#5144 oW JE I R Vol. 14 No. 9
2023 45 Journal of Food Safety and Quality May, 2023

QuEChERS -
12

FTT, 8An?, RIFR2 Gt RE %2
(1. WL R S EZ 0, SN 316022; 2. FFILTT £ & 25 S I aF s bz, /10 316012)

# E: BM @ AT QuEChERS HiAbHH AL AR LS Gl i RURAH €35 - 3 B B354 (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)a] i #6007k SR A1ER 32 H 12 Fiug MR msi A 25 5% 85 /9
Wik AE FEMCRICIERR, ERPBCRH N-INIEZ — % TR BRIREE(MgSO ) HIfT 25 (L i) QUEChERS
H A HZER Y, 2 InfinityLab Poroshell 120 EC-C (100 mmx2.1 mm, 2.7 um) %A 435, UL 0.1%H i
KEW (Y 5 mmoL/L ZPREE)-ZME M ahtH, SEVCEC MR E . SR 12 PR 2 &
0.05~200.00 ng/mL 315 Fl P HA RIFRILIE R FR (r2>0.99), 76 PR (S/N=3) 0.02~0.26 pg/kg, 7E 2.0, 20.0,
50.0 pg/kg MR T HEE EICRHT 88.90%~118.00%, AHXH AR (relative standard deviations, RSDs, n=6)
M 1.55%~6.12%, 1 6 FIREFETH, 12 F HARYIAFAEA R AOEEBTRON o 5 I ZAbRiE T 2 ORI, 76 3 FhEa R
BRI R TT A B DR TARUE S R R, HOH RSD /NTARUE T A RSD. 4538 %0tk
PRBGRAT . REUE R . BB, 18 TG 12 Fho s e 24 5% Ba Rt kor i K 5 UE 4347 o

KB WA 2, JEE; QUEChERS 5 8 S A0 (A3 B R i i, Ak hg

Simultaneous determination of 12 Kinds of neonicotinoid pesticides in fruits
and vegetables by QUEChERS combined with ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of 12 kinds of neonicotinoid
pesticides residues in fruits and vegetables by ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) based on QuEChERS pretreatment technique. Methods The sample was extracted with
acetonitrile. The supernatant was purified using a QuEChERS matrix dispersion extraction method of
N-propylethylenediamine, anhydrous magnesium sulfate (MgSO,), and graphitized carbon black, and then subjected
to InfinityLab Poroshell 120 EC-C,g (100 mmx2.1 mm, 2.7 pm) chromatographic column for separation, using 0.1%

formic acid aqueous solution (containing 5 mmoL/L ammonium acetate) -acetonitrile as mobile phase, and matrix
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matching curve external standard method was used for quantitative analysis. Results The 12 kinds of neonicotinoid

pesticides had good linear relationship in the range of 0.05-200.00 ng/mL (r>>0.99), and the limit of detection
(S/N=3) was 0.02-0.26 pg/kg. The average recoveries at levels of 2.0, 20.0, 50.0 pg/kg were 88.90% to 118.00%, and
the relative standard deviations (RSDs, n=6) was 1.55%—6.12%. Among the 6 kinds of fruit and vegetable substrates,

12 kinds of target substances had different matrix effects. Compared with the national standard method, among the

3 fruit and vegetable substrates with high pigment content, the recoveries of this method was higher than that of the

standard method, and the RSD was smaller than that of the standard method. Conclusion This method has good

extraction effect, high sensitivity and strong specificity, and is suitable for rapid detection and confirmatory analysis

of 12 kinds of neonicotinoid pesticide residues in fruits and vegetables.

