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2. LHRIEREERER LI 201306)

WE AT B AR A 3 % 5 R %k (SPE-LC-MS/MS) ] i A0 3 22 78 v K P 17 Aok i B
RUGPHREW T k. BAERNUAER, XA HLB EHEREES. #HEA LAY, #iT
X ABAESE LA pH, MR G MR EL TR ERE, b 7 gt famt. k&
AWMEBMBRERARTEAADMERE | ml, 0, EERIH AN 01%FERAER, BH
HOFE, LY ERE RRHEATLE, £ LC-MSMS IEBFER NS R EIIER TH#TE K
EEM . 17 M NAW T LLE 10 min F N AFZI B2 8, &% E A 1-200 ng/ml, & A X &

BIH KT 0999, & HRHAE 2-10 ng/L SEE 7, &

BRI 5-20ng/L FTEE W U= AEAKNER,

7 20,100,200 ng/L =AM B 7 An K F T & AL A AR % 2 & B e dw EDR B2 71.3%-125.0%5% B 1,
AE X AR IR 2 (RSD) A 2.44%-12.27% (n=5), KA Z 77 ik a8 R LB IR 4 N RFE I HAT K%
BN, ERME 4 M E@WELY, 2HNEEEDVE . ERAVE. AV EMTRDE, H¥,
B ERERG. AREW, ZyaEsE, M, A THRAEEKTEETELGH RN,

KA

hESES S948 TEEFRINAD A

W 25 (Quinolones, QNs)Z5 4l 1A 24,
FOLHAPIREET . @R, I8 . MR LR SE R,
FEFE W KA SRR A T T (B S B AR,
2010), MEGEERAHT R 25 K T AR T,
MR VST AR e DL s DR R R R AR 3 AR
(B0 AR 5%, 2013), MR 2506 N T & Bt
W25 AE K SRR T R HEE BERPVE R ik Rl
FH— 7 A R AR o T K= 350 1) & R, o — Jr T
335 BT A 7 B K IR BE TS Y K 7= 5 25 1 5 B
[ R AR, 2012). BFFTERM, K=yt E D
A YIEE . KEB AR T, U Db
R BRI GET- 45, 2007, #RIGVTAE, 2010), /&

B K A EAERG RAE WS- BB S RAEEK
XEHS 2095-9869(2017)06-0127-12

BRZH AR IR, (B R T H A0 2 A
JFHEARES, SECUE BUCBRRRE IS, dEmixr Ak
TR LA SRS A 28 R Gl A IV e 6 (A i AL 4%,
2007). i APREE I PLA: R AT BT BRI BT R
VAT 2451, O K ™ 5 58 50 ) ) A 2T
W, KSR AE S B i AR R B (B SO
4,2007), BT, MiAERCEESHRE DL, &
FEIR(15)/K M Z2 /K  Hb T 7K %5 (Watkinson et al, 2009),
BEXTIAEE AR BIRIK = SRR , iR R A B i
Jrik . RS R IE WY 2 . ERAE(2012)
TIFFE 2, [ AH 26 L — e 30/ 8 e 5O R (i 1 2 24 4
o PR B P AE 2 A AT B, = RO {53512 (HPLC)
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BAA BB 2eRe . M 2R iR
B BE AE (L% 40 B B e i FH A ARGz 7 =0 48 A — T LA
MEF(UV-VIS) ., Z&EK I #$(FLD)% (Ho et al, 2004;
Gabel et al, 2004; Toussaint et al, 2005), 254 [ A1 %
HU(SPE)YFE i AL BR ) €0 35 . BT1E 43 A1 e R e Ry 5 ik
(FERSAE, 2015). HRTRRIN 7 ik R I P A s
S | TRTSCRAIG | K S R 5 45 ) 8 (Reverté et al, 2003;
PNTRAE, 2009; ZERREE, 2015; FHiHAE, 2015),
O TS5 B v 7K v v T IR 288 24 0 A I 7 1k IR A
N FRAERR S, I, XK ™ IR PR rh P 25 5%
RN 5 2k O AF R BLAT R S AR SR 45 4 [ A 7
A WA 0% — T R R R, ST T IR IR
17 ol 35 I A 25 0 P A 00 g 3 o B R T Ak 3 DA B A
ST TR A, S5 WoR , 207
YRR BEREPESR . R & . EIPELS, w2 TR
AR K R 17 Tl i R 2 24 W AR A DU

1 S A%
1.1 (=3 Fnik

TSQ Quantum™ Access & H {0 3% — I 3% 1%
(Thermo Fisher Scientific, 3¢[®); NEVAPTMII2 %I %
S 1Y (Organomation, 25[H); Milli-Q 4k [
(Millipore, 3% [); 12 45 [ A1 A B %% & (Supelco Co, 3
E); 6 ml/500 mg Oasis HLB [ 4H %% HUEE (Waters, 35
F); AR .

