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Abstract A rapid and reliable method based on magnetic
solid-phase extraction (MSPE) and ultra-high performance
liquid chromatography (UHPLC-FLD) analysis was devel-
oped and validated for the quantitative determination of seven
polycyclic aromatic hydrocarbons (PAHs) in water samples.
Hybrid composites made up of magnetic nanoparticles
(MNPs) and carbon nanotubes (CNTs) were tested as adsor-
bent materials. The main factors influencing the extraction
yields were optimized, namely the amount and type of adsor-
bent in the adsorption, and the solvent, the type of energy and
the time in the desorption step. The selected composite was
made up of Fe3O4 and multiwalled (MW)-CNTs. The desorp-
tion was carried out with sonication probe and tetrahydrofuran
(THF); this solvent makes the method directly compatible
with the chromatographic mobile phase and it reduces the
analysis time. Under the optimized conditions, the LODs
and LOQs achieved were in the range of 0.025–0.73 and
0.04–2.4 ng mL−1, respectively. The calibration curves were
linear (R2 ≥ 0.9936) over the concentration ranges from 1 to

500 ngmL−1. The recoveries of PAHswere from 76.4 ± 1.7 up
to 106.5 ± 3.5%. The method was applied to synthetic and real
(tap, dam, river and mineral) water samples with different
characteristics to evaluate the performance under real
conditions.

Keywords Hybrid composites . Magnetic solid phase
extraction . Carbon nanotubes . Ultra-high performance liquid
chromatography . Polycyclic aromatic hydrocarbons .Water
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are organic com-
pounds produced by incomplete combustion of organic matter
at high temperature and pyrolysis processes from natural and
anthropogenic sources. They can be easily spread and distrib-
uted into the different environmental compartments.
Furthermore, these compounds are known to induce the for-
mation of cancer after chronic exposure [1] and the US
Environmental Protection Agency (USEPA) has highlighted
16 PAH congeners as priority pollutants due to their wide
distribution and high toxicity. Therefore, PAHs are subjected
to regulations in food and drinking water. Thus, the European
Union has established maximum levels of some congeners in
some foodstuffs at levels of micrograms per kilogram [2] and
the World Health Organization (WHO) has set a total maxi-
mum concentration for six PAHs in drinking water at
0.2 ng mL−1 [3].

The monitoring of PAHs has traditionally been carried out
by gas chromatography with either flame ionization (GC-FID)
or mass spectrometry (GC-MS) detection, and liquid chroma-
tography with visible/ultraviolet (LC-UV/vis) or fluorescence
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(LC-FLD) detectors. Recently, ultra-high performance liquid
chromatography (UHPLC) has taken the lead as it provides
enhanced peak resolutions in short times. As a result, the sep-
aration of 16 EPA PAHs takes place in 12 min [4, 5] while the
run time for the same separation usually takes no less than
25 min in conventional LC [6, 7] and 40 min in GC [8, 9].

The levels of PAHs in water are typically in the range of
nanograms per milliliter or lower and an adequate sample
preparation to increase selectivity and/or sensitivity is neces-
sary. Liquid-liquid extraction (LLE), liquid-liquid
microextraction (LLME), or solid-phase extraction (SPE)
have traditionally been the techniques of choice [10–13].
Although these techniques provide good accuracy and low
limits of detection through preconcentration, they are often
time consuming and some of them generate considerable sol-
vent waste.

In the last years, nanostructured materials have been incor-
porated to sample preparation. Carbon nanotubes (CNTs), es-
pecially multiwalled (MWCNTs), have become most attrac-
tive as sorbent materials in analytical processes because they
possess several interesting properties such as high surface ar-
ea, a pore structure, high mechanical strength, and chemical
stability [14]. They are also known to have hydrophobic and
π–π interactions with PAHs [15, 16]. Multiwalled CNTs have
been used as sorbents in ordinary SPE cartridges, in micro-
columns, and packed inside a porous polypropylene mem-
brane for the monitoring of PAHs in surface, tap, river, and
sea water [9, 17, 18]. They have also been combined with
polyvinyl alcohol cryogel (MWCNTs/PVA) to form compos-
ites to be used for extraction and preconcentration of PAHs in
water samples [19]. However, the preparation of these CNT-
supported materials is usually time consuming and technically
complex with high costs.Moreover, the weakest point of these
carbon nanostructures to be used in aqueous matrices is that
they strongly agglomerate due to their high hydrophobic na-
ture, hindering the PAH adsorption processes [16, 20].

