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Solid phase extraction (SPE) is a consolidated technique for determining pollutants in seawater samples. The current tendency is to
miniaturise systems that extract and determine pollutants in the environment, reducing the use of organic solvents, while
maintaining the quality in the extraction and preconcentration. On the other hand, there is a need to develop new extraction systems
that can be fitted to in situ continual monitoring buoys, especially for the marine environment. This work has developed a first model
of alow-pressure micro-SPE (m-SPE) for persistent organic pollutants (POPs) that can be simply applied to in situ monitoring in the
marine environment. This system reduces the volumes of sample and solvents required in the laboratory in comparison with
conventional SPE. In the future, it could be used in automated or robotic systems in marine technologies such as marine gliders and
oceanographic buoys. This system has been optimised and validated to determine polycyclic aromatic hydrocarbons (PAH) in

seawater samples, but it could also be applied to other kinds of persistent organic pollutants (POPs) and emerging pollutants.

1. Introduction

Interest in controlling and monitoring different kinds of
organic pollutants in marine environments has grown [1-4],
due to the harm they can do to the marine environment and
human health [5]. One example of these are polycyclic ar-
omatic hydrocarbons (PAHs) that are considered as priority
pollutants by the European Union (EU) and the Environ-
mental Protection Agency (EPA) because they are carci-
nogenic and they can genetically mutate [3, 5-8] and what is
more, these compounds could activate oxidative stress of
DNA, hence damaging metabolic activation and the gen-
eration of reactive kinds of oxygen [9, 10] making the ex-
traction, preconcentration, and determination of these
compounds in the environment very important [11, 12].
PAHs are ubiquitous pollutants in the environment, with
special importance in seawater [4, 11, 13, 14], sediments [15],
plankton, and filtering organisms [5, 10, 16].

The concentration of PAHs in seawater is normally in the
range of 0.05 to 0.25 ug-L ™" [6, 17], due to their low solubility
in water [1, 5, 18, 19]. A high concentration generally in-
dicates PAH pollution of recent anthropogenic origin [6].

Over time, these compounds tend to accumulate in solid
matrixes like sediment and marine plastic, with a strong
tendency to bioaccumulate [16]. That is why new analytical
methods are required that allow them to be monitored in
situ while maintaining current levels of sensitivity and se-
lectivity [6, 11, 20, 21].

The most commonly used techniques for determining
PAHs are gas chromatography with mass spectrometry (GC-
MS) [1, 2, 4] and high-pressure liquid chromatography with
ultraviolet-visible detector or diode array ultra-violet-visible
detector and fluorescence detector [11, 22-25]. In order to
enhance the sensitivity and selectivity of the analyses, a first
stage of extraction, purification, and preconcentration is
required [5].

There are several preconcentration techniques for organic
pollutants in liquid matrixes, such as liquid-liquid extrac-
tion (LLE), supercritical fluid extraction (SFE), and solid phase
extraction (SPE) [5, 26, 27].

Solid phase extraction (SPE) is currently a highly consol-
idated technique for extracting pollutants from liquid samples
[11, 28]. SPE gives high recoveries with a low consumption of
organic solvents and high preconcentrations if volumes of
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FiGure 1: Miniaturised solid phase extraction system (m-SPE).

water of around 1 litre are filtered. SPE has been widely used for
extracting hydrocarbons and other persistent pollutants from
seawater and other kinds of marine samples [1, 3, 4, 12, 29].
However, these laboratory studies require large volumes of
seawater that are processed in laboratories, rather than directly
at the place where the sampling is done, entailing the transport
and storage of the samples, which makes the sampling oper-
ation more difficult [14]. This explains the special interest in
miniaturising the extraction and its application in situ, to fa-
cilitate enormously the logistics of sampling, and also opening
up the possibility of future automation.

There are other systems that have attempted to minia-
turise extraction, like solid phase microextraction (SPME)
[5, 30-32] or fabric phase sorptive extraction (FPSE) [33],
which combine extraction and preconcentration in a single
step [6, 17, 34]. The disadvantage of SPME is that it is not
a very robust or reproducible system, and it is very difficult
to handle in situ in the marine environment. FPSE is a new
technique that has yet to be tested on marine samples.

