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We have developed a method for the analysis of two sewage-derived contaminants: triclosan (TCS), an
antibacterial agent, and methyl triclosan (MTCS), a TCS metabolite. For solid samples (4 g), extraction
and cleanup were integrated into the same step using pressurized liquid extraction (PLE) with in-cell-
clean-up (1 g of florisil). The extraction was performed using dichloromethane at 100 �C, 1500 psi and
3 static extraction cycles of 5 min each. For water samples (100 mL), stir bar sorptive extraction–liquid
desorption (SBSE–LD) was used. Bars were stirred for 10 h and analytes were later desorbed using aceto-
nitrile. Finally, MTCS and a silylated derivative of TCS were determined by gas chromatography–mass
spectrometry (GC–MS). Recovery experiments in water and sediments were performed and the results
ranged from 67% to 78%. Limits of detection (LODs) were 5 ng L�1 for TCS and 1 ng L�1 for MTCS, in water
samples, and 0.1 ng g�1 for TCS and MTCS in solid samples. The method was applied then to determine
the levels of these compounds in the estuary of Guadalete River (SW Spain). TCS and MTCS concentra-
tions up to 9.6 ng g�1 in sediments and 310 ng L�1 in water were measured. Their distribution was
strongly influenced by the presence of wastewater sources, treated and untreated, along the sampling
area, where maximum concentrations were detected. Highest values were reached in the water column
during low tides as the water volume in the estuary becomes lower.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Triclosan (TCS), 5-chloro-2-(2,4-dichlorophenoxy)phenol, is an
antimicrobial and non-ionic fungicide with an extensive use in dif-
ferent personal care products (PCPs) (i.e. deodorants, toothpastes,
and creams) and consumer products, such as toys. This compound
has been used for more than 40 years and, nowadays, about
350 tons are consumed every year in Europe (Ciba Specialty Chem-
ical, 1998). Application of this chemical is regulated by the Euro-
pean Economic Community Directive 76/768/EEC on Cosmetics
(July 27th, 1976), which fixes the maximum TCS content in PCPs
to 0.3%. Recently, US Environmental Protection Agency (EPA) has
suggested that TCS could cause potential human health effects,
so they have started to conduct a review of TCS this year (http://
www.epa.gov/oppsrrd1/REDs/factsheets/triclosan_fs.htm). Addi-
tionally, it is also necessary to improve our knowledge on the envi-
ronmental fate of TCS due to its possible bioaccumulation and
toxicity in organisms, as well as the possibility of this compound
promoting the predominance of antibiotic-resistant bacteria (Cot-
tell et al., 2009).

TCS is introduced into aquatic systems after being used by
forming part of urban and industrial wastewaters. Elimination of
TCS is possible during secondary treatment in wastewater treat-
ment plants (WWTPs) (Heidler and Halden, 2007). However, com-
plete removal of this chemical is unlikely by using conventional
methodologies for both wastewater treatment and drinking water
production (Ternes et al., 2002). Optimum elimination rates (up to
90%) are only achieved when membrane bioreactors are used (Be-
ster, 2005). Using drinking water treatments such as chlorination
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may also improve the removal of the parent compound but forma-
tion of chlorinated byproducts that are even more toxic than TCS
itself has been observed (Fiss et al., 2007). In most WWTPs, signif-
icant amounts of TCS are often accumulated in sewage sludge, the
remaining fraction being biologically degraded and/or discharged
into the environment through effluents. This compound could also
end up in the terrestrial environment as concentrations of 4 ng g�1

have been reported in farm soils amended with biosolids (Lozano
et al., 2010).

Concentrations of TCS have been measured in aquatic systems
in both aqueous and solid samples (Zhao et al., 2010). Levels of dis-
solved TCS, however, can change depending on the season of the
year and the sampling depth (Lindström et al., 2002). Much higher
values are often found in sediments (up to 130.7 lg kg�1) accord-
ing to Agüera et al. (2003), as sorption capacity of TCS is relatively
high due to its hydrophobicity (log Kow 4.7 (Zhao et al., 2010), log
Koc 4.3 (Chen et al., 2011)). Once buried in the sediment column,
anaerobic degradation of this compound by any dechlorination
process has not been observed, such as it happens with the antimi-
crobial triclocarban (Miller et al., 2008) and other related com-
pounds. Most TCS undergoes photodegradation instead during its
transport along the water column (Lindström et al., 2002).
Biotransformation is also possible via TCS methylation, which
produces methyl triclosan (MTCS), a more hydrophobic and non-
photodegradable compound that may be accumulated by some
aquatic organisms (Balmer et al., 2004). Available data on MTCS
distribution in the environment is still scarce, mostly focused on
wastewater treatment plants and freshwater (Balmer et al., 2004;
Sánchez-Brunete et al., 2010) and, to our knowledge, there is only
a previous manuscript that reports concentrations of this metabo-
lite in sediments (Fernandes et al., 2011).

