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Determination of 17 Fluoroquinolone Antibiotics in Drinking Water by Solid Phase Extraction-High

Performance Liquid Chromatography-Tandem Mass Spectrometry LI Sheng-sheng* GAO Xu-an, Lin
Qing-wen (Anhui Institute of Geological Experiment, Hefei 230001, China)

Abstract: A solid-phase extraction-high performance liquid chromatography-tandem mass spectrometry (SPE-HPLC-MS/
MS) method was developed for simultaneous determination of 17 fluoroquinolone antibiotics in drinking water. Water samples
were filtered through 0.45 pm membrane, enriched using an HLB solid phase extraction cartridge, eluted with V{(formic
acid): V(methanol)=1:1000 solution, concentrated by nitrogen, and analyzed by HPLC-MS/MS. Chromatographic separation
was performed on a BEH C18 column (100 mmx2.1 mm, 2.7 um) with gradient elution with 0.1% formic acid aqueous
solution and methanol as mobile phases. Mass spectrometry detection employed electrospray positive ionization (ESI+) and
multiple reaction monitoring (MRM) mode. Systematic optimization of chromatographic conditions (mobile phase
composition, column temperature, flow rate) and mass spectrometry parameters (desolvation temperature, capillary voltage,
cone voltage) achieved optimal separation and detection sensitivity. The results showed that all 17 target compounds exhibited
good linearity in the range of 0.5-200 pg/L (+2>0.995), with detection limits of 0.08-0.35 ng/L and quantification limits of
0.25-1.15 ng/L. Method recoveries at low, medium and high spiking levels ranged from 82.3% to 108.5%, with intra-day and
inter-day relative standard deviations (RSDs) below 6.2% and 8.7%, respectively. The method was applied to 50 actual
drinking water samples with a detection rate of 18%, primarily detecting norfloxacin, ciprofloxacin and enrofloxacin. This
method provides reliable technical support for monitoring and risk assessment of fluoroquinolone antibiotics in drinking water.
Keywords: fluoroquinolone antibiotics; solid phase extraction; HPLC-MS/MS; drinking water; trace detection
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Tab.1 Gradient elution program

Time/minFlow rate/(mL * min"') Phase A/% Phase B/%

0 0.3 80 20
11.0 0.3 60 40
14.0 0.3 5 95
17.0 0.3 5 95
17.1 03 80 20
20.0 0.3 80 20

FRE A % IR T (ESIH) A, B
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Tab.2 Effect of different mobile phase compositions on

chromatographic separation

Organic Aqueous Resolutio  Peak symmetry ~ Backgrou
Phase additive n range factor nd noise
Water 1.2~2.8 1.35 Low
0.1% Formic
1.5~3.2 1.12 Low
acid
0.1% Acetic
Methanol 1.3~2.9 1.18 Medium
acid
5 mmol/L
Ammonium 1.4~3.0 1.20 Medium
formate
Water 0.8~2.5 1.42 High
0.1% Formic
1.0~2.7 1.25 High
acid
Acetonitr 0.1% Acetic
. 0.9~2.6 1.30 High
ile acid
5 mmol/L
Ammonium 1.1~2.8 1.28 High
formate
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Tab.3 Effect of column temperature and flow rate on

chromatographic separation

Column Flowrate  Column  Average Total Theoretic
temperat  /(mL *m  pressure  resolutio analysis al plate
ure/°C in!) /MPa n time /min number
25 0.3 320 1.4 22 12000
30 0.3 290 1.6 21 13500
35 0.3 270 1.8 20.5 14500
40 0.3 250 2.0 20 15000
45 0.3 230 1.5 19.5 14000
40 0.2 180 22 25 16000
40 04 350 1.3 18 13000
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Tab.4 Effect of desolvation temperature on detection
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Tab.5 Capillary voltage optimization results

Temperature/°C Average Signal-to-noise Baseline
response ratio (S/N) noise
intensity/%
300 45 85 High
400 72 150 Medium
450 88 200 Low
500 100 250 Low
550 92 220 Medium
600 85 195 High

Voltage Spray Average response  Backgrou  Signal-to-noi
kV stability intensity/% nd noise se ratio
1.0 Unstable 42 Low 65
1.5 Moderately 68 Low 120
Stable
2.0 Stable 100 Low 215
2.5 Stable 95 Medium 175
3.0 Unstable 88 High 135
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Tab.6 Cone voltage optimization results for individual compounds

Molecular weight range Compounds Precursor ion (m/z) Optimal voltage /V Signal enhancement
Flumequine 262.1 68 1.5x
<330 Norfloxacin 320.1 65 1.7x
Enoxacin 321.1 72 1.4x
Ciprofloxacin 332.1 81 1.8x
Pefloxacin 334.2 76 1.5x
330~360
Lomefloxacin 352.1 74 1.4x
Danofloxacin 358.1 77 1.5x
Enrofloxacin 360.2 79 1.6x
Nadifloxacin 361.1 75 1.6x
Ofloxacin 362.1 76 1.6x
360~380
Marbofloxacin 363.1 80 1.8x
Fleroxacin 370.1 78 1.5%
Gatifloxacin 376.2 78 1.6x
>380 Sarafloxacin 386.1 75 1.5%




