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i 5% B8 2 AL IR I, C g B0 0 1 AR AL A4k, 8 S 80RO €2 335 - H R B 1 I 2 FE v 11 b s i T -6 22
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W2 ) A Bl 0.5~1.0 pg/kg, EHEBRN 1.5~3.0 pg/kg, FE#E < 12%, 1. T & 3 Wbz Ik
P 70.0%~120.1%, L5 ZIEAEALATAL PR A . SIS . REBUE S, REWEE R ARERER, AT
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Simultaneous determination of 11 quinolone residues in fresh water fish and
shrimp by QuEChERS purification coupled with ultra performance
liquid chromatography-tandem mass spectrometry

WEI Yu-Xia“, WANG Fang, ZUO Jun, WANG Jian-Huo, REN Wu-Jie, LEI Kai

(Beijing Tongzhou District Center for Disease Control and Prevention, Beijing 101100, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 11 quinolone residues in
fresh water fish and shrimp sample by QuEChERS purification combined with ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The target 11 quinolone residues were
extracted by acidic acetonitrile and purified by C,g substrate dispersed solid extraction , finally determined by
UPLC-MS/MS. Results The method showed good linear relationship within the concentration range of 1.0—
50.0 pg/L for oxolinic acid and 1-100.0 pg/L for the other 10 quinolones. The recoveries of 11 quinolone residues
ranged from 70.0% to 120.1% with the relative standard deviation less than 12%. The limits of detection and
quantitation of 11 quinolone residues were in the range of 0.5—1.0 pg/kg and 1.5-3.0 pg/kg, respectively. Conclusion
This method is simple, reproducible and sensitive, and can meet the requirements of the limit standard. It can be used
for the determination of quinolones residues in freshwater fish and shrimp samples.

KEY WORDS: fresh water fish; fresh water shrimp; quinolone residue; ultra performance liquid

chromatography-tandem mass spectrometry

BIEMEE: MEE, WL, BIME R, FEME T D BEKE: . E-mail: wyx1130@163.com
*Corresponding author: WEI Yu-Xia, Ph.D, Associate Professor, Beijing Tongzhou District Center for Disease Control and Prevention, Beijing
101100, China. E-mail:wyx1130@163.com



BT BIERE, %5 QUEChERS- R RGN 3 FRIBC T4 RIS K SRR MRS 11 R B 255k B 2907

il

0 3

MRS 2 ) R — B 1,4- A -4- S AR g k-3
BRIRAEM AL A, VIR AY) DNA BEE I A4 Fh 5
FIRGIV NSRS, i S Bk 2 R AR E M A
0 40 0 A A AR K A U B BRI PR
SRORR A, W N T BB KT IR P AT B
IR w4 A Y5k R RT 2 s B IR 1 AN,
FEVR PN E B, DT e AR f B 5t o A YL R A [ A
LHLVES ) T 2 B R 28 BT AR R A S A B i B
AR R R, FRE GB 31650—2019 (£ bt 41w
Fhrfe P B R RRERE) DR T IRRY
B R s EER . BiEEGRBIRED
DU VD RFNFR N U B HEE) VDR v 55 7 ol 34 2
BAMRERE, HPaL+RP R EE 30~
300 pg/kg Z 7], WFHERHLE .

S A AR W B 1 R T R R P A
ST 22 Rl T 2 B 2 5 BR A ARG I k) e, R
fh AT AR B R SRR A HLIA R AL . WA, AR ZE BOSb
BTN SRR A, KBS, RIS A KR A AL
QuEChERS J& i 2% [H fb %% & LEHOTAY #17% [ [
ANASTASSIADAS F 2003 442 H py—Fh bt | fmjea, ff
BRI AT SRR A IRE AT B RO, FE B BOR
LRI W B AR A AT A, RBP4 AR A B, dR
N AR 25 5% BR b, ARk B ORI 2 1 1 T 2 ALy
HAn b AR RE S RTALFE . JEAE R A QuEChERS
W T AL A Y R s . B AR sy T 4
R A A -8 o 8RR L 3 R R i 9 [ ARG 00 £
A v B s A AL A W B B A O v o LR S 2 g
ST T 43 B AR A - 1R R € - R IR B A I K
ai P 14 DT S 2 W 0 4 BT 5 1, AEETAL B TR B
BH, MRBHBEARRA RS, PR LR
PSR AE LB, A M T S 2 ) % BR 0 AT AR B2
P ARBEE P QUEChERS Jrik, AT 4k
A 7T AT BRLPR T (14 A B i, SR FH VRS K
ARIEAT A HTASTIN, B 7 G 7 PR 25 ] Hsf ARG 00 32k 7K e i e
B 11 FhAs iR S B2 B B M . R R A
2, IR R TS bR SR

