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Improved capillary electrophoretic separation of
nine (fluoro)quinolones with fluorescence detection for

biological and environmental samples
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Abstract

A capillary electrophoretic method has been developed for the separation of nine (fluoro)quinolones. Detection is done by fluorescence
measurement with broad wavelength band excitation between 240 and 400 nm. Best separation is achieved in a carrier electrolyte containing
5 has
b easily be done
b ted for this
p
©

K

1

i
m
f
i
fl
s
p
c
i
i
t
a
o
d

s in
of

with

rom
te all
roc

a
lete

ector,
n of
t

RP-
al.
dible
and
thod

ZE)
een

0
d

0 mM H3PO4 adjusted to pH 7.55–acetonitrile (60:40, v/v). Detection limits are in the low�g l−1 range. The suitability to real samples
een demonstrated by analyzing blood samples and surface water samples. Sample preconcentration and sample clean-up can
y solid-phase extraction. Different phases based on alkyl- or phenyl-modified silica as well as on polymers have been investiga
urpose. The method should also be useful for determination of residues of (fluoro)quinolones in food or other matrices.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Quinolones and fluoroquinolones are antibiotics belong-
ng to the family of gyrase inhibitors. They are used for ani-

als (poultry, bovine, porcine, rabbits, deer, fish) as well as
or humans. To prevent the emergence of resistant bacteria it
s necessary to monitor the concentration of quinolones and
uoroquinolones in different media comprising muscle, fat,
kin, liver, kidney, milk, eggs and even surface water of fish-
onds. Determination in human blood is required for pharma-
okinetic studies. Therapeutic drug monitoring is necessary
f the drug is taken chronically, if there are toxic side effects
n case of an overdose, and if there is only a narrow therapeu-
ic range. Moreover, pharmacological studies demonstrated
much better correlation between the clinical effects of (flu-
ro)quinolones and their plasma concentration than just the
aily intake[1].

∗ Corresponding author. Fax: +43 732 2468 8679.
E-mail address:matthias.ferdig@jku.at (M. Ferdig).

The maximum residue limits for these substance
food are rather low wherefore analytical techniques
high sensitivity are required. Several HPLC methods
fluorescence detection[2–9] and UV detection[10–12]
have been reported in the literature. HPLC suffers f
a serious drawback since it is not possible to separa
different (fluoro)quinolones in one run. Yorke and F
[2] used three different HPLC conditions to quantify
wide range of these analytes. The problem of incomp
separation could be compensated by using MS as det
but so far MS was rather used for positive identificatio
the (fluoro)quinolones than for quantitation[4,6]. Golet e
al. managed to separate nine (fluoro)quinolones on an
Amido C16 column at 50◦C [13]. Hernandez-Arteseros et
gave an overview on analysis of quinolone residues in e
animal products including extraction methods, clean-up
determination techniques which also comprise a GC me
and immunoassays for enrofloxacin and ciprofloxacin[14].

Recently, a series of capillary zone electrophoresis (C
methods for analyzing (fluoro)quinolone antibiotics has b
021-9673/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2004.07.005
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published. Many of them suffer from poor sensitivity since
they are not combined with fluorescence detection[15–22]. In
various cases resolution was not sufficient[15,16,18,21,23]
or the focus was put just on three or even less analytes
[19–21,24–26]. To enhance sensitivity, laser-induced fluo-
rescence (LIF) detection[24,26,27]or hyphenation with MS
have been applied[23].

