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Simultaneous determination of four fluoroquinolones in biogas slurry by high performance liquid chromatog—
raphy with fluorescence detection

HE Nan-nan', GUAN Yong-xiang?, LIANG Yong—hong? WU Hao?, LUO Zhao-hui"", ZHAO Hai-yan", GU Zu-li'

(1.College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2.Jiangsu Station of Cultivate—
land Qualitative and Agro—Environmental Protection, Nanjing 210036, China; 3.Jiangsu Station of Agro—Environmental Monitoring and Pro—
tection, Nanjing 210036, China )

Abstract: An analytical method for simultaneous determination of four fluoroquinolones (FQs) in biogas slurry based on solid—phase extrac—
tion and high performance liquid chromatography with a fluorescence detection(HPLC/FLD ) was developed in this study. The homogenized
sample adjusted to pH=4 was extracted with Na,EDTA solution, purified by Oasis HLB solid phase extraction after vortexing, and eluted with
6 mL methanol solvent. The FQs in the extract were determined by HPLC/FLD with acetonitrile and 0.01 mol + ™! tetrabutylammonium bro—
mide as mobile phases. Quantitation was carried out using an external standard method. The standard curves for all the compounds were lin—
ear over the concentration ranges of 0.002 mg-L™ to 5.0 mg- L™ with all correlation coefficients above 0.990. The spiked recoveries at six
levels of 0.1, 0.2, 0.5, 1.0, 2.0 mg+ L™ and 5.0 mg+ L' were ranged from 80.4% to 105.7%, and the relatives standard deviations(RSD ) were
in the ranges of 1.0% to 5.1%. The limits of detection were from 0.004 mg+L™ to 0.01 mg-L™. This method was used to analyze four FQs in

biogas slurry samples fermented with chicken dung, pig dung, and cow dung collected from 3 large and medium—sized biogas projects in
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Nanjing. Four FQs were detected in all samples, with concentrations ranging from 5 g+ L™ to 204 g« L™, four kinds of FQs were detected.

Therefore, antibiotic pollution problems in biogas slurry deserve attention.

Keywords: fluoroquinolones; solid —phase extraction —high performance liquid chromatography with fluorescence detection; biogas slurry;

analytical method
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FEXTEREE H FQs B A 43 #fr B AR 328K T A
O3 - RS ] (HPLC-MS) , {HiZ 501 5 1A 2% &
BBt AT AR i, ME LA S R M, PR FQs 7ER i
JEE 58 1 T A A X 54T A 2 YA T 8% (FILD ) 1 i i
R4, Fir DA i ROBORE 68,385 -2¢ ' 43 #r % (HPLC-FLD )
RrE AR Z B AR 2R E W, He %" ] HPLC-
FLD XK il 11 Ff FQs HE47 4% B3 K, 3% 7 46
M FRAE 5~30 ng+L™; Gao 94 7. T HPLC-FLD X 4f
Wy G K 6 Fh FQs [A]IHRGIN 43 B 25, i i
FrMIBRZE 70~530 ng+ L™'; Sun 25| F§ HPLC-FLD %}
) 8 A FQs HEATAT I 43 BTN 2 L, % iR
R AE 60~220 ng - L™; Rodriguez &SI ST T HPLC -
FID XL b 5 80 FQ AN 0471, Hofm ARk
DBRA 10 ng- L™ X 4% i} HPLC-FLD Xf 383 rh
6 Fft FQ HEAT KL 2 AT B & B, 3% 5 VA A R
0.002~0.022 mg-kg™; T3 5255 v T HPLC-FLD
XK o 4 B FQs 2595 B AN A3 A R B, HOE
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A% T Vazquez 25" SPE-HPLC-FID
Fr b R 7K 8 Ff FQs BB R, 5 IERITH W LT
Sk, TEMCEERR b S A A B R A T AL,
HESE T PR PR AFRBAS AT | [R]ESAGI TE
o4 PR A: R AR B R A T ASLRR T R Y
WG ST AR 22 A R R B B AN TR B I &
RS B0 A R N BN N A2 2= AR IG5 [T AH
A UG PBE MR AS 2832 S/ ST i A e 78
25T, WA R RIS 50 LA o T3 Ah , BT ARSI g R
FHEAR A5 B R38R 43 FQs AR H PR 22 =5 T Ni
ZEUFN Urraca 5™ SCHER 4G, 35 A XHEW 4 F
FQs HY434T , AR FNE RS A B FQs 15 54
PEUESZHE DI R TR R B A 28 4 ) AR G o

