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Abstract

A one-step and in-situ sample preparation method used for quantifying chlorobenzene compounds in water samples has been developed, coupling
microwave and headspace single-drop microextraction (MW-HS-SDME). The chlorobenzenes in water samples were extracted directly onto an
ionic liquid single-drop in headspace mode under the aid of microwave radiation. For optimization, a Plackett—-Burman screening design was
initially used, followed by a mixed-level factorial design. The factors considered were: drop volume, aqueous sample volume, stirring speed, ionic
strength, extraction time, ionic liquid type, microwave power and length of the Y-shaped glass-tube. The optimum experimental conditions found
from this statistical evaluation were: a 5 pL microdrop of 1-hexyl-3-methylimidazolium hexafluorophosphate exposed for 20 min to the headspace
of a 30 mL aqueous sample, irradiated by microwaves at 200 W and placed in a 50 mL spherical flask connected to a 25 cm Y-shaped glass-tube.
Under the optimised experimental conditions, the response of a high performance liquid chromatographic system was found to be linear over
the range studied and with correlation coefficients ranging between 0.9995 and 0.9999. The method showed a good level of repeatability, with
relative standard deviations varying between 2.3 and 8.3% (n=5). Detection limits were found in the low wgL™' range varying between 0.016
and 0.039 pg L™'. Overall, the performance of the proposed method demonstrated the favourable effect of microwave sample irradiation upon
HS-SDME. Finally, recovery studies from different types of environmental water samples revealed that matrix had little effect upon extraction.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Over the past two decades there have been some major break-
throughs in the area of sample preparation. The new methods
that were introduced were specifically developed to provide
rapid sample preparation addressing thus many of the chal-
lenges related with sample pretreatment. In 1990, Arthur and
Pawliszyn developed a new solvent-free extraction technique,
termed solid-phase microextraction (SPME), according which
target analytes partitioned between the sample matrix and a
small amount of extractant phase dispersed on a solid sup-
port [1]. SPME rapidly gained the attention of many research
groups around the world counting today numerous applications
[2,3]. In 1996, the first configuration of solvent microextrac-
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tion appeared in the literature [4,5] triggering new investigations
on sample preparation techniques based on the miniaturization
of the traditional liquid-liquid extraction whereby the solvent
(acceptor) to aqueous (donor) phase ratio was greatly reduced.
A technique that evolved from this approach was single-drop
microextraction (SDME). Initially SDME sampling was accom-
plished using the immersion method, where the extractant phase
consisted of a water-immiscible organic solvent microdrop sus-
pended on the tip of a conventional microsyringe, immersed in a
water-sample [6-8]. In 2001, the headspace sampling mode (HS-
SDME) was introduced enabling extraction/preconcentration
of more volatile analytes from the vapours above the sample,
avoiding thus interferences from the sample matrix [9,10]. It is
well understood that successful HS-SDME relies on the effi-
cient transfer of target analytes from the sample matrix into the
headspace and this is commonly done by using conventional
external heat sources. However, previous reports investigating
the effect of conventional heating upon HS-SDME concluded
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that although the amount of target analytes present in the
headspace is increased, partition coefficients between the drop
and the headspace decrease, limiting thus extraction [11,12].

The possibility of using microwave (MW) energy for the
extraction of pollutants from environmental samples has been
investigated over the past decade and new analytical proto-
cols have been developed [13-15]. The heating mechanism
of microwave, which can be mainly interpreted by dielec-
tric polarization and conduction, is very different from that
of conventional heating. Microwaves directly couple with the
species present in the sample matrix leading to an instanta-
neous localized superheating [14]. MW has been successfully
coupled in the past with SPME for the analysis of poly-
chlorinated biphenyls [16], organochlorinated pesticides [17],
semi-volatile compounds (including six chlorobenzenes) [18]
and polycyclic aromatic hydrocarbons [19] in water samples.
This could indicate that microwave heating has the potential to
improve HS-SDME sampling for organic compounds. To the
best of our knowledge there are no reports dealing with the cou-
pling MW and HS-SDME and used for the determination of
environmental pollutants present in water samples. Microwave
irradiation and HS-SDME has been successfully used in the
past for the extraction of medicines from dry roots using a two-
step procedure (microwave heating and subsequent HS-SDME
extraction) [20] and volatile compounds from Chinese herbs
(simultaneous microwave and HS-SDME) [21].