A very interesting alternative is the synthesis of hybrid
nanostructures with CNTs and magnetic nanoparticles
(MNPs). With this combination, the analytes in solution are
adsorbed onto the dispersed CNT-MNPs and then these are
separated from the solution by an external magnet. These
composites combine the unique properties of CNTs as sor-
bents for hydrophobic compounds, such as phthalate acid es-
ters or estrogens [21, 22] with the ease of handling ofmagnetic
solid-phase extraction (MSPE). Moreover, the time-
consuming procedures of packing in a cartridge or mini-
column and the subsequent need for complicated separation
by centrifugation or filtration steps are avoided. As for the
determination of PAHs, these CNT-MNP composites have
been used in hydrophobic samples, i.e., oil [23] and grilled
meat [16], but not in water samples up to present. In fact, other
magnetic composites have been reported for these samples,
for example with polydopamine, polypirrol, triphenylamine,

or graphene [24–27], and only recently, modified CNTs have
been used for this purpose. Thus, Bunkoed and Kanatharana
[28] used a composite by caging Fe3O4 nanoparticles (NPs)
and MWCNTs into calcium alginate beads. Menezes et al.
[20] used amphiphilic magnetic CNTs made up of a complete-
ly hydrophobic tranche (undoped) and another more
hydrophilic/polar made of N-doped CNT as MSPE sorbents
for environmental waters because they disperse better than the
pristine CNTs. The authors also reported a high difficulty for
the congeners with high molecular weight to desorb from the
CNTs of the composites.

The combination of magnetic CNTs as adsorbents for
MSPE with UHPLC using a sub-2 μm column coupled to
FLD meets the requirements for a fast, simple, selective, and
sensitive method for the analysis of PAHs. To our best knowl-
edge, this combination has never been used for the monitoring
of PAHs in water. Therefore, the aim of this work is to develop
and validate an analytical method for the monitoring of seven
PAHs using this combination of techniques and its application
in water samples with different characteristics. The PAHs se-
lected were naphthalene (NAPH), acenaphtene (ACE),
fluorene (FLU), phenanthrene (PHEN), anthracene (ANTH),
fluoranthene (FLT), and pyrene (PYR) because of their favor-
able interaction with CNTs, especially in terms of desorption
with organic solvents [20].

Experimental

Chemicals and materials

Analytical standards of NAPH, ACE, FLU, PHEN, ANTH,
FLT, and PYR of 97.5% or higher purity were purchased from
Sigma-Aldrich (Bellefonte, PA, USA). A stock standard solu-
tion was prepared in acetonitrile at 10 μg mL−1 of each ana-
lyte. Working standard solutions were made by appropriate
dilution of the stock standard solutions with ultrapure water.
Iron (II) chloride tetrahydrate, iron (III) chloride hexahydrate,
sodium acetate (Sigma-Aldrich), and ethylene glycol pure
(Panreac, Barcelona, Spain) were used to synthesize the mag-
netic nanoparticles. Single-walled (SW) CNTs 2–5-μm long
and 1.2–1.5 nm of diameter (50–70% carbon basis) were pur-
chased from Sigma-Aldrich. Multiwalled (MW) CNTs 5–
20-μm long and 30 ± 15-nm thick (95% purity in
MWCNTs) were purchased from Nano-Lab (Waltham, MA,
USA). LC-MS grade water, methanol and acetonitrile
(MeCN) for mobile phases, and HPLC grade tetrahydrofuran
(THF) were purchased from Scharlab (Barcelona, Spain).
Humic acid sodium salt was obtained from Sigma-Aldrich.
Samples were filtered through 13 mm × 0.2 μm nylon filters
(Agilent Captiva, Agilent). Ultrapure water (18.2 MΩ cm at
25 °C) was obtained from an Elga Purelab Ultra Analytic
water purification system.
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Instrumentation

