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a b s t r a c t

A simple, rapid and sensitive synchronous fluorescence method is put forward for the determination
of enrofloxacin (ENRO) in the pharmaceutical formulation and its residue in milk based on the yttrium
(III)-perturbed luminescence. When Y3+ is added into the ENRO solution, the fluorescence of ENRO is
significantly enhanced. The synchronous fluorescence technology is employed in the method to deter-
mine trace amount of ENRO residue in milks. The synchronous fluorescence intensity of the system is
measured in a 1-cm quartz cell with excitation wavelength of 328 nm, �� = 80 nm. A good linear rela-
tionship between the fluorescence intensity and the ENRO concentration is obtained in the range of
1.0 × 10−9 to 2.0 × 10−6 mol L−1 (r2 = 0.9992). The limit of detection (LOD) of this method attains as low

−10 −1

ynchronous fluorescence
esidue
ilk
etermination

as 3.0 × 10 mol L (S/N = 3). The selectivity of this method is also very good. Common metal ions,
rare-earth ions and some pharmaceuticals, which are usually used together with ENRO, do not interfere
with the determination of ENRO under the actual conditions. The proposed method can be applied to
determine ENRO residue in milks, and limit of quantification (LOQ) determined in the spiked milk is
estimated to be 2.8 × 10−8 mol L−1 (10 �g L−1). Moreover, this method can be used as a rapid screening

NRO
oresc
for judging whether the E
the mechanism of the flu

. Introduction

Enrofloxacin [1-cyclopropyl-7-(4-ethyl-1-piperazine)-6-
uoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid] (ENRO,
ig. 1), belongs to the second generation of quinolone antibiotics
uorinated in position 6 and bearing a piperazinyl moiety in
osition 7. Enrofloxacin is the first specified fluoroquinolone
eveloped for veterinary application. Similar to other fluoro-
uinolones, enrofloxacin is used in the treatment of systemic

nfections including urinary tract, respiratory, gastro-intestinal
nd skin infections. Its drug function works by inhibiting both
-subunit of bacterial DNA gyrase (topoisomerase II) and an
ssential enzyme that maintains the superhelical twists in the
acterial DNA, and thus affects the growth and reproduction of

acterial [1]. Because of a very broad spectrum of activity against
oth Gram-negative and Gram-positive bacteria and lower side
ffects, ENRO has been widely used for the treatment of some
nfectious diseases in pets and livestock.

∗ Corresponding authors. Tel.: +86 571 86968415/+86 571 88273496,
ax: +86 571 86968415/+86 571 88273572.

E-mail addresses: cltong@zju.edu.cn (C. Tong), wjm-st1@zju.edu.cn (J. Wu).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2010.07.082
residues in milks exceed Minimal Risk Levels (MRLs) or not. In addition,
ence enhancement is also discussed in detail.

© 2010 Elsevier B.V. All rights reserved.

Due to its widespread use in pets and livestock, route phar-
maceutical analyses and its residual detection require simple,
rapid and sensitive analytical techniques for the determination
of its presence in pharmaceutical formulations and agricultural
products. Several techniques have thus been developed for the
determination of ENRO such as spectrophotometry [2,3], chem-
ical luminescence [4], high performance liquid chromatography
[5,6], TFC–MS/MS [7], capillary electrophoresis [8], electroanaly-
sis [9], quantum dot [10] and immunosensor/biosensor [11,12].
However, the fluorometric method has attracted greater atten-
tion because of the combination of convenience and sensitivity
[13,14]. In these fluorometric methods, metal ions especially rare-
earth ions are usually used as luminescent probes to measure
the pharmaceuticals [15,16]. This is because rare-earth ions (espe-
cially Tb3+, Eu3+) have the following luminescence characteristics:
a narrow spectral width, a long luminescence life-time, a large
Stokes shift and strong combination ability [17,18]. These con-
ventional fluorometric methods are usually highly sensitive and

selective for determining ENRO in pharmaceutical formulations.
However, these traditional fluorometric methods cannot be applied
to determine ENRO in biological fluids or agricultural products even
though the deproteinization pretreatments are employed, because
the proteins in biological fluids or agricultural products cannot be
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This method can be used as a simple qualitative method for rapid
ig. 1. Molecular structures of ofloxacin, norfloxacin, ciprofloxacin, enoxacin and
nrofloxacin.

