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Ultra-high performance liquid chromatography coupled to fluorescence detection has been
proposed for the determination of thirteen quinolones of human and veterinary use
(danofloxacin, sarafloxacin, difloxacin, flumequine, norfloxacin, pipemidic acid, enoxacin,
lomefloxacin, marbofloxacin, ciprofloxacin, enrofloxacin, moxifloxacin and oxolinic acid).
Sample treatment consisted of a modified method based on salting-out assisted liquid-liquid
extraction, which involves the use of ammonium sulphate and sodium chloride as salting-out
agents. To demonstrate the applicability of the method, it was characterized for three different
matrices of interest (milk, urine and environmental water), obtaining very low limits of
quantification (0.2-192 pg L™'). The precision of the method was evaluated in terms of
repeatability and intermediate precision, and the results were acceptable in all cases (relative
standard deviations lower than 11%). Recovery studies were performed on the three matrices,

obtaining values between 71% and 104%.

Introduction

Quinolones are one of the most used antibiotics in human medicine,
mainly to treat urinary infections. They are also widely applied in
veterinary to treat and prevent bacterial infections and as a
consequence, residues in foodstuffs can appear, causing allergic
reactions or antibiotic resistance in humans. As an example, when
time allowed between animal drug administration and milking is too
short, quinolones residues may be found in milk [1]. Consequently,
the European Union (EU) has established maximum residue limits
(MRLs) for several quinolones in foodstuffs of animal origin thought
the Commission Regulation No. 37/2010 [2] and subsequent
amends.

On the other hand, and regarding human treatments, quinolones are
excreted with urine mostly unchanged. So, their determination in this
matrix allows performing pharmacokinetic studies.

This journal is © The Royal Society of Chemistry 2013

Moreover, pharmaceuticals (including antibiotics) used in livestock
production and human medicine can reach the environment via
domestic and hospital sewages, industrial discharges or from
medicated  domestic  animals  between  other  sources
[http:/www.epa.gov/ppcp/]. These products can potentially
contaminate surface, ground and wastewater and even drinking
water [3]. Their frequent detection in aquatic environment has led to
their consideration as “emerging pollutants” [4,5]. Among them,
water contamination with quinolones has been reported in different
publications at concentrations from ng L' to mg L' [6,7,8,9,10].
Therefore, milk, human urine and environmental water are three
matrices of interest regarding contamination by quinolones, and
reliable and efficient methods for their monitoring are required.
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In the last years, different approaches have been reported for the
determination of quinolones, such as micellar liquid chromatography
(MLC) with fluorescence detection (FL) [11,12], capillary liquid
chromatography (capillary LC) with laser induced fluorescence
detection (LIF) [13], capillary electrophoresis with UV/Vis
[14,15,16,17], mass spectrometry (MS) [18] or chemiluminescence
detection [19,20]. However, the most usually reported methods are
those based on LC with either FL or UV/Vis, which have been
applied for the determination of quinolones in milk [21,22,23,24,25],
urine [26,27] and water [26,28]; LC coupled to tandem mass
spectrometry (MS/MS) has also been widely applied for the
determination of quinolones in water [29,30,31], including
multiresidue analysis with other drug contaminants [32], and in milk
[33,34,35,36,37,38,39]. In the last years, ultra-high performance
liquid chromatography (UHPLC) coupled to MS/MS has been
applied for determining these contaminants in milk [40,39,41],
biological fluids [42] and water [43,44,45,46,47,48]. UHPLC has
also been coupled to high resolution mass spectrometry for
multiresidue determination of antibiotics, including quinolones
[49,50,51,52,53,54]. Nevertheless, there are few methods reporting
the coupling of UHPLC with FL for the determination of quinolones
[471.