There are very few studies that consider monitoring the
effects of a polycyclic aromatic hydrocarbon spill; most have
been done with biomarkers, without any analytical quan-
tification [16]. Portable systems are required to facilitate the
task and reduce time and material, which allow a study to be
conducted in situ.

The m-SPE presented here has the advantage of its sim-
plicity, low cost, and ease of installation in the place the sampling
is to be conducted (in situ). This method has been validated for
extracting and preconcentrating PAHs in seawater.

2. Materials and Methods

2.1. Developing an m-SPE System. The miniaturised solid
phase extraction system in question is shown in Figure 1 in-
cluded an ISMATEC peristaltic pump, model: ISM 846
(60 rpm, dimensions 125 x 88 x 135 mm), with SKALAR con-
nectors, model: 3091 with a theoretical flow rate of 0.14 ml-s~".
Behind the sample reservoir, there is a fibre-glass Whatman
GF/C filter (porosity of 1.2 ym) to eliminate possible solids
from the seawater that could interfere with the analysis. The
peristaltic pump pumps water up to the miniaturised SPE
cartridge, which consists of a TYGON tube (inert, SC0359)

with a diameter of 4.8 mm filled with the appropriate solid
SPE sorbent for each analysis.

2.2. Chemical Reagents. The PAHs studied were fluoranthene,
chrysene, benzo(b)fluoranthene, dibenzo(a,h)anthracene
(Sigma-Aldrich®), and benzo(a)pyrene (Supelco®). The initial
individual standard was dissolved in HPLC-grade acetonitrile
(Panreac®).

A mixture of the 6 PAHs was prepared at a concentration
of 10mgL™" in methanol to study the recovery rates
(LiChrosolv® Reag. Ph Eur Methanol gradient grade for
liquid chromatography, Merck®). The seawater samples to
be analysed are enriched with this mixture to validate the
m-SPE system. In this case, 1L of prefiltered seawater
(Whatman GF/C glass-fibre filter, porosity of 1.2 um) was
contaminated to eliminate any possible solutes that could
interfere in the analysis. The concentration of seawater used
to optimise the system was 0.2 ug-L™".

2.3.Solid Phase Extraction Procedure (m-SPE). Miniaturising
the SPE system is based on manufacturing sorbent cartridges
that can be coupled to a peristaltic pump (avoiding the
traditional vacuum pump). These cartridges were prepared
with 0.3 g of Envi-18 (Supelco) silica gel, placed inside a tube
with an internal diameter of 4.8 mm and 6 cm long. There
is an IDEX 5mm ISM560 joint at each end and a piece of
polyethylene frit (Supelco) with a porosity of 20 um on the
inside of each joint.

Samples of one litre of seawater with 0.2 ug-L™" of each of the
six PAHs analysed were used to optimise extraction. After
sampling, 50 mL of Milli-Q water is added through the system
and it is left to dry, hence minimising the amount of water
present before extraction. The presence of water can trigger
a lower recovery and low reproducibility [28]. Finally, the
pollutants are disorbed with methanol, and the first mL of extract
is collected for analysis by HPLC with fluorescence detector.

2.4. PAH Analysis by High-Pressure Liquid Chromatography
(HPLC) with Fluorescence Detector. The analysis of the
samples was conducted in Varian® 230, fitted with a ProStar
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3012 binary pump, which requires up to three entry lines of
solvent and a ProStar Varian 410 self-sampler. The analytes of
interest are put through a ProStar 363 fluorescence detector.
The valve in the column is a 500-LC, with a Microsorb-MV
100-5 C18 ODS 150 x 4.6 mm x 1/4” column.

The chromatographic column was kept at 30°C throughout
the HPLC process to prevent variability due to environmental
conditions. Consideration was given to the excitation and
emission wavelengths of each of the PAHs to be analysed [35],
and the range of an excitation length of 260 nm and an
emission length of 440 nm was determined for the fluo-
rescence detector, which enables the entire spectrum of the
different PAHs to be seen.

The work was done on a gradient with a mobile phase A,
methanol : water, in a proportion of 80:20, and a mobile
phase B of 100% methanol. The method was applied on
a gradient, lasting 18 minutes. It starts with 100% A, and
then progressively increases the proportion of B until this
reaches 100% B for 14 minutes. The last 4 minutes are to
reestablish the initial conditions, ending with 100% A after
18 minutes.

