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Simultaneous Determination of 26 Quinolones in Honey by UPLC — MS/MS
with On-line Solid-phase Extraction and Isotope Dilution
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(1. Anhui Provincial Institute for Food and Drug Control, Hefei 230051, China; 2. China National Center for
g
Quality Supervision and Test of Agricultural — Avocation Processed Food, Hefei 230051, China)

Abstract: An on-line solid-phase extraction/ultra performance liquid chromatography — tandem mass
spectrometric (SPE/UPLC — MS/MS) method was developed for the determination of twenty-six quino-
lone residues in honey. Firstly, the samples were extracted with 1% formic acid solution — methanol
(10 : 90), then rapidly purified by solid-phase extraction using an Oasis PRiME HLB cartridge .
During the process, the key factors, such as the extraction solvent and purification method were opti-
mized individually. The analytes were separated on an Agilent Eclipse Plus RRHD C,; column
(2.1 mm x 50 mm, 1.8 pum) by gradient elution, using water containing 0. 1% formic acid and ace-
tonitrile as the mobile phases. The target compounds were analyzed with electrospray ion source in
positive ion mode under dynamic multi-reaction monitoring (AMRM) mode, and quantified by inter-
nal standard method. Results showed that there were good linear relationships for 26 quinolones in
their respective concentration ranges with correlation coefficients (7*) more than 0. 997. The limits of
quantitation (LOQ) were in the range of 0. 5 —2. 0 pg/kg. The average recoveries for 26 quinolones
at low, medium and high spiked levels ranged from 79. 5% to 110%, with relative standard devia-
tions(RSD, n=6) of 2. 0% — 12%. The developed method was rapid and accurate, which was suit-
able for the simultaneous screening and quantitative determination of 26 quinolones in honey .
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i AN E RS P 5 . W T2 25 9 ] B IR B O S S5 . WO &5, AR 24 P B0l oA e e
mn PR . ANRERKBIEH S AEEIEZ N RN, SFESEURE AN, AR H2Z
Vi, S MBUES. EIE . SR e, DA . IR SEAR RV, AR, SRR
FEXBE >, PR, AR S TR0 & BRI TS IR E . FRERE . BURYE . RV E .
WY PP BAAER GBS, e T HALSI R & M b i KRR R 520 E .
R . @R EAGRDEERE NP, BEEME TKREDE . MRYE . BRI AE.
B2 | Whib e | XSGR A . BRGNS R IR &, Ie2ShUE R 29 ARz AU T
TRITENE S, AT, O AR AR Z AN ISR 2, SRR — R TR
2R 25 AN 7 i AR S . PRI, 38 DI I & —Fh g v i) i 0 v i T 1 BT A s T 2%
PRI 7 i, R R W ) B e Y 1 SR S R AR S R

HAi, 425 nds i 2 25 B R I 1A T2 AR L SRR At ik (HPLC) ™ S s Al
o3l — /L (HPLC — MS/MS) 5% Horpd 2 40 3 1 H T e 404, HPLCIEM & 1 5 52 1
FHME T, HPLC - MS/MSTEEEL A ENE . E RS E Tk, NHAR Nz G2z
ZERAA),, HAFAER S Sed A, SCHRITGE i Bl AL B 77 VA 20 B AR 2B L 43 7 ED 05 [ AH AR EC
WEVE 2 BERR AR B I AHAEER | SR AHR ARSI QUEChERS™ /5%, SRMmTEIATIG BRI, FikJrik
A& HWRESAFA L . A SO HAEZMEAHZRIRE AR, $27 7 Rrab 3R, R &R0 A — &
BTk 2252 ROV IS I (AMRM) AR, RS0 H Zhr Bl e ), SER R B, RS 7 REE,
WA EEEYE T R 26 Fh B AR, BOCHERORIERR S 5 i TR IRE AR R L 20
WE . AR B R FOREMEIEY R 6 FhZily, nT LU R P2 &
PR & S N AR I T