Fierens et al.[18] used phosphate and borate carrier
electrolytes within a pH-range from 7 to 8 in order to separate
ofloxacin, norfloxacin, ciprofloxacin, flerofloxacin, piped-
imic acid, pefloxacin, oxolinic acid, cinoxacin, nalidixic acid
and flumequine. Best results were achieved with a phosphate
buffer pH 7.0, although a complete separation was not re-
alized. Bannefeld et al.[26] developed a CE method for the
determination of ciprofloxacin and desethyleneciprofloxacin
with LIF detection using a phosphate/borate buffer at
pH 2.3. The reported limit of quantification (LOQ) was
20�g l−1. Awadallah et al.[25] succeeded in separating
the enantiomers of ofloxacin with a phosphate buffer pH 3
reaching an LOQ of 11.4�g l−1. Schmitt-Kopplin et al.[27]
used CZE as well as micellar electokinetic chromatography
(MEKC) with carrier electrolytes at pH 9.2. MEKC allowed
a separation of norfloxacin, enrofloxacin, ofloxacin and
ciprofloxacin/danofloxacin. For enrofloxacin limits of de-
tection (LODs) of 280�g l−1 (UV detection) and 37�g l−1
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marbofloxacin and ciprofloxacin. A separation was possible
in a carrier electrolyte of ammonium acetate, hexadimethrine
bromide and acetic acid in methanol–acetonitrile (50:50, v/v).

Sample clean-up and pre-concentration of (flu-
oro)quinolones has been done mainly by solid-phase
extraction (SPE) [1,3,6,8,9–11,13,14,18,24,26,28]. C18-
modified silica and poly(styrene-divinylbenzene)-based
materials as well as mixtures with strong cation exchangers
have been used. In the case of simultaneous determination of
a wide range of different (fluoro)quinolones it is obvious that
optimization of SPE conditions must lead to a compromise.
SPE cartridges containing C18 material turned out to be the
best choice when using samples at a pH of 4 or slightly
higher[10]. Recoveries better than 85% have been reported.
Nevertheless, Golet et al.[13] decided in favour for mixed
phase cation exchange SPE cartridges with sample solutions
at pH 3 achieving recoveries higher than 80%. When
considering only one or just a few (fluoro)quinolones,
the choice of SPE material and conditions like pH of the
analyte solution can be adapted to the accordant analytes
resulting in better recoveries. Hernandez et al.[21] used
Oasis HLB SPE cartridges giving recoveries of about
100% for enrofloxacin and about 90% for ciprofloxacin and
flumequine. Holtzapple et al.[3] used high-performance
immunoaffinity chromatography for online sample clean-up
i
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LIF detection) were achieved. McCourt et al.[23] developed
CZE method for the separation of nine fluoroquinolo

danofloxacin, ofloxacin, marbofloxacin, enrofloxa
noxacin, ciprofloxacin, norfloxacin, cinoxacin and flum
uine) with electrospray ionization (ESI) MS detection us
arrier electrolytes with ammonium formate, acetate
arbonate buffers within a pH range from 2.55 to 9.20. C
lete resolution of signals was not achieved, but is of

mportance with MS detection. Barron et al.[15] investigated
arrier electrolytes within the pH range from 7 to 9 and the
ition of acetonitrile. Best results were achieved with a p
hate buffer pH 8.00 containing 10% (w/w) of acetonit

eading to a separation of danofloxacin, marbofloxacin
ofloxacin, difloxacin and flumequine, whereas norfloxa
iprofloxacin and sarafloxacin migrate in one zone and ca
e separated. Hernandez et al.[21] analyzed ciprofloxacin
nrofloxacin and flumequine in plasma samples u

sotachophoresis (ITP)–CZE with a phosphate buffer p
s a carrier electrolyte achieving LODs of 50–85�g l−1 after
ppropriate sample pre-treatment. Barron et al. determ
nrofloxacin and ciprofloxacin[20] or difloxacin and
arafloxacin[19] in biological materials using a diethy
alonate buffer pH 8.22. LODs between 10 and 25�g l−1

ere reported. Using a borate carrier electrolyte pH 8.1
aining 10% (v/v) methanol, Hernandez et al.[28] achieved
early a baseline separation of nalidixic acid, cinoxa
umequine, oxolinic acid, piromidic acid, ofloxac
ipemidic acid and lomefloxacin. Nevertheless, norflox
nd enoxacin did not show good resolution. Hernandez

16] also examined non-aqueous capillary electropho
or separation of difloxacin, enrofloxacin, danofloxa
nstead of SPE.
In this paper, a CZE method with fluorescence detec

s presented for nine (fluoro)quinolones shown inFig. 1. This
ethod aims at sufficient sensitivity and superior separ

electivity that would make it orthogonal to existing HP
ethods. Instead of a laser, a continuum light source
sed in the fluorescence detector that allows the sele
f a proper excitation wavelength range best suited fo
nalytes. Two matrices (pond water and human blood)
xamined in order to show applicability to complex samp
specially in water analysis no reports on determinatio

fluoro)quinolones by CE exist in the current literature.
fluoro)quinolones selected in the present study were
hat are currently on the market in Austria for treatmen
umans or animals. Both groups have been included in

o develop a general method for broad applicability.

