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Determination of quinolones drug residues in
aquacultural seawater using HPLC method
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ABSTRACT A detection method of high-performance liquid chromatography (HPLC) cou-
pled with fluorescence was developed for the determination of residues of three quinolones in
seawater. pH of were water samples adjusted with dilute HCI followed by extraction and con-
centration through hydrophilic-lipophilic balance cartridges, and three antibiotic quinolone com-
pounds were determined using external standard quantification method. The results showed that
the detection limits of norfloxacin, ciprofloxacin and enrofloxacin were 2 pg/L, 1 pg/L and 1
ng/ L respectively, and the quantitative limits were 6.6 pg/L, 3.3 pg/L and 3. 3 pg/L respec-
tively. The recoveries from natural seawater ranged from 71. 9% to 85. 3% when the three anti-

biotics were added at the concentration of 10 ug/L, 20 pg/L and 50 pg/L for norfloxacin, cipro-
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floxacin and enrofloxacin, respectively. The coefficients of variation within batches were equal
or less than 10% , while that among batches were equal or less than 7%. The method has been
successfully applied to the monitoring of the residues in the sea water samples from the Yellow
Sea near Qingdao (from 36°40. 303'N,121°8. 939" E to 35°39. 36'N,119°52. 433’ E). Norfloxa-
cin, ciprofloxacin and enrofloxacin were detected at mass concentrations of 6. 20~982 ng/L,
55.2 pg/L and 11. 6~55. 4 pg/L respectively. The results showed that this method posessed
high sensitivity and good reproducibility, and can be used for the detection of norfloxacin, cipro-

floxacin and enrofloxacin in aquacultural seawater.
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®E 5 E 2 (Quinolones, QNs) A RR—BRALABRMF A EHENESAY , RAHEE EERE
B.CEHMBPTE Y IR X2 L R FRIER /NS, FEATKESYIRER HERER KBRMFE
B RBBE G H i B Y 2 (Norfloxacin, NF) | 3 W ¥ & ( Ciprofloxacin, CIP) 1 B i ¥ £ (Enrofloxacin,
ENY&#) ZM A TFAFEHREAY. BAl . BEHNXEREZNARETEE P FA=RHPRUER R H S
HENARTERSE 20048 =5%  2007;Hi 8RR 2007; EPLH#E4F 2007400 B%  2008;F %

2009)

EAFRREK=FHFE R RIE, =B MR EE i, 5 FAEEAARMFHER NS, KER
WIRE. BT BB MBI KESYER, LR ZNAEK=FE S . HBRER, FEAMRERER
20 % ~30 % B IR, K FBAY #E A SFEE H (Samuelsen  1989), X #A A ZEBUGEA B Y W RES B K
I EFIREW AN 4, S RIS Y (Hamscher et al.  2002), XAMNEHAK=HE Y BOEER
B.MEXRBEESAENRE. B, EEE VKRR PXREGY RN H .

B EEQCODEY TEHRBHEARENERSKFFAAVESBRH T E, AN EHAFERE . HEO0~6h K
RRUEFERMBH,E 6 hJFHREREARE, T LW R B 7E K B 385 B B £k B A9 3% I fin R .
EEEZE Q) FIFRBBATAIEE ST TIMA K P EMPER , KERBRRRA pH £ 4.2 54 HLB
B MR, HAREESD HPLC #1TE &4, M KFHAEPEEREREENRWMRRER LS. K
WM K FR BB b 4 TR AR W R BN U o s B IR 26 00 8 A B9 T B AS B 9T SR A A AR BB R X K
HE 3 FEETRAARA T EE MG LA, RAERBEAEERNBNE, B L THAYE XA Y
EMBWYE 3 MEEMANARRBERN L, MR TESHEREEKFEMEEKE (M 36°40. 303'N,121°
8.939'E F 35°39. 36'N,119°52. 433'E) ¥g 7k Fp F w5 TR A & 1, S i /K rP 26 4 10 A 25 KU VR4 SRR 3

1 #RELE

1.1 wkER

WREE MR BRI KRER, B 5 PREAME D LAREBEHT REAREARL LB EHFTHY;
WARFSETEIL DEEREFREG:FSTRFAEKESWASMRFER; LRERE T RBEARE
BEREY . oM AEBEBEERAES DR FRE 500 ml RIZMWK .4 CHERF, L 0.45 pm BREF 4
Bk BT mE A .