Regarding sample treatment, solid-phase extraction (SPE) is by far
the most frequently reported technique for extraction of quinolones
from milk [18,23,38,39,41,50,53], wurine [19] and water
[17,28,29,32,43,44,45,47] even used as on-line sample treatment in
LC [26]. Other sample preparations include liquid-liquid extraction
(LLE) [11,15,21,33,35] and QuEChERS for milk analysis [13,37];
dispersive liquid-liquid microextraction (DLLME) [46], ultrasound-
assisted extraction (USE) [31] or microwave-assisted extraction
(MAE) [31] for water analysis; or MEPS® SGE Micro Extraction by
Packed Sorbent for urine [27].

However, more efficient, multiclass, rapid and environmentally
friendly extraction systems are demanding. An increasingly popular
treatment is the so called salting-out assisted liquid-liquid extraction
(SALLE). This technique is based on LLE, in which the addition of
an appropriate amount of a salt to a mixture of aqueous sample and
water-miscible organic solvent causes a separation of the solvent
from the mixture and thus the formation of a two-phase system and
simultaneously the target analytes are separated into the organic
phase [55]. The method is simple, fast, cheap and safe and the
obtained extracts could be directly injected or evaporated and
reconstituted into a suitable solvent before to be injected into HPLC,
CE or GC instruments. Some of the organic solvents used in SALLE
are acetonitrile, acetone, ethyl acetate and isopropanol and the salts
commonly used are magnesium sulfate, ammonium sulfate, calcium
chloride, potassium carbonate and calcium sulfate [56]. This
methodology has been scarcely used for the determination of
quinolones [36,48,54,57]. However, SALLE has never been applied
in combination with UHPLC-FL.

In this work, we propose a method based on UHPLC-FL for the
simultaneous determination of 13 quinolones of veterinary and/or
human use -—danofloxacin (DANO), enrofloxacin (ENRO),
ciprofloxacin (CIPRO), sarafloxacin (SARA), difloxacin (DIFLO),
flumequine (FLUME), enoxacin (ENO), oxolinic acid (OXO),
moxifloxacin (MOXI), lomefloxacin (LOME), marbofloxacin
(MARBO), pipemidic acid (PIPE), norfloxacin (NOR)-, using
SALLE as sample treatment with ammonium sulphate and sodium
chloride as salting-out agent and 5% formic acid in acetonitrile
(MeCN) as extraction solvent. To demonstrate the applicability of
the method it was fully validated in three different matrices of
interest: bovine milk, human urine and environmental water sampled
at the entrance and exit of a fish farm. The combination of this
sample treatment with a high efficiency technique such as UHPLC-

2 | Anal. Methods, 2014, 00, 1-3

FL is an environmentally friendly alternative to the determination of
quinolones, as the consumption of organic solvent is reduced in both
steps of the method (sample treatment and determination), being in
agreement with the new trends of green analytical chemistry [58,59].

Material and Methods

Chemicals and reagents

All reagents were of analytical reagent grade, solvents were of LC
grade and quinolones were of analytical standard grade. MeCN,
sodium hydroxide, sodium chloride, magnesium sulphate and
sodium dihydrogen phosphate monohydrate were supplied by
Panreac (Madrid, Spain). Formic acid was obtained from by Merck
(Darmstadt, Germany).

Standards of DANO, SARA, and DIFLO were supplied by Riedel-de
Haén (Seelze, Germany); FLUME, NOR, PIPE, LOME and ENO by
Sigma Aldrich (St Louis, MO, USA); and MARBO, CIPRO, ENRO,
MOXI and OXO by Fluka (Steinheim, Germany). Individual stock
standard solutions (100 mg L-1) of each quinolone were prepared by
dissolving the appropriate amount of each analyte in MeCN/0.02%
formic acid aqueous solution (50/50) and were stored in the dark at -
20 °C.

A 0.1 M phosphate buffer solution (pH 7.1) was prepared by
dissolving an adequate amount of NaH,PO,4 H,O in water and the
pH was adjusted with 4 M NaOH solution.

Ultrapure water (18.2 MQ cm’', Milli-Q Plus system, Millipore
Bedford, MA, USA) was used throughout all the work.

