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Development of Determination Method of Fluoroquinolone Antibiotics in Sludge

Based on Solid Phase Extraction and HPLC-Fluorescence Detection Analysis

DAI Xiao-hu,XUE Yong-gang, LIU Hua-jie , DAI Ling-ling, YAN Han, LI Ning"~

(State Key Laboratory of Pollution Control and Resource Reuse, College of Environmental Science and Engineering, Tongji University,
Shanghai 200092 , China )

Abstract ; Fluoroquinolone antibiotics ( FQs) ,as the common pharmaceuticals and personal care products (PPCPs) , are widespread in
the environment. FQs contained in wastewater would be ultimately enriched in sludge, posing a potential threat to the consequent
sludge utilization. To optimize the analytical method applicable to the determination of FQs in sludge, the authors selected ofloxacin
(OFL) , norfloxacin (NOR), ciprofloxacin ( CIP) and lomefloxacin (LOM) as the target FQs, and established a method which was
based on cell lysis, FQs extraction with triethylamine/methanol/water solution, Solid Phase Extraction (SPE) and HPLC-Fluorescence
Detection (FLD) determination. After the investigation, phosphoric acid-triethylamine was decided to be the buffer salt, and methanol
was chosen as the organic mobile phase. The gradient fluorescence scanning strategy was proved to be necessary for the optimal
detection as well. Furthermore, by the designed orthogonal experiments, the effects of the extraction materials, pH, and the eluents on
the efficiency of SPE extraction were evaluated, by which the optimal extraction conditions were determined. As a result, FQs in liquid
samples could be analyzed by utilizing HLB extraction cartridge, and the recovery rates of the four FQs were in the range of 82% -
103% . As for solid samples, the recovery rates of the four FQs contained reached up to 71%-101% . Finally, the adsorptivity of the
sludge from the different tanks ( anaerobic, anoxic and oxic tanks) was investigated, showing gradual decrease in the adsorption
capacity, but all adsorbed over 90% of the FQs. This conclusion also confirmed that 50% removal of FQs in the domestic wastewater
treatment plant was realized by sludge adsorption.

Key words : fluoroquinolone antibiotics; liquid chromatography; extraction enrichment; sludge; solid/liquid partition
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FEED 30 d, A TG IR EE A3 000 mg- L' ]
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AW, R O R B R RE Y B
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W B RE 1 BRI 5T 2 B A PR, A1 250 mLL Y
HETEI I AR EE 3 000 mg- L' B9 T5 R IR AR
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mg- L' AR SR IR, 753 120 remin ',
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R SR, SR YA T A D o R A B Y e .

1.5 Zptirikny g

FEXT FQs 1940 B, i SR FH A &% 25 F (24
18 TRBIAR | R A RS T A ) SRR S A TR R
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PRI 53 BT, 28 B AR A5 BS54 ( SPE HORHIS A | %
R pH Ve 2 3 R g AR AR 46 ) 1 S AR (.
FESCIERS I 5 SCPRIKAE pH ., Na, EDTA %5546 5%
XTSRRI — 20 LA AR B 7 DL K FQs
BRI A ST [EAR T FQs 1 I /3B 77 ik

R U SRR AN I A1, 23 b v 5 FH A VR A €2
TSR« Agilent XDB-C18 £ (150 mm x 4. 6 mm,
5.0 pm) , PEAEARRL 20 pl, Ji el mL-min =" A IEAR
IR 30°C ,/l\ﬁu%iéﬁﬁfflmj@ 18 min.
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2.1 R
2,11 AR R iy e

RGN 45 e PR AL A P FQs T B0 M7 B9 LR,
ARG FQs AU, HAEDE I AN R S48 (14155 DL
THRRENS . X 4 Bl FQs A i 18 TR ARG I 45 114 X6F
PO AT 45 2 RANZE 1 FT 7%, P AR i ) A fil 4R 46
PRI R ARG, FLD A0 4% 09 2 5 FR B UV A6 I 4%
AR — R, FA B ) SR A DR e i 2
SEBRAE it TP B FQs ARSI 23 H

