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Abstract An ionic liquid aqueous two-phase system
(ILATPS) of 1-butyl-3-methylimidazolium tetrafluorobo-
rate ([Bmim]BF,)/ammonium citrate ((NH4);CgHs07)
coupled with high-performance liquid chromatography was
developed for the separation and determination of sulfa-
diazine (SD) and sulfamethoxazole (SMX) in water sam-
ples as well as aquaculture products. The effect of such
parameters as the types and concentrations of salts, tem-
perature, the concentrations of SD and SMX and the
extraction time on the partitioning behavior expressed in
terms of extraction efficiency has been evaluated. Under
the optimal conditions, this extraction method has been
successfully applied to the analysis of SD and SMX in
water samples and aquaculture products with the recoveries
of 98.29-99.55 % (SD) and 92.09-99.82 % (SMX). The
detection limits for two analytes were 0.9 ng mL~! (SD)
and 1.8 ng mL™' (SMX). In comparison with the tradi-
tional solvent extraction, ILATPS is much simpler and
more environmentally friendly for the separation and
enrichment of the sulfonamides antibiotics.
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Introduction

Antibiotics are usually used in human and veterinary
medicines for diseases treatment and prophylaxis. Over the
last decades, large quantities of veterinary drugs have been
extensively used in animal husbandry for prophylactic and
therapeutic purposes. However, the improper use of che-
motherapeutics in veterinary medicine and insufficient
withdrawal time for treating animals may lead to the
occurrence of drug residues in edible tissue, posing health
hazard to the consumers.

Sulfonamides (SAs), a series of drugs containing the
chemical structure of sulfanilic amide, are highly effective
chemotherapeutic drugs as well known as antibacterial
agents widely used in medicine and veterinary practice
[1, 2]. Owing to their potential impact on human health, the
European Union has adopted a maximum residue level
(MRL) of 100 ng mL™" in edible animal tissue [3]. Up to
now, the methods of the determination of sulfonamides in
water samples [4—6], milk [7-9], meat [10-12], soil [13]
and egg [14] mainly include photometric [15, 16], spec-
trophotometric [17, 18], gas chromatography [19, 20],
electroanalytical [21], capillary electrophoresis [22] and
high-performance liquid chromatography (HPLC) with
ultraviolet—visible (UV—-Vis) detector [23—25], mass spec-
trometry [26-28] or fluorescence detector [11, 29]. Com-
pared HPLC with other detection methods, some of these
methods are time and cost consuming, low-sensitivity, low
detection limit. Because of the relatively low concentra-
tions of most SAs and their inherent complexity in envi-
ronmental samples, the preconcentration and clean-up steps
are necessary before analysis. Current preconcentration and
clean-up techniques primarily focus on the solid-phase
extraction [30, 31] (SPE). However, it requires a solvent
desorption step which is time-consuming and demands
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traditional volatile organic solvents. Moreover, sample
recovery is not always satisfactory. Therefore, the devel-
opment of simple and environmental friendly pretreatment
methods is of great interest.

Liquid-liquid extraction (LLE) is one of the efficient
techniques to separate and concentrate various substrates.
However, traditional LLE [32] usually requires some poi-
sonous volatile organic solvents, while aqueous two-phase
systems (ATPSs) with advantages of short processing time
and a biocompatible environment set foot into the research
field of vision. ATPSs are usually formed as a result of two
different polymers or a polymer and a salt above a certain
concentration. Recently, a new type of ATPSs based on
ionic liquids (ILs) and salts has been investigated since
Gutowski et al. [33] reported ionic liquid aqueous two-
phase systems (ILATPSs) for the first time. These new
ILATPSs combine the advantages of ILs and ATPSs, such
as no emulsification, quick-phase separation, high extrac-
tion efficiency and gentle biocompatible environment [34].
ILATPSs have been successfully applied in the separation,
concentration and purification of proteins [35], drugs [36]
and antibiotics [37]. Because high concentration of inor-
ganic salt is not desirable in the effluent streams due to the
environmental problems, we employed organic salt as a
substitute for inorganic salt.