The main objective of this study was to evaluate for the first
time the possibility of using microwave energy to assist the
extraction of chlorobenzene priority listed compounds [22-24]
from water samples whilst using HS-SDME. To this end a special
home-made experimental set up was prepared allowing MW-
HS-SDME extraction of target analytes in one-step and in-situ.
The system allows to heat the sample-to-headspace step as long
as the headspace-to-drop step is not heated. An ionic liquid
was used as the acceptor phase and high performance liquid
chromatography-photodiode array detector (HPLC-PDA) was
used for separation and detection of target analytes. Factors,
such as, drop volume, aqueous sample volume, stirring speed,
ionic strength, extraction time, ionic liquid type, microwave
power and length of the Y-shaped glass-tube were optimized fol-
lowing a two-step multivariate strategy based on experimental
design (Plackett—-Burman design for screening and a mixed-level
factorial design for optimizing the significant factors). The per-
formance of the optimized method was validated and matrix
effects upon extraction were evaluated.

2. Experimental
2.1. Chemicals and “real-world” water samples

Eight chlorobenzene compounds were used in the present
studies, namely: 1,2-dichlorobenzene (1,2-DCB), 1,4-dichloro-
benzene (1,4-DCB), 1,3-dichlorobenzene (1,3-DCB), 1,2,3-
trichlorobenzene (1,2,3-TCB), 1,2,4-trichlorobenzene (1,2,4-
TCB), 1,3,5-trichlorobenzene (1,3,5-TCB), 1,2,3,4-tetra-
chlorobenzene (1,2,3,4-TeCB) and 1,2,4,5-tetrachlorobenzene
(1,2,4,5-TeCB) all obtained from Riedel-de Haén (Seelze,

Germany). The internal standard solution consisted of a
methanol solution of 1,4-dibromobenzene (1,4-DBB), the
reagent was obtained from Riedel-de Haén (Seelze, Germany).
Methanol and acetonitrile were HPLC-grade and were obtained
from Scharlau Chemie (Barcelona, Spain). Deionised water was
prepared on a water purification system (Milli-Q Biocel A10)
supplied by Millipore (Billerica, MA, USA). Synthesis-grade
ionic liquids (1-butyl-3-methylimidazolium hexafluorophos-
phate [C4MIM][PFs] and 1-hexyl-3-methylimidazolium
hexafluorophosphate [C¢MIM][PFg]), were obtained from
Merck (Darmstadt, Germany). Sodium chloride from Merck
(Darmstadt, Germany) was used to adjust the ionic strength of
the aqueous samples. Stock standard solutions of 1000 mg L™!
of target compounds were prepared in methanol. Working
solutions were prepared by dilution of standard stock solutions.
All solutions were stored in the dark at 4 °C.

The recovery studies were carried out using tap water from
the main area water-supply network of San Vicente del Raspeig
(Alicante, Spain), river water from the Ebro River (Spain) and
effluent wastewater (Bilbao, Spain) from a municipal wastew-
ater treatment plant. Samples were collected in 250 mL Pyrex
borosilicate amber glass containers with caps, lined with alu-
minium foil, stored in the dark at 4°C and were analysed
without previous treatment or filtration within 48 h of collec-
tion. Initial analysis confirmed that they were free of all target
analytes.

2.2. MW-HS-SDME and HPLC analysis

The microwave oven used in this work was a domestic Sam-
sung M1711N (2450 MHz, Taiwan) with a maximum power of
800 W, which had a hole (18 mm diameter) in the top of the
oven. A microwave stirrer from Scienceware, Bel-Art Products
(Pequannock, NJ, USA) was used for stirring the samples at
300 rpm during extraction. The proposed MW-HS-SDME sys-
tem is shown in Fig. 1 and it is similar to the system shown in
Fig. 1 on Ref. [17]. Caution: Be aware of microwave leakage. To
this end, a general brand microwave leakage detector was used
to check the safety aspects.