F1 RKHREMIBF[FLIMETIFHRTEE
Table 1  Comparison between FLD and UV detector

. ISR LT SRR % 5 RSD )
L0 2 E iy
pisallFe VgL gL R (n=3)/% R
uv 10.2 ~20.6 0.5~20 >0. 999 0.23 ~0. 86 Bz
FLD 2.4~5.4 0.02~2 >0. 999 0.19 ~0.83 B

[, AN FQs 4 0 4R AR 45 4 AH AL, B A
WOR AR P 25 BN K ROR R4 o (a7 A 230
10 nm #£ F 30 nm AYA[E. XFF NOR F1 CIP, 7£ %
S5 TN %2 S A3 R 278 nm 1 445 nm B ARSI A5 R
B BRI RS K R OFL 78GR E S, =
B HTE EE R R 2 BT JE i
285 nm F1 470 nm 1 Ry 5GHUR FUR SR, 206
REAAXT T 278 nm H1 445 nm (6% 5 1E 11 5, NOR
H1 CIP A5G BE AR 15% ~19% ,{H LOM #l OFL
()¢ G5 B U] 20 S B 8 T 29% A1 60% . R, R FH
S A VR RN R A 2k 2% R ) I 1) A
SR v AR KR . AR 4 R e H
F GRS (UL 1) ke a3 5l s R T B A R A
R, ZEH R, OFL (0 I & Ak 5 ik K

4295 nm 1500 nm, NOR F1 CIP 1A & 1 &
SR> 9 278 nm F 445 nm, 1 LOM 4351 K
285 nm F1470 nm. AREY) 5T 0 0T a] 15 3 5% 2
JIr 7 BB BE D K

F2 BEREERK

Table 2 Gradient scanning wavelength/nm

B syiv| 0~9.5 min 9.5 ~14min 14 ~18min
MERWK 295 278 285
AR 500 445 470

2.1.2 JishtAngikss

FQs S5 AFTE B SE TR I | J| T iRk &
Y. EAEMIZEIESE THE pH 3 ~4 B, FQs 43T 1t
TEAeE , It B sk, g2 b i sh A A =&
Jfiz . BR ZZ vhifi % T UFI R R, e



1556 *H 5% = 2% 37 %
(a) OFL (b) NOR
300 .
i 1.715E5
300 1.375E5 :
1.251ES 1.573E5
1 126ES 1.431E5
1.002ES T
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: " ok 862554
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206E 260
260 ;'U'ngbi 1.521E4
. 1 000
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(c) CIP (d) LOM
300 300 .
1.250E5 1.860E6
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1.043E5 1.550E6
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g 731364 £ 1.085E6
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2.125E4 3.100ES
20 1ossga 200 1.550ES
500.0 0
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i 4&/nm i e/nm

1 4 F RSO RAME

Fig. 1 Fluorescent scanning results of the four FQs
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Uy 4 B FQs, tn &l 2 s, Y3k H 2 8 i 3l 4
BF, F TR AR, U VD B R D B 2 R A
HE(ESTH ARG, 25 3.3 min &b) , T3
o388 B 2% | BV BRI It ST BRI 2 8 L 3 5%
Afig s B HA A ROR™ 2 W g ko B B A
BLI B AR, I 98 1 FF I 30 30 A 08 AR B EE 0 o
15% . 20% . 30% 47 ik o b , £ ik & 43 il o ]
3 ~5, RBUAEFE T B RV R 04 5 SRR R
MO, DAY | 43 B A0 L 06 B [ SRy % B R
A E A S BN . (A) BEIR-— L WV W
(pH =3.0) FI(B) H i, H 2% vhh FA AILAH A9 LL 1)
A:B=80%:20%.