Orbifloxacin
Difloxacin

Moxifloxacin

396.2 82 1.6x
400.1 84 1.7x
402.2 91 1.8x

2.3 FiEVEREVRAN
23.1 MR REHK R

AEBRECH] 17 PPl IS AR R R A bR
TAREW, WEVEHE N 0.5~200 pg/L, FLi%E 84
W 5(0.54 1.0+ 5.0+ 10+ 20+ 50 100+ 200 pg/L) »
FEANKREE I R BE )N AR5 (10 pg/L)

FRIBARAL J5 AR AT I E . DLH bR E S
WFRPIRIETE AR L () SR AR EE (o)
BEATRAE RN 0T, 15 20hn it 2k 772 . &5 R,
17 A v V5 B 2R 40 A2 R AE 0.5~200 pg/L R 76 Rl Y
BRI RIFMZME R R, R RGBT 0.995,
W REANER . SAEDLESEIE 7,

RT 17 MEERTRESUERNLIES

Tab.7 Linear parameters of 17 fluoroquinolone antibiotics

Compound Linear range /(ug * L") Regression equation Correlation coefficient (%)
Marbofloxacin 0.5~200 y=10.0842x + 0.0135 0.9987
Fleroxacin 0.5~200 »=0.0756x + 0.0098 0.9992
Ofloxacin 0.5~200 »=0.0913x +0.0187 0.9985
Pefloxacin 0.5~200 »=0.0689x +0.0156 0.9991
Enoxacin 0.5~200 »=0.0798x +0.0142 0.9988
Norfloxacin 0.5~200 »=0.0724x + 0.0168 0.9986
Ciprofloxacin 0.5~200 »=0.0891x + 0.0203 0.9993
Enrofloxacin 0.5~200 »=0.0835x+0.0175 0.9989
Danofloxacin 0.5~200 »=0.0778x +0.0191 0.9987
Lomefloxacin 0.5~200 »=0.0692x + 0.0164 0.9990
Orbifloxacin 0.5~200 »=0.0815x+0.0182 0.9984
Difloxacin 0.5~200 »=0.0743x+0.0197 0.9988
Sarafloxacin 0.5~200 »=0.0869x +0.0159 0.9995
Gatifloxacin 0.5~200 »=0.0927x +0.0211 0.9991
Moxifloxacin 0.5~200 »=0.0806x +0.0173 0.9989
Flumequine 0.5~200 »=0.0658x+0.0128 0.9983
Nadifloxacin 0.5~200 »=0.0712x + 0.0146 0.9986
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Tab.8 MS/MS multiple reaction monitoring (MRM) parameters for the 17 fluoroquinolone antibiotics
Compound/Internal Retention Precursor ion Quantitative ion Qualitative ion Quantitative ion CE  Qualitative ion CE

Standard time/min (m/z) (m/z) (m/z) A% A%
Norfloxacin 3.20 320 276.2 302.2 16.2 193
Enoxacin 2.83 321 232.1 303.2 34.6 18.9
Ciprofloxacin 3.69 332 288.2 314.2 16.7 19.2
Pefloxacin 2.72 334 290.2 316.2 17.3 19.2
Lomefloxacin 4.25 352 265.2 308.2 22.7 15.9
Danofloxacin 4.50 358 255.2 340.2 39.0 21.5
Enrofloxacin 4.14 360 245.2 316.2 25.7 17.9
Ofloxacin 2.62 362 261.1 318.2 26.6 18.0
Marbofloxacin 1.89 363 72.1 320.1 233 14.7
Fleroxacin 2.08 370 269.2 326.2 26.1 18.0
Gatifloxacin 6.11 376 261.1 332.2 31.6 16.8
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Sarafloxacin 5.13 386
Orbifloxacin 4.59 396
Difloxacin 4.76 400
Moxifloxacin 18.32 402
Flumequine 13.54 262
Nadifloxacin 14.27 361
Norfloxacin-ds 3.20 325
Ciprofloxacin-dg 3.72 340
Enrofloxacin-ds 4.18 365
13C;-Flumequine 13.52 265
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Tab.9 Detection limits and quantification limits of the 17 fluoroquinolone antibiotics

Compound LOD/(ng *« L") LOQ /(ng * L) S/N=3 S/N=10
Marbofloxacin 0.08 0.25 32 10.5
Fleroxacin 0.12 0.38 3.1 10.2
Ofloxacin 0.15 0.48 33 10.8
Pefloxacin 0.18 0.58 3.0 10.1
Enoxacin 0.14 0.45 32 10.4
Norfloxacin 0.20 0.65 3.1 10.3
Ciprofloxacin 0.16 0.52 34 109
Enrofloxacin 0.13 0.42 3.0 10.2
Lomefloxacin 0.22 0.72 32 10.6
Danofloxacin 0.25 0.82 33 10.7
Orbifloxacin 0.11 0.35 3.1 10.1
Difloxacin 0.19 0.62 3.0 10.3
Sarafloxacin 0.17 0.55 32 10.5
Gatifloxacin 0.23 0.75 3.1 10.4
Moxifloxacin 0.35 1.15 33 10.8
Flumequine 0.09 0.28 3.0 10.2