& i b & (Enoxacin, ENX) . Jik & ¥ 2
(Marbofloxacin, MAR). % 7> & (Ofloxacin, OFL),
1 3 Vb B (Pefloxacin, PEF). % ¥) & (Fleroxacin,
FLE). ¥R ¥b & (Norfloxacin, NOF), iR R ID &2
(D5-Norfloxacin, D5-NOF), ¥ AN £ (Ciprofloxacin,
CIP). M [t 7 & (Orbifloxacin, ORB). JRACHH I &
(D8-Ciprofloxacin, D8-CIP), Z¥hE iR (Nalidixic Acid,
NA). B B (D5-Enrofloxacin, D5-ENR), Ll
FARUERLEEEYI S 99.0%; Flif ) B (Danofloxacin,
DAN, 4N 99.9%). B> A (Enrofloxacin, ENR,
4l 99.8%) . HHLV) B (Sarafloxacin, SAR, 4l
93.5%) . i) WA 7b & (Sparfloxacin, SPX, 4liF 4 99.6%) .
3,/ 14 (Flumequine, FLU, 4[4 98.5%). X2
(Difloxacin, DIF, 4liJ# 4 98.0%) . MM iR (Oxolinic Acid,
OA, ZEJEN 98.0%) . ¥ 3E1) A(Lomefloxacin, LOM,
alifiEh 97.6%), ¥4 HFEE Dr.Ehrenstorfer A wl

HIEE . 6 (HPLC K, Merck 24 Hl); HiR . LR
¥ (HPLC %%, Fluka ZAH]); #H4liK(18.2 MQ-cm);

iz, SCAEAREN

PRUEIRBC ] . 43 W FREL 10.0 mg b aRARIEM,,
FH B # T B 25 % 10 ml, AN SIS 5 5 i B A o o
(Iig VP B AR TP B AR T A i RIS )
HER BRI E R E 10 ml, Bl 1.0 g/L BIARERG &
W, 20CHRAE 6 D H o IR, HIH EER R L iRbR
WEAE R, T T AN [ R B2 1 YR A s o ol FH A o
1.2 \AKER

KRR S 2R B LS XTI 4 AT
fEF2553(A . B, C Fl D)o AR CR AR 3 B4
FRAE A BEAK T | H K CURIR [a] Al 5% 58 3t PN 2R A TR /K
KA o A KRR R B 5 i R, 4 B
KA & R 258 o FF 525 KA ] SE g0 2= Ab 2
1.3 Hmiain &

131 & &n %+ MG T (2.1 mmx
150 mm, 5 um), FE#EH 35°C, FE A 0.20 ml/min,

PEFER R 10 pl, FEshA A HH BRKER (S 0.1%H
f2). B RN, HEEVERFRT L% 1.

x1 RIBEBERRERF
Tab.1 Mobile phase gradient elution program
i ] A H B A
Time (min) Mobile phase A (%) Mobile phase B (%)

0.0 90 10

0.5 90 10

3.0 30 70

5.0 10 90

8.0 10 90

9.0 90 10
10.0 90 10

1.32 R#ES&H HAL I 55 B F-IR(EST), 1E B T8
X, ZREMMRM), BEZEHEHR 4500 V, %54k
SIiE K 12 L/min, 5B E N 2 L/min, 2514
WS TEEE R 350°C, JRINRHE IS MR EIEN 10V,
HAbSHL R 2,

1.4 KEEHBILETE

TKAELE 0.45 pm K RIEMBETUE, FBrAK B F B
B INAE 5 B ER R IR 1T K AE pH oA 3.00+0.05,
TR B 500 mil 98755 pH 22 )5 BIZKEE  HERRIA 1 ng/ml
IRAWFRARME TAEW 50 wl, LAZY 5 ml/min 3 8058 5
Oasis HLB [EIAHAE B 1T & SE fiidfb . SPE /ME I
KR, MKW 6 ml FEEA 6 ml 5 mmol/L ZFRE

