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a b s t r a c t

A user-friendly and inexpensive ionic liquid-based single-drop microextraction (IL-SDME) pro-
cedure has been developed to preconcentrate trace amounts of six typical UV filters extensively
used in cosmetic products (i.e., 2-hydroxy-4-methoxybenzophenone, isoamyl 4-methoxycinnamate,
3-(4′-methylbenzylidene)camphor, 2-ethylhexyl 2-cyano-3,3-diphenylacrylate, 2-ethylhexyl 4-
dimethylaminobenzoate and 2-ethylhexyl 4-methoxycinnamate) from surface water samples prior
to analysis by liquid chromatography-ultraviolet spectrophotometry detection (LC-UV). A two-stage
multivariate optimization approach was developed by means of a Plackett–Burman design for screening
and selecting the significant variables involved in the SDME procedure, which were later optimized by
means of a circumscribed central composite design. The studied variables were drop volume, sample
volume, agitation speed, ionic strength, extraction time and ethanol quantity. Owing to particularities,
ionic liquid type and pH of the sample were optimized separately. Under optimized experimental con-
ditions (i.e., 10 �L of 1-hexyl-3-methylimidazolium hexafluorophosphate, 20 mL of sample containing
1% (v/v) ethanol and NaCl free adjusted to pH 2, 37 min extraction time and 1300 rpm agitation speed)
enrichment factors up to ca. 100-fold were obtained depending on the target analyte. The method gave

good levels of repeatability with relative standard deviations varying between 2.8 and 8.8% (n = 6). Limits
of detection were found in the low �g L−1 range, varying between 0.06 and 3.0 �g L−1 depending on
the target analyte. Recovery studies from different types of surface water samples collected during the
winter period, which were analysed and confirmed free of all target analytes, ranged between 92 and
115%, showing that the matrix had a negligible effect upon extraction. Finally, the proposed method was
applied to the analysis of different water samples (taken from two beaches, two swimming pools and a
river) collected during the summer period.
. Introduction

The intensity of solar UV radiation reaching earth has increased
n recent years due to damage caused to the ozone layer. It is

ell-known that exposure to UV radiation in small amounts has

therapeutic effect on human health; however, it is also well-

ocumented that over-exposure can promote harmful effects on
uman health, including skin cancer. The use of sunscreen cosmetic
roducts containing UV filters, which mitigate the harmful solar
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∗∗ Corresponding author. Tel.: +34 96 590 97 90; fax: +34 96 590 97 90.
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radiation, may prevent or minimize the adverse effects of sunlight
[1].

Nowadays, in order to achieve greater protection to solar radi-
ation, UV filters are added not only to cosmetics to be used
for sunbathing but also to daily cosmetic products, such as face
day-creams, after-shave products, makeup formulations, lipsticks,
shampoos, etc., thus resulting in an increase in the use of UV filters.
Moreover, they can be found as additives in textiles, plastics, paints,
car polishes, etc. [2].

This excessive use of UV filters has led to their presence in the

aquatic environment and increased their potential for endocrine
and developmental toxicity [3–5]. This fact has prompted that
UV filters are considered emerging pollutants nowadays. These
compounds can enter the aquatic environment directly from recre-
ational activities, such as sunbathing and swimming in seas, lakes
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nd rivers and also indirectly from showering, rinsing them off,
ashing clothes, etc., via wastewater treatment plants [2]. Levels

bserved in environmental waters are not far below the doses that
ause toxic effects in animals [6,7].

In recent years, different publications have reported the deter-
ination of UV filters in water samples, thus showing it to be an

rea of growing interest [2,5–9]. Based on the literature, solid-phase
ased extraction techniques such as solid-phase extraction (SPE)
10–18], solid-phase microextraction (SPME) [19,20] and stir-bar
orptive extraction (SBSE) [21–23] have been widely used to extract
V filters from water samples for clean-up and preconcentration
urposes. Other extraction techniques like liquid–liquid extraction
LLE) [24,25], membrane-assisted liquid–liquid extraction (MALLE)
26] and micelle mediated extraction-solvent back extraction [27]
ave also been used for this purpose.