1 #RFFE

1.1 {85k

Agilent 1260 {5 R0 AR 35 (B FLD &5 0% |
PRUERL H SRS DUOCHE AERAR ), SRR R A
) ; Shim=Pack , VP-0DS & 341 ( 250 mmx4.6mm,
5 wm), HARBHEA A Has 8 T fL B A A Bess
B ARBERHEAA PR R 5 B P A, B LR R R
#A7 FR 2> H] 5 Oasia HLB [5 AH A< B (3 mL/60 mg) , J]
JORHE A A BR 2 w5 e i m o A PR AT
0.7 wm BIELFAERUE, B4 WRHA R A 50.45
pm R PGSR TR LIE I, B AR AR A R A
F] s pH 1, 78] Sartorius /A w5 #RAUK %, B AL 5 )
BEBARRATR; F14r2—KRF,SHIMADAU A ¥ ;
TERFE 7% K 4 , f5E BUCHL A ],

AR A (FOL) (XA NV 2 (CIP) \ Bi# v 2
(ENR) W70 B (NOR) W F ik A= R A
B, SEREEI4R 98%; DU HRAL W T Aladdin
o] BERE 99% ;s RE | LG g ol A AL A
BEIR WA AN L DU L AN R BRI A
R oA, ¥ T [ 24 4 A AR A R | 5 e
FHZK R a2k o
1.2 AR ECH

Na,EDTA -Mcllvaine 2& M4 . FREU— % i 1Y
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BN R £ 35E5F 104

Na,EDTA Na,HPO, FIAF1& R, 43l Bl il 5% 0.1.0.2,
0.4 mol - L™ AUV . 218 3:2 i LIRS Na,HPO, Fi1
e g, BC B Mcllvaine 35 W o #4 0.1 mol - L™
Na,EDTA 5 Mcllvaine 2% 54 IR 1:1 9 HL )
TRA, Bl % Na,EDTA-Mecllvaine 2% iP5 (IR & J5
pH{EZ R 4).

FRUEREASWE . MERIFREL OFL . CIP . ENR \NOR #x
AL 45 0.010 0 g % F 0.03 mol - L™ [ AL BT W
R KRR ERZE 100 mL, FiAL 100 mg- L #T
VERR , TE 4 CREGIRAAR L AR BN 2 S H .

1.3 HmAEESHLE

TAWFE MR AR R AR X 3 AR AENA A TR
DAAR 28R I TR AR TR R A Rt T 11 XK T
KR (118°32/16"E,32°10"47"N ) 5 LISE 2 Hy & % It
RHATEWCR: H RE 5 T H XRS5 (118°34732"
E,32°1'16"N) ; ARG ZE 0 J I S5 B VE R B /e 5t i
VLT OB B XS #5547 (118°35'8"E,31°53/34'N) . £
SO TR IR A 5T O — AN TR o, R
W, R E = RS T R