=
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*2 EIRERFRIERNSH
Tab.2 MS detection parameters of quinolones

= = \‘ shza(é
J¥ % Number fe#) Compound Pare:t:ij(m) Daughiii (M2) Collisi?fii?gy (ev)
1 FE V) B Fleroxacin 370 269 26
326* 19
2 Z TP A Ofloxacin 362 261 27
318% 18
3 Wi 1P B Norfloxacin 320 233 24
276% 16
4 AV B Enoxacin 321 232 34
303* 21
5 RS A Ciprofloxacin 332 245 22
288 17
6 Blifivh B Enrofloxacin 360 245 26
316* 9
7 %2570 2 Lomefloxacin 352 265 22
308%* 16
8 FH#E Y & Danofloxacin 358 263 22
340% 22
9 B YD A Orbifloxacin 396 295 24
352% 17
10 WSV 2 Difloxacin 400 299 28
356* 19
11 YRV B Sarafloxacin 386 299 26
342% 18
12 H WAV A Sparfloxacin 393 292 25
349% 19
13 EME R Oxloinic acid 262 216 29
244% 18
14 % H 1% Flumequine 262 202 32
244 18
15 R 1P B Pefloxacin 334 290 18
316* 20
16 FRR 7D B Marbofloxacin 363 320 23
345% 29
17 ZEWEMR Nalidixic acid 233.3 215.2 19
187.4% 35
18 D5-i#i 7P & D5-Norfloxacin 325 307 22
19 D8-# N> & D8-Ciprofloxacin 340 322 21
20 D5-RBliE 7P & D5-Enrofloxacin 365 321 19
T

*Denoted quantitative ions

G 1B (pH=3.00+0.05) EAT {8 AL o K BRI AE TR o
10 ml ZREMWIRE . WA TR 6 m WRpsy 2 BRI
2 YCHEATURIRL. 15 40°C T UL RS T ‘
- e 21 ®wEEEEHHMRT
R 31 0.1% F K WM = 209 = 1) 45 el
Uml, i 0.22 um MALIERE, FH0 RLFFYBEAR (0330 VAR (53— e 0
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RKAYNE, W R SRS A K- . K-
F BRI K - - 2 TG 45 (E &Rk S, 2014), FEiR S
F4) 7K AE RO T8 TR et R P T 45 9 e M LA B, T A4
1o B AR, RS A B B AT T AR A AR
EIRIEIE (B 205, 2010). b T 255800 A H R ) s
VBRI 2 T R AR, HOE T Y i sh A R
HeBE 510 0. 0.1%H1 0.2%F, Xof s i il 24 25 Wy 16
FIFZI o & B4l ZK (R B2 R ) 20 A i s AR
HLMYR IR 1-a); 0.1% PR KA 2
O sh A, IR i H R B = (B 1-b); 0.2%0
FH R K V5 ORI 0 R T st AR s, B e SR A AT
(K 1-0) P, HE8E 0.1% T FR /KA W A 25 R i 2h
A, 17 FhsTEERZE 258 LA K 3 Bh AR AR T
(20 ng/ml) ) o 3% & UL & 2,

KR 0.1%H BRKER(A) . FEEB)FI ZHE (O
=GN, RS (16 min) H R BUE L. R
PRvD B GRS, Iy sk FEAR (B 3-a) 177K
0.1% T2 7K RN 25 WA A it st AR PR V0 2 s 0 1
W (] 3-b); FrA MU A 2 0 By B (] 4. (10 min), 4325
B L 7 5 B

22 EEFERFZFHHLL
WS 1 TR 2K 24 ) () S AR 5 M T B 5 R L g

=

100 () OFfi R 0 Formic acid 286 >3 _3.04

50

.14 4
8 AT 516 sqa 615 643

MR, BT, WG Ho e al,
2004) [ A ZE B A AT A5 5 A% T 40 A6 UK PR 858 (1)
i ZE BN T RE, Oasis HLB J2& 3 7K 37 B - 760 [ 41
REEOE, PR AR B AR AR A AR ACR .
ARWFFEEFE Oasis HLB(6 ml/S00 mg) X 5% 58 i 7k Hp s
BT R A