Syringe filters (25 mm with 0.2 pm nylon membrane from Agela
Technologies, DE, USA) were used for filtration of extracts prior to
the injection into the chromatographic system, while nylon filters (47
mm, 0.2 pm from Supelco, Bellefonte, PA, USA) were used for
filtration of water samples.

Samples

Bovine milk samples were collected from local markets (Granada,
Spain). Urine samples were collected from a healthy male volunteer
and obtained within institutional guidelines. Water samples were
collected at the exit of a fish farm located in Granada (Spain), using
pre-cleaned amber glass bottles. The samples were filtered to
eliminate the suspended solid matter and macro-particle impurities.
All the samples were stored in the freezer at -18 °C until analysis.

Instruments and equipment

Chromatographic separation and detection was performed on an
XLC Extreme Pressure LC system (two pumps, oven, auto sampler,
mixer and degasser units) from Jasco (Easton, MD, USA) coupled to
a fluorescence detector (Jasco X-LC 3120FP). ChromNAV software
(1.09.03 version, Jasco) was used for data acquisition and
processing.

The separation of the quinolones was achieved using a Poroshell 120
EC-C18 column (50%2.1 mm, 2.7 pm) from Agilent Technologies
(Waldbronn, Germany).

An Universal 320R centrifuge (HettichZentrifugen, Tuttlingen,
Germany), a vortex-2 Genie (Scientific Industries, Bohemia, NY,
USA) and an evaporator System (System EVA-EC, VLM GmbH,
Bielefeld, Germany) were also used for sample preparation. A pH-
meter with a resolution of +0.01 pH unit (Crison model pH 2000,
Barcelona, Spain) was also used.

Sample treatment

This journal is © The Royal Society of Chemistry 2012
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The extraction of quinolones from water, urine and milk samples
was achieved using a SALLE procedure, based on partitioning via
salting-out. A volume of 5 mL of different samples (urine, milk and
filtered water) was place in a 50 mL screw cap test tube with conical
bottom and the pH was adjusted to 7 by adding 5 mL of 0.1 M
phosphate buffer solution. Then, 10 mL of 5% formic acid in MeCN
was added and the mixture was homogenized in vortex. The
extraction kit (containing 1 g of NaCl and 4 g of MgSO,) was added
and the tube was shaken vigorously for 1 min. The sample was
centrifuged at 9000 rpm and 4 °C for 5 min and 4 mL of the upper
MeCN layer was transferred to a vial, dried at 35 °C under a stream
of nitrogen and re-dissolved in 0.5 mL of H,O/MeCN/formic acid
(88/10/2), considering the nature of the compounds in terms of
solubility and the composition of the mobile phase [48]. Before
injection into the UHPLC system, the obtained extracts were filtered
in order to reduce the risk of column blockage.

UHPLC-FL analysis

Separation was performed in a partially porous column (Poroshell
120 EC-C18, 50%2.1 mm, 2.7 um). The mobile phase consisted of a
0.1% formic acid aqueous solution pH 4.75 (solvent A), and MeCN
(solvent B). Gradient mode was selected with the following
program: 0 min, 5% B; 6 min, 21% B; 7 min, 90% B. Finally it was
back to 5% B in 1 min and maintained for 3 min for column
equilibration. Flow rate was 500 uL min™', column oven temperature
was 35 °C and injection volume was 5 pL.

Detection was achieved using a fluorescence detector with the
following multi-wavelength excitation/emission program: Aex = 278
nm and Aem = 466 nm from start to 6.5 min for detection of all
quinolones except FLUME, which was detected using Aex = 325 nm
and Aem = 366 nm. The fluorimeter worked at gain x100.

