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Modified QUEChERS method combined with ultra-high performance liquid

chromatography-tandem mass spectrometry for simultaneous

determination of 19 quinolones and sulfonamides in aquatic products
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Abstract: Objective: A simultaneous determination method was
established for detecting 19 kinds of quinolones and sulfonamides
using QuEChERS
combined with UPLC-MS/MS. Methods: Samples were extracted

in aquatic products simultaneously, by

with 1.0% formic acid acetonitrile solution, ultrasonic for 1 min,
and purified by QuEChERS multi-function needle filter. The

sample purification and filtering were performed simultaneously.
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The Mass spectrometry was conducted by using positive (ESI+)
electrospray ionization and multi-reactions monitoring ( MRM)
models, with external standard method. Results: The detection
limit of 19 kinds of sulfonamides and quinolones is from 0.5 to
1.0 pg/kg. Compared with the national standard method, the
detection sensitivity is improved. The added recoveries were from
81.0% to 113.0%, and the relative standard deviation (RSD)
were from 0.2% to 11.7%. Conclusion: This method assisted
ultrasonic extraction and QuUEChERS, enhanced the efficiency of
measuring quinolones and sulfonamides in aquatic products. It is a
simple, rapid, sensitivity, accurate method, which provides an
efficient technical means for daily monitoring of sulfonamides and
quinolones in large quantities of aquatic product samples.
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BE WM QUIECRERS £A B RN RABE—SHEREERMNEKT RS 19 MBELRE

AR H A B O ML Sorvall ST16R 1, 2 1 F8 8k %
MR B AT BR 2 A .
AW AL : N-EVAP 112 #, b J1 81 B 2 10 8% A bR

Z R4 30t JE £ . F-QUEChERS-EN3101 %I, K ¥
PR IERH AR A,

1.2 A&

1.2.1 bR v v e )

(1) FRUERG A5 (100 pg/ml) Be il . BL 19 Fofr 6§ e v
TR 2 2 W bR o A TS I O 2 T & 06 P 4 10 me) L K
BEFR A3 00 R T B RO E A E 100 mL A R
WL OB VR B A 100 pe/mL B9 bR HE F TR B O
— 18 CHEAE ARAEI R 6 A1 .

(2) RA T AR A2 19 Pk o fif £ 900, FH HF
A, TC 1 G 200 png/ L YR -G v I i B VA, B 9T TG 9 U T
4 CRECE IMARAT . AR ZRR AR IR E B
1.2.2 FEMAREL  FRER 5.00 g ¥ RAE M T 50 mL B0
LA 200 pg/L AR AW, # 10 min, A 15 mL
0.1% W Z NGV W . A $2 8 1 min, A QuEChERS
$REAL L JREE 3 min, 8 000 r/min B> 5 min, B5 mL 3§
WET 20 mL .08 T s T 45 CKBPT, ARER
TLImA 20% KSR B, WIRIRS . KB RRAE %
Urgesr L PE 2% R0 2 mL A5 € b O 0B O D L 1
T2 8 RO AR 5 8RR BT X (UPLC-MS/MS)
W
1.2.3 W@ ACQUITY UPLC BEH C i
FE(2.1 mmX50 mm, 1.7 pm) ; i 3hAH 86 BE Y6 I 2% 14 1
LW A RHFE,B A 0.1% F R K % W, H R
35 °C ik 0.3 mL/min; #EFER 5.0 pl,

1.2.4 Bk &k RAABIZE &7 I (ESD , 2 & W
IE B FHEMEE (MRMD ;B 77 <R 500 °C s B 5
AU 1000 L/hs filf 38 <00 0.18 mL/min, #EFL S0
150 L/h; B F IR EE 550 °C; Hf R ESHULE 2,

1.2.5 MrELAEM LI E B S RN ARIR AR K
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Table 1  Gradient elution of program

W) /min JRBIAR A/% G0 B/ %

Wk /(mL « min~— 1)