The SDME device consisted of a 25 wLL Hamilton Gastight
syringe (Model 1702 Hamilton Bonaduz AG, Bonaduz, Switzer-
land; length: 5.1cm, ILD.: 0.015cm) where a 3mm long
polytetrafluoroethylene (PTFE) tube (I.D.: 0.8-mm; O.D.: 1.6-
mm) was fitted to the blunt needle tip, maximising thus the
contact area between the drop and the needle tip. All analy-
ses were performed using a 50-mL spherical flask containing
30 mL of sample solution. The flask was connected to a silanized
Y-shaped glass-tube (25 cm length, I.D.: 7mm) one arm of
which was connected to a water condenser (temperature, 21 °C)
(Fig. 1). For all quantification experiments, aqueous samples
were also spiked with a known amount of the internal stan-
dard solution. The microsyringe (typically containing 5 pL of
the ionic liquid acceptor phase) was clamped above the Y-
shaped glass-tube and its needle passed through the septum,
a turn-over flange stopper obtained from Saint-Gobain Verneret
(Charmy, France), until its tip was 5.5 cm below the surface of
septum. The plunger was depressed and the microdrop of the
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Microdrop

Fig. 1. The assembly of the MW-HS-SDME.

ionic liquid phase was exposed to the headspace of the sam-
ple in the Y-shaped glass-tube situated outside the microwave
oven. As such, the IL drop was not irradiated when the sam-
ple was irradiated at 200 W. It should be mentioned here that
in order to avoid a marked increase of the headspace tempera-
ture, the sample was initially irradiated for 3 min and then MW
energy was applied in the pulse mode in cycles consisting of
30s “on” followed by 60 s “off”’. The sampling times examined
here were 10, 15 and 20 min corresponding to a 5, 7 and 8.5 min
of microwave irradiation time, respectively. After extracting the
target analytes the microdrop was retracted into the microsy-
ringe, the PTFE tube was removed and the IL acceptor phase
was injected into the HPLC system for analysis following a
published procedure [12]. In short, a 77251 Rheodyne injector
(Rohnert Park, CA, USA) and a Phenomenex Luna Cig column
(250 mm x 4.6 mm, 5 pwm particle size) were used, respectively,
for injection and separation of the target analytes. A Photodi-
ode Array Detector (PDA) set at 210 nm from Waters (Milford,
MA, USA) was used for detecting all target analytes. The mobile
phase consisted of a 65:35 (v/v) mixture of acetonitrile—water
at a | mLmin~! flowrate. Fig. 1 on Ref. [12] shows a typical
chromatogram.

2.3. Data handling and processing

According to previous reports, the response of the instru-
ment used in the present studies was based on the sum of the
areas of the individual peaks eluting during HPLC-PDA analysis
[12,25-27].

Experimental design matrices were constructed and the
results were evaluated using the Statgraphics Statistical Com-
puter Package “Statgraphics Plus 5.1”.

3. Results and discussion
3.1. Screening design

Screening is the first step in the efficient assessment of the fac-
tors involved in the studied analytical system. If a large number
of factors are involved, reduced factorial designs are employed.
A particular type of those designs is the Plackett—Burman
design [28], which assumes that the interactions can be com-
pletely ignored and so the main effects are calculated with a
reduced number of experiments. A saturated Plackett—Burman
matrix was employed because of the large number of param-
eters to be tested. A matrix with 11 factors (eight real factors
and three fictitious factors or dummy factors) was used. The
effects of dummy factors are used for the estimation of
the experimental error used in the statistical interpretation
[29,30].

Based on the literature and the experience of the laboratories
eight real factors were selected to define the experimental field
(namely: drop volume, aqueous sample volume, stirring speed,
ionic strength, extraction time, ionic liquid type, microwave
power and length of the Y-shaped glass-tube) with two lev-
els for each factor. Table 1 gives the examined levels for each
factor and matrix design. The latter had 12 runs randomly car-
ried out in order to nullify the effect of extraneous or nuisance
factors.

An ANOVA test was used to evaluate the data and statis-
tically significant effects were determined using a ¢-test with a
95% probability [29,30]. Effects were also visualized by drawing
normal probability plots for the normalized effects. According
to the results, extraction time was the most significant factor
having a positive sign. Sample volume followed by ionic liquid
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Table 1
Experimental factors, levels and matrix of the Plackett—-Burman design
Factor Code Level
Low (—) High (+)
ITonic strength (NaCl concentration; %, w/v) NaCl 0 30
Drop volume (L) D 5 8
Sample volume (mL) % 10 30
Extraction time (min) t 10 20
Stirring speed (rpm) S 0 300
Tonic liquid type IL [C4MIM][PF¢] [CeMIM][PF¢]
Microwave power (W) P 100 200
Y-shaped glass-tube length (cm) L 25 35
Run NaCl D Vv t S IL P L Dummy 1 Dummy 2 Dummy 3