Results and discussion
Optimization of sample preparation

The sample treatment was based on partitioning via salting-out,
similar to the first step of the QUEChERS sample preparation. The
SALLE procedure was adapted from a method proposed in our
laboratory for the determination of quinolones in water by UHPLC-
MS/MS [48]. To carry out an efficient extraction of the analytes, pH
7 was required, so the pH of sample was adjusted using 0.1 M
phosphate buffer solution. The percentage of formic acid in the
extraction solvent was optimized (0-5%), and 5% of formic acid was
selected as optimum. Moreover, the volume of the MeCN
supernatant layer to be dried after the SALLE (between 1-4 mL) and
the volume of solution for the reconstitution before injection
(between 0.5-1 mL) were optimized, in order to achieve limits of
quantification (LOQs) as lower as possible compatible with
minimizing matrix effects. Finally, 4 mL of the upper MeCN layer
was transferred to a vial, dried at 35 °C under a stream of nitrogen
and re-dissolved in 0.5 mL of H,O/MeCN/formic acid (88/10/2).
Although in most cases a clean-up step was not necessary, as
extracts were clean enough for quantification purposes, PIPE and
NOR could not be determined in urine samples, due to the existence
of interference peaks co-migrating with the analytes. This problem
could be probably avoided by using MS as more selective detection
system [48] but further work should be done for the study of the
matrix effect for this kind of sample.

A typical chromatogram corresponding to a spiked water sample
under the optimum conditions is shown in Figure 1, showing the
effectiveness of the SALLE procedure in the determination of
quinolones.

This journal is © The Royal Society of Chemistry 2012
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FIGURE 1 HERE

Figure 1. Chromatograms of: (a) water sample subjected to proposed
method: sample spiked with 100 ug L' of PIPE, MARBO, OXO,
MOXI, FLUME; 250 pg L™ of ENO; 10 pg L' of NOR, CIPRO,
LOME, ENRO, SARA, DIFLO; 1 pg L' of DANO; (b) blank
sample. (1:PIPE, 22MARBO, 3:ENO, 4:NOR, 5:CIPRO, 6: LOME,
7:DANO, 8:ENRO, 9:SARA, 10:DIFLO, 11:0XO, 12:MOXI,
13:FLUME).

Characterization of the method

In order to check the suitability of the method for the determination
of thirteen quinolones in milk, urine and environmental water
samples, an exhaustive characterization was carried out. So, linear
dynamic ranges, limits of detection (LODs) and quantification
(LOQs), precision and trueness were evaluated for each matrix.

Calibration curves and performance characteristics

Calibration curves were obtained using milk, urine and water
samples spiked at eight different concentration levels, prepared in
duplicate, submitted to the subsequent sample treatment and injected
in triplicate. The statistical parameters were calculated by least-
square regression, and LODs and LOQs were considered as 3xS/N
ratio and 10xS/N ratio, respectively. Satisfactory determination
coefficients confirmed that analytical responses were linear over the
studied ranges. Table 1 summarizes the results.

HERE TABLE 1

With the low LOQs obtained, the quinolones with an established
MRL in milk (namely, DANO, MARBO, ENRO and CIPRO) could
be determined at concentrations lower than limits established by
current legislation (75 ug kg™ for MARBO, 100 pg kg™ for the sum
of CIPRO and ENRO, 30 pg kg for DANO and 50 pg kg™ for
FLUME; DIFLO and OXO application is forbidden for animal
producing milk intended for human consumption [2]).

Although LOQs were slightly higher for urine, they were far below
concentrations of quinolones usually found in this matrix after oral
administration (mg L™ range) [60,42].

Regarding the LOQs obtained for environmental waters, they were
low enough to allow their quantification in this type of
environmental samples.

Anal. Methods, 2012, 00, 1-3 | 3
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Precision study

The precision of the whole method was evaluated in terms of
repeatability (intraday precision) and reproducibility (interday
precision). Repeatability was assessed for milk, urine and water
samples by application of the whole procedure on the same day
to samples spiked at three different concentration levels of each
quinolone (except ENO in urine, where only two concentrations
were tested, because the lowest concentration level considered
was below the LOQ for this analyte). Each sample was
processed in triplicate and injected also in triplicate.
Reproducibility was evaluated with a similar procedure, spiking
and analysing five samples in different days. The results,
expressed as %RSD of peak areas are shown in Table 2. In all
cases, values lower than 11% were obtained.