Nadifloxacin 0.10

0.32 32 10.6
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Tab.10 Experimental results for method precision and accuracy (n=6)

Compound Low concentration (2.0 Medium concentration (20.0 High concentration (100.0 Intra-day Inter-day RSD
ng/L)/% ug/L)% ug/L)/% RSD/% 1%
Marbofloxacin 96.2+4.5 98.5+3.2 102.3+£2.8 3.5 52
Fleroxacin 92.8+5.1 95.6+3.8 97.8+3.1 4.2 6.1
Ofloxacin 94.5+4.8 97.243.5 99.6+2.9 3.8 5.5
Pefloxacin 88.74£5.6 92.3+4.2 95.1+£3.4 4.6 6.8
Enoxacin 91.3+5.2 94.843.9 96.5+3.2 43 6.3
Norfloxacin 95.8+4.2 98.1+£3.1 101.5+£2.6 32 4.8
Ciprofloxacin 97.6+3.8 99.842.8 103.242.3 2.8 42
Enrofloxacin 93.4+4.6 96.5+3.4 98.9+2.7 3.6 53
Lomefloxacin 89.2+5.8 92.8+4.5 94.6+3.7 49 72
Danofloxacin 86.5+6.2 89.7+4.8 92.3+£3.9 5.3 7.8
Orbifloxacin 98.3£3.5 101.2+2.5 104.5+2.1 2.5 3.8
Difloxacin 90.6+5.4 93.5+4.1 95.8+3.3 45 6.6
Sarafloxacin 92.1+4.9 95.3+£3.7 97.2+£3.0 3.9 5.7
Gatifloxacin 87.8+5.9 91.2+4.6 93.5+3.8 5.1 7.5
Moxifloxacin 82.3+6.2 85.6+£5.2 87.6+4.3 5.8 8.7
Flumequine 105.2+£2.8 107.8+£2.2 108.5+1.8 1.8 35
Nadifloxacin 103.6£3.2 106.3+2.6 107.942.2 23 4.1
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Tab.11 Evaluation of the matrix effect for the 17 fluoroquinolone antibiotics
No. Compound ME at low concentration /% ME at medium concentration/% ME at high concentration /% Average ME /%
1 Marbofloxacin 96.8 98.2 99.5 98.2
2 Fleroxacin 94.5 96.8 98.2 96.5
3 Ofloxacin 923 95.6 97.8 952
4 Pefloxacin 91.8 94.2 96.5 94.2
5 Enoxacin 93.6 95.8 97.2 95.5
6 Norfloxacin 95.2 97.6 99.1 97.3
7 Ciprofloxacin 97.8 99.2 100.5 99.2
8 Enrofloxacin 96.5 98.3 99.8 98.2
9 Danofloxacin 94.2 96.5 98.1 96.3
10 Lomefloxacin 90.5 93.8 96.2 93.5
11 Orbifloxacin 107.2 109.8 110.8 109.3
12 Difloxacin 102.5 104.6 106.2 104.4
13 Sarafloxacin 98.6 100.2 101.8 100.2
14 Gatifloxacin 86.5 88.8 90.6 88.6
15 Moxifloxacin 83.2 85.6 86.8 85.2
16 Flumequine 110.5 112.8 114.6 112.6
17 Nadifloxacin 101.2 103.5 105.2 103.3
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Tab.12 Comparison between the developed method and the current standard methods

Parameter This method GB 31658.17-2021 GB 31656.3-2021 GB/T 5750-2023
Matrix Drinking water Animal-derived food Aquatic products Drinking water
Number of target compounds 17 FQs 13 FQs 13 FQs
LOD 0.08~0.35 ng/L 1.0~2.0 png/kg 0.5~1.0 pg/kg
LOQ 0.25~1.15ng/L 2.0~5.0 ng/kg 1.0~2.0 pg/kg
Linear range 0.5~200 pg/L 2.0~200 pg/kg 1.0~100 pg/kg



Recovery/% 82.3~108.5
Intra-day RSD/% 1.8~6.2
Inter-day RSD/% 3.5~8.7
Analysis time/min 20
Internal standard 418

60~110 70~110 70~120
<15 <15 <20
<20 <20 <25
25 30
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Tab.13 Detection of fluoroquinolone antibiotics in real drinking water samples

Sample type Number of Positive Detection Rate Detected compounds Concentration Range Spiked Recovery
Samples Samples /% /(ng * L) Rate/%
Tap water 15 1 6.7 Norfloxacin, ciprofloxacin 1.8~4.5 96.3~102.7
Bottled purified 15 0 0 95.6~101.2
water
Groundwater 10 3 30.0 Norfloxacin, ciprofloxacin, 6.6~33.1 87.2~98.7
Enrofloxacin
Source water 10 5 50.0 Ciprofloxacin, enrofloxacin, 8.2-354 88.9~106.8
Ofloxacin

Total 50 9 18.0 1.8~37.6 87.2~106.8
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