SPE, SPME and SBSE use expensive materials, are time-
onsuming, usually have carry over effects and the last two in
articular have long-time sorbent conditioning. On the other
and, in the case of LLE, the main disadvantages are the use
f large amounts of potentially toxic and normally expensive
rganic solvents, it is time-consuming and samples require high
anipulation. For this reason, miniaturization of the liquid–liquid

xtraction attempts to eliminate or minimize these drawbacks. In
his sense, the single-drop microextraction (SDME) technique has
een employed in a remarkable number of investigations during
he last decade [28,29], and has been proven and consolidated as
n interesting alternative to other microextraction techniques, like
he frequently-used SPME. SDME stands out because it is simple to
perate, fast, inexpensive, precise, sensitive, virtually solventless
nd environmentally friendly. In addition, it is characterized by its
ffordability, as it is not tied to any commercial source.

Usually, organic solvents such as octanol, cyclohexane, toluene,
tc., have been used as acceptor phases in SDME. Nevertheless,
n recent years, ionic liquids (IL), which are organic salts that are
iquids at room temperature and have high boiling points, have
een proposed for use in SDME [30–36]. IL have various advantages
ver traditional organic solvents, such as low vapour pressure, high
tability, high viscosity, moderate dissolvability of organic com-
ounds, adjustable miscibility and polarity, good extractability for
ifferent organic and inorganic compounds, as well as the possibil-

ty of using longer sampling time and larger droplet volume [37,38].
evertheless, it should be pointed out that despite these advan-

ages, there are still few IL-based SDME applications but there is
rowing interest.

The aim of this paper is to develop a user-friendly, inexpen-
ive, sensitive and environmentally friendly analytical method
ble to determine six typical UV filters extensively used in
osmetics, such as 2-hydroxy-4-methoxybenzophenone (also
nown as benzophenone-3 (BZ3)), isoamyl 4-methoxycinnamate
IMC), 3-(4′-methylbenzylidene)camphor (MBC), 2-ethylhexyl 2-
yano-3,3-diphenylacrylate (also known as octocrylene (OCR)),
-ethylhexyl 4-dimethylaminobenzoate (EDB) and 2-ethylhexyl 4-
ethoxycinnamate (EMC) in surface water samples. The chemical

tructures and other relevant data are shown in Table 1. The method
s based on the use of an IL as extractant phase in SDME, carry-
ng out both pre-concentration and clean-up steps. The method
eveloped here was able to determine them at trace levels, employ-

ng common and inexpensive instrumentation, such as LC with UV
pectrometric detector.

To our knowledge, there are no published methods based on
DME focusing on UV filter determination in water samples, and

here is only one published paper where SDME has been used for
V filter determination [36]. This method, published by the same
uthors of the present manuscript, was developed to determine
ree BZ3 in urine from cosmetic users, and achieved good analytical
erformance.
 (2010) 549–555

2. Experimental

2.1. Apparatus

A LC system from Waters (Milford, MA, USA) equipped with a
Waters 600E high-pressure pump, a Waters 996 diode array detec-
tor set at 313 nm and a 7725i Rheodyne valve injection (Rohnert
Park, CA, USA) with 5 �L volume injection loop was employed. A
personal computer equipped with a Milenium32 Waters program
for LC system was used to process all chromatographic data. A Luna
C18 column (250 mm × 4.6 mm I.D., 5 �m particle size) and a Luna
C18 guard column (4 mm × 3 mm I.D., 5 �m particle size) both from
Phenomenex (Torrance, CA, USA) were used for the separation of
the target analytes.

A basic 20+ pHmeter from Crison (Alella, Spain) was used for the
pH measurements.

2.2. Reagents and samples

2-Hydroxy-4-methoxybenzophenone (benzophenone-3 (BZ3))
98% obtained from Aldrich (Steinheim, Germany), isoamyl 4-
methoxycinnamate (IMC) 99.3% from Haarmann and Reimer
(Parets del Vallés, Spain), 3-(4′-methylbenzylidene)camphor (MBC)
99.7% from Guinama S.L. (Valencia, Spain), 2-ethylhexyl 2-
cyano-3,3-diphenylacrylate (octocrylene (OCR)) >98% from F.
Hoffmann-La Roche Ltd. (Basel, Switzerland) and 2-ethylhexyl
4-dimethylaminobenzoate (EDB) 99.8% and 2-ethylhexyl 4-
methoxycinnamate (EMC) 99.8% both from Roig Farma S.A.
(Terrasa, Spain) were used as standards. Standard stock solutions
of each UV filter (500 mg L−1) were prepared in ethanol. Multicom-
ponent working standard solutions were freshly prepared daily
by proper dilution of the ethanolic standard stock solutions with
de-ionized water.