KEY WORDS: neonicotinoid pesticides; fruit and vegetable; QUEChERS method; ultra performance liquid

chromatography-tandem mass spectrometry; matrix effect
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Table 1 Gradient elution procedures

2.7 um). G4220B/G6470A — TE VUM (i BTk ke X
(FEEZHERAT]); AS20500ADTKQ-500DE B i vk ot

(B LTI 68 75 13 38 B2 7)) H20-12-TOC-T A4l K HL | i 1] /min VLI A% WS B/%
MSA225S L FFRFCRE I 0.01 me)(EEFELFIRl e 0 90 10
RN HD); FC204 HL T RAF-CREFE 0.1 mg, PR R 2 90 10
FRAAF]); TGC-10C {2 Do FI 2Rl 24T ); Mult 8 70 30
Reax Z4 A ERIE A #5(T5E Heidolph /A7), 10 30 70
1.3 #RETE 11 10 90
W H T R AR 15 gORS1%1 0.01 g)F 50 mL 12 10 90
WNELLET, A 5 mL 2, ERIES 5 min, B 13.1 90 10

$RHL 15 min, MMABGZEY T, A QUEChERS #:f1, F
FEIRT 1 min, 3700 r/min B.0 6 min, BEIER EFoEA
1200 mg MgSO,. 400 mg PSA #1130 mg GCB f#*) 15 mL 4§
&, WHERS 1 min, B0, B EEWR 0.2 mL, A
0.8 mL #IIHWsIAH, IREFZ4 0.22 pm EELE, 4

1.52 JRigdftt

TR 350°C; TR piht 5 L/min; Z5fba k)
45 psi; PYAIREE 350°C; WA 11 L/min; BANE K
EBF 4500 V, 171 85F 3500 V; WiMEHLE 500 Vo HLEIZE
H, B 1E 455X (electrospray ionization, ESI); #ili#ist: £)%

UPLC-MS/MS M %& .
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BRAPERES, #2613 ik B 55k, FIZBAMEARE b
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FERTVCELIR G b e R G TP .
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151 &gt
{4341 InfinityLab Poroshell 120 EC-C5 (100 mmx
2.1 mm, 2.7 um); WA A: & 0.1%H R AT LR EK VS
(5 mmoL/L), B N ZJE; & 0.4 mL/min; SEFEE 5 pL, B

BEVEIR P L2 1.

4K 22 (e Masshunter B.10.00 #4530 #r, %A
Microsoft Excel 2017 #x4-2: & .
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2.1 FUERHHMK

AT 12 PRI 25 1 B i LS L, %8R
B YA B iS5 AREE, 78 ESI+HLES 7 0N 230 30x 12
MET AT fe A Dy AT A I, B e EA T — G A, 3R
TG HERE S 7~ (m/2), TERfERE T J5, X 12 F0 e
YA T R A, DU E 5 45 BRI+
B B0 R 1, A B E AR R B | RS
F2 12 MITEEXERANRIESH

Table 2 Mass spectrum parameters of 12 kinds of neonicotinoid pesticides

44 Fr {5 £4 B 6] /min srFx BB T(m/z) PN F(miz) FIRH RV CE/ev
it H ok 5.575 CoH,oCIN;50, 256.0 175.2*, 209.1 90 20, 12
SE K 5.942 C;H;CIN50,S 262.0 181.1%, 122.1 80 12, 20
WE g 4.208 CsH}4CIN5O;S 292.0 211.1%, 181.1 82 5. 21
IE tHL b 5.176 C¢H5CIN5O,S 250.1 169.1%, 132, 1 80 8. 12
1E oL Bk 7.427 C1oHyCIN,S 253.1 126.1%, 90.2 115 20, 44
WE o ok 6.218 CioH;,CIN, 223.1 126.0*%, 56.2 97 17, 13
Ik H i 1.561 C;H4sN,0; 203.0 129.1%, 87.1 110 12, 8

FANE H i 7.433 C1oH10F3N;08 278.1 174.0%, 153.9 70 30, 4
975 0E Lz 2.827 C11H,5CIN,0, 271.1 56.2% . 99.2 85 32, 12
IR A 4.642 Ci4,H,5CIN,O; 322.9 276.9*, 233.9 95 10. 20
WK He g 7.976 C17H,3CIN,O5 366.9 137.0%, 320.9 110 30, 10

HUNE L P 3.914 CoHeF3N;0 230.0 203.0%, 174.0 100 18, 20

T *FoRE /BT i RE R (collision energy, CE),
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Tl

