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Abstract

An automated screening approach for fluoroquinolone (FQ) antibiotics (norfloxacin and ciprofloxacin) in soil samples has been developed.
The proposed approach consists on dynamic microwave-assisted extraction and subsequent real-time on-line monitoring of the analytes
extracted; thus, the extraction is halted when complete leaching of the analytes has been reached (independently of the sample matrix),
avoiding extraction times in excess. The end of the extraction allowed quantifying the total content of the analytes. The extraction was
carried out using pure water as extractant and consisted of a number of extraction cycles (depending on the sample matrix) in which the
sample was subjected to microwave irradiation while the direction of the extractant was changed in an iterative manner. The target analytes
were fluorometrically monitored after derivatization with a terbium 3¢Jiri-n-octylphosphine oxide (TOPO)/cetylpyridinium chloride
(CPCl)/acetate buffer solution. Optimum conditions for analytes extraction and formation of FQFTPO ternary complexes have been
obtained using the experimental design methodology. The mean recoveries from soil samples spiked with p.@gigdo® &ach analyte
were (95.2-4.16%) and (98- 5.21%), respectively. The within-laboratory reproducibility and repeatability, expressed as relative standard
deviation, were 7.29 and 5.80%, respectively. The approach only allows monitoring of the overall content of the species that yield fluorescent
complexes with the derivatizing reagent, so the use of chromatography is mandatory for individual separation/quantification of the target
compounds.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of fluoroquinolones introduced into the environment is prob-
ably low. However, their continuous input into the environ-
In recent years, public and scientific concern about the ment, together with their relative persisterjéd,12] may
relevance of pharmaceutical substances that occur in the enfead to a significant concentration.
vironment has increasdd,2] due to their potential risk for Several authors have tried to predict the potential envi-
aqguatic and soil organisni3—8]. ronmental fate and risk of some FQk3-21] The major
Fluoroquinolone (FQ) antibacterial agents are probably source of environmental contamination is human and animal
among the most important class of synthetic antibiotics in excretion. As FQs are usually administrated orally and they
human and veterinary medicines because of their broad ac-are very poorly absorbed through the digestive tract, about
tivity spectrum and good oral absorptifh10]. The amount 60-85% of FQs are excreted and largely non-metabolised
[22]. The sewage sludge and manure containing FQs are
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affect terrestrial organisms. The effect of such contamination weakly acidic (pH 5.5) micellar solution of cetylpyridinium
on terrestrial biota has been investigated under laboratorychloride (CPCI).

conditions and on soils where different plant species were

grown [3,4]. These studies demonstrated that the drugs al-

tered the normal postgerminative development of the plants2. Experimental

and the growth of roots, hypocotyls and leaves. Moreover,

FQs can pass into surface and ground water after rain, de-2.1. Instrument and apparatus

pending on their mobility in the soil system, and affectaquatic

organisms. Among the possible effects, a drug-resistant bac- Microwave extraction was performed with a Soxwave-100
terium is increasingly observd6,8]. For this reason, itis  focused microwave digestor (Prolabo, Fontenay-sous-Bois,
necessary to monitor their presence in the environment. France) with a maximum irradiation power of 300 W. A TX