0.0 5 95 0.3
1.0 25 75 0.3
7.0 25 75 0.3
7.1 5 95 0.3
8.0 5 95 0.3
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®2 19WMBEMR S MAFRME UPLCMS/MS RikMESH
Table 2 UPLC-MS/MS acquisition parameters for 19 kinds of vet drugs and 5 kinds of internal standards

& B EE/min BT On/2) TETFOn/=) FEEEHE/s HABRE/V  #ifEfE/ vV
By 2 2.67 360.202 316.267(Q) 0.003 24 18
245.169(q) 0.003 24 24
KN R 2.60 332.202 288.182(Q) 0.003 38 18
245.175(q) 0.003 38 24
W R 2.48 320.138 276.226(Q) 0.003 38 16
233.144(q) 0.003 38 24
KRV R 2.86 352.096 308.031(Q) 0.003 8 16
264.987(q) 0.003 8 22
ARV R 2.34 362.096 318.035(Q) 0.025 34 18
261.014(q) 0.025 34 26
i B 2.35 334.096 316.035(Q) 0.025 22 18
290.026(q) 0.025 22 16
WU R 2.20 370.096 326.032(Q) 0.025 30 20
269.014(q) 0.025 30 26
it i v s 1.85 256.011 156.026(Q) 0.003 18 14
108.086(q) 0.003 18 22
it e 1% 1 1.77 251.074 156.030(Q) 0.003 32 16
108.088(q) 0.003 32 22
TiE i PR s 2.29 265.074 172.043(Q) 0.003 38 14
156.039(q) 0.003 38 16
Tigh e Y 3 e 2.29 279.074 156.041(Q) 0.003 38 16
186.035(q) 0.003 38 18
i frie R I e 2.84 254,087 156.037(Q) 0.003 34 14
108.089(q) 0.003 34 22
itk Jiie — Y S W s 3.23 268.074 156.018(Q) 0.003 24 12
108.086(q) 0.003 24 24
i i 478 — P 4 g g 3.07 311.074 156.024(Q) 0.003 14 14
108.087(q) 0.003 14 24
itk JHz g e e 6.69 301.074 156.028(Q) 0.003 40 16
108.088(q) 0.003 40 26
it iz [va) Y 4 2.93 281.160 156.032(Q) 0.003 38 16
186.035(q) 0.003 38 18
it frie Y I 2.29 271.096 156.037(Q) 0.003 34 14
108.089(q) 0.003 34 22
i i S Wk W 2.68 285.096 156.043(Q) 0.003 14 14
108.102(q) 0.003 14 24
it i Tva) — P 4 W 5.68 311.096 156.105(Q) 0.003 2 18
108.101(q) 0.003 2 24
TAREIE TR 2.66 365.202 321.245 0.003 40 18
MARRHEY R 2.58 340.202 322.240 0.003 38 22
ST B 2.47 325.202 307.190 0.003 40 18
AR e 415 — FY A g e 3.04 314.138 108.086 0.003 40 20
ATA R g e P 4 5.47 317.138 156.027 0.003 44 28

T OQERE T BT,
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FEAS T I A TR B B R e A 5,10, 20,50,
100,200 pg/L BYPRME TAEW 4% 1.2.1 kAT A3, LU
U TR AR N A B, 4 B2 A S At e, 228 I b o AR I 22
1.2.6 [l R AIORS 25 00 SIS (K= fRE S, 4
ST R A 19 Fi fif i s v 6 3% 16 & W0 IR & 03 1
TAEWE TIN5 3R 10,550,100 pg/ke, HERIR &5,
JCE 30 min J&, FALA TN E RS KCEIE 6 K.
2 RSP
2.1 BigERil