3. Results and Discussion

3.1. Optimising the Miniaturised Solid Phase Extraction Sys-
tem (m-SPE). In order to study the best SPE sorbent, ex-
tractions were made under different conditions for
a reference sample (seawater with 0.2 ug-L™" for the 5 PAHs
studied). The main conditions studied were the kind of
sorbent used and how much of it, in grams.

3.1.1. Comparison of Different Solid Sorbents. The different
kinds of cartridges to be used in the SPE are classified in
accordance with the analytes of interest [17]. In this work,
the right adsorbent for studying PAHs in seawater was
assessed. Different brands and models of SPE cartridges were
used for the filling. The cartridges used were the Supelco
Envi-18, Thermo® scientific Hypersep SCX, and the Inter-
chim® Upti-Clean.

The same procedure was used with each kind of car-
tridge. It was run three times with 1 litre of prefiltered
seawater contaminated with 0.2 ug-L™". The pollutants are
disorbed with 1 mL of methanol, and then they are analysed
in the HPLC. Two different amounts were used to determine
the best sorbent, 0.4 g in the first, and then the two best
results were studied with 0.3 g for each kind of sorbent.

Thermo scientific Hypersep SCX is the sorbent that
presents the lowest recovery percentage with 0.4 g of sorbent
(Figure 2), which is why it was eliminated from the next
study, using a smaller amount of sorbent. Figure 3 shows
that the recovery percentage for the Supelco Envi-18 sorbent
shows better results than the Interchim Upti-Clean.

3.1.2. Comparison of Different Amounts of Sorbent. Once the
kind of sorbent to be used was optimised, the results for the
different doses of sorbent (in grams) were analysed. The
three different doses of Envi-18 silica gel in the extraction
cartridge were compared: 0.3, 0.2, and 0.1 grams. One litre of
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FIGURE 2: Comparison of different sorbents using a dosage of 0.4
grams: fluoranthene (Flra), chrysene (Chry), benzo(b)fluoranthene
(B(b)flu), and benzo(a)pyrene (B(a)pyr).
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FiGure 3: Comparison of the best two sorbents using a dosage of
0.3 grams: fluoranthene (Flra), chrysene (Chry), benzo(b)fluo-
ranthene (B(b)flu), and benzo(a)pyrene (B(a)pyr).

180 ~

160 ~
140 ~
120 ~
100 ~
80
60 ~
40
20

0 -

Flra Chry

Recovery (%)

(N}

B(a)pyr

B Interchim
B Envi-18

prefiltered seawater was contaminated with 0.2 yg-L ™", and it
was run through the extraction system with each of the
dosages. The results are shown in Figure 4, showing that
the concentrations are higher in the m-SPE cartridge with
the highest dose of silica gel.

3.2. Analytical Reproducibility and Application. The ana-
lytical method proposed was assessed under the optimum
conditions mentioned above, giving a relative standard



4
Filling grams optimization

200 ~

180

160 ~ ]'
140 -
§ 120 ~ ]'
o
L
# 60 - I I

40 I

20 - } = I 1]

3 . .
0.4 0.3 0.2 0.1
Grams of filler
m Chry B(a)Pyr
B(b)Flu Db(a,h)Ant

FIGURE 4: Optimising the amount of sorbent (in grams): chrysene
(Chry), benzo(b)fluoranthene (B(b)Flu), benzo(a)pyrene (B(a)pyr),
and dibenzo(a,h)anthracene (Db(a,h)ant).

TaBLE 1: Results of the relative standard deviation (% RSD), limit of
detection (LOD), and limit of quantification (LOQ).

Compound ~ Abbreviation % RSD LOD (ngL™") LOQ (ngL™")

Chrysene Chry 4.21 0.22 0.72
Benzo(b) B(b)Flu  9.57 0.20 0.67
fluorantene

Benzo(a) B@)Pyr 1027 0.30 1.00
pyrene

Dibenzo(@h) - 1y byant .88 0.02 0.06
anthracene

deviation (RSD) for an extraction of a sample of 1 litre at
0.2ugL™" of the mixture of PAHs.

The RSDs (%) obtained are shown in Table 1 and are around
4.21 and 10.27% for each PAH analysed. The limit of detection
study gave very low results, as did the limit of quantification.