ompletely removed, and the residual proteins and other organic
ubstances existing in biological fluids or agricultural products will
till cause the interferences due to an overlap of the fluorescence
pectra. Recently, synchronous fluorescence spectrometry (SFS)
nalysis has become an attractive new method for detecting drugs
19] and biomolecules [20,21]. Because SFS can provide a simplified
pectrum, and it can avoid some overlapping spectra and inter-
erences such as Rayleigh- and Raman-scattering. SFS serves as a
obust method for quantitative determination in a single measure-
ent [22].
In the present work, it is found that when Y3+ is added to the

NRO solution, the native fluorescence of ENRO is significantly
nhanced. This new fluorescence enhancement system is differ-
nt from the reported probes of metal ions or rare-earth ions (Tb3+,
c3+, etc.), which are used to measure ENRO in the pharmaceuticals,
nd it belongs to Y3+-perturbed luminescence of ligand. Further-
ore, synchronous fluorescence technology is employed in this

ew method to eliminate the interferences from the residual pro-
eins and other organic substances in order that this method can be
pplied to determine trace ENRO residues in milk. Compared with
he standard method, solid-phase extraction (SPE) combined with
PLC or HPLC–MS for determining ENRO residues in milk, the pro-
osed method does not require complicated treatment procedure
uch as SPE. Moreover, spectral method is usually more convenient
nd more rapid than HPLC method. So, this method is quite simple,
apid, and sensitive. In China, as well as in European Union (EU) and
apan, Minimal Risk Levels (MRLs) for ENRO in milk (total amount
f enrofloxacin and ciprofloxacin) is 100 �g L−1 or 100 �g kg−1. As
ell, this method can be used as a simple qualitative method for

apid screening ENRO residues in milk, to judge whether its lev-
ls exceed MRLs or not. Another advantage is that the most metal
ons and other pharmaceuticals usually used as the compatibility
f medicines do not interfere with the determination of ENRO. This
ethod will become a valuable tool for determining ENRO in its
harmaceutical preparations and milks, studying on pharmaceuti-
al dynamics, and investigating its contents in the environment. In
ddition, a possible luminescent mechanism for this new method
s also discussed in detail.
(2010) 1858–1863 1859

2. Experimental

2.1. Apparatus

The fluorescence spectra and intensities were acquired on
a model F-2500 spectro fluorimeter (Hitachi, Japan) with a
quartz cell (1 × 1 cm2 cross-section) equipped with a xenon lamp
(150 W) and a dual monochromator. All absorption spectra were
recorded with a UV-2401PC spectrophotometer (Shimadzu, Japan).
All pH measurements were made with a MP 220 pH meter
(Mettler Toledo, China). A LD5-2A centrifuge (Beijing centrifuge
machine factory, China) was used to centrifugate samples of
milk.

2.2. Reagents

A stock standard solution of ENRO (1.0 × 10−3 mol L−1) was pre-
pared by dissolving the corresponding amount of ENRO (Hangzhou
Institute for drug control, China) in pure water. A stock solution
of Y3+ (1.0 × 10−2 mol L−1) was prepared by dissolving the corre-
sponding oxides (Y2O3, 99.9%, Sinopharm Chemical Reagent Co.
Ltd., China) in 1:1 (v/v) hydrochloric acid and heating this solu-
tion until it is nearly dry, then diluting this solution with pure
water. A 1.0 mol L−1 hexamethylenetetramine (HMTA) buffer solu-
tion was prepared by dissolving the corresponding HMTA in pure
water and adjusting pH to 6.3 with 1.0 mol L−1 hydrochloric acid
to give a final total volume of 500 mL. Acetonitrile was purchased
from Tedia Company Inc. (Fairfield, USA). All chemicals were of
analytical reagent grade, and pure water was obtained from a
ULUPURE pure water machine (Shanghai Youpu Industry Co. Ltd.,
China).