1 MR5ERE

1.1 EENEHF

Waters Acquity UPLC-TQS JAH (G- ik BE FHL (35
= Waters 22 H]); RIREZ.OHL(EEE sigma 24 H]); IKA MS3
BRI G (HEE IKA AR Milli-Q # 4l K 1 (3 H

Millipore 23 Fl)o

1.2 EEMH S5

NG . HEE(figs4E, 3518 Thermo Fisher Scientific 23
Al); SALER (o bT o, 2 A P AL AR AL A BR A ),
R (A5, hIEZEE A wl); MEVARRTR 5 PR R . IR
- Ds ARUER KIS 100.0 pg/mL, P first
standard 23 w]); &40 WIS AH 22 BUAHEAS L0.22 pm B (h
[E il & 2 F)); Waters ACQUITY HSS T3 ff % %
(100 mmx2.1 mm, 1.8 um, FE[E Waters A H)); /K A#E4iK
(3£ [# Millipore A F]),

FEdh: TR (S a5k fa R 6n )
FRAKURERAER . /NIRRT R ERSE) 45 25 7
1.3 SKWHE
1.3.1  ARAIER A B

A WA B P OS2 b o 9 T TS 5 A VA W 1.00 mL,
ZIEBEHA 1.0 pg/mL F1 10.0 pg/mL IR A F5 el
TR o MEAff R JCPR e o i 0D AL -Ds b VE VS RPN B T
1.00 mL, I ZHEHHI M 10.0 pg/mL #1 1.0 pg/mL B N
o ol R o TC 1 45 P 35 I DG JC VR 45 b o R 800 11 s
fid Ak A e g 4y %14 1.0, 2.0, 5.0, 10.0, 20.0. 50.0,
100.0 pg/L, WHriERIYE-Ds W Eh 50.0 pe/L, I
BT
132 #HmaraE

(DI

WETRTR AL & W8 TR YL B9 . e e e
Wb L3 MBS ST ST s, A
WEFEEE KB H AR b, s TR G v R, R 9
P S FEUCT R, ARBF TR R 2% F MR 1 L IS VA RAE A
PEEU . TR, 7EFREUIFRHANA 1.0 g NaCl DAE 5.0
P

()b

K1 QUEChERS J5 & HEATRE Sl i AL P RERE it I A KRBT
SYEREARAC I, TR BB TE BARAR R B b, RiE G
RS B EHLINGE . SAEGER AU L, AHE0EML . Uk
JE . WRARSEA TR, BRYERT R, ASBFFCR A U BOIMAR AL S
FEHA 4 TS [ A 35 o 70 I AR A U ) v SR,

B)FE bR

FESICRT B4, DIRE . TRS), MEGRFRHL 5.00 g FE b,
T 50 mL HIEESL.OE T, HEFA 10.0 pg/mL NARE
25 uL, JLA 5.0 mL 2% R Z GV, 1.00 g NaCl TR jig
RA)E PR A) 1 min. 4 °C, 8000 r/min #.L> 10 min.
B2 mL _BiEWR, BAELE .4 °C, 8000 r/min B5.0> 10 min,
IEWG R, EALIE .
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133 A& E4EH 1.3.4 &t

i Waters ACQUITY HSS T3 %A, ishil: A: B LTS5 B8 -5 1E 2§ F(electron spray ionization,
0.1% A KER; WaltH B: LIEH . WE: 0.3 mL/min, ESI+), W55 HLE: 3 KV, FFb4RIREE: 500 °C, 5k asimm:
FEdR: 40 °C, HEREIR: 3 L. BEVEM &R 0~ 1000 L/Hr, 4L 33: 150 L/Hr, Z5465)% J7: 7 bar, #6:3)
1.0 min(90%A), 1.0~8.0 min(90%~0%A), 8.0~10.0 min(0%A), Jrat: 2 00 Wi (multiple reaction monitoring, MRM), £
10.0~10.1 min(0%~90%A). Bl 1,