1 Xy

1.1 ==, iXFI 58

Agilent 1290 /8 @ 0RO REAL . 6495 7 = T DUARAT HR GBS (L M 28 5 706, 32l Agilent 2%
i), GX—271 ASPEC 4 H ZhFAH A B (£ Gilson 237 ), IKA MS3 Basic IR HENE % 2% (fEE 1KA 2
7). Oasis PRiIME HLB [HAHZ5E0E (200 mg/6 mL, E[E Waters A #] )

FRUES: . WK BRI (100 pe/mL, ZEE A ChemTek 231 ) ; MRV (4)E 98. 5%) . hlEAEL
VEVD R (A 99. 8%) I T35 E CATO A w5 kYR (L 97%) . EE VDR (L o8%) . $heZinib 2
(4l 97%) T MR TRC A T 3 BRI (4 97. 6%) W T2 Dr. Ehrenstorfer 23 ) ; H 4% 19 i
P2 IR SR (100 pg/mL) WG F £ A ChemTek A7, WhR: B E - D, iGEIE -D,. &
B2 - D,(f8E Dr. Ehrenstorfer AH]); WNVPE - D, KMV AE - D, WH W E -D,. KifPE

D,. W E - DJEFIL 5 Manhage EWFHT A7, WP VR - D, IEEVE -D,. BZHEPE-D,. &
B4 — PC,(ZEE A ChemTek 24 H]), NIERVLA - D,. BV E - "CDIATINME KR TRC A A, FEMERE - D,

W4T b ANPEL S

HEE . B (LC - MS 2% ) Il T 18] Merck 23 w) ;. MR (& %4l ) e 38 5 ACS 24 W) 5 SE5% /K H
Milli — Q AR4E KB A5 o

FES: TEVREE . AEE . RIRE . WSRIEE . 0% MfdE . M . aikE . EHEEX R
AT
1.2 XIWHZE
1.2.1 fRERERMNES RAPREET: 29 ETRFREC10. 0 mg(FETRZE 0. 01 mg) MIFVME | TP
B ERYE . BEYA . ZuvE | IED R EARRESE 100 LA R, AR EREL
JE, FCRT IR A 100 pe/mL I 6 PR A PRUERE AT FE43 IR 1 mL SaRVD PRI . 6 FR &
PRUEGE AW . HoA% 19 Fhnds i 25 259 iR A PR IEIA TR T 100 mL A SR, BORBEIRIE N 1 pg/mL 1)
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26 PR S FRET, F - 18 C F RGBT .

)7 PRSI A B S — KIS (ARG 3 ¢ 1, TREVVE - D, BRIV E — DIETE
2 AR B ) 23 IBC 1] 100 pg/mL B 25 BEARAE £ o P A HY SRR A 1 pe/mL 9 15 FlR A P PRIETE
T - 18 C LAk F -

SRR R TR A PRI I RO AR SIS R, H 19 IR — WIRE(AEREL 10 : 90)
FRERL0. 1, 0.2, 0.4, 1.0, 2.0, 5.0, 10, 20 wg/L M RFVFRIE TAER . Hob ARG T Sk BE XA
10 pg/Ls
1.2.2 HmEraE RE2 g 0. 001 o) B2 T 50 mL &0 8, HEFANIA 100 wL | mg/LIEA
FRIAWOR 10. 0 mLL 1% H R - HEE(10 0 90), TWHEIRA EFEMEME, 10 000 r/min &0 3 min, ¥
PRIME HLB /M T4 H 2 B A AT AERZE b, P HE A 1 mL/min, W2 mLAEHOREFE, (kg
m, id0. 22 wm BERE SRS, FOHT.

1.2.3 ®BiESH  (GitFE. Agilent Eclipse Plus RRHD C (2. 1 mm X 50 mm, 1.8 pm), ahtH: AN
0.1% HERIEW, BAHLHE; KVEBEERIEAEF: 0~1.0 min, 95% A; 1.0~2.0 min, 95% ~90% A;
2.0~3.0 min, 90%~87% A; 3.0~5.0 min, 87%~85% A; 5.0~7.0 min, 85%~35% A; 7.0~
8.0min, 35%~10% A; 8.0~9.0min, 10% A; 9.0~ 11.0min, 10%~95% A, JiiE: 0.3 mL/min; *E
i 35°C; AR, 2 ul.

