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a b s t r a c t

Two kinds of porous carbon materials, including carbon aerogels (CAs), wormhole-like mesoporous car-
bons (WMCs), were synthesized and used as the coatings of solid-phase microextraction (SPME) fibers. By
using stainless steel wire as the supporting core, six types of fibers were prepared with sol–gel method,
direct coating method and direct coating plus sol–gel method. Headspace SPME experiments indicated
that the extraction efficiencies of the CA fibers are better than those of the WMC fibers, although the
surface area of WMCs is much higher than that of CAs. The sol–gel–CA fiber (CA-A) exhibited excel-
olid-phase microextraction
iber coating
orous carbon material
ol–gel
TEX

lent extraction properties for non-polar compounds (BTEX, benzene, toluene, ethylbenzene, o-xylene),
while direct-coated CA fiber (CA-B) presented the best performance in extracting polar compounds (phe-
nols). The two CA fibers showed wide linear ranges, low detection limits (0.008–0.047 �g L−1 for BTEX,
0.15–5.7 �g L−1 for phenols) and good repeatabilities (RSDs less than 4.6% for BTEX, and less than 9.5%
for phenols) and satisfying reproducibilities between fibers (RSDs less than 5.2% for BTEX, and less than

fibers
d the
henols 9.9% for phenols). These
River, which demonstrate

. Introduction

As a new and remarkable sample preparation technique, solid-
hase microextraction (SPME) has been widely applied in different
elds including the environment, food, natural products, pharma-
euticals, biology, toxicology, and forensics [1–5], due to its high
fficiency, non-solvent demanding, and facilitation in automation
nd coupling techniques [6–8].

SPME is based on the distribution effect of analytes between
he samples and the extraction phase, which is typically immo-
ilized on a fused silica fiber or metal wires. SPME fiber coating
lays the most important role in the extraction since differ-
nt kinds of analytes require different coatings [1,6]. Up to
ow, several kinds of SPME fibers are commercially available.
olymeric materials such as polydimethylsiloxane (PDMS), poly-
crylate (PA) which have great affinity for non-polar analytes and
olar compounds via absorption, respectively, and mixed-phase

oatings such as PDMS/Divinylbenzene (DVB), Carboxen/PDMS,
arbowax/DVB, and Carbowax/Template Resin extract analytes via
dsorption [9,10].

∗ Corresponding authors. Tel.: +86 20 84110953; fax: +86 20 84110953.
E-mail addresses: cesoygf@mail.sysu.edu.cn, gouyang@sciborg.uwaterloo.ca

G. Ouyang).

021-9673/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2010.10.080
were successfully used for the analysis of water samples from the Pearl
applicability of the home-made CA fibers.

© 2010 Elsevier B.V. All rights reserved.

Although these commercial fibers have been successfully
applied in many fields, some drawbacks such as nonresistance to
high temperature, low selectivity, high cost and short lifetime, limit
their applications. Therefore, the exploration of SPME fiber coating
and the approaches how to combine the coating materials with the
fiber in both high selectivity and sensitivity raise huge concern in
the chemical and other chemistry-related community [11].

In the past years, several approaches including direct use of
uncoated fiber [12], immobilized resin [13,14], sol–gel technology
[15–18], molecularly imprinted technology [19–21], electrochem-
ical procedures [22–25] and physical deposition [26,27] have been
developed for fiber coating. Among them, immobilized resin and
sol–gel technology were widely used. Mesoporous silica particles,
silicon particles bounded with C8, C18, phenyl-C18, C15, and �-
cyclodextrin were immobilized into the substrate by epoxy resin
glue. Sol–gel technology exhibited advantages over commercial
fibers because of their porous structure and strong adhesion to
the fused-silica fiber. The reports on sol–gel technology to immo-
bilize solid sorbent are increasing in recent years. Fiber coatings,
such as carbon nanotubes (CNTs) [28], ceramic/carbon composite
[29], low-temperature glassy carbon [30] and activated charcoal

[31], were prepared by this method. These studies proved that
sol–gel technology as well as immobilized resin is a suitable coating
method for solid sorbent.

Porous carbon materials, such as activated carbons, car-
bon aerogels (CAs), carbon xerogels, nanostructured carbons,

dx.doi.org/10.1016/j.chroma.2010.10.080
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:cesoygf@mail.sysu.edu.cn
mailto:gouyang@sciborg.uwaterloo.ca
dx.doi.org/10.1016/j.chroma.2010.10.080
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Table 1
Pore structure parameters of CA and WMC.

