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In  this  study,  a  stir rod  sorptive  extraction  (SRSE)  adsorbent  material  was  prepared  by coating  poly(4-
vinylpyridine-co-ethylene  glycol  dimethacrylate)  [poly(VP-co-EDMA)]  monolithic  polymer  on stir rod,
and  then  applied  to the extraction  of  three  non-steroidal  anti-inflammatory  drugs  (NSAIDs)  in envi-
ronmental  aqueous  samples.  The  preparation  conditions  of  monolithic  material  such  as  the  amount  of
porogen  and  the ratio  of functional  monomer  to cross-linker  were  investigated.  To  achieve  the  best
extraction  efficiency,  several  parameters,  including  pH  value  of  sample  solution,  salt  concentration  in
tir rod sorptive extraction
on-steroidal  anti-inflammatory drugs
oly(4-vinylpyridine-co-ethylene glycol
imethacrylate)
onolithic material

nvironmental aqueous samples

sample  matrix,  desorption  solvent,  extraction  time,  and  desorption  time,  were  optimized.  By combining
SRSE  and  high  performance  liquid  chromatography  with  ultraviolet  detector,  a SRSE–HPLC/UV  method
for  the  determination  of  NSAIDs  in  environmental  aqueous  samples  was  proposed  successfully.  The  lim-
its  of detection  (LODs)  of  the  developed  method  for  three  NSAIDs  ranged  between  0.09  and  0.25  ng/mL.
Good  method  reproducibility  presented  as  intra-  and  inter-day  precisions  were  also  obtained  with  the
relative  standard  deviations  (RSDs)  less  than  8.7%  and  9.8%,  respectively.
. Introduction

Pharmaceuticals have been emerged as environmental pollu-
ants due to the continually discharging into the sewer system and
isposal of medicines [1,2]. Recent researches confirmed that these
ompounds in environmental aqueous samples have potential
ong-term adverse effects to both humans and aquatic organisms
1,3,4]. Non-steroidal anti-inflammatory drugs (NSAIDs) are widely
pplied in the treatment of pain and inflammation. Among them,
etoprofen (KEP), fenbufen (FBF), and ibuprofen (IBP) are customar-
ly prescribed NSAIDs [5]. If the NSAIDs residues were released into
nvironmental aqueous, it would be toxic to many animal species
nd human beings. So it is essential to monitor the levels of NSAIDs
n environmental aqueous.

Several  analysis methods for the determination of NSAIDs in
nvironmental samples have been developed, such as gas chro-
atography (GC) [2,6], high-performance liquid chromatography
HPLC) [7], and capillary electrophoresis (CE) [8] with conven-
ional detectors [4,9–11] or mass spectrometry (MS) [12,13]. Since

ost of NSAIDs are polar and relatively non-volatile, a prior

∗ Corresponding author. Tel.: +86 27 68755595; fax: +86 27 68755595.
E-mail  address: yqfeng@whu.edu.cn (Y.-Q. Feng).

039-9140/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2011.08.020
© 2011 Elsevier B.V. All rights reserved.

derivatization reaction is essential when using GC detection
[5,6,14], which is time-consuming and labor-intensive. CE is a high-
efficiency separation technique but with low sensitivity [8,15].
Therefore, HPLC is the most popular method for NSAIDs analysis.

Generally,  the NSAIDs residues are present in diverse aquatic
environments (such as sewage water, drinking water, and surface
water) with trace levels [16]. Thus, an effective sample prepa-
ration procedure is required prior to the instrumental analysis.
A number of sample preparation methods, such as liquid–liquid
extraction [9,17], solid phase extraction (SPE) [18–20], and solid
phase micro-extraction (SPME) [7,21,22], have been employed
for the enrichment and purification of NSAIDs in environmental
aqueous samples. Recently, an environmentally friendly extraction
technique, stir bar sorptive extraction (SBSE), has been successfully
developed into an efficient method for the pretreatment of envi-
ronmental and biological contaminants [3,10,23]. Noticeably, SBSE
has many distinct advantages such as low consumption of toxic
solvent and convenience compared with conventional extraction
techniques. Furthermore, the volume of adsorbent material coated
on stir bar was  larger than SPME [23], achieving the higher extrac-