1.2.4 JRiESH &0 BBESFIE(AJISESD; Wiy dMRM; IR 1E& 73,
FREHRE . 220 °C; PRV 17 Uming ZBASIES: 2.1 X 10° Pa; $HE: 340 °C; ¥R
. 11 Liming; B HEE: 3000 V; BISHEE: 400 V; fffEibinE e E: 5V, H2EE: 380 V;
HeRissHE1,

1 26 FhEHTZAL AW B 15 R BRIG BTk 240
Table 1 ~MS/MS parameters of the 26 quinolones and 15 internal standards

Parent ion Collision ener- Retention time  Retention win-
No. Compound Product ion (m/z)
(m/z) gy(eV) (min) dow (min)

1 Pipemidic acid (MLIRER ) 304. 1 217.17, 286.1 22, 17 3.32 1.31
2 Marbofloxacin FRAEVD &) 363. 1 319.97, 344.9 13, 20 3.87 1. 14
3 Enoxacin({Ki#V> 2 ) 321.1 303.17, 232.0 22, 43 3.99 0.71
4 Fleroxacin(F P V0 &2 ) 370. 1 326. 17, 269.1 20, 27 4.12 1.37
5 Norfloxacin (W57 &£ ) 320.3 302.0°, 233.1 20, 20 4.19 1.17
6 Ofloxacin (I L) 362. 1 318.17, 261.1 20, 25 4.22 1.17
7 Pefloxacin (F7 V0 &) 334.2 316.27, 290.2 20, 17 4.33 1.12
8 Ciprofloxacin (MR NV L) 332.2 314.07, 230.9 20, 25 4.40 1.13
9 Lomefloxacin (3 370 &2 ) 352.2 265.17, 308.3 25, 15 4.73 1.21
10 Danofloxacin (GA 7P L) 358.2 340.17, 283.0 20, 20 4.93 1.40
11 Enrofloxacin (g0 2 ) 360. 0 316. 17, 342.1 20, 22 5.16 1.40
12 Orbifloxacin (WL VD) 396. 1 352.2°, 295.1 18, 25 5.32 1.24
13 Gatifloxacin (I &2 ) 376.2 332.2°, 261.1 18, 33 5.81 0.99
14 Sarafloxacin (VI V> AL 386.0 342.07, 299.0 20, 20 6. 04 1.17
15 Clinafloxacin (5D ) 366. 1 348.17, 305. 1 20, 22 6.08 1.08
16 Difloxacin (XU ) 400. 2 382.17, 356.1 20, 15 6.12 1.14
17 Sparfloxacin( FIMIV> A ) 393.1 349. 17, 292.1 20, 25 6.20 0.88
18 Moxifloxacin ( B PG 70 ) 402. 3 384.5, 357.9 23, 32 6.35 0. 88
19 Gemifloxacin (75 K VP2 ) 390.0 372.2°, 359.0 20, 13 6.37 0.98
20 Balofloxacin( L3702 ) 391.1 360.0°, 373.0 25, 15 6.39 0. 86
21 Tosufloxacin(ZJR VP A ) 405.0 387.0°, 344.0 23, 23 6.39 0.74
22 Cinoxacin (P VD) 263.0 245.0°, 217.0 15, 25 6.44 0.76
23 Oxolinic acid (IFEMER ) 262.0 244.07, 216.0 18, 33 6. 69 0.98
24 Nadifloxacin (I 2 ) 361.2 343.17, 283.1 22, 43 7.01 0.98
25 Nalidixic acid (ZEBERR ) 233.0 215.07, 187.0 13, 25 7.11 0.97
26 Flumequine (55 F1 /%) 262. 1 244.07, 202.0 18, 38 7.18 0.98
27 Enoxacin — D,(#F T2 - Dy) 329.2 311.2°, 236.0 25, 43 3.98 1.04
28 Fleroxacin — D,(F{# W& - D,) 373.0 329.0°, 355.0 25, 20 4.09 1.08
29 Norfloxacin — D,(W P & - D;) 325.2 307.17, 281.2 20, 17 4.17 1.01
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(g:3£1)