RAE TR S i e AL e LB, At
0.7 wm PP EELF AL U85, MEHR IR 50 mL F|
B I 0.25 g & R0 1R — R4 4 8 1)
A NS FRERRRA R i pH=4 £t o IEM Ak
R EEELL 1 mL min™ {33 258 13 Oasis HLB
[E] FF 2% JURE R A7 & B[ Oasis HLB & AH A€ ORE f
i, MR 3x2 mL R 3x2 mL B4k 3x2 mL £
Mg (pH=4 )1 T AL ], 2 HUE S )5, A1 6 mL i 4liK
THUEE AR AU, 97125 T4 30 min, )5 6 mL H
FESEIZ VR E] 10 mL B0, KRR BRI TR A
40 CHARBZAMF P28 & 2 T, 2 mL B4k &
%R 5 min fE V. KA RIEH Y 0.22 pm K RE
FEJE A 2 mL A (0 3 B ARF I
1.4 Bi%EH

f238% 4 Shim—Pack , VP-ODS (250 mmx4.6 mm, 5
pm) ; FE7E 30 C; Ji 8 A4 0.01 mol - L™ U T 3L Ak
Bl O IEIRGW(95:5, Vv, (FHBERRIA T pH=3, FITi
it 0.45 wm AR VUG O IR TSLIERE . G 158 FH i
7 P, 30 min) , i 1.0 mLemin™; AR 20 pwl; 2%
A I £ (FLD ) A < 3% & % 4K 280 nm, & 35 i K
450 nm,

15 FREREHERE

A5 B R At 2% P R i K A R, T A Uk B A

0.002.0.005.0.02.0.05.0.1,0.2.0.1.1.2.5 mg-L™ ¥y

FQs IRAHRIERINIFWK -
L6 EWEITEERE

AR SCHRI2 1T RLAE , X BB AR R AAE S 5 R
U INHTAE R 1925 R R B BT SPE-HPLC K4t
A FRURE AR AR AR R

INBR BN (% )= Cmbs B il T AR R R -2
R R BTA R )/ bR X 100%

2 HR5iTiR

2.1 SPE 2R
2.1.1 $EEBGH AR

IEREERE S FR I FQs 5, SR BUR e R
L, HErHE HREGH A Na,;EDTA-Mcllvaine 2% i
W o AWFFE LA T Na,EDTA-Mcllvaine 2% ik (pH=
4) F B fff ] Na,EDTA 375 W 32 OV W4 H AR
() [l R, 45 B L2 1. 43 5 ] Na,EDTA %59
Na,EDTA-Mcllvaine Z& i $EEGR BT, 20T LA
HEREGH BARY, Al A Na,EDTA 7R ET ENR
HI NOR (42 BUHUER 5 f# ] Na,EDTA-Mellvaine 2% it
WA A 25 5 (A0} Na,EDTA-Mcllvaine SZH
AR, B R B L ) € SPE 258 FiAb B
Je AR S BRIt ) 2 TR 2 . 2R H AR
SEAH F Na,EDTA WA AT FQs MIFREGHI,
2.1.2 FESAEIVE pH (520

FQs TE/KE R E 254 T (Gl pH<S) & PH ¥
TE R FEXF FQs BE S AL H K 4548 5 pH 15
it W L A0 PH 2 708 0 A R,
Na,EDTA %R AE MERBGRA, I HCL 5% NaOH 5
air pH Jk 2~7, YRR SR AT G SPE A5 AL
SE R E A 3 K, LA FEASTR] pH 25T

% 1 FRIREFISAET 4 F FQs MBI
HEXFRAERZE (%)
Table 1 Percent recoveries and relative standard deviation( RSD)

under different extraction agents(% )

=NNE|
e OFL cIpP ENR NOR
Extractant
NBZF‘DT.A_ 67.2+43a  71.2+29a  58.6%3.8a  66.4+2.3a
Mcllvaine
Na,EDTA  702+33a  72.844.9a  68.1%5.1b  69.7+6.2b

TE B 3 YOI B~ X (AR B v 22 5 AN TR)/NG S REAL R
AL PRIR 22 5 35 (P<0.05), FAl.