An Agilent 1200 SL UHPLC system (Agilent Technologies
Inc.) was used. The UHPLC equipment included a binary
pump, a thermostated column compartment, and a UV-
Visible and a fluorescence detector in line. The separation
was conducted on a Zorbax Eclipse PAH column
(2.1 × 50 mm; 1.8 μm) fitted with a guard cartridge
(2.1 × 12.5 mm; 5 μm). Column and guard cartridges were
purchased from Agilent. The mobile phase was filtered using
a vacuum filtration system through 0.2-μm polyamide mem-
brane filters (Sartorius Stedim Biotech GmbH, Göttingen,
Germany). The flow rate was 0.42 mL min−1. Gradient sepa-
ration was carried out using water and acetonitrile as A and B
solvents, respectively. The linear gradient profile was as fol-
lows: B maintained at 40% for the first 0.45 min, then in-
creased to 100% at t = 6 min and maintained for 3 min. The
mobile phase was returned to initial conditions in 0.5 min and
was kept for 1.5 min for a total run time of 11 min. Oven
temperature was set at 25 °C. Data analysis was done using
Agilent ChemStation software (Agilent Technologies). The
analytes were determined using a fluorescence detector
(FLD). The excitation wavelength was 260 nm and the emis-
sion wavelengths were 350 nm (NAPH, ACE, FLU, and
PHEN); 420 nm (ANTH and PYR); and 500 nm (FLT).

A ZX3 vortex stirrer (Velp Scientifica, Usmate, Italy) was
used for the adsorption. A Sonoplus ultrasonic homogenizer
(Bandelin, Berlin, Germany) fitted with a HD generator 2200
was used for desorption of PAHs from the magnetic compos-
ites. The homogenizer was equipped with a titaniummicro-tip
of 3 mm diameter. The maximum power was 200 W and the
frequency was 20 kHz. A conductivity meter (Crison,
microCM 2200) was used for measuring the conductivity of
both synthetic and real water samples.

Synthesis of CNT-MNPs

The magnetic MWor SW-CNT composites were prepared by
in situ high-temperature decomposition of the magnetic pre-
cursor [29] with some modifications [30]. Briefly, 0.014 g of
either FeCl2·4H2O or FeCl3·6H2O and 0.004 g of either SWor
MWCNT were dispersed into 0.75 mL ethylene glycol in a
glass vial. Then, 0.036 g of sodium acetate was added and
dissolved. The solution was allowed to stand at room temper-
ature for 30 min, after which the glass vial was heated in an
oven at 200 °C for 24 h. After cooling, the product was
washed with 1 mL of ultra pure water and the CNT-MNPs
were recovered by applying a magnetic field via a magnet
placed on the outer wall of the glass vial. This cleanup proce-
dure was repeated five times. The CNT-MNPs thus obtained
can be stored in ultrapure water (1 mL) or dried at 80 °C until
needed. The synthesized material was characterized by

transmission electron microscopy (TEM) to confirm that the
CNT-MNP composite was obtained [30].

Magnetic SPE procedure

An amount of 5 mg of magnetic composite nanomaterials was
put into a 10-mL vial. The first step was conditioning with
1 mL of acetonitrile and 3 mL of deionized water in this order.
Then, 5 mL of sample were added. The mixture was vigor-
ously vortexed for 5 min so that the adsorbents can disperse
uniformly in solution. An external magnet was placed at the
bottom of the vial and, after no more than 2 min, the separa-
tion of the supernatant from the composites had been
achieved. The supernatant was decanted, filtered (0.2 μm),
and injected into the UHPLC system to assess the degree of
adsorption. Finally, the target compounds were desorbed with
5 mL of THF by sonication probe for 3 min at 20% power.
After the solution was cleared by applying the external mag-
net, 1 mL of this solution was filtered (0.2 μm) and injected
into the UHPLC system for analysis.

