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B E: BN #r—FEBR S S0 0% - S BOTE Y (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)[] N E & & 6 Flds i i 2S£ 24 5% B Sz 8 Fhgr IRmsi 2t % U 5% B8 i b 7 ik o
HE M 4% (V)R- BB R EGA R, QUEChERS i+t )51k, Waters ACQUITY UPLC BEH Cig
(2.1 mmx100 mm, 1.7 pm) TG, LAZE-0.1%H BRE AT RS AP TR LV, A% 35 °C, i 0.2 mL/min.
LB O 25 I B R, 2 BN MR B A T BT . BER 14 R TE 5 Uk O A 5 R
TR 2 PE 5 R (R>0.995), F kK tiBR M 0.3~5.0 pgkeg, HiEERBA 1~10 pgkg, FXhbs Bk K
74.8%~105.0%, FHXSARIEN 2K 3.1%~9.5% 48 ASBIFFE AT L M7 607 (B IREE | ER L | R MLy, fig
T e A 6 FhWETAIN S B 28R R K 8 AT RS AR 2 5% B A T e i AT o
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Rapid determination of 6 kinds of quinolone qesidues and 8 kinds of
neonicotinoid insecticides in poultry eggs by ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an analytical method for rapid determination of 6 kinds of quinolone residues
and 8 kinds of neonicotinoid insecticides in poultry eggs by ultra performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS). Methods The 4% (V/V) formic-acetonitrile solution was used as extraction solvent,
QuEChERS was used as purification method, Waters ACQUITY UPLC BEH Cyg (2.1 mmx100 mm, 1.7 um) column
was used for gradient elution with acetonitrile-0.1% formic acid solution as mobile phase. The column temperature
was 35 °C and the flow rate was 0.2 mL/min. The ionization mode was spray positive ion mode, and quantitative

analysis was performed using multiple reaction monitoring mode. Results The 14 kinds of analyte showed a good
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linear relationship (R*>>0.995) in the concentration range. The limits of detection were 0.3-5.0 pg/kg, and the limits of

quantitation were 1-10 pg/kg. The average recoveries were 74.8%~105.0%, and the relative standard deviations were

3.1%-9.5%. Conclusion This method has the advantages of simple sample pretreatment, good reproducibility and

high accuracy, and can be applied to the simultaneous determination of 6 kinds of quinolone qgesidues and 8 kinds of

neonicotinoid insecticides in poultry eggs.

KEY WORDS: poultry eggs; ultra performance liquid chromatography-tandem mass spectrometry; quinolone

residues; neonicotinoid insecticides

il

0 5

BEEAMTEMSRWENGSR, HERS TS
iy, BRAREORBAMNEICRE., REESEHE"EK
[, 2023 AEAE B BN 3563 J1 t, VR TR R 4,
] A A 3.1%, HIFREE A" A% AT ARk A
SRR Bk EGRREL N SRR R T
— IR RE, AT RSP, SRR SR A
Kb ERFE L, FEOXRY G RN IRE, il
BRMZGIRE, [R>S T A R BR L, 3
AR, WoBE AR,

MEE TR — 2B AN LA BT IR P AE R, MY
WO R AT, T FL AR, FES R s
TAZ o BB S HOR) 3 T AR 2 1 L TR
Az, B RS K. TSR, AT i
VA RSB 245k B FBT MR R A 24 5% BE ROAS I O 12 5
B A 8 i 75 (high performance liquid chromatography,
HPLC) F /55 &% W& A £ 1% - 5 1 5T 3% 7% (high performance
liquid chromatography-tandem mass spectrometry, HPLC-
MS/MSP Ly T A hE 4y b o B & R OB
HPLC-MS/MS HHEEMBAR T i, BEERME S, i
RhRET S FLAk, AR AT S 2, MR IR
& [ R ZEBGRE I | [l ISR AR A (0] 177 QUEChERS (quick,
easy, cheap, effective, rugged, safe)f&—Fi P | fiH . Bl
SAEUEAEZE BRI AR, ©L 712 N TR b 2 R B R 2
B BRI 52 43 A2,