KERMEK B pH JEFIR 7.8-8.3, /KA pH AT LA
P ER Y SPE MM ARCE, | R &M%
BUSOR . WFoiE i, Pk RERESAE T P ECR
JEIT pH) . BRPESPE TS SPE 44 0 W5 (A%,
2011; M7 KAE, 2009), Ik, ARMFFERE AR K R
pH 358 % 2.0, 3.0, 4.0 =Rk, i BRAT AL FE )
Dy 3 A bR R RT N, 249 K FHER R Y pH & 3.0
i, KRR IR B R R 25 R RS, BB (] 4),
J AR S Rt A AT — 4K pH Hh 3.0, X5
TR UE 55 (2006) Fl5K B 78 45 (20 12) A FE 45 SR — 3

23 HXBREEBRBRHER

23 Oasis HLB /MEREHEZ G, X SPE #
PEATIRVE R 24400, AW 98 6 85 £ FR B /K B WA R itk
Ve, A1k dE 6. 8. 10, 12 ml ANFEMAFIIEF T2,
ATHY R AR FR R 10 ml i, BEASAS 200 2 1 5
ZRAHR N SR

NOR

715 7.36 764 7.88 838 861 9.8 957

0
100

w
[=)
T

378 408 451 509 538

ENX

599 619 685 7.07 737 810 849  9.08 937 9.54

—_

[=3

S O
1

W
(=]
T

0.34 0.69 1.04 164 211

6.35 6.79 735 7.58 8.10 845 9.05 9.60_ 9.78

[=]

FEXT F2BF Relative abundance
s
1

034 094 120 163 212 231 275 314 2% 417 458 506 545 595 627

|

682 700 759 794 847 895  9.50 9.68

139 179 219

0.23 0.65 091 292 330

4.65 476 553 580 620 646 7.01 7.30

PEF

791 839 870 898 936 9.75

i fE] Time/min
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FEXTFE BF Relative abundance

FHXT 3 BE Relative abundance

e St ok N > Y SNy 5 Nl E==3 ;Y b ] >
WA A ZE I —IROR €% H TG SO i 32 [ B YU SR AR K v 17 s R 2
3.94
100 - . .
(b) 0.1%E & 0.1% Formic acid
NOR
50
0 0.47 1.08 136 1.77 2.04 250 2.79 3.40 427 471 497 526 590 6.18 682 729 790 829 851  9.34 9.50 9.94
100~
50+
0 047 111 175 207 250 292 330 3'L2 419 464 490 523 586 617 676 697 743 791 812 851 873 941 9.66
100 —
D5-NOR
50
0 030 071 129 177 222 263 3.11 331 518 573 6.02 625 668 698 735 80l 825 867 921 9.82
100~
CIP
50
0 0.0 048 091 141 178 218 2.60 323 381 420 452 513 548 6.02 618 639 7.03 748 791 841 9.15 9.40 9.81
3.97
100 -
PEF
50
0 034 071 126 151 184 208 263 3.11 336 3.87 4.27 497 564 586 631 658 7.06 7.26 7.81 8.06 841 883 930 9.66 9.94
0 1 2 3 4 5 6 7 8 9 10
It 8] Time/min
3.98
100 - . .
(c) 0.2%FH R 0.2% Formic acid
50 NOR
0 0.11 0.50 132 164 1.84 235 267 3.14 3.44 3.85 461 522 579 599 663 698 736 785 841 863 9.13 944 9.83
3.95
100 -
501 ENX
0 021 072 093 135 164 209 231 272 320 344 423 4.52 531 560 599 631 699 7.15 7.81 804 871 889 941 9.62
100 -
50 D5-NOR
0 033 065 133 165 1.84 264 293 429 461 528 580 598 617 6.69 7.1 7.49 7.81 8.41 9.03 9.60
100 -
50+
0 020 050 091 155 176 212  2.69 2.88 339 3.81 487 523 576 606 646 6.88 746 7.9 858 890  9.60 9.98
100
50 PEF
0 032 087 155 174 2.09 2.38 2.64 350 3.74 | \416 471 5.08 573 6.08 646 676 7.35 7.51 7.80 835 880 9.11  9.57
0 1 2 3 4 5 6 7 8 9 10
fist[B] Time/min
Sl % = S S
BT ORTRIG AR S B i 5 s v 1) 0,35 151