tion capacity when dealing with the large volume sample. However,
in the traditional SBSE procedure, the non-polar polydimethyl-
siloxane coating has low extraction capacity for polar compounds
such as NSAIDs. A derivatization reaction with the polar compound
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s a possible solution to the problem [24–26]. But the derivati-
ation reaction was tedious and time-consuming. To avoid the
erivatization reaction, a polar material, poly(4-vinylpyridine-co-
thylene glycol dimethacrylate) [poly(VP-co-EDMA)] monolithic
aterial was synthesized and used as the SBSE coating [27,28].
lthough it has excellent performance in the extraction of polar
ompounds such as phenols and steroid sex hormones [27,28], the
oating may  suffer from cracking due to the continually friction
etween stir bar and sample vessel. To overcome this problem,

n our previous work [29], a stir rod sorptive extraction (SRSE)
evice was proposed, which widens the application of SBSE. Differ-
nt monolithic materials have been used as SRSE coating to extract
arious compounds from honey or environmental aqueous samples
29,30].

In this study, a new monolithic material was  prepared by
olymerizing VP and EDMA on stir rod and further used as
RSE coating to extract three NSAIDs in environmental aque-
us samples. The preparation conditions for monolithic coating
ere optimized and the parameters that influenced extraction

fficiency were investigated. By combining SRSE and HPLC with
V detector, a convenient and low-cost analytical method for the
etermination of the NSAIDs residues in environment aqueous
amples was established. Compared with other methods for the
etermination of NSAIDs, our method can obtain lower limits of
etection [31].

.  Experimental

.1. Chemicals and materials

4-Vinylpyridine  (VP) and ethylene glycol dimethacrylate
98%, EDMA) were obtained from Acros (New Jersey, USA). �-

ethacryloxypropyltrimethoxysilane (�-MAPS) was purchased
rom the Chemical Plant of Wuhan University (Wuhan, China),
hich was used directly without further purification. Azobisisobu-

yronitrile (AIBN), dodecanol, and toluene of analytical reagent
rade were bought from Shanghai Chemical Co. Ltd. (Shanghai,
hina). Analytical-grade methanol (MeOH) and acetonitrile (ACN)
ere bought from Concord Technology (Tianjin, China). Deionized
ater was purified using an Aike apparatus (Chengdu, China).

Ketoprofen  (KEP), fenbufen (FBF), and ibuprofen (IBP) were
urchased from Sigma–Aldrich (Missouri, USA). Individual stock
olutions of three NSAIDs were prepared at a concentration of

 mg/mL  in methanol and kept at 4 ◦C in the dark. A mixed
orking solution of all standards was prepared in deionized
ater.

.2. Preparation of monolithic material coated stir rod

The  pretreatment and chemical modifications of the vial glass
nsert were described in our previous work [29,30]. The prepara-
ion of monolithic materials coating for SRSE was similar to the
rocedure described previously [29,30]. In brief, the monomer
P (88 mg), cross-linker EDMA (336 mg), binary porogens dode-
anol (400 mg)  and toluene (150 mg), and initiator AIBN (5.5 mg)
ere mixed ultrasonically into a homogenous solution. Subse-

uently, 150 �L of the pre-polymerization mixture was  moved into
 cleaned Eppendorf vial (0.6 mL). After the removal of air bubbles
n the Eppendorf vial, a vial glass insert was inserted into the Eppen-
orf vial and sealed with parafilm. The polymerization reaction took
lace at 60 ◦C for 20 h. The glass insert with monolithic material

oating was taken out from Eppendorf vial, and then washed with
ethanol/pure water (1/1, v/v) to remove the residue monomers,

orogen, and initiator. The stir rod was kept in phosphate buffer
olution (PBS, 20 mM,  pH 4.0) before use.
6 (2011) 103– 108

2.3. Instrument and analytical conditions

The morphology was examined using the scanning electron
microscopy (SEM, Quanta 200, FEI, Holland). Autopore IV 9500 mer-
cury intrusion porosimeter (MIP) (Micromeritics Norcross, USA)
was used to measure the mesopores and macropores of the mono-
lithic coating. Nitrogen sorption experiments were carried out at
77 K by using JW-BK surface area and pore size analyzer (JWGB Sci.
& Tech., Beijing, China).