B, X8 8 R R A A 24 8% B 0 2y TE R R A
b, ABFEN TF R —FE Y 8 FluEEINE £ 25k E
16 Folmds i T 24 25 5% BF (R F RGN 9 v, MR R B 1
GB 2763—2019 { & i R ERIRUE B i bR 245 K5k B
MR ) M & B bR i Ak 24 % BRI B 4R 43L T A, i HL
& AR P AR 2 5% B A2 5% B B ARSI R g — it
TR

1 MR5RE

1.1 XEE5F
UPLC/Xevo TQD H 5k DU 25 0 AH S S (Fic AT HEL 1 55

FJ§); Waters ACQUITY UPLC BEH C5 (2.1 mmx100 mm,

1.7 pm); Waters XBridge C;g (4.6 mmx50 mm, 3.5 pm);
Waters CORTECS UPLC BEH Cig (2.1 mmx150 mm, 3.5 um)

[RFFHERE (R A BRA R, GX-271 [ A A B (SE [
Supelco 23 7]); Sartorius BSA223S-CW HL T K3F(0.01 mg,
Tl E FELZ AT F]); OA-SYS A MK AL (32 [H Organomation 2
Al); 32A BL.OHL(TE E Hettich 23 7]); VM-600max IR iER &
{{(TOANL AB /Al); G3 Bl 78 &AL (TR E B R A );
Eclipse Plus C;5 (2.1 mmx50 mm, 1.8 um)[ZZ R (7 )
A BRA ]

M. WEE(faikal, 5¢E MREDA /AR, FER(EE
g, REETCEREMIL LRI, SAGrHral, KHEH
Wb TAHRARD; 2 R LR — s (oriral, JEEZ 4%
AIA FRAFD; MEHEIFRES BT RBEARAE (100 pg/mL,
Kt First Standard /A 7]); QuEChERS 4k Eh£1(5.0 g Jo/K A%
WR%EE . 2.50 g Cig. 2.50 g Carb). 0.22 um S (3 b 540
Al); S KO B EGB AR, FREEAE(T IS R Rl
A BRAFD
1.2 HmETRE
1.2.1 AR

AT H DG E ARG B AN S, PRGBS 5 g0k
/NS JEFIAE), T 50 mL HIERLOE T, I 10 mL
4% MR- LG, WBERS], HMAHEE S min, 7E 0~4 °C
447, 8000 r/min B5.0> 5 min, AkZE IR EUA TR E S IR 1
), &I FIEW
122 # oyt

KRB BYEWh, 4350 QuEChERS #h4d ., Y4k
Z. — M (primary secondary amine, PSA), Cs S5+ {b A1 KL, 15
WERS], TE 0~4 °CZAFF, 8000 r/min #5.0> 5 min, YERHIK
BB 1.0 mL, 3 0.22 um JEME, it UPLC-MS/MS & .

1.3 S &tt
1.3.1 &#5Hh

3k Waters ACQUITY UPLC BEH Cig (2.1 mmx
100 mm, 1.7 um); #1335 °C; FLshtH: A-K(F 0.1%H iR),
B-Z1%; WiE: 0.2 mL/min; #E4fiE: 1 ul. BAETLRART:
0~12.00 min, 90% A~10% B; 12.00~13.10 min, 5% A~95%
B; 13.10~17.00 min, 90% A~10% B.
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FH15E

132 Jrid&rt

FH, 155 55 5% 1 (electrospray ionization, ESI), 1F % -F
iz, 22 [ W Wil (multiple reaction monitoring, MRM)#
A BMEHRIE 3.5 kV; ZHALRIE 500 °C; BLH 1R
900 L/h, RFES A 0.15 mL/min; BFURERE 150 °C.
HAESHIFE 1.
1.4 HEEALIE