-1 1 1
1 —1 1 1
1 —1 1 -1 —1

1 -1 1
1
1

-1 1 1 -1 1 -1
1
1

-1 —1 —1 1 1

-1 1 -1 -1 -1
—1 —1 —1 1 1 1
-1 1 1 1 -1 1
9 1 1 —1 1 1 —1
10 -1 -1 1 1 1 -1
11 —1 1 —1 —1 -1 1
12 -1 -1 -1 -1 -1 -1

[l e Y

-1 -1 -1 1 1
—1 1 N —1 -1
—1 1 1 1 -1
-1 -1 1 1

1 -1 1 -1
—1 1
—1 1
1 -1 1 -1 -1
1 -1 —1 —1 1
1 1 -1 1 -1
1 1 —1 1 1
1 -1 -1 -1 -1

—_—

type were the next most significant factors showing a positive
sign. Interestingly, microwave power appeared to have a positive
yet non-significant effect upon extraction. A possible explana-
tion for this positive behaviour might be the fact that at 200 W,
microwave radiation is applied for longer times enhancing thus
mass transfer from the aqueous sample to the headspace. As
expected drop volume showed a negative, yet, non-significant
effect. This is in agreement with previously published results
[9,12,31-33] and it is attributed to the fact that larger organic
solvent drops require extended equilibration times given that
mass transfer into the drop is by diffusion alone, representing
thus a slow step in the overall extraction procedure [9]. In addi-
tion, stirring speed appeared to have a negative non-significant
effect. This is most probably due to the fact that the maximum
agitation speed that could be applied here was 300 rpm a rela-
tively low value with possibly negligible effect upon extraction.
As expected, the Y-shaped glass-tube length appears to have a
negative non-significant effect upon extraction. Increasing the
length of the glass-tube results in an increase of the headspace
volume, reducing thus the total amount of target analytes that can
be extracted. Ionic strength also shows a negative non-significant
effect and this observation is in agreement with previously
published results [12,16,34] and it could be attributed to the exis-
tence of a negative interaction between temperature and sodium
chloride [12] that produce a negative effect upon extraction.
Overall, the results of this first screening study revealed that five
factors could be fixed (namely: 200 W microwave power, 5 nL
ionic liquid drop volume; 25 cm Y-shaped glass-tube length, no
agitation or addition of NaCl) for the following optimization
step.

3.2. Optimization design

Next, a factorial design was carried out to assess the influence
of the three main factors on the microwave-microextraction pro-
cess in order to obtain the optimal working conditions. Given that
one of the main factors considered was limited at two levels and
the other two were able to work at three levels, a mixed-level fac-
torial design was used. This type of experimental design consists
of all level combination of two or more factors, where the user
sets the number of levels. In our case, the general mixed-level
factorial design is {2% x 3"/}, where the exponents represent the
number of factors for each level and the bases stand for the
levels of each factor in the experiments [35-37]. The factors
included in the factorial design were: lonic liquid type, at two
levels ([C4MIM][PFg] and [C¢MIM][PFg]), extraction time at
three levels (10, 15 and 20 min) and sample volume at three lev-
els (10, 20 and 30 mL) (Table 2). The overall design, expressed
as {2! x 32}, involved 36 runs (18 runs in duplicate).

The data obtained were evaluated by ANOVA test and the
effects were visualized using Pareto chart shown in Fig. 2. As
can be seen, sample volume and extraction time were the most
significant factors, both exhibiting a positive effect, whilst the
type of ionic liquid was found to have a non-significant pos-
itive effect. A closer examination of the interaction between
two factors revealed that the interaction between sample volume
and extraction time (denoted as AB in Fig. 2) was statistically
significant, showing a positive effect upon extraction.

Furthermore, plotting the instrumental response as a function
of all the factors controlling the extraction process enabled visu-
alisation of the separate effects of pairs of factors. The resulting
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Table 2
Experimental factors, levels and matrix of the mixed-level factorial design
Factor Code Level
Lower (—) Central (0) Upper (+)
Sample volume (mL) V 10 20 30
Extraction time (min) ¢ 10 15 20
Ionic liquid type IL [C4MIM][PFs] - [C¢MIM][PF¢]
Run Vv t IL
1 1 0 -1
2 -1 1 1
3 0 1 -1
4 1 —1 1
5 -1 —1 1
6 0 0 -1
7 1 —1 -1
8 1 1 -1
9 0 0 1
10 —1 —1 -1
11 0 1 1
12 -1 1 -1
13 1 0 1
14 -1 0 1
15 1 1 1
16 0 —1 1
17 0 —1 -1
18 -1 0 -1