Sample SBET
a (m2 g−1) Vtotal

b (cm2 g−1) Pmic
c (%) Pmeso

c (%) Pmacro
c (%)

CA 429 0.31 32 53 15
WMC 1372 0.78 25 74 1

a SBET is the specific surface area calculated by the BET method.
b Vtotal is the total pore volume obtained from DFT method.
F. Zhu et al. / J. Chromato

ormhole-like mesoporous carbons (WMCs), are usually utilized as
lectrode materials and adsorbent materials, due to their high sur-
ace area and porosity. CAs have three-dimensional nano-network,
igh specific surface area, abundant mesopores and high electric
onductivity [32], and have been applied in the fields of mechan-
cs, acoustics, thermotics and optics. They are also considered to be
erfect electrode material, insulation material, adsorbent, catalyst
nd carrier [33,34].

In this work, two types of porous carbon materials, including
As and WMCs, were synthesized and used as coating materials

or preparing SPME fibers, based on three types of coating prepara-
ion techniques, including sol–gel, direct-coating and sol–gel plus
irect coating. To the best of our knowledge, it is the first time that
he CAs and WMCs materials were used as SPME fiber coatings. A
eries of experiments were performed to evaluate the performance
f the porous carbon coating materials, and the effects of the coat-
ng preparation methods on the properties of fiber coatings were
lso discussed.

. Experimental

.1. Chemicals and reagents

The stainless steel wires (100 �m diameter) were purchased
rom Small Parts Inc. (Miami Lakes, FL, USA). Epoxy glue was from
enkel Inc. (Mississauga, ON, Canada). Methyltrimethoxysi-

ane (MTMOS, 97%), trifluoroacetic acid (TFA, 99%) and
oly(methylhydrosiloxane) (PMHS) were purchased from Alfa
esar (Ward Hill, MA, USA). The standard mixture of four
on-polar compounds including benzene (B), toluene (T), ethyl-
enzene (E), o-xylene (X), and five polar compounds which were
-chlorophenol (2-CP), p-cresol (P), 2-nitrophenol (2-NP), 2,4-
ichlorophenol (2,4-DCP) and 2,4,6-trichlorophenol (2,4,6-TCP)
ere purchased from Alfa Aesar and dissolved in methanol (HPLC

rade) to make stock solutions at a concentration of 1 mg mL−1 for
ach compound. SPME fiber holder and commercial fibers (100 �m
DMS and 85 �m PA) were obtained from Supelco (Bellefonte, PA,
SA). A MSH-20D digital magnetic stirrer (Seoul, South Korea) was
sed for the agitation of the samples.

.2. Synthesis of the porous carbon materials

The synthesis of CA was improved based on the method
eported in reference [33]. All reactants, including resorcinol (R),
ormaldehyde (F), deionized water (W) and cetyltrimethylammo-
ium bromide (CTAB), were mixed by a magnetic stirrer at room
emperature. The mole ratio of R/F and R/CTAB were fixed at 1:2 and
00:1, respectively, and the solid content was 40%. Then the mix-
ure was transferred into a glass vial. The vial was sealed and placed
nside a water bath at 75 ◦C. The temperature was increased to 85 ◦C
fter 5 h and the reaction was cured for 5 days. After curing, the gel
as directly dried in air at room temperature for 1 day, and then
ried in an oven at 100 ◦C at ambient pressure for 8 h. Subsequently,
he resultant RF aerogel was heated to 500 ◦C with a heating rate
f 5 ◦C min−1 and kept at this carbonization temperature for 3 h in
2 flow.