Note: Values are given as means = RSD from triplicate determinations;
different lowercase letters indicate significant difference between treatments

(P<0.05). The same below.
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PIFRIBCICR o 3R 2 ATHN, 25 B AR DSR2 44 pH
AR SEIR AR B TE—E S N, BUAE &R DR
% pH WM . pH=5 B, BAR RICR AR
INT 68.3%, 1Y pH=4 5,4 Ff FQs [Pt AE, ik
87.5%~101.9%, KL, #E#E Na,EDTA %A A HREL
FI AR pH R E 4 i), JRBCCR R

R2 BREARRE pH ERHET 4 # FQs FIEIK R (%)
Table 2 Percent recoveries of 4 FQs in samples at

different pH values(% )

pH OFL CIp ENR NOR

2 70.9+3.66 74.6+4.9 68.9+5.7 63.8+5.3
3 81.9+2.1 77.3+4.4 82.2+£3.9 78.9+5.1
4 87.5+4.7 91.5+5.7 101.9+.5 92.8+3.2
5 64.3+2.9 61.6+4.5 68.3+£5.0 63.5+2.3
6 31.6+5.7 34.1£2.22 39.7+6.1 58.5+3.7
7 17.0+£2.8 13.5+£5.6 33.1+2.6 27.3+4.1

2.1.3 RV R A B AR

TRV 1 52 2k DRI 70 S 8 25 5 g
RSP AE IR BUSCR , T e B 3E S 1A HLIA DS
AT RESENE B BRY , [RI b Gk T M2 e e K i
H bRy eAsm . 5 e e i AR R s 2
AEHEE OHE, 4 1 mL 45 BVRPIVREEY R 2 mg- L
TR A PR IE R BT 50 mL A8 28K B 5 2 HLB A%,
A3 BICAF B (RG], R TR M S 06, 25 58 L IR
Lo PRI SR R PR R 91.9%~101.8% , Z 51
PRI RE 7 e R SRR i L P i S PR i Je 7 A 1
Ze WA 2 H AR = A T4, B LAXHE L PR
A DR MR e PR . 3 4.5.6..7 .8 mL F 0 bt
BRFAE AR 2 BBOHE 1 B AR, SE e g R DL 2, R 3 6
mL i BRI IRACR B ik e B, e e Sk
WARRL R 6 mL
22 BIESBEEN
2.2.1 #sh#d

METHT A R A Y EA L AT AE Kb
B TRA SR TS A T Y B R, AT 53
TR B S ER T VD B AR XRS5 R ) Y LR 40 L &4
A HAR KR K, LR E T ORI A 280 nm,
R Ty 450 nm, AR 1 by fe b 0 e e 21
LABKHNE . AR 1R sh A pH {f, %28 pH
£ 2.0~4.0 J FEI N 9 1% 73 B 808, &I pH 7E 2.5~
3.0 5,4 Ff FQs 1] LATEA 3 i [R] 75 B L 43 B . il
FHH 2 5 B A B IR (RS 4 Fh FQs 254 1 H

100y CIEet B LML

| = | =

of |||
S e | . |

40+ i I

20}
PN . B | B ) S
OFL CIp ENR

B 1 AR[E]SE R 57 Xof [ e 2= Y 2 i)

Figure 1 Effects of different elution solutions on recoveries of FQs

100, JOFL EcIP ENOR HENR

0t Mg 12 Iﬁ
=TE B ‘Bl
0t | | %‘ =Bl =
= =
LB 11H =
4 5 7 8

V/mL

B 2 7 E B E X B4 R B0
Figure 2 Effects of different volume of elution solutions on

recoveries of FQs
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ZHL AT FRERES (1.0 mg- L) JIFRFE
(DIEZE R AT R TR A S A IR 2 05 mg- L) |
THWHE R 4 Fh FQs i sy s L 3,
222 okt

