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ABSTRACT

A novel nanocomposite coating made of poly-o-phenylenediamine (PoPD) and oxidized multiwalled
carbon nanotubes (MWCNTSs) was electrochemically prepared for the first time on stainless steel wire.
Subsequently, it was applied to headspace solid-phase microextraction (HS-SPME) and gas chromato-
graphic analysis of biphenyl and seven polycyclic aromatic hydrocarbons (PAHs). The effects of
polymerization potential, polymerization time, concentration of o-phenylenediamine and oxidized
MWCNTs were investigated on the coating process. The fiber coating was carried out easily and in a
reproducible manner, and the produced fiber was stable at high temperatures. The surface morphology
of the coating was examined by scanning electron microscopy (SEM). The effects of various parameters
on the efficiency of HS-SPME process, such as desorption temperature, desorption time, extraction
temperature, extraction time and ionic strength were also studied. Under optimized conditions, the
calibration graphs were linear in the range of 0.1-300 ng mL~!, and the detection limits for biphenyl
and PAHs studied were between 0.02 and 0.09 ng mL~ . The intra-day and inter-day relative standard
deviations obtained at 5 ng mL~' concentration level (n=5), using a single fiber, were 3.2-7.8% and
5.2-9.3%, respectively. The fiber-to-fiber RSD% (n=3) were 6.2-11.3% at 5 ng mL~". The proposed HS-

SPME method was successfully applied for the analysis of PAHs in water samples.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) comprise a group of
chemicals that were produced during the incomplete burning of
fuels, garbage or other organic substances [1]. PAHs can also be
found in coal tar, bitumen, crude oil, creosote and roofing tar.
Therefore, the distribution of PAHs in the environment is exten-
sive. Since, they were found in soil, air, water, food or household
products, the general public may be exposed to PAHs [2-4]. These
contaminants are of considerable interest, because some are
highly carcinogenic and/or genotoxic in laboratory animals. Some
PAHs have been implicated in breast, lung, and colon cancers in
humans [5-7]. This is because PAHs bind covalently to DNA, and
cause disruptions in its replication. This mechanism, with some
modifications, occurs with all carcinogenic PAHs [8]. Therefore,
the determination of PAHs in environmental samples is essential.
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There are several sample preparation techniques for the determi-
nation of these contaminants in the environment. These include:
liquid-liquid microextraction [9], solid-phase extraction (SPE) [10,11],
stir-bar sorptive extraction (SBSE) [12,13], solid-phase microextrac-
tion (SPME) [14-17] and hollow-fiber liquid-phase microextraction
[18]. SPME is an extremely attractive alternative to classical extrac-
tion methods. It combines sampling, extraction and preconcentration
of analytes in a single step. This method enables direct desorption of
analytes into the chromatographic systems for analysis. SPME can be
applied to both headspace and direct sample analysis with excellent
sensitivity and good selectivity [19-21]. However, when volatile
compounds or very complex samples are analyzed, headspace solid-
phase microextraction (HS-SPME) is preferred.

As SPME greatly depends on sorbent chemistry and coating
technology, development of new sorbent materials with improved
properties is essential.

In recent years, intrinsically conducting polymers with con-
jugated double bonds have attracted much attention as advanced
materials. They can be easily synthesized through chemical or
electrochemical means in both aqueous and non-aqueous media.
Electrochemical synthesis is more convenient, because the poly-
mer can be deposited directly on the surface of a metal wire with
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better mechanical strength than silica fibers originally used in
SPME [22].

Phenylenediamines belong to a class of aniline derivatives
having an extra —NH2 group in ortho-, meta- or para-position.
O-phenylenediamine (oPD) is the most frequently studied
member of the group [23]. Poly-ortho-phenylenediamine
(PoPD) is a widely used permselective polymer in the construc-
tion of biosensors for a range of analytes, such as hydrogen
peroxide, ascorbic acid, uric acid, acetaminophen and cysteine
[24]. PoPD can be deposited electrochemically from o-pheny-
lenediamine solutions at neutral pH to produce a thin self-
sealing insulating polymer on the electrode surface [25]. The
mechanism shown in Scheme 1 has been proposed for the
electrochemical growth of PoPD [26]. The monomer is initially
oxidized to give the dication radical, which then undergoes
chemical coupling to produce a dimer which could be further
oxidized. The dication of the dimer could further undergo
polymerization to produce a linear chain polymer. Also it can
become cyclized to produce a ladder structure through poly-
merization of the oxidized products.
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When the film grows to reach enough thickness to become an
insulator covering the electrode surface, further access of mono-
mers to the electrode surface is prohibited. The thickness of PoPD,
generated under these conditions, is typically 10-35 nm [25,27].
This is too thin to absorb an adequate amount of analytes, when
used as a sorbent in SPME.

