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a b s t r a c t

A new method based on dispersive liquid–liquid microextraction (DLLME) in combination with high-
performance liquid chromatography (HPLC) has been developed for the analysis of UV filters. A specially
designed flask, which has two narrow open necks with one of them having a capillary tip, was employed
to facilitate the DLLME process. By adopting such a device, the extraction and subsequent phase separa-
tion were conveniently achieved. A binary solvent system of water sample and low-density extraction
solvent (1-octanol) was used for the DLLME and no disperser solvent was involved. The extraction was
accelerated by magnetic agitation of the two phases. After extraction, phase separation of the extraction
solvent from the aqueous sample was easily achieved by leaving the extraction system statically for a
while. No centrifugation step involving in classical DLLME was necessary. The analyte-enriched phase,
floating above the sample solution, was elevated and concentrated into the narrow open tip of the flask
-Octanol
PLC-UV

by adding pure water into it via the other port, which was withdrawn with a microsyringe for the sub-
sequent HPLC analysis. Under the optimized conditions, the limits of detection for the analytes were in
range of 0.2–0.8 ng mL−1 .The linearity ranges were 8–20,000 ng mL−1 for HB, 7–20,000 ng mL−1 for DB,
8–10,000 ng mL−1 for BP and 5–20,000 ng mL−1 for HMB, respectively. Enrichment factors ranging from
59 to 107 folders were obtained for the analytes. The relative standard deviations (n = 3) at a spiked level
of 80 ng mL−1 were between 1.4 and 4.8%. The proposed magnetic stirring-assisted DLLME method was

e ana
successfully applied to th

. Introduction

Analytical instruments cannot handle complex samples such
s biological, environmental and pharmaceutical ones directly.
o, developing fast, simple, inexpensive and environment-friendly
ample-preparation methods is becoming a critical issue in analyt-
cal chemistry [1]. The aim of sample preparation is to clean up and
oncentrate target analytes from complex matrices [2]. However,
onventional sample-preparation methods such as liquid–liquid
xtraction and solid-phase extraction may not always meet the
eeds of saving time, materials and labour. In the past several
ecades, much effort has been devoted to developing new minia-
urized and economical sample-preparation techniques, including
olid-phase microextraction and liquid-phase microextraction
LPME), etc. [3,4].
Recently, dispersive liquid–liquid microextraction (DLLME), a
ewly developed LPME method, has attracted much attention due
o the merits of short extraction time, ease of operation, low cost as
ell as high enrichment factors for analytes [5–16]. DLLME is com-

∗ Corresponding author. Tel.: +86 27 68754067; fax: +86 27 68754067.
E-mail address: shizg@whu.edu.cn (Z.-G. Shi).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2010.11.076
lysis of lake water samples.
© 2010 Elsevier B.V. All rights reserved.

monly based on a ternary solvent system in which a mixture of two
types of organic solvent (disperser solvent and extraction solvent
(extractant)) is quickly added into target aqueous sample solu-
tions [6]. The disperser solvents (methanol, acetone, acetonitrile,
etc.), which are miscible with both aqueous and organic phases,
are involved to accelerate the extraction because it can facilitate the
contact between aqueous sample solution and the extractant. How-
ever, in the present of disperser solvent, the extractant is difficult
to be separated from the aqueous solution unless centrifugation at
a high speed for a considerable time is employed. As centrifugation
needs additional instrument and cost extra time, it is a little tedious
for sample preparation. Moreover, centrifugation involved DLLME
cannot handle samples of large volumes because no approximate
conical centrifuge tubes were readily available.

Herein, we presented a magnetic stirring-assisted DLLME based
on a homemade new device. To evaluate the effectiveness of the
method and the device, several UV filters in aqueous environmen-
tal samples were used as model analytes. The extraction was carried

out in a binary system composed of the extractant (1-octanol) and
the aqueous sample solution. No disperser solvent was present.
To facilitate the mass transfer from the aqueous samples to the
extractant, during extraction, magnetic stirring was involved. After
extraction, the extractant was easily separated from the aque-
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Table 1
Chemical structures and some physicochemical properties of the UV filters.