In this work, we explored a novel system based on
1-butyl-3-methylimidazolium tetrafluoroborate ([Bmim]
BF,, Fig. 1)/ammonium citrate ((NH4)3;CcHs0O7) ILATPS
coupled with HPLC for simultaneous the extraction together
with the determination of sulfadiazine (SD, Fig. 1) and
sulfamethoxazole (SMX, Fig. 1). After phase separation,
these two SAs transferred into the [Bmim]BF,-rich phase,
while the majority of concomitants remained in the bottom
phase. The influence factors on extraction efficiency
including the types of salt, the concentration of salt, the
temperature, SD and SMX concentration, and extraction
time were investigated. Under the optimal conditions, this
method has been successfully applied to the analysis of SD
and SMX in water samples and aquaculture products.

Experimental
Reagents and samples

The purity about mass fraction of 1-ethyl-3-methylimida-
zolium tetrafluoroborate ([Emim]BF,), 1-propyl-3-methy-
limidazolium tetrafluoroborate ([Pmim]BF,) and [Bmim]
BF, obtained from Chengjie Chemical Co., Ltd. (Shanghai,
China) is greater than 0.99. Sulfadiazine (SD) and
sulfamethoxazole (SMX) were bought from China Phar-
maceutical Biological Products Analysis Institute (Shang-
hai, China). Sodium phosphate monobasic dihydrate
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Fig. 1 The structure of SD, SMX and [Bmim]BF,, respectively

(NaH,PO4-2H,0), ammonium citrate ((NH4);CgH505) and
sodium tartrate dibasic dihydrate (Na,C4H;O¢-2H,0) were
got from Sinopharm Chemical Reagent Co., Ltd. (Shang-
hai, China). The ILs and salts were used without further
purification. All chemicals were of analytical grade, and all
solutions were prepared from deionized water. The stock
solutions of SD and SMX which should be replaced every
2 months were prepared by dissolving in methanol at the
concentration of 100 pg mL ™" and stored at 4 °C [38, 39]
in a refrigerator. The standard working solutions of SD and
SMX were prepared by appropriate dilution of stock
solutions with deionized water. All of the samples were
collected in 2.5 x 10® mL amber glass bottles and stored
at 4 °C until they were analyzed.

Preparation of actual samples
Water samples

Water samples were collected in 2.5 x 10° mL amber glass
bottles from Yangzi River, fish farm of Jiangsu University
which located in Zhenjiang (China). Both of the samples
were centrifuged at 4,000 rpm for 30 min and the super-
natant was collected, then different concentrations of SD
and SMX working solutions (0, 10, 25, 50, 100 ng mLfl)
were added. Finally, the mixture was filtered through 0.45-pm
filter and stored at 4 °C for future use.

Aquaculture products

Crucian carp and shrimp purchased from local retail market
were stored at —10 °C and thawed several hours at ambient
temperature before using. 1.5 g of minced aquaculture
products was placed into a 100-mL polypropylene tube,
added in the SD and SMX working solutions (0, 10, 25, 50,
100 ng mLfl). Then, trichloroacetic acid (10 mL, 15 % in
water) was added, and the mixture was thoroughly mixed
using a homogenizer-disperser till it was in homogeneity.
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The solution was centrifuged at 4,000 rpm for 30 min;
finally, the supernatant was filtered through microfilter with
a pore size of 0.45 pum to remove the denatured proteins.
The extracts were stored at 4 °C for future use.

Preparation of phase diagrams

The binodal curves were determined by titration method
at T = 298.15 K. A few grams of pure ILs were weighed
into a vessel, and a known mass of water was added and
then mixed. The mixture was clear at first. Then, the
known mass fraction of salt solution was added to the
mixture until it became turbid. A few drops of water were
added to make the mixture clear again, and then the
above procedure were repeated to obtain sufficient data
for the construction of a phase diagram. The vessel was
immersed into a thermostatic waterbath (Gongyi Yuhua
Instrument Co., Ltd. China) with an uncertainty of
£0.05 K. The composition of the mixture was determined
by mass using an analytical balance (BS124S, Beijing
Sartorius Instrument Co., Ltd. China) with an uncertainty
of £1.0 x 1077 kg.

Extraction process

A special amount of (NH4);CsHsO5 solution containing the
standard working solution of SD and SMX was added into
a 10.0-mL centrifuge tube, and then added 1 mL of
[Bmim]BF,. The mixture was gently stirred for 5 min at
ambient temperature, and then phase separation was
achieved by centrifugation at 2,000 rpm for 20 min. After
centrifugation, the tubes were placed into a thermostatic
waterbath at 25 £ 0.05 °C for 30 min to equilibrate. The
volume of top phase was recorded precisely. Most of SD
and SMX were in the top phase where the [Bmim]BF, was.
A part of top phase was directly injected into the HPLC
system for analysis.

