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a b s t r a c t

The present work describes the development of a sensitive analytical method based on pressur-
ized liquid extraction (PLE) and pre-concentration by solid-phase extraction (SPE), followed by liquid
chromatography–electrospray tandem mass spectrometry (LC–ESI-MS/MS) for the determination of sev-
enteen pharmaceuticals in soils and sediments. The method is based on sample homogenisation using
Na2–EDTA washed sand and extraction with water at 90 ◦C. Special emphasis was placed on the optimiza-
tion of the extraction procedure to develop a green method that reduces, at a maximum, the use of organic
solvents in order to eliminate matrix components during the clean-up. The proposed method was linear
in a concentration range from 0.3 to 333 ng g−1, with correlation coefficients higher than 0.993. Method
detection (MDLs) and quantification (MQLs) limits ranged from 0.1 to 6.8 ng g−1 and from 0.25 to 23 ng g−1,
ediment
olid-phase extraction
ulti-residue method

respectively. Absolute recoveries were analyte dependent, varying between 50% and 105% at the MQL
level, except for fenofibrate (40%) and diclofenac (34%). The intra-day and inter-day precision was given
by RSD values from 0.7% to 7.9% and from 1.6% to 14.5%, respectively. Acetaminophen, carbamazepine,
ciprofloxacin, clofibric acid, codeine, diazepam, fenofibrate, metropolol, ofloxacin and propanolol were
detected at concentrations from MDL to 35.62 ng g−1 in soils and sediments from marsh areas. Due to the
low recoveries, results for fenofibrate and diclofenac can only be considered as semi-quantitative. The

e for t
method was fully suitabl

. Introduction

Thousands of tonnes of pharmacologically active substances are
nnually used in human medicine for treatment and/or prevention
f illness. As an example, in Spain during 2006, a total of 30 tonnes of
uinolones were consumed, which is equivalent to 3.2 defined daily
oses per 1.000 inhabitants and day (DHD) [1–3]. In veterinary,
here is also a great dependence on drugs—e.g. hormones, non-
teroidal anti-inflammatories and antibiotics used as feed additives
r as preventives [4].

Pharmaceutical residues in the environment, and their poten-
ial toxic effects, already have been recognized as an emerging
esearch area in environmental chemistry [5]. A better knowl-
dge of the occurrence and fate of pharmaceuticals release to
he environment will attain a proper risk assessment for river

asins, wetlands and others related ecosystems [6]. It is now well
stablished that pharmaceuticals are widespread contaminants of
astewater effluents [7–10], surface and drinking waters [11,12],

ut limited publications treat their occurrence in terrestrial ecosys-

∗ Corresponding author. Tel.: +34 963544958; fax: +34 963544954.
E-mail address: pablo.vazquez@uv.es (P. Vazquez-Roig).

021-9673/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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he other 15 pharmaceuticals.
© 2009 Elsevier B.V. All rights reserved.

tems [5]. To the best of our knowledge, up to now, the great
majority of authors have focused their attention on antibiotics such
as tetracyclines [13–16], macrolides [14,17], quinolones [15,18,19],
sulfonamides [14,15] and �-lactames [15]. Only few studies deal
with the analysis of pharmaceuticals other than antibiotics. Car-
bamazepine, clofibric acid, ibuprofen, salicylic acid, gemfibrozil,
naproxen, ketoprofen, diphenhydramine and diclofenac have been
analyzed by gas chromatography–mass spectrometry (GC–MS)
[20–22] together with endocrine disrupting compounds or per-
sonal care products. Furthermore, Cuevas-Mestanza et al. [23]
determined phenazone, carbamazepine, clofibric acid, ibuprofen,
naproxen, ketoprofen, bezafibrate and propanolol in sediments
by liquid chromatography with ultraviolet detection (LC–UV). Löf-
fler and Ternes [24] simultaneously detected bezafibrate, clofibric
acid, diclofenac, fenoprofen, gemfibrozil, ibuprofen, indomethacin,
naproxen, ketoprofen, antibiotics and the antiparasitic ivermectin,
in river sediment by LC with electrospray ionization (ESI) and tan-
dem mass spectrometry (MS/MS). Radenović et al. [25] established

a method for analyzing 31 pharmaceuticals (i.e. eight analgesics and
anti-inflammatory drugs, five antibiotics, two psychiatric drugs,
one antiulcer agent, one antiepileptic drug, four �-blockers, one
diuretic, one hypoglycemic agent, five lipid regulator and choles-
terol lowering statin drugs, and three antihistamines) from sewage

http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:pablo.vazquez@uv.es
dx.doi.org/10.1016/j.chroma.2009.11.033
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ludge by LC–ESI-MS/MS. This method was the starting point
dopted by the same research group to obtain optimum extraction
onditions for analysis of 42 pharmaceuticals in sewage sludges
nd sediments [26].