AW SIAH T R R R EE AR, 43 BIRA 0.01%.
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MgSO,. Ci5. GCB %P7, PSA JZ—lis IF s 1 < 4 0 ff
F, AT AL R B S PR AT R M A T, AN
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Total ions chromatograph of 12 kinds of neonicotinoids in MRM mode
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BORES, BUR 2 1Y [RICRTE 67.25%~102.41%, $E0R} 3 (1 [H]
R A 77.02%~105.80%, FHILATIL, 5 HAREAE 400 mg
PSA THERE, HIbSCR R, Mk, B, %A
1200 mg MgSO, I 400 mg PSA 1E QuEChERS 12k},
SFRERTE S, H3. . K. WEETA
KR, Sxa R 24T, 1 d . 51
WE RN PR HUE AT A H ARG P iy TSGR AEE, 52
Wi ARSI 25 SR A T M . A D STk T 1, GCB HLA IR 8 3%
S PR S AR M T IR AR, R, T GCB

EEREE T, R @SR RTS8 AL 1
B, H, ABREE T ARFERINER GCB XL
FIHT AR A 25 O SE MBI 5T . XTECIILAC 10, 30 1 50 mg A
GCB AynbrEMCR, 255 0LE 3, 10 mg A9 GCB X FAH
Sy I RRBRRAL A A Bt R A AR, (B TSk . 3141
HUBE R AUBE SRR AR 30 mg A9 GCB [BICRLE
87.60%~98.70%, FbACRELT; W% GCB fii iR £,
WEHIE | nE Rk, SMEWRSE AR Z BT, R B AR S
Py SRR A . I, ARBIFSE 2L 4% 30 mg 19 GCB #1144k

[ 1200 mg MgSO,+400 mg PSA

W 1200 mg MgSO,+400 mg C

[ 1200 mg MgSO,+200 mg PSA+200 mg C

F & F F §F §F @ K F ¢ &
L2 A AL 4

€l 2 QuEChERS HUELX 12 FORT AR S 1b A 4y [l I S (195 il (n=3)
Fig.2 Effects of QUEChERS fillers on the recoveries of 12 kinds of neonicotinoids (n=3)
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Fig.3 Effects of different amounts of GCB on recoveries of 12 kinds of neonicotinoids (n=3)
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2.5 EFRMBAIFEN

FE RN (matrix effect, ME)Z 8 R i J 5 v Jit e Ak
PRI A 53 X 0 A0 v o 0 ek I T ) S ), 23
i A 247 55 BA R0 A R M, TR DL B S AL, R
A O T R IR SO, 4 e M T ST AR 9 %
FASRAE M S PEAL 6 R S BR0N, REE b o il 2%
PIE I T FERPR IR bRl Ze ety AR .
o, [ME|>50% A 3 L TR0 ; 20% < [ME| < 50% 4 FP 25 5L
RN ; IME|<20% A 55 JE R0 o 255 036 3, ANl Sek th
FARG RG22, X254~ HARY) I 3 T80 A7 1 25 5%,
FEI BRI RO AR 25 LU Bl e, N 41.67%, Hoh &R
FUT SR BTN o5 e e, 430 75.00% 1 66.67%; H
SEFE ROV G 5 HE R 38.89%, A AESEISEIR BB 45
FEJFRLIV AR EL B4 51 R 58.33% A1 50.00%; FBL K5
LR M4 254 19.44% . AR A 9 b 28 3L R v LA
B, TW— B bRl A e AS [ 0 SR B 35 5 H %) 35 s 7
TETERI R 22 5 SR AL TR0V 1Y 7 L fe s i e e, oy
16.67%, FLUCR N IR S8E0, Y9° 13.33%; HHEESER
RENE 7 L e A S I FRRR RS I HURE, A A 21.43% A0
14.29%; 553 JFsony Hoge s | mE bk ook e e AR HmE
M i B3 R 21.43%, SRCRE H R S R S HUBE 7 R
14.29% HETF U, AR J5 P AEAE Sl AS I e Ry SR FH L o G e
2R UM HE TR0 RS ), 8 A AR I 1 mT e
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3