Acetic acid and ethanol, both LC-grade, from Scharlau Chemie
(Barcelona, Spain), and de-ionized water (resistivity ≥ 18 M� cm)
obtained from a water purification system (Milli-Q Biocel A10) sup-
plied by Millipore (Billerica, MA, USA) were used to prepare the
mobile phase for the LC system.

Synthesis-grade ionic liquids, 3-methyl-1-octylimidazolium
hexafluorophosphate [C8MIM][PF6] and 1-hexyl-3-
methylimidazolium hexafluorophosphate [C6MIM][PF6], were
obtained from Green Solutions S.L. (Vigo, Spain).

Both hydrochloric and phosphoric acids, sodium hydroxide and
sodium chloride all from Merck (Darmstadt, Germany) were used
to adjust the pH and the ionic strength, respectively.

Surface water samples were collected from the River Turia, the
Malvarrosa beach and an irrigation-channel, all in Valencia (Spain)
during the winter, and used for the recovery studies. A preliminary
analysis indicated that they were free of all target analytes. Other
surface water samples from Bellreguard (Gandia, Spain) and Santa
Pola (Alicante, Spain) beaches, a private swimming pool (Valen-
cia, Spain), a public swimming pool (Alicante, Spain) and the River
Xuquer (Valencia, Spain), collected in the summer season, were also
analysed. All samples were collected in 250 mL Pyrex borosilicate
amber glass containers with caps. They were stored in the dark at
4 ◦C and were analysed without previous filtration.

2.3. Proposed IL-SDME-LC-UV method

Twenty mL of each working standard solution or sample,
adjusted to pH 2 and containing 1% of ethanol (v/v), was

placed in 25 mL glass vials containing a miniaturized stirring bar
(5 mm × 2 mm) from Cole Parmer (Vernon Hills, IL, USA).

A 3-mm-long polytetrafluoroethylene (PTFE) tube (0.8 mm I.D.;
1.6 mm O.D.) was fitted to the blunt needle tip of a 25 �L Hamil-
ton (Bonaduz, Switzerland) syringe (model 1702), maximizing thus
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Fig. 1. Chromatogram of a standard solution (50 �g L−1) subjected to the IL-SDME-
LC-UV procedure (see Section 2.3 for details).

Table 1
Some relevant data about the six target analytes.

Name CAS number Structure

Benzophenone-3 (BZ3) 131-57-7

Isoamyl 4-methoxycinnamate (IMC) 71617-10-2

3-(4′-Methylbenzylidene)camphor (MBC) 36861-47-9

Octocrylene (OCR) 6197-30-4

2-Ethylhexyl 4-dimethylaminobenzoate (EDB) 21245-02-3

2-Ethylhexyl 4-methoxycinnamate (EMC) 5466-77-3

a Pow = octanol–water partition coefficient, obtained from SciFinder Scholar Database 2
b Ka = acidic constant, obtained from SciFinder Scholar Database 2009.
c Deprotonation of amino moiety (–NH(CH3)2

+).
 (2010) 549–555 551

the contact area between the drop and the needle tip. The syringe,
containing 10 �L of [C6MIM][PF6] as acceptor phase, was clamped
above the vial and its needle was immersed in the sample. The
plunger was depressed and a drop of the ionic liquid was exposed
to the sample at room temperature for 37 min with magnetic
stirring of 1300 rpm. After the extraction was accomplished, the
acceptor phase was retracted into the syringe, the PTFE tube was
removed, and finally the extract was injected into the LC system
using isocratic ethanol:1% acetic acid 70:30 (v/v) as mobile phase
at 1 mL min−1 flow rate. Fig. 1 shows a chromatogram of a stan-
dard solution containing 50 �g L−1 of the six UV filters extracted by
SDME.

3. Results and discussion

3.1. Study of experimental variables involved in SDME
Different variables can affect the extraction yield in the SDME
procedure and in most cases they are correlated. Therefore, their
optimization through a multivariate approach could be of great
interest. However, some of them might not have a significant effect
and thus, they could be obviated, avoiding carrying out excessive

Log Pow
a pKa

b

3.64 7.56

4.06 –

4.95 –

7.53 –

6.15 2.39c

5.66 –

009.
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xperiments. In this respect, a screening step, prior to the optimiza-
ion step, could be helpful in order to assess the significant variables
nvolved in the analytical system under study.