2.3. Procedures

2.3.1. Milk samples preparation
Fresh milks were bought from local supermarket. ENRO residue

and its metabolic product were extracted from fresh milk as fol-
lows: 1 mL fresh milk was transferred to a 10 mL centrifuge tube,
then 2 mL acetonitrile was added to precipitate proteins. The mix-
ture was vibrated for 2 min and then centrifugated at 5000 rpm
for 5 min, and all the supernates were directly collected to a
10 mL colorimetric-tube for determination of ENRO residue and
its metabolic product. The recovery tests in the milk were done
as follows: the milk was spiked with certain concentrations of
ENRO, its final concentrations in the milk were in the range of
50–200 �g L−1, the extraction process was employed as the above
procedures.

2.3.2. Synchronous fluorescence measurement
In a 10 mL colorimetric-tube, solutions were added according

to the following order: 1.0 mL of ENRO standard solution with
appropriate concentration, or certain volume of ENRO drug sam-
ple or extracts from milk sample, 1.0 mL of 1.0 mol L−1 HMTA–HCl
buffer (pH 6.3), 1.0 mL of 1.0 × 10−3 mol L−1 Y3+ and 2 mL of acetoni-
trile. The mixture was diluted to 10.0 mL with pure water, shaken
and allowed to stand for 10 min. The synchronous fluorescence
intensity of the system was measured in a 1-cm quartz cell with
excitation wavelength of 328 nm, �� = 80 nm. The excitation and
emission slits for all fluorescence measurements were both main-
tained at 10 nm, PMT voltage is 400 V.
screening ENRO residues in milk, to judge whether its levels exceed
MRLs or not. The detailed procedures are as follows: firstly, pre-
pare a standard milk sample (its ENRO residues in milk are equal to
100 �g L−1), deal with it together with other milk samples accord-
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ig. 2. Synchronous fluorescence spectra of the ENRO–Y3+ system (�� = 80 nm).
1) Y3+; (2) ENRO; (3) ENRO–Y3+. Conditions: Y3+: 1.0 × 10−4 mol L−1, ENRO:
.0 × 10−7 mol L−1, HMTA: 0.1 mol L−1, pH = 6.3.

ng to the sample preparation process; secondly, scan synchronous
uorescence spectra of these milk samples including the standard
ilk sample as the analytical procedures; thirdly, just comparing

he fluorescence intensities of these milk samples with that of the
tandard milk sample. If the fluorescence intensity of certain milk
ample is stronger than that of the standard milk sample, it can
e primarily concluded that this milk sample might exceed MRLs.
therwise, the result is contrary.

. Results and discussion

.1. Fluorescence spectra

The excitation and emission wavelengths of the native flu-
rescence of ENRO are 274 nm and 441 nm, respectively. The
uorescence emission peak of ENRO appeared at 424 nm in the
resence of Y3+, which showed a relatively strong blue-shift of
7 nm, and its fluorescence intensity was significantly enhanced.
ased on the fluorescence enhancement effect of this new system,
new sensitive fluorescence method could be set up to deter-
ine ENRO. However, the application of this method was very

imited except in the pharmaceutical formulation. It could not be
sed to determine ENRO in biological fluids or agricultural prod-
cts. Although some proteins had been removed in the sample
reparation process, protein residues and other organic substances
xisted in biological fluids or agricultural products would seri-
usly interfere with its determination, because their fluorescence
eaks almost completely overlapped. To enlarge its application in
rder that this sensitive method could be applied to determine
NRO residue in milk, the synchronous fluorescence technology
as employed.