HERE TABLE 2
Recovery studies

In order to check the trueness of the proposed method, recovery
experiments were carried out on bovine milk, human urine and water
samples, previously analysed in order to check the presence of
quinolones. None of them gave a positive result above the LODs of
the method. These samples were spiked at three different
concentration levels (except ENO in urine, avoiding the lowest level,
and PIP and NOR in urine, because of the interferences found),
processed as described previously and injected in triplicate into the
UHPLC-FL system. The results are shown in Table 3 and as can be
seen, very good recoveries were obtained (between 71.2% and
103.8%).

HERE TABLE 3

Conclusions

A rapid and simple UHPLC-FL method using SALLE as
sample treatment has been proposed for the determination of 13
quinolones in milk and water samples, and 11 quinolones in
urine. The quinolones were separated and detected in less than
7 min. To the best of our knowledge, this is the first time that
SALLE and UHPLC-FL have been combined for the
determination of quinolones. The method has been fully
validated in the three matrices. Matrix-matched calibration
curves were established and LODs and LOQs were in all cases
below the maximum levels established by EU regulation for
milk; in the case of urine, LOQs were far below concentrations
of quinolones usually found in urine after oral administration
and quantification in the low part per billions was achieved for
water samples. The combination of SALLE as sample treatment
with the high efficiency and sensitivity provided by the
UHPLC-FL coupling makes the proposed method a simple,
quick and an environmentally friendly alternative to the
determination of quinolones in a great variety of samples,
reducing drastically the consumption of organic solvent in both
steps of the method (sample treatment and determination). In
spite of the lower LOQs obtained with the previous UHPLC-
MS/MS method for the control of quinolone residues in water
samples [48], the proposed method is presented as a less
expensive and powerful methodology when MS is not
available, showing satisfactory results in its application to other
complex matrixes such as milk or urine.
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Table 1. Statistics and performance characteristics of the method for each matrix

Matrix Analyte | Linear range (ug L) R’ LOD (ug kg ™) LOQ (ng kg™
PIPE 4.8 - 1500 0.997 1.4 4.7
MARBO 30 - 1500 0.998 8.7 29
ENO 99 - 1500 0.996 29 96
NOR 0.33-150 0.997 0.10 0.32
CIPRO 1.8-150 0.998 0.52 1.8
LOME 1.4-150 0.996 0.42 1.4
Milk DANO 0.17 -15 0.996 0.05 0.17
ENRO 0.79 - 150 0.997 0.23 0.77
SARA 2.4-150 0.996 0.70 2.3
DIFLO 1.2-150 0.997 0.34 1.2
0XO 15 - 1500 0.993 43 15
MOXI 16 - 1500 0.998 4.7 16
FLUME 11 -1500 0.997 3.1 11
LOD (pgL™) LOQ (pg L)
MARBO 28 - 1500 0.998 8.4 28
ENO 192 - 1500 0.981 58 192
CIPRO 2.6 -150 0.992 0.78 2.6
LOME 2.3-150 0.990 0.68 2.3
DANO 0.47 -15 0.995 0.14 0.47
Urine ENRO 1.8-150 0.998 0.56 1.8
SARA 5.0-150 0.997 1.5 5.0
DIFLO 2.4-150 0.996 0.70 2.4
0OXO 67 - 1500 0.995 20 67
MOXI 45 - 1500 0.997 13 45
FLUME 17 - 1500 0.998 5.0 17
PIPE 5.8-1500 0.993 1.8 5.8
MARBO 11 - 1500 0.992 3.4 11
ENO 136 - 1500 0.979 40 136
NOR 1.0- 150 0.996 0.30 1.0
CIPRO 3.1-150 0.978 0.94 3.1
LOME 1.8-150 0.991 0.55 1.8
Water DANO 0.29 -15 0.995 0.09 0.29
ENRO 0.72 - 150 0.991 0.22 0.72
SARA 2.9-150 0.988 0.87 2.9
DIFLO 1.0- 150 0.994 0.30 1.0
0OXO 21 -1500 0.993 6.2 21
MOXI 22 - 1500 0.985 6.5 22
FLUME 6.0 - 1500 0.991 1.8 6.0
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Table 2. Precision study (%RSD of peak areas)