The  HPLC system was  LC-20A (Shimadzu, Japan) which con-
sists of binary LC-20AD pumps, a DGU-20A3 degasser, a SPD-20A
ultraviolet visible detector, a SIL-20A autosampler, and a CTO-20AC
column oven. A LC-solution workstation (Shimadzu, Japan) was
utilized to control the system and also for data processing. The
analytical column was Agilent Eclipse XDB-C18 (4.6 mm × 150 mm,
5 �m).  The column oven temperature was  maintained at 30 ◦C. The
optimized mobile phase was methanol–sodium acetate buffer solu-
tion (25 mM,  pH 5) (65/35, v/v) and the flow rate was  1.0 mL/min.
The UV detection was  set at 223 nm and the sample injection vol-
ume was  20 �L.

2.4. Sample preparation

For  the optimization of extraction conditions of SRSE, aqueous
samples were prepared by spiking analytes in PBS (20 mM)  at a
known concentration (100 ng/mL).

Environmental aqueous samples were collected from East Lake
(Wuhan, China) and sewage outfall of a hospital. Before experi-
ment, all the environmental aqueous samples were filtered through
0.45 �m microporous membranes and stored in brown glasses at
4 ◦C in the refrigerator.

3. Results and discussion

3.1.  Optimization of preparation condition of the monolithic
material coating for SRSE

In this study, KEP was  selected as testing analyte to investigate
the effects of preparation conditions on extraction efficiency. As
shown in Table 1, the best extraction efficiency can be obtained
under the optimized preparation conditions (rod 8). Meanwhile,
no cracking of the monolithic coating was observed during stir-
ring process, which indicated that the monolithic coating under this
condition was  acceptable for a SRSE coating. Therefore, the poly-
merization parameters were adopted to prepare the coating for the
further experiments.

3.2.  Characterization of the monolithic coating

The monolithic polymer coating under the optimal condition
was characterized by SEM, MIP, surface area and pore size ana-
lyzer. Fig. 1 is a SEM image of the poly(VP-co-EDMA) monolithic
polymer coating, showing the interconnected skeletons and tex-
tural pores of the monolithic polymer coating. The skeletons and
the pores were distributed evenly in the monolith and formed a
continuous network. The pore size distribution plot determined
by mercury intrusion porosimeter is also shown in Fig. 1. The
monolithic polymer coating had a large quantity of mesopores and
meanwhile some macropores which contributed to mass transfer

during extraction. The total surface area of the monolithic polymer
was 234 m2/g through Brunauer–Emmett–Teller (BET) method. The
existence of mesopore and large surface area ensured the high
extraction capacity of monolithic polymer coating.
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Table  1
Extraction efficiency of KEP under different preparation conditions for the monolithic polymer coating.

Rod No. VP (mg) EDMA (mg) Toluene (mg) Dodecanol (mg) AIBN (mg) Extraction efficiencya (%)

1 110 420 105 280 5.5 5.7
2 110 420  120 320 5.5 11.2
3 110  420 135 360 5.5 10.4
4  110 420 165 490 5.5 11.4
5  110 420 180 480 5.5 9.4
6  110 420 195 520 5.5 12.3
7  77 294 150 400 5.5 10.7
8 88 336 150 400 5.5  12.9
9 99 378  150 400 5.5 11.2

10 121  462 150 400 5.5 9.6
11  132 504 150 400 5.5 10.5

a The extraction efficiency is calculated from the equation: E = Pd/Ps × 100%, where E is the extraction efficiency, and Pd and Ps are the peak area of KEP obtained by
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three NSAIDs mostly existed in deprotonated forms and small in the
neutral forms; while the functional pyridine groups were present
RSE process and the direct injection of standard sample solution without SRSE pro
he sample solutions pH was  5, no additional inorganic salt was  used, extraction t
ydroxide was used as the desorption solution in the experiments.