®1 1 MIEEEHER PR MRM £3
Table 1 MRM parameters of 11 kinds of quinolones and internal standard

Ew EMEE T (m/z) FE B X (m/z) HEFLHL R/ V Tl fiE H /v

262.0>244.1 23

MR 262.0>244.1 4
262.0>160.1 35
262.2>244.0 20

oL e 262.2>244.0 40
262.2>202.6 40
320.3>276.3 17

Wb 2 320.3>276.3 50
320.3>302.3 19
Wi b B -Ds 325.2>238.1 325.2>238.1 6 30
332.2>288.1 18

BN 332.2>288.1 32
332.2>314.1 23
334.3>290.3 17

Kb 2 334.3>290.3 38
334.3>233.2 25
352.1>265.1 32

KRR 352.1>265.1 42
352.1>237.0 44
358.3>314.1 18

oY TR 358.3>314.1 38
358.3>340.3 25
360.2>316.4 19

Bt 2 360.2>316.4 32
360.2>342.3 23
362.2>261.1 26

R 362.2>261.1 4
362.2>318.3 18
386.1>299.1 26

FUE ALY 386.1>299.1 40
386.1>342.3 18
400.2>299.1 30

“HIE 400.2>299.1 44

400.2>256.1 46
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2 HEREHHR

2.1 FUERERIEE

LU il R0 P A o SR WAS TR (14 W [0, B 55, AN () ik A
HBUE AL, W R/N R 50 mg PSA+50 mg Cigt
150 mg MgSO,>50 mg PSA+150 mg MgSO>50 mg C,¢>
50 mg PSA+50 mg C5+50 mg Carb+150 mg MgSO,. Kl 1 %45
H T 750 10 Fi b &P RINBREZS 4 Fpgefb 8 5 Ab Ja (4 B,
6L FH i R 3 /IR A2 50 mg PSA+50 mg Cg+150 mg
MgS0,~50 mg PSA+150 mg MgSO,>C5>50 mg PSA+50 mg
C 550 mg Carb+150 mg MgSO,. HAth 9 Fvh Ak 5H H
Cys HHb RN R o Za A a Py b A AL BTX A 5 )
WAL AR, AR SEREE ] C o VAT

3.E+05
oC,
050 mg PSA+150 mg MgSO,
2E+05 050 mg PSA+50 mg C, -+
150 mg MgSO,
=50 mg PSA+50 mg C .+50 mg ' 1
Carb+150 mg MgSO, I
2.E+05
&
=
o
1.E+05 i | |
5.E+04
HTL I | HI
0.E+00 ﬂ'“ ”“
@MM% @ % \@\)@ &
‘«%

ﬂ:@r%

K1 4 MRS T BRI &P by
Fig.l1 Response of target compounds to 4 kinds of different
purification conditions

22 BERFHHMK

BRSSO B 7 2K, BURARI R I
100 ng/mL, 73T HFRES YR PRI - 7EIER
TR R8T, RERE TR T, SR
BT, MAEHESLR IR, R RSS2, 1980 ER MRM 2
8o SSCRE, ARS RN €k 5 PR S RUK (5

0.1%HIR)WE AT AR, LB B, (AR5 345
R ES . a5 EIEBTbRRE S P AL S s R 2.
23 ZMXAR. RERFMEEMR

AT R 2 BRI T, AR A ZS LTI
HHZR o T R A 3 P s O B8 R ) 5 A AR 22 e, FLGX 2 A
A 5 NFRE 22 SR, Tk 2 Fl B AR SR MRk
E, HAy o NNtk E . 45RILE 2, RUDEMR
1 1.0~50.0 pg/L, FAx 10 Fifb-SH7E 1.0~100.0 pg/L JEE A,
VRS R B R T 0.996, Lth KR RIT.