FESA 3 AT SEES:, I HFIF OriginPro 8 474011
2ERAR AL BT

2 HER5HH

21 BEERHFSMRL
2.1.1 RFHAReyikF

S22 HAMUHT IR I T 2E HPLC-MS/MS #I fit
PR TSI, FEANA PR, s, 2
WG, WR. L. PR . =M%, AR5 aH% 5%
THEE-0.1%F RO W R W . HEE-2liK . B
01% L TREVEW . ZIE-0.1%PRRIEW . ME-4lik. 2
A% =R ZE-0.1%Z BRER R RAE N shHI A 2 %t
A T £ 245 % B RO MRS A 24 % B 9 A B AR . S5 R
N, HEEUR R S AH SRR o T4, JF AR5
SN AWM EIER R HECNERRTIMA =0, 550
N D25 ARG, AN S AR I 0, Al R 2R A e U

FIEARBRENERERER; CFE-01%HRER S K
-0.1% . FREVE TP FR L S ARG BUACTT, BARTH =, Wi
Gy SN 517 I IV N o a5 s 1 2y o 1) S = o
FAEPEAREIRZR . 25 -0.1% H R V2 WA > MR A4 i 31
AH, HEATHREE B
2,12 &irreyitdE

AIFF I T AFRAZ SRR 4 it Waters
ACQUITY UPLC BEH Cz (2.1 mmx100 mm, 1.7 pum),
Waters XBridge Cig (4.6 mmx50 mm, 3.5 pm)., Waters
CORTECS UPLC BEH C;5 (2.1 mmx150 mm, 3.5 pm),
Eclipse Plus Cy5 (2.1 mmx50 mm, 1.8 pm), fEIF & THRF,
VL ZE-0.1% F BRI AR M shAH, WEEA R (At xt 14 b
TR DL . A5 RERI, E 4 BT, 14 B4
B BT RE ;™ A A 0T 1 Ay B AR, HIRRTE 2RI TSR . (H
Waters ACQUITY UPLC BEH C5 (2.1 mmx100 mm, 1.7 pum)
WIS AT, BEoRZREE, 9 H S A B ek By Wi, &
223 5E Waters ACQUITY UPLC BEH C5 (2.1 mmx100 mm,
1.7 pm) A HrE
2,13 Ri#&Heik

XF 14 Fp SRR EE A 500 ng/mL BRI TS, 4
FEAHKEE . TR enEFeEEgr, ETan
W, WS, TS, Red R a
2 0T (RS 2R 2 B IO INAR TR S AR, Al e, 15
# MRM @ik, HARGRILE 1, BB 1 arAL BEE i
YI#E 9 min NERREH I

*1 RiEsH
Table 1 MS parameters
VR] BT () FEFm2) LA HL e eV HEFLHLE/V

JBi#7) B (enrofloxacin) 360.3 316.3%,342.6 25 20
U0 2 (ofloxacin) 362.3 318.3%,261.3 25 30
RN TP B (ciprofloxacin) 332.1 288.1%,245.0 42 22
5 5870 & (norfloxacin) 320.1 276.1%,233.0 40 20
Vi Tb A (sarafloxacin) 386.2 342.1%,299.1 45 18
R AL (pefloxacin) 334.1 316.1%,290.1 42 19
it s Bk (imidacloprid) 256.1 175.1%, 209.1 22 12
1 L 1% (thiamethoxam) 292.0 132.0%, 211.1 30 12
W 3B (dinotefuran) 202.8 128.9%, 157.0 16 8
e MUK (acetamiprid) 223.0 126.0*,90.1 28 20
19 % (clothianidin) 250.0 169.0%, 132.0 30 12
SR BEMk (imidaclothiz) 261.7 122.1%, 180.8 16 14
1€ 1 b (thiacloprid) 253.0 90.1%*, 126.0 32 20
J7 0% 1z (nitenpyram) 271.1 125.9%,224.9 30 12