. Experimental

.1. Instrumentation

A HP 3DCE instrument (Agilent Technologies, Wa
ronn, Germany) was used for all electrophoretic exp
ents. It was equipped with a capillary cartridge contai
fused silica capillary of 70 cm total length (55 cm eff

ive length from inlet to detection window)× 75�m I.D.
Polymicro Technologies, Phoenix, AZ, USA). The capill
as coupled to an Argos 250B fluorescence detector (Flu
truments, Basel, Switzerland) containing a mercury-xe
amp. Best results were achieved with a broad band
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Fig. 1. Structures of the investigated (fluoro)quinolones.

(240–400 nm) for excitation and a 435 nm cut-off filter for
emission. The signal from the detector was processed by Ag-
ilent ChemStation after digitalization by an Agilent 35900E
A/D converter. Injection was done in the hydrodynamic mode
at 50 mbar for 8 s.

For SPE the following materials were investigated:
Oasis HLB (200 mg, 6 ml) from Waters (Milford, MA,
USA); Chromabond Tetracycline (500 mg, 6 ml) from
Machery–Nagel (D̈uren, Germany); Chromabond C8
(200 mg, 3 ml) from Machery–Nagel; Bakerbond Phenyl
(500 mg, 3 ml) from J.T. Baker (Phillipsburg, NJ, USA);
Isolute ENV+ (200 mg, 3 ml) from IST (Hengoed, UK);
LiChrolut EN (200 mg, 3 ml) from Merck (Darmstadt,
Germany).

Chromatography was performed on a 1100 HPLC System
(Agilent Technologies, Waldbronn, Germany) equipped with
a vacuum degasser, quaternary pump, autosampler (50�l in-
jection volume) and a 821-FP fluorescence detector (Jasco,
Tokyo, Japan). The separation column was a 250 mm×
4.6 mm I.D. YMC-Pack Pro C18, 3�m particle size, 12 nm
pore size, obtained from YMC (Schermbeck, Germany).
50 mM formic acid–methanol (70:30, v/v) at a flow rate of
0.8 ml min−1 was used for isocratic elution. The excitation
wavelength for fluorescence detection was 278 nm, emission
was measured at 445 nm.

2

sium
h rom
M nol

(HPLC gradient grade) and ethyl acetate (ultra resi-analyzed
quality) were purchased from J.T. Baker (Deventer, The
Netherlands). 18 M� water obtained from a Milli-Q water
purification system (Millipore, Bedford, MA, USA) was used
throughout the work.

Flumequine and oxolinic acid were obtained from Sigma
(Steinheim, Germany), enrofloxacin and ciprofloxacin from
Fluka (Buchs, Switzerland). Stock solutions of 100 mg l−1

were prepared in acetonitrile–water (50:50, v/v). All other
fluoroquinolones were not available as pure standards but
were extracted from the following commercially available
drug formulations (film tablets): Uniquin 400 mg (lome-
floxacin), Biochemie (Vienna, Austria); Quinodis 200 mg
(fleroxacin), Gr̈unenthal (Vienna, Austria); Floxacin 400 mg
(norfloxacin), STADA Arzneimittel (Vienna, Austria); Oflox
200 mg (ofloxacin), STADA Arzneimittel; Avelox 400 mg
(moxifloxacin), Bayer Austria (Vienna, Austria). Eventual
small deviations of the contents from the declared values
given for the pharmaceutical formulations were neglected
within this work. For extraction of the active agents from
the film tablets they were finely ground and an appropri-
ate amount was weighed and mixed with acetonitrile–water
(50:50, v/v) to give a stock solution of 100 mg l−1 of each
fluoroquinolone. The suspension was treated in an ultrasonic
bath for 10 min and filtered through a syringe filter of 0.45�m
p e of
t rom
a was
d de-
t with
s ared
.2. Chemicals