Fig. 1

Chromatogram of 5 quinolones in different mobile phases



v N 22 > - S
132 I A - 538 &
RT:0.00-10.01 559
100 :
NA
50 -
0 0.35_0.53 0.86 1.49 2.13 2.74 295 3.28 3.75 424  4.66 545 596 631 673 7.15 746 7.76 8.35 886 929 971
5.62
100 -
OA FLU
50
5.03
0 031 079 1.17 148 172 207 247 2.73 312 332 3.82 440 487 6.03 643 675 7.15 7.42 8.07 8.36 8.99 9.60
3.94
100 -
Q ~
E 50
'E 0 0.47 1.08 1.36 1.77 2.04 2.50 2.79 3.4 471 497 526 590 6.18 682 729 7.90 829 8.5l 9.34 9.50 9.94
100
C]
2
& 50 -
5
& 0 0.47 1.11 1.75 2.07 250 292 330 3.72 4.19 4.64 490 523 5.86 6.17 676 697 743 791 812 851 873 941 9.66
# 100 -
# D5-NOR
;T,:g 0T
0 0.30 0.71 1.29 1.77 222 263 3.1 3.31 3.72 423 452 5.18 573 6.02 625 6.68 6.98 7.35 8.01 825 8.67 9.21 9.82
100
50 -
0 0.10 048 091 141 178 218  2.60 3.23 420 452 513 548 6.02 6.18 639 7.03 748 791 8.41 9.15 940 9381
100 -
50
0 034 071 126 151 1.84 2.08 2.63 3.11 336 3.87_ 497 564 586 631 658 7.06 726 7.81 8.06 841 883 9.30 9.66 9.94
|||||1"|||||||||||||| LAARE RARS LA RAR] RARI RALE RALE RAM RALY RARS RLALE RARS RARY LARN LAAE LARS LAR) RARI MR RARI ALY RALE RALE RAM |
0 1 2 3 6 7 8 9 10
[inpE| Tlme/min
RT:0.00-10.01
3.97
100 -
50 D8-CIP
0 0.27_0.48 115 164 189 238 272 289 350 3.71 5"—1,1 _425 477 5.5 559 578 628 669 698 743 7.65 8.18 854 873 937 9.52 9.79
100 -
50 OM
0 0.40 1.02 1.66 1.89 222 240 3.17 442 465 509 554 610 629 675 698 743 7.8l 844 872 920 9.50 9.97
100
o DAN
-§ 50
g 0 0.14 0.57 0.86 144  1.83 2.15 2.65 327 3.65 436 477 519 553 601 626 6.53 722 7.64 8.00 8.62 885 9.12 9.66
< 100
[
> ENR
g 50+
©
[~ 0 0.46 099 124 172 224 265 294 342 38 422 445 495 550 568 595 643 6.6l 7.38 7.98 828 885 9.14 9.55
394
ﬁ 100 -
=
g oL
0 0.39 096 1.15 1.67 201 239 2.87 3.13 426 454 493 522 572 6.32 6.56 691 735 771 821 850 876 892 9.58 9.83
100 -
MAR
50
0 0J6 042 097 137 160 207 226 285 329 416 470 4.96 550 592 616 6.59 6.86 7.15 7.57 7.99 8.63 8.84 9.17 9.74
100
50 D5-ENR
0.09 041 1.14 169 218 2.62 3.04 329 39} 447 464 498 565 5.92 617 693 7.13  7.66 7.96 855 8.84 9.07 9.62 9.97
LA AR A LALLM LA RARS LA LR LA RAL) RARE RAR RAR) LA M LARR AR LAY AR LAY AR LM AR RARE AEA) LAAS LAY RARS LA AAMY RALE RAR) AR LA LA MM AAM
0 T T T T T T | 1
0 1 2 3 6 7 8 9 10

Bt 1] Tlme/min
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RT:0.00-10.01
100 -
80 -
60 |-
40 -
20 -

039 079 1.14

397
1.68 214 249 294 3.19 3.84

4.54 473 531 547 585 626 6.61 677 724

FLE

7.75 8.04 833 875 9.33 9.99

0
100 -
80 |
60 -
40 -
20

0.06 041 1.14

7.85 8.12 8.58 8.77 8.98 948 9.93

—

(=

(=]
1

80 |
60 |
40 |
20 |

031 061 1.18 133 175 2.16

4.18
SAR
162 2.01 252 2.72 332 4.02 4.56 507 549 5.84 6.06 6.73 7.25
4.18
PX
2.65 2.96 3.13 3.60 3.98 4,56 4.85 537 5.87

S

6.36 670  7.14 7.67 804 837 869 9.19 942 9.76

X+ =E B Relative abundance

N BN X
SO O OO

ORB

7.51 7.82 826 8.81 9.41 9.61

100
80
60
40
20

0.31 0.88 1.07 1.82 2.03 233 268 2.86 345 3.64 4.01

0 4.11
100 :
045 063 1.14 1.74 2.22 2.90 3.21 344 3.69 j\f‘ﬂ 476 516 562 599 615 6.57 692
421