Name Structure pKa Log Kow

4-Hydroxybenzophenone (HB)

O

HO

7.95 3.07

2,4-Dihydroxybenzophenone
(DB)

OOH

OH

7.53 2.96

Benzophenone (BP)

O

– 3.38

2-Hydroxy-4-

OOH

7.56 3.52
712 P.-P. Zhang et al. / Ta

us phase by leaving the extraction system statically for a while
5 min). No centrifugation step was necessary. Several experimen-
al parameters, which may influence the extraction performance of
he proposed method, were investigated.

. Experimental

.1. Chemicals and reagents

The UV filters, 4-hydroxybenzophenone (HB), 2,4-
ihydroxybenzophenone (DB), benzophenone (BP) and
-hydroxy-4-methoxybenzophenone (HMB), were purchased
rom Alfa Aesar (Tianjin, China). Hydrochloric acid, sodium
ydroxide and sodium chloride, 1-octanol, methanol and acetic
cid of analytical grade were purchased from Shanghai General
hemical Reagent Factory (Shanghai, China). Ultrapure water was
roduced by an Aike (Chengdu, China) water purification system.

.2. Sample preparation

Standard stock solutions of the UV filters (1000 mg L−1) were
repared by dissolving each analyte in methanol and stored at 4 ◦C

n a fridge prior to use. Working solutions were prepared daily by
iluting the standard stock solutions with ultrapure water.

Environmental water samples were collected from a swimming
one in the East Lake (Wuhan, China). They were filtrated through
0.22-�m membrane and were adjusted to the pH of 7.0 prior to
LLME.

.3. Extraction apparatus

The extraction is achieved in a homemade device (Fig. 1). The
imensions of it are as follows: the volume is 25 ± 3 mL; Port 1 is a
eck of 4 cm in length, with a capillary tip of 1.5 cm in length and
.2 mm in diameter; Port 2 is a neck of 12 cm in length and 1.5 cm

n diameter.

.4. Extraction procedures

Firstly, 40 �L of 1-octanol was slowly injected through Port 2
nto the extraction device containing 20 mL of sample solution. The

ixture was magnetically agitated for 20 min. After that, the mag-
etic stirring was stopped and the 1-octanol floated on the aqueous
ample within 5 min. By tilting the flask to keep Port 1 (Fig. 1(C))
traightforward and adding pure water into the flask through Port
, the liquid level was elevated and the 1-octanol was concentrated

n the narrow branch tip of the bottle (Port 1). Although 40 �L
f 1-octanol was added for the extraction, to ensure repeatability

nd accuracy, 20 �L of the analyte-enriched 1-octanol was with-
rawn and diluted with 80 �L of methanol for HPLC analysis. All the
xperiments were performed at least three times. The schematic
xtraction procedures were depicted in Fig. 1.

Fig. 1. Schematic of the extraction process.
methoxybenzophenone
(HMB) O

Kow: octanol–water partition coefficient.

2.5. HPLC analysis

The experiment was carried on a HPLC system (Waters, Mil-
ford, MA, USA) equipped with a 1525 binary high-pressure pump
and a 2996 photodiode array detector. An Xterra C18 column
(150 mm × 3.9 mm, 5 �m particle size) from Waters was used for
the separation of the target analytes. The mobile phase was a
mixture of methanol: 1% acetic acid (60:40, v/v). The flow rate
was 0.75 mL min−1. The injection volume was 10 �L. The detection
wavelength was set at 254 nm.

3. Results and discussion

UV filters are widely used as cosmetic additives for the protec-
tion from solar radiation. However, excessive use of them would
lead to environmental pollution as well as health issues [17,18].
Generally it is difficult to directly determine this class of organic
pollutants in real samples due to their low concentration and
the co-existing interference [19–24]. As a result, a purification
and/or enrichment procedure is necessary before analysis. Herein,
a magnetic stirring assisted DLLME method was proposed for their
extraction. The chemical structures and some physicochemical
properties of the UV filters are given in Table 1.