Determination of TCS and its metabolite, MTCS, in environmen-
tal samples have been carried out by different analytical methods.
In general terms, and due to the low concentrations of these chem-
icals and many other PCPs in environmental matrices, analytes
need to be extracted and pre-concentrated before analysis. In this
sense, solid phase extraction (SPE) is one of the most commonly
used techniques, being also easily automated (Kuster et al., 2008;
Cueva-Mestanza et al., 2008; Azzouz et al., 2010) and more envi-
ronmentally friendly than conventional liquid liquid extraction
(LLE) (Bester, 2005). The use of sorptive techniques such as solid-
phase microextraction (SPME) (Canosa et al., 2005) and stir bar
sorptive extraction (SBSE) (Silva and Nogueira, 2008; Pedrouzo
et al., 2010) for processing aqueous samples has increased over
the last years. Their main advantages are solventless sample
enrichment, minimal manipulation of the sample (therefore reduc-
ing the risk of contamination), reduction of the time of sample
preparation, and reuse of the polymer fiber. Once analytes are ex-
tracted from the sample, SBSE, which is the technique that we have
chosen to optimize for TCS and MTCS analysis in this work, re-
quires a desorption step which is often accomplished thermally
(TD). In this case, we have focused on developing a new method
that relies on liquid desorption (LD) instead, being suitable for
those laboratories where a thermo-desorption unit is not available.
Regarding the extraction of TCS and MTCS from solid samples,
several different techniques such as Soxhlet extraction (Buth
et al., 2010), matrix solid-phase dispersion (Sánchez-Brunete
et al., 2010) or pressurized liquid extraction (PLE) (Cantwell
et al., 2010), have been used. Later purification and preconcentra-
tion of the extracts is often required; SPE is one of the techniques
more widely used for this purpose (Cueva-Mestanza et al., 2008
and Chu and Metcalfe, 2007). Recently, SBSE also has been applied
in soil samples (Casas-Ferreira et al., 2011), for the extraction of
some organic compounds, minimizing manipulation of the ex-
tracts. We have gone a step beyond by combining PLE with simul-
taneous in-cell clean-up purification of the extracts, avoiding
further manipulation of the sample (Canosa et al., 2007). Finally,
determination of both target compounds, TCS and MTCS, can be
performed by gas chromatography (GC–MS) (Sánchez-Brunete
et al., 2010 and Canosa et al., 2007) or liquid chromatography–
mass spectrometry (LC–MS) (Zhao et al., 2010). Analyzes of TCS
by LC coupled to tandem mass spectrometry (Chu and Metcalfe,
2007; Pedrouzo et al., 2010) or ultra violet detectors (UV) (Cue-
va-Mestanza et al., 2008) have been reported, although most
authors usually employ GC instead as higher resolution and lower
detection limits are achieved.

The goals of this work are: (a) the development and optimiza-
tion of an analytical method that allows simultaneous determina-
tion of TCS and MTCS in environmental matrices using PLE – in-cell
clean-up and SBSE–LD techniques followed by later GC–MS analy-
sis, and (b) the application of this method for the determination of
the presence of this biocide and its transformation product in an
urbanized estuarine setting (Guadalete River, SW Spain).

2. Materials and methods

2.1. Chemicals

Methanol (MeOH), dichloromethane (DCM), acetonitrile (ACN)
and ethyl acetate (EA) HPLC grade were purchased from Scharlau
(Barcelona, Spain). TCS and MTCS were acquired from Sigma Al-
drich (Barcelona, Spain). 13C12-methyl triclosan (13C12–MTCS) and
triclosan-d3 (TCS-d3) were purchased from Dr. Ehrenstorfer GmbH
(Augsburg, Germany). Standard solutions of the target compounds
were prepared in methanol and stored in the dark at �20 �C. N-
(tert-butyldimethylsilyl)-N-methyltrifluoroacetamide (MTBSTFA)
from Sigma Aldrich (Barcelona, Spain) was used as derivatizing
agent. Several sorbents (florisil, alumina and silica) were provided
by Varian (Madrid, Spain). HPLC grade water was purchased from
J.T. Baker (Serviquimia, Barcelona, Spain), whereas artificial seawa-
ter was prepared according to Zaroogian et al. (1969). Sodium sul-
fate anhydrous and salts were purchased from Panreac (Barcelona,
Spain). 10 mm � 0.5 mm and 20 mm � 0.5 mm (length � film
thickness) commercial polydimethylsiloxane (PDMS) stir bars
and a 15 position magnetic stirrer were purchased from Gerstel
(Mulheim a/d Ruhr, Germany).