In this case, based on the literature and our group’s previous
xperience [34–36], the influence of eight variables, namely IL type,
H, drop volume, sample volume, ionic strength, stirring speed,
xtraction time and ethanol quantity, were studied in order to max-
mize the extraction yield of the six target analytes in the SDME
rocedure. In the first attempt to optimize these eight variables,
multivariate approach was tried; however, certain difficulties
ere encountered. On one hand, at basic pH, drop instability was
otable and drop volumes higher than 8 �L fell. Thus, pH was
ot included in the multivariate approach. On the other hand,
hen IL [C8MIM][PF6] was used as extractant solvent, one of its

mpurities overlapped with BZ3, causing serious problems at low
oncentrations. Nevertheless, its extracting efficiency was com-
ared with [C6MIM][PF6] by means of a univariate approach. The
esults obtained for these two variables (i.e., pH and IL type) are
resented in greater detail below.

.1.1. IL study
Two IL ([C6MIM][PF6] and [C8MIM][PF6]) were studied as

xtractant phases for SDME. For the study, 10 mL of a standard
olution containing 500 �g L−1 of each target analyte was stirred
t 750 rpm for 20 min using a 5 �L droplet volume. Results (not
hown) revealed that the peak area for BZ3, IMC and MBC increased
hen the extractant phase was changed from [C6MIM][PF6] to

C8MIM][PF6], whereas it decreased for OCR, EDB and EMC.
oreover, as stated above, [C8MIM][PF6] showed one impurity

verlapping with BZ3, furthermore it is more difficult to han-
le because of its higher viscosity. Therefore, in order to increase
he sensitivity of the analytes showing the less peak area (i.e.,
CR, EDB and EMC) and to avoid the drawbacks discussed above,

C6MIM][PF6] was selected as the extractant phase.

.1.2. pH study
Different pH values, ranging from 0 to 10, were studied in order

o evaluate its influence in the SDME process. For this study, 10 mL
f a standard solution containing 500 �g L−1 of each target ana-
yte was stirred at 750 rpm for 20 min using a 5 �L droplet of
C6MIM][PF6]. Results (not shown) revealed that similar peak areas
ere obtained for BZ3, IMC, MBC, OCR and EMC at the different

tudied pH. However, the best response for EDB was accomplished
t pH values of 0 and 2. Therefore, pH 2 was selected for further
xperiments.

.1.3. Study of other experimental variables by multivariate
ptimization
.1.3.1. Screening step. When a large number of variables are
nvolved, reduced factorial designs are employed for screening
urposes in order to know which variables are significant. One par-
icular case of these designs is the well-known Plackett–Burman
esign, which assumes that the interactions can be completely

gnored and so the main effects can be calculated with a reduced
umber of experiments [39]. A saturated Plackett–Burman matrix
ith eleven variables (corresponding to six real variables and five
ummy variables) was employed because of the large number of
ariables to be tested. The effects of dummy variables are used to
stimate the experimental error used in the statistical interpre-
ation [40]. For each variable, two levels were considered, which
ere chosen according to preliminary experiments. Thus, 5 and
0 �L for drop volume, 10 and 20 mL for sample volume, 0 and 20%
w/v) NaCl concentration for ionic strength, 0 and 750 rpm for stir-
ing speed, 10 and 30 min for extraction time and 1 and 10% (v/v)
or ethanol concentration were tested. The twelve experiments of
he Plackett–Burman design were randomly carried out in order to
Fig. 2. Pareto chart of the main effects obtained from the Plackett–Burman design.

nullify the effect of extraneous or nuisance variables, by using stan-
dard solutions (500 �g L−1) and evaluating the sum of the areas of
the six target analytes as a goal function for each experiment.

An ANOVA (analysis of variance) was used to evaluate the data
and statistically significant effects were determined using a t-test
with 90% probability [40,41]. The results were visualized using the
main effect Pareto chart shown in Fig. 2. The bar length is pro-
portional to the absolute value of the estimated main effect and a
vertical reference line corresponding to 90% confidence interval is
included. An effect which exceeds this vertical reference line may
be considered significant with regard to the response. Furthermore,
the positive or negative sign (corresponding to a black or white bar
shading) reveals the cases when the response (i.e., sum of the areas
of the filters) is enhanced or reduced, respectively, when passing
from the lowest to the highest level set for the specific variable.

