 15
RS ol Heptenophos 15.14 124.0-89.0 10 124.0-63.0 35

I L 2 g Hydroprene 18.96 139.0-111.1 5 139.0-55.1 20
Ef ] Indanofan 30.97 159.0-103.0 15 159.0-77.0 30

I OB IR Kinoprene 21.52 149.0-93.0 5 149.0-77.0 15

2 F 4 & R Mepa—isooctyl 24.79 200.0-141.0 5 200.0-77.1 35
MR Mirex 30.29 273.8-238.8 15 271.8-236.8 15

T e ] Oxadiargyl 30.36 212.7-184.9 5 212.7-150.0 10
AR Oxydemeton—methyl 6.81 142.0-78.9 20 78.9-47.0 10
FRA TR Phenamacril 27.32 216.0-197.0 15 216.0-187.0 15
NP Pk 17 Pyraclostrobin 32.34 132.0-104.0 10 132.0-77.0 20
KELIR Tridiphane 21.37 187.1-159.1 10 173.1-145.0 15
NPT 4 LS B Heptachlor—epoxide B 23.85 352.8 - 262.9 15 354.8 - 264.9 15
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Figure 2 Recovery and RSD distribution of 142 pesticides in beet

2.4 LEREEMNER S

JHK A ol €20 33 3 G SR 335 14 75 9 X 232 473 S = b
AT T AT, DL I PR 5 A AR RHER AR 25 5% B A
D7 AT AR . AR 10D A FRREA LA H 5 R
25 R BE W3R 5. AL Eh BB B | R T
R USE A B A R A B E T, B Aol A i
WAL (BRI RTETRE B C . fEE 5T, 3
o [ B 3 P T A o SO R A 24 (T SR RS T
AR ) , Hog BEA AL AR 45 R —30, &Y
PRSI B AR AT EE

FH SRR R T 2 SR R R AT | T B A B LR
FAGHE L HUL B ER KT GB 2763—2021 b i (1Y) MRL
1B, B £k B o 76 76 [ &0 [N L 7E GB 2763—2021 #x
#E R M E MRL(H . Hor, 200 MRS B 2 o
2.16% R AWK K Ry 2.16% . T h BB RN
0.43% 554 TR A6 2R R 0.43% U 48 T A H R
H0.43% , 232 {5 B fib v B AR 2 5% B A R 28 K e
3o 3 [ o A2 () MRL A o {FURR $h K B B A o 5 /D
AT EE SR (5 ) TR IR (14 FEUR
1R (1 07) 5% B &= AR
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Table 5 Pesticide detection of real samples

ST e SR K2 GB2763—2021 5Hf National food safety standard  BR#45:4E EU pesticide residues standard
Name g Range of detection/ Number of  Rate of MRL/ T MRL 344 MRL/ it MRL 3%
(mg-kg™) detection  detection/%  (mg-kg™) Number of MRL exceeded (mg-kg')  Number of MRL exceeded
Ea ND~0.087 5 2.16 1 0 0.01 5
FRekik ND~0.018 5 2.16 = — = =
THR A ND~0.007 1 0.43 0.5 0 0.02 0
TR AR ND~0.059 1 0.43 — — 0.02 1
AR ND~0.040 1 0.43 0.05 0 0.02 1
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