Carbon nanotubes (CNTs) have attracted considerable atten-
tion since their discovery by lijima in 1991 [28]. They have been
extensively used in a variety of applications. These applications
are based on unusual physical or chemical properties of CNTs,
such as their highly accessible surface area, excellent electrical
conductivity, high mechanical strength and good chemical stabi-
lity [29]. It has been shown that the introduction of CNTs into a
polymer matrix improves electrical, as well as mechanical proper-
ties of the original polymer [30,31].

The self-sealing growth of non-conducting polymers, such as
poly-o-aminophenol is mitigated by using an aqueous suspension
of oxidized CNTs as supporting electrolyte during their prepara-
tion [32]. The mechanism behind this approach is that, CNTs serve
as anionic charge carriers in the liquid phase during electro-
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Scheme 1. The mechanism of electrochemical growth of PoPD.
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Fig. 1. Schematic diagrams of the steel wire covered with (a) a pure non-conducting polymer layer and (b) a non-conducting polymer/ MWCNTSs composite layer on which
the interconnected MWCNTSs represent the electrode sites where further electropolymerization occurs [32].
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co-deposition of the composite polymer. CNTs also play the role of
backbone of the porous structure within the composite. More
importantly, during electro-co-deposition, the dispersed CNTs pro-
vide extra electron pathways and new reaction sites for continuous
electropolymerization of poly-o-aminophenol (Fig. 1) [32].

In the present work, attempts were made to prepare a stain-
less steel SPME fiber coated with oxidized multiwalled carbon
nanotubes/poly-o-phenylenediamine composite (MWCNTs/PoPD)
through an electrochemical polymerization technique. Then, the
extraction capability of the nanocomposite was examined towards
PAHs as important environmental pollutants.

2. Experimental
2.1. Chemicals

Naphthalene, acenaphthylene, fluorene, phenanthrene, anthra-
cene, fluoranthene, pyrene and biphenyl were purchased from
Fluka (Buchs, Switzerland). HPLC grade acetonitrile and reagent
grade sodium chloride were obtained from Merck (Darmstadt,
Germany). Individual stock solutions of each PAH (1000 mg L~ 1)
were prepared in acetonitrile. Stock mixture of the target analytes
was prepared at a final concentration of 100 mg L~! in acetoni-
trile. From this solution, several standard working solutions were
prepared in distilled water. All stock and working solutions were
stored at 4 °C. Ortho-phenylenediamine was obtained from Merck
(Darmstadt, Germany). It was recrystallized from hot water
before use and stored in a dark bottle under nitrogen atmosphere.
Multiwalled carbon nanotubes (Plasma Chem, Berlin, Germany)
were 20-40 nm in diameter and 1-10 pum in length. Helium and
nitrogen (>99.999%) were obtained from Sabalan Co.
(Tehran, Iran).

2.2. Instruments

The SPME device was home made. It consisted of a 23 gauge,
9.0 cm stainless steel spinal needle purchased from Dr. Japan
Co. (Tokyo, Japan) and housed in a 6.0 cm hollow cylinder of Al
with two nuts and two pieces of rubber septum. A piece of steel
wire (type 302, 17 cm x 0.3 mm) passing through the septum
acted as the SPME fiber. One end of the fiber was attached to a
cap and 3 cm of the other end was coated with a thin film of
MWCNTSs/PoPD. All electrochemical measurements were car-
ried out in a conventional three electrodes cell, powered by a
Behpajuh potentiostat/galvanostat model BHP 2061-C (Isfahan,
Iran). The steel wire used as the working electrode was
obtained from American Orthodontics (WI, USA). A Pt counter
electrode and a saturated calomel reference electrode (SCE)
were from Azar Electrode Co. (Urmieh, Iran). For stirring and
heating the samples during the SPME process, a Jenway model
1000 hot plate-stirrer (Biby Scientific, Manchester, UK) was
used. FTIR spectra were recorded by a Tensor 27 FTIR spectro-
meter from Brucker (Ettlingen, Germany). The scanning elec-
tron micrographs of the fiber surface were obtained using
Hitachi S4160 (Tokyo, Japan) scanning electron microscope.
Sonications were carried out with a Bandelin Sonorex Super
ultrasonic bath (Berlin, Germany). All glassware were washed
in ultrapure water and dried at 250 °C.