1.2 {(ERMRH

Waters 2695 2 & RCBAH €3 1, BE R LR I 2% 5 Visiprep™-DL %Y [& #H 2% B 3% & (Supelco) ; IR IRIB A %
(B E IKA {2824 7]); KQ-600DE &I A I i vh a8 (B I T A (UE A R A FD s Milli-Q # 47K 88 (% F Milli-
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pore /2 H]) ; Laborotad00 #Ife#% 7 & 2% (48 Heidoplh 4 ) ; PHS-3C ¥ % pH (LW FEREALEE) ) 5 Oasis
HLB FEMAHAB /M (3 ml/60mg, Waters 24 5] ),

FrUE s AR R EARER (R E=99. 800 AV EMER (FR=99.820) BV EMRER(FE
>99. 8%) (¥ E Sigma chemical /A7) ; FIEE . 2 W il JU T B BB A0 a; T AH R A
Milli-Q @ik £%% .

BRI B 4100 g/ ml) < AEBRFRBGH LY B R PTY 2 FUB Y B AR S & 10.0 mg, 551 Z WA 3¢
EAZE 100 ml iFEARERS, T4 CREGRENREL 3 MNA).,

TR R - 4 BV BUSE B & r i & W, MRS AR B R B0 1.0 pg/ml WYIR & F o TAE 68 W,
4 CHRTE,

0.01 mol/L 4T 2L B 7 MK (0. 01 mol/L) . KW FRE 3. 22 ¢ MU T H b4k, FIKBMIIEERZE 1 000
ml FEFER T, HBRE pH £ 3. 1,

1.3 Fi&

1.3.1 RBEBRF*

BOk#E 60 ml, FERER I pHEZE 4. 0,38 1 HLB BIAZEBRAEE4E Jffk. HLBH# LAZFTKKA 3 ml
FAEEAT 3 ml/KiEfb. KSR EERAE 1 ml/min LT . BESFHEE,CH 2 ml KRS RERTIEHH 10
ml FEEEMEG.LOH P ,35~40 CREAZLZET. HLOml WHIHER . RS REHERRE. IBRL 0. 22
perny LB R T 8 L R AR A 3 A 5E :
1.3.2 MAFE

535 4E : Agilent ZORBAX SB-Ci 7 (250 mmX 4. 6 mm) ;¥E8 :40 C; HizhH : ZHE+0.01 mol/L P T #iR4L
£ (pH 3. D=5-+95(V/V); Ji# :1. 5 ml/min; Z AT AR : B R WK 280 nm, KFHE K 450 nm;#FER 20 pl.
1.3.3 AFEHZG L
1.3.3.1 FRETAEH

B B BUR R (58 A, A sh A Bl BRI B8 1.2.5.10.20.50 F1 100 pg/L W RFIFRE THEW .
1.3.3.2 #HibrnE T/EMZR

W5 2 I o Bh 2R BT P 0 2R B0 o AR VA (IR MR 380 v VR B AR U IE A VB B AN 3 1. 3. 2 iR AT AT .
B — WP AT , # A 5 0 TH AR 09 S B (E 5 X B AR HE A Ok VR AR Bl 2R, 1B B E T R A R B
1.3.4 AdmMmfg 2R

BUMMARAKBESR 1. 3. 1 F0 1. 3. 2" iR AT AL BEAN 2047, LA 3 A5 A5 R L (S/IN'=3) X oL Y& B 2l 43 7 4 A9 B AG
KR, UL 10 St (S/N=10O X M FE AN BRBRTBEE.