Repeatability (n=9) Reproducibility (n=15)
Matrix | Analyte Level 1 Level 2 Level 3 Level 1 Level 2 Level 3
PIPE 7.2 3.8 4.5 8.8 5.6 7.3
MARBO 7.5 7.7 3.6 9.0 7.7 7.8
ENO 8.8 6.8 8.9 9.2 10.5 9.9
NOR 5.9 3.2 4.1 9.7 3.6 6.4
CIPRO 4.9 2.6 4.7 9.3 7.8 8.9
LOME 7.3 3.7 4.6 9.6 6.6 7.0
Milk DANO 7.5 3.9 4.8 8.5 9.3 8.1
ENRO 6.6 2.9 4.0 8.2 6.6 8.8
SARA 5.7 3.9 4.8 9.2 4.6 7.0
DIFLO 5.8 3.6 35 10.1 5.9 7.2
0XO0O 6.7 4.4 7.2 9.3 7.2 9.0
MOXI 2.4 39 5.5 6.6 5.5 10.5
FLUME 7.2 5.8 7.6 8.8 6.2 5.8
MARBO 8.7 8.1 4.1 9.8 9.9 5.2
ENO -- 7.4 6.2 -- 9.4 8.9
CIPRO 8.9 5.1 5.3 9.8 9.6 6.8
LOME 9.2 7.5 6.3 10.9 7.5 8.5
DANO 7.3 5.9 4.0 10.2 8.2 7.2
Urine ENRO 7.7 9.2 4.2 9.8 9.1 5.7
SARA 9.9 6.4 3.5 8.6 6.9 7.3
DIFLO 9.4 8.2 35 8.0 9.9 6.3
0OXO 8.4 5.6 3.2 9.5 9.5 9.3
MOXI 9.0 4.3 6.0 10.0 7.6 9.8
FLUME 4.9 6.0 2.8 5.1 8.7 3.6
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1

2 PIPE 3.9 42 3.0 78 43 7.8
4 MARBO 8.0 5.6 1.9 8.7 83 5.0
g ENO 9.7 9.3 5.7 9.8 9.6 6.1
7 NOR 7.6 4.7 29 8.3 5.7 6.6
o CIPRO 9.5 9.2 33 9.5 10.2 6.7
10 LOME 8.3 8.6 3.0 8.6 9.3 5.3
E Water | DANO 54 6.5 37 5.6 10.3 74
13 ENRO 7.7 3.9 37 8.3 6.5 49
o SARA 7.0 6.0 54 7.9 9.3 5.8
16 DIFLO 7.2 5.7 25 8.5 10.2 4.8
g 0XO 6.9 8.5 75 7.2 8.7 8.9
19 MOXI 7.8 42 6.6 7.0 6.3 8.0
32 FLUME 3.9 4.8 6.7 4.3 53 9.4
22

23 Level 1: PIPE, MARBO, OXO, MOXI and FLUME: 50 pg L'l; ENO: 100 pg L’l; NOR, CIPRO, LOME, ENRO, SARA, DIFLO: 5 pg L'l; DANO 0.5 pg L. OXO in urine: 100 ng L.
24 Level 2: PIPE, MARBO, ENO, OXO, MOXI and FLUME: 250 ug L', NOR, CIPRO, LOME, ENRO, SARA, DIFLO: 25 ug L', DANO 2.5 ug L
gg Level 3: PIPE, MARBO, ENO, OXO, MOXI and FLUME: 750 pg L', NOR, CIPRO, LOME, ENRO, SARA, DIFLO: 75 ug L', DANO 7.5 ug L
27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48
10
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Table 3. Study Recovery (%) study (% RSD of peak areas is given in parentheses, n=9)
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Analyte Milk Urine Water
Level 1 Level 2 Level 3 Level 1 Level 2 Level 3 Level 1 Level 2 Level 3