Separation and quantification of PAHs were carried out using
a model 16 A gas chromatograph from Shimadzu (Tokyo, Japan)
equipped with a split-splitless injector and flame ionization
detector (FID). A BP-10 capillary column (25 m x 0.33 mm LD,
0.5 um film thickness) was purchased from Shimadzu (Tokyo,
Japan). The column temperature was initially kept at 50 °C
for 3 min, then increased at 20°Cmin~! to 190 °C, ramped

at 10°Cmin~' to 260 °C and finally kept for 5 min. Injector and
detector temperatures were adjusted at 280°C and 320 °C,
respectively. A Shimadzu 17 A/QP5050 GC/MS instrument (Shi-
madzu, Tokyo, Japan) equipped with quadrupole analyzer and
electron impact ion source (EI) was used for the identification
of PAHs in real samples. The MS conditions were: mass range
40-350, electron energy 70 eV, GC/MS interface and ion-source
temperatures 230 °C.

2.3. MWCNTs modification

The commercial sample of carbon nanotubes is not dispersible
in water even by prolonged sonication. Therefore, to achieve good
dispersion of carbon nanotubes, the commercial powder was
subjected to chemical oxidation with concentrated nitric acid.
MWCNTs (~100 mg) were added to 7 mL of the acid in a round
bottomed flask and the mixture was refluxed for 3 h in 110 °C.
After cooling, the mixture was transferred onto a filter paper
(Whatman No. 41) and washed with copious amount of distilled
water until neutral. The oxidized carbon nanotubes can be easily
dispersed in aqueous solutions due to the presence of hydrophilic
functional groups such as -COOH and -OH.

2.4. Preparation of the composite coating

The oxidized MWCNTs described above were ultrasonically
dispersed in water for 45 min. Electro-co-deposition of PoPD and
MW(CNTSs was carried out by potentiostatic polymerization of oPD
(10 mL, 0.05 M) in an aqueous suspension of oxidized MWCNTs
(0.1 wt %) at room temperature. To adhere the coating firmly to
the surface of the wire, the wire surface was first roughened by a
smooth sand paper and then washed in acetone while sonicating.
It was subsequently washed with distilled water. The presence of
an electrolyte is necessary for electropolymerization of noncon-
ducting polymers [32]. Here, the partially ionizable carboxylic
acid groups, which were created during the modification of
MWCNTs, can act as the necessary electrolyte. Therefore, electro-
polymerization is performed without any other supporting elec-
trolyte. Thermal conditioning of the fiber was carried out by
heating the fiber in an oven at 100 °C for 30 min. Then it was
heated in the GC injector port for further 1.5 h at 300 °C. In this
way, volatile compounds remaining in the fiber are removed and
a smooth chromatographic baseline is obtained.

2.5. Headspace sampling

The working solution (10 mL, 0.02 pg mL~ ' PAHs) was placed
in a 25 mL vial containing 1.5 g NaCl. Then the vial was sealed
with a silicone septum and the solid-phase microextraction from
the headspace was carried out at 55 °C. After 45 min, the SPME
fiber was removed from the vial and immediately inserted into
the GC injection port. The analytes were thermally desorbed,
separated by the capillary column and finally detected by FID.

3. Results and discussion
3.1. Characterization of MWCNTs/PoPD composite coating

The composition and morphology of the coating were char-
acterized by Fourier transform infrared (FTIR) spectroscopy and
scanning electron microscopy (SEM). Fig. 2 displays the FTIR
spectra of o-phenylenediamine (a), oxidized MWCNTs (b) and
MW(CNTSs/PoPD composite (c).