.3. Optimization of the extraction parameters

In this study, an anionic exchange monolithic material, poly(VP-
o-EDMA), was prepared as an extraction coating of stir rod sorptive
xtraction. Three NSAIDs were selected as model analytes to evalu-
te the extraction efficiency. In order to achieve the best extraction
fficiency of the coating for three NSAIDs, a variety of parame-
ers, including desorption conditions, salt concentration in sample

atrix, pH value of sample solution, and extraction time, were
ptimized in detail.

.3.1.  Investigation of desorption conditions
In this work, the extraction and desorption mode were the same

s described previously [29,30]. The desorption solution was  evap-
rated to dryness under a gentle stream of nitrogen at 35 ◦C, and
he residue was reconstituted with 0.1 mL  mobile phase for the
ubsequent HPLC/UV analysis. To obtain the optimal desorption
ondition we optimized several parameters like desorption solu-
ion, desorption time, and desorption temperature.

The effect of different kinds of desorption solution such as
ethanol and acetone on the desorption efficiencies was  inves-

igated. The result showed that methanol containing 0.5% (v/v)
ormic acid was the best desorption solution. Therefore, it was  used

s the desorption solution in the following experiments. We  also
nvestigated the desorption time from 10 to 30 min, which showed
hat the three NSAIDs could be completely eluted from stir rod in
0 min. Thus, 20 min  was chosen as the desorption time. And the

ig. 1. Incremental pore size distribution profile of coating measured by mercury
ntrusion  porosimeter. The inset shows scanning electron microscope image of
raphene-polymer composite with a magnification 10,000×.
the KEP concentration was  50 �g/mL), respectively. The SRSE method is following:
as 60 min, desorption time was 20 min, methanol containing 5% (v/v) ammonium

desorption temperature was studied from 25 to 45 ◦C. It was found
that 35 ◦C was  suitable for desorption of the target analytes from
stir rod.

3.3.2. pH value of sample solution
Before the optimization of pH value of sample solution, the effect

of stirring rate on extraction efficiencies was investigated in the
range of 80–190 rpm. It was found that the stirring rate has no
obvious influence on the extraction efficiencies of the target com-
pounds, so the stirring rate was  kept at a moderate stirring rate
(about 130 rpm) in the following experiments.

The  analytes and the extraction coating can have specific charge
status at different pH values, which in turn affect the interaction
between them. Therefore, the extraction efficiencies of three stud-
ied NSAIDs are expected to be pH-dependent. The pH investigation
was performed in 20 mM phosphate buffer solution from 2.0 to
11. As shown in Fig. 2, the satisfactory extraction efficiencies were
obtained at the pH values from 3.0 to 5.0. The pKa values of stud-
ied NSAIDs were reported to be 4.45 for KEP, 4.43 for FBF, and 4.91
for IBP [19,32]. The pKa value of pyridine group of the functional
monomer was reported to be 5.39 [33]. Under this condition, the
in their protonated forms, which resulted in hydrophobic inter-
action and anionic exchange interaction were coexisted between

Fig. 2. Optimization of the pH value of sample solution. Sample solutions with
NSAIDs spiked at 100 ng/mL were prepared with PBS (20 mM).  The sample solutions
pH  was  adjusted by phosphoric acid, extraction time was 60 min, desorption time
was 20 min, methanol containing 0.5% (v/v) formic acid was used as the desorption
solution,  no additional inorganic salt was used in the experiments.
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Fig. 3. Optimization of the salt concentration. Sample solutions with NSAIDs spiked
at 100 ng/mL were prepared with PBS (20 mM).  The sample solutions pH was  4,
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Fig. 4. Extraction time profiles of the three NSAIDs. Sample solutions with each
NSAID spiked at 100 ng/mL were prepared with PBS (20 mM,  pH 4.0). Extraction
time  was  from 20 min  to 6 h. Desorption time was 20 min, methanol containing