443 485 508 551 5.97

DIF

653 674 727 7.56  8.00 846 870 9.10 935 9.84

0 LINLINLINL I LIS L I I I O B O I

0 05 10 15 20 25 3.0

35 40 45

50 55 60 65 70 75 80 85 9.0 95 10.0

it E] Time/min

2

17 Folt s i i LK 3 Rl AR 0 s o ) (5 3

Fig. 2 Chromatogram of a mix solution of 17 quinolones and 3 internal standards (20 ng/ml)

SPE AL, T U6 A 28 LA B Aol P 4 kA
g, Hoo, MMM BT, 2 e
PEGETH LA, W R S AR IR ERR E , 28
i SR BRAY TR fi g, HL N AT B AR
JIT AR R R R M o X P I e P R AT L
SRR R, 6 ml B IES3 2 YRR T VR M BV AT Gk B
e, dRsEs i 2 )5, BORAWIE, HI
IR R A, FEA T S (]

2.4 SMESEEMTERHR

FEPLAR I TS RIS 2540 T, I S AE AR s i
B IR A AR U S, BN R BERS BEARMER A 1 pg/ml
IRE NARFRIETAEW 50 pl, R ShRE TR LW
A1, 2.5, 10, 20, 50, 100 F1200 pg/L. #rif
Mgk 2 IR o, 17 Fhods i R A0 ek 6 R 1 R I
RP>0.999, Xl L ETa R 1-200 pg/L, %5 H i
7K (500 ml)JIlAR B 77 3245 2] 17 Flds 45 i (1) 5 55 (SIN=3)
K Y BR B9 BBl R 2-10 ng/L, & = FR(SN=10)AY 3 FEl Ky
5-20 ng/L(3 3).

25 FHEEKER, EREMERE
ABIEFER T AR BEAT S A0 AT , FEAE Al HHInA

[RIACRFE 7R W, LI SR A SE RS AN 5 i Ak B 2 4 [
MR, R E . KR MR E . AR AE.
FRE . WP VE KRR UGRERD E N
bR, RNV E . BV R DAY B bR, B
WU R PHA R YR A FIThTD R L RGRID A
MR . T | ZENERR LUTRACBIIE YD BN AR, R
FAFRAER N, PP KON 2 RS, KRS
SIAE 20, 100, 200 ng/L =NIIIKSE R BEAT ks El i
KRG B (n=5) ) % 5% . 25 ow, TSR
71.3%—125.0%, J7 i HIAHRAR DN 22 < 12.27%(FE 4).
FILULR, 2ok R MUE . ERRTE S AR
AL T K 7= 35 58 PR R I 7K A s 5 R 21 5 R ARG

2.6 SEBRAKEESHT

SR IT 37 B SRR K Y 17 Pl v A2 25 4 1
R T 35 X6 B R LS R 4 AN FRIE S BT K
FPHURE o SEARGI MY 4 Fhids i i 2s 259, 430 e ik v
B, JARVAE . mRDEMAERNY R, WERERE
ND-6880.05 ng/L (% 5). Hrf, B Bk i F i
W, TE 4 RIS ERA K, ot 3 s v 4 A5
HPRER, FRAY C BRI S5 SR B os , 2 25 Fp 2%
ZH&ERE, ol EEMR. RIS, B
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W RS T AVHEE TSR 2, AR 2 |
Ry | B NP R e | S E O T PO E il =6
BEAT KR rh s T 2 25 W 5% B PR A e, (ELAS I 45
SR, KT SR A A A R S 24 W A A AN TR A
MR, 2k — s A

3 #Hit

AR A SPE 5 LC-MS/MS BEH A, #tar

T FRFAMEAK R 17 b v I 2 25 W 5 B B4 B O i
P27 V5 PRI B B s v I 2 2 R AT, BB
(Y R AR N PR, MERR TSR, DRy 71.3%-
125.0% %77 15385 ] T FRFE I K o B e R S 25 )
5 B ARG o K5 1 T 3400 28 B T BT R L T R R
B IX WV RS 25 W5k B O R A, S5 SR B, FRAE XK
PR T SR 25, ELR e, RITIZSRFE X
A7 7 114 A A R P s v T R 25 M R B