3.1. Extraction optimization

Several parameters, including extraction solvent volume,
extraction time, ionic strength, sample pH and stirring speed, were
optimized for the extraction. An aqueous sample (20 mL) contain-
ing 80 ng mL−1 of each analyte was used for all experiments. If being
not emphasized elsewhere, sample volume was 20 mL and each
experiment was carried out in triplicate.

3.1.1. Extraction solvent volume
1-Octanol is one of the most widely used organic extraction sol-
vents in LPME, which has shown satisfied extraction performance
for various analytes. In this study, it was adopted as the extrac-
tion solvent. Its volume plays important role in DLLME because it
influences not only the extraction efficiency but also the HPLC sepa-
ration. 1-Octanol of different volumes ranging from 20 to 60 �L was
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300 rpm.

tudied to examine its influence on the extraction performance.
he results are shown in Fig. 2. It can be observed that the best
xtraction was achieved at 50 �L of 1-octanol. However, the ana-
ytes extracted in this volume displayed a poor chromatographic
ehavior (peak tailing), which should be ascribed to the presence
f large portion of 1-octanol in the HPLC samples. When 40 �L of
-octanol was used for the extraction, the chromatographic peaks
or the analytes were quite symmetric. Therefore, 40 �L would be
uitable volume for the extraction solvent.

.1.2. Extraction time
The extraction time was investigated in the range of 2 and

0 min. The results are plotted in Fig. 3. It shows that the peak areas
f all the analytes are the highest at an extraction time of 20 min.
herefore, 20 min was selected as the optimal extraction time.
.1.3. Ionic strength
The effect of salt addition in DLLME has been widely reported.

n this study, 5–100 mmol L−1 of sodium chloride in the sample
olution was separately evaluated to determine the influence of salt
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Fig. 4. Optimization of the ionic strength. Other conditions: extraction time, 20 min;
extraction solvent volume, 40 �L; pH of sample solution, 7.0; stirring speed,
1300 rpm.

addition on the extraction. The results are demonstrated in Fig. 4.
It can be observed that the salt addition has little influence on the
extraction performance. Therefore, no salt addition would be the
best choice.

3.1.4. Sample pH values
The pH values, which can influence the molecular status of the

UV filters, were investigated in the extraction. The results are dis-
played in Fig. 5. It can be observed that as the pH increased from
3.0 to 7.0, the peak areas for all of the analytes increased accord-
ingly. However, as the pH increased higher than 7.0, the peak areas
decreased dramatically. When the pH was lower than 7.0, the ana-
lytes probably existed in their neutral forms, which was beneficial
for them to distribute into the organic phase. However, when the
pH is higher than 7.0, probably the UV filters ionized in alkaline
conditions, which was detrimental for their extraction. According

to these results, pH 7.0 should be the optimal pH for the extraction.

3.1.5. Stirring speed
Agitation is an effective way to accelerate the mass transfer of

analytes from the aqueous solution to the extraction phase. In this
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tudy, the stirring speed was investigated from 260 to 1300 rpm.
t is found that as the stirring speed increased, the extraction
fficiency improved significantly (as shown in Fig. 6). The fast
gitation broke up the 1-octanol into fine droplets, which highly
ispersed within the aqueous solution to facilitate extraction. As
result, enhanced extraction could be achieved at high stirring

peed. In the present case, 1300 rpm is the maximum stirring speed
f the magnetic stirrer. Therefore, this speed was used for the
xtraction.

Based on the above discussion, the optimal extraction condi-
ions for the proposed method were a stirring speed at 1300 rpm,
0 min of extraction time, 1-octanol as the extraction solvent, sam-
le pH at 7.00 and no salt addition.