Under the above optimized conditions, blank water samples
spiked with three target NSAIDs were prepared to evaluate the
developed method. A serial of experiments with regard to the
linearity, limit of detection (LOD), limit of quantification (LOQ),
xtraction time was  60 min, desorption time was  20 min, methanol containing 0.5%
v/v) formic acid was  used as the desorption solution.

nalytes and monolithic coating, and higher extraction efficiencies
ere obtained. When pH is below 3.0, the NSAIDs molecules are
ostly transformed into neutral forms, while the pyridine groups

n monolithic coating were existed in protonated forms. Thus only
ydrophobic interaction between monolithic skeleton and analytes
as existed, which resulted in the relatively lower extraction effi-

iencies. When pH value is above 5.0, the NSAIDs molecules are
radually transformed into anionic forms, while the adsorbent was
resented in neutral forms, and the interactions between them
ere severely weakened, leading to the low extraction efficiencies

or targeted analytes. Considering the extraction efficiency and sta-
ility of the extraction procedure, the sample matrix was adjusted
o pH 4.0 using 20 mM phosphate buffer solution in the following
xperiments.

.3.3. Salt concentration
Since  anionic exchange interaction contributed to the extrac-

ion of the targeted analytes on the monolithic polymer coating,
he effect of inorganic salt concentration on the extraction effi-
iency was also investigated. In our experiment, sodium chloride
as added to the sample solution in the range of 0–200 mM.  As

hown in Fig. 3, an initial decrease and then a slightly increase
n extraction efficiency with the increase of salt concentration in
ample solution was observed. It is known that the addition of inor-
anic salt may  decrease the ion-exchange interaction between the
nalytes and monolithic coating. As a result, the extraction effi-
iency decreased as the inorganic salt concentration increased from

 to 140 mM.  When the salt concentration was further increased
rom 140 to 200 mM,  a slight increase in extraction efficiency was
bserved. This was because the relatively high salt concentration
ould result in ‘salting out’ effect, which directly leaded to the small
ncrease of extraction performance. To simplify the sample prepa-
ation process, no additional sodium chloride was added in the
urther experiments.

.3.4.  Extraction time
In  this study, the effect of extraction time from 20 min  to 6 h on

he extraction efficiency for the three NSAIDs was also investigated.

s shown in Fig. 4, increasing extraction time could remarkably

mprove the extraction efficiency, implying the excellent enrich-
ent ability of the monolithic polymer coating towards the studied
SAIDs. Considering the detection sensitivity and the time con-
0.5%  (v/v) formic acid was  used as the desorption solution, no additional inorganic
salt  was  used in the experiments.

sumed of proposed method, 2 h was  adopted as the extraction time
in the following experiments.

From  the above experimental results, the optimized parame-
ters for extraction of NSAIDs from water sample with SRSE were
as follows: the pH value of sample solution was 4.0; extraction and
desorption time were 2.0 h and 20 min, respectively; methanol con-
taining 0.5% (v/v) formic acid was used as desorption solvent; no
inorganic salt was added to the sample solution.

Under these optimal experimental conditions, the three NSAIDs
were analyzed. Fig. 5 showed the chromatograms obtained
by direct HPLC/UV analysis without SRSE process and the
SRSE–HPLC/UV analysis. In comparison with the chromatogram of
direct injection, an obvious enhancement of each peak height was
observed after extraction, indicating the remarkable preconcentra-
tion ability of the polymer coating to the three NSAIDs.

3.4. Validation of the SRSE–HPLC/UV method
Fig. 5. Chromatograms of three NSAIDs obtained by SRSE–HPLC/UV (a) and direct
injection (b) analysis. The sample solution was  spiked at 100 ng/mL for each of the
NSAIDs and the direct injection volume was 20 �L.
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Table  2
The  linear range, regression data, limits of detection (LODs), limits of quantification (LOQs) for the NSAIDs from aqueous samples.