RT:0.00-16.00
100 - 4.38
E 4.32| 4.44 () NL: 3.29E4
90F TICF: + ¢ ESI
E SRM ms2 363.000
soF [319.999-320.001,
C 344.999-345.001]
8 C MS 20P
_g 70
g F
| 60F
o .
2 E
5 S0F
Moo
% 40F
E L
£ 30F
20F 12.36
C 489, 5.36
10F 4.09 12.20 Mz.%
= 3.93 14.40
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Fig.3 Chromatogram of standard marbofloxacin in different mobile phase (20 ng/ml)
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Tab.3 Calibration equations, linear range, correlation coefficients (R?), detection limits and quantitation limits
. UASLEMETIR HXERR R KRR ek
r_m 2 =1 /D( . I
ij A% Compound Linear r:jzrzlzfo?e Lation Linear range  Correlation Detection Quantitation
’ & q (ng/L) coefficient  limits (ng/L) limits (ng/L)
1 JRfRY) A Marbofloxacin Y=0.0066X+0.0029 1-200 0.9999 2 5
2 BV A Fleroxacin Y=0.0580%X+0.0515 1-200 0.9998 2 5
3 K%V A Enoxacin Y=0.0438X+0.0187 5-200 0.9999 10 20
4 FAHEIE Ofloxacin Y=0.0660X+0.0415 1-200 0.9999 2 5
5 59U A Pefloxacin Y=0.0352X+0.0214 5-200 0.9994 10 20
6 P2 Norfloxacin Y=0.0202X+0.0021 1-200 0.9992 2 5
7 WY A Ciprofloxacin Y=0.0229%+0.0027 1-200 0.9997 2 5
8  FF#&Y R Danofloxacin Y=0.0196X+0.0139 5-200 0.9998 10 20
9 RV 2 Enrofloxacin Y=0.0028%X-0.0007 1-200 0.9995 2 5
10 &30 A Lomefloxacin Y=0.0372X-0.0394 1-200 0.9999 2 5
11 BLILYPE Orbifloxacin Y=0.1580X%-0.0677 1-200 0.9991 2 5
12 XHF I E Difloxacin Y=0.0199X-0.0086 1-200 0.9998 2 5
13 ¥Whivb 2 Sarafloxacin Y=0.0117%X-0.0069 1-200 0.9998 2 5
14 AP A Sparfloxacin Y=0.0190X+0.0073 3-200 0.9995 5 10
15 ZEBEMR Nalidixic acid Y=0.0208X+0.0164 3-200 0.9999 5 10
16 BEMEER Oxolinic acid Y=0.0236X+0.0102 1-200 0.9993 2 5
17 FH M Flumequine Y=0.0213X+0.0187 1-200 0.9999 2 5
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Tab.4 Spiked recoveries and RSDs of the target compounds (n=5)
e Ik F off&s AR A k7 e AR
= . e =} .
Compound Spiked Recovery 22 Compound Spiked Recovery UTE=
level (ng/L) (%) RSD (%) level (ng/L) (%) RSD (%)
BBV R 20 112.41 11.04 B Vb R 20 73.05 5.10
Fleroxacin 100 81.59 7.26 Orbifloxacin 100 84.66 8.73
200 97.48 8.09 200 71.33 7.35
Wi B 20 84.02 8.22 WEV R 20 111.21 4.52
Enoxacin 100 80.57 11.60 Difloxacin 100 97.01 9.97
200 83.61 6.10 200 91.24 6.74
AEDE 20 103.48 9.63 OZ RS 20 110.79 8.25
Ofloxacin 100 72.05 5.24 Sarafloxacin 100 100.19 11.72
200 93.87 10.98 200 99.98 6.76
B R 20 83.63 5.46 GiLRAd= 20 83.93 12.18
Pefloxacin 100 81.26 7.47 Sparfloxacin 100 71.98 10.16
200 91.42 7.46 200 72.04 5.38
e R 20 125.00 7.34 HE R 20 111.09 8.42
Norfloxacin 100 90.74 8.28 Nalidixic acid 100 113.65 5.47
200 123.59 5.21 200 84.22 8.72
RNV R 20 108.99 7.65 TIEE s i 20 85.60 12.27
Ciprofloxacin 100 78.10 4.73 Oxolinic acid 100 98.23 8.72
200 94.86 4.01 200 91.43 7.81
Frigvh 2 20 75.88 4.16 56 F s 20 86.82 11.32
Danofloxacin 100 87.62 10.67 Flumequine 100 87.95 8.94
200 73.06 10.91 200 114.41 6.67
B R 20 102.57 6.03 RRAR VD B 20 110.33 8.89
Enrofloxacin 100 94.76 8.60 Marbofloxacin 100 101.69 9.10
200 94.94 6.17 200 107.27 2.73
WEI R 20 106.36 9.31
Lomefloxacin 100 80.62 9.44
200 100.32 6.52
R5 FEBKPEIEIAEGMERNER
Tab.5 Results of quinolones detected in aquaculture seawater samples (ng/L)
ﬂﬁﬁﬁ BsTh 2 R W R HW(’/IE EXL#&E Bk R R W2 %?ﬁ‘i/)\%
Samp!mg Enroﬂ- Ofloxacin Norﬂ- Clproﬂ- Samp!mg Enroﬂ- Ofloxacin Norﬂ- Clproﬂ-
location oxacin oxacin oxacin location oxacin oxacin oxacin
Fertdy HEKkO 36.98 24.28 ND ND Fhil WKk 34.68 ND ND ND
A Inlet C Inlet
Farm A gepwoy  ND ND ND ND Farm C  segpeon  283.57 ND 60.03 30.03
Pond Pond
Hokd 87.40 35.63 ND ND HokEa 6880.05 ND 135.31 79.03
Outlet Outlet
¥l ek 21.94 ND ND ND | %5 #kn 69.25  ND ND ND
B Inlet D Inlet
Farm B segpieh ND ND ND ND Farm D ez ND ND ND ND
Pond Pond
Hokrn 48.27 ND 71.15 ND H ok 177.07 ND ND 34.77
Outlet Outlet
ND: KA