A number of methods have so far been proposed for the 32 device (Prolabo) was used for the control of the microwave
analysis of FQs in biological matrixd@5—27] while the unit. A Gilson Minipuls-3 low-pressure peristaltic pump
methods to analyze these compounds in environmental sam{Gilson, Worthington, OH, USA) programmed for changing
ples have been scarce, and mainly devoted to aqueous sampldke rotation direction at preset intervals, two Rheodyne low-
[28,29] The monitoring of these drugs in solid environmental pressure selection valves (SV) (Rheodyne, Cotati, CA, USA),
samplesis based on time-consuming methodologies, as solids laboratory-made Teflon chamber (7 7.5 mm i.d.) and
require more complex pre-treatments than liquids. Extraction Teflon tubing of 0.8 mm i.d. were used to build the leaching
of these analytes from the solid matrix has been performed system.
by sonication or by simple blending or stirring of the sam- The dynamic on-line derivatization/detection system was
ple with either pure or mixture of polar organic solvents and performed by a flow injection manifold constructed with
even with aqueous solutiofj$2,30,31] The use for these  a Gilson minipuls-3 low-pressure peristaltic pump (Gilson,
compounds of more advanced extraction techniques, such asVorthington, OH, USA), a Rheodyne 5041 low-pressure in-
pressurized liquid extraction (PLE), has only been reported jection valve (V) (Rheodyne, Cotati, CA, USA) and PTFE
once, using an organic solvent as extracfa@a]. Most de- tubing of 0.5 mmi.d. (Scharlau, Barcelona, Spain), connected
termination steps of these compounds in solid environmentalto a Kontron, model SFM 25 fluorimeter (Kontron, Zurich,
samples are based on the use of high performance liquid chro-Switzerland) equipped with an 18 flow cell from Hellma
matography (HPLC) with fluorimetri@0,32]or photometric (Jamaica, NY).
detection[31]. UV detection is more frequently used in phar- The coupling of the dynamic extraction system with the
maceutical analysis than fluorimetric detection despite the FI manifold and the fluorescence detector was as shown in
highest sensitivity and better selectivity of the latter, maybe Fig. 1
owing to the need for a derivatizing reagent. The individual separation of the analytes in the ex-

FQs present weak native fluorescence; so, their ability to tract was performed by an HP1100 liquid chromatograph
form highly fluorescent complexes with lanthanide ions has (Hewlett Packard, Avondale, PA, USA) consisting of a
been exploited. Terbium ions (¥ show unique fluores-  G1311A high-pressure quaternary pump, a G1322A vacuum
cence properties when forming complexes with organic lig- degasser, a Rheodyne 7725 high pressure manual injection
ands. The strong ion emission of these complexes originatesvalve (20wl injection loop) and a chromatographic diode
from an intrachelate energy transfer from the triplet state of array detector (DAD) (Hewlett Packard). An Ultrabasg C
the ligand to the excited energy levels of the lanthanide ion. (250 mmx 4.6 mm; 5um particle size from Scharlau) was
The formation of terbium chelates with FQs has been the used as analytical column.
basis for the development of spectrofluoromeféig] and
HPLC—fluorimetrig34,35]methods for the analysis of these 2.2. Reagents
compounds in biological samples.

Here, we report an extraction-monitoring approachfortwo  Fluoroquinolone antibiotics, norfloxacin and cipro-
FQs (namely, norfloxacin (NOR) and ciprofloxacin (CIP)) in floxacin, were obtained from Sigma-Aldrich (Steinheim,
soil samples. The use of a dynamic microwave-assisted ex-Germany). Stock standard solutions of each compound
traction system (using pure water as leaching agent) coupled(300.g/l each) were prepared in ultrapure water and stored
with a flow injection (FI) manifold that acts as interface be- in the dark under refrigeration. Working standard solutions
tween the extractor and the detector provides a fully auto- of quinolones were prepared daily by appropriate dilution
mated screening approach. The removal of the analytes bywith ultrapure water. Ultrapure water was used as extractant.
microwave-assisted extraction allows the acceleration of the Acetate stock buffer solution (pH 5.5; 1 M), aqueous stock
sample preparation step. Moreover, the dynamic extractionsolutions of TB* (20 mM) and CPCI (20 mM) and ethanolic
system facilitates coupling the extraction with the other steps solution of TOPO (10 mM) were also prepared. The derivatiz-
of the analytical process. The analytes were monitored af- ing reagent solution of ™ (4 mM)-TOPO (2.6 mM)—CPClI
ter derivatization based on the energy transfer from FQs to (6 mM)—acetate buffer (pH 5.5; 0.15 M) was prepared by mix-
Th3* inthe presence of tni-octylphosphine oxide (TOPO)in  ing the appropriate volumes of the stock solutions. HPLC
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Fig. 1. Experimental set-up. L-C, leacher-carrier; SV, selection valve; PPP, programmable peristaltic pump; W, waste; ME, microwave extexttactiof
chamber; R, refrigerant; MEC, microwave extractor controller; DR-C, derivatization reagent-carrier; PP, peristaltic pump; 1V, injecti®@Cyabes;tion coil;

FD, fluorimetric detector.