Parent ion Collision ener- Retention time  Retention win-
No. Compound Product ion (m/z)
(mlz) gy(eV) (min) dow(min)

30 Ofloxacin — D, (U IP & - D,) 365.2 321.27, 261.1 20, 30 4.25 1.17
31 Pefloxacin — D,(J P& - D,) 339.1 321.17, 295.2 23, 20 4.31 1.12
32 Ciprofloxacin — D (FFIN TP AL - D) 340.2 322.0°, 235.0 20, 45 4.37 1.63
33 Lomefloxacin — D,(i% 7P A - D,) 357.1 270.0°, 313.1 15, 25 4.67 0.98
34 Danofloxacin — D, GE#IP A - D,) 361. 1 343.0°, 85.2 25, 50 4.91 0. 98
35 Enrofloxacin — D,(Ei#¥P 2 - D,) 365.3 321.2°, 245.1 20, 30 5.16 1.24
36 Gatifloxacin — D, (VP - D,) 380.2 263.0°, 362.0 20, 35 5.78 1.16
37 Sarafloxacin — D,(VHi b & - D) 394.3 376.2", 350.2 25, 23 6. 02 0.72
38 Difloxacin — D,(RURIPE - D,) 403. 1 385.17, 359.1 20, 20 6.12 1.08
39 Moxifloxacin — CD,(ZPEVP & - °CD,) 406. 0 388.07, 368.1 25, 30 6.35 0.72
40 Oxolinic acid — D, (HEMER — D) 267. 1 249.1°, 161.0 18, 43 6.67 1.17
41 Flumequine — "“C, (5 H 1% - °C)) 265.0 246.9°, 205.0 20, 35 7.16 0. 86

*quantitative ion

2 HRSHE

2.1 BUEFMHRMmL

WA S Z5AE SRR R . AR EEIRER , L[ M + H " 0 B 5 BEX R, RIS M +
HIAER oy F 0, BT & 15, E&F(ESE), 7Em/z 100 ~ 500 JE 1 A X6 & 130174
i, SRS YR BRI N SR, KDL B E B . PRSI . FEARE . SRR
J. AR . ARSI R s B BT A, SR R EOABRIEIM + H - O, ]
R R IS WRME AT R FEHEWE (M + H - CO, - C,HNR ], TEMRALRESERE K af b I S, B %
RS (MRM) 7%, E—efb il s it , BEATE0E REE, 16 MRM J7 ik 80s s B i i SL 4k B 5+-2K
TR AMRM J71%, BAME S0 PR R INTH) 5 1 B ShiE 7 3h 7550 00, R I A AN R EE I 5
AT, R EMEER . Big a2 - D AERE - D, B bR ek, A MR & T
MR ETEE, T At F B bRbR 7 i LA %5 38 X RETERE , I @i & 6] 7 et R ZE A
FE b ORER ) 22 55, ¥ O B I ) 7 P0G R4 7 5 o7
2.2 BIEFHNRK

