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= FRF ZRT &% E 0 s 587 % (Fluoroquinolones, FQs)A ML T 4, 3t 4 X FR¥iFfe
ANEEREHRELETEKR. AT R P A7) Z(Ofloxacin, OFL), % #.7) Z (Norfloxacin, NOR).
IR & Y 2 (Ciprofloxacin, CIP) 3 #F FQs # B 48 % IR—i& A8 &35 247 7 sk AT HRALAT 5. 48 R R,
75 iR.% EDTA-Na,, B8 3 57% - AR (1:1, pH=3)4 F RIF K, IRk % HLB [E 48 %I
G A, PR Ao W ER R, SEBLIRZ R RS S, TR T FQs RN R 5. ARGk
MERRZEEACE A C18 kAN 5 BAE, FER/KIERA RNABBATH LB, R AN Ei
m. &3 AP OFL, NOR, CIP EA 445494 B R, 5P OFL. NOR, CIP B & % 48.1%~
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SRV 15T (Fluoroquinolones, FQs)A&:—Z%) it
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H Al S 2ERIUER TR AN 15.3%. FQs K&
il H S ECHAE A5 b A4S, HR AT 28 A, VAR BE AN
Fhi. TR 2 FQs #ENFRAY EE
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JE FQs™ . ZEFREG KA HKAL AR, B
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FQs M5 7K B FEHLHI(FQs BMEE YIS,
XFERP R TMRE L | RERER ST
FQs, 11 3450~24760 ng-g"' DS(T{4&)OFL . 240~
5280ng'g”’ DS NOR. 6858 ng g’ DS CIPP'*17 4k
M, GV E J S B05 R Y FQs AU
R 2 H IR, B R EER MR | el
IR IO 1545 A W AHAE I, A (o i
B S A5 iR ) FQs, Horpih K 345
VESHO AR B, MIRBUARIFNZE SR | [EH
PTGV, B g g
SO HT AR . I, TR AR R 24
AT, TEEMETR . B AR RARA) 5 R
FQs (43 7 i,

OFL. NOR. CIP {5 H i A s A ik
FE R ) 3 Fh FQs, ASGEIAkis e FQs iR
BOsik . BAREROTE . WO SHEE, 53—
FhAENS [EIRHS 52 OFL .NOR .CIP [ 71k, W]
TR FQs BIIERSEE 0 KRR BRIt
Emini%&[&]&]é]‘

1 #RERE

1.1 FEEit#

SEER R BT e R B TR AL AR AL XI5 7K
ARERT. ST KANER) ISR TSR A0 T
7., HALFEEES 10 7 . J5YREUA DU, SRl sg
BEIEZ 24 Hifbg LRI & ARG, B
TREFFIREE, SECORE T TIRes . BREFIRIEHY,
ST VA R A o 2.

1.2 SEEBF%
1.2.1 AR/ B )

43 FREL 2.5 mg OFL. NOR. CIP FRifsh(
KB, %A 2mL 0.1 mol- L' hiysiR, HELESR
F 25 mL ARtz I, BIoh 100 mg L ARl
W, T 4 CHREGIRAE.

1.2.2 MiF % P 323 FQs

B 1g 758, %% OFL. NOR. CIP brifEIl- ik
Rk 10mg L, BL—EARA0.2~1 mL) A5 IR
H, %E5 10 min JEREOGFRE 24 h, {RilE OFL NOR
CIP FETGUR B 5. 1) MIbRAIA bR 153
IIAAFEFZREFEEGE R, PR 20 min Jo R
B 15 min, JRAWELE 7000 g 5.0 10 min, U Fi
W BE LA, &3 LIEW, FERERE—E
PRRL

PR FMAE: (a) 20 mL ZHE—KIEI(25:75,
ki pH=10); (b) 4 mL 50 % &R EE - /K IATR
(96:4); (¢) 0.1g EDTA-Na,, 15mL Z Ji5-0.1M
EDTA-Mcllvaine & (1:1); (d) 0.1 g EDTA-Nay,
10 mL BERERE - IETRAWE(1: 1, pH=3).