grade methanol and acetonitrile were used as mobile phaserolume of 2.5 ml) with water by a programmable peristaltic

in the chromatographic analysis. pump (PPP) by selecting the leacher-carrier (LC) position of
valve SV1 with valve SV2 in the closed-circuit position; (2)
2.3. Sample preparation microwave irradiation of the sample at 120 W for 5 min. Dur-

ing microwave irradiation, the direction of the extractant (at
The optimization of the extraction step was carried out 1 2 m|/min) was changed each 1205 in an iterative manner
using a soil spiked with the target analytes to obtain a total (with the help of PPP), thus minimizing increased compact-
concentration of 19.9/g (Sp.g/g of each analyte, related 0 ness of the sample in the extraction chamber, and avoiding
dry soil mass). A soil spiked with 1g/g (0.5u9/g of each  gyerpressure inthe systemas aresult; (3) unloading the closed
analyte, related to dry soil mass) was used for the applica’tionsystem by switching the selection valve SV2 and driving the

of the method to a sample with environmentally representa- extract to the on-line derivatization/detection system.
tive concentration. Spiked samples were prepared as follows:

(i) two portions of 300 or 100 g of air-dried soil were sieved
to a size smaller than 1 mm:; (ii) 150 or 75 ml of ethyl ether,
containing the necessary volume of stock standard solution of
the fluoroquinolones, were added to the soil portions in order
to obtain a total concentration of 10 angld/g, respectively;

(iii) the slurries were shaken for 72 h and, after evaporation
of the solvent, the soils were completely dried under an N
stream and then stored-a20°C for three months until use,

in order to allow sorption equilibrium to be established.

Two natural contaminated soils were collected from two
different places near to a farm irb@loba, Spain. These soils
were subjected to the application of the manure of this farm.
The soil samples were dried under ap $tfream, sieved to a
size smaller than 1 mm and stored at room temperature until
use.

2.4.2. On-line derivatization/fluorimetric monitoring of
the extract

When an extraction cycle had finished, the extract was
driven to the 45Qxl loop of the injection valve IV. At the
same time, the peristaltic pump PP was activated and the
derivatization reagent-carrier was circulated through the FI
manifold at 0.5 ml/min for establishing the baseline of the de-
tector. Once the sample loop was filled, the injection valve IV
was switched and the content of the loop was injected into
the FI manifold where the derivatizing reagent-carrier dis-
persed the extract and the derivatization product was formed
in the reaction coil (2 m length) before reaching the detec-
tor. The detector wavelengths were set at 333 and 546 nm for
excitation and emission, respectively.

For introduction of the standards in the system, the pro-
cedure is the same as in the previous case, with the only
difference that the loop of valve IV was manually filled with
2.4.1. Extraction step the help of a syringe.

An amount of either 0.2 g of spiked soil or 0.1 g of nat-
ural soil was located into the sample chamber, which was 2.4.3. Chromatographic determination
placed in the microwave vessel (which contaiesD ml of The HPLC separation of the analytes was performed at
water). Then, an extraction program was applied, which con- a flow rate of 1 ml/min using the following gradient elution
sisted of a number of cycles (which depended on the extrac-program: the initial mobile phase was 100% acetonitrile and
tion kinetics of the target sample). Each cycle involved the a linear gradient was established in order to reach a 50:50
following steps: (1) filling the closed system (with a total acetonitrile:methanol compaosition in 15 min. Finally, 5min

2.4. Procedure
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Table 1 the energy transfer from the fluoroquinolone ligand to the
Optimization of the method emitting energy level of T#. The fluorescence signal of the
Step Variables Tested Optimum ternary complex of fluoroquinolones is higher than the native
range value fluorescence signal. Moreover, the derivatization reaction is
Derivatization ~ TB* concentration (mM) 13-4 4 selective, so interferences from extracted species prone to
CPCl concentration (mM) 3-6 6 form fluorescent compounds is improbable.
gg:e?gg:;::::r;a:ig’: ((S)M) g '0256-_02.'165 :225 The variables optimized were the concentrations 6f Th
Sample volumey) 50-450 450 CPCI, TOPO and buffer, the flow rate of the derivatizing
Flow rate (ml/min) 0.5-5 ® reagent and the sample volume.
Extraction irradiation power (W) 120-300 120 A half-fractioned #-1 factorial design involving 32 ran-
Irradiation time (min) 1-5 5 domized runs plus three centered poii§] was built for a
Extractant volume (ml) 15-25 2 screening study of these variables.
Extractant flow rate (mi/min) ~ 0.2-1.2 .2 The conclusions were that the concentrations of*Tb
Number of cycles 1-5 - CPCI, TOPO and buffer were not influential variables in the
* Depending on the sample matrix (see text). ranges under study; however, better signals were obtained