The FTIR spectrum for o-phenylenediamie shows a typical
profile with two peaks at 3378 cm~! and 3364 cm~! which are
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Fig. 2. FTIR spectra of (a) o-phenylenediamine, (b) oxidized MWCNTSs and (c) MWCNTs/PoPD composite.

due to asymmetrical and symmetrical N-H stretching vibrations.
The two peaks at 1457 cm~' and 1497 cm~! are the character-
istic bands of the C=C stretching vibrations for benzenoid rings,
while the peaks at 1057 cm~!, 1150cm~! and 1271 cm™! are
due to C-N stretching vibrations. It is seen that acid treatment
introduces various functional groups on the surface of MWCNTs.
The peaks at 1718 cm~' and 1458 cm~! in the spectrum of
oxidized MWCNTs can be assigned to C=0O stretch and O-H
bend, respectively. These functional groups improve the disper-
sive behavior of oxidized MWCNTSs in aqueous solutions. Fig. 2¢c
shows the spectrum of MWCNTs/PoPD. The band at 1639 cm ' is
ascribed to the stretching of the C—N bonds. Another two peaks
at 1169 cm~! and 748 cm~! might be ascribed to the C-N
stretching in the quinoid unit and the C-H out-of-plane bending
of aromatic nuclei, respectively.

The SEM studies on the nanocomposite coating revealed that
the polymer has a porous and relatively homogeneous structure
(Fig. 3).

3.2. Coating optimization

A one-at-a-time strategy was used to optimize various
parameters that were affecting the electrochemical coating
process. First, the effect of electrical potential on the electro-
chemical deposition of the coating was studied. This para-
meter was varied between 0.7 and 1.2 V at 1800 s deposition
time. As Fig. 4a shows, the most suitable potential for getting
the highest extraction efficiency was found at 1.0 V vs. SCE. To
optimize deposition time, electrodeposition was carried out at
1.0 V vs. SCE from an aqueous solution containing 0.1 M oPD
and 0.1% (w/v) oxidized MWCNTSs. Electordeposition times
were varied between 600 and 2400s. Fig. 4b shows the
extraction efficiency of the fiber increases by increasing

electrodeposition time, but after 1200 s the efficiency gener-
ally decreases. Therefore, all further experiments were carried
out at 1200 s.

The effect of the concentrations of monomer and oxidized
MWCNTs was also investigated. The oPD and MWCNTs concen-
trations were varied from 0.025 to 0.15 M and 0.025 to 0.3% (w/v),
respectively. A constant 1200 s electrodeposition time at 1.0 V vs
SCE was used in all cases. The optimum values for oPD and
MWCNTs were found to be 0.05 M and 0.10% (w/v), respectively
(Fig. 4).

After the coating process in each optimization step, thermal
conditioning of the fiber was carried out. Then, the fiber was used
for the headspace solid-phase microextraction of PAHs, and the
extraction efficiencies were compared.

3.3. SPME optimization

In this section of the work, several variables such as
desorption temperature and time, extraction temperature and
time, and ionic strength were optimized. It is known that
stirring of the sample improves mass transfer in the aqueous
phase and induces convection in the headspace SPME. In other
words, agitation reduces the time to reach the equilibrium and
extraction time by enhancing the diffusion of the analytes
towards the fiber. Therefore, efficient stirring of the samples
was performed under a maximum but constant rate during all
extractions.

3.3.1. Desorption temperature and time

Carry-over is a common problem in SPME analyses. To avoid
this effect, the required temperature and time for complete
desorption of analytes from the fiber were determined.
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Fig. 3. Scanning electron micrograph images of the surface of MWCNTs/PoPD composite film. (a) Magnification 600 x , (b) magnification 6000 x and (c) magnification

30,000 x and (d) magnification 60,000 x .

Desorption of the extracted analytes was carried out at tempera-
tures of 170-280 °C. Desorption times were also optimized by
placing the fiber in the GC injection port for a period of 1-20 min.
Based on the results, desorption at 280 °C for 2 min was selected
as the optimum values. Under these conditions, maximum deso-
rption occurred and no carry over was observed.

3.3.2. Extraction temperature and time

The sample temperature is an important variable in extraction
by HS-SPME. PAHs show a wide range of volatility and the release
of those with lower volatility to the headspace during extraction
is limited. In general, increasing the temperature could enhance
Henry’s constants and diffusion coefficients of PAHs. Conse-
quently, the vapor pressure and the concentration of the analytes
in the headspace increase. On the other hand, sorption of analytes
by the fiber is an exothermic process. Therefore, optimization of
the extraction temperature is necessary. This parameter was
optimized by exposing the fiber to the sample for 45 min at
temperatures ranging from 35 to 75 °C. It was observed that, the
extraction efficiency for the majority of the compounds increases
by increasing the temperature up to 55 °C and then decrease
above this temperature (Fig. 5a). However, increasing tempera-
ture produces a negative effect on the extraction of some PAHs
with higher volatility due to exothermic effect probably [17].
Thus, the extraction temperature was set at 55 °C for all subse-
quent experiments.