Reagent grade phosphoric acid, acetic acid, potas
ydroxide, and EDTA disodium salt were purchased f
erck (Darmstadt, Germany). Acetonitrile and metha
ore size. In order to check the quantitative performanc
he extraction process, the recovery of ciprofloxacin f

500 mg film tablet (Hexal Pharma, Vienna, Austria)
etermined. For this purpose, HPLC with fluorescence

ection was used. A calibration curve was established
tandard solutions in acetonitrile–water (10:90, v/v) prep
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from pure ciprofloxacin. The extract from the tablet was di-
luted with water to an acetonitrile concentration of 10% (v/v)
and injected into the HPLC system. The content of the tablet
was found to be 100.3% of the declared value. Spiking the
ground tablet with ciprofloxacin followed by the extraction
process proved a quantitative recovery.

All stock solutions were stored at 4◦C. Standard solu-
tions were prepared from the stock solutions by dilution with
acetonitrile–water (50:50, v/v).

2.3. Preparation of carrier electrolytes

A series of carrier electrolytes was prepared from 250 mM
phosphate solutions of different pH values (7.00, 7.35, 7.55)
by dilution with water and adding different amounts of or-
ganic solvents.

Each carrier electrolyte had a concentration of 50 mM
phosphate and contained methanol or acetonitrile in a range
between 0 and 50% (v/v).

2.4. Sample pretreatment

In the case of blood samples, 1 ml of EDTA-treated human
blood was thoroughly mixed with 2 ml of protein precipita-
tion solution consisting of 0.1 M ZnSO4 in methanol–water
( iq-
u mg
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the analytes, whereas the different extent of protonation
of a nitrogen group within the different (fluoro)quinolones
allows an electrophoretic separation. The pKB values of the
investigated (fluoro)quinolones range from 3.2 to 10.6; six
out of nine (fluoro)quinolones give pKB values between 5.1
and 7.2. Barbosa et al.[29] published pKB values in different
water-acetonitrile mixtures (e.g. 40% acetonitrile (v/v):
norfloxacin 5.27, ciprofloxacin 5.54, ofloxacin 5.69 and
fleroxacin 6.00). Therefore, neutral buffer solutions as carrier
electrolytes seem to be adequate to cause different net charge
of the analytes and to allow electrophoretic separation.

Fully aqueous carrier electrolytes did not result in a
complete separation of all analytes, so that the addition of
methanol or acetonitrile was investigated. Carrier electrolytes
containing methanol led to poor separation selectivity as well
as to very low sensitivity. It is to assume that methanol causes
fluorescence quenching. Generally, a decrease of sensitivity
with increasing content of the organic modifier, even with
acetonitrile, was observed. The data for carrier electrolytes
of different content of organic modifiers at pH 7.00 are dis-
played inTable 1to demonstrate the behaviour of the critical
pair ciprofloxacin and norfloxacin with respect to migration
time, resolution and sensitivity.

Systematic variation of the carrier electrolyte composition
resulted in best separations with 40% (v/v) acetonitrile. pH
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30:70, v/v). After centrifugation (4000 rpm, 10 min) the l
id layer was diluted with 50 ml of water containing 100
DTA disodium salt adjusted to pH 4.00 with acetic acid
Sample clean-up was done by SPE. The SPE cartr

ere conditioned with ethyl acetate, methanol and aqu
.2% EDTA (pH 4.00). After the application of the dep

einized blood sample a washing step with water conta
.2% EDTA (pH 4.00) was included. Elution was carried
ith 2 ml methanol–water (75:25, v/v) and 2 ml metha
he eluate was brought to dryness by a stream of nitr
nd reconstituted with 0.5 ml acetonitrile–water (50:50, v
ample solutions were stored at 4◦C.
In case of surface water, 500 ml sample were filtr

hrough a 0.1�m filter. Afterwards, 1 g EDTA disodium sa
as added and the pH was adjusted to pH 4.00 with a
cid. The subsequent SPE procedure was the same
cribed above for blood samples.