Sy I H HSS T3 #:(2.1 mm X 100 mm, 1.8 pm) .,
CORTECS UPLC (2.1 mm X 100 mm, 1. 6 pm)
ACQUITY UPLC BEH Cy #:(2.1 mmX50 mm, 1.7 pm)
3 AN [0 A 1 €8 3 A R AT 10 o8 ol v 5 T 2 Ak 5 0 14
SE R, 4R EK P, ACQUITY UPLC BEH Ciy
(2.1 mmX50 mm,1.7 pm)fEN 19 FR & 16 & Y09 5 5
EREFERT B A BB B X R R M4 B AR
7€ 8.0 min N 58 BLITAT B AR BN AR 1 43 8 . TR
4% ACQUITY UPLC BEH Cys (2.1 mm X 50 mm,
1.7 ) 1R g 307 € 35 A
2.2 FREAEF AL G R1L
2.2.1 GEHARFR AL PRI T HE- K. SR
K HBE—O0.1 R K 2 —0.1 W R K % 7 M T
AR, AERFWE AR PRI 0.1% B R W, TT LA B
T AL A AR R, SRR TR .
PRI TS T VA AR B L 19 R M s T IR 2K Ak 0 1 L
AR RS S, G O R Hox AR, Nk, s H
BE—0.1 % F R K W VR A Sl e 4L B AR
2.2.2  WEANA L BIEAL R 19 b R v s R 2 A A
WAk 2 e AR AR B R 22 S SR P45 B 0k O 2 IR P e
VLARTG B LR 43 B9, WO AR BE TR DL AT 4 18 . KB B L
e BTG 32 7 I R A D 4R HE A o SR SR I L H R BR HE
B0 K o M WG D R o R A1 M B TR 2 K A WU 7E 1.0 min
PO L e TS EL X 19 ol ik i s A I 5 Ak A 0 U 3K B 43
BIRCR AR AR BRI A e AL I R S A H R
WG Lo RN . B bR Ak G 9 0 Bt ] R, I TR 1 B, R
BT R, L5 L 0 B 2B B DR B T L3R 1L FE M
BEVRIE T ARAT Y 19 i ik Al v 45 R 2 Ak & 0 R 5 R AR
P 1 22 I 0 W € 3% T DL L
2.2.3  FEMERIOA N AOBERE  H R v v S 2 ) 1R
00 TR e ) R A R B bR T R B e A B T £ B 2
e P R0 A G A Sy 2 O 500 At T gkt G A 2 2 R 4R LA
2 MR L A B B AR B A AR RO . R R A
4l 2 5 TR Ak 2B (1 %6 F R T P 2 BBOIA R0 IR 8, 45 SR &
B, SR &l NG B0, 7 s v B 25 25 0 b A ST R

BE WM QUIECRERS £A B RN RABE—SHEREERMNEKT RS 19 MBELRE

W TE A 6 Rl ok e, U0 WY 40 2 X T 0 i T 26
UM IR B AR E . SR 1Y W R 2 B IR i e vl
WS 25 e 3 I R, HLRR R 3k ) 0% LA .
TP RR BE 6 £ 5 s o T 25 24 W) 1) 42 BBk it HE IR T g
2= TR RE U 0% IR £ PR v 2 1 B S0 R A5 Ak I W s T
2] Z R AR . DT (8 B8 22 174 vds i T 25 24 )
AT 5 R R Ok, S A, 2E SR IBOR o AR R 5 A5 v
A 25 25 1 v i U ik A 5T T T AR O R far . DA T A R
T2 1R IE T AR I e i R 2K 2 9 1 A S R
UL BEHE 1% W R O VE AR BUA R .
2.2.4  FERERIOF MBS AR IO SR B bR
A3 AT DA 5 ik T 5 B B 4 IO R b i o AR AR B AR
ST YIAE I AR 22 18] 19 % B0 B2 AS L AN A4 5 3 ORE
Aib FEAE AT L T EL A 2% 7 5 R o R 0 45 2R Y R E M RN
PE. F R AL O L SR S R TR B 48 A i e B
R AT AL B R TS R AR R L
M 5 459 55 A0 A, DR IE 5 5 0 SR T 7 2 il B 2 L, g e
AR R N 1 min, {55 12 FhEf 20 Y R0 7 Fhogs
THENZE 25 Y [l R 0k 2 90 %6, #E A I ] it 4 A B T
FE 4 F I, 1 R AN A
2.2.5 MR RS PIRT L E B L A
i 55 5 5 T B 4 7™ TS RS W o AT 14 o R R SR AR
K1t , % QUEChERS 2 3y fig B X ik U8 #5F X 7K 7 iy £ B
e 4 A 47 ¥k » QUEChERS £ Ty g £ =20 i 18 £ 58 3 1
BB 3o B AR S B, A RO AR L O BLAR I S R
A5 3o T I A — AR AL [R] 26 AT, Ak T RE R AL 3 D R
A5 TR AL R T
2.3 FHEFWIE
2.3.1 ERPEWE LA 4RI 5,10,20,50,100,
200 pg/ L. HEREAY AT 2 1A .19 il itk e v o R 25 1k & 0 #F 1E
BTFHRATHERFMNEEXCR ZAHEUHERA 5~
200 pg/kg, R BRBHHAET 0.996(F 3,