WIS B S50 S A SRR KIS A, WRPEFAE —E 225, SEI0 0 M Agilent Eclipse
Plus RRHD C (2. 1 mm X 50 mm, 1.8 wm). Agilent Eclipse Plus RRHD C,,(2. 1 mm X 100 mm, 1.8 pm)
F1 Waters BEH HILIC(2. 1 mm x 100 mm, 1.7 wm) GiEAE#HIT/04T, Sl de 5 it b bl fo ki
iR, R0, 1% HIRIE — S5 himahAl, MRAALTRZAH BT AGEL . 16 B2 BRI h AR RN R
IiE), S5REHT, 0. 1% HIRIERAMY AT R & e+, fems e, Higm rigEn X fr
PE; C BiEAE HILIC (A n) o S ROR A . BB DN AR R AR AN, DR K, &L
Prvk CE B I AR AR AL HO (] e A AR ) s E RN | UV R - DAY R - D, SRS
B, 26 MBS REE PR L BOR . FEAMBEEEBERREF T, T 100 mm KR € Fl
HILIC A8 AE T i 43 IR, HL 2 S8 R A R UM 50 mm KM @I5FE 2, PFRISEE R H
50 mm (1) Agilent Eclipse Plus RRHD C (2. 1 mm X 50 mm, 1.8 wm) @ik, Hirfb &80 SE80R R T
(1),
2.3 IRENFZHHIERE

WETRMIZSAL AP S A RE SR, TP s BRI, vl A TR R s Vs T & A L
FIPREL ., SEERT 19% HIRIEW - ZHE(5 1 95) . 1% HIRIEW - HRE(5 1 95) . Z0UK — HIEE(5 - 95) 4 HL
BORMEAT T HAS . S5 REM, 1% W IRIAT - 55 0 95) MIRBURA LR AGDUE, 26 FHREINYrHY [
W R 65% ~ 115%, Hh S UbE . kv 280 mICRATT 70%; 1% BRI - HWEE(S - 95) nl ik
SRR T TR, 26 RO Y DS F R 70% ~ 128%,  HH OB 2 1 i #>120% . 20K - Hig
(5 95)WHRETEAIFMAE NN, BRELELID R BRI A 329% 4b, HERRINP Y LA 75% ~ 125%.

MBI IE A RO AR, B 6 ZHBH e 2 (O p S A AR R R R . SRR . BE
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WEERHEE), A R 3 FMEBGI TIRE, 25 RER, 1% P ERIAR - ZH5(5 @ 95) I—RBUR KWK
AR R 20K - HIEE(S © 95) Pe ORI EERE SR AT Y, 19 HRIEIE — FRIE(S © 95) $E Ui 5
PR GB/T 20757 — 2006 BRI 25 SR FEA—F, BOESE 19% BRI - WEE(S © 95 VEM$REGH, Ffihis
TAREARLEL (50 © 50, 40 0 60, 30 : 70, 20 : 80, 10 : 90, 5 : 95)F) 1% H R4 — HIREXT 26 R
YR (g 2) . 2550 8%, (R A20 @ 80B), FRILIRER . B WE . AR E . I8EW B,
HAALEY R IR R AR 25 100%, ARFEL R 50+ 50 B RE R [l e R B S aAIG, b () s e 12 .
SEISVEPENT 26 FRRIN A [ R B 1% BRI — (10 : 90) VEMHREGH,

| 41
6 4 Internal standards |40
I
Il
4 |
P 31
g 28 39 33 [l
= 29 36 (|
2 4 |
3 35 38 01
27 o 37\ [ 23
2.0 A |\ 25
0 T T T T - T
2.8 4.0 512 6.4 7.6
t/min
1.5
2 Analytes 24
=104 !
S
- 7 9
8 12
4.5
0.5 1 3 10 " 26
N,
0.0 A
2.8 4.0 5.2 6.4 7.6
t/min

1 26 FhRETATIZEAL A (2. 0 pg/L) B IS FRIBR(10 pg/L) BB T
Fig. 1 Total ion chromatograms of 26 quinolones(2. 0 pg/L) and 15 internal standards(10 pg/L)