According to Fig. 2, ionic strength and extraction time are the sig-
nificant variables having a negative and positive sign, respectively.
The other variables show a non-significant effect. The stirring speed
variable has a non-significant effect but it was included in the opti-
mization step because of the previous experience, and it was the
most significant variable in our previous work [36] focused on the
determination of BZ3 in urine samples. The influence of the stirring
speed and the significant variables will be discussed in depth in the
following Section 3.1.3.2.

Fig. 2 also reveals that ethanol quantity has a positive non-
significant effect upon extraction. This positive effect could be
attributed to avoidance of target analyte adsorption by the glass-
ware [22]. However, the use of 10% (v/v) of ethanol caused air
bubble formation problems during the extraction process and
resulted in drop instability. Since it is a non-significant variable,
1% of ethanol was selected in order to avoid this problem.

Drop volume showed a positive non-significant effect, which
is due to the fact that the higher the drop volume, the higher the
quantity of analyte extracted [31]. Therefore 10 �L of the extractant
phase was selected for further work.

Sample volume had a negative non-significant effect upon
extraction. In general, increasing the aqueous sample volume leads
to an increase in the total amount of target analytes [31,35]. How-
ever, in this case there was a negative effect. This is due to the fact
that with 20 mL the drop was maintained at the same distance from
the solution surface as it was for 10 mL, in order to avoid the drop
instability caused by stirring, and thus the distance between the
drop and the stirring area was increased. This meant the analyte
transfer to the drop was slower for 20 mL than for 10 mL sam-
ple volume. However, 20 mL of sample volume was finally chosen
since drop instability was reduced and taking into account that this

variable did not exert a significant effect.

Thus, based on the above-mentioned considerations, three vari-
ables were fixed (i.e., drop volume, 10 �L; sample volume, 20 mL
and ethanol quantity, 1% (v/v)), and the other three were considered
in the following optimization step.
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stirring speed, 1300 rpm; pH, 2; ionic liquid type, [C6MIM][PF6];
drop volume, 10 �L; ethanol quantity, 1% (v/v); and sample volume,
20 mL.

It should be mentioned here that the overall optimum condi-
tions were the same based on each individual analyte peak area.
ig. 3. Pareto chart of the main effects obtained from the circumscribed central
omposite design.

.1.3.2. Optimization step. The second step is concerned with opti-
izing the values of the two significant variables (i.e., ionic strength

nd extraction time) plus stirring speed, in order to obtain the best
esponse (in our case the extraction yield of UV filters, which is
onitored by means of the LC peak area sum). Different experi-
ental designs can be found in the literature, many of which are

ased on the so-called response surface designs. Box–Wilson or
entral composite design (CCD) is one of the most frequently-used
esponse surface designs, which is constructed by several superim-
osed designs. It consists of a factorial design (2k) augmented with
2k) star points, where k is the number of variables to be optimized,
nd with a central point, which can be run n times [39,42]. A cir-
umscribed central composite design (CCCD) was employed, where
he star points were located at ±˛ from the centre of the experi-

ental domain, which was situated in 0. In order to establish the
otatability and orthogonality of the experimental design, n was set
t 9 and ˛ = 4√

2k = 1.682 [39]. Therefore, the overall matrix of CCCD
esign involved twenty-three experiments. This design was used
o optimize and evaluate the main effects, interaction effects, and
uadratic effects. A 3-level design used is suitable for exploring
uadratic response surfaces and constructing second-order poly-
omial models. In this study, the three variables considered were:
xtraction time (t), stirring speed (S) and sodium chloride concen-
ration (ionic strength) (I). The low (−1), central (0), and high (+1)
evels of these variables, as well as the location of their two star
oints were: 6, 15, 24 and 0, 30% (w/v) NaCl concentration for ionic
trength, 600, 900, 1200 and 450, 1500 rpm for stirring speed and
0, 20, 30 and 3, 37 min for extraction time, respectively.

The data obtained were evaluated by an ANOVA, and the effects
ere visualized using Pareto chart (Fig. 3). As can be seen, the

hree variables considered were significant with 95% probability.
xtraction time and stirring speed showed a positive effect, whilst
onic strength showed a negative effect upon extraction. Further-

ore, examination of the quadratic effects, also shown in Fig. 3,
eveal that the quadratic effect of ionic strength (I2) was statistically
ignificant, exhibiting a positive effect upon extraction. The interac-
ion between stirring speed and ionic strength, and the interaction
etween extraction time and stirring speed showed a significant
egative and positive effect, respectively.