4 19 Pk i M 5 T 25 1k A P TEC )OS TR VR R 1 TR
B R UETE W o3 BB ZS 1 B 85 £ B 4 S 6 L AR 19 Fh
itk g 1 s i) 285 A A 0 TR 5 R TV L e PR o T A 3R
PAb B A TN L H IR 3 AR AE M L (S/IND ] 15 s A
HFR (LOD), #2 10 %515 W2 e (S/N) Al 13 3% fIK 52 it [
(LOQ) »Z53n 3 iR . Z5 9L 38U, 19 ik e vds 325 i 2%
AW EAR R L BR K 0.5~1.0 pg/kg, B AR E RN
1.5~3.0 pe/kg. RBEF VUV EER A M R 2 H, H4
18 e file 1 75 T 24 25 ) ¥R T GB 31650—2019 J¢ GB
31650.1—2022 HHLE 1 BR = {H .
2.3.2 IR FORT BB 43 5Bk IBUBk £ £8 0 B £ 1Y 25 1
FERD 5.0 g BT X 19 Ff ik il v 325 TR 28 AL & W0 AT AR b
SAS K B G0 A g L S5 ORI E RN E N 10,
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Figure 1 The chromatogram of multiple reaction monitoring(MRM) of 19 kinds of

compounds and internal standards

50,100 pg/kg 3 AKF T .19 Ff sk e v 375 BR 25 1k & 90 149
S YR Y 81.0% ~113.0 %% , A0 X AR (i 254 0.2 % ~
11.7 %%, e W 5 5 12 [ g 2% RURG 85 8 38 T ik A 5 24 5
BA A R

2.3.3  [AARUE LT A T SRR N A Oy ik Y o
P K% 05 B SR E D7 (RO 1077 528 H-1-2008)
PEAT LTRSS . 25 5 (3R 5) R WA L3R 46 2 57 A9 5 0k [ A
7V I DS AR — B, B TE AR ME AL E VS RN . B R AR
W AR E A [T R e B A AE WA B g, T A
FHBEZE VR #5 , J5 130 75 3 el s, TR B K. A& A
T A R S AR ), R T A K R
PR TE G R

2.3.4  SEBRRE S E R 08 g Sr B Bk

QuEChERS T FH i i 280 W AR €2 1 25 1056 52 335 0 2 5 v %
LB IX 20 &K 37 4 it 30 4 BE S (4L 35 B a0 A
o SR HEAT I E . W A R SR L R RR X R W
FIKFERFER R YR B E BN BV E MK E Y A,
Hb 6 ke A 8 Mtk PR R A, &
A 5.9~204.1 pg/ke; 2y HAKERAT AN A, &
W 0.8~2.9 pg/kg, WHHBEHVRAGYHEKFERPAE
A B kY 1) A
3 sk