1.3.5 WK ERTFHHHGMNE

BRZS KBRS 60 ml, ¥ 0 10,20 #1 50 pg/L WRBAREE B, 8T MWAKFEE 5 P47, %131 1 1.
3. 27 AT AL BN A BT B T BB A BT 3 M iR ER R B AE RN S B, UIMA BRI EEZ it & R
R, YN WRELSWE S MESITERNERRZEGEDRESN 3 M, i+ EHE T R

2 H#R5iR

2.1 fRAEHE

B B 1.2.5.10,20.50 FiI 100 peg/ L 3 Foiv et vy TR 2K B s o V0 » 00 s L8 TR AR, ik T AR 5 R B2 T4 iy
K2, HERRYFERVDE ARV EMBEDEN 1~100 pg/LIREESHEERHERITFHEEXR, K
HXSHAE 1.

2.2 KRHURTMEER
PL 3 &SR EL (S/ N=3) XoF i ¥ JBE iy 4 M 9y B o (0K G 00 A 2, 3 e n 0 ) 2K 7 2 38 180 O RS 0 PR 43 5 A
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NF 2 pg/L,CIP 1 pg/L M EN 1 pg/L. A 10 R545 % Ho (S/N=10) Xt i % 3 Sy 2 7 90 0 B (G o8 VR, 3 e
R ERNBIKREER 25 R NF 6.6 ng/L.CIP 3.3 pg/L F1 EN 3.3 ng/L,
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Fig.1 The map of seawater sampling locations at Fig.2 Standard curve of three quinolones

aquaculture farms along the Yellow Sea nearshore waters

F1 ZBFERBEXRAY

Table 1 Calibration equations and correlation coefficients

&KPEWE LRHEMAE R
%Y . RUEFE , ,
Linear range Linear correlation
Drug Calibration equation
(pg/L coefficient(R?)
WHRYE NF 1~100 Y=5.8X10tX—3.2X10* 0.998 9
WAV E CIP 1~100 Y=1.9X104X—1.2X 10 0.999 3
Bi#EYE EN 1~100 Y=1.4X10*X—6,0X10% 0.999 5

2.3 AURFRERAEABHIE

BEaEKAREX R, WE 3 FHE KR MK ETE 10~50 pg/L MY EKRRNEREREGE 2.
B HRITE 71. 92 ~85. 3N Z A N ERRZFW<10%, A ERRAE<TX.

2.4 LREHE

2.5 BEHRERRHHRL

B/ LEIR & (Zhu et al.  2001; Lindsey et al. 2001), % B} Waters & 8] i) Oasis HLB /p#E (60
mg/3mD , FE K AR 1 ml/min DUF . 7K E AR AFR  pHL, 3 B3 700 R vk 1B 700 ) B 25 0 4 B2 il ) M R B
(SPE) B2 3 , A= BT 55 LAk R 32 0 PR M AR B8 4 B X X de SE B S (- AT T 46 . B4, KB ARk 60
ml,pH 4. 0, PEME 5 0 F B8 SE SR A B S 10 ([ 3.

2.5.1 KBLHEAR

DAL 385 WK A E S IMA BARE B R A R IR SRR, E R KNSR, LR RINE 4
Fim WAV E AV E BEYE =& Ba gL, # 2 7E 60 ml Bt ik 35 A fH,80 ml Z J& HE 5 b x5 ik
R<L60% ., FHih, AR BAEF KT HAFY 60 ml,

2.5.2 pH
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— MK pHAE 7. 8~8. 7 ZHIGGKEBEF 2009, AEBEHATFTHER, U 60 ml & H#gKNRK,
5588 pH 25 3.0.4.0.5.0,6.0.7.0.8.0 1 9. 0, R/FINA BAREEMA R AERREHERR, BUESR
“L3VRBOBR#GAE. FREN,pH K 4.0 B BArmd ST A R MR R BIHET,