The applicability of the method was assessed using real
samples in situ (without spike) collected from different
places on the island of Gran Canaria, Canary Islands, Spain:
two points in the east of the island, (Port of Taliarte and Port
of Salinetas) and one further north, where the largest port of
the island is located (Port of Las Palmas de Gran Canaria). In
each case, 1 litre of surface seawater was collected per
sample, with three samples taken at each point.

The volume taken for each sample was measured by col-
lection time based on its flow rate, giving a total of 119 minutes
per sample. The results of the real samples analysed are shown in
Figure 5. The PAHs with the highest molecular weight are more
hydrophobic than the PAHs with low molecular weight [36-38]
(the chrysene is the most soluble, and dibenzo(a,h)anthracene is
the least soluble), and this is reflected in the concentrations
obtained, as they always have a lower presence in water.

The concentrations in the different areas of Gran Canaria
varied significantly in several cases below the limit of de-
tection. These figures do not exceed the limits permitted by
the legislation in effect [39].
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FIGURE 5: Results of applying the method to real, uncontaminated
samples at different points of Gran Canaria, Canary Islands, Spain.

4. Conclusions

The m-SPE in this study was developed to extract PAHs for
seawater samples and presented a robust PAH extraction ca-
pacity, even for very low concentrations in liquid samples, thus,
guaranteeing that the method is able to detect and quantify
concentrations below the limits set by law. This means that it is
a reliable method for assessing concentrations of directive
2008/105/CE [39].

The reproducibility of the method could be improved by
using pollutant separation with gas chromatography with mass
spectroscopy (GC-MS) that offers improvements against high-
pressure liquid chromatography (HPLC) [2, 9, 21, 40], showing
greater sensitivity in the analysis of these pollutants.

These results show the feasibility of the in situ extrac-
tion process using miniaturised, solid phase extraction. The
methodology developed in this study is simple, fast, easy, and
allows for in situ sampling. It is also a sustainable methodology
because the use of organic solvents is minimal. It represents the
first step towards automating extraction in ports and coastal
areas such that monitoring can be conducted more frequently
without the need for frequent sampling.

The potential of this system is that it can be fitted to
submarine vehicles and oceanic buoys, allowing for continual,
efficient, and low-cost monitoring of the quality of the ocean.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This work is based on the MACMAR project (miniaturised
embedded analytical chemistry in submarine robotics),
C2016/90. This study was funded by the University of Las
Palmas de Gran Canaria (ULPGC15_06). B. Abaroa-Pérez is
the beneficiary of a research grant INNOVA Canarias 2020



Journal of Analytical Methods in Chemistry

grant from the Fundacidon Universitaria de Las Palmas, from
the 2016 call for proposals. The authors would like to thank
the Oceanic Platform of the Canary Islands (Plataforma
Ocednica de Canarias, PLOCAN) for their magnificent
support and sharing their research facilities with us.

References

[1] S. Frenna, A. Mazzola, S. Orecchio, and N. Tuzzolino, “Com-

parison of different methods for extraction of polycyclic aro-
matic hydrocarbons (PAHs) from Sicilian (Italy) coastal area
sediments,” Environmental Monitoring and Assessment, vol. 185,
no. 7, pp. 5551-5562, 2013.

Z. Vecra, A. B. Skova, J. Sklenska, and P. Mikuska, “A large
volume injection procedure for GC-MS determination of PAHs
and PCBs,” Chromatographia, vol. 61, no. 3-4, pp. 197-200, 2005.
1. Urbe and J. Ruana, “Application of solid-phase extraction
discs with a glass fiber matrix to fast determination of
polycyclic aromatic hydrocarbons in water,” Journal of
Chromatography A, vol. 778, no. 1-2, pp. 337-345, 1997.

A. Filipkowska, L. Lubecki, and G. Kowalewska, “Polycyclic
aromatic hydrocarbon analysis in different matrices of the
marine environment,” Analytica Chimica Acta, vol. 547, no. 2,
pp. 243-254, 2005.

[5] J.J. S. Rodriguez and C. P. Sanz, “Fluorescence techniques for

(10

(11

[12

[13

]

]

the determination of polycyclic aromatic hydrocarbons in
marine environment: an overview,” Analusis, vol. 28, no. 8,
pp. 710-717, 2000.