R T B 9 QuEChERS i &b 3 7 2 45 &
o S0 €, 3% — 3 IO JT 3% [R) o 00 2 K 7= e 19 s Bz
s R S A6 S W R B O vk Ly A B, R MG
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Table 3 Calibration curve, linear ranges, correlation coefficients (), LODs and LOQs and

national standard limit value of 19 vet drugs

AR R R/ SE R/ [ 5 LA R A L/

&Y b T AR M2
(r) (pge kg ) (pgekg M) (pg kg D

B B Y=0.288 509X +0.012 587 3 0.999 9 0.5 1.5 B B +3HW
BN AR Y=0.187 294X £0.038 247 5 0.998 0 0.5 1.5 WA B <100
PRI R Y=0.239 112X £0.073 827 9 0.996 6 0.5 1.5 2.0
KRR Y=0.607 899X +0.031 905 0.997 8 0.5 1.5 2.0
ARV E Y=0.902 236X +0.029 162 6 0.997 6 0.5 1.5 2.0
Wi & Y=0.790 724X 40.052 606 8 0.998 7 0.5 1.5 2.0
WY E Y=0.780 38X +0.020 916 3 0.998 9 0.5 1.5 —
i i 1 e Y=0.306 392X 40.056 008 7 0.998 5 1.0 3.0 12 g B <<100
ik f s Y=0.227 326X 40.020 468 1 0.999 7 1.0 3.0
1 fe P B s Y=0.149 557X 40.006 392 3 0.999 4 1.0 3.0
sk il — PP Bk ms g Y=0.144 457X 40.010 165 1 0.998 6 1.0 3.0
ik fe P I e Y=0.223 577X 40.094 022 1 0.999 8 1.0 3.0
itk il — Y S g e Y=0.324 156X +0.147 698 0.998 4 1.0 3.0
itk g 405 . F 4 s Y=0.713 647X +0.007 490 8 0.999 9 1.0 3.0
i g s T e Y=0.207 521X £0.131 229 0.999 6 1.0 3.0
i g [F1) R 4 s Y=0.164 201X +0.025 445 1 0.999 7 1.0 3.0
il e FF g Y=0.308 104X £0.100 528 0.998 3 1.0 3.0
it i S ih e Y=0.229 387X +0.050 293 5 0.999 6 1.0 3.0
i i ) . FY 4 g Y=0.558 968X £0.052 658 3 0.999 8 1.0 3.0

Y AR X RS o0 B g/ 1) .

F 419 WHEZGHR M E K =R

Table 4 Recoveries of 19 kinds of vet drugs in fish samples (n=3)