the peak numbers denoted were the same as those in Table 1

140
—&—5:95 ——10:90 —a—20: 80
—¥—30:70 —9—40: 60 —4—50 : 50

100 -

Recovery/%

20 A

B2 AR 19 F RV — H RN 26 FhEEII 0 SRR
Fig. 2 Extraction efficiencies of 26 analytes by different volume ratios of 1% formic acid solution — methanol
2.4 S EHHNERE
WeE S HRER . AR, B, RS EEATSE", BRI A T TR A A AR
QuEChERS £ )51, ZARC#%L 7 PRIME HLB#: ., HLBAE"' . PAXAE"'H QuEChERS ' B b R . Tk
BZS B AR S FAT 10. 0 /g B DNIPRIENICSESS: , 24558 %HH, PRIME HLB#E 0] RpRgE P AL . 0
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OO BB R . N EBRA R E , HLBAE S PAXAEM Y, PRIME HLB#EF1 QuEChERS K .
MR &, PRIME HLBAE(EF HLBAE, 39745 24 F H Frd i) [nl SR 7E 80% ~ 110% 2 [5]; QuEChERS
W2 PAXHZE, HA 10FMESPi IR KT 80%, HATE 22% ~ 78% 6], SLBG fe & e 4k it
Jiwgss, HRERE T, HIETEE . WROEReie, Se/Eid 72 5 {E0) PRIME HLBAE#E T4k
2.5 ERINEM

FEBOOY (ME) & F8 e i fe v, B TRENAL S0 85 AU RN e B T se A, AT i) 7 455
ZEPIEGREAHIN IS . B TR 0 7 A b AR i AR, AR bR 2k %
SRS THRTZAL S TENE B T AL RS, , ME=JEFTPCECARUEHh 2R bR A IR I 2 RER X 100%, 24 ME >
115%H R THERRLN 5 24 85% < ME < 115%H TS0 o] 221 5 24 ME < 85%Hf A ekl iz >, 52
BT AR . ISRAE BRI SR B TROY, (r LA ME, . ME,, ME/R), F2458E0, Hinfks
W B L RIE 2R PO BRAE A MG B T BE RN AR A 353, ISR B A HA SR () S TR /N, bR
MY R 45 8 Tk A A B BSOS 2 (89% ~ 115%) , JFR{R-VD 45 18 Fivk & b i sy, Horpr,
NEIRIR . IRV . RRIDE . FbE . SRV A . RIS T A

2 26 FhMETEIIZA A K 15 PRI BRIGIE STV (%)

Table 2 Matrix effects of 26 quinolones and 15 internal standards (%)

Compound ME, ME, ME, Compound ME, ME, ME, Compound ME, ME, ME,
Pipemidic acid 140 123 130 Clinafloxacin 121 123 116 Norfloxacin — D 138 138 127
Marbofloxacin 125 122 106 Difloxacin 114 117 111 Ofloxacin — D, 122 121 119

Enoxacin 137 136 130 Sparfloxacin 102 108 97 Pefloxacin — Dy 139 130 129

Fleroxacin 124 125 118 Moxifloxacin 107 114 101 Ciprofloxacin — Dy 133 131 130

Norfloxacin 136 138 126 Gemifloxacin 109 115 99 Lomefloxacin — Dy 120 116 115

Ofloxacin 121 123 115 Balofloxacin 118 114 108 Danofloxacin — D, 142 137 131

Pefloxacin 139 131 127 Tosufloxacin 119 116 105 Enrofloxacin — D 118 120 114

Ciprofloxacin 133 134 128 Cinoxacin 118 119 116 Gatifloxacin — D, 110 110 112
Lomefloxacin 119 117 113 Oxolinic acid 103 109 103 Sarafloxacin — Dy 118 113 117
Danofloxacin 143 138 132 Nadifloxacin 96 107 95 Difloxacin — D, 113 116 111
Enrofloxacin 116 120 113 Nalidixic acid 105 101 97 Moxifloxacin — *CD, 99 113 101
Orbifloxacin 89 96 93 Flumequine 114 118 106 Oxolinic acid = Dy 104 108 102
Gatifloxacin 112 110 114 Enoxacin — Dy 139 135 131 Flumequine — 13C3 115 118 105
Sarafloxacin 116 115 117 Fleroxacin — D, 124 123 120