. Results

The problem of electrophoretic separation methods
orted so far in the literature for more than just three

our (fluoro)quinolones is proper resolution. Separatio
he structurally very similar analytes like norfloxacin a
iprofloxacin, which differ only by an ethyl respectively
yclopropyl side group, is challenging.

In the present work, a series of phosphate carrier
rolytes was investigated within a relatively narrow
egment (7.00, 7.35, 7.55). Neutral carrier electrolytes
o complete dissociation of the carboxylic acid group
-

as slightly varied for that composition (pH 7.00, 7.35
.55). The following carrier electrolyte was found to se
est our requirements: 50 mM phosphate buffer pH 7.5
cetonitrile–water (40:60, v/v). At pH 7.55 the migrat

imes are considerably longer than at pH 7.00. Neverthe
his pH was chosen with respect to sufficient resolution
eal samples and sufficient time between the EOF signa
he analyte signals.Fig. 2 shows the optimized CE sepa
ion of a standard solution of all nine (fluoro)quinolone

concentration of 400�g l−1 each. The order of migratio
grees with the pKB values calculated by Barbosa et al.[29]

or ofloxacin, norfloxacin, ciprofloxacin and fleroxacin.

able 1
esolution, migration time and relative signal height (relative to an aqu
arrier electrolyte) of norfloxacin and ciprofloxacin

rganic
odifier

Migration times (min) Relative
signal
heights

Resolution

Norfloxacin Ciprofloxacin

one 9.5 9.5 100.0 No resolution
0% ACN 10.92 11.45 67.3 1.03
0% ACN 12.42 13.12 57.0 1.06
0% ACN 14 14.61 53.0 1.47
0% ACN 15.31 15.99 45.5 1.68
0% ACN 16.51 17.52 45.2 1.18
0% MeOH 12.4 12.4 65.0 No resolution
0% MeOH 17.86 19.19 40.3 0.55
0% MeOH 25.6 28.12 32.7 0.50
0% MeOH 36.76 39.33 18.7 1.07
0% MeOH 51.03 56.23 7.7 1.19

used silica capillary, 65 cm (effective length 50 cm)× 75�m I.D. Car-
ier electrolyte: 50 mM H3PO4, pH 7.00, with different content of organ
odifier. Separation voltage: 20 kV.
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Fig. 2. Electropherogram of a standard solution of nine (fluoro)quinolones
(400�g l−1 each). Peaks: 1 = moxifloxacin, 2 = lomefloxacin, 3 = nor-
floxacin, 4 = ciprofloxacin, 5 = ofloxacin, 6 = enrofloxacin, 7 = oxolinic
acid, 8 = flumequine, 9 = fleroxacin. Fused silica capillary, 70 cm (effec-
tive length 55 cm)× 75�m I.D. Carrier electrolyte: 50 mM H3PO4, pH
7.55, 40% acetonitrile. Separation voltage: 20 kV. Fluorescence detection
ex 240–400 nm filter, em 435 nm cut-off filter.

SPE was employed for clean-up and preconcentration of
real samples. To find out the most appropriate SPE ma-
terial, six different phases were examined. Generally, an
SPE material was required that would give good recoveries
even for relatively polar substances. Three different polymer-
based reversed-phase materials (Oasis HLB, Isolute ENV+,
LiChrolut EN) and three different silica-based reversed-

Table 2
Recoveries (%) for solid-phase extraction of (fluoro)quinolones in a standar n
blood (1 ml spiked with 200�g l−1 each, diluted to 50 ml) using different SPE m