AN]R8 € 35 A R LB T 2 Ry 125 1
AR, [RIRE 25 AT 3 A TR 00 ot i 2 A AS [) ) 0 3%
7R AL FEAE T LHERA A K AgilentXDB-C18
{53 K (250 mmx4.6 mm, 5 pm) F1 H A< 5 H2 H
Shim—Pack , VP-ODS {141 (250 mmx4.6 mm,5 pm),
Ui a4 0.01 mol - L™ U T BLyR AL &% (FHBERR M pH 2
2.5~3)ICIEWIHI N 95:5, Hp (i sk A, 181 4K
fdi ] AgilentXDB-C18 {435 AL 3% 18, 815
Shim—Pack , VP-ODS i i 3% 14  FLA AT R, 5
BT IE 4, FTLIABISE KA Shim—Pack , VP-0ODS
PEET I
2.2.3 Jidk Al

DI AT R AR it O B B[] R0 YA 5200 U
SRIE AN AL i T R 2 O P I TRl W i AR
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Figure 3 Chromatograms of FQs in a standard sample , a spiked

sample and biogas slurry samples

RURE IR, (R AN R R R A Ky, 233 Bl
EE. AR EET 0.6,0.8.1.0 mL-min™ 3 SEH,
20.25.30.35 C 4 VAR, Z5 R R 1.0 mL-min™
FEIR 30 CHIRCR FefE
2.3 ZMESEE AN H PR

fit#1 0.002.0.005.0.02.0.05. 0.1, 0.2, 0.5, 1.0,
2.0.5.0 mg- L' M RSNE G TAEMEZ, AR A
TSR EA ARG, DA €0 0 T RO A 2T vk A
REIE M2 15 2 Ltk [nl A 7 B AR OC 240, R 3 4%
A A PR, 25 SR L3 3, 4 Bl FQs MREE(C) 5

BN R £ 35E5F 104
NOR
¥ E CIP ENR
¥ AR =
iy iR Z
601 o< e
50 o I
fl {
_ 40 |
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20F © 5 Py :
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Figure 4 Agilent XDB—C18 chromatographic column
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Figure 5 Shim—Pack , VP-ODS chromatographic column

WA TRIAR (S ) S B0 R A A 2R M 56 R (R?>0.990) .
2.4 FRnE R

43 #E 50 mL B WCRE S HR AR 0.1,0.2.,0.5.,1.0,
2.0.5.0 mg- L™ (IRAFRERW, BN IKEER 3 4
AT FiE R IE I TS IS B AR )
R BT BR R 22 (RSD) , 45 5 1L 4. 4 Fh FQs 19
SEREICE F 81.3%~105.7% , MR AR 22 <10% , 32
BH AR 7 % IR A B FTORS 2 B 24 SRR i T K

R3 AMFQs FRAEMLTTIE

Table 3 Calibration equations and correlation coefficients of

developed method
PUEE K Lol CREERE DR AR
Antibiotics detection/mg- L™ Linear equation  Correlation coefficient
OFL 0.010 €=0.0345-0.351 7 0.999 1
CIP 0.004 €=0.002 95+0.042 0.999 3
ENR 0.005 €=0.003 45+0.027 8 0.999 9
NOR 0.004 €=0.002 15-0.016 3 0.999 8

TS HiFk FOs MIETRIFH, C 3K FQs AUVRIE (mg-L).
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2.5 LBRFEMRT

FIH 3R EE ST AT 05, R R T ARG 2
A2 AR R IRURL TR R B 4 B FQs HEFT
TR, A HrEE R 5. R gE R F I, LIsE
36 XA I IEURL G VE TRORE o 284G £ 4 Fp
FQs. THWREA: o LUE ZE R R B FORH VAT 4 Rt
AR BT RR AT5 peg- L7 A2 KR BRI R TE
A FPPTAE R S il 188.8 wg- L7 LIRSS R R
SRR 4 FhTAE R B R 204 pg L7, X A]
filet 2 (il R R R T AL R G % TRTRRE A
HAA B BBV E R 16.8~103 pg- L7 FAUD AN
WREVE RN 5~17 pg L7, BORV> Bk ETE RN 67~
151 pg L7, I RERETLRE N 56~204 ng L7, 78
VRE AL R 4 Bl FQs 1A X BR i 22 (RSD ) #1<10% ,
Wi B S R m ANV R S R K. XAl RE
JERUNBR TR B0 He g )2 AN, i f T o
VO EKIRE O AE , 5 T USSR B AR o THWRE