Water samples

Synthetic water samples containing different amounts of NaCl
(0.1, 15 and 35 ‰) in the absence and in the presence of
1 mg L−1 of humic acids were prepared. To demonstrate the
applicability of the method, tap, dam, and river water and
three types of mineral water with different conductivity were
selected. Tap water was sampled from our lab after allowing
for 10 min to flow. Dam and river waters were obtained from
Toledo province (Spain). In all cases, the sampling bottle was
rinsed three times with water before it was filled up. Mineral
waters were purchased in a local supermarket and used with-
out any additional treatment.

All samples were analyzed in duplicate. They were also
spiked at 20 ng mL−1 of each analyte and analyzed in
duplicate.

Results and discussion

Chromatographic analysis by UHPLC-FLD

The performance declared by the column supplier was
assessed using the same chromatographic conditions. Since
some peaks overlapped partially, some minor modifications
in the elution gradient proposed had to be carried out to
get all the peaks base line resolved. The final conditions are
given in the Experimental section. As an example, a chro-
matogram corresponding to a standard solution of
20 ng mL−1 is shown in Fig. 1. As it can be seen, the separa-
tion was achieved in 7 min.
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Optimization of the MSPE conditions

Adsorption

Composites made up of Fe (III), Fe (II), and 75:25 mixture of
both combined with SW or MWCNTs were synthesized as
explained above in the Experimental section and tested for
adsorption. For the adsorption, 10 mg of composite were put
in a vial, added 1 mL of a solution of the seven analytes at
1 mg L−1 resulting in a total loading of 0.7 mg g−1 of com-
posite and vortexed for 5 min. The magnet was placed at the
bottom of the vial and after 2 min, the solution was clear. The
supernatant was filtered to get rid of possible agglomerates
and injected into the chromatographic system. No peaks were
obtained in any case, which means the adsorption was >99%
regardless of the composite. Given that, and also because of
stability to oxidation, the subsequent experiments were carried
out with Fe (III) as magnetic precursor. Multiwalled CNTs

were selected for subsequent experiments because they are
described to be less prone to aggregation than SWCNTs [30].

Other experiments were carried out with different amounts
of MWCNT-MNP composite (1, 3, and 5 mg) and concentra-
tion of PAHs (20, 100, and 500 ngmL−1) to test the adsorption
capacity and vortexed for 5 min. Again, the adsorption was
quantitative in all cases. Therefore, the adsorption capability
of PAHs by the hybrid nanocomposite is fully demonstrated.

Desorption

The parameters affecting desorption were studied systemati-
cally after the adsorption of 5 mL of a standard solution of the
analytes at 100 ng mL−1 onto 5 mg of MWCNT-MNP com-
posites. The initial conditions for desorption were vortex
mixing for 3 min in 5 mL of solvent.

The desorption solvent should be efficient and mobile
phase compatible, so it has to be carefully selected. Organic
solvents like hexane, acetone, toluene, dichloromethane, and
mixtures of them have been used for desorbing PAHs.
Moreover, these solvents are volatile, which is fine for GC-
MS methods [9, 20] but they cannot mix with water, so they
are not compatible with mobile phases used in LCmethods. In
these cases, the desorption solvents have to be evaporated to
dryness and reconstituted, i.e., in mobile phase, before LC
separation, which increases the sample preparation time.
Several experiments were conducted using 5 mL of toluene
as desorption solvent with recoveries below 24% after the
required evaporation and reconstitution, so this not only in-
creases the analysis time but it also hinders recoveries of PAHs
due to their volatility, as described elsewhere [31].
Acetonitrile (MeCN) and tetrahydrofuran (THF) are polar
and water-soluble solvents so they are compatible with LC
mobile phase and that is why they were tested. Standard solu-
tions previously adsorbed inMWCNT-MNP composites were
desorbed in 5 mL of each one of the solvents as indicated