R3O12 METRE ARG 6 FEF P ERNE
Table 3 Matrix effects of 12 kinds of neonicotinoid pesticides in
6 substrates

E&W FE ST/ %%

A RO FEOEX ¥ dEE
Nk b 59.95 3804 7632 69.08 83.38 4576
SHBEME 4921 4931 81.55 57.42 8838 51.40
WIE H IR 8.62 8.05 6323 2899 6507 10.44
WE L 51.00  55.03  77.40 76.63 8127 37.70
15 L pfc 3243 4693 3452 4020 3649 36.46
WE A K 36.89 6.35 5450 537 64.10 8.76
ke 504  12.09 49.03 1736 68.14 29.92
FE LN 1.86 8.54 6277 5535 62.66  20.99
JENERNE  38.00 3621 76.65 4734 7517  28.16
WEAEMIE 1251 12296 36.30 437 2425 13571
R HLBE 31.66  64.57 2838 17.09 24.66  71.69
JRME R 33.78 5496 7530 4028 80.07  42.19

2.6 ZMSEEIMEHR. EER

SR FH 35 I DG FE B o 4R A bR k0 R, DA B AR
14 06 TR R Sl A A B (Y), R X R 1 T o 9 A R A A
FR(X, ng/mL), 7£ 0.05~200.00 ng/mL ZetETEE, ZhARuk
BRI et e, 25 3R 4. fERMEILRIN 44
4y BFRIAHE R E(r?)H 0.9976~0.9999, £kt S6 R RLIF, LU

3 ISR (S/N) BT T 17 F) AR 0 400 Jo o VA A% T 1
6 3 B (limit of detection, LOD), Lk 10 532k 1 75 (S/N)FIr
X R AR I A VR B b AR D7 9k i it R (limit of
quantitation, LOQ)™®*), #4241 LOD N 0.02~0.26 pg/kg,
fiXF DB34/T 3303—2018 { 25 & Wi FAEAF R 8 Fii
RG2S A 2 5% BA 0 5 TROAH 5335 B BT 159 ) 1) LoD
(0.5 pg/kg) K F A AEBHST BEESE T 10 Fog MBS
% LOD (0.5 pgrkg), RIAAR LR BIEL R .

R4 12 WITRERRGMEESIZ. REHRAEER(=6)
Table 4 Linear equations, limit of detection and limit of
quantitation of 12 neonicotinoid pesticides (n=6)

ft o et it =@
[(ng/kg) /(uglke)
AL Y=16137.70X+54947.19 0.07 0.22
SEMR Y=18402.56X+72184.40 0.04 0.13
WE I Y=29293.98X+110626.77 0.02 0.07
g o1 Jh Y=15751.19X+96533.86 0.02 0.07
I K Bk Y=51579.99X+136920.73 0.03 0.11
W 5 fpk Y=41080.50X+162877.69 0.02 0.07
ki Y=12394.61X+49520.30 0.07 0.22
JRE NG Y=2688.45X+10387.43 0.17 0.55
Ji e i Y=23889.68X-56620.17 0.03 0.11
PR Y=1138.59X+1283.85 0.02 0.07
WR H i Y=6166.97X+4584.33 0.02 0.07
TRE MR Y=1268.87X+2340.73 0.26 0.86

27 FEERERBEEE

TEREBRE S A3 MR L H s & 3 AN TR EE TR
EFFUEIR IR . 45 I0LEE 5, 12 P M 25 19 4 AR
[l 2k 88.90%~118.00%, X HRAEMZE N 1.55%~6.12%,
FWIA Ty 1 B VT S (0 o f B RO 5 B2, med R AR D 12
TB RS (1 2 2K
2.8  SERREE I