KRIFRHEE ] 5.0 ng/kg MYZS AFETNbREERS, &
FE AL R, SEAT RO, ST AR B BR (limits of
detection, LOD, S/N=3)F7E i R (limits of quantification,
LOQ, S/IN=10), Z55 0] 11 Fws i R -2 5% (0 4 KR
0.5~1.0 pg/kg; EHFRA 1.5~3.0 ng/kg, M B0 EE 7 Al
25k B W R 2K
24 FAmEWERSREE

3 S IR K A FR K SR B AR S b, £ 5.0 10.0.
20.0 pg/kg WA T HEATINARSEE, Hil4s 6 A FATHES,
THE SRR 25 B (n=6). Z5RILFEK 3, RKEFER P
[ i FE 70.0%~120.1%22 1], K55 1E 4.7%~12%2 7],
K MR AR b AR BT U AR 71.0%~115.8% 2 1], X5 %5 7E
5.9%~12%2 18], J7 12 TG B FIORS 25 BF 9 o 0K .
2.5 SRR

BEATTER T 50 A4 T B IR K R K SRAE: it (G
W, 25 PRIRAKERFE R A 11 Fhuds i 35 0 B . 25 1Rk
e, 17 ERES K R R 2, B ERE 2.2~
74.8 ng/kg Z 8], [FETA 3 (RFE SRS AR TD &2, R vk
16 1.5~9.5 pg/kg Z M8, 7G4 GB 31650—2019 KL5E A FR
igik, /\ﬂ‘iéﬂﬁi}’ﬂi*tv

3 & 1

ABHFFE N T [ B RE TR A f AR K MR R A 11 s i
A 5 22 5% B () YRORE €033 - S T i AT S i o 1R
FAmRE CREHREL, C g FETT /B EAHZE B4+ fk, UPLC-MS/MS
MR, FEFRVC L PIBRTE i 1T LR A . REUE
F L ECRR, EIELT, IR AR KR AR s AL
ARSI B A T AT ) A B R RSN s

F2 1 MREEEIEY LSRR, HXERY RUERMEER

Table 2 Standard curve, correlation coefficient, limits of detection and limits of quantification of 11 quinolones

&Y 14 B4 BF 8] /min LM AR Er K BR/(ng/kg) A2 RERR/(pg/ke)

R 3.94 Y=168759X+28108.1 0.996 0.5 1.5

8 FH e 4.55 Y=51690.3X+5553.37 0.999 0.55 1.5
R A 2.90 Y=0.0332362X—0.02137 0.998 1.0 3.0
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=28
e {5 B3 15 8] /min el MRREr Kb B /(ng/kg) & B BR/(ug/kg)
N2 2.94 Y=0.0534554X—0.01516 0.999 1.0 3.0
EID A 2.92 Y=0.188755X—0.03385 0.999 1.0 3.0
BRI E 3.01 Y=0.0643464X—0.02593 0.998 1.0 3.0
B R 2.99 Y=0.0423755X—0.03428 0.998 1.0 3.0
587 U 3.06 Y=0.286548X—0.12638 0.998 1.0 3.0
AR R 2.91 Y=0.219256X-0.03368 0.999 1.0 3.0
Sz ORUD 3.21 Y=0.129599X-0.07203 0.998 1.0 3.0
“R R 3.25 Y=0.283839X-0.17358 0.998 1.0 3.0
F1: MRM of 2 channels, ES+  #4yb 5 s F5: MRM of 2 channels, ES+ M F2: MRM of 2 channels, ES+
R 262045 2441 TRDE 325.223 > 307.1 262.2 >202.06
100 9.137e+006 100 n 1.172e+006 100 A 2.325e+006
0 E /& 0 E ;'I \& 0 E J’. ."\.4
F1: MRM of 2 channels, ES+ F5: MRM of 2 channels, ES+ F2: MRM of 2 channels, ES+
262.04 > 160.1 325.223 >238.127 2622 >244
100 6.664¢+005 100 R 1.294¢+006 100 . 8.673e+006
OE }{\ OE.... .."I._.L_........ OE )’l"L.
3.500 4.000 2.500 3.000 4.200 4.400 4.600 4.800
FHybE F6: MRM of 2 channels, ES+ gy F7: MRM of 2 channels, ES+ wxyhE  F8: MRM of 3 channels, ES+
332.16 > 288.1 334.3>290.3 352.14 > 265.124
100 \ 1.061e+005 100 R 4.321e+005 100 1.262e+005
A Al E \
0 E VAN 0 E ,'J A 0 Eoer Ty !’l S\
F6: MRM of 2 channels, ES+ F7: MRM of 2 channels, ES+ F8: MRM of 3 channels, ES+
332.16>314.1 334.3>233.2 352.14 > 237.024
100 i 5.554e+004 100 R 2.725e+005 100 3‘\01 4.351e+004
f E A\ M\
0 E [ 0 N AN — 0 r" v
’% 2.500 3.000 % 2.500 3.000 ﬁ 3.000 3.500
B : = F10: MRM of 2 channels, ES+ £ : .
= AHIE F9: MRM of 3 channels, ESt & oy : ol 2 channels, 2 &y E F11: MRM of 3 channels, ES+
= 358.3>314.1 = E’J%@E 360.19 > 316.4 = 362.17 >261.1
100 . 8.436+004 100 A 5.298e+005 100 4.835¢+005
QE. L) ()E — Wi \\_ 0 E J A\
F9: MRM of 3 channels, ES+ F10: MRM of 2 channels, ES+ F11: MRM of 3 channels, ES+
358.3>340.3 360.19 > 342.3 362.17 >318.3
100 R 5.633e+004 100 1.810e+005 100 a 5.722e+005
A M
LA e A A
2.600 2.800 3.000 3.200  3.400 3.000 3.500 2.500 3.000