2.2. Extraction procedures

Analytes were extracted from the water samples by SBSE, a
technique that was developed by Baltussen et al. (1999). The poly-
mer used was polydimethylsiloxane (PDMS), which shows affinity
by those compounds having log Kow coefficients higher than 2 (Pri-
eto et al., 2010). The influence of the extraction time, size bar and
ionic strength was evaluated by means of recovery experiments
(percent of standard added to sample recovered during extraction)
where aqueous samples (100 mL of HPLC water) were spiked with
5 lg L�1 of TCS and MTCS. Surrogates, TCS-d3 and 13C12–MTCS
(5 lg L�1 each), were added to environmental samples to deter-
mine possible fluctuations during the extraction procedure. Once
the method was optimized, PDMS bars (twisters) were placed in
amber-glass flasks containing the aqueous samples (100 mL each)
and were stirred at 900 rpm (these parameters were previously
optimized by our group in others works, (Pérez-Carrera et al.,
2007), and others works (Giordano et al., 2009) during 10 h at
room temperature and darkness conditions). Later, analytes were
chemically desorbed from the PDMS bars by immersing them into
a compatible solvent (1.5 mL of acetonitrile).

This desorption step can be accelerated by applying tempera-
ture or sonication. In our case, sonication was selected (30 min). Fi-
nally, bars were removed and the solvent was evaporated to
dryness and redissolved in 200 lL of ethyl acetate. Analyte losses
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were not detected during the evaporation process due to the low
vapor pressure of these compounds (5.2 � 10�6 mm Hg at 25 �C)
(Zhao et al., 2010). To evaluate background contamination, blank
assays were also performed by extracting HPLC water and artificial
seawater, and their signals were subtracted to real samples.

Extraction of TCS and MTCS from sediment samples was
achieved by PLE, using an accelerated solvent extractor ASE 200
(Dionex, USA). Briefly, dried and milled solid samples (4 g) were
mixed with 16 g of sodium sulfate (dispersant agent) and were
placed into steel extraction cells (22 mL). The influence of extrac-
tion temperature, extraction solvent and clean-up sorbent was
evaluated. Under optimal conditions, dichloromethane was used
as solvent, in three static extraction cycles of 5 min, at 100 �C
and 1500 psi with a purge time of 60 s (t < 20 min). Purification
of the extracts was performed simultaneously to the extraction
(in-cell clean-up) by adding sorbent in the cell. The extraction cells
contained, from the bottom to the top, two cellulose filters, 1 g of
sorbent, a cellulose filter and 20 g of sample with dispersant. Final-
ly, extracts (30 mL) were evaporated to dryness using a Syncore
Polyvap (Büchi, Switzerland) and re-dissolved in 200 lL of ethyl
acetate. Optimization experiments were carried out by spiking
not polluted sediments with 1 lg g�1 of the target compounds
24 h before the extraction and stored at 4 �C. Surrogates, TCS-d3

and 13C12–MTCS (1 lg g�1 each), were added to environmental
samples to account for losses during the extraction procedure.
Blanks assays were also performed using non-polluted sediments
spiked with surrogates.
2.3. Instrumentation