The synthesis of WMC was described in reference [34]. Briefly,
g sucrose was dissolved in 3 mL sulfuric acid solution (pH 2.0)
nder stirring, followed by adding 4 mL tetraethyl orthosilicate
TEOS) under intense stirring. The mixture was stirred continuously

ntil complete homogenization. The obtained homogeneous mix-
ure was gelated and aged at 40 ◦C for 2 days. The resulting colorless,
ransparent sucrose/silica composite was further reacted for 6 h at
00 ◦C and subsequently for 6 h at 160 ◦C. After that, the sample
as heated to 900 ◦C with a heating rate of 5 ◦C min, and kept at
c Pmic, Pmeso, and Pmac are micro-, meso- and macropore ratios calculated according
to the following equations: Pmic = (Vmic/Vtotal) × 100%, Pmeso = (Vmeso/Vtotal) × 100%,
Pmic = (Vmac/Vtotal) × 100%, where Vmic, Vmeso and Vmac are cumulative volume of
micro-, meso- and macropores from DFT.

this carbonization temperature for 3 h in N2 flow. After carboniza-
tion, the black carbon/silica composite was washed using 40 wt%
HF solution to remove the silica, followed by filtration and drying
at 100 ◦C for 10 h. Then the WMC was obtained.

The pore structure parameters of CA and WMC are shown in
Table 1.

2.3. Preparation of the SPME fiber

2.3.1. Pretreatment of the stainless steel wire
The stainless steel wire (length 20 cm) was cleaned with deion-

ized water and shaken in acetone for 10 min with an ultrasonator,
and then the wires were put in acetone for 8 h to remove the organic
impurity. Afterwards, the steel wire was taken out and cleaned with
pure water again and then air dried at room temperature.

2.3.2. Preparation of the sol–gel solution
A 2-mg amount of the porous carbon materials was placed inside

a centrifugal tube, and then 50 �L distilled water, 400 �L MTMOS
and 20 mg PMHS were added. The mixture was agitated thoroughly
by sonication for 20 min. Then 50 �L TFA was added into the result-
ing solution with ultrasonic agitation for 5 min and a stable sol
solution was formed.

2.3.3. Coating of the fibers
Three approaches were used for the coating of the fibers, includ-

ing sol–gel, direct coating and direct coating plus sol–gel.
For the fibers prepared with sol–gel method, the prepared

sol–gel solution was transferred into a glass tube whose bottom was
covered with a Parafilm membrane (Pechiney, Chicago, IL, USA). The
treated wire pierced through the membrane and then was drawn
at a constant rate. During that time a sol–gel coating layer was
formed on the bare outer surface of the wire. After the coating was
cured, the process was repeated until the needed thickness was
obtained. Two types of fibers (CA-A and WMC-D) were prepared
by this method and the thickness of the coating was about 100 �m.
Fig. 1(A) shows the schematic diagram of the fiber prepared with
sol–gel method.

For the fibers prepared with direct coating method, the treated
wire was coated and formed a very thin and homogeneous layer
with high temperature resistant epoxy resin, and then the wire
was inserted into the porous carbon materials and pulled out.
The procedures were repeated until the needed thickness was
obtained. Two types of fibers (CA-B and WMC-E) were prepared
by this method and the thickness of the coating was about 80 �m.
Fig. 1(B) shows the schematic diagram of the fiber prepared with
direct coating method.

For the fibers prepared with direct coating plus sol–gel method,
the treated wire was first coated with porous carbon material by

direct coating method, and then the coated wire was quickly dipped
into sol–gel solution, and a very thin gel coating was formed to
protect the coated porous carbon material. Two types of fibers (CA-
C and WMC-F) were prepared by this method and the thickness
of the coating was about 100 �m. Fig. 1(C) shows the schematic
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ig. 1. Schematics of three types of fibers. (A) Fiber prepared with sol–gel method;
ol–gel method.

iagram of the fiber prepared with direct coating plus sol–gel
ethod.
All the prepared fibers were placed in a desiccator overnight at

oom temperature. Prior to use, the fiber was cut into 2-cm long,
nd 1 cm coating will be left and the other coating will be scratched
ff and the exposed mental wire will be coated with a very thin film
f Epoxy glue and then inserted into the inside needle of the fiber
ssembly to fix the fiber coating. The prepared fibers were then
onditioned at 50–250 ◦C under nitrogen for 6 h in a GC injection
ort with gradually rising temperature program.

.4. SPME procedures

All of the fibers, including commercial fibers, were conditioned
0 min in the GC injection port at 250 ◦C under nitrogen flow before
se. Twenty five milliliter sample solution of BTEX or phenols was
repared by diluting the stock solution (1 mg mL−1) with deionized
ater in a 40 mL glass vial. The vial contained a magnetic bar inside
as placed on a stirring platform and the stirring rate was set to

500 rpm. The outside needle of the SPME fiber assembly was used
o penetrate the septum of the vial and the coated fiber was then
xposed in the headspace for a period of time at room temperature
25 ± 1 ◦C). After extraction, the fiber was withdrawn into the nee-
le and subsequently inserted into the GC injector for desorption
nd analysis.