HPLC-UV analysis

An Agilent 1200 HPLC system containing a quaternary
pump and an ultraviolet—visible detector (Agilent, USA)
was applied to the determination of SD and SMX. The
Agilent ChemStation software was used for the instrument
control and data processing. An Eclipse XDB-C18
reversed-phase column (250 mm x 4.6 mm, 5 pm, serial
no. G1314B) was employed for chromatographic separa-
tion at the column temperature of 25 °C. The flow rate of
mobile phase of methanol and water (the pH was adjusted
to 3.00 with glacial acetic acid) was 1.0 mL min~' with a
ratio of 30:70. The injected volume was 20 pL and the
column effluent was monitored at a wavelength of 265 nm.

Quantification

The partitions of SD and SMX in ILATPS were charac-
terized by various parameters including the extraction
efficiency (E) of SD and SMX calculated by

C[ Vt

ms

E =

where C, represented mass equilibrium concentration of SD

or SMX in the top phase, V, was the volume of the top

phase, mg was the mass of SD or SMX initially added.
The enrichment factor (F) was calculated by

Vw

F=-2"
Vi

where V,, stood for the volume of the water phase.

Results and discussion
Preparation of phase diagram for ILATPSs

Liquid-liquid equilibrium data are required for the design
of aqueous two-phase extraction process, and for the
comprehending of general factors that determine the par-
titioning behavior of solutes and particles. Our previous
researches [40—42] have investigated the phase separation
ability of [Bmim]BF,-inorganic/organic salt. The phase
diagrams of [Bmim]BF4-(NH4)3C6H5O7fNa2C4H4O(,/NaC2
H30,/NaH,PO, are showed in Fig. 2 which indicated that
these salts could form two-phase with [Bmim]BF,. The
phase-forming ability followed the order: (NH4);CsHsO; >
Na,C4H40¢ > NaH,PO, > NaC,H30,. These discussed
salts were better salting-out agents. The anions with higher
valence could hydrate more water molecules, resulting in
the amount of water available to hydrate ILs decreasing.
The Gibbs free energy of hydration of the ions could also
have relation to the salting-out ability. The salt-out ability
of (NH4)3C¢HsO; was slightly higher than that of
Na,C4H4O¢ with different anions and cations, though the
AGpyq of NH, " ion (=285 kJ mol ™) is less than that of
Na* ion (=365 kJ mol™") [43].

To see the efficacy of the imidazolium-based ILs in
forming ATPSs with (NH4);CgHsO;, the experimental
binodal curves of the [Bmim]BF,/[Emim]BF,/[Pmim]
BF, + (NH4);C¢HsO; + H,O systems at 7 = 298.15 K
were shown in Fig. 3, thereinto, the binodal curve of the
[Bmim]BF, + (NH4)3CsHsO0; + H,0 system [40] at T =
298.15 K has been published. The distance between bin-
odal curves and the origin was in the order of [Bmim)]
BF, < [Pmim]BF, < [Emim]BF,. Due to the more hydro-
phobic character of ILs with higher molecular weight, the
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Fig. 2 Phase diagrams of [Bmim]BF,-salt ATPSs at 7 = 298.15 K.
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Fig. 3 Phase diagrams of (NH,4);CsHsO7-ILATPSs at T = 298.15 K.
filled triangle [Bmim]BF,, open circle [Pmim]|BF,, filled square
[Emim]BF,

incompatibility of the system components increased. So
[Bmim]BF, was chosen as organic solvent in this work.

Effect of the type of salts

The distribution behaviors of SMX and SD in three
ILATPSs were studied. Figures 4 and 5 showed the chan-
ges in the extraction efficiency of SD/SMX when adding
different salts. After adding the three different salts
(NaH2P04, (NH4)3C6H507 and N8.2C4H406), SD and SMX
were directly extracted to the top phase. The results indi-
cated that [Bmim]BF,;-NaH,PO,/(NH4);CsHsO; ATPSs
showed higher extraction efficiency of SD as well as SMX
at the same time. [Bmim]|BF,/(NH4);C¢HsO; ATPS was
chosen for further study in this work for its strong phase-
forming ability and better extraction efficiency as well as
its environmental friendly character.
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Fig. 4 Effect of the concentrations of different salts on the extraction
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Fig. 5 Effect of the concentrations of different salts on the extraction
efficiency of SMX in [Bmim]BF,-salt ATPSs at T = 298.15 K. filled
circle  (NH4)3CgHsO-, filled square NaH,POy4, open triangle
N8.2C4H406