Analytes Linear range (ng/mL) Calibration curves LOD (ng/mL) LOQ (ng/mL)

Slope Intercept R2 value

KEP 1–200 11,457 25,273 0.9999 0.09 0.30
FBF  1–200 10,737 −8784 0.9999 0.11 0.37
IBP  1–200 8270 2656 0.9995 0.25 0.83

Table 3
Method precisions at three different concentrations for the extraction of the NSAIDs from aqueous samples.

Analytes Intra-day precision (RSD%, n = 3) Inter-day precision (RSD%, n = 3)

200 ng/mL 20 ng/mL 2 ng/mL 200 ng/mL 20 ng/mL 2 ng/mL

KEP 3.0 6.6 8.7 5.0 5.3 9.8
FBF 3.0  4.3 2.7 6.3 4.0 2.6
IBP 2.5 4.4 3.9 7.4 7.9 3.4

Table 4
Comparison of the limits of detection (ng/mL), times consumed and precisions of the proposed method in this study with other methods.

Methods Matrix Analytes LOD Time consumed Precision (RSD%) Reference

SPE–LC/MS/MS Water KEP, IBP 0.003, 0.021 2 h 1–13 [19]
LPME–LC/MS  Sewage sludge KEP, IBP 10, 10 21 h 6.8–10.7 [34]
LPME–HPLC/DAD/FLD Human urine IBP 40.6 for DAD; 1.9 for FLD 30 min 0.8–1.8 [9]
SPME–HPLC/DAD Water KEP, IBP 0.5, 12 100 min 7–14 [21]
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SPME–GC/MS  Water IBP 0.2 

SBSE–HPLC/DAD Water IBP 1.1 

SRSE–HPLC/UV Water KEP,  FBF, IBP 0.09, 0

nd reproducibility were performed. The linear regression analy-
is was performed using peak areas against the concentrations of
he respective analytes. The LOD and LOQ were calculated as the
oncentration corresponding to the signals of 3 and 10 times the
tandard deviation of the baseline noise, respectively.

The linear regression, the LOD, and LOQ data were listed
n Table 2. The LOD and LOQ for three NSAIDs were found to
e 0.09–0.25 ng/mL and 0.30–0.83 ng/mL, respectively. The linear
ynamic range was 1–200 ng/mL for three NSAIDs, and the linear
orrelation coefficients (R2) were above 0.9995, showing a high
egree of correlation between concentration and peak area.

In  this study, the reproducibility of the method was  determined
y the intra- and inter-day precisions. The intra- and inter-day rel-
tive standard deviations (RSDs) were calculated with the NSAIDs
piked at three different concentration levels in water sample.
hree parallel extractions of sample solution over a day gave
he intra-day RSDs, and the inter-day RSDs were determined by
xtracting sample solutions that had been independently prepared
or three continuous days. The results were summarized in Table 3.
he intra- and inter-day RSDs were less than 8.7% and 9.8%, illus-
rating the acceptable reproducibility achieved by the proposed

ethod.

Table 4 listed the comparison of the limits of detection, times

nd precisions of our developed method with other methods. As
llustrated in Table 4, our proposed method has a moderate analy-
is time and satisfactory precision, and our method showed better

able 5
ecoveries and precisions of the NSAIDs in the analysis of environmental aqueous sample

Sample Analytes Founde

The East Lake water KEP 15.12 

FBF  20.42 

IBP  18.44 

Sewage  outfall of a hospital KEP 16.48 

FBF 22.46 

IBP  20.02 

a Real aqueous samples were spiked at 20 ng/mL.
70 min 10 [22]
7 h 7.2 [10]

.25 3 h 2.5–9.8 This work

sensitivity  than most of them. Determination of NSAIDs by GC
or HPLC with mass spectrometry (MS) detector was  more sensi-
tive than that with UV detector. However, our proposed method
exhibited a greater sensitivity than LPME–LC/MS method with MS
detector [34]. The experimental and comparative results well indi-
cated that the SRSE–HPLC/UV method may  be used to effectively
monitor NSAIDs in aqueous matrices or other complex aqueous
matrix with modification such as using more selective and sensitive
MS detector.