SRS (R B 7 1 A SE DU EC 28 . IR AR . FETAIRE D, AR SRR bRk 1855
LSRN B AR AR5 o 0T AL E AR RN, R AL R N ARE I bR E
X T EAN Z RS, IRSEGF AL, . CR B B TRIAHT | FE TR 24 3488 /N B T ) s 43 HL e [) o7
EWbrE = (W#E3),

3 26 FEHEIZL AW LIETEE . MR B2 TR . PR R R R ZE (= 6)
Table 3 Linear ranges, correlation coefficients(r*), limits of quantitation, average recoveries and

relative standard deviations of 26 quinolones(n = 6)

Linear range ) LOQ Spiked Average recovery RSD
Compound 1S r

(pg/L) (pg/kg) (pg/ke) (%) (%)
Pipemidic acid Norfloxacin — D 0.2~20 0.9990 1.0 1.0, 5.0, 10.0 106, 107, 103 6.3, 5.2, 3.3
Marbofloxacin Ofloxacin — D, 0.2~20 0.999 1 1.0 1.0, 5.0, 10.0 87.4, 85.3, 105 6.9, 5.6, 4.5
Enoxacin Enoxacin — Dy 0.2~20 0.998 8 1.0 1.0, 5.0, 10.0 84.5, 87.8, 103 6.3, 5.0, 6.9
Fleroxacin Fleroxacin — D, 0.1~20 0.998 4 0.5 1.0, 5.0, 10.0 100, 95.1, 103 5.8, 5.2, 3.7
Norfloxacin Norfloxacin — D 0.2~20 0.999 3 1.0 1.0, 5.0, 10.0 99.7, 99.8, 107 5.9, 8.0, 4.0
Ofloxacin Ofloxacin — D, 0.1~20 0.999 3 0.5 1.0, 5.0, 10.0 109, 102, 102 6.0, 5.1, 5.4
Pefloxacin Pefloxacin — D, 0.2~20 0.999 2 1.0 1.0, 5.0, 10.0 96.8, 103, 103 8.1, 7.7, 5.4
Ciprofloxacin Ciprofloxacin — Dy 0.2~20 0.998 8 1.0 1.0, 5.0, 10.0 104, 98.3, 101 9.9, 6.7, 4.4
Lomefloxacin Lomefloxacin — D5 0.1~20 0.999 8 0.5 1.0, 5.0, 10.0 102, 102, 102 8.8, 5.7, 5.7
Danofloxacin Danofloxacin — D, 0.2~20 0.9985 1.0 1.0, 5.0, 10.0 102, 104, 100 8.9, 3.9, 3.5
Enrofloxacin Enrofloxacin — D, 0.1~20 0.998 6 0.5 1.0, 5.0, 10.0 107, 102, 101 5.9, 4.1, 7.5
Orbifloxacin Gatifloxacin — D, 0.1~20 0.999 5 0.5 1.0, 5.0, 10.0 85.9, 8.2, 90.3 6.9, 4.8, 4.4
Gatifloxacin Gatifloxacin — D, 0.1~20 0.998 2 0.5 1.0, 5.0, 10.0 98.5, 101, 99.8 5.5, 3.5, 6.0
Sarafloxacin Sarafloxacin — Dy 0.1~20 0.9999 0.5 1.0, 5.0, 10.0 92.9, 93.5, 97.3 11, 6.5, 4.1
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Linear range LOQ Spiked Average recovery RSD
Compound 1S r