plots are given in Fig. 3 where the instrument’s response sur-
face is obtained by plotting sample volume versus extraction
time ([C¢eMIM][PFg] as extractant) (Fig. 3a), sample volume
versus ionic liquid type (extraction time of 15 min) (Fig. 3b),
and extraction time versus ionic liquid type (20 mL sample vol-
ume) (Fig. 3c). As can be seen, sample volume shows a clear
positive effect upon extraction (Fig. 3a and b), reaching a max-
imum at 30 mL. As expected, increasing the aqueous sample
volume appears to be beneficial for the instrument’s signal,
given that the total amount of analytes present in the reduced
headspace is increased. Extraction time also shows a positive
effect upon extraction (Fig. 3a and c), reaching a maximum at
20 min. Indeed, increasing the extraction time and as a con-
sequence the irradiation time leads to an increase of the total
amount of analytes present in the headspace. Finally, the type of
ionic liquid shows a non-significant positive effect (Fig. 3b and
¢) and this observation is in agreement with previously published
results [38].

A:Sample volume
AB

B:Extraction time
BB

AC

C:lonic liquid

BC

AA

. +
-

o

2 4 6 8
Standardized effect

Fig. 2. Pareto chart of the three main factors in the mixed-level factorial design.

(a) Ionic liquid: [CqMIM][PFg]

Total area

1 Extraction time

Sample volume

(b) Extraction time : 15 min

(X 1,E6)
13,4

Total area
N
oS

Sample volume Tonic liquid

(c) Sample volume : 20 mL

(X 100000)

Total area
N

Tonic liquid

Extraction time

Fig. 3. Response surfaces for total chromatographic peak area using the mixed-
level factorial design obtained by plotting: (a) sample volume vs. extraction
time (ionic liquid: [CeMIM][PFg]); (b) sample volume vs. ionic liquid type
(extraction time: 15 min); and (c) extraction time vs. ionic liquid type (sample
volume: 20 mL).

The results of this second optimization study revealed that
the response of the analytical instrument is expected to be max-
imized when using a 30 mL sample volume, a 20 min extraction
time and with [CeMIM][PF¢] as the acceptor phase. Overall,
the results of the two steps yielded the following optimum
experimental conditions: 30 mL sample volume; 20 min extrac-
tion time; [C¢MIM][PF¢] as ionic liquid; 200 W microwave
power; 5 wL ionic liquid drop volume; 25 cm Y-shaped glass-
tube length, and no agitation or addition of NaCl.

3.3. Validation of MW-HS-SDME

The optimum MW-HS-SDME conditions were then used
to test the applicability of the proposed method for quantita-
tive determination of target analytes. A calibration study was
performed by spiking pure water with analytes over the con-
centration range of 1-320 wgL~!. The calculated calibration
curves gave a high level of linearity for all target analytes with
correlation coefficients (r) ranging between 0.9995 and 0.9999
as shown in Table 3. The repeatability of the proposed method,
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Table 3

Main method parameters for the extraction of chlorobenzenes from water samples using the optimized microwave-assisted headspace SDME method
Analyte Slope +S.D. Intercept + S.D. Correlation coefficient (r)? R.S.D. (%)® LOD (pg L) LOQ (ngL™! yd
1,2-DCB 0.1075 £ 0.0008 0.1 £0.1 0.9998 2.7 0.024 0.081
1,4-DCB 0.0669 £ 0.0005 —0.03 &+ 0.07 0.9998 2.3 0.039 0.130
1,3-DCB 0.0951 £ 0.0003 —0.04 £+ 0.04 0.9999 29 0.032 0.108
1,2,3-TCB 0.199 £ 0.002 —-04 £ 0.2 0.9998 5.7 0.016 0.054
1,2,4-TCB 0.168 £ 0.003 02+04 0.9995 5.6 0.022 0.072
1,3,5-TCB 0.218 £ 0.002 —-02+02 0.9998 3.8 0.022 0.072
1,2,3,4-TeCB 0.268 £ 0.002 —-03+02 0.9998 8.3 0.016 0.054
1,2,4,5-TeCB 0.361 £ 0.004 0.8 £0.5 0.9996 7.1 0.016 0.054