3.5. Application to environmental aqueous samples

Under the optimized conditions, the proposed SRSE–HPLC/UV
method was successfully applied to the analysis of the NSAIDs in
two kinds of environmental aqueous samples including lake water
and sewage outfall of a hospital. The recoveries were determined
by comparing the calculated amounts of NSAIDs from the spiked
environmental samples with the total spiking amounts (20 ng/mL).
As listed in Table 5, the recoveries of the three NSAIDs from two
environmental aqueous samples were in the range from 75.6% to
112.3% with the RSDs less than 9.3%. Compared to sewage water,
higher inorganic salt concentration in East Lake water caused the

lower precisions. Meanwhile, high salt concentration caused KEP
has lowest recoveries (76 and 82%) among target analytes. The
results demonstrated that the precision and accuracy of the present
method were acceptable.

s.a

d (ng/mL) Recovery (%) RSD (%, n = 3)

75.6 6.8
102.1 9.3

92.2 9.1

82.4 1.1
112.3 3.7
100.1 6.2
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. Conclusion

In this work, a poly(VP-co-EDMA) monolithic polymer was
repared and used as SRSE coating, and this anionic exchange
onolithic material was applied to extract three non-steroidal

nti-inflammatory drugs in environmental aqueous samples. The
olymerization conditions were optimized by measuring the sur-
ace area and pore size analyzer, SEM, and MIP  to characterize
he monolithic material. Under the optimized extraction condi-
ion, the method for the determination of NSAIDs in environmental
queous samples was established based on the combination of
igh performance liquid chromatography with ultraviolet detector
SRSE–HPLC/UV).

cknowledgements

This work was partly supported by the National Nature Science
und (91017013, 31070327, 21005057) and the Science Fund for
reative Research Groups (No. 20921062), NSFC. We  would also

ike to thank Mr.  Gedeng Ruan (Rice University) for his advice and
eading manuscript).

eferences

[1] C. Lacey, G. McMahon, J. Bones, L. Barron, A. Morrissey, J.M. Tobin, Talanta 75
(2008) 1089.

[2] A. Togola, H. Budzinski, Anal. Bioanal. Chem. 388 (2007) 627.
[3] E. Van Hoeck, F. Canale, C. Cordero, S. Compernolle, C. Bicchi, P. Sandra, Anal.
Bioanal. Chem. 393 (2009) 907.
[4]  K. Aguilar-Arteaga, J.A. Rodriguez, J.M. Miranda, J. Medina, E. Barrado, Talanta

80 (2010) 1152.
[5] Z. Es’haghi, Anal. Chim. Acta 641 (2009) 83.
[6]  J. Zhang, H.K. Lee, J. Chromatogr. A 1216 (2009) 7527.

[

[

6 (2011) 103– 108

[7]  Y. Fan, M.  Zhang, Y.Q. Feng, J. Chromatogr. A 1099 (2005) 84.
[8] W. Ahrer, E. Scherwenk, W.  Buchberger, J. Chromatogr. A 910 (2001) 69.
[9]  M.R. Payan, M.A.B. Lopez, R. Fernandez-Torres, J.L.P. Bernal, M.C. Mochon, Anal.

Chim. Acta 653 (2009) 184.
10] A.R.M. Silva, F.C.M. Portugal, J.M.F. Nogueira, J. Chromatogr. A 1209 (2008) 10.
11]  A. Stafiej, K. Pyrzynska, F. Regan, J. Sep. Sci. 30 (2007) 985.
12] M.  Pedrouzo, S. Reverte, F. Borrull, E. Pocurull, R.M. Marce, J. Sep. Sci. 30 (2007)

297.
13]  C. Nebot, S.W. Gibb, K.G. Boyd, Anal. Chim. Acta 598 (2007) 87.
14] J.L.P. Pavon, A.M.C. Ferreira, M.E.F. Laespada, B.M. Cordero, J. Chromatogr. A