Given that it is not possible to simultaneously plot the instru-
ental response as a function of all the variables controlling the

xtraction process, the effects of pairs of variables were consid-
red separately. Accordingly, the plots shown in Fig. 4 are useful
o graphically interpret the variation in the instrumental response
s a function of each pair of independent variables. Thus, Fig. 4a

hows the response surface obtained by plotting extraction time
s. stirring speed, whilst keeping a sodium chloride concentration
f 15% (w/v), Fig. 4b shows the response surface developed for stir-
ing speed and ionic strength, for an extraction time of 20 min,
nd finally, Fig. 4c shows the response surface obtained as a func-
 (2010) 549–555 553

tion of extraction time and ionic strength with the stirring speed
fixed at 900 rpm. As can be seen, extraction time shows a positive
effect upon extraction (Fig. 4a and c). Indeed, increasing the extrac-
tion time results in an increase in the total amount of analytes
extracted, reaching a maximum at 37 min. As expected, stirring
speed also shows a positive effect (Fig. 4a and b), since mass trans-
fer is increased and thus extraction rate; however, stirring speed
over 1300 rpm caused drop instability. In fact, values over 1500 rpm
were not tested because they caused the drop to fall. Therefore,
1300 rpm was selected. On the other hand, ionic strength shows
a negative effect (Fig. 4b and c), reaching a maximum when the
sample is NaCl free, according to a previous publication [22]. It was
assumed that apart from the salting-out effect, the presence of salt
caused a second effect and changed the physical properties of the
extraction film, thus reducing the diffusion rates of the analytes in
the drop [43].

From this optimization study, the LC peak area sum for the six
target analytes is expected to be maximized for a sample free of
sodium chloride, extraction time reaching the value of 37 min and
stirring speed reaching the value of 1300 rpm. Overall, summa-
rizing the results of the preliminary studies, and both screening
and optimization steps yield the following experimental condi-
tions: sodium chloride concentration, 0%; extraction time, 37 min;
Fig. 4. Response surfaces using the circumscribed central composite design
obtained by plotting: (a) extraction time vs. stirring speed (NaCl: 15%, w/v); (b)
stirring speed vs. ionic strength (extraction time: 20 min); and (c) extraction time
vs. ionic strength (stirring speed: 900 rpm).
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Table 2
Main method parameters for the extraction of UV filters from surface water samples using the proposed IL-SDME-LC-UV method.

Analyte Enrichment
factor

Slope (�V s �g−1 L)a Intercept (�V s)a Correlation coefficient (r)a Repeatability
RSD (%)b

LOD (�g L−1)c LOQ (�g L−1)d

BZ3 98 2610 ± 30 −2000 ± 3000 0.9997 2.8 0.11 0.37
IMC 32 1420 ± 20 4000 ± 2000 0.9994 2.9 0.16 0.53
MBC 48 5200 ± 60 −2000 ± 5000 0.9997 3.4 0.06 0.20
OCR 8 93 ± 4 1600 ± 300 0.9970 8.8 3.00 10.0
EDB 39 5140 ± 80 −4000 ± 6000 0.9995 4.1 0.07 0.23
EMC 14 2030 ± 50 −3000 ± 4000 0.9985 7.9 0.19 0.64

a Linear range: BZ3, IMC, MBC, EDB and EMC: 1–150 �g L−1 (number of calibration points = 5); OCR: 10–150 �g L−1 (number of calibration points = 4).
ontaining 50 �g L−1.

dard deviation of the blank.
standard deviation of the blank.
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Table 3
Relative recoveries (±standard deviation) values obtained for the six target analytes
in surface water samples.

Analyte Relative recoveries ± standard deviationa (%)

River water Sea water Channel water

BZ3 96 ± 2 99 ± 2 99 ± 5
IMC 97 ± 1 92 ± 2 100 ± 7
MBC 98 ± 1 96 ± 1 100 ± 5
OCR 115 ± 16 92 ± 10 110 ± 12
b Relative standard deviation (RSD); six replicate analysis of a standard solution c
c Limit of detection (LOD) calculated using the 3Sb criterion, where Sb is the stan
d Limit of quantification (LOQ) calculated using the 10Sb criterion, where Sb is the