V. Khalili-Fard, K. Ghanemi, Y. Nikpour, and M. Fallah-
Mehrjardi, “Application of sulfur microparticles for solid-
phase extraction of polycyclic aromatic hydrocarbons from
sea water and wastewater samples,” Analytica Chimica Acta,
vol. 714, pp. 89-97, 2012.

E. Martinez, M. Gros, S. Lacorte, and D. Barcelo, “Simplified
procedures for the analysis of polycyclic aromatic hydro-
carbons in water, sediments and mussels,” Journal of Chro-
matography A, vol. 1047, no. 2, pp. 181-188, 2004.

Y. Wan, X. Jin, J. Hu, and F. Jin, “Trophic dilution of
polycyclic aromatic hydrocarbons (PAHs) in a marine food
web from Bohai Bay, North China,” Environmental Science &
Technology, vol. 41, no. 9, pp. 3109-3114, 2007.

J. Ma, R. Xiao, J. Li, J. Yu, Y. Zhang, and L. Chen, “De-
termination of 16 polycyclic aromatic hydrocarbons in en-
vironmental water samples by solid-phase extraction using
multi-walled carbon nanotubes as adsorbent coupled with gas
chromatography-mass spectrometry,” Journal of Chroma-
tography A, vol. 1217, no. 34, pp. 5462-5469, 2010.

A. Valavanidis, T. Vlachogianni, S. Triantafillaki, M. Dassenakis,
F. Androutsos, and M. Scoullos, “Polycyclic aromatic hydro-
carbons in surface seawater and in indigenous mussels (Mytilus
galloprovincialis) from coastal areas of the Saronikos Gulf
(Greece),” Estuarine, Coastal and Shelf Science, vol. 79, no. 4,
pp. 733-739, 2008.

M. H. Habibi and M. R. Hadjmohammadji, “Determination of
some polycyclic aromatic hydrocarbons in the Caspian sea-
water by HPLC following preconcentration with solid-phase
extraction,” Iranian Journal of Chemistry and Chemical En-
gineering, vol. 27, no. 4, pp. 91-96, 2008.

S. A. Wise, L. C. Sander, and W. E. May, “Determination of
polycyclic aromatic hydrocarbons by liquid chromatogra-
phy,” Journal of Chromatography A, vol. 642, no. 1-2,
pp. 329-349, 1993.

X. Song, J. Li, S. Xu et al., “Determination of 16 polycyclic ar-
omatic hydrocarbons in seawater using molecularly imprinted

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

solid-phase extraction coupled with gas chromatography-mass
spectrometry,” Talanta, vol. 99, pp. 75-82, 2012.

C. E. Ramirez, C. Wang, and P. R. Gardinali, “Fully automated
trace level determination of parent and alkylated PAHs in
environmental waters by online SPE-LC-APPI-MS/MS,” Ana-
Iytical and Bioanalytical Chemistry, vol. 406, no. 1, pp. 329-344,
2014.

V. Pino, J. H. Ayala, A. M. Afonso, and V. Gonzalez, “De-
termination of polycyclic aromatic hydrocarbons in marine
sediments by high-performance liquid chromatography after
microwave-assisted extraction with micellar media,” Journal
of Chromatography A, vol. 869, no. 1-2, pp. 515-522, 2000.
S. Sanz and J. Antonio, Evaluacion y seguimiento del Contenido en
hidrocarburos aromdticos policiclicos (PAHS) en mejillon silvestre
de la costa de galicia y cantdbrico, antes y después del vertido del
B/T Prestige, vol. 323, Universidade da Corufa, Corufia, Spain,
2009, http://ruc.udc.es/dspace/bitstream/handle/2183/5670/
SorianoSanz_JoseAntonio_TD_2009.pdf.

T. M. Hii, C. Basheer, and H. K. Lee, “Commercial polymeric
fiber as sorbent for solid-phase microextraction combined
with high-performance liquid chromatography for the de-
termination of polycyclic aromatic hydrocarbons in water,”
Journal of Chromatography A, vol. 1216, no. 44, pp. 7520-
7526, 2009.

L. Downes and Javier, Métodos analiticos de extraccion y test
de bioaccesibilidad de hidrocarburos policiclicos aromadticos
(PAHs) en sedimentos de las Islas Baleares, 2015, http://dspace.
uib.es/xmlui/handle/11201/1134.