.5. GC–MS analysis

GC analysis was performed on a Hewlett–Packard 6890N gas
hromatograph (Agilent Technologies, CA, USA) equipped with

MSD 5975 mass spectrometer (Agilent Technologies) and a

plit/splitless injector. Chromatographic separation was carried
ut with a HP-5MS 5% phenyl-/95% methylsiloxane capillary
30 m × 250 �m, 0.25 �m). For BTEX, helium was used as carrier gas
t a constant flow rate of 1.0 mL min−1. For the optimization experi-
ents, split ratio was set at 10:1; for the other experiments, such as
er prepared with direct coating method; (C) fiber prepared with direct coating plus

linear ranges, detection limits and analysis of real samples, splitless
mode was applied. The initial oven temperature was 50 ◦C (held
for 2 min), and then increased to 120 ◦C at a rate of 20 ◦C min−1.
The temperature of the injector was kept at 250 ◦C. The total run
time was 5.5 min. For phenols, carrier gas was held at 1.2 mL min−1;
split/splitless mode was the same as the determination of BTEX;
injector temperature was 250 ◦C; the initial oven temperature was
100 ◦C (held for 2 min), and then increased to 150 ◦C at a rate of
8 ◦C min−1, held for 3 min. The total run time was 11.5 min.

The MSD was operated in the electron impact ion (EI) mode
with a source temperature of 230 ◦C. The electron energy was 70 eV
and the filament current 200 �A. For qualitative determinations,
the MSD was operated in full-scan mode from m/z 35 to 450. For
quantitative determinations, the MSD was operated in selected ion
monitoring (SIM) mode.

3. Results and discussion

3.1. Comparison between the home-made fibers and the
commercial fibers

The above six type home-made fibers and the commercial
100 �m PDMS fiber were used for the extraction of four non-
polar compounds (BTEX) by headspace-SPME (HS-SPME). From the
results shown in Fig. 2, we could see that the fiber of CA-A exhibited
the best extraction efficiency for the analytes. The CA-A coating was
prepared with sol–gel method which resulted in mixture coating
materials, PDMS and CAs. As we know that PDMS has good affin-
ity to non-polar compounds, therefore CA-A coating exhibited best
performance for the extraction of BTEX, due to the joint action of
PDMS and CAs. Owing to the extraction ability of CAs, the extrac-

tion efficiencies of the CA-A fiber for BTEX were much higher than
the commercial 100 �m PDMS fiber. Therefore, the CA-A fiber was
selected for the subsequent experiments on BTEX.

The above home-made fibers and the commercial 85 �m PA
fiber were used for the extraction of five polar compounds (phe-
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Fig. 2. Comparison of six home-made fibers and commercial 100 �m PDMS fiber for
HS-SPME of BTEX (500 �g L−1 aqueous solution). Extraction time, 45 min; extraction
temperature, 25 ◦C; desorption temperature, 250 ◦C; desorption time 1.0 min.

F
S
t

n
t
a
T

ig. 3. Comparison of six home-made fibers and commercial 85 �m PA fiber for HS-
PME of phenols (500 �g L−1 aqueous solution). Extraction time, 45 min; extraction
emperature, 25 ◦C; desorption temperature, 250 ◦C; desorption time 1.5 min.
ols) by HS-SPME. From the results shown in Fig. 3, we could see
hat the fiber of CA-B exhibited the best extraction efficiency for the
nalytes. CA-B coating was prepared with direct coating method.
he extraction efficiency of this coating was determined by the

Fig. 4. SEM images of the sol–gel–CA-coated fiber (CA-A). (A) The image of the fi

Fig. 5. SEM images of the direct-coated CA
217 (2010) 7848–7854 7851

property of CAs. The results illustrated that the prepared CAs are
polarity. The extraction efficiencies of the CA-B fiber for most phe-
nols, except 2-CP, were higher than the commercial 85 �m PA fiber.
Therefore, the CA-B fiber was selected for the subsequent experi-
ments on phenols.