Separation and detection of target compounds were performed
by gas chromatography–mass spectrometry (GC–MS) using a Ther-
mo Fisher Voyager GC 8000 system. 10 lL of MTBSTFA were added
to the samples before injection. A HP-5MS column
(30 m � 0.25 mm i.d. � 0.25 lm film thickness of 5% phenyl, 95%
polydimethylsiloxane) was used for the capillary gas chromatogra-
phy analysis, employing helium as carrier gas (flow = 1 mL min�1).
The injection port temperature was 250 �C. Two lL of sample were
injected in splitless mode (solvent delay = 4 min). The column tem-
perature ramp was as follows: 80 �C for 1 min, ramped at
50 �C min�1 to 130 �C, then at 5 �C min�1 to 240 �C and finally at
15 �C min�1 to 300 �C, held for 5 min. The electron impact source
and quadrupole analyzer temperatures were of 250 and 150 �C,
respectively. The mass detector acquired in selected ion-monitor-
Fig. 1. Map showing the location of the sam
ing (SIM) mode using electron impact ionization (EI) at 70 eV. Con-
centrations of analytes in the samples were determined by
measuring the peak areas of the fragments and using calibration
curves for each component. For water samples, calibration curves
were previously prepared by spiking water aliquots with TCS and
MTCS from 0.02 lg L�1 to 20 lg L�1 and extracting the analytes
using PDMS bars. For solid samples, external calibration curves
(0.02 lg g�1 to 2.5 lg g�1) were used instead. The precision of
the method was expressed as the relative standard deviation
(RSD) of replicate measurement. The reproducibility and repeat-
ability of the method were also evaluated by performing three suc-
cessive injections of the same sample and by re-analyzing a same
batch of samples 2 weeks after their first analysis. Limits of detec-
tion (LODs) were established for signal-to-noise ratios of 3 as the
minimum detectable signals.
2.4. Sampling and laboratory experiments

The study area was located in the province of Cadiz (Southwest
Spain), along the estuary of the Guadalete River (Fig. 1), which re-
ceives numerous wastewater discharges from urban, agricultural
and industrial origins. There is a previous study (Lara-Martín
et al., 2006) that identifies the WWTP located at station G12 as
one of the most important sources of organic contaminants in
the area. This WWTP collects domestic wastewater from a popula-
tion higher than 200000 inhabitants (Jerez de la Frontera) and the
sludges generated in the plant are often reused as fertilizer by local
farmers. Thirteen sediment samples were taken along the estuary
(stations G1 to G13), collecting the topmost 10 cm layer by means
of a Van Veen grab. Samples were transported at 4 �C to the labo-
ratory, where they were frozen at �20 �C. Later, sediments were
dried at 50 �C and milled using a zirconium oxide ball mill. Organic
carbon content was determined in these samples using the method
described by El Rayis (1985). Additionally, surface water samples
were taken at station W1 during a tidal event (12 h). El Puerto de
Santa María (100000 inhabitants) is located nearby this sampling
station and uncontrolled wastewater discharges have been found
to take place occasionally from this town. Water samples were col-
lected in clean amber-glass bottles (250 mL), filtered on site
(0.45 lm) and placed in a cooler at 4 �C prior to analysis, which
was carried out within 24 h.

Additionally, two photodegradation experiments were carried
out on a Suntest CPS simulator. The intensity of the lamp was set
to 550 W m�2. The temperature in the chamber was maintained
pling area and the sampling stations.
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at 25 ± 1 �C. Duration of the experiments was 60 min. Briefly,
10 mL glass quartz tubes containing artificial seawater were spiked
with 5 lg L�1 of TCS or MTCS, depending on the experiment. There
was also a control experiment consisting of glass tubes spiked with
analytes but covered by aluminum foil to avoid photodegradation.
Samples were taken at regular intervals and extracted in the dark-
ness using SBSE. No degradation was observed in the control
experiment.
Fig. 2. Influence of the extraction solvent during SBSE–LD in two different aqueous
matrices (HPLC water and artificial seawater) for TCS and MTCS.

Fig. 3. Influence of the extraction time during SBSE–LD for TCS and MTCS.
3. Results and discussion

3.1. SBSE–LD optimization

Taking into account available information on SBSE method
development (Pérez-Carrera et al., 2007), we decided to start by
setting some parameters to reduce the number of experiments.
Thus, agitation speed of PDMS bars was set to 900 rpm as higher
speeds may reduce lifetime of the stir bars (Giordano et al.,
2009). Liquid desorption (LD) time was set to 30 min and sample
volume to 100 mL. The desorption solvent volume was set to
1.5 mL to guarantee the full immersion of the bars in 2 mL am-
ber-glass vials. Optimization of the extraction of TCS and MTCS
from aqueous samples was carried out then by testing the effect
of different parameters affecting SBSE–LD efficiency. These param-
eters were: PDMS bar size, extraction time, ionic strength, and
desorption solvent. All the experiments were performed at room
temperature (25 �C), by triplicate and darkness, by spiking water
samples at 5 lg L�1 of TCS and MTCS.