1.2.3 B ARFER

% H] Waters Oasis HLB [HAHALHU/IME(500 mg,
6 mL)HFATIIAHAEE, ABURFEEIETRIL . T
Wk, BB 4 AR R 8 HREAHARBUR R
(A~H), W3 1. WM H AR et %
kAT, ALFRIEEE 40~50 C, TEEIRMT
21.5% RS, £20.22 nm AHUBLEIE, FHTHH
(NS

&1 AEIEHEFERRRE

Tite itk 2 Hlis%m Bei
A 6 mL FfiE. 6 mL /K Bz 6 mL 7K 6 mL HIiZ:HiE(5:95)
B 6 mL FfiE. 6 mL /K B 2 mL 5%H R KIER 6 mL B
C 4mL B, 10mL7/K  JIZKZE 100 mL, pH %4 3 100 mL /K (pH=3), 5 10 mL Hf%:Z G HE2(20:75:5)
mL g
D 6mLHfE, 6 mL/K(pH=3) MI/KZE 200 mL, pH >3 6 mL /K(pH=3) 3mL & 1% 22BN NG
E  6mL B, 6 mL/K(pH=3) JIZKZE 200 mL, pH #5310 mL /K(pH=3) 6 mL HIfi#. 6 mL & 2%Z /KA HiE
F 6 mL .6 mL HiE.6 mL MIZKE 200 mL, pH %43 6 mL 0.5%H 6 mL i

0.5%H1%
G 6 mL HiZ, 6 mL 0.2%
EDTA-Na, /KI& i (pH=4.2)

M/KZE 200 mL, AN 0.4¢g 5mL 0.2% EDTA-
EDTA-Nay, pH 4 4.2
H 4mL B, 10 mL /K(pH=3) JIZKZE 200 mL, pH % 3

2 mL %7K (75:25), 2 mL IS
Na, /KW (pH=4.2)

50 mL 7K(pH=3) 10 mL HEE:Z )i B E2(20:75:5)
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1.2.4 & A8 &30 T

SR FBCA 2R 28 i W AR AL (S8, H
AT FQs TR EERL, #EH Luna Su C8 {4
F£(250%4.6 mm, FEXT], SEE)HI Inertsil ODS-SP
C18 {ailti(5 um, 250x4.6 mm, i, HA), #ekE
AR 10 pL, FiE 1 mL-min”', 8% & SHEK 278,
445nm, FENAH A B IS OKTAR, 25 R BB R
FE R S E S R 15% B E4 7.9 min A5 K
21.5% M, H£id 10.8min 53] 30%, {5+
10 min.

(] WS 2R A A it ) £ 1 08 T R 5 b T £
U AR LR AH.

2 #HR5IE

2.1 BEABEBURERA

lil 46 ZEBOH T b5 R IR BOR, A2 5200 Jo 4k
WA TSRS /AT A R, A 1R
) 8 FARRIRHAET R (A~H), Xt 1 mg L #
OFL. NOR, CIP bR A TRIAHARER, iR
mE 1 R7R. J7% E 52 RN S, OFL 1k
WA 75.6%, NOR (1[N Ay 68.3%, CIP 1 [=]UfC
FH 66.4%; HIKMKKC L C. Ho AL B F, Xt
M EIZR 33K 56.3%~64.3% . 54.3%~56.4%
25.1%~30.8% . 8.9%~10.1% . 0.8%~4.0%; J71E D
F1 G X OFL, NOR, CIP RATE L. B0, Hefd
B EAHABUR RN 7 E: 6mL HIEE, 6mL /K
(pH=3){f{k HLB [ AHAEEHE, 200 mL pH=3 BYHE S,
FHE, J5H 10 mL 7K (pH=3)i#tkik, 6 mL HIE. 6 mL
B 2% K SRR,

sor _ O OFL
70 F NOR
iz CIP
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c D E F G H
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B 1 ARZFEEFEXT OFL. NOR. CIP B = FIZ0H

2.2 R xpAL

RIR AT A DLE IR AR 7%, 1%
A EVREER) OFL. NOR ., CIP WrEIA WG TR,
W SE G, A DR 2 Fis. JR
BN IR 4 2 T AR B ) IR, FE A AR
J&, BIERTE 81.4%~99.6% 2 14), ZhErE)E, Bl
R 92.3%~125.4%. [al—iR45T7 15X AH R BT Sk
JEH) OFL ., NOR ., CIP ARfEAR SR FE A —5L,
W ENFELT % LAY, AN RIS 7 iR i [ iR
B —E RS, JEARHRYE oA S SR R S T
TR AR, (HE %R 46 Ja i 4 FE dh el e R KT
100%, HOEBERWIRSE H Ti5RY FQs MIFHAl
1k, X5 SCHR[ 19]H B3 48 J7 7831

O OFL NOR N CIP

140

[ 0.5mgL" 1.0mgL" [ 2.0mgL’
120+ - [] -
100 s L -
L N L e
SN I . i
il I I
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5 60 - -
401 L .
20} . :
AW & AR e R T
WR4GTTI%: TS 4G TT%:
B2 mMFmEERERERERE OFL, NOR, CIP
B R0

2.3 RBEMEA

AEREBUAR@. b, c. dXFTi5UeH OFL,
NOR. CIP IR AN NE 3 B,
50 gglf{ _7<
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40