3.2. Surface structure of the fibers

The surface of the selected fibers, including CA-A and CA-B, were
characterized by scanning electron microscopy (SEM). Fig. 4A is the
surface image of CA-A. No pores and channels appeared on the sur-
face of the coating. Fig. 4B is a picture taken from the crevice of
the coating. Lots of pore was observed on the surface of the crevice,
which demonstrated well that the CAs were dissolved in the sol–gel
solution and homogenously distributed within the coating. Fig. 5A
is the image of CA-B. Comparing to the sol–gel coating, the sur-
face of the direct-coating fiber was very coarse and possesses a lot
of pores (Fig. 5B). The images illustrated that both of two types of
fibers have their own special surface micro-structure, which pos-
sess high extraction capacity for polar and non-polar compounds,
respectively.

3.3. Thermal stability and lifetime of the fibers

The thermal stabilities of the CA-A and CA-B fibers were studied
by HS-SPME of BTEX in aqueous solution and phenols in NaCl sat-

urated solution, respectively. Two types of fibers were conditioned
1 h at different temperatures (ranging from 250 ◦C to 310 ◦C), and
then were used to extract the analytes. Fig. 6(A) and (B) illustrated
the extraction results of BTEX and phenols, respectively. The extrac-
tion efficiencies of two types of fibers were not affected by the

ber surface (×200) and (B) the image of the fiber’s crack surface (×15,000).

fiber (CA-B). (A) ×200; (B) ×150,000.
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ig. 6. The extraction results of CA-A fiber for headspace sampling of BTEX aqueous
olutions (A) and CA-B fiber for headspace sampling of phenols aqueous solutions
B), after the fiber was conditioned at different temperature for 1 h. Other conditions
ere the same as in Figs. 1 and 2.

onditioning process, which demonstrated the excellent thermal
tabilities of the two types of fibers.

The lifetime of a fiber coating is also important for practi-
al application. The lifetime testing of two types of fibers were
nvestigated by extracting BTEX and phenols from spiked samples,
espectively. Experiments were carried out with a Multipurpose
utosampler (MPS2) from Gerstel (Munich, Germany). The results

ndicate that the extraction efficiency of CA-A fiber did not decline
ven after being extracted 100 times, showing a high durability,
hereas the extraction efficiency of CA-B fiber began to decrease

fter 50 times extractions. The results suggested that the fiber pre-
ared with direct coating method is more easily damaged than that
ne prepared with sol–gel method.

.4. Optimization of the extraction and desorption time
To evaluate the properties of the selected two types of fibers,
he extraction time profiles of BTEX with CA-A and phenols with
A-B were determined, respectively. The results were shown in
ig. 7(A) and (B). The chromatographic signal increased gradually

able 2
inear ranges, limits of detection (LODs) and repeatabilities of BTEX with CA-A and pheno

Analytes Linear range (�g L−1) R2

BTEX Benzene 1.0–1500 0.997
Toluene 1.0–1500 0.992
Ethylbenzene 1.0–1500 0.994
o-Xylene 1.0–1500 0.993

Phenols 2-Chlorophenol 20–1000 0.995
p-Cresol 50–1500 0.994
2-Nitrophenol 50–1500 0.998
2,4-Dichlorophenol 10–1500 0.998
2,4,6-Trichlorophenol 1.0–1500 0.994

a Repeatability of one fiber.
b Reproducibility of fiber-to-fiber.
Extraction Time (min)

Fig. 7. Extraction time profiles of BTEX with CA-A fiber (A) and phenols with CA-B
fiber (B). Other conditions were the same as in Figs. 1 and 2.

with the extraction time and stabilized at about 45–60 min. There-
fore, 45 min was selected as the sampling time.

The desorption time were also optimized. The results showed
that there were no significant differences of the peak areas of the
analytes, when the desorption time ranged from 1 min to 3 min.
Therefore, the exposure time of 1 min in the GC injector port was
used for the desorption of BTEX and 1.5 min was applied for phe-
nols.

3.5. Linear ranges, detection limits and repeatabilities

Table 2 summarized the results of method validation for BTEX
with CA-A and phenols with CA-B.