it P ST AR T R =

A
W

3 4

PUR T A

FAENT T T TR A T — g AR A 83— 5 S A DN
1% (SPE-HPLC-FLD) Zp#rif i 4 Fhvds i iR 254
977125 o4 B FQs AN FRYE FE A 0.004~0.01 pug-mL™,
MR E S MER PERCAT o 1o P X e S X8 DX TH R
FESL R 4 B FQs HEATRTIN , & BRI RAE LG ZE

KRR TR
PSSR TR P 5
JEORHA T W 5

3 [ =
R AR

S

‘7/

i

PO =N =Ry

o B A

Boee ol

I 7y 5 LR

I=Re=x

Ei'jo

RO AL LI 2N K
U B AELISFE 0 K
TRWRRE i RER VD AL T R
B, BN RS R,

[1] Meng Z, Shi Z, Liang S, et al. Residues investigation of fluoroquinolones

and sulphonamides and their metabolites in bovine milk by quantifica—

R4 47 FQs HIARMEIK R (n=3)

Table 4 Percent recoveries of developed method for 4 FQs(n=3)

" kK [N RS Y B AR XS AR R 25 Average recoveries + RSD/%
P Sample Spiked level/mg- L™ OFL cIp ENR NOR
PURBZE S R B R TH TR 5 84.2+1.4 87.0+3.5 87.5+4.1 82.0+4.6
Biogas slurry fermented with pig dung 2 86.042.3 86.4+3.1 84.442.9 86.9+3.6
1 87.8+3.3 89.1+4.7 822427 90.3+3.4
0.5 92.4+4.0 94.242.6 86.8+4.8 96.3+1.5
0.2 95.7+3.2 96.6+1.6 90.6+2.8 101.3+3.9
0.1 101.0+3.5 102.5+4.2 92.4+4.6 104.6+2.2
PLARZA 2 e ORI VR R 5 86.0+4.7 85.8+3.2 84.9+3.4 81.5+3.1
Biogas slurry fermented with cow dung 2 82.242.6 81.442.9 87.342.6 84.242.6
1 84.3+2.0 84.4+5.2 90.2+2.4 89.33.0
0.5 81.8+3.3 89.2+1.0 94.7+4.9 96.7+1.7
0.2 88.5+4.1 82.8+4.6 89.5+1.6 93.2+3.4
0.1 87.4£2.9 87.7+3.0 973423 105.7+2.5
VARG ZE S R e R TH TR 5 82.1£1.3 86.11.2 82.7+3.2 83.0+1.8
Biogas slurry fermented with chicken dung 2 84.3:3.9 82.8+1.4 88.12.3 87.2+3.6
1 86.7¢1.9 87.6+1.8 84.6+1.2 84.2+2.7
0.5 81.9+3.6 80.4+2.2 90.5+3.4 90.6+5.1
0.2 88.6+3.3 84.9+1.3 96.31.5 89323
0.1 97.3+2.3 90.1+2.2 87.6x1.1 97.5+1.6
x5 BEHERTB 4T Qs FE(pg L)
Table 5 Content of 4 FQs in different biogas slurry samples measured by developed method (g L™)
BERR T Type of sample OFL cIp ENR NOR
LAREE T S T IEURL TEWE Biogas slurry fermented with pig dung 103.0+3.8 17.0+7.2 151.0+2.9 204.0£6.6
LA R K EUORAO VR K Biogas slurry fermented with cow dung 16.8+4.6 16.0+3.2 89.0+5.3 67.0+8.3
VIFS R K 1 JER VB R Biogas slurry fermented with chicken dung 76.0£1.7 5.0+4.1 67.0+4.9 56.0+7.3
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