#2 RBWADIRESMEANERDUENEZLR (=5

Table 2 Recoveries of three quinolones from seawater (n=5)

. B K —— 30 45 5% JE] i 2 HNESRE #HRER R
Analyte Added level Batch RAesults Recozery % CV(%) CV (%)
(pg/L) x+S zt$S within batches among batches
1 8.49+0. 36 84.943.63 3.75
10 2 8.434-0. 41 84.3+4.12 3.25 3.06
3 8.41+0.31 84.143.06 2.70
1 14, 8340. 61 74.243.07 3.07
WHRUE 20 2 15.241.12 76.0%5, 62 5.38 4,52
NF 3 15.59+0. 71 77.943.57 4.05
1 37.0340. 64 74.1%1.29 1.48
50 2 36.1043. 81 72,247, 61 7.51 4.56
3 36.23+1.73 72.543.47 3.24
1 8.26+0.32 82.643.18 3.42
10 2 8.52+0. 49 85.214. 88 3.38 3.83
3 8.19+0. 43 81.9+4.26 4.10
1 14.86+1.99 74.349.98 10.01
BRUE 20 2 15.3741.19 76.9%5.93 5.66 6.97
CIP 3 15. 3340. 62 76.643.12 3.78
1 35.9442.12 71.94+4. 25 4.68
50 2 36.6612. 31 73,3+4. 63 4.29 4.09
3 37.08+2. 24 74,144, 47 3.55
1 8.08+0. 45 80.8+4. 46 4.49
10 2 8.18+0.48 81.8+4.76 3.91 4.75
3 8. 430,70 84.3+7.02 5.53
1 15.05+1. 64 75.2+8.2 9.16
BiEvE 20 2 14. 7840. 72 73.9%3.61 4.24 6.55
EN 3 15, 76 40. 89 78.8+4.48 4.63
1 37.17+3.51 74,3+7.02 6.28
50 2 37.36+2.71 74,745, 42 5.28 5.16
3 36.38+41.97 72.8+3.94 4.53

2.5.3 BHBLENAEBLANAE

WM 7E SPE A BT AE R W A F BREE QUL . AT B T £ 5 A0 B B AR Oh (B A A% BORE B st 30 9
TEBLBOR . KWL RER, H BB skt SR D E HRRY R BEY B ik R<<60; HF
BEAL VR R B, AR A IR RY B R Y B B B E W R4 510 75.2%6.79.5%0.74. 4%, BB
B 05 P BEAE VLA

X A S A AC BAEBE LA R eSO FT BT A, SC IR 5 R AN 5 BT/R . AT LA, Mo B v o B A B i
2] 9 ml ZJ5 , FEA GENL A B A3 R AR R AR B9 ISR B A TP Aa Atk . GIA B s Bt i F A& O 10 ml,
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Fig.4 Relationship between recovery and sample volume

Fig. 5 Relationship between recovery and amount of eluent

2.6 BRAUZE

AT 10 433k B A RIMER A SR MR SR WK 3. EAAEE (2007) F F B AH ZE IR & 7 B 400 T BRI
SH TR B B S T K A 0 B R MR R U B SRR IR BEVE R 0. 197~0. 510 pg/L, AT H B AEREF
A 3 MR R R AR KX E W 1R 30 SR 3 BOR R K T B SR KR T B 3 Rl TR 4
ERTHERBKREME 3 MEEmmEAER. XRAXKRESRER TERK . BE BN FRE.
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FEMPLAER . FREEK PR DR ARKRRAT R (D3 M RERERAYNEER. HYm
AMEFEHAERBOKKE D AR O EZRE(ERELE  2008); OREIERBKPHRABEHEY. K
A=Yy 2 5 259 LUFOE s A S A 9 78 508 o 2668 A SR MR HE ZAR S » 48 10 X K 5 AR TS 35 (3D R B 7R B
KRB RAB Y . Kummerer Q00D B IR H Y Bt AKETE , SBTLRYRH,F 65t AR S.