Fig. 2 showed that the synchronous fluorescence peak of ENRO
as at 331 nm. Upon adding Y3+ to the ENRO solution, the flu-

rescence intensity of the ENRO–Y3+ system was significantly
nhanced, which indicated that a coordination compound between
NRO and Y3+ ion was formed. Moreover, its emission peak showed
slight blue-shift of 3 nm. To eliminate the interferences caused by

he protein residues and other organic substances in milk, the opti-

um �� value was selected based on the interferences in milk

nd the fluorescence intensity of the system. The results indicated
hat when �� = 80 nm was selected, the fluorescence peak of pro-
eins could be separated from that of ENRO. Thus, �ex = 328 nm and

� = 80 nm were selected for further study.
Fig. 3. Effect of pH on the fluorescence intensity of the system. Conditions: Y3+:
1.0 × 10−4 mol L−1, ENRO: 1.0 × 10−7 mol L−1, HMTA: 0.1 mol L−1.

3.2. Optimization of the factors influencing the fluorescence
intensity

3.2.1. Effects of pH and buffers
Fig. 3 showed that pH had strong effect on the fluorescence

intensity of the ENRO–Y3+ system. The reason could be explained
as follows: acidity of solution had strong influence on the forma-
tion of ENRO–Y3+ complex, which resulted in the strong effect on
the fluorescence intensity of the system; moreover, the lumines-
cence character of ENRO was sensitive to pH of solution, which
was due to the molecular structure of ENRO with a carboxylic
group. The maximum fluorescence intensity of the system was
reached in the pH range of 5.8–6.5. A pH value of 6.3 was selected
for further research. Under the same pH condition, the following
buffers were tested for the effects on the fluorescence intensity
of the system: HMTA, NaH2PO4–NaOH, potassium biphthalate,
Britton–Robinson (BR) buffer (prepared from an acidic solution that
contained 0.04 mol L−1 each of H3PO4, HAc, and H3BO3 by adjusting
to appropriate pH using 0.2 mol L−1 NaOH), sodium citrate–citric
acid, NaH2PO4–NaB4O7, their relative fluorescence intensities (%)
were 100, 53.2, 82.6, 51.0, 55.5 and 43.7, respectively. The results
showed that HMTA–HCl was the most suitable buffer, and the
proper concentration of HMTA in the solution was 0.1 mol L−1.

3.2.2. Effect of Y3+ concentration
When the concentration of ENRO was fixed at

1.0 × 10−7 mol L−1, effects of Y3+ concentrations on the fluo-
rescence intensities of the system were studied. Fig. 4 showed that
when the concentration of Y3+ was lower than 1.0 × 10−4 mol L−1,
the fluorescence intensity of the system enhanced with the
increase of Y3+ concentration; when the concentration of Y3+

increased to be 1.0 × 10−4 mol L−1, the fluorescence intensity of
the system reached a maximum, and with the further increase of
Y3+ concentration the fluorescence intensity of the system still
kept constant. Thus, Y3+ concentration of 1.0 × 10−4 mol L−1 was
selected for further research.

3.2.3. Effect of acetonitrile
Acetonitrile as a deproteinization reagent and an organic solvent

which was beneficial to extract ENRO and its metabolic product

from milk, was employed in the sample preparation process. So,
it was necessary that effect of acetonitrile concentration on the
fluorescence intensity of the system was investigated. The results
showed that the concentration of acetonitrile was less than 2%
(v/v), it did not influence the fluorescence intensity of the sys-
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Table 1
Effects of metal ions and other pharmaceuticals on the fluorescence intensity of the
ENRO–Y3+ system.