First, two PDMS bar sizes were tested (10 and 20 mm length,
extraction time = 10 h). This is a key parameter because extraction
is an equilibrium process between the aqueous sample and the bar
(Prieto et al., 2010), being greatly affected by the total mass of
PDMS. After testing both sizes, 20 mm length stir bars (coated with
126 lL of PDMS) were selected for further experiments as this size
provided a better extraction capacity (up to 80% for MTCS and 30%
for TCS) than 10 mm length bars. 20 mm length bars are often used
by most authors when extracting sample volumes greater than
100 mL, whereas the use of smaller bars is preferred for low vol-
ume samples (10 mL or less) such as pore water (Pérez-Carrera
et al., 2007). Next, the liquid desorption step and the influence of
the ionic strength were optimized by testing different organic sol-
vents (MEOH, EA and ACN) and salinity values (0 and 35), respec-
tively. Results are shown in Fig. 2. First, notable differences were
detected when comparing the extraction recovery percentages
for both analytes. These values were always much higher for MTCS
than for TCS, which can be attributed to the higher hydrophobicity
(log Kow 5.2 for MTCS (Balmer et al., 2004) vs 4.7 for TCS) and,
therefore, greater affinity of MTCS for the PDMS polymer. This fact
has also been observed for other organic compounds (Pérez-Carre-
ra et al., 2007) such as polycyclic aromatic hydrocarbons (PAHs),
which show improved extraction efficiencies as the number of
benzene rings in their structures increases. On the other hand, dif-
ferences in desorption efficiencies were minimal (below 5%) for
both analytes when moving from one solvent to another. There
was, however, a decrease of about 10% in the extraction efficiency
of TCS when comparing results obtained from HPLC water with
those from artificial seawater. According to Quintana et al.
(2007), this could be due to the viscosity of the sample increasing
as salinity is higher, which may difficult the extraction process.
Presence of salts has been already proven to affect to the extraction
efficiency of many hydrophobic organic pollutants when using
PDMS bars (Beltran et al., 1998; Giordano et al., 2009). Another
possible explanation is that deprotonation of TCS is enhanced
when pH of the medium is higher than pKa for this compound
(7.9) (Chen et al., 2011) (pH values for artificial seawater and HPLC
water were 8.09 and 6.7, respectively), therefore increasing the sol-
ubility of this analyte. Differences in the recovery percentages
when using different solvents and salinities became more notice-
able for MTCS (occasionally greater than 20%). Taking into account
that TCS was the analyte showing worse extraction efficiencies,
ACN was selected at the end as extraction solvent because it pre-
sented a slightly higher capacity to release TCS from the bars in
both matrices (HPLC water and seawater).

Last, agitation time was optimized. This is a key parameter be-
cause it is necessary that bars are kept in contact with the samples
until the equilibrium is reached so the accuracy and repeatability
of measurements improve (Prieto et al., 2010). Agitation time
was optimized by stirring the samples at different time periods
(0, 0.5, 1, 2, 4, 6, 8, 10 and 24 h). Results (Fig. 3) show that both
analytes reached the highest extraction efficiencies after an expo-
sure time of 8 h. Afterwards, there was a slight decrease (less than
10%) (Gilart et al., 2013). PDMS bars can be retrieved anytime
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between 8 and 24 h to ensure that the water–PDMS equilibrium
has been achieved. As an example, for a fixed sample volume of
100 mL, 14 h extracting periods have been previously used by
other authors screening for different organic contaminants
(Pérez-Carrera et al., 2007). It may be possible to accelerate this
process and retrieve bars after only 2 h if lower sample volumes
are employed, but worse limits of detection (LODs) are achieved
(Silva and Nogueira, 2008).
3.2. PLE optimization

Extraction of sediments was carried out by PLE after optimiza-
tion of two key parameters: extraction solvents and temperature.
We fixed the following parameters according to previous works
(Lara-Martín et al., 2006): three extraction cycles of 5 min each,
4 g of sample, and a pressure value of 1500 psi (enough to avoid
solvents boiling). The extraction performance was tested by spik-
ing non-polluted sediments with 5 ng g�1 of the target compounds
and waiting 24 h before extraction at 4 �C to reach equilibrium. All
the experiments were carried out by triplicate.