Fig. 1 UHPLC-FLD chromatogram of a standard solution of the PAHs
containing naphthalene (NAPH), acenaphtene (ACE), fluorene (FLU),
phenanthrene (PHEN), anthracene (ANTH), fluoranthene (FLT), and
pyrene (PYR) at 20 ng mL−1 each, recorded at the maximum emission
wavelengths of every analyte (350, 420, and 500 nm), after excitation at
260 nm. The chromatogram at 500 nm is referred to secondary y-axis
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above. The recoveries withMeCNwere from 17 to 55%while
those with THFwere from 49 to 89%, so THFwas selected for
desorption in further experiments (Fig. 2). It seems the num-
ber of rings affect the recoveries in MeCN because PAHs with
two or three rings were all around 50% recovery, but PAHs
with four rings were below 30%. On contrary, this factor
seems to have no influence in THF. The desorption of all
analytes is higher in THF than in MeCN. The elution strength
in Snyder eluotropic series (ε°) is 0.45 and 0.65 for THF and
MeCN, respectively. This means that THF is less polar than
MeCN, so PAHs are more easily desorbed in THF. Although
the recoveries increased, other factors were studied in order to
get quantitative results.

The influence of the type of CNT on desorption was also
studied. Two magnetic composites made up of SWCNTs and
MWCNTs each were used for this purpose. After the adsorp-
tion, the analytes were desorbed in 5 mL of THF by vortex
mixing for 3 min. The recoveries were in the range of 49 to
89% forMWCNTs composites and of 44 to 91% for SWCNTs
composites, that is, the recoveries were the same regardless of

the type of CNT. Finally, MWCNT-MNPs were selected for
the advantages indicated in the adsorption process.

Ultrasound energy applied either by ultrasonic bath or son-
ication probe was tested in order to increase the efficiency of
desorption. Firstly, ultrasonic bath from 1 to 5 min was tested
but the recoveries did not improve. Secondly, desorption was
carried out with a sonication probe at different times (20 s to
3 min), power (20–90%), and cycles (1–6). The best recover-
ies, in the range of 76.4 ± 1.7 to 106.5 ± 3.5%, were obtained
with 3 min at 20% power in 1 cycle. A comparison of the
recoveries by sonication probe and vortex is shown in
Fig. 3. As can be seen, the recoveries obtained with the son-
ication probe are better, so it was selected for desorption.

The possibility of reusing the nanocomposites was studied.
The results showed that the adsorption/desorption cycle could
be carried out up to three times in a row with no effect on the
recoveries. Beyond this point, the nanocomposites began to
lose magnetic properties, presumably due to the sonication, so
they became useless for MSPE.

Performance of the CNT-MNPs UHPLC-FLD method

The parameters of the instrumental performance of the
UHPLC-FLD separation are given in Table 1. Calibration
curves were established for analytes in the range of 1–
500 ngmL−1. The coefficients of determination, R2, were over
0.9936 and the intercepts were negligible according to
Student’s t test (p < 0.05). The instrumental limits of detection
(LOD) and quantification (LOQ) were estimated for signal-to-
noise ratios of 3 and 10, respectively. As observed in Table 1,
the LODs and LOQs ranged from 0.025 to 0.73 ng mL−1 and
from 0.04 to 2.4 ng mL−1, respectively.

The quantification was done by means of response factors
obtained from standards injected before and after three sam-
ples. The accuracy was assessed by replicate analysis of 5 mL
of a standard solution of the analytes at 5 ng mL−1 using 5 mg
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5 mL of tetrahydrofuran using
vortex mixing (for 3 min) and
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Table 1 Instrumental performance of the UHPLC-FLD method for the
determination of the PAHs. Standard deviations for intercepts and slopes
in parentheses

Regression equation R2 LOD LOQ
(ng mL−1)

NAPH A = 0.16 (0.50) + 0.1132 (0.024) c 0.9982 0.28 0.72

ACE A = 0.19 (0.76) + 0.1658 (0.0036) c 0.9981 0.12 0.40

FLU A = 1.13 (0.98) + 0.3614 (0.0047) c 0.9993 0.054 0.18

PHEN A = 2.37 (1.99) + 0.4756 (0.0095) c 0.9984 0.042 0.14

ANTH A = −3.73 (0.91) + 0.8717 (0.0043) c 0.9999 0.025 0.082

FLT A = 0.017 (0.036) + 0.0783 (0.0017) c 0.9999 0.24 0.79

PYR A = −1.89 (0.96) + 0.1144 (0.0046) c 0.9936 0.73 2.4

A peak area; c concentration (ng mL−1 )
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of each composite as explained above. The recoveries obtain-
ed ranged from 76.4 ± 1.7% (ANTH) to 106.5 ± 3.5%
(NAPH) (n = 6). The precision of the method using compos-
ites synthesized in the same batch ranged from 0.91 (FLT) to
6.1 (NAPH) % RSD. The same solution was analyzed in du-
plicate using composites from three different synthetic
batches. The results showed 5.1 (FLT) to 10 (NAPH) %
RSD (n = 6).