Compound Chromabond Tetracycline Oasis HLB

Blood Surface water Standard Blood tandard

Moxifloxacin 97.7 95.3 92.4 90.4
Lomefloxacin 101.2 96.4 107.0 85.5
Norfloxacin 80.5 83.2 71.8 55.7
Ciprofloxacin 84.0 82.7 74.2 63.4
Ofloxacin 97.8 98.9 97.1 70.4
Enrofloxacin 115.3 91.9 100.7 78.3
Oxolinic acid 112.4 106.7 115.4 108.6
Flumequine 108.2 101.7 127.5 93.8
Fleroxacin 99.6 101.9 101.4 77.1

Bakerbond Phenyl Isolute ENV

Blood Surface water Standard Blood tandard

Moxifloxacin <5 nd <5 <5 n
L n
N n
C n
O n
E n
O n
F
F n

phase materials (Chromabond C8, Chromabond Tetracycline,
Bakerbond Phenyl) were included in the investigations.

In a series of experiments it turned out that proper adjust-
ment of the pH of the sample was essential. Recoveries could
be improved tremendously when adding EDTA and adjust-
ing the pH to 4 instead of no buffering. Besides adjusting the
pH of the sample to 4, also the water used for washing the
SPE material after sample application had to be buffered to
a pH of 4 to avoid loss of analytes. Elution was first tried
with methanol resulting in very low recoveries for the polar
(fluoro)quinolones. The use of methanol–water (75:25, v/v)
improved the recoveries of these (fluoro)quinolones. Never-
theless, the less polar substances like flumequine and oxolinic
acid were not eluted under such conditions. Therefore, the fi-
nally used elution process consisted of two steps, first using
methanol–water (75:25, v/v) and then using pure methanol.

Detailed experiments with sample solutions at pH 4 indi-
cated that the different SPE materials provide significantly
different suitability for (fluoro)quinolones in general and
varying selectivity for each single analyte. Chromabond
Tetracycline (a C18 modified silica which is recommended
for preconcentration of residues of tetracycline antibiotics)
turned out to be the most adequate SPE material, closely
followed by Oasis HLB. All other tested SPE materials
resulted in good recoveries only for oxolinic acid and
fl ith
C face
w terials
( r-
b lood
omefloxacin <5 nd <5 <5
orfloxacin <5 nd <5 <5
iprofloxacin <5 nd <5 <5
floxacin <5 nd <5 <5
nrofloxacin <5 nd <5 <5
xolinic acid 78 nd 84 88
lumequine 80 nd 81 86
leroxacin <5 nd <5 <5
d solution (50 ml, 4�g l−1 each), in pond water (500 ml, 400 ng l−1 each), and i
aterials

Chromabond C8

Surface water Standard Blood Surface water S

102.8 88.4 <5 nd <5
104.9 90.6 <5 nd <5
97.1 60.7 <5 nd <5
92.9 63.1 <5 nd <5

107.0 75.5 <5 nd <5
95.4 91.8 <5 nd <5

104.2 106.9 115 nd 116
101.6 108.0 112 nd 117
108.9 100.5 <5 nd <5

+ LiChrolut EN

Surface water Standard Blood Surface water S

d <5 <5 nd <5
d <5 <5 nd <5
d <5 <5 nd <5
d <5 <5 nd <5
d <5 <5 nd <5
d <5 <5 nd <5
d 96 98 nd 101

nd 92 92 nd 99
d <5 <5 nd <5

umequine.Table 2 shows the recoveries obtained w
hromabond Tetracycline and Oasis HLB for blood, sur
ater, and an aqueous standard. With the other SPE ma

Chromabond C8, Isolute ENV+, LiChrolut EN and Bake
ond Phenyl) only aqueouss standard solutions and b
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Fig. 3. Electropherogram of a spiked surface water sample (concentration
of each (fluoro)quinolone 400 ng l−1) after purification and preconcentra-
tion with SPE (Chromabond Tetracycline). Electrophoretic conditions and
migration order as inFig. 2.

samples were tested. Due to the poor recoveries achieved,
preconcentration of surface water was not investigated with
these materials. The blood samples used for investigation of
the recoveries were spiked at a level of 200�g l−1 of each of
the (fluoro)quinolones, whereas the surface water samples
were spiked at a level of 400 ng l−1 of each analyte. The
recoveries given inTable 2were calculated with the help of
an external calibration curve established with standards in
the appropriate concentration range. The use of an internal
standard might be appropriate, but such an approach has not
yet been investigated in the present study.