IS
3 30
=

=20
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N
Z
0 1 1 1 ]

a b c d
PRI

3 AEHEBGAFINT OFL. NOR. CIP ElgZE Y20
) d A5V FQs B3R B a5, OFL.
NOR. CIP B9[EICR /354 53.4% . 50.1% . 48.1%.
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HUCKER ¢, W4 AA8E] 31.9% . 31.5%. 35.6%
BER. B a. b XH5RH FQs BISREIRE:
i, B& T OFL7EH I b Pe BB #5.2] 41.0% M IR,
HABMCRIET 20%. Hik, EEER & 0.1g
EDTA-Na,. 10mL @RRELS -2 IEIR AW,
pH=3)#1775J8+ OFL. NOR. CIP H32HL.
24 EEFHHA

C8 Fil C18 St RAE Tk s Yt fe
PSR AR AR, R E R TR
{5 SR IR PE. LA 21.5%F1 25% Bl Friish
FHXF OFL. NOR. CIP iRAHGH TSN,
B R OTEAEXT T BAREL S0 o Bk, 45
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& s
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CIP, 3 Fpp e il M E &, Wifli i C18 fa
HEFERT, OFL. NOR. CIP B33 T A%y
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A RO S .
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SRR AT S RN, WOR R BB TS
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TS VRIRBUAN) (it &, OFL, NOR. CIP Hfai
DG S ARG Y — S e, X UEBHAE TS VAR )
Bud e, —#85 OFL, NOR, CIP YEF#Er A
WU IR BUT K. M), OFL. NOR. CIP i fail
g 5 2GR T AMA /5, Xk R
TS ARES I JE 5T OFL . NOR . CIP [ [a]H}43
BERSEN.

Zi &, 15l FQs BYFEHCHIINE iRt A
%M 0.1 g EDTA-Na,. 10 mL BERRELAT -2 IR
HWE(1:1, pH=3)#4 157 OFL. NOR. CIP H)#
B, PRBURZ WA EBGHE TEAL, TR 6
mL HE. 6 mL 7K(pH=3)i%{t. HLB [ AHACHU: |
200 mL pH=3 AR EUHE A, 5 H 10 mL K (pH=3)
W, 6 mL HEE. 6 mL & 2%Z0KHREHERL, B
R 2 IR 48 e T AR fa il U 8 R o
Bles CI8 faility, WahA AR K, TREHEAEE
F 15%HEEZ 79 min 25K 21.5%HEE, H&
10.8 min 353 30%, FF{&FF 10 min.

25 RERR

¥ OFL. NOR. CIP HybRiEIATR (8 E
10~500 pg- LB T i 58, 22 Hilbrie h 28,
S5 R TEN E 1R BETE R N bR th R 26 &R
B, A REOYE T 0.99. %A 10 f5{EM b 14
EEMR, 15 HAE A 66.7 ng: g‘] DS, BJii e —i5
JeH OFL, NOR, CIP Al g ZK.

3 g

T HRBUE R . AR . WA
ot & L, 58] TR IS Te OFL .
NOR, CIP HFRBCHINE J77%: R EDTA-Na,.
WL Eh I W - 2 B TR A WO 5 PR iR A7 R $R B,
HLB [AHAERGE > 25 dt, H R B e,
RIRIRYE, WABAARE(C18 i FIRE BRI E
%I RENE RIS N5 e H Y OFL . NOR. CIP, B
AR 4385 BRI .
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Improved determination of three fluoroquinolones in sewage sludge

WANG Yang', YANG Xueling', YI Ling’, DING Xiaoshuang', ZHONG Yi',
YU Jie!, WANG Kan'’, MO Chunyang’
( 1.School of Civil and Environmental Engineering, Ningbo University, Ningbo 315211, China;
2.Ningbo Zhongke Testing Technology Service Co., Ltd., Ningbo 315105, China;
3.Sanmenxia Chunhe Building Materials Co., Ltd., Sanmenxia 472135, China )

Abstract: High concentration of fluoroquinolones antibiotic has been detected in the sewage sludge, posing

great hazards to the environment and human health. An improved solid phase extraction and liquid
chromatography method was developed for the determination of ofloxacin (OFL), norfloxacin (NOR), and
ciprofloxacin (CIP) in the sludge. The OFL, NOR, and CIP were extracted two times from the sludge by
sonication with EDTA-Na, and phosphate solution/acetonitrile (1:1, pH=3). The extract was purified using HLB
solid phase extraction column, eluted with methanol and alkaline methanol, and concentrated by nitrogen
blowing, followed by liquid chromatography determination. The liquid chromatography was equipped with a
C18 column and a fluorescence detector, with methanol and pure water as mobile phase for gradient elution. The
OFL, NOR, and CIP in the sludge were well extracted and separated with recoveries of 48.1%—53.4% by the

developed method.

Key words: sludge; fluoroquinolones; solid phase extraction; liquid chromatography
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