.2. Method evaluation

A series of experiments with regard to the linearity, limit of
etections (LODs), enrichment factors and repeatability were per-
ormed to validate the proposed method under the optimized
onditions. Sample solutions (20 mL) were prepared by spiking
ure water with the UV filters at different concentration levels.
he results obtained are listed in Table 2. The linearity of the
ethod was evaluated using spiking water samples at different

oncentrations ranging from 5 to 20000 ng mL−1. The linearity
anges were 8–20,000 ng mL−1 for HB, 7–20,000 ng mL−1 for DB,
–10,000 ng mL−1 for BP and 5–20,000 ng mL−1 for HMB, respec-
ively. The regression coefficients (r2) were higher than 0.9945 for
ll the UV filters. The LODs, calculated at a signal-to-noise of 3,

−1
anged from 0.2 to 0.8 ng mL .
The repeatability was studied for three replicate experiments

y spiking ultrapure water with each UV filter at a concentra-
ion of 80 ng mL−1. The relative standard deviations (RSDs) were
elow 4.7%, illustrating the good repeatability of the proposed

able 2
inear range, regression data, limits of detection (LODs), relative standard deviations
RSDs) and enrichment factors of the UV filters of the DLLME method.

Analyte Linear range
(ng mL−1)

r2 LOD
(ng mL−1)

RSDa

(%, n = 3)
Enrichment
factora

HB 8–20,000 0.9976 0.2 4.0 59
DB 7–20,000 0.9992 0.4 4.8 101
BP 8–10,000 0.9945 0.5 1.4 85
HMB 5–20,000 0.9999 0.8 4.6 107

a Calculated from the sample spiked at a level of 80 ng mL−1.
Fig. 7. Chromatograms of the UV-filters obtained by (a) DLLME-HPLC analysis of
lake water directly; (b) HPLC analysis of UV filter standards at concentrations of
80 ng mL−1 without DLLME; (c) DLLME-HPLC analysis of lake water spiked with UV
filters at concentrations of 80 ng mL−1.

method. High enrichment factors ranging from 59 to 107 folders
were obtained for these analytes.

3.3. Analysis of lake water samples

The proposed method was used to determine the UV filters in
lake water samples under the optimized conditions. The lake water
was filtrated and was adjusted to the pH of 7.0 prior to DLLME. It is
found that these analytes cannot be detected (as shown in Fig. 7(a)),
indicating the lake was free of these analytes or probably the quan-
tity of these UV filters were below the LODs of this method. For
clarity, the lake water was also analyzed by extraction with com-
mercial SPE cartridges (AccuBond C18) (Agilent, Santa Clara, CA,
USA). The sample preparation was carried out according to a previ-
ous literature [25]. By this method, there were no chromatographic
signals for these UV filters, which is consistent with our DLLME
method.

To test the feasibility and the accuracy of the proposed method,
the processed lake water was spiked with each of the UV filters at a
concentration of 80 ng mL−1 and then subject to the DLLME process.
The result is given in Fig. 7(c). For comparison, direct determination
of the analytes without extraction (each analyte at a concentration
of 80 ng mL−1) is displayed in Fig. 7(b). Clearly, all of the analytes
were enriched. The relative recoveries were 92.2% for HB, 91.3% for
DB, 97.1% for BP and 94.2% for HMB. The RSDs for them were 4.0%,
4.8%, 1.4% and 4.6% (n = 4) respectively, implying the established
DLLME method is reliable and applicable for real sample analysis.

4. Conclusions

In the present study, a new magnetic stirring assisted disper-
sive liquid–liquid microextraction (DLLME) has been developed.
A specially designed flask was employed to facilitate the DLLME
process, in which the extraction and subsequent phase separation
were conveniently achieved. The DLLME is based on a binary com-
ponent solvent system of water sample and low-density extraction
solvent (1-octanol). No disperser solvent was employed. As a result,
1-octanol can be easily separated from the aqueous phase without
centrifugation, which may simply the extraction process and is easy

to be automated.

Under the optimized extraction conditions, the limits of detec-
tion can reach ng mL−1 range for the UV filters. Good linearity and
repeatability were also achieved. The study demonstrates that the
magnetic stirring-assisted DLLME technique is a simple, effective
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