T *RRE T
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= 100 = 100 X 2N
= 6.82 S = 100
i 2l 6.40 i 6.78
bl st bl
E oo : - : =0 : : : g0 : ' '
50 100 150 5.0 100 150 5.0 10.0 15.0
{3 B2 A} i) /min {5 BRI} 1] /min PR ) /min
Mk A= L o J
£ 100 HEIE Lo, DHDR £ 10 HHLIE
% { : l = 738 = 6.42
E 0 ' . s E 0 : s : E 0 ' s s
5.0 100 150 5.0 10.0 15.0 50 100 150
L B8 Hst [E] /min £ 84 B5F 8] /min LR 84 B[] /min
X M A bk X 2 it 1 N 100 ok H
100 73 a 100 629 % 5.04
= i : 2
g o : : — E 0 : : — = 0 ' :
5.0 100 150 5.0 10.0 15.0 >0 100150
(R ER A /min {5 R ] /min {REAI T/ min
2 I etk ® WE H g ® L gEnk
= 100 = 100 S
g 8.00 %( 7.46 % 100 7.67
2 0 : : — E o - : . E 0 - . -
5.0 10.0 15.0 5.0 10.0 15.0 5.0 10.0 15.0
- B [ /min {88 B ) /min {58 B [ /min
100 100
s v i . e s
8.68 RN
% % 5.44
= m
0 1 1 1 =:: 0 1 1 1
5.0 10.0 15.0 5.0 10.0 15.0
P84 B[] /min {4 B4 Bt 1] /min
BT 1405 B I MRM 6 % 5]
Fig.1 MRM chromatogram of 14 kinds of analytes
2 HIANE R [ WA
2.2 AIRCIBEHHIME =1%Eﬁ@
e s 9 firs
220 BRIUEH 6 kA —piin

FIHI, R B v AR 24 5% B AL 24 5k B o AR IO
FAEHEE., ZE. £ VU ZFR(ethylene diamine tetraacetic
acid, EDTA) & £TR CFRSs, I HH A R TR AL BE AL
BRI, F R, XU BRI, A
A PR AR M Bt S 22 . FII IS g A, W RE L BRE
HBR R T, SR EARTIGE, MRS bARE AR &
R BRI PEAR, X 5L &R 2R AE R BRCRE AN R, AFR
FWAPY EDTA Y WR7E IO R ) s R, AEAE T e L
TN, FLERIE IR G, IR AT DUMRAT A TT0E 8 1%
50 n] DAVE T BB R v SR R, B
IRIUDER N GEZERFIE, S5 BRER, AMRE
RAG LI AR HR- LB (1% . 2% . 4% . 6% . 8%)
X 14 BT IR BUSCR IR . f R 2 T, 4 Z i E
R AL T R- I VE I, X T RBSE Hh TR RBEE NG
W TIE AR E MR R, AR T 1k, Mg
o IDSCR ) it R R B (4R 80, AT 1 TSR T4t
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Fig.2 Effects of extract on the recoveries of 14 kinds of analytes
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FH15E

=, HRRM IR R 4% 0T, SERPIBCRELLE, 1 90%~110%2Z
(B, MucEiRs] 8%mf, FaAALifb-A PR . L,
BEEE 4% F - LGV E N R BUA 7
222 ALty

BEMEERANEAR. BUMERCGEHE bER).
AHFFE LA BN AFERR, XL T Cig BIAHZE BUHE . Carb £
F1 QUEChERS ¥k rIRCR . &l 3 FIHI, SR Carb
FE Wi Z2 B A F Cyg Fl QUEChERS b fu, AIAgIEH T
Carb [EAHZE U B3 LU B —, (R0, 28 HL A B0 A W BH
UL T o C g [ AR ZE BURE B 12115 241 {5 T QUEChERS,
B REA B BT B S, FTRESE Cis [EIAHAEBUH X2
1B RGBT A R B A 45 5% bR T 2R
fAr R, FTLLEE IR A Mg A RE B, ORI R, K
QuEChERS 1B R iZ 58 3504k 77 1%