vhryb B F13: MRM of 2 channels, ES+

ZSIE F17: MRM of 3 channels, ES+

Py e F3: MRM of 2 channels, ES+

386.15>342.3 400.16 >299.1 320.3 >276.3
100 . 2.496e+005 100 A 4.734e+005 100 R 6.695e+004

Al 1\

0 E _/\1‘_'& 0 E / "L 0 E L _J \

F13: MRM of 2 channels, ES+ F17: MRM of 3 channels, ES+ F3: MRM of 2 channels, ES+
386.15>299.13 400.16 > 256.06 320.3>302.3
100 A 100 3’;\26 4.283e+004 100 2.[»?9 4.367e+004

{ ‘, I / \

3.000 3.500 3.000 3.500 2.500 3.000
P &} /min Fif &) /min B ) /min

Fig.2

B2 28 R BARAE i 25 AL B P (R ]

Chromatogram of each compound in blank matrix spiked sample
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#x 3 EREMEEE0N=6)

Table 3 Recoveries and precisions(n=6)

e b/ oKt IR
(ng/kg) 1%/ % RSD/% 1%/ % RSD/%
5.0 120.1 9.1 94.2 7.9
IR 10.0 76.9 7.2 91.6 7.4
20.0 101.6 5.9 87.8 6.9
5.0 95.6 10 90.1 9.5
IR 10.0 70.0 7.4 77.1 8.0
20.0 76.3 4.7 71.1 4.6
5.0 106.4 7.9 96.7 7.9
R A 10.0 104.3 6.2 93.8 7.1
20.0 99.8 7.3 91.8 6.5
5.0 114.0 5.7 111.1 10
NV A 10.0 108.8 8.0 105.7 9.5
20.0 116.3 49 101.9 5.7
5.0 118.1 5.5 104.2 8.2
Kb A 10.0 115.5 5.9 97.3 9.1
20.0 107.6 11 96.4 9.4
5.0 117.2 43 115.8 8.9
KED A 10.0 113.9 7.2 109.6 8.9
20.0 109.4 5.8 100.3 4
5.0 99.6 8.5 97.5 9.8
oY R 10.0 84.0 6.5 108.4 11
20.0 104.1 9.3 109.7 6.7
5.0 97.1 12 103.6 13
Bk R 10.0 89.6 9.5 89.9 8.4
20.0 86.9 52 105.1 5.9
5.0 83.2 12 85.4 14
ARV R 10.0 103.0 9.6 96.2 9.5
20.0 96.4 7.4 92.3 9.3
5.0 96.4 13 84.6 12
fUE AU 10.0 76.1 11 80.4 11
20.0 100.3 9 88.7 6.5
5.0 76.9 12 91.7 11
TR A 10.0 86.1 9.7 88.3 8.4
20.0 88.6 9.5 74.9 11
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