o o -~ with the highest values tested. Thus, a derivatizing solution of
was necessary for re-establishing the initial conditions. The 1,3+ (4mM)—CPCI (6 mM)-TOPO (2.6 mM)—acetate buffer

injection volume was 2QI_. _Ph(_)tometric detection was Per- (pH 5.5; 0.15 M) was used for subsequent experiments. The
formed at 277 nm. Quantification of the analytes was carried giher variables — namely, sample volume and derivatizing

out by running two calibration curves (one for each analyte) fy rate — were influential variables. Better signals were ob-
using standard solutions between 0.01 apd/nl. tained with the highest sample volume and the lower flow
rate tested; therefore, higher sample volumes and lower flow
rates were tested using a full factorial design involving eight
randomized runs plus three centered poj8€.

The method here proposed involves removal of the target 1€ resullts of this study showed that both variables were
analytes from the solid sample and subsequent on-line deriva"On-significant statistically, but the highest values tested
tization and fluorescence monitoring of the extracts. Quantifi- (450wl of sample volume and 1 mi/min of derivatizing solu-
cation of each analyte requires individual chromatographic t|_0n flow rate) were selected as these values provided higher
separation/detection. The experimental design methodologySignal-
was used to carry out the optimization study of the method. o ]

The ranges over which the variables were studied and the3-3- Optimization of the extraction step
optimum values found are listed Trable 1

3. Results and discussion

In all experiments, an amount of 0.2 g of spiked sample
3.1. Optimization of the chromatographic step was used, limited by the dimensions of the extraction cham-
ber (7cmx 7.5 mm i.d.). With these dimensions, the whole
The experimental variables optimized in order to obtain €xtraction chamber was in the irradiation zone of the focused
an appropriate separation of the analytes were the com-microwave device. Water was selected as extractant.
position of the mobile phase, the flow rate and the in- The variables susceptible of being optimized in the leach-
jection volume. Different acetononitrile:water and acetoni- ing step were the irradiation power, the irradiation time and
trile:methanol mixtures and different gradients were used for the extractant flow rate. The volume of extractant (1.5ml),
separation of the target analytes by the Ultrabage6lumn. corresponding to the capacity of the closed circuit, was kept
The influence of the mobile phase flow rate was studied in the constant. This volume was considered enough, due to the
range 0.5—-1.5 ml/min, and the best separation was obtainedsmall amount of sample.
for 1 ml/min. An injection volume of 2Qul was selected in The optimization procedure was developed as follows:
order to obtain quantifiable photometric signals. Complete A first full factorial design[36] was built for a screening
separation of the analytes was achieved within 15 min using Study of the behaviour of the main variables affecting the

the gradient elution program given in Secti&n extraction step.
The study showed that all the variables were not signif-
3.2. Optimization of the on-line derivatization/detection icant statistically, but with a positive effect on the extraction

efficiency; therefore, the highest values tested (300 W of

In preliminary experiments, it was checked that weakly power, 1.2 ml/min extractant flow rate and 5 min extraction

acidic (pH 5.5) aqueous solutions of NOR and CIP show an time) were selected. However, with these working conditions

intrinsic fluorescenceigx =280 nm, Aem=440nm), which the extraction efficiency was lower than 50%, which shows

effectively decreases in the presence of ‘Tand TOPO. At that the partition equilibrium of the analytes between the

the same time, a new emission band characteristic for terbiumextract and the sample matrix is not favourable to extraction.
ion fluorescence in the range 450-610 nm appears due toThis was due to the zwitterionic character of FQX4{p
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COOH=5.9-6.3, i3 NH2=7.9-10.2). Due to the presence 8
of protonable functional groups in the chemical structure of 1
the FQs, the pH remarkably influences solubility. At extreme
pHs the anionic sites of FQs are protonated or deprotonated
which supposed high water solubility and better extraction
efficiencies. At neutral pHs, like the pH of pure water, the
solubility of FQs reaches a minimum.