120 ¢

—=— Carb
o Cy
A —4A— QuEChERS , 4
100 | SN A e
/‘ e S A H LN A

80 |- e e,
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»
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Fig.3 Effects of scavenging material on the recoveries of
14 kinds of analytes

2.3 EFRMMN

FE TR (matrix effect, MEJFSFESH BT T i —FhaEg
Z A B AR LS5 X TR E B v 1RG0 o P S
T H BT SR B R PR T IR RS B TR,
. R o, S JIUTURRIE T 224
Mo e e i e

ME (146 XHE R /MU FRIE RN 5 55, 438 3 R
) IME[<20%, 33 3E B0 ; 20%<|ME|<50%, H 2558 3k
FURN; [ME[>50%, TR AUN o & 8L N 2%, BT
B B8 2 (i E bR A o I 55, AR S R S R
TRV A AR S BE 0, R VR SR 30 5 s A 7 A B 52
FUAZE AN 4 R, FEXE T, YR AE BRI EM
W o1 Jpk 6 IR Fh AR BE 1 ME, TS R o g vb L v LRI

~1)x100%].

SREETRALNE, 3 8 Ry ST AR R I Ay v A5 ik B B RN
SR, TG 8 0 32 T 0] BH S T XS 2, 3K v] RE NG
R ALY A O T, 14 Fh BARY) 72 & E b #A AT
B ME, TR, AHIFSY R PG ZAE i 23 (138 T DE e il
LR LARME ME X5 H ARG P00 THE, A3 ke DU 75 3 1 e
Pk

60 r
551
50 r
45 r
40 -
35 r
30 -
25
20 r

ME/%

14505 M

K4 14502047 ¥ FIMEs
Fig.4 MEs of 14 kinds of analytes

24 FEFER
241 FEAKMEE. BRRTER

ZiG iR ME 3, IR -G hRHERE S80I AT 25 5 5
25 HIREBUR Y, Bl BRI EE 43028 5. 10, 50, 100, 200,
300. 400, 500 ng/mL [ 14 For#rd) RAVRER I, %18
FREEST BT BRI TN, LAAS-2H 43 o 12 1R BE (C) i AR A,
X VT AR (A AR, AT 08T, 255320 6 Fimgs
TR 25 B e 8 FIHT RGNS A Bk B A 5~500 ng/mL
JEEI N 2 RAFIERPESC R, HHOCREIYTE 0.995 UL F i@t
JIFRSEE, L3 A5 10 550 L (SN)B 2 25 B AR £
FR(limit of detection, LOD)Fl5E #fR (limit of quantitation,
LOQ), HARZFWE 2,
242 mAREDKBAEE

R T BB R R T R R M, AR AN
o TR0 S 52 30 A 7 S (R B 28 L BT, ARk - 430 IR
(LOQ). H(3LOQ). #i(10 LOQ) 3 MKEE, THEA-F-H i
FIARXT A5 U 22 (relative standard deviation, RSD), 45 -3¢,
SRR 74.8%~105.0%, RSDs 4 3.1%~9.5%, J7 k)
YR 5 RIORS 2 BE A5 A e i 2 e R PO, 3% 3,

2.5 SERREERAYNE
I ARSI J5 %, BTG4 T 3 B A LR
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B AR, X 30 kAT EEHEAS #ISE . 15 HEXG
FE) v T S R R O R S A 2 9% B AT I
FEG A 3 bR s SR F (RS R 1, A998 2~3), faih
10.0%, FERRFEVE, KHERERE 2~5 pngke HEN;
BB B A 1 HUAS Hh (RS 2R 4), it ik, A %o 3.3%,
oz H e (2.20£0.01) pg/kgo AR UGN S Bt i o b K 3] 1Y
W EHYIEBE GB 31650.1—2022 ( &R EEHE &
il T 41 R 2 R B P B D o PR 1 B Rk R B