*3 FEBAPIMBEMERERNANER

Table 3 Determination results of three quinolones in seawater samples

P33 KRS E] EERUVE HKRYE BV E
Sampling location Sampling time NF (pg/L> CIP (pg/L> EN (pg/L>

w

2008-11-18 — — —
2008-11-19 126 — 11.9
2008-11-19 982 — 11.6
2008-11-20 6. 20 — -
2008-11-21 — — —
2009-02-16 — — —
2009-02-17 — 55.2 55. 4
2009-02-18 - — —
2009-02-18 — — —
2009-02-20 — — —

[ O

3 it

AWFFERSL T — b B RS WK o e B DU AE R 0 5 i . I O7 EE X KRR AT 60~ 150
ERWRSE R B AU ERMBIEY EMH RS HE 2.1 M 1 pg/L, EBMROFIRE 6.6.3.3 3.3 pg/L,
R HUHEE N 10,20 #1 50 pg/L WA ENER S 71.9 % ~85.3 %, #HABEFRE<10 X%, . HEEF AT %,
IR R T RS HHER, HER N

2 £ X #

FEE,E B.E {2204 BMPERERBYRRY BESEXIFEARREI A2, KP¥M,2808 P :42~46

FEbE, kR, 0 WL WRHIR LB E B, 2007, HPLC I EF UL P B ER AR YHR RN E. KPR ,28(3): 80~84

EM4%, ¥, 845, Hu Jiangyong, 2008. KRB H 915 R RIEBFH AT AP R, MBI H5HAR,31(9):57~61

Bhpese, TEVBE, MR, AERHT, K ELR B 2007 MRV BERBFENGNIN NF LR EHBRAE. WA, 28(5): 24~29

T 7, 730 E. 2008, i Y B AWK T IME N 9 RB 30 11 228758, #iTL I 5 £ BE 3 (B RBH¥E D ,27(2) :185~139

R, R, T B 2009. BEVEEREAEFENNRE REBRME. Bl A 23R, 30(2) . 26~33

EED,FEF. 2009 BFKFRHH S G KRG RIEEEIE. 852 THE.28(2): 90~97

BTz E ROBERBRER 2007, B EES IKBINEANHEHREDH N2, SPWERE,42(5).62~69

B, MR FFIR. 2003 WK FHBIAR RN ERFRENHR. PEIAEARBRE, 13(4):430~431

RS, EA L, R BEE. 2007, AR B R M m Ak P i 2R R. A%, 25(4):546~549

Hamscher, G., Sczesny, S., Htiper, H. etal. 2002. Determination of persistent tetracycline residues in soil fertilized with liquid manure by high-
performance liquid chromatography with electrospray ionization tandem mass spectrometry. Anal. Chem. 74. 1 509~1 518

Kiimmerer, K. 2001. Drugs in the environment; Emission of drugs, diagnostic aids and disinfectants into wastewater by hospitals in relation to
other sources-a review, Chemosphere, 45(5): 957~649

Lindsey, M, E., Meyer, M.,and Thurman, E. M, 2001, Analysis of trace levels of sulfonamide and tetracycline antimicrobials, in groundwater
and surface water using solid-phase extraction and liquid chromatography/mass spectrometry. Anal. Chem. 73: 4 640~4 646

Samuelsen, Q. B. 1989. Degradation of oxytetracycline in seawater at two different temperatures and light intensities and the persistence of oxy-
tetracycline in the sediment from a fish farm. Aquculture, 83; 7~16 '

Zhu, J., Snow, D. D., Cassada, D. A. eral. 2001. Analysis of oxytetracycline, tetracycline, and chlortetracycline in water using solid-phase ex-

traction and liquid chromatography-tandem mass spectrometry. Chromatogr. A, 928, 177~186