Turiel et al.[10] proposed to wash the SPE cartridges after
sample application with an acetate buffer (pH 4) containing
15% of acetonitrile. According to the authors this procedure
minimizes the interferences from matrix components. Un-
fortunately, in the present work the use of organic solvents
in the washing liquid resulted in significantly decreased
recoveries so that totally aqueous washing solutions were
preferred.

Electropherograms of a spiked blood sample and a spiked
surface water sample after SPE treatment with Chromabond

Table 3
LODs and LOQs for fluorescence detection of (fluoro)quinolones in different matrices

Compound Standard solution Surface water, pre-concentration factor 1000 Blood, pre-concentration factor 2

M
L
N
C
O
E
O
F
F

Fig. 4. Electropherogram of a spiked blood sample (concentration of each
(fluoro)quinolone 200�g l−1) after purification and preconcentration with
SPE (Chromabond Tetracycline). Electrophoretic conditions and migration
order as inFig. 2.

Tetracycline are shown inFigs. 3 and 4. Regarding peaks
from matrix components, SPE with Oasis HLB yielded vir-
tually the same electropherograms as Chromabond Tetra-
cycline. These electropherograms indicate that despite the
broad wavelength range from 240 to 400 nm used for excita-
tion the detection selectivity is quite good. Some experiments
using just a narrow excitation wavelength band at 278 nm
corresponding to the maximum of the excitation spectrum of
most fluoroquinolones yielded sensitivities far too poor for
trace analysis.

Linearity was verified with standard solutions in the range
from 100 to 5000�g l−1 for each component, linearity in the
matrix was demonstrated by spiking samples in a range that
yielded concentrations between 100 and 5000�g l−1 after
preconcentration. The correlation coefficient was better than
0.999 in all cases. Method repeatability was investigated with
standard solutions at a level of 400�g l−1 as well as with
spiked blood and pond water samples at a level of 200�g l−1

and 400 ng l−1, respectively. In each case, six measurements
were carried out giving R.S.D.s below 3%. LODs and LOQs
are given inTable 3.
LOD (�g l−1)
S/N = 3

LOQ (�g l−1)
S/N = 10

LOD (ng l−1)
S/N = 3

oxifloxacin 0.7 2 1
omefloxacin 3.5 10 5
orfloxacin 6.0 15 10
iprofloxacin 7.5 20 10
floxacin 3.5 10 5
nrofloxacin 6.0 15 10
xolinic acid 11.0 30 15
lumequine 30.0 100 50
leroxacin 2.5 7.5 5
LOQ (ng l−1)
S/N = 10

LOD (�g l−1)
S/N = 3

LOQ (�g l−1)
S/N = 10

3 0.5 1.5
15 2 6
30 3 10
30 4 12
15 2 6
30 3 10
45 7 20

150 15 45
15 1.5 5
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4. Conclusions

The investigations presented in this paper demonstrate that
fluorescence detection with broad wavelength band excitation
is an attractive technique in capillary electrophoresis and may
be a powerful alternative to laser-induced fluorescence detec-
tion. This instrumentation allowed the development of a sim-
ple, yet sensitive and selective method for the determination
of nine (fluoro)quinolones in different matrices. The limits of
quantification were in the low�g l−1 range but can be easily
improved to the ng l−1 range if solid-phase extraction is used
for preconcentration. The SPE procedure also leads to suffi-
cient sample clean-up, so that no seriously interfering peaks
were encountered in the electropherograms of blood and sur-
face water samples. It should be kept in mind that this work
should just give a general demonstration of the feasibility of
capillary electrophoresis and fluorescence detection for trace
analysis of various (fluoro)quinolones. There may be a much
wider range of applications in the area of food and other kinds
of samples. Such investigations and proper validation of the
methods will be the subject of future work.
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