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Rapid determination of 16 fluoroquinolones in environmental water by high
performance liquid chromatography and their verification by mass spectrometry
LI Yu-jing'** , CHEN Zhi-ran"*, WANG Xue-ping""

(1.Yellow River Conservancy Technical Institute, Kaifeng 475004, China;
2.Key Laboratory of Green Coating Materials of Kaifeng City, Kaifeng 475004, China)

Abstract: HLB solid-phase extraction column is used to enrich and purify 16 kinds of fluoroquinolones (FQs) in
environmental waters. After detection by a variable wavelength scanning ultraviolet detector,the method for determination
of remindering FQs in environmental water by high performance liquid chromatography are established. Suspected FQs
residual positive water samples are confirmed by liquid chromatography-mass spectrometry.It is found that in the range of
5.0-100. 0 pg/mL,the concentrations of 16 kinds of FQs all have a good linear relationship with their peak areas,with
correlation coefficient ranging from 0.998 9 to 0.999 9, detection limit ranging from 0.9 pwg/mL to 7.3 pg/ml,
quantitation limit ranging from 3. 0 pwg/mL to 24. 3 wg/mL, average recoveries ranging from 89.3% to 98. 6% and the
relative standard deviations ranging from 0. 9% to 3. 1%.
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060 7 75 V5 VEAL, TR T 7 SR VB Ve i & A R
A TP-114 BUHL K-, 52 [ Sartorious /A A A4
77 ; Vortex — Genie 2 i it 1R & 1%, 38 B Scientific
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16 ol 500 145 A S B A R IR A AR HE IR T, 2508
iR CHMERR R v TR R KT R AN A
BRVE FHADE BiEE AR E Wi
BRI A RV R SRR A R R R
WA, W [ RS SR e A FRA A, 4l 3
=98.0%,100. 0 pg/mL; HEE HER LG NI R
354l ; Na, EDTA 3hWe  ZE AN o pr 2t 5 1
FZK R B Atk
1.2 WHEEEEG

A Waters XTerra C,q(250 mmx4. 6 mm,
5 pm) AR 40°C , FEFE R 10 pl, WshdH A -
TRFRLL 85 :15 Ay H B AN TR AW i sh Al B
0.05 mol/L H,PO, , =M= pH=3. 5, i N
0. 8 mL/min, K Il % K Sk 72 7 0T A8 7 4 43 4, i 3l
PR BE VRS an 3R 1 TR .
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‘ WS % )
A5 [/ min K4/ nm
A B
0 90 10 274
18 85 15 248
28 35 65 248
30 90 10 248
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B AR T 5E B TR (ESD) , ESIT A X
JE A 7 =X 22 B W ( MRM) 5 FEL S 557 L R
5000 V; i B S E 18 350 kPa; EAL R ET1 A
280 kPa; <, 7 A 1 4 180 kPa; & TR IR FE H
450°C ; B SON U, U = 99. 99% 3 HoAth i i 5

gk 2 FioR,
*2 16 MEEEMERERRIESH

o wm O e gy R LG
[8]/min w/eV  E/V
ZEIER  NAL  26.03 233.2 215.370 19 18
187.3 35 16
EWERR  OXO  25.41  262.2 24430 25 20
216.3 41 18