Effect of the concentrations of (NH4);CcHsO~

The influence of the concentrations of (NH4);CsHsO- on
the extraction efficiency of SD and SMX was investigated,
and the results are also illustrated in Figs. 4 and 5. It was
obvious that the extraction efficiency of SMX was about
98 % when the concentration of (NH4);CgHs0, reached
0.56 g mL™', while the extraction efficiency of SD was
92 %, indicating that SMX and SD were almost enriched in
the top phase. That the amount of (NH,4);CgHs0O; reached
the maximum to induce SMX and SD precipitation is the
reason why the extraction efficiency nearly unchanged
when the concentration of (NH4);CsHsO; was higher than
0.56 ¢ mL™" and no decomposition of SMX and SD was
observed during the extraction process. In order to obtain
high recovery and reduce the cost, an appropriate
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Fig. 6 HPLC chromatograms with UV detection of a the blank p (a) 18
Crucian carp sample after ILATPS extraction; b Fish farm water L
sample added with 100 ng mL™' SD and SMX after ILATPS 15 +

extraction; ¢ Crucian carp sample added with 100 ng mL™" SD and L
SMX after ILATPS extraction; d Shrimp sample added with 1k

100 ng mL™" SD and SMX after ILATPS extraction

concentration of (NH4)3C¢HsO; with 0.56 g mL™" was
adopted.

mAu
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Effect of temperature -
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Temperature is an important factor in SD and SMX parti-
tioning. The effect of temperature was investigated from 15 Retention time (min)
to 55 °C. When the temperature was below 45 °C, the

extraction efficiency of SD and SMX changed indistinc- (b) *® |
tively, indicating that the temperature range from 15 to 15+
45 °C had little influence on the distribution behavior of
SD and SMX. However, the extraction efficiency decreased
when the temperature was above 45 °C. This phenomenon
can be explained from two aspects. On one hand, as the
temperature increased, [Bmim]BF, became more hydro- |
philic, and the water was driven to the [Bmim]BF,-rich 3+
phase so that the [Bmim]BF, was diluted; as a result, the _J
phase-forming ability of the investigated system declined

and the extraction efficiency of SD and SMX also reduced.

On the other hand, it may be that SD and SMX began to
decompose at high temperature. For convenience, all (c) 15
experiments were done at room temperature.

mAu
[—] =) K-
T T T
SD, 3.01
SMX, 9.609

>
[

4 6 8
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[

12+
Effect of SD and SMX concentrations as well
as extraction time

The effect of the concentrations of SD and SMX on the
extraction efficiency was researched in the range of
50-500 ng mL~'. The extraction efficiency was about I
96.0-97.0 % and 91.0-92.0 % for SMX and SD, respec- 0 _J
tively. This indicated that the influence of SD and SMX
concentrations was insensitive to the extraction efficien-
cies. In the experiment, the concentrations of SD and SMX
both were 100 ng mL™". (d) 18

The effect of extraction time on the extraction efficiency I
was also discussed. After centrifugation, the mixtures were |
placed into a thermostatic waterbath for a period of time to 12k
equilibrate. The range of extraction time from 10 to 90 min
was studied, and the result was that the extraction effi-
ciency was almost constant. In order to ensure sufficient
phase separation and save time, 30 min was chosen as the
extraction time in the experiment.
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[

Under the optimal conditions, the calibrations were per-
formed by adding different concentrations of spiked
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Table 1 Results of the

analysis (n = 3) for SD and Methods Samples Added » Recovery (%) Enrichment
SMX in actual samples and (ng mL) SD SMX factors (F)
comparison ILATPS extraction
with the traditional solvent ILATPS extraction Yangzi River 0 ND* ND 11
extraction 10 98.84 £ 2.3 98.80 £ 2.1
25 9848 £ 1.4 99.66 £ 1.1
50 9955 £ 1.1 9883+ 14
100 9935+ 13 99.72 £ 1.2
Fish farm water 0 ND ND
10 99.34 £29 99.82 £24
25 99.38 £ 1.6 99.33 £25
50 98.29 £ 1.3 9853 £ 1.2
100 98.75 £ 2.1 99.01 £ 1.1
Crucian carp 0 ND
10 93.12 £ 0.8
25 b 9252 £ 1.3
50 92.09 £ 0.6
100 9450 £ 1.1
Shrimp 0 ND
10 95.84 £2.5
25 - 9344 £ 1.2
50 94.17 £ 1.3
100 9393 £ 1.7
Traditional solvent extraction Yangzi River 100 4411 £13 9662 +08 7
Fish farm water 100 4346 £ 1.7 9147 £ 1.7
Crucian carp 100 2350 £29 79.71 £23
% Not found ]
Shrimp 100 2269 £3.1 7640+ 1.2