The effect of extraction time on the extraction efficiency was
studied by monitoring the peak area as a function of time.
Therefore, the fiber was exposed to mixed aqueous solutions of
the PAHs at 0.02 ug mL~' each, while the extraction time was
varied from 15 to 75 min. Extraction temperature was set at the
optimized 55 °C and the analytes were desorbed at 280 °C for a
period of 2 min. As Fig. 5b shows, an extraction time of 45 min
was sufficient to reach equilibrium.

3.3.3. Ionic strength

It is obvious that, the water solubility of an organic compound
is reduced by adding a salt to an aqueous solution of the
substance. Thus, the partitioning of analytes from the aqueous
solution to the headspace is improved. In this section, the
influence of ionic strength was studied by adding different
amounts of sodium chloride to aqueous solutions, ranging from
0 to 30% (w/v). As shown in Fig. 5¢, at salt concentrations above
15%, the responses for all analytes are nearly constant. Therefore,
in subsequent experiments, 15% sodium chloride was added to all
sample solutions before extractions.

3.4. Method validation

Figures of merit including, limit of detection (LOD), linear
range (LR) and precision in terms of reproducibility and repeat-
ability (RSD %) for the present method are given in Table 1. The
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Fig. 4. Effect of coating parameters on the extraction efficiency: (a) deposition potential, (b) deposition time, (c) oPD concentration and (d) MWCNTSs concentration; n=3.
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LODs based on S/N=3 varied between 0.02 and 0.09 ng mL~'. The
linear ranges were determined by extracting aqueous samples
with increasing concentrations. They were between 0.1 and
300ng mL~! for the various PAHs studied. The coefficients of
determination (%) were between 0.9802 and 0.9997. The preci-
sion of the method was determined by five replicate analyses
from aqueous solutions containing 5 ng mL~! of each PAH. As
Table 1 shows, the intra-day relative standard deviations (RSD%)
varied between 3.2 and 7.8%, while the inter-day values were
between 5.2 and 9.3%. The fiber-to-fiber reproducibilities mea-
sured by three replicate analyses from a 5ng mL~! mixed PAH
solution were between 6.2 and 11.3%.

In Table 2, the validation parameters have been compared
with the values reported by other research groups [15-17,22,33].

Table 1

M. Behzadi et al. / Talanta 108 (2013) 66-73

It is seen that the results for the present method are comparable
or better than ones reported elsewhere.

3.5. Real samples

To evaluate the efficiency of the proposed method, it was
applied to several real samples including, a wastewater sample
from Zarand Coal Processing Industries (Zarand, Iran), a well
water sample collected from the vicinity of the above industry
and a tap water sample collected from the Shahid Bahonar
University Campus (SBUC). Three replicate analyses were per-
formed on each sample, and compound identification was con-
firmed using GC/MS. The results are depicted in Table 3.

Limit of detection (LOD) at ng mL~!, percent recovery, linear range (LR) at ng mL~!, coefficient of determination (?) and RSD (%).

Compound LOD Recovery (%)* LR 2 RSD (%)*
Intra-day (N=5) Inter-day (N=5) Fiber-to-fiber (N=3)

Naphthalene 0.08 112 0.5-100 0.9903 5.4 8.9 10.2
Biphenyl 0.04 88 0.5-100 0.9971 6.6 7.6 8.9
Acenaphthylene 0.05 102 0.5-100 0.9997 3.2 52 6.2
Fluorene 0.02 96 0.1-100 0.9981 6.2 9.3 8.1
Phenantherene 0.04 94 0.1-300 0.9957 4.8 7.5 6.8
Anthracene 0.03 81 0.1-300 0.9802 7.8 9.2 113
Fluoranthene 0.07 97 0.5-300 0.9919 4.5 6.1 5.9
Pyrene 0.09 94 0.5-300 0.9913 5.7 7.8 9.8

3 Measure in 5 (ng ml~!) concentration.

Table 2

Comparison of linear ranges (LR), limits of detection (LOD), and relative standard deviations (RSD%) of the present SPME-GC with other works. All the concentrations are at

ng mL! and indicated in parenthesis.