SE38EFIH

SR FLU 26.62 262.2 244.37 27 20
202.3 45 16

WRAE NOR  10.08  320.3  302.37 29 26
276. 4 25 24

g e ENO  6.89  321.3  303.3Y 29 24
232.2 49 18

WNY R  cIP 1117 3322 288.20 23 20
245.2 30 26

WEWE LOM  12.41 3523 265.19 30 30
308. 3 23 25

FHEVE DAN  15.28  358.2  340.3%Y 33 24
255. 1 53 20

Bk R ENR 20.56  360.3 342,270 30 20
316. 4 27 18

AHVE OFL  9.40 362.1 261.2¢ 35 20
318.3 25 22

YWivb R SAR 23.80  386.2 368.27 31 25
342.3 27 30

ZHIRE DFA 24.67  400.3 382.30 30 15
356.3 30 15

FRAEVPE MBF 6,17 363.1 34520 30 15
320.2 25 30

¥ERE PEF 16.82 3342 316.30 25 25
290. 3 24 22

AR SPA 23.02  393.2  349.47 29 28
292. 4 35 24

WLV AR ORB 21.03  396.2 352.30 25 25
295.3 33 22
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1 mol/L AW pH % 3. 5,38 1+ HLB [E4HAE
BOR: (PR 3 mL PIER 3 mL B EEFI 3 mL
Kigfe) &4 ik, KA HLB AR, sl 1~
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WM 0.5.1.0,2.5.5.0,10.0.,25.0.50.0 wg/mL
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DL Waters XTerra C, A 53 B 4%, 434 HH i/ &
K I O - CTRER VI T B NG - IR v
WAEARF TS R X 16 FF FQs (1543 B 15 I,
SEULRH | Yl R 215 -0. 05 mol/L BEFRIA TR
VR SIAHRT | A5 U8 4% 0 Sl A B DE AR Y, G40
H AR Al S35 B, (HAS ) 0 15 0 W 0 4 2 | 8 9
MTEW L MG - IR W A = ekt pH 64
3.5 I, HER¥Y B EE YR T 1.5, H Ak g g A 15
)10 0 MR, AnE 1 BTN R, S e B
pH=3.5 fH I/ ZE-0. 05 mol/L WEFRIE R AE M i
B,
2.4 EEFEEHRERE

ZEL T SPE-MCX (R A AIHE F) \SPE-WCX
(BB ¥ ) . SPE-MAX (IR & B[] % ) . SPE -
WAX (5B ESF) SPE-HLB (3E/K -8 ) % ARl H
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PEFE ARG XT 16 Fl FQs (9 (384> B 10, 45 4
T3 PR, HE3ATLIE I, S RS FE A A
FEIAEXS 16 B FQs ZEBURAE 67. 1% ~96. 8% Z[A]
SEXIE H 80. 2% , Herh SPE-HLB ( 3£ /K - 3£ g ) ZE I
R CEY 2R K 96.8%) , X & i T SPE -
HLB J& %7K - 5% g — -5 10 /K o] {8 3L R 9, 2 R
PE B AR B W 1 3 R [ A AR BORE , X T
PEREAL G FQs HLA R I 19 W B 26 USSR |
x®3 EMHEERHI FQs FIEFERER

[ AR AE A MCX WCX MAX WAX HLB

T FEEE, % 79.7 67.1 76.2 81.3 96. 8

2.5 EDTANa, FRiE8I%EE
PSR R B R A, R —
a)E, 25 FQs IEZEE G, 4 FQs 4& Bk il 1
TR , 54T T 500 mL FREEKAE T 48 35 7354
#) EDTANa, JFii X} FQs HEBUR I 4 52 M, 25 S n ]
2R, W2 WTLLE SRR o A — g i
f) EDTANa, AE#E 5 FQs #2HU%, 24 EDTANa, i i
TE0~1 g If, BEE EDTANa, fil A 2 32 i1 K FQs
PRI AR AN KR A2 Sy i Wi G Kot X & i T
W] EDTANa, B4 /0 A0S B K AR i 25 4R
BT IERE S, Wi EDTANa, 5t & 2 K, 3
B K RE i B9 42 JE B T M #E , EDTANa, 5 FQs 3%
GFEmE T, T FQs 54 BB FIRME &Y,
BEHCT B FQs , M2 151 FQs $2I% ; *f EDTANa,
itk =1 g, % EDTANa, T A2 HTHG K, FQs 4
PR NG, Bk EDTANa, T A 1 g,

1—0 g;2—0.25 g;3—0.5 g;4—0.75 g;5—1.0 g;
6—1.5g;7—2.0¢g

B2 EDTANa, T & X FQs F# FE R F

2.6 ER¥M

FEAEE 25 IR B KA TR 43 3 A —E & 16
il FQs YR-AFRUER R, FL i 4 100. 0,50. 0,1 0 pg/mL
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=(B/A)x100% , B =5 I35 /KRR FE 5 v 9 0 20

SyRUE TR R, A Sy 2 HP s 5 I v e 0 20 7 06 T

U, 5RRI 76 4l F R RN 25 11 IR B KA 2 i 3

B, 16 Fh FQs B4 4 Y 3 S5 8500 ¥ 7E 91. 4% ~

102. 6% Z [0], WA B E LR, 4Nk 4 iR .
x4 ERMMN

A AL T

Fr e/ (pgemL™!)

5
100. 0 50.0 1.0
1 NAL 99. 3% 99. 4% 99. 1%
2 0X0 92.9% 91.4% 93.2%
3 FLU 92. 7% 91.9% 97. 1%
4 NOR 93. 4% 94. 4% 93. 1%
5 ENO 95.1% 96. 0% 96. 7%
6 CIP 99. 1% 96. 2% 92. 0%
7 LOM 92. 0% 94. 0% 99. 1%
8 DAN 96. 1% 96. 0% 95. 7%
9 ENR 96. 5% 96. 3% 97. 2%
10 OFL 97.1% 99. 4% 93. 1%
11 SAR 101. 7% 97.1% 97. 2%
12 DFA 94. 1% 95.1% 97. 1%
13 MBF 97.1% 99. 4% 99. 1%
14 PEF 97.1% 99. 4% 102. 6%
15 SPA 99. 5% 91. 1% 92.2%
16 ORB 94. 1% 94. 7% 97. 1%
2.7 JRIEWHIESKMHAIESE