W 3 s  FEFREIEEIN, 4 B ot it ds o it

OFL/NOR

1 2 3 4 5 6 7 8 9
#/min

2 ZEAENRISEEIEE

Fig. 2 Chromatograph with acetonitrile as the mobile phase
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AbF 2 U (1 S AH DR BA ML , 2 i 7K P e 1) ik
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{Z 1) SPE MR, SCX /INVHE D2 — il a2t 1
A TR FH 43 BH B 1A 4 b s v .
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Table 3 Linear range, regression equation and correlation coefficients of FQs, and the quantification limit of the instrument

FQs (BRI GHEX T e R R
OFL 8.52 y =498. 22x 3. 21 0.02 ~2 0.999 4 15. 41
NOR 10. 20 y=916.21x —8.51 0.02 ~2 0.999 0 10. 17
cIp 12.15 y =672.06x 5. 06 0.02 ~2 0.999 2 15.91
LOM 15.25 y =644.31x - 3. 91 0.02 ~2 0.999 4 20.55
x4 EXRBERKE
Table 4  Factors and levels of the orthogonal experiment
KT AL I e e
SPE /FEZ#Y £ pH {H VEBERIANZE ((RFR L) PEAE/mL
HLB 6% K/ 2.5
C18 2% MR/ W i 4
scX 10 95% H it 6

FH 28 17K 4 Fh FQs BITC I Lk B2 R 5.0
pe e L AV 100 mL. 38 8 A A2 ok 46 & £ 5
JIFIN 2 4 DY 2% ) F EXCEL X 1F 38R B 45 B 47
W 2= 0T, 45 W . OFL . NOR il CIP (e fERE i
%0 1 :A2B1C1D3; LOM (A2 B &t 11
AIBICID3. PHULREFHAE IS XT 4 Ft FQs [H1ic %
(18 5 M A B DR B /MR YR A - [ A 2 U/ N 2R Y >
AW pH A > VEBGAIANS > VEBGRIARR. 25 1,

C18 5 HLB Z£HU/NEXT H AR FQs Y ISR e by, He
L) B AT A R Ay - ZE B W pH =3. 0, BRI
6% FK/ L, EBARL 6 mL. 7E ERiKIe &4
53 5 [\ Rl 84.6% . 96.2% . 96.9% Fil
98. 1% . 340 TERAERERPSRAE T, IR VNS 11k
JI 9 FR A S BRI Y FQs, BRI, 6 mLL 89— YR BE I
CL AR 2 IR 2K,

K2k C18 1 HLB £ XA A Y FQs SAHUS T 4%
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PER IR I 5 2 B K IC & AR A L, SEPR
R it oY 1 24 BT 2 2 ) 2 B 8CR | 38 B RDSCR 1 R
Rif X TR 118 BB 7 Pl 5 B e o Y Dl i ok phe
A5 H ) I S5 K AR HE K bl s e g
9 75 VA L3 T R 25 I/ A 1 7K e B 904 R o
i) pH =3. 0,SPE %1 6 mL Y 6% S 7K/ W B
TVt , ks Bl e 25 1 N3k 5 .

%5 CI8 7 HLB 7EH AR B HIEINE %
Table 5 FQs recovery rates of C18 and HLB columns/%

WiH OFL NOR cIp LOM
C18 72.2 109. 4 69.0 53.4
HLB 116.7 71.3 74.4 72.9

2 5 W LA, HLB /NEPL TP RE 1 8 o,
K NOR 1Y [BICRAIR TR 1 C18 /IMERYF I (H L
WERRFFAE 70% LA . LA 3 Ry i i [l i 5
WIORFFTE 70% ~ 120% Z 18], 7f Hif &8 HLB /)M [e]
WA AR i 1 TS R A A 3 T 20 C18 /A A B Y
FE&h, BT LA HLB #5% h i 221006 0 25 B/ MR
2.3 SPRKEE RS