Species Concentration (mol L−1) �IF (%)

Tb3+ 5.0 × 10−6 −6.9
Dy3+ 5.0 × 10−7 −8.9
La3+ 5.0 × 10−3 +3.3
Eu3+ 1.0 × 10−5 −6.0
Sm3+ 1.0 × 10−5 −7.5
Gd3+ 1.0 × 10−5 −5.4
BaCl2 5.0 × 10−2 −4.0
FeCl3 5.0 × 10−6 −6.1
ZnSO4 5.0 × 10−2 +2.8
CaCl2 1.0 × 10−2 −0.4
MnSO4 5.0 × 10−4 −7.0
NaCl 1.0 × 10−1 −5.9
KCl 5.0 × 10−2 −5.8
MgSO4 5.0 × 10−3 −5.8
NH4Cl 8.0 × 10−5 −8.5
AlCl3 2.0 × 10−4 −6.8
CuCl2 1.0 × 10−6 −5.1
Furosemide 2.0 × 10−5 −5.6
Ranitidine hydrochloride 5.0 × 10−6 −7.4
Fenbid 1.0 × 10−5 −2.7
Cimetidine 2.0 × 10−5 −9.1
Sulfamethoxazole 2.0 × 10−5 −5.6
Ofloxacin 1.0 × 10−7 +4.8
ig. 4. Effect of Y3+ concentrations on the fluorescence intensity of the system.
onditions: ENRO: 1.0 × 10−7 mol L−1, HMTA: 0.1 mol L−1, pH = 6.3.

em; when its concentration was between 2% and 5%, its influence
n the fluorescence intensity of the system was no more than
%; when its concentration attained 20%, it could enhance the
uorescence intensity of the system more than 10%. From the
ample preparation procedures, it could be seen that the concen-
ration of acetonitrile in the determination system could be 20%. To
educe the influence of acetonitrile on the fluorescence intensity of
he system, thus in the analytical procedures, 2 mL of acetonitrile
as also added to the determination system of standard solu-

ions.

.2.4. Stability test
The results showed that at room temperature the fluorescence

ntensity of the ENRO–Y3+ system reached a maximum in 10 min
fter all the reagents had been added, and remained stable for at
east 3 h.

.3. Selectivity

Under the optimal conditions, some common metal ions, rare-
arth ions, and some pharmaceuticals which were possibly used
ogether with ENRO in veterinary application, were examined for
nterferences. At the ENRO concentration of 1.0 × 10−7 mol L−1, the
ighest permissible concentrations of foreign substances causing
±10% relative error in the fluorescence intensity were listed in

able 1. Table 1 showed that, when the concentrations of the foreign
ubstances such as metal ions, rare-earth ions and pharmaceuti-
als, were close to the concentration of ENRO, most of them did
ot interfere with the determination. In addition, four types of
uoroquinolones (FQs) were also examined for interferences. The
esults showed that, when the concentration ratios of ofloxacin and
noxacin to ENRO were less than of 1:1, the interferences were very
mall. At the same concentration, ciprofloxacin (CPFX) and nor-
oxacin would interfere with the determination of ENRO. Because
hey could also coordinate with Y3+, and emitted a similar fluo-
escence at a wavelength identical or close to the emission peak of
NRO. Although ciprofloxacin and norfloxacin would interfere with
he determination of ENRO, it did not influence its application on
he determination of ENRO residues in milk. Because they belonged
o the same types of FQs, they could not be used simultaneously

or the treatment of some infectious diseases in pets and livestock.
n the other hand, MRLs for ENRO in milk (100 �g L−1) was desig-
ated “the total amount of enrofloxacin and its metabolic product
ciprofloxacin)”. Thus, this point for the proposed method not only
s not the shortcoming, on the contrary, this is another advantage
Enoxacin 1.0 × 10−7 +8.0
Ciprofloxacin 1.0 × 10−7 >10
Norfloxacin 1.0 × 10−7 >10

that this method can determine the total amount of ENRO and CPFX
in a single measurement.

3.4. Method validation

Under the optimal conditions, the calibration graphs for
the determination of ENRO were constructed. The fluorescence
intensity of the system showed a good linear relationship
with the concentration of ENRO in the range of 1.0 × 10−9 to
2.0 × 10−6 mol L−1 (r2 = 0.9992), the linear regression equation was
IF = 150.54c (×10−7 mol L−1) + 7.10 (n = 9), and the limit of detection
(LOD, S/N = 3) was 3.0 × 10−10 mol L−1. A comparison with some
recently reported methods for determining ENRO in the sensitivity
and linear range was summed up in Table 2. It could be seen from
this table that the sensitivity and linear range of this method was
better than most of the reported methods [2,4,6,9,10,13–16,23].