AT TR R RE R A 2%, R HPLC I 72 B 055
IR Fh s A B 2 B A 2K 5k B R I By A B R
M RS0 o B, A T PR UE HPLC 3246 I 45 St ) ] 5
LR R (38 — H3 0 T3 v 0 S AL o4 ) 2
x5 KUAEMEXRY FHEKRNBEEE

B/
52

E38HBFEOMH

A= R BHMEAE S AT i — 20 A IE , 25 R A&l 3 fr
No W3 ATLUE R G A 1.0 pg/mL 16
Tt FQs v 175 00 5% 25 78 A TR AG I % P #E 47 1E 7
BTEE SR LB, IEE TR EAHET, 16
Tt FQs PRI ARAF W 0 A5 5 foe s 1 [ M+H ] A7 55
F(BEE T ) s FEAS R R J5E P R T R 8 7 2R 47 lf i
W2, AL R R d RN FL H | ZRAS AR L Y e
RET(FBT),16 fl FQs B A& F15.8 0
22 PR,

1.1 &
<
1.0e®
» 9.0e’ 2 é
580e° ° B
# 7.0€° l g
# 6.0 o ,‘ T Ba o<
st & | | |2%Es (B8 2
4.0¢° g | DHH” ‘lx | \‘
SN 0 P
00 40 8.0 120 16.0 20.0
B} 18] /min
= R L — 5
B3 16 fh & B K504 R ARE &
N —%‘ )

2.8 ZMSEEAGHR

MR BE il B 0.5.1.0,2.5.5.0.,10. 0,
25.0.50.0.100. 0 pg/mL — R 16 Fi FQs ik
B PR, 45 A SC T 57 19 7 iR AT HPLC 35U
E bR e 4, SR KW 16 B FQs 7E 5.0 ~
100. 0 pg/mL JEFE N, FQs Bt W F (« ) 5 Hilbs g R
(y) BA RIS R MO R B0 0. 998 9~
0.999 9, DMEMEEL S/N=3 i8R H R (LOD) , LA
fEME L S/N =10 THHE ERR (LOQ) , 45 Rk 5
B .

TE T LT LM (pg-mL™)  MXRE LoD/ (pg-ml™') LOQ/(pg-mL™') “FEXIEICR/%  RSD/%
1 NAL ¥=86. 64x-0. 02 5.0~100.0 0. 9998 0.9 3.0 98. 1 1.7
2 0X0  y=210.44x—0. 14 5.0~100.0 0.9993 1.3 4.3 9.7 2.6
3 FLU y=68.31x-0. 34 5.0~100.0 0. 9992 1.0 3.3 92.8 1.8
4 NOR  y=118.61x+0. 66 5.0~100.0 0.9991 1.5 5.0 92.8 2.4
5 ENO y=94. 64x-0. 03 10.0~100.0 0. 9994 2.3 7.7 9.7 2.2
6 CIP y=102. 27x+0. 69 5.0~100.0 0. 9995 1.4 4.7 92.4 1.7
7 LOM  y=169.34x+0. 46 10.0~100.0 0. 9994 1.9 6.3 97.5 1.9
8 DAN y=27.06x~-0. 14 10.0~100.0 0.9991 2.6 8.7 90. 4 3.1
9 ENR  y=124.49x-0.04 10. 0~ 100. 0 0. 9989 2.9 9.7 97.9 2.1
10 OFL y=23.62x-0. 12 25.0~100.0 0. 9995 7.3 24.3 89.3 2.3
11 SAR y=24.96x-0. 02 15.0~100.0 0. 9995 3.7 12.3 9.5 1.7
12 DFA ¥=66. 42x-0. 04 10.0~100.0 0.9991 2.9 9.7 9.7 1.6
13 MBF  y=343.61x-0.06 15.0~100.0 0. 9992 4.1 13.7 98. 6 0.9
14 PEF y=18.27x+0. 04 15.0~100.0 0. 9990 3.2 10.7 94. 4 2.1
15 SPA y=60. 64x+0. 63 10.0~100.0 0. 9994 2.6 8.7 95.1 1.3
16 ORB  y=126.94x-0. 02 15.0~100.0 0. 9995 4.3 14.3 93.6 2.3
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100. 0 pg/mlL YU [l N, FQs Jof 2 ¢ 3 5 HL e 1 AL
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0.999 9, LOD 4 0.9 ~7.3 pg/mL, LOQ N 3.0 ~
24.3 wg/mL; FHFICR A 89. 3% ~98. 6% ,RSD 1
0.9% ~3. 1%, % HPLC % HA #0E W /8 | i o i
e G B A SRR A, T O R B KRR T FQs 2R K
R A B T EOR

S 3k
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