Thus, phosphoric and ammonia aqueous solutions should =
be tested as extractant. However, these extractants were not
compatible with the derivatization/detection step. The deriva-
tizing reaction takes places at a pH of 5.5 and the buffer capac-
ity did not allow reaching this value when these extractants
were used. Fig. 2. Kinetics study. Spiked soils 1 38/g of each analyte; spiked soil

In order to improve the extraction efficiency using pure 2=0.5ug/g of each analyte; n.d., not detectable.
water as extractant, two new variables were considered in
the optimization study (namely, extractant volume and the 3 4 Features of the method for monitoring the extracts
number of extraction cycles). Thus, the next stage of the op-
timization procedure was to propose a new screening study  The analytes were jointly quantified due to the fact that
of the behaviour of all the variables affecting the extraction {he maxima excitation and emission for both analytes appear
step (namely, the irradiation power, irradiation time, extrac- gt the same wavelengthss = 333 nM:kem= 546 nm). Also,
tant flow rate, volume of extractant and number of cycles). A simjjar fluorescence intensity was obtained from individual
half-fractioned 2 factorial design involving 16 randomized g tions of the analytes with equal concentrations.
runs plus three centered poiff86] was performed. A calibration graph was run with equal-concentration mix-

The conclusions of the study were that the irradiation yyres of the two analytes. Solutions of the mixture in water
power had non-significant and negative effect on the extrac-\ere prepared in the range 0.2+6/ml; that is, ranging be-
tion efficiency, so the lowest value tested (120 W) was Se- tween 0.1 and fg/ml for each individual analyte. The cali-

lected for subsequent experiments. The irradiation time, the pration graph, which showed a linear shape within the range
extractant flow rate and the extractant volume were also notgy,died. was used for calculation of the extraction recovery

significant variables; however, better extraction efficiencies i, each cycle.
were obtained with the highest values tested. Thus, Smin  The relative detection limit, defined as the concentration
extraction time, 1.2 ml/min extractant f|0w rate and 2.5 ml of corresponding to a signal equal to three times the standard de-
extractant were selected for further experiments. The numbery;ation of the blank, was 0.02g/ml. Taking into account the

of cycles was the key variable. ~amount of sample (0.2 g) and the volume of extract (1.5 ml),

~ Todetermine the number of cycles necessary for quantita- s corresponds to a detection limit in the soil of Oukg.
tive recovery of the target compounds from soil spiked with e quantification limit, expressed as the mass of analyte,

5pg/g of each analyte, a study of the extraction kinetics was \ynich gives a signal that is 0above the mean blank signal,
performed. Five extractions from 1 to 5 cycles were carried 55 0.05..g/ml.

out. The other extraction variables were fixed at their opti-
mum values. Recovery of the analytes higher than 90% was
obtained with three cycles.

In order to check the influence of the sample matrix on

B Spiked soil 1

Spiked soil 2

O Natural contaminated soil
1

B Natural contaminated soil
2

'Qs concentration(pg/g)

n.d

T

1 2 3 4 5

Number of extraction cycles

Table 2
Results from the fluorimetric monitoring of the samples

the number of cycles needed for quantitative recovery, dif- m (ijf covery (F;j'D?
ferent samples (namely, a soil spiked with dJg of each pg/imP  pgidf

analyte and two natural contaminated soils) were also sub-(a) Spiked soils

jected to kinetics studies. Only one cycle was necessary for Spiked soil at 1ug/g  0.16 9.5 95 4.2
total removal of the analytes in the soil spiked with Rdig Spikedsoil at pg/lg  0.04 0.98 98 52
of each analyte; meanwhile three cycles were necessary for Concentration found R.S.D(%)