Recovery studies involving preconcentration were carried
out, too. Aliquots of 20 mL of standard solutions of the
analytes at 1, 5, and 80 ng mL−1 resulting in a total loading
of 0.028, 0.14 and 2.24 mg g−1 of composite, respectively,
were analyzed as explained above. The recoveries obtained
for 80 ng mL−1 were from 8% (ANTH) up to 57% (NAPH)
lower than the ones obtained for 1 or 5 ng mL−1. This means
that preconcentration seems to be limited by the amount of
analytes adsorbed.

Analysis of water samples

Firstly, recovery studies were carried out in synthetic water
samples. To do so, ultrapure water (S0) was added 0.1, 15,
and 35‰ of NaCl in absence of humic acid (S1, S2, and S3,
respectively) and in presence of 1 mg L−1 of humic acid (S4,
S5, and S6, respectively) in order to mimic the salinity and

organic matter content that may occur in real water samples.
The conductivity was 225.3 ± 3.8; 26,025 ± 403; and
54,150 ± 506 μS cm−1 for 0.1, 15, and 35‰, respectively.
The synthetic water samples were spiked with the PAHs at
20 ng mL−1. Thus, duplicate aliquots of 5 mL of each synthet-
ic water sample were submitted to analysis and injected in the
chromatographic system by triplicate. In all cases, the adsorp-
tion of the analytes was quantitative. Table 2 shows the recov-
eries of the analytes, expressed as mean value (n = 6), and the
relative standard deviation. There is a slight decrease in the
recoveries in the presence of either NaCl or humic acid. When
both are present, the recoveries are similar to those obtained
with the only presence of NaCl, so there seems to be no addi-
tive effect. In light of the results of the present work, there is a
clear influence of the salinity and organic matter content in the
accuracy of the method.

Secondly, tap, river, dam, and three mineral waters with
conductivities from 47.8 ± 0.8 to 1588 ± 19 μS cm−1 were
analyzed. Naphthalene was detected at 4.99 ± 0.05 and
4.03 ± 0.05 ng mL−1 in river and dam waters, respectively.
The rest of the analytes were below the LODs in all samples.
These levels of NAPH are consistent with the results reported
in river [18] and lake water [20] samples, with NAPH around
3 ng mL−1 in both of them. In the case of the river water
samples, NAPH was the most concentrated congener [18].

Table 2 Recoveries
(mean ± standard deviation, n = 6)
of PAHs in synthetic waters (S0 to
S6). The first number in
parenthesis is the concentration of
NaCl (0, 0.1, 15, and 35‰) and
the second is that of humic acid (0
or 1 mg L−1), respectively

Analyte

Recoveries (%)

S0 (0; 0) S1 (0.1; 0) S2 (15; 0) S3 (35; 0) S4 (0; 1) S5 (15; 1) S6 (35; 1)