First, extraction temperature was optimized. Four different
temperature values were tested: 25 �C, 50 �C, 100 �C and 150 �C.
Results (Fig. 4a) showed that there was an increase in the extrac-
tion efficiency at higher temperatures, especially when moving
from 25 �C (room temperature) to 100 �C. This is a consequence
of an increase in the mass transfer rate and the solubility of the
compounds in the solvent (Lara-Martín and González-Mazo,
2009). Thus, recovery percentages improved from 35% and 65%
for TCS and from 44% to 160% for MTCS. Values were significantly
above 100% for MTCS when temperature was 100 �C, which can be
attributed to the co-extraction of matrix interferences. There was a
decrease in the extraction efficiency for both analytes at higher
temperatures (150 �C). This phenomenon has been explained by
several authors as a consequence of degradation (Göbel et al.,
2005) and/or volatilization (Petrovic et al., 2002) of target com-
pounds. PLE temperature was therefore set at 100 �C during the
following experiments, which is a value often employed for an effi-
cient extraction of a wide variety of organic contaminants (Agüera
et al., 2003; Lara-Martín et al., 2006).

Three different extraction solvents showing different polarities
(DCM < EA < MeOH) were tested for PLE of TCS and MTCS. These
solvents have been previously used for TCS extraction from solid
matrices, mainly WWTP sludge (Agüera et al., 2003; Canosa
et al., 2007). Results are shown in Fig. 4b. The highest recoveries
corresponded to DCM for both compounds, reaching values of
73% for TCS and 160% for MTCS. The highest extraction efficiency
of this solvent compared to MeOH and EA (both showing higher
Fig. 4. Influence of (a) the extraction temperature, 9 (b) the extraction solv
polarities than DCM) can be explained if we consider than both
TCS and MTCS are relatively highly hydrophobic compounds (log
Kow > 4) that become strongly sorbed onto sediment surfaces.
MeOH is often employed in PLE to extract more polar compounds
such as surfactants (Lara-Martín et al., 2006), so DCM was selected
instead for an optimum extraction of analytes in this work.

Last, we decided to add a clean-up stage in order to remove as
many matrix interferences as possible before analysis of samples
by GC–MS. Most authors often carry out offline purification of
sludge and/or sediment extracts using silica (Agüera et al., 2003),
HLB (Lozano et al., 2010), florisil (Wu et al., 2007) or other com-
mercially available solid phase extraction (SPE) cartridges. In our
case, we have preferred saving time and reducing sample manipu-
lation by introducing these sorbents inside the PLE extraction cells,
a technique known as in-cell clean-up that yields recoveries simi-
lar to those obtained by conventional offline SPE (Buth et al., 2010).
Three different sorbents were selected (silica, alumina and florisil),
placing 1 g inside the extraction cells between two cellulose filters
and above the sample and dispersant mixture. Clean-up experi-
ments were performed at 100 �C and DCM was used as solvent. Re-
sults (Fig. 4c) show that both target compounds were still
efficiently extracted by PLE as well as interferences were removed
in the case of MTCS (recovery percentages were below 100% after
in-cell clean-up). There were slight differences when comparing
between different sorbents, although florisil was selected at the
end at it showed better recovery percentages than the rest (70%
and 77% for TCS and MTCS, respectively, which are comparable
to values previously reported by Agüera et al. (2003).
3.3. Analysis of target compounds by GC–MS

Separation, identification and quantification of analytes were
performed using gas chromatography–mass spectrometry (GC–
MS). First, we conducted a full scan analysis (m/z 50–500) to obtain
the retention times and mass spectra of the analytes. Afterwards,
samples were analyzed in SIM mode to achieve lower limits of
detection. Fig. 5a displays a total ion current chromatogram show-
ing that TCS signal was much lower than that for MTCS. The TCS
chromatographic peak was also poorly resolved (tailing) due to
the presence of a hydroxyl group in the structure of this com-
pound. A derivatization step was required to solve this issue.
Two different volumes of MTBSTFA were tested (10 and 20 lL).
No differences were observed, therefore 10 lL of MTBSTFA were
added to the final extract and left 30 min at room temperature
prior to GC–MS analysis. Once TCS was derivatized, signal intensity
increased by a factor of 20 (Fig. 5b) and retention time was longer
due to the higher molecular weight of the tert-butyldimethylsilyl
ent, and (c) the in-cell clean-up sorbent during PLE of TCS and MTCS.