The linearity range of BTEX was tested by varying the concentra-
tion of the standard solution over a range from 1.0 to 1500 �g L−1,
at 1.0, 5.0, 10, 50, 100, 200, 500, 1000, 1500 �g L−1 levels, respec-
tively. Regression analysis was used to approximate the linearity of
the calibration curves. Four analytes were found to be linear in the
tested range, with coefficients (R2) from 0.9927 to 0.9974. The lim-
its of detection (LODs) were based on the lowest detectable peak

that had signal/noise = 3, and were 0.008–0.047 �g L−1 for BTEX.
The LOD values of BTEX were close to the data reported by refer-
ence [23,35], but were better than those of commercial and home
made fibers [36–43].

ls with CA-B.

LODs (�g L−1) RSD %a (n = 6) RSD %b (n = 5)

4 0.047 4.6 4.1
7 0.026 3.9 1.5
1 0.008 3.9 5.2
8 0.021 4.0 3.0

1 2.6 7.2 8.3
2 5.7 8.1 9.9
5 4.9 6.6 8.9
2 0.35 4.4 5.9
9 0.15 9.5 7.5
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Fig. 8. The chromatogram of the water sample from Pear

The linearity range of phenols was tested by varying the con-
entration of the standard solution over a range from 1.0 to
500 �g L−1. Five analytes were found to be linear in the tested
ange, 20–1000 �g L−1 for 2-chlorophenol, 50–1500 �g L−1 for p-
resol and 2-nitrophenol, 10–1500 �g L−1 for 2,4-dichlorophenol
nd 1.0–1500 �g L−1 for 2,4,6-trichlorophenol, with coefficients
R2) from 0.9942 to 0.9985. The limits of detection (LODs) were
.15–5.7 �g L−1 for the phenols.

Through headspace extraction, the repeatabilities of the
elected two types of fibers, were evaluated with BTEX aqueous
olutions (100 �g L−1) and phenols aqueous solutions (500 �g L−1),
espectively. The samplings were performed in 40 mL glass vial
ontaining 25 mL standard solution and the extraction time was
5 min. The RSDs ranged from 3.9% to 4.6% for BTEX, and from 4.4%
o 9.5% for phenols.

The acceptable reproducibilities between fibers (RSDs 1.5–4.1%
ith CA-A fiber for BTEX and 5.9–9.9% with CA-B fiber for phe-
ols) were obtained and listed in Table 2. The results illustrated the

easibility of the fiber preparation methods proposed in this work.

.6. Analysis of the water from the Pearl River

The two type home-made fibers were then applied to analyze
TEX and phenols of the water from the Pearl River (Guangzhou,
hina). Standard addition method was used for the quantitation.
he results showed that the concentrations of BTEX in the water
ere 10.2, 15.1, 8.5 and 18.9 �g L−1, respectively, and the RSDs
ere between 5.3% and 8.7%. The chromatogram of the river water

ample was illustrated in Fig. 8. Because none of phenols was
etected, the water sample was spiked with the standard solu-
ion of the phenols to 100 �g L−1 to evaluate the CA-B fiber. The
esults showed that the mean recoveries of phenols (n = 3) ranged
rom 80.7% to 112% and the RSDs were between 6.4% and 14.6%.
he results demonstrated the applicability of the two home-made
bers prepared in this study.

. Conclusion

In this work, two kinds of home-synthesized porous carbon
aterials, including CA, WMC, were firstly used as the coatings of

PME fibers. These porous carbon materials are easy to prepare.

lthough the special surface area of the WMCs (1372 m2 g−1) is
uch higher than that of the prepared CAs (429 m2 g−1), the extrac-

ion efficiencies of CAs for both polar and non-polar compounds are
etter than the WMCs, which might be caused by more uniform
ore size of the WMCs (74% mesopore). The results also illustrated

[
[
[

[
[

3.50 4.00 4.50 5.00

. 1. Benzene, 2. toluene, 3. ethylbenzene and 4. o-xylene.

that the specific surface area is not the decisive factor for the extrac-
tion efficiency of solid adsorptive materials. Fiber coating prepared
with sol–gel techniques exhibited much better extraction efficien-
cies for BTEX, owing to the presence of PDMS. For the fiber prepared
with direct coating method, the extraction efficiency of the coat-
ing is determined by the properties of the analytes and the used
sorbent. Using a hydrophobic polymer membrane to separate sor-
bent and sample was proved to be an effective method to protect
polar sorbent [44], but our experimental results showed that the
extraction efficiency of the sorbent might be decreased.
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