TR FEA Y pH ., B4R 1R B AR R
g B HAR FQs By SEFR ISR | PR A 0 B35 48
A pH L0 K EDTA ¥ JE M T ,FQs 111l
R 2 5
2.3.1 JKFfEpHH

FH R R AN S A AL NS WO bR 5.0 pe- L' HY
100 mL /KFEJE Z pH S~ 2 ~9, %FHATR] pH R A4 [0l
W, WK 6 Frs, pH 3 ~4 IF,4 Fl FQs 4 (a1 i %
TR¥FFE T7% ~89% ;5 Kifids pH BT, pH 6 ~8 A,
I F] 50% ~70% ; pH =9 B, A1 35 XA —
SEREITE. WO R SRR 4 B FQs Y [RIISR
HBEEAR K FEJE T A pH = 3. 0 &R A1 b 1.
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Fig. 6 FQs recovery rates at different pH
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Fig. 7 FQs recovery rates with different addition amount of Na, EDTA

iy 8 7 Tl 41, Na, EDTA 89 4% hin 3 % %) NOR .
CIP F1 LOM B9 RISCRA —E i3 &, LA X s
TP oK B S 1.2 g- L7 (£ 3.3
mmol - L") B A [HI ISR I 57, 1551 82% ~103% .
2.4 [EAHT FQs M EE ST

S M E AR R FQs 19 E R E A . DAEHL
VR, AN AL SR R R 8 LA — 2 LU TR & I 711
CLA 58— R R S B W A A AL R A 5
PR, o IR SRR B R 20 QR BUT I,
FLHEIRG | T Ve A5 6 7 U0 A I i P I A B
AHIFGT F2 B SR BRI e SR A T R
A T AR U TR B IO
2.4.1 [RaCHEHE

FIF A i 75X, R B S R — e 5%
PR (pH =3. 0) SRR A H ] 14 26 BGR F5 6 5 e
TN, RIS Z5 R AR 8 .

B A A FE 2 ) EE B, AN B BP0 A [T
JeHIERH 100% 43 HUAH $2 BT, iRt = AKF
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(LB, R OFL B T 4 iy IR, R e iR =X
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Fig. 8 Effect of methanol ratio on FQs extraction

from sludge samples
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FEANRPIRZS T 135 X T FQs AW BFF BE F1 A TA] , X
H SR 2s B3P W FQs 7E [/ A T i 43 e, & 10
I T AR | ASEPRE N 9758 X%T OFL A
BRSPSt 1], Hoy 3 B FQs i A5 F 200, W B 245
RAIEA 3.

Al oL, @ I MR 3 Fhis TR X FQs 1 W B
FERATERT 10 min. #5775 8K B F a2 W B Ay
IFIE] 34875 PR 75 B 150 min e Ay, IR 4875 I8 A gk
AT Ve - Al s (R AR 6 A, R 60 min £ 47, @
i 300 min Y 0% B SF- J5 L 3 Fl TS U8 B TE PR IR A
IR A B W B - A R 230, U B 300 min 4
FQs JEAWE 57 2| B, 7275 K i 22 Bk £ 28 )2
WA . @ it KR Ja , 15 e /T B g ) B
AR 55 VA TR LE BB ER O A R S U Y 5%
T2 30.4% (IFETETR) ,5% F+H = 36. 9% (HLA

B, 1.5% TR 24.7% (REBR) , X Eh T
e L 7K A 2 M S5 A W IR TR B B AR SRS
EPS B4 T R, 875 Y 1% % T 4r ) 22 6 W B
fig, B AH T OFL MV B T+, @ 3 Fhig e iy
T PR S X OFL 1Y M B 25 BR &R 35 3] 1 94% LA
e, b R AR T U Y R BEE S BR RE ) R, A B T
98% L b, 4f 575 e 1 W B fE T g R T R AR
151,