.2. Analytical figures of merit of the proposed IL-SDME-LC-UV
ethod

Quality parameters of the proposed method were evaluated
nder optimized conditions. The enrichment factors of the pro-
osed procedure, defined as the ratio CIL/Ca, where CIL is the
oncentration of analytes in the IL phase after extraction and Ca

s the original concentration of analytes in the aqueous phase, are
hown for the six target analytes in Table 2. It ranged from 8 for
CR to 98 for BZ3. A calibration study was performed under opti-
ized conditions by employing standard solutions of the six target

nalytes over concentration range of 1–300 �g L−1. The calculated
alibration curves gave a high level of linearity within 1–150 �g L−1

or BZ3, IMC, MBC, EDB and EMC, and within 10–150 �g L−1 for
CR. The correlation coefficients (r), ranged between 0.9970 and
.9997, are also shown in Table 2. The repeatability of the pro-
osed method, expressed as relative standard deviation (RSD), was
valuated by extracting six consecutive standard solutions (con-
aining 50 �g L−1 of each target analyte) and was found to vary
etween 2.8 and 8.8% with a mean value of 5% (Table 2). Both limit
f detection (LOD) and limit of quantification (LOQ) were estimated
ccording to 3Sb and 10Sb criteria [44], respectively, where Sb is
he standard deviation of the blank, by dividing these values by
he slope of the calibration curve. As can be seen in Table 2, the
ODs and LOQs values were found to be in the �g L−1 level rang-
ng between 0.06 and 3.0 �g L−1 and between 0.20 and 10.0 �g L−1,
espectively. The LOD values obtained by the proposed IL-SDME-
C-UV method are generally higher than the LOD values obtained in
ost of the other previous works [10–27]. This fact is mainly due to

he more sensitive detectors employed in those papers, such as the
ass-spectrometry detector. Nevertheless, the extraction process

escribed here is simpler, more economical and more ecological
han most of the others, reported in previously published papers
10–27], since the extraction process is done with a drop of few
L by means of a conventional syringe, thus avoiding the use of

arge amounts of organic solvents, like in LLE and SPE, and avoiding
he use of trademark material like in SPE, SPME and SBSE. More-
ver, the feasibility of IL-SDME for extracting UV filters is clearly
emonstrated.

In order to perform recovery studies, and thus evaluate matrix
ffects, river water, sea water and irrigation-channel water sam-
les, collected during the winter, were spiked at 50 �g L−1 with
ach UV filter. As it was said before, all samples were initially anal-
sed and were found to be free of all target compounds. Thus, three
ortions of each spiked sample were subjected to the IL-SDME-
C-UV procedure. Table 3 shows the relative recoveries obtained,

etermined by referring to a standard aqueous solution containing
he same concentration level as the samples. Results show that rel-
tive recoveries ranged between 96 and 115% with a mean value of
00% for the river water sample, between 92 and 107% with a mean
alue of 96% for the sea water sample, and finally between 99 and
EDB 96 ± 3 92 ± 3 103 ± 7
EMC 101 ± 10 107 ± 8 110 ± 14

a Spiking level: 50 �g L−1; mean of three replicate analyses.

110% with a mean value of 104% for the irrigation-channel water
sample. These results show there was no matrix effect on the devel-
oped IL-SDME-LC-UV method for the three different water samples,
even for the sea water samples, which contained approximately
3.5% (w/w) salinity.

3.3. Application of the proposed IL-SDME-LC-UV method to the
analysis of different surface water samples

Five different surface water samples, collected in the summer
period, were analysed in triplicate using the developed IL-SDME-
LC-UV method. These samples corresponded to two beaches, two
swimming pools (one public and other one private) and one river.
To our knowledge, sunbathing and swimming activities took place
in all the surface water sampling sites, however it should be
mentioned that only the public swimming pool water contained
detectable quantities of two of the six UV filters studied, concretely
IMC at 700 ± 300 ng L−1 and MBC below its limit of quantification.
This fact contrasts with the sunbathing and swimming activities
that take place in the studied space. It could be explained by the
fact that beaches and rivers have water in movement, while on the
other hand, not many people swim in the private pool. However, in
a public swimming pool there are many people; mostly children,
who are the greatest users of sunscreen cosmetics.

4. Conclusions

A sensitive method based on liquid chromatography with con-
ventional UV detection is proposed to determine six UV filters at
trace levels in surface water samples. A user-friendly and inex-
pensive methodology is developed, based on the use of an ionic
liquid-based single-drop microextraction technique, which has

proven useful to carry out both preconcentration and clean-up
steps. Good figures of merit have been obtained, although the lim-
its of detection could be improved by employing more sensitive
detectors.
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