PIPE 85.9(7.2) | 94.3 (3.8) | 82.5 (4.5) -—- - - 87.2 (3.9) 79.9 (4.2) 94.6 (3.0)
MARBO | 86.5(7.5) | 82.8(7.7) | 84.2(3.6) | 94.1 (8.7) | 96.1(8.1) | 84.5(4.1)| 87.2(8.0) 100.8 (5.6) 86.6 (1.9)
ENO 85.5(8.8) | 80.2 (6.8) | 86.0 (8.9) - 74.7(7.4) 190.8(6.2)| 81.3(9.7) 93.2(9.3) 89.2 (5.7)
NOR 81.0(5.9) | 83.1 (3.2) | 86.3 (4.1) - - - 99.7 (7.6) 89.1 (4.7) 71.2 (2.9)
CIPRO 92.8(4.9)| 81.6 (2.6) | 89.8 (4.7) | 102.2 (8.9)| 95.8(5.1) | 85.2(5.3)| 90.1(9.5) 85.2 (9.2) 80.0 (3.3)
LOME 83.7(7.3) | 86.1 (3.7) | 82.3 (4.6) | 98.9(7.7) | 92.9(7.5) |89.8(6.3)| 93.5(8.3) 96.2 (8.6) 80.2 (3.0)
DANO 82.3(7.5)]82.1(3.9)|83.8(4.8)| 87.6(7.3) | 103.8(5.9) | 84.4(4.0)| 84.6(5.4) 92.6 (6.5) 94.8 (3.7)
ENRO 80.0 (6.6) | 85.0(2.9) | 85.7(4.0) | 95.1(7.7) | 96.4(9.2) |84.3(4.2)| 85.9(7.7) 98.0 (3.9) 91.4 (3.7)
SARA 87.1(5.7) | 85.1(3.9) | 81.9(4.8) | 87.8(9.9) | 96.7 (6.4) | 86.3(3.5)| 81.1(7.0) 84.6 (6.0) 84.0 (5.4)
DIFLO 97.9 (5.8) | 88.5(3.6) | 85.6(3.5) | 83.7(9.4) | 102.9(8.2) | 84.8(3.5)| 71.6(7.2) 99.4 (5.7) 83.7 (2.5)
0XO 87.7(6.7) | 88.8(4.4) | 81.6 (7.2) | 92.7(8.4) | 102.1 (5.6) | 82.4(3.2) | 71.2(6.9) 95.8 (8.5) 91.6 (7.5)
MOXI 83.1(2.4) | 86.3(3.9) | 83.3(5.5) | 90.6 (9.0) | 95.6 (4.3) | 88.6(6.0)| 72.2(7.8) 96.1 (4.2) 86.3 (6.6)
FLUME 85.9(7.2) | 87.8(5.8) | 81.6 (7.6) | 84.8(4.9) | 95.2(6.0) | 81.2(2.8)| 72.4(3.9) 89.5 (4.8) 92.3 (6.7)
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PIPE, MARBO, OXO, MOXI and FLUME: 50 ug L™'; ENO: 100 ug L''; NOR, CIPRO, LOME, ENRO, SARA, DIFLO: 5 ug L'; DANO 0.5 ug L. OXO in urine: 100 pg L™

Level 2: PIPE, MARBO, ENO, OXO, MOXI and FLUME: 250 pg L"'; NOR, CIPRO, LOME, ENRO, SARA, DIFLO: 25 pg L''; DANO 2.5 pg L.
Level 3: PIPE, MARBO, ENO, OXO, MOXI and FLUME: 750 ug L''; NOR, CIPRO, LOME, ENRO, SARA, DIFLO: 75 pg L''; DANO 7.5 pg L.
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5 mL of phosphate buffer
19 m 10 mL of MeCN (5% formic acid)

q i ; 9000 rpm 5 min 4mL  Filtration (0.22 um)
— @

1gofNaCl — — o | —
4
g of MgSO, et Drying under Reconstitution in 0.5 ml of

i N, stream H,0/MeCN/formic acid 88/10/2