Compound Reference
Present work [15] [16] [17] [22] [33]
MW(CNTSs/PoPD/GC-FID PDMS/DVB/GC-MS PIL*/GC-MS MWCNTs/GC-FID PPY/DS/GC-MS PDMS/DVB/GC-FID
Naphthalene 0.5-100° 0.2-60 0.5-20 0.1-100 0.5-100 0.5-100
0.08°¢ 0.07 0.1 0.06 0.16 0.1
5.4¢ (5) 11.2 12 (5) 6.7 (10) 6.8 (2) 7 (10)
Biphenyl 0.5-100 - - 0.1-100 - -
0.04 - - 0.07 - -
6.6 (5) - - 5.4 (10) - -
Acenaphthylene 0.5-100 0.1-60 0.5-20 0.1-100 0.5-100 0.5-100
0.05 0.03 0.06 0.05 0.09 0.1
3.2 (5) 6.9 13 (5) 5.7 (10) 3.5 (2) 9 (10)
Fluorene 0.1-100 0.01-60 0.5-20 0.1-100 0.5-100 0.5-100
0.02 0.005 0.05 0.04 0.05 0.08
6.2 (5) 16.7 9.2 (5) 4.1 (10) 2.6 (2) 6 (10)
Phenantherene 0.1-300 0.1-60 0.5-20 0.1-100 0.5-100 0.1-20
0.04 0.04 0.25 0.03 0.06 0.04
4.8 (5) 4.9 13 (5) 8.5 (10) 53(2) 8 (10)
Anthracene 0.1-300 0.05-60 0.5-20 - - 0.1-20
0.03 0.02 0.1 - - 0.03
7.8 (5) 2.0 9.4 (5) - - 9 (10)
Fluoranthene 0.5-300 0.1-60 0.5-20 0.5-50 0.5-100 0.1-20
0.07 0.03 0.08 0.07 0.12 0.03
4.5 (5) 6.6 9.3 (5) 7.8 (10) 4.8 (2) 8 (10)
Pyrene 0.5-300 0.1-60 0.5-20 - 1-100 0.1-20
0.09 0.03 0.09 - 0.13 0.03
5.7 (5) 4.9 13 (5) - 6.9 (2) 6 (10)

@ Polymeric ionic liquid.
b The first row of figures for each compound indicates linear range (ngmL™")

¢ The second row of figures for each compound indicates detection limit (ngmL™)

94 The last row of figures for each compound indicates RSD (%)
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Table 3
Results obtained for real samples.

Compound Concentration (ng mL™1)
Wastewater Well water Tap water

Naphthalene ND ND ND
Biphenyl ND ND ND
Acenaphthylene ND ND ND
Fluorene ND 2.5 (+0.03) ND
Phenantherene 4.5 (+0.05)* 3.3 (+0.04) ND
Anthracene 5.2 (+0.07) ND ND
Fluoranthene 4.8 (+0.04) 3.2 (+0.03) ND
Pyrene 5.3 (+0.06) 22(+0.03) ND

ND means not detected.
2 Each figure indicates SD.

The analyte percent recovery of the method was evaluated by
spiking a sample of SBUC water sample at 5 ng mL~! of each PAH.
The recoveries were between 81 and 112% (Table 1).

4. Conclusion

This work shows that MWCNTSs/PoPD nanocomposite, which is
electrochemically polymerized on the surface of stainless steel
wire, can be used as an efficient HS-SPME fiber for the extraction
of PAHs from aqueous samples. The proposed coating has a
porous surface structure with high extraction capacity. The life-
time of the coating was such that a single fiber could be used at
least 90 times for the HS-SPME analysis of PAHs. The fiber was
thermally stable at temperature up to 300 °C. The combination of
HS-SPME by MWCNTs/PoPD fiber with GC/FID offers significant
analytical performance, very good sensitivity and reasonable
precision. Various real samples were chosen to evaluate the
reliability of this method which revealed high recoveries for the
PAHs studied. It seems that this composite coating has a con-
siderable potential for preconcentration and determination of
other analytes as well.
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