the natural contaminated soils, where the analytes were more -
strongly retained. The results from the two spiked soils show pg/mP  po/d
that when the concentration in the soil is high, the number of (b) Natural contaminated soils
cycles required to complete the extraction is higher than for ~Natural contaminated soil 1 0.12 14.3 5.7
. . . . Natural contaminated soil2  0.08 9.3 5
soils with low concentration levels of FQBig. 2). -
As each extraction cycle requires 5min and the time for n=3. o .
the screenina of the extract is around 3 min. a maximum time Concentration in the extract, the volume of which depends on the num-
= 9 » S ber of cycles: 2.5 ml (one cycle) for the spiked soil 2 and 7.5 ml (three cycles)
of 24 min is necessary for complete extraction monitoring, for the other samples.
with a total extraction volume of 7.5 ml. ¢ Total concentration in the soil.
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Table 3
Chromatographic results from the extracts obtained by the proposed approach
Spiked soil at 1ug/g Spiked soil at 1.g/g Natural contaminated soil 1 Natural contaminated soil 2
NOR CIP NOR CIP NOR CIP NOR CIP
Concentration(g/g)° 4.98 493 049 049 9.8 5.8 6.2 3
Recovery (%) 9% 986 99 99 - - - -
R.S.D& (%) 4 48 37 4 4.8 4 5 5.5

an=3.
b The same as iffable 2

Analytical recovery was studied by analyzing soil samples 3.6. Individual quantification of the analytes in different
spiked with fluoroguinolones at two different concentrations soil samples
and the results are shownTable 2.

The precision of the proposed screening approach was HPLC separation and photometric quantification of ex-
evaluated with two measurements of each analyte per daytracts from spiked and natural soils, obtained under the op-
during 7 dayq37]. In all experiments, 0.1g of soil spiked timal extraction conditions, was performed for each target
with 5ug/g of each analyte was used under the optimum analyte with the aim of checking both the suitability of the
working conditions. The repeatability and within-laboratory on-line procedure and the reproducibility of the proposed
reproducibility, expressed as relative standard deviation, weremethod. The results of this study, shownTable 3 allow
7.29 and 5.80%, respectively. concluding that the method provides satisfactory results in

terms of both recovery and reproducibility. The similitude
3.5. Determination of FQs in natural contaminated soils between the results obtained using the chromatographic anal-
ysis and those provided by the proposed approach, shows the

Several environmental samples were analysed in order tosuitability of the latter as semi-quantitative method.
assess the applicability and performance of the method devel- It is worth to emphasizing that no clean-up was neces-
oped. The FQs were monitored in two natural contaminated sary prior to the chromatographic step, as can be seen in the
soils taken from two different zones near a farm ior@ba, chromatogram irfrig. 3.

Spain. The results obtained are showitable 2. The pres-

ence of NOR and CIP in these soils demonstrated that FQs

reach the terrestrial environment via animal excretion. More- 4. Conclusions

over, the relative high levels in soils indicate the high affinity

of FQs toward soils and their persistence in the terrestrial ~ The construction of the proposed approach has been sup-

environment. ported on the coupling of the following devices: (a) a focused
microwave-assisted extractor with a dynamic extraction sys-
mAU tem that allows assembling the extractor with other dynamic

10

NOR i . 2 X :
g devices for on-line derivatization and detection; (b) a simple
cip FI manifold which acts as interface between the extractor and
the fluorimetric detector. The use of auxiliary energy for the
(@) 5 extraction of the analytes together with the formation of high
! B
T

fluorescent complexes between FQs and*Tilow the de-
velopment of a simple, automated, rapid and sensitive method

0 for the determination of FQs from environmental solid sam-
ples.
5- The present screening approach provides qualitative and

b) U‘\Lﬁ_« semi-quantitative information from natural and spiked sam-
ples. It permits to obtain a yes/no answer and the determina-

0 tion of the overall content of the analytes in routine analyses.
Moreover, the extraction kinetics is monitored and thus the
51 end of the leaching step determined independently of the sam-
| W S ple matrix. Thus, the approach is useful for establishing the
© 0 . . . level of contamination of any type of sample without using

5 10 15 min time in excess.

_ , , With the proposed approach, the extraction was performed
Fig. 3. Chromatograms of the target analytes obtained with a standard solu-

tion of the mixture (a), and after extraction from a spiked soil (b) and a natural with pure water 9'“””9 8-24 mm_ as compared Wl_th a preV|-_
contaminated soil (c). NOR, retention time, rt=11.6 min; CIP, t=12min; OUS method, which used an acid aqueous solution—-organic

mAU, milliabsorbance units. solvent mixture and required 60—90 min. Thus, the proposed
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method reduces costs and provides an environmental friendly[16] K. Kimmerer, A. Al-Ahmad, V. Mersch-Sundermann, Chemosphere

method.
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