{H, RIPLITHANTH & &G EL TR L 2EH. 5
ERISE, XS 4 17 PHAAAE i P03 BT AR (QC sample 1:
OB RFERE 1 QC sample 2: M HUMRBTFEAE 2)F% i
GB/T 21312—2007C s I £ bt rfr 14 Fhwds vt 245 9y 5% B
K7 i WO @G- B/ ik ) AR, Sy ik
FIXPEE . HiZR 4 AT, I S5 A] 2 0 25 1R 25 5 (L KR i,
P>0.05), KIZ Oy SE, " LIME D & & b e e 5 2y
B B R IR A 25 5% BE B AG J5

Fz2 14T YINLEMESTE. LODs & LOQs (n=6)
Table 2 Linear relationships, LODs and LOQs for 14 kinds of analytes (n=6)

SR KM R LODs/(ng/kg) LOQs/(ng/kg)
BisT A A=61.8137C+1.787x10° 0.9993 0.3 1
YR A=65.1648C+2.657x10° 0.9990 0.3 1
WHNT AR A=63.0418C-3.437x10" 0.9980 0.3 1
Wi b 2 A=40.1188C-5.919x10 0.9964 0.3 1
YR B A=54.5499C+8.202x10* 0.9990 0.3 1
Hm R A=117.818C-9.084x10? 0.9967 0.3 1

Nk H b A=29.1441C+4.982x107 0.9970 1.0 3

WE He g A=12.3715C+2.740%10° 0.9973 1.0 3

Ik U A=75.3802C+2.913x10° 0.9996 1.0 3

WE H K A=58.0988C+2.3059x10° 0.9967 1.0 3

15 T i A=40.1919C+1.029x10° 0.9956 1.0 3

S E A=19.1151C+7.385%x10? 0.9985 2.0 5

E L b A=34.863C+1.281x10° 0.9976 1.0 3
e U A=19.0989C+2.794x10? 0.9966 5.0 10

Fz3 14 WA TMAESE ST EUZEF RSD (n=6)
Table 3 Average recoveries of 14 kinds of analytes and RSDs in egg samples (N=6)
R LOQ 3LOQ 10 LOQ
S [ R /% RSDs/% S5 IR /% RSDs/% S [ R /% RSDs/%
R 2 78.3 6.3 85.5 5.5 90.2 53
£ TRUY 88.2 4.7 99.5 43 922 42
WA 2 91.0 7.0 84.1 4.4 88.6 7.7
Wb & 82.4 3.4 94.7 5.6 85.6 45
YRLTb R 97.4 9.5 100.7 4.1 97.3 6.3
WA 2 80.9 6.6 90.2 7.0 88.4 6.9
M H Bt 74.8 6.8 84.5 4.4 82.1 6.5
19 th g 79.5 7.9 80.2 5.3 7713 7.1
Wk i 87.5 9.1 92.2 9.2 81.0 5.2
WE R 101.0 9.2 105.0 5.1 99.4 8.8
B L 88.2 5.7 98.8 4.7 99.9 3.9
S IENR 85.5 5.5 99.2 3.1 92.3 7.4
WE L b 82.2 6.3 86.6 5.8 87.5 8.2
I WE LU 85.5 6.9 91.2 8.8 88.3 6.6
x4 SEREESH
Table 4 Contrast analyses of the results
B qc ___ 75/ (nglkg)

B GB/T 21312—2007

QC sample 1(BiH7 ) 10.02+0.04 9.95+0.03 10.15+0.02

QC sample 2(HHt, H1 k) 5.00+0.02 5.1240.07 /

P53 1(BHE T A) / 2.52+40.01 2.57+0.02

MY 2(B TP AL) / 2.88+0.02 2.85+0.03

WY 3RV AL) / 4.55+0.02 4.59+0.04

X ANl k) / 2.20+0.01 /

i RE S N
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