300 min Ji5 4 F FQs 1P I Z2 a0 6 R,
B T BTG IR X NOR HT CIP W FiFRE /158 T 148
15858 ,NOR | CIP, LOM #BFF 6 ik OFL (P11
BB 55 40,3 Fim U8 B9 16 MR AT FQs 19 2 bR
RABIKEN T 90% LA L 175 Y X} FQs B R it J1 A
X, IR SEPRTG KA B H  FQs Ay 2B 2
I SR A R BT AN 2 R A

R6 FQs THMBME %
Table 6  Equilibrium distribution rates of FQs in different sludge/%

FOs LSRRI BeiE e IR
Wk B K T i K T i K
OFL 95.1 94.7 69.6 94.3 94.8 63. 1 98. 4 98.5 75.3
NOR 9. 6 9. 4 80.0 97.9 98.0 78.6 99. 3 99.4 85.9
cIp 95.1 95.3 79.9 97.4 97.4 78.1 99. 3 99.2 85.9
LOM 93.9 93.2 68. 1 92.1 92.4 59.7 97.4 97.4 70.9
2.5.2  SEPRTGKACIR) R FQs HOAGIN o3 Ay TIX A

TE 3R 73T K LA R 2 B 3 46 50 il 7 S il I
L b v B S R T A 6 VS K AL B RGEK L KRN
Pl x5 e I G, Fi HR A3 ST 00 43 BT ARSI 3 %
4 Fh FQs TER M 7 H A1 8 H k7K it vk B A
Pl 5 Ve By i E AT TR, H i K R 500
mL, 117K HU1 000 mL. A 25 SR 415k 7 frs . 4 A
FQs #Fk 1,7 H i OFL Ak B iR 2 631 T 2
pe- L7 HAY 3 R AW EEAE 0.2 ~0.5 pg-L7".
K, 4 B FQs MR BEARFER] T 1 pg- L' RAH,
HE0.05 pe-L7, BEBREBESHERT 71.7% .
65.9% . 49. 6% 1 77.5% , 156 4 Fl FQs Ay & 12
. lh OFL 1Y &, Hok & NOR, CIP 1 LOM. 8 H
FRIRE S FEK Y FQs YR 38 3 AH X 7 H A BT
A AEAR SR 4 Fh FQs Tk BE e i 1. 3 41, A X
FHE 3 Fl FQs 19 25 B BAK SR AR 7E 70% L) I,
OFL [ RBRFE A 20% 47, X 0l BEAIHE K 1 FQs
WRE I s 5. K 4 i FQs VR FEARSIRTE 1
peg-L7'PLIF.

W RTR , FQs FE 5 /K AN 1) 2B 32 2L ok
W RAE, DRI Y5 U8 P FQs MMk BE AR A . R T
7 ARS8 AR A5 IS H FQs YV (L 58IE

F7 EERISKAE H FQs KN

Table 7 Detection of FQs in the real wastewater treatment plant

Ay ke OFL. NOR CIP LOM
K /ng-L-! 2040 412 327 208
7 ih/K/ng-L"! 578 140 165 46.7
T4 (LA T EI) /mg-kg™" 1.2 1.27 0.391 0.06
K /ng-L-! 1043 310 216 111
8 HiKk/ng-L7! 843 46 56 21

FI&BR(UTEIT) /mg-kg™ 8.06 1.77 0.79 0.19

3 i

(1) A58 N T 20 M i, iU I (= 2
e/ WL/ 7K LA 5/25/75 1R , [EIARZEEUE 42 , W2 -
= LI R PR TS AR, T A AL Sh A, B
JE 5 9 HPLC-FLD A 5 35 e v FQs 7
HIEAT AT

(2) XA T ARG HEARAS B9 75 U Xt FQs Ay Mg
AT AT, G5 R L I IO O #4525 T
X FQs HYM R AR5 2] 90% LI b {BIR A, B M
GF4ET5 VRN FQs I MR AE o 222 B0 3 ik 11 e 34

(3) FESLPryg K R K DL R A5 R R 4
B FQs MM B M & s LA NS T V57K A 3 F2 22
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