Fig. 5. Total ion current (TIC) chromatograms for TCS and MTCS before (a) and after
(b) derivatization using MTBSTFA.
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derivates (TBDMS) of TCS. The chromatographic peak was also bet-
ter resolved, whereas MTCS was not affected by the derivatization
agent because it does not show any hydroxyl group in its structure.
Finally, two ions were selected in SIM mode for the identification
and confirmation of the target compounds (m/z 345 and 347 at
24.86 min for TCS–TBDMS, and 302 and 304 at 20.98 min for
MTCS) (Table 1). Underivatized TCS was also quantified and repre-
sented less than 3% of the total amount.

3.3.1. Analytical performance of the method
Calibration curves were showing determination coefficients (R2)

higher than 0.99 (Table 1) were constructed for measuring
TCS–TBDMS and MTCS concentrations in both water and sediment
samples. These concentrations were corrected by comparing the
signal intensities of the surrogates (TCS-d3 and 13C12–MTCS) in real
samples with those in pure standards. Limits of detection were
5 ng L�1 and 3 ng L�1 for TCS and MTCS, respectively, in water sam-
ples, and 0.1 ng g�1 in solid samples. Overall precision of the ana-
lytical technique, reproducibility and repeatability were good,
showing relative standard deviations (RSDs) below 20% for both
analytes (Table 1). The behavior of these compounds was linear
in the studied range, from 0.02 lg g�1 to 2.5 lg g�1 for sediment
samples, and from 0.02 lg L�1 to 20 lg L�1 for water samples. Sur-
rogates were added for studying of the matrix effect, which could
affect the retention time and signal intensity of the analytes, but
this fact was found out to be negligible in our samples.

3.4. Case study: monitoring the occurrence of TCS and MTCS in an
estuarine setting

The method developed here was applied to the analysis of
water and sediment samples from the estuary of Guadalete River
Table 1
SIM ions selected, retention time (Rt), octanol–water partitioning coefficient (Kow), calibratio

Compounds m/z Rt (min) log Kow Water samples

Calibration curve R2

TCS–TBDMS 345, 347 24.86 4.7 y = 6 � 10�7x � 0.0436 0.9
MTCS 302, 304 20.93 5.2 y = 4 � 10�7x + 0.0967 0.9
(SW Spain) (Fig. 1). Surface sediment samples were taken from
13 different stations (G1 to G13), whereas 11 surface water sam-
ples were collected at station W1 during a tidal event. Salinity val-
ues in water samples were between 34 and 39, and concentration
of suspended solids were between 10 and 49 mg L�1, being higher
when the tide was high. Results for TCS and MTCS concentrations
are shown in Table 2. TCS concentrations in water ranged between
27 and 310 ng L�1, depending on the sampling time. These values
are within the same order of magnitude than those previously re-
ported in different aquatic systems (Quintana et al., 2007; Kawag-
uchi et al., 2008; Zhao et al., 2010). Tides are clearly affecting the
distribution of TCS in the estuary: lowest TCS levels were reached
when seawater entered the river (flooding), causing a dilution ef-
fect, whereas concentrations rose during ebbing. Thus, minimum
values (<100 ng L�1) were detected when tide was high (10:30 h–
15:30 h) and maximum values when tide was low (9:30 h and
17:30 h). The same trend was observed for MTCS, the main TCS
metabolite, showing concentrations from 27 to 190 ng L�1. Pres-
ence of MTCS implies that triclosan is biologically transformed.
However, this antimicrobial can be also removed from the water
column by means of photodegradation processes (Kantiani et al.,
2008). In this sense, we run a photodegradation experiment using
both chemicals, TCS and MTCS. Kinetic profiles showing the re-
moval of these target compounds in water by sunlight photolysis
are displayed in Fig. 6. TCS was rapidly photodegraded (half-
life = 16 min), whereas MTCS was stable, which is in agreement
with recent previous assays performed using lake water (Lind-
ström et al., 2002). After 60 min, the percentage of non-degraded
TCS was only 7.5%, where it was higher than 90% for MTCS. In spite
of being quickly photodegraded, triclosan was detected often at
higher concentrations than MTCS in every water sample. This im-
plies the existence of a continuous input of TCS in the estuary. In
this sense, the WWTP located at station G12 is reported to be the
main source for sewage derived contaminants in this sampling
area. Previous studies have confirmed the presence of organic com-
pounds such as phenanthrene (344 ng L�1) (Pérez-Carrera et al.,
2007) and linear alkylbenzene sulphonates (LAS) (81 lg L�1)
(Lara-Martín et al., 2008) in surface waters adjacent to the dis-
charge outlet.