The limit of quantification (LOQ) for ENRO in milk was
determined by using a spiked milk at a concentration of
8.4 × 10−8 mol L−1, detailed process was as follows: extracted with
the sample preparation process, detected with synchronous flu-
orescence spectrometry, and evaluated by the criterion that the
signal to noise ratio (S/N) should be more than 10 for quantifi-
cation purposes. The LOQ was estimated to be 2.8 × 10−8 mol L−1

(10 �g L−1) for ENRO. The sensitivity determined in milk sample
seems not very high, this is because there are some residual pro-
teins and other organic substances still existing in the prepared
sample solution even if the deproteinization reagent have been
employed in the sample preparation process, which will cause an
increase in the fluorescence background, and result in the reduction
of sensitivity.

The accuracy and precision of the method was examined by
determining ENRO in the spiked milk samples at different concen-
trations. The mean recoveries were in the range of 82.4–90.3% with
RSD less than 9%.
Within-day accuracy was evaluated continuously by perform-
ing five replicates within a day for determining recoveries in the
same spiked milk sample at different concentrations. As shown in
Table 3, within-day RSD of recoveries was between 4.7% and 8.7%.
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Table 2
Comparison of sensitivity and linear range between the proposed method and some reported methods for the determination of ENRO.

Methods Linear range (mol L−1) LOD (S/N = 3) (mol L−1) References

Spectrophotometry 5.6 × 10−6 to 3.3 × 10−5 2.8 × 10−6 [2]
FI–CLa 2.2 × 10−8 to 1.0 × 10−5 8.3 × 10−9 [4]
HPLC–fluorescence detector 8.3 × 10−8 to 4.2 × 10−5 2.6 × 10−8 [6]
AdCdSWVb (electroanalysis) 1.0 × 10−8 to 8.0 × 10−8 3.3 × 10−10 [9]
QDs-cFLISAc 2.3 × 10−8 to 2.8 × 10−7 7.0 × 10−9 [10]
ENRO-chloranil (CT reaction) 1.4 × 10−7 to 2.8 × 10−6 4.7 × 10−8 [13]
Solid-phase spectrofluorimetry 5.6 × 10−10 to 1.1 × 10−8 1.1 × 10−10 [14]
ENRO–Tb3+–SLSd 8.9 × 10−9 to 2.1 × 10−7 2.5 × 10−9 [15]
ENRO–Eu3+–Phene–SDBSf – 2.3 × 10−7 [16]
Immunosensor 2.8 × 10−9 to 2.8 × 10−6 2.8 × 10−9 [23]
This method 1.0 × 10−9 to 2.0 × 10−6 3.0 × 10−10

a Flow injection–chemiluminescence.
b Adsorptive cathodic stripping square wave voltammetry.
c Competitive fluorescence-linked immunosorbent assay (cFLISA) based on quantum dots (QDs).
d Sodium lauryl sulfate.
e 1,10-Phenanthroline.
f Sodium dodecylbenzene sulfonate.

Table 3
The precision and accuracy of the proposed method for determining ENRO in the spiked milks.

Sample Added (�g L−1) Founda (�g L−1) Recoverya (%) R.S.D. (%)

Within-daya Day-to-dayb

Milkc 50 41.2 ± 3.5 82.4 8.7 9.0
100 84.7 ± 5.6 84.7 6.6 7.0
200 180.6 ± 8.4

a The mean of five replicates in a day (n = 5).
b n = 3 replicates × 5 days.
c 10 times diluted and deproteined with acetonitrile.

Table 4
Determination of total residual amounts of ENRO and its metabolic product (CPFX)
in different fresh milks purchased from local supermarket.