® No data available

solution of SD and SMX to [Bmim]BF,/(NH,4);CsHsO;
ILATPS. Linearity of the calibration curves was rather
good with the correlation coefficient (R*) higher than 0.999
in the concentration range of 2-160 ng mL~' (SD) and
4-200 ng mL~" (SMX). After phase separation, the top
phase including SD and SMX was determined by HPLC—
UV method as described in “HPLC-UV analysis”. The
calibration curves were Area = 0.6421 x ¢ + 0.2178
(SD) and Area = 0.6855 x ¢ — 1.2722 (SMX), where “c”
represented the concentrations of SD and SMX with the
unit of nanogram per milliliter. To check the repeatability
of the chromatographic procedure, analysis of 10 ng mL ™"
standard solution of SD and SMX was performed (n = 7)
and the relative standard deviation (RSD) was 2.1 %.

The limit of detection (LOD) was obtained from the
signal-to-noise ratio (S/N) and the calibration curve. The
LOD was a signal value of three times the noise (S/N = 3).
The LOD obtained was 0.9 ng mL™" (SD) and 1.8 ng
mL~! (SMX). The limit of quantification (LOQ) was a
signal value of ten times the noise (S/N = 10). The LOQ
was 3.0 ng mL~"' (SD) and 6.0 ng mL~" (SMX). The LOD
was well below the maximum residue limit (MRL,
100 ng mL™") established by European Union [3].

@ Springer

Determination of SD and SMX in water samples
and aquaculture products

Water samples collected from Yangzi River, fish farm of
Jiangsu University which located in Zhenjiang (China) and
two aquaculture products purchased from local retail
market were examined by this method. No sulfonamide
residues were detected in all samples before the standard
solution was added. Figure 6 shows the chromatograms of
SD and SMX in the blank sample and of those added with
100 ng mL™" after ATPS extraction. From Fig. 6a, there
was a peak (retention time = 3.041 min) in the aquaculture
products that we could not determine SD in the top phase
when the concentration of SD was low. However, as shown
in Fig. 6¢c, d, SD was extracted to the top phase. It dem-
onstrated that this method can be applied to the extraction
of SD in the aquaculture products. Table 1 shows the
results of recoveries of SD and SMX in water samples and
aquaculture products. Recovery rates of SD (98.29-
99.55 %) were obtained with RSD of 1.1-2.9 % in water
samples and SMX (92.09-99.82 %) with RSD of
0.6-2.5 % in water samples and aquaculture products. This
indicated that the recoveries of SD and SMX were highly
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satisfactory. The recoveries and RSD met the Codex cri-
teria for residue analysis (recovery 70-110 % and RSD <
20 %) [44].

Comparison of ATPS extraction and tradition solvent
extraction

In order to further verify the advantages of SD and SMX
extraction in actual samples by ILATPS, the tradition
solvent extraction was used to contrast with ILATPS
extraction. The results are also summarized in Table 1. The
recoveries of SD and SMX in actual samples using
ILATPS extraction were much better than that of tradition
solvent extraction. In addition, the enrichment factor of
ILATPS extraction was higher than solvent extraction. As
is known to all, in comparison with the traditional solvent
extraction, ILATPS was free of toxic organic solvents
which could address the increasing challenges of environ-
mental protection and product safety.

Conclusions

In this paper, an ionic liquid aqueous two-phase system
(ILATPS) of [Bmim]BF4/(NH4);C¢HsO; coupled with
HPLC method was developed for analyzing trace sulfon-
amide antibiotics (SD and SMX) present in water samples
and aquaculture products. The influences of various factors
on partitioning behaviors were researched and it was found
that the salting-out effect played an important role in the
partitioning process. As a viable pretreatment and clean-up
technique, this novel extraction method, combined with
HPLC, has been successfully used to concentrate and
determine trace level of SD and SMX in actual samples.
Furthermore, the extraction efficiency and enrichment
factor of ILATPS extraction were higher than that of the
traditional solvent extraction.
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