M. Karimi, F. Aboufazeli, H. R. L. Z. Zhad, O. Sadeghi, and
E. Najafi, “Determination of polycyclic aromatic hydrocar-
bons in Persian gulf and Caspian sea: gold nanoparticles fiber
for a head space solid phase micro extraction,” Bulletin of
Environmental Contamination and Toxicology, vol. 90, no. 3,
pp. 291-295, 2013.

E. R. Brouwer, A. N. J. Hermans, H. Lingeman, and
U. A. T. Brinkman, “Determination of polycyclic aromatic
hydrocarbons in surface water by column liquid chroma-
tography with fluorescence detection, using on-line micelle-
mediated sample preparation,” Journal of Chromatography
A, vol. 669, no. 1-2, pp. 45-57, 1994.

V. Pino, J. H. Ayala, A. M. Afonso, and V. Gonzilez,
“Determination of polycyclic aromatic hydrocarbons in seawater
by high-performance liquid chromatography with fluorescence
detection following micelle-mediated preconcentration,” Journal
of Chromatography, vol. 949, no. 1-2, pp. 291-299, 2002.

C. Mieége, M. Bouzige, S. Nicol, J. Dugay, V. Pichon, and
M. C. Hennion, “Selective immunoclean-up followed by
liquid or gas chromatography for the monitoring of polycyclic
aromatic hydrocarbons in urban waste water and sewage
sludges used for soil amendment,” Journal of Chromatography
A, vol. 859, no. 1, pp. 29-39, 1999.

Y. He and H. Lee, “Trace analysis by combined use of off-line
solid-phase extraction, on-column sample focusing and
U-shape flow cell in capillary liquid chromatography,” Journal
of Chromatography A, vol. 808, no. 1-2, pp. 79-86, 1998.

A. Barranco, R. Alonso-Salces, A. Bakkali et al., “Solid-phase
clean-up in the liquid chromatographic determination of
polycyclic aromatic hydrocarbons in edible oils,” Journal of
Chromatography A, vol. 988, no. 1, pp. 33-40, 2003.

J. L. Bernal, M. J. Nozal, L. Toribio et al., “Determination of
polycyclic aromatic hydrocarbons in waters by use of super-
critical fluid chromatography coupled on-line to solid-phase
extraction with disks,” Journal of Chromatography A, vol. 778,
no. 1-2, pp. 321-328, 1997.


http://ruc.udc.es/dspace/bitstream/handle/2183/5670/SorianoSanz_JoseAntonio_TD_2009.pdf
http://ruc.udc.es/dspace/bitstream/handle/2183/5670/SorianoSanz_JoseAntonio_TD_2009.pdf
http://dspace.uib.es/xmlui/handle/11201/1134
http://dspace.uib.es/xmlui/handle/11201/1134

[26] G.M. Titato and F. M. Langas, “Comparison between different
extraction (LLE and SPE) and determination (HPLC and
capillary-LC) techniques in the analysis of selected PAHs in
water samples,” Journal of Liquid Chromatography & Related
Technologies, vol. 28, no. 19, pp. 3045-3056, 2005.

[27] G. Purcaro, S. Moret, and L. S. Conte, “Rapid SPE-HPLC
determination of the 16 European priority polycyclic aromatic
hydrocarbons in olive oils,” Journal of Separation Science,
vol. 31, no. 22, pp. 3936-3944, 2008.

[28] R. Marcé and F. Borrull, “Solid-phase extraction of polycyclic
aromatic compounds,” Journal of Chromatography A, vol. 885,
no. 1-2, pp. 273-290, 2000.

[29] J. L. Santana-romero, M. Valdés-callado, and S. O. L. Lima,
Determinacién de hidrocarburos aromaticos policiclicos ligeros
en aguas superficiales de los rios Almendares y Luyané en La
Habana, vol. 43, 2012.

[30] J. L. Benedé, A. Chisvert, D. L. Giokas, and A. Salvador,
“Determination of hydrophobic organic compounds in
aqueous media,” Journal of Chromatography A, vol. 1362,
pp. 25-33, 2014.