NAPH 106.5 ± 3.5 69.4 ± 2.2 60.4 ± 2.5 61.7 ± 3.8 72.6 ± 7.3 58.9 ± 2.4 65.2 ± 1.5

ACE 86.7 ± 1.2 81.0 ± 0.4 76.6 ± 1.8 74.8 ± 0.2 81.9 ± 1.5 67.9 ± 1.6 71.9 ± 0.8

FLU 92.5 ± 1.3 80.6 ± 0.2 76.6 ± 1.9 74.8 ± 0.3 81.9 ± 1.5 67.9 ± 1.8 71.9 ± 0.9

PHEN 97.6 ± 0.3 83.7 ± 0.3 74.0 ± 3.3 67.2 ± 1.9 82.8 ± 7.8 65.9 ± 2.3 65.5 ± 1.3

ANTH 76.4 ± 1.7 75.4 ± 0.2 66.1 ± 3.0 60.3 ± 0.6 69.8 ± 1.9 57.6 ± 2.5 60.1 ± 0.3

FLT 77.5 ± 0.3 81.3 ± 0.7 63.1 ± 0.3 48.5 ± 0.4 78.0 ± 0.2 74.4 ± 0.2 62.3 ± 0.3

PYR 84.0 ± 2.8 78.8 ± 0.5 67.9 ± 2.1 52.2 ± 1.2 84.0 ± 3.7 80.1 ± 1.8 67.1 ± 5.1

Table 3 Recoveries (%) (mean ± standard deviation, n = 6) of PAHs in real samples of water with different conductivity (μS cm−1) (mean ± standard
deviation, n = 4)

Sample Conductivity Recoveries (%)

NAPH ACE FLU PHEN ANTH FLT PYR

Tap water 201.0 ± 3.6 54.8 ± 1.7 74.6 ± 0.8 74.2 ± 0.6 72.9 ± 0.7 70.1 ± 0.9 70.7 ± 0.5 76.5 ± 0.3

Dam water 1588 ± 19 61.9 ± 2.5 80.7 ± 0.9 81.0 ± 0.6 85.0 ± 0.3 83.9 ± 0.6 89.6 ± 1.6 94.9 ± 2.6

River water 1470 ± 7 62.7 ± 1.7 75.1 ± 0.4 75.3 ± 0.2 75.2 ± 2.7 77.1 ± 0.6 76.7 ± 4.2 80.8 ± 0.8

Mineral water #1 483.3 ± 6.4 60.2 ± 0.4 75.5 ± 0.7 75.0 ± 0.5 76.5 ± 0.1 70.0 ± 0.8 68.2 ± 0.1 76.5 ± 0.1

Mineral water #2 322.0 ± 2.7 67.4 ± 2.4 80.9 ± 0.2 79.9 ± 0.3 84.4 ± 0.5 72.6 ± 0.1 77.5 ± 0.9 67.9 ± 6.5

Mineral water #3 47.8 ± 0.8 58.2 ± 2.5 78.8 ± 3.4 79.0 ± 3.2 81.0 ± 4.0 75.0 ± 1.8 76.1 ± 4.4 66.1 ± 0.2
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All these real samples were subsequently spiked with
PAHs at 20 ng mL−1 to carry out recovery studies. Table 3
shows the recoveries of the analytes, expressed as mean value
(n = 6), and the relative standard deviation. Again, the recov-
eries were lower than for standard solutions in ultrapure water
(Table 2, S0 (0; 0)) in all analytes and samples. The decrease
in the recoveries in all samples was similar to the decrease
found in the synthetic waters.

In previous works, dealing withMSPE or CNTs as sorbents
for PAHs, the recoveries obtained in spiked river and lake
water samples were lower than in the optimization process.
However, the authors either gave no explanation to this [17] or
assumed the recoveries in the real samples would be the same
as in spiked ultrapure water [20].

Conclusions

A simple, rapid, and environment-friendly method based on
MSPE and UHPLC-FLD for the monitoring of PAHs in water
was developed. The magnetic composites are made up of Fe
(III) as magnetic precursor and MWCNTs. A comparison of
the present method with previously reported methods using
MSPE prior to HPLC for the determination of PAHs in water
is shown in Table 4. The present method provides a number of
advantages. As for analytical figures, the combination of
UHPLC-FLD after MSPE provides instrumental LOD in the
range of the ones reported in literature or even below them
[24] and RSD in spiked samples close to the lowest [27]. The
present method shows the lowest analysis time. It also shows
one of the lowest times in the preparation of the composite
because MWCNTs can be used without modification or
functionalization. Moreover, the use of THF and sonication
increases the efficiency of desorption, and, finally, it requires
the least amount of sample and nanocomposite.

Since salinity and organic matter have significant effects on
recoveries, both should be taken into account in the analysis of
real samples of water. Future studies should cover the wide
range of waters with different characteristics that can affect
adsorption and desorption onto these composites. Likewise,
the assessment of recoveries in spiked samples prior to anal-
ysis and/or the use of adequate internal standards can be sug-
gested to improve the present method.
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