FFATT B 80 HEVRFBAE S T E o A5 R
W 6, MLARAERAL . RASE. Wi, . FXTHY
Hvih; WERVEERE KRR WGP A R,
B ERET AR, ERRAERER . R, B3R, K
H3. KRR, A, HaARSEd g bk =4
g, Hax 8 FiR2yARKH . 5% GB 2763—2021( &
R FAE B PR AR RIR R R ) T, FES
ML H kR I H A AR AR IR G, T, ik A o e A (B
i50.166 mg/kg, JEBREFRE0.05 mg/kg)ft 3.32 17, e 2%
ek HEIE 0.139 mg/kg, J&FREFRE0.02 mg/kg) 6.95
5, AR A AR AR . RIIAEE TS 2 5k
AR, A B AN AR IS ARG SR A T I, AR
D7 ST RE 12 FPH RS AR 245% B8 1 R SHAG
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F 5 12 FhETHERE SR 2500 B R AR X AR E R ZE (n=6)
Table 5 Recoveries and relative standard deviations of 12 kinds of neonicotinoids (n=6)
&Y 2.0 pg/kg 20 pg/kg 50 pg/kg
2R S TR /% RSDs/% S R % /% RSDs/% S i /% RSDs/%

N K ok 105.37 431 96.21 3.35 106.80 3.44
SRk 93.67 231 101.03 1.55 99.00 3.27
WE R 110.35 1.94 118.00 231 104.25 2.67
5 Hhe Jie 107.25 4.56 92.45 2.11 102.00 2.76
IE £ Dbk 103.04 1.66 109.11 3.46 101.70 1.99
W H R 105.11 2.11 108.36 2.08 113.21 3.01
Wk s b 109.09 322 102.08 4.11 105.35 2.14
HUE HL NG 103.00 1.85 111.34 3.45 106.17 4.13
S WE ¥ 109.11 4.56 106.28 421 101.45 5.11
PR R 88.90 5.67 90.00 6.12 95.11 3.21
WR H i 93.45 2.15 95.16 2.17 103.13 3.09
FEIE M P e 107.41 4.16 109.45 3.66 115.21 276

6 SEERMEMT 12 MR L & PRI NS R (me/ke)

Table 6 Results of 12 kinds of neonicotinoids in
actual samples (mg/kg)
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FHE  0.058£0.090 0.013£0.004 0.021+0.027 ND Jr ST O R RN N 91.98%~106.87%, RSDs K
ik ND ND ND  0.036+0.020 1.28%~4.32%, 7 #E 77 1 B T 2 90.66%~105.82%,
R ND ND ND  0.QgUE% RSDs H 2.01%~6.21%, PIFJ5E 1) IR AT RSDs 2251 A
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KAX 005920081 ND ND 0.021 , ABIFSE A 37 0 I S 88.22%~108.21%, RSDs
ek ND 0.055 ND© 001820038 S 1.29%-6.21%, FRAEN BN 82.15%~109.24%,
k] 0.088+0.078 0.027 ND ND RSD N 4.27%~9.31%, FEHIA I vt T35 €0 25 B RE bk
JOE 004820013 ND NP ND WP AR F BT OB, RS UBET, FLHBAT I
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BREACZY, HirAb BAP SR | A i HSARAR, TR T
T ND FOR A Y FAE S A LR, SO SRR FeHE A L H BRI A

£7 AFES GB23200.121—2021 EE X5 R (n=6)
Table 7 Comparison results of this method with GB 23200.121—2021 (n=6)

. e aE B/ AJ5 3% GB 23200.121—2021
(mg/kg) Il 3/% RSDs/% [/ % RSDs/%
SR 0.020 92.57~103.58 1.28~4.32 93.01~103.24 2.57~4.05
KR i 0.020 93.27~104.66 2.15~3.99 92.11~105.29 3.17~4.32
i 0.020 91.98~106.87 2.55~4.02 90.66~105.82 1.97~3.99
LES 0.020 89.11~108.21 2.01~6.21 85.31~106.25 4.27~8.78
S 0.020 88.22~105.69 3.05~5.69 83.26~106.97 5.96~8.21
e ] 0.020 88.59~103.22 2.59~5.21 82.18~99.21 4.39~7.11
A 0.020 91.32~104.36 1.29~4.33 82.97~102.54 3.89~6.87
k3% 0.020 89.33~106.95 3.51~6.11 82.15~109.24 5.25~9.31
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