(pg/L) (pg/ke) (pgrlke) (%) (%)
Clinafloxacin Sarafloxacin — Dy 0.4~20 0.998 2 2.0 2.0, 10.0, 20.0 84.5, 91.0, 90.5 6.8, 11, 8.3
Difloxacin Difloxacin — D, 0.2~20 0.998 5 1.0 1.0, 5.0, 10.0 95.6, 101, 98.5 4.8, 10, 8.0
Sparfloxacin Difloxacin — D, 0.1~20 0.998 3 0.5 1.0, 5.0, 10.0 110, 104, 99.2 5.3, 4.1, 6.5
Moxifloxacin Moxifloxacin — l3CD3 0.4~20 0.997 3 2.0 2.0, 10.0, 20.0 89.2, 84.5, 89.4 9.5, 8.3, 8.2
Gemifloxacin Moxifloxacin — '3CD; 0.2~20 0.997 3 1.0 1.0, 5.0, 10.0 103, 89.8, 102 12, 6.2, 5.5
Balofloxacin Moxifloxacin — *CD, 0.2~20 0.9990 1.0 1.0, 5.0, 10.0 87.9, 88.3, 90.0 6.9, 8.2, 6.3
Tosufloxacin Moxifloxacin — 13CD3 0.2~20 0.9972 1.0 1.0, 5.0, 10.0 83.0, 8.7, 89.4 9.5, 5.7, 6.8
Cinoxacin Moxifloxacin — l3CD3 0.4~20 0.999 7 2.0 2.0, 10.0, 20.0 81.2, 90.1, 88.8 11, 4.8, 4.6
Oxolinic acid Oxolinic acid = Dy 0.2~20 0.998 6 1.0 1.0, 5.0, 10.0 91.1, 98.7, 91.3 12, 7.6, 6.7
Nadifloxacin Oxolinic acid — Dy 0.1~20 0.9982 0.5 1.0, 5.0, 10.0 91.1, 90.2, 90.4 8.8, 2.0, 5.2
Nalidixic acid Oxolinic acid = D, 0.1~20 0.999 5 0.5 1.0, 5.0, 10.0 95.3, 103, 103 9.4, 7.3, 5.7
Flumequine Flumequine - "°C, 0.2~20 0.9990 1.0 1.0, 5.0, 10.0 79.5, 105, 98.9 9.5, 4.7, 7.4

2.6 ZXMEBEEEETR

R 2 BGE 2V EZ S TR S AR, LR S AHB R TCR IR R 0. 1 ~ 20 pe/L AY R 5
PR TAEW, RN 1S PR (P ARIBTRIR B R 10 pe/L) , $&RALH) 543 T UPLC — MS/MS 43
Bro LUE & 851 F PR S U AR HE A RR (y ), REDAL S A PR RAL B 6 0 v 32 L SR Al
br(o), 2milbrie TAEMNZ:, WhRIEE . 4580, 26 P i 2 ib S 7E & B 0 5T i B [N
LPERIF, MXRREP) > 0.997, RHZ QEERESRIAENY, LL10HEMELL (S/N = 10) % R 1 it
BREE A E R FR(L0Q), 45REHH, 26 FEinmZs b5 LOQ 40.5~2. 0 pe/kg( W 3).
2.7 EWMESHBERE

FE B J7 16 25 A PEAR B A T IIPR RO SE 38, IIbRAKSEAAR . L 3 ANIREE, BN E P
6o EHF3HIH, 26 PP it fid 25 4k & 1 i ~F X Il Wi 2K 4 79. 5% ~ 110%,  AH X 5 i 1 22 (RSD) 4
2.0% ~ 12%, FEHH 5 13 B R B FORS 25 2 KLU
2.8 KBRIEF MmN

SV Z TR, ARSEIRINE T RENLIEC TSP . AR ISR MR . BRI
EA100y, MfdeE . MALES Sy, ATEE. MHEES 140y, JLe2hesh. fE2MPE=I0% 3 TAEr:
m PR ARV R, R EON 2. 1~ 22, 1 pne/ke; LRARAEERES PR AR AL, RN 17, 1 pg/k;
L AARZE ]IS H 3. 4 pe/kg TERIDE AN 8. 8 ne/kg EAIDE (NE3) ; AR FAMG T BFL &9

6 1.6 4.0 -

Norfloxacin 410 Norfloxacin ~ 4.16 Ofloxacin 4.20 3.2 4 Ofloxacin 420
320.3/302.0 320.3/233.1 362.1/318.1 362.1/261.1
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Fig. 3 Selected ion chromatograms of norfloxacin and ofloxacin in positive sample
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