[31] E. A. Souza-Silva, E. Gionfriddo, and J. Pawliszyn, “A critical

review of the state of the art of solid-phase microextraction of

complex matrices II. Food analysis,” TrAC Trends in Ana-

Iytical Chemistry, vol. 71, pp. 236-248, 2015.

S. Montesdeoca-Esponda, Z. Sosa-Ferrera, and J. J. Santana-

Rodriguez, “On-line solid-phase extraction coupled to ultra-

performance liquid chromatography with tandem mass

spectrometry detection for the determination of benzotriazole

UV stabilizers in coastal marine and wastewater samples,” An-

alytical and Bioanalytical Chemistry, vol. 403, no. 3, pp. 867-876,

2012.

Y. Han, L. Ren, K. Xu et al., “Supercritical fluid extraction

with carbon nanotubes as a solid collection trap for the analysis

of polycyclic aromatic hydrocarbons and their derivatives,”

Journal of Chromatography A, vol. 1395, pp. 1-6, 2015.

[34] D.V.Moreno, Z.S. Ferrera, and J. J. S. Rodriguez, “SPME and

SPE comparative study for coupling with microwave-assisted

micellar extraction in the analysis of organochlorine pesti-

cides residues in seaweed samples,” Microchemical Journal,

vol. 87, no. 2, pp. 139-146, 2007.

Y. Li, S. Yoshida, Y. Chondo et al., “On-line concentration and

fluorescence determination HPLC for polycyclic aromatic

hydrocarbons in seawater samples and its application to Japan

Sea,” Chemical and Pharmaceutical Bulletin, vol. 60, no. 4,

pp. 531-535, 2012.

[36] J. C. Antunes, J. G. L. Frias, A. C. Micaelo, and P. Sobral,

“Resin pellets from beaches of the Portuguese coast and

adsorbed persistent organic pollutants,” Estuarine, Coastal

and Shelf Science, vol. 130, pp. 62-69, 2013.

C. E. Nika, E. Yiantzi, and E. Psillakis, “Plastic pellets sorptive

extraction: low-cost, rapid and efficient extraction of poly-

cyclic aromatic hydrocarbons from environmental waters,”

Analytica Chimica Acta, vol. 922, pp. 30-36, 2016.

[38] T. S. Bianchi, S. Findlay, and R. Dawson, “Organic matter
sources in the water column and sediments of the Hudson
River: use of total pigments as tracers,” Estuarine, Coastal and
Shelf Science, vol. 36, no. 4, pp. 359-376, 1993.

[39] U. Europea, “Relativa a las normas de calidad ambiental en el

ambito de la politica de aguas,” Official Journal of the European

Union, vol. 348, pp. 84-97, 2008.

K. Liapis and E. Bempelou, “Determination of polycyclic

aromatic hydrocarbons in water by GC/MS/MS,” Hellenic

Plant Protection Journal, vol. 64, pp. 99-105, 2008.

[32

[33

[35

(37

[40

Journal of Analytical Methods in Chemistry



lournul of

s

Journal of 7 o
A;alyUcal Methods The Scientific
in Chemistry ‘ World Journal

Advances in

Phy5|cal Chem|stry

Hindawi

Bioinorganic Chemistry
and Applications

nces in Journal of : ) BioMed
TrIbO|Ogy Chemistry Research International

International Journal of Journal of

Journal of
Analytical Chemistry  Nolsai(e}eelo) Nanotechnology

Submit your manuscripts at
www.hindawi.com

Journal of

Applied Chemistry

International Journal of

I\/led|cma| Chem|stry

Journal of

Materials

Enzyme Biochemistry
Research Research International


https://www.hindawi.com/journals/at/
https://www.hindawi.com/journals/ijp/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/apc/
https://www.hindawi.com/journals/jamc/
https://www.hindawi.com/journals/bca/
https://www.hindawi.com/journals/ijs/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/ijmc/
https://www.hindawi.com/journals/jnt/
https://www.hindawi.com/journals/jac/
https://www.hindawi.com/journals/bri/
https://www.hindawi.com/journals/er/
https://www.hindawi.com/journals/jspec/
https://www.hindawi.com/journals/ijac/
https://www.hindawi.com/journals/jma/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/ijelc/
https://www.hindawi.com/journals/jnm/
https://www.hindawi.com/
https://www.hindawi.com/