2 Linear range: 1-320 wg L~! (number of calibration points=9).

b Relative standard deviation (R.S.D.); mean value for five replicate analyses; spiking level 40 pg L =",
¢ Limits of detection (LODs) were calculated for a three signal-to-noise ratio (S/N = 3).
d Limits of quantification (LOQs) were calculated for a ten signal-to-noise ratio (S/N = 10).

expressed as relative standard deviation (R.S.D.), was evalu-
ated by extracting five consecutive aqueous samples (spiked
at 40 wg L~! with each target analyte) and was found to vary
between 2.3 and 8.3% with a mean value of 4.8% (Table 3). The
limits of detection (LODs) for all target analytes were deter-
mined according to a signal-to-noise ratio (S/N) of three and
the limits of quantification (LOQs) as ten times the above men-
tioned ratio. As can be seen in Table 3, the LODs and LOQs
values were found to be in the low g L™! level ranging between
0.016 and 0.039 wg L~! and between 0.054 and 0.130 pg L™,
respectively. It should be mentioned here, that these values are
considerably lower than the ones previously reported for HPLC
analysis of chlorobenzenes in water samples [12,39,40]. In par-
ticular when the same HS-SDME approach is adopted without
heating, LODs and LOQs were found to range between 0.102
and 0.203 pg L ™! and between 0.338 and 0.677 wg L~!, respec-
tively [12]. This clearly demonstrates the favourable effect of
microwave heating upon HS-SDME.

In order to investigate the effect of sample matrix upon the
MW-HS-SDME procedure five replicate analyses of different
types of “real-world” water samples (namely tap water, river
water and effluent wastewater) were spiked at 40 g L~! with
each target contaminant and were analysed under the optimized
experimental conditions. It should be mentioned here that none
of these selected samples showed initial detectable concentration
of the target compounds. Relative recoveries were determined as
the ratio of the concentrations found in real and deionised water
samples spiked at the same contamination level [12]. The results
for each set of experiments, summarised in Table 4, show that
for the tap water samples relative recoveries ranged between 91
and 104%, with a mean value of 99%, for the river water sam-
ples between 98 and 106%, with a mean value of 101%, and for
effluent wastewater samples between 82 and 99%, with a mean
value of 89%. This is in agreement with our previous inves-
tigations on the recovery studies using no heated HS-SDME
where the relatively elevated R.S.D. values as well as decreased
relative recoveries observed in the case of the effluent wastewa-
ter matrix were attributed to possible competitive adsorption of
target analytes to suspended solids reducing thus the effective
concentration of pollutants in the aqueous phase. Nevertheless,
the matrix effect in the effluent wastewater has been reduced

Table 4
Relative recoveries and R.S.D. values of the eight chlorobenzenes studied in
“real-world” water samples

Analyte Relative recoveries (%) and R.S.D. values

(%) in parentheses”

Tap water River water Effluent wastewater
1,2-DCB 96.2 (1.8) 100.9 (4.0) 88.6 (7.4)
1,4-DCB 91.4(5.2) 98.1(5.9) 83.7 (11.3)
1,3-DCB 96.2 (3.7) 99.0 (5.9) 82.9 (12.0)
1,2,3-TCB 100.1 (2.1) 99.7 (2.3) 94.9 (1.7)
1,2,4-TCB 103.9 (5.6) 101.4 (3.3) 90.8 (5.0)
1,3,5-TCB 101.3 (5.8) 99.7 (4.1) 81.7 (11.7)
1,2,3,4-TeCB 102.5 (4.4) 105.5 (6.1) 98.9 (4.4)
1,2,4,5-TeCB 101.7 (3.4) 100.2 (3.0) 93.3(1.8)

2 Five replicate analyses at a 40 pg L' spiking level.

for the more hydrophobic target pollutants (namely: 1,2,3,4-
tetrachlorobenzene and 1,2,4,5-tetrachlorobenzene) [12].

4. Conclusions

A one-step microwave-assisted headspace single-drop
microextraction procedure has been developed to extract
chlorobenzenes from water samples. The new method com-
bines synergistically the advantages of headspace single-drop
microextraction (i.e., miniaturization), ionic liquid as extrac-
tant (i.e., environmentally friendly and low vapour pressure)
and microwave heating (i.e., speed). The favourable effect of
microwave upon headspace single-drop microextration has been
demonstrated and the results indicate that this extraction proce-
dure is efficient, sensitive and precise exhibiting better extraction
efficiency when compared to the previous no heated HS-SDME
[12].
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