Samples Founda (�g L−1) R.S.D (%, n = 3)

Fresh milk 1 126.0 ± 10.1 8.0
Fresh milk 2 61.3 ± 5.3 8.6
Fresh milk 3 138.9 ± 20.0 14.4
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Fresh milk 4 69.9 ± 6.0 8.6
Fresh milk 5 235.0 ± 28.5 12.1

a The mean of three replicates.

ay-to-day accuracy was also evaluated by performing the deter-
ination of recoveries in the same spiked milk sample at different

oncentrations each day on five consecutive days. Day-to-day RSD
f recoveries was between 4.9% and 9.0%.

.5. Sample determination

The five fresh milk samples produced by different companies
ere purchased from a local supermarket. These fresh milk samples
ere dealt according to the above sample preparation procedure,

nd determined by the proposed method. Table 4 showed all the
NRO residues in these milk samples were within 61.3–235 �g L−1

ith RSD less than 15%. The results indicated that only 40% of

he milk samples its ENRO residues (total amount of ENRO and its

etabolic product, CPFX) was less than MRLs (100 �g L−1), and one
ilk sample its ENRO residue was even more than 2 times of MRLs.
The ENRO injection from Xinchang Gufeng Veterinary Co.

td., China, was directly determined by the proposed method

able 5
etermination of enrofloxacin in the injection sample by different methods.

Drug sample The proposed method
Found (%) Mean (%) RSD (%)

Enrofloxacin injection 2.42, 2.40, 2.45, 2.45, 2.44 2.43 0.9
90.3 4.7 4.9

after diluted properly. Meanwhile, the same sample was respec-
tively determined by the method of Tb3+ luminescent probe
[24]. The results were shown in Table 5. Table 5 showed that
the concentration of the sample determined by the presented
method was in accordance with that of the Tb3+ luminescent
probe and its mark concentration determined by other method.
So, the selectivity and precision of this method were satisfac-
tory.

3.6. Luminescence mechanism

Fig. 2 showed that when Y3+ ions were added to the ENRO
solution, the fluorescence intensity of the ENRO–Y3+ system was
significantly enhanced, which indicated that a coordination com-
pound between ENRO and Y3+ ions was formed. Moreover, the
fluorescence spectra of the system had a blue-shift about 3 nm.
Also, it could be seen from Fig. 5 that when Y3+ solution was
added to the ENRO solution, the absorption of ENRO at 274 nm
was obviously increased, which indicated that the formation of the
ENRO–Y3+ complex could increase the absorption and resulted in
the fluorescence enhancement of the system. Therefore, it was rea-
sonable to assume that the fluorescence enhancement was due to
the formation of complex, the fluorescence of the system belonged
to Y3+-perturbed luminescence of ligand or L*–L luminescence. It

might be also supposed that Y as a rare-earth ion with strong
binding ability was bound to carbonyl and carboxyl groups of ENRO
and closed a six-membered ring [25,26], which could explain the
cause of the absorption increase when Y3+ was added to the ENRO
system.

Tb3+ luminescent probe Mark conc. (%)
Found (%) Mean (%) RSD (%)

2.50, 2.48, 2.63, 2.52, 2.55 2.54 2.4 2.5
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ig. 5. Absorption spectra. (1) ENRO–Y3+, (2) ENRO, (3) Y3+. Conditions: Y3+:
.0 × 10−4 mol L−1, ENRO: 5.0 × 10−6 mol L−1, HMTA: 0.1 mol L−1, pH = 6.3.

. Conclusions

Based on this new yttrium (III)-perturbed luminescence system,
simple, rapid and sensitive synchronous fluorescence method is
ut forward for the determination of enrofloxacin (ENRO) in the
harmaceutical formulation and its residue in milk. This method
an determine the total amount of ENRO and CPFX in a single mea-
urement, so it can be used as a rapid screening for judging whether
he ENRO residues in milks exceed MRLs or not. In addition, when

his method is applied to determine ENRO in the pharmaceutical
ormulation, its selectivity is also very good. Common metal ions,
are-earth ions and some pharmaceuticals, which are usually used
ogether with ENRO, do not interfere with the determination of
NRO under the actual conditions.
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