o K/ Be b £ i £
(pg = kg™ IR/ % HIXFFR#EMR2E RSD/ % W%/ % HIxH A5 e fR 25 RSD/ %

Bt & 10.0 107.5 1.1 108.0 1.1
50.0 100.6 5.9 97.7 5.8

100.0 105.3 3.6 107.5 0.2

WA 10.0 94.5 3.4 95.9 3.3
50.0 95.3 5.7 101.2 9.9

100.0 98.2 2.6 98.7 3.5

W B 10.0 83.3 5.1 81.0 2.5
50.0 105.2 6.7 102.4 8.0

100.0 107.3 4.2 109.7 2.4

KRV E 10.0 88.6 11.5 94.4 2.6
50.0 105.6 7.6 96.2 0.2

100.0 107.5 0.9 107.6 1.3

ARUE 10.0 83.1 1.8 82.9 2.6
50.0 98.8 11.1 100.3 4.7

100.0 103.6 3.9 103.4 5.5




242 5% SAFETY &. INSPECTION BE 2618 | 2023F 78 | RSG5V

gk 4
et MoK/ e i £f1 il f51
(pg = kg™ [ E/ % HIXHARAEM 2 RSD/ % (81 / % AR b i i 22 RSD/ %
5E Ry 10.0 99.4 2.4 100.5 1.9
50.0 92.5 5.9 98.5 10.2
100.0 107.1 4.2 105.7 5.2
[ AU 10.0 84.2 3.4 85.8 0.3
50.0 97.9 11.7 100.6 6.5
100.0 105.6 3.3 103.6 1.2
i Je 1 e 10.0 111.8 8.6 107.7 6.4
50.0 105.5 6.4 98.5 5.8
100.0 109.4 6.0 106.4 5.2
itk g s g 10.0 102.7 8.2 99.4 1.9
50.0 105.8 9.4 101.9 5.2
100.0 106.6 4.2 104.0 1.4
1 Jre P 5 e 10.0 112.4 4.7 110.3 4.9
50.0 104.3 4.8 98.6 6.9
100.0 109.3 0.9 108.7 0.5
il frde Y kg 10.0 113.0 2.2 112.7 3.1
50.0 101.0 6.8 98.0 2.8
100.0 112.6 4.5 110.0 2.8
ik g FF Mg e 10.0 83.3 3.3 82.5 4.2
50.0 109.3 2.6 101.1 7.6
100.0 98.7 3.8 97.2 3.9
ik il — VP S W e 10.0 98.1 3.3 99.9 1.6
50.0 108.4 4.8 103.8 9.3
100.0 109.3 3.4 108.7 4.7
itk iz 405 — B 4 1 10.0 102.5 6.4 99.1 3.9
50.0 102.5 5.3 99.7 5.8
100.0 105.0 2.7 106.0 3.0
i g s T e 10.0 85.1 7.2 89.8 7.7
50.0 105.3 4.2 108.1 1.6
100.0 96.1 6.0 98.4 6.1
Tl f ) Y A 10.0 85.4 2.9 81.4 6.8
50.0 106.4 7.3 96.5 5.2
100.0 97.5 3.4 95.8 2.0
ik i Y e e 10.0 99.1 5.0 97.4 5.8
50.0 107.5 10.1 96.3 4.3
100.0 101.0 3.5 99.0 1.1
ik g 5 b R 10.0 94.9 8.7 90.3 3.2
50.0 114.3 2.2 98.3 8.2
100.0 100.9 0.8 100.9 1.1
it iz 1) — P 4, s e 10.0 108.7 1.0 109.0 1.1
50.0 111.6 3.0 96.8 6.0

100.0 108.8 4.0 107.4 4.8
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Table 5 Comparison of results by method used in the study with national standard method
e I/ RN 25 VAR P 1HE 7 1%
(pg+ kg™ B/ % MIXARMER 22 RSD/ Y% I3/ %6 AR b5 i i 22 RSD/ %
Bt & 50.0 100.5 4.2 98.5 4.3
TN E 50.0 92.1 7.2 101.5 7.0
R R 50.0 103.9 5.2 102.8 5.7
KRR 50.0 102.9 7.2 97.7 2.6
ARDE 50.0 98.0 8.1 102.5 4.9
5F Ry 50.0 93.7 4.6 100.5 7.9
[ AUSH 50.0 97.4 8.4 101.6 4.9
i g W e 50.0 104.1 5.2 96.4 5.5
i g s g 50.0 104.1 7.3 100.1 9.9
i fre P SB s 50.0 102.6 4.5 97.8 5.1
il frle — Y ik e 50.0 100.9 4.8 99.5 3.3
i g FF T e 50.0 105.1 7.2 97.5 8.5
itk il — P S W e 50.0 104.1 8.0 98.7 11.2
i Jre 48— FPY e e e 50.0 100.8 4.8 98.0 5.2
i J g I bl 50.0 105.3 3.0 105.6 9.3
T fe ) Y A 50.0 102.5 8.5 97.3 4.0
ik fe FY e s 50.0 105.8 7.7 96.7 3.1
il fre S ik 1 50.0 109.1 8.4 98.6 5.8
it g 1) — P 4, 5 I 50.0 109.4 4.1 97.6 4.4
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