TCS and MTCS are hydrophobic compounds (log Kow and log
Koc > 4) showing high affinity for the particulate matter (Chen
et al., 2011), which may be removed from the water column by
sedimentation. The presence of both compounds was detected in
surface sediment samples along the estuary. Table 2 shows their
concentrations from the mouth of the river (station G1) up to
100 m upstream the WWTP effluent (station G13). The organic car-
bon content is also presented, being less than 2% in these sediment
samples and relatively constant between sampling stations. TCS
levels were between 0.3 and 9.6 ng g�1, within the same concen-
tration range as that reported in sediments from other Spanish
aquatic systems (Agüera et al., 2003). The maximum concentration
(9.6 ng g�1) was detected at station G11, where there is a small
dam located a few hundred meters downstream the WWTP efflu-
ent that facilitates the sedimentation of suspended solids. A sec-
ondary maximum (>5 ng g�1) took place between stations G2 and
G5, surrounded by El Puerto de Santa María. There is a previous
study (Lara-Martín et al., 2008) on surfactants, excellent sewage
n curves and validation for derivatized TCS and MTCS in water and sediment samples.

Sediment samples RSD

Calibration curve R2 Repeatability Reproducibility

942 y = 7 � 10�8x + 0.0737 0.9985 15.22 9.36
961 y = 1 � 10�7x + 0.0288 0.9979 4.17 8.89



Table 2
TCS and MTCS concentrations in water and sediment samples from the estuary of Guadalete River (SW Spain). Total organic carbon (TOC) percentages in sediment samples are
also shown (n.d. = non-detected).

Water (sampling time) TCS [ng L�1] MTCS [ng L�1] Sediment (sampling station) TCS [ng g�1] MTCS [ng g�1] TOC (%)

07:30 27 97 Gl 2.2 1.8 1.7
08:30 41 52 G2 5.4 0.8 1.1
09:30 281 191 G3 3.7 0.9 0.4
10:30 120 27 G4 3.8 0.6 1.0
11:30 96 91 G5 5.1 1.5 1.2
13:30 78 52 G6 3.6 0.5 0.7
14:30 93 93 G7 1.8 0.9 0.5
15:30 142 107 G8 0.3 0.4 1.6
16:30 246 150 G9 4.9 n.d. 2.0
17:30 310 95 G10 7.9 n.d. 1.2
18:30 130 94 G11 9.6 n.d. 0.8

G12 7.8 n.d. 0.9
G13 2.5 n.d. 1.1

Fig. 6. Photodegradation kinetics of TCS and MTCS in seawater.
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markers, showing exactly the same trend and explaining the distri-
bution of organic contaminants in the estuary as a combination of
wastewater discharges coming from the WWTP upstream and the
town by the mouth of the river. On the other hand, MTCS was
found at lower concentrations than TCS (usually below 1 ng g�1)
and only between stations G1 and G8. This metabolite may be pro-
duced by transformation processes taking place in the WWTP and/
or in the water column (Lindström et al., 2002). We hypothesize
that the presence of MTCS in the estuary was mostly due to
in situ degradation of triclosan as its degradation product was
not detected in sediments surrounding the WWTP effluent dis-
charge. In this sense, several biodegradation experiments (under
aerobic and anaerobic conditions) using water and sediments from
this area are currently under way.
4. Conclusions

The proposed method allows for the simultaneous extraction
and determination of triclosan and its main biotransformation
product, MTCS, in both aqueous and solid environmental matrices
at sub-ppb levels by using SBSE. This technique is easy to use and
sensitive, with LODs that are satisfactory for both analytes and are
in the same order than other studies (Casas-Ferreira et al., 2011)
relying on more conventional approaches such as SPE and Soxhlet
extraction. Advantages of SBSE include cost effectivity, less solvent
consumption, less sample manipulation and faster analysis times.
Also, the analysis with GC offers better resolution that high perfor-
mance liquid chromatography (HPLC) analysis of TCS (Chu and
Metcalfe, 2007). Although less sensitive, liquid desorption (LD) is
also presented here as an alternative choice to use SBSE followed
by thermal desorption (TD) when TD units are not available. More-
over, this work also shows some of the first available data on the
distribution of TCS and MTCS in estuarine settings. These data ob-
tained in real samples confirm the effectiveness of this method.
Further research, however, is recommended in order to improve
our knowledge on the environmental behavior of these substances
as well as the quality of future environmental risk assessments.
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