1216 (2009) 6728.
15] A. Macia, F. Borrull, C. Aguilar, M.  Calull, Electrophoresis 24 (2003) 2779.
16] M.  Winkler, J.R. Lawrence, T.R. Neu, Water Res. 35 (2001) 3197.
17] X.J. Wen, C.H. Tu, H.K. Lee, Anal. Chem. 76 (2004) 228.
18] J.L. Santos, I. Aparicio, E. Alonso, M.  Callejon, Anal. Chim. Acta 550 (2005) 116.
19] R. Rodil, J.B. Quintana, P. Lopez-Mahia, S. Muniategui-Lorenzo, D. Prada-

Rodriguez, J. Chromatogr. A 1216 (2009) 2958.
20] A. Kot-Wasik, J. Debska, A. Wasik, J. Namiesnik, Chromatographia 64 (2006) 13.
21]  M.E.T. Padron, Z.S. Ferrera, J.J.S. Rodriguez, Biomed. Chromatogr. 23 (2009)

1175.
22] M. Moeder, S. Schrader, M.  Winkler, P. Popp, J. Chromatogr. A 873 (2000) 95.
23]  F.M. Lancas, M.E.C. Queiroz, P. Grossi, I.R.B. Olivares, J. Sep. Sci. 32 (2009) 813.
24]  M.  Kawaguchi, K. Inoue, M. Yoshimura, N. Sakui, N. Okanouchi, R. Ito, Y.

Yoshimura, H. Nakazawa, J. Chromatogr. A 1041 (2004) 19.
25] M.  Kawaguchi, R. Ito, H. Honda, N. Endo, N. Okanouchi, K. Saito, Y. Seto, H.

Nakazawa, J. Chromatogr. A 1200 (2008) 260.
26]  M.  Kawaguchi, Y. Ishii, N. Sakui, N. Okanouchi, R. Ito, K. Saito, H. Nakazawa,

Anal. Chim. Acta 533 (2005) 57.
27] X.J. Huang, N.N. Qiu, D.X. Yuan, J. Chromatogr. A 1194 (2008) 134.
28] X.J. Huang, J.B. Lin, D.X. Yuan, R.Z. Hu, J. Chromatogr. A 1216 (2009) 3508.
29] Y.B. Luo, Q. Ma, Y.Q. Feng, J. Chromatogr. A 1217 (2010) 3583.
30] Y.B. Luo, J.S. Cheng, Q. Ma,  Y.Q. Feng, J.H. Li, Anal. Methods 3 (2011) 92.
31] A. Panusa, G. Multari, G. Incarnato, L. Gagliardi, J. Pharm. Biomed. Anal. 43 (2007)

1221.
32]  L.G. Gagliardi, C.B. Castells, C. Rafols, M.  Roses, E. Bosch, J. Sep. Sci. 31 (2008)
969.
33]  V.T. Pinkrah, M.J. Snowden, J.C. Mitchell, J. Seidel, B.Z. Chowdhry, G.R. Fern,

Langmuir 19 (2003) 585.
34] E. Sagrista, E. Larsson, M.  Ezoddin, M. Hidalgo, V. Salvado, J.A. Jonsson, J. Chro-

matogr. A 1217 (2011) 6153.


	An anionic exchange stir rod sorptive extraction based on monolithic material for the extraction of non-steroidal anti-inf...
	1 Introduction
	2 Experimental
	2.1 Chemicals and materials
	2.2 Preparation of monolithic material coated stir rod
	2.3 Instrument and analytical conditions
	2.4 Sample preparation

	3 Results and discussion
	3.1 Optimization of preparation condition of the monolithic material coating for SRSE
	3.2 Characterization of the monolithic coating
	3.3 Optimization of the extraction parameters
	3.3.1 Investigation of desorption conditions
	3.3.2 pH value of sample solution
	3.3.3 Salt concentration
	3.3.4 Extraction time

	3.4 Validation of the SRSE–HPLC/UV method
	3.5 Application to environmental aqueous samples

	4 Conclusion
	Acknowledgements
	References