ND: Not detected
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Simultaneous Deter mination of Seventeen Quinolonesin Aquaculture
Seawater Using Solid-Phase Extraction and Liquid
Chromatography Tandem M ass Spectrometry

DONG Xiao'?, LI Zhaoxin'", SUN Xiaojie', XING Lihong', PENG Jixing', SONG Caihu'?

(1. Key Laboratory of Testing and Evaluation for Aquatic Product Safety and Quality, Ministry of Agriculture, Yellow Sea Fisheries
Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Food Science and Technology,
Shanghai Ocean University, Shanghai  201306)

Abstract
aquaculture seawater by using solid-phase extraction and liquid chromatography tandem mass

In this study, we developed a method to determine 17 kinds of quinolones residues in

spectrometry (SPE-LC/MS/MS). The target antibiotics in water samples were enriched and cleaned-up by
solid-phase extraction cartridges after the acidification with hydrochloric acid. We compared the sample
recovery under different conditions to find the optimal pH of the loading buffer and the most suitable type
and volume of the eluent. The elute was collected and concentrated under a gentle stream of nitrogen gas,
and then dissolved into 1 ml liquid by the mobile phase. All antibiotics were separated by gradient elution
with the mobile phase of 0.1% formic acid in water and acetonitrile. The targets were then analyzed by
LC-MS/MS under the positive electrospray ionization condition in the multiple-reaction-monitoring
(MRM) mode. Seventeen kinds of antibiotics can be separated successfully within 10 minutes. Calibration
curves for antibiotics exhibited good linearity in the concentration range from 1 to 200 ng/ml and the
correlation coefficients were larger than 0.999. The limits of detection (LOD) were 2—10 ng/L and the
limits of quantification (LOQ) were 5-20 ng/L. The average recoveries of 17 quinolones at the spiked
concentrations of 20 ng/L, 100 ng/L and 200 ng/L were 71.3% to 125.0% with a relative standard
deviation (RSD, n=5) of 2.44% to 12.27%. This new method was applied to the analysis of four
mariculture farms located in the Lingshan Bay of Qingdao in China. The results showed that four kinds of
quinolones were detected including enrofloxacin, ofloxacin, norfloxacin and ciprofloxacin, and the
highest concentration was 6880.05 ng/L. These results suggested that the new method was efficient and
reliable, which was suitable for the detection of quinolones in seawater samples.

Key words
spectrometry (LC-MS/MS); Aquaculture seawater

Quinolones; Solid-phase extraction (SPE); Liquid chromatography tandem mass
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