Extraction procedures for pharmaceuticals from soils and
ediments commonly involve ultrasonication [22,24,27], ultracen-
rifugation [22,24,28,29], microwave assisted micellar extraction
MAME) [21,23] and/or pressurized liquid extraction (PLE)
13–17,20,25,26]. The extraction is followed by a clean-up step with
olid-phase extraction (SPE), mainly using reversed phases such
s Oasis Hydrophilic Lipophilic Balance (HLB) [20,25,26], LiChro-
ute EN (Merck) [13], Isolute ENV+ (Separtis) [29], polymeric phase
SDB-2) [15] or C18 [22,28]. Some procedures combine two car-
ridges in tandem, one containing a strong anion exchange phase
SAX) [14] to remove organic matter, and the other one of the
reviously mentioned reversed phases. Determination of these pol-

utants not only in soils but also in other environmental matrices
as been carried out by GC–MS [20,21,30], but preferably by LC,
ince no time consuming derivatization is needed, either with pho-
odiode array detection (DAD) [23,28,29] or MS [13–15,17,24–26].
s DAD is a non-specific detector, interferences of other matrix
omponents may cause false positives detection at ultra trace
evels, because of this LC–MS and, particularly LC–MS/MS, is con-
idered the best choice.

In this paper, a sensitive multi-residue method is proposed for
he simultaneous extraction of seventeen commonly used pharma-
euticals from soils and sediments, with many different polarities
nd pKa’s (acids, basics and neutrals). We opted for these com-
ounds on the basis of levels of use in Spain and reported aquatic
oxicity effects [1–3,24,25]. Table 1

shows their chemical structures and lists some relevant physico-
hemical properties. The selected pharmaceuticals belong to a great
ariety of different therapeutical classes: analgesics, �-blockers,
ntibiotics, anti-inflammatories, anticonvulsants, antidepressants
nd lipid regulators. The developed analytical method combines
LE using water as extractant, clean-up with SPE and determina-
ion by LC–ESI-MS/MS. The advantage of this method over the few
eported applications is its suitability for a wide range of com-
ounds and the reduction of the use of organic solvents, which
esults in a decrease of the analysis cost and safeguards the integrity
f the analyst and the environment.

. Materials and methods

.1. Chemicals and materials

Acetaminophen, codeine, carbamazepine, ciprofloxacin, clofib-
ic acid, diazepam, diclofenac, fenofibrate, ibuprofen, metoprolol,
orfloxacin, ofloxacin, oxytetracycline, sulfamethoxazole, tetracy-
line, propanolol, trimethoprim and 4-epitetracycline hydrochlo-
ide were purchased from Sigma–Aldrich (Steinheim, Germany).
-Epioxytetracycline was from Acros Organics (Morris Plains,
J, USA). Ibuprofen-d3, acetaminophen-d3 and carbamazepine-
2 (internal standards, ISs) were from CDN Isotopes (Quebec,
anada). All standards were of analytical grade (purity >95%).
tock solutions (1000 mg L−1) of each pharmaceutical were pre-
ared in methanol with the exception of ciprofloxacin, which was
repared in water. Stocks solutions were stored at −20 ◦C. Work-

ng solutions, at different concentrations, were prepared monthly
y dilution of the standard stock solutions in methanol–water

25:75, v/v). A mixture of the ISs at concentrations of 10 ng �L−1

ach was prepared in methanol and 10 �L were added in soil and
ediment samples to obtain concentrations of 33 ng g−1. Formic
cid (reagent grade), acetonitrile and methanol (gradient grade
or liquid chromatography), were purchased from Merck (Darm-
gr. A 1217 (2010) 2471–2483

stadt, Germany). High purity water was prepared using a Milli-Q
water purification system (Millipore, Milford, MA, USA). Citric acid,
ethylenediaminetetraacetic disodium salt dihydrate (Na2–EDTA),
di-potassium hydrogen phosphate (K2HPO4) and hydrochloric acid
(37%), all reagent grades were purchased from Scharlau (Ferosa,
Barcelona, Spain). The 0.1 M Na2–EDTA–McIlvaine buffer solution
was obtained mixing 61.45 mL of 0.1 M citric acid and 38.55 mL
0.2 M K2HPO4 and adding 3.36 g of Na2–EDTA, to prevent the phar-
maceuticals from complexing with Ca2+ and Mg2+ ions. The pH of
the solution was fixed at pH 4 with hydrochloric acid (37%).

Aluminium oxide 90 (neutral, acidic and basic) was from Merck,
silica gel 60 (0.04–0.06 mm) from Scharlau, Florisil® 60–100 mesh
from Sigma–Aldrich and sea sand for Panreac (Barcelona, Spain).
EDTA and EDTA–McIlvaine washed sea sand were prepared by plac-
ing 60 g of sand into a Buchner funnel and passing 120 mL of the
selected solution through it using vacuum. Partial drying of the sand
was carried out by vacuum. Thereafter, sand was completely dried
in an oven at 100 ◦C.

Oasis HLB 60 mg sorbent/6 mL cartridge (Waters Corp., Mil-
ford, MA, USA), Strata-X 33 �m Polymeric Reversed Phase 200 mg
(Phenomenex, Torrance, CA, USA) and Isolute SAX 500 mg (Symta,
Madrid, Spain) were used for SPE.

2.2. Sampling and sample preparation

Sediments and soils were collected in sixteen points of five
marsh areas of the Valencian Community (Spain), L’Albufera Natu-
ral Park, Prat Torreblanca-Cabanes and the marshes of Oliva-Pego,
Silla and Moros. The main physical and chemical properties of
typical soil and sediment of these areas are given in Table S1, Sup-
plementary material. These soils are characterized by pH > 7, loamy
texture, high calcium carbonate content (>30%) and low levels of
organic matter (≈2%).

Soil samples of the upper 20 cm horizon layer were collected.
From each sampling point, of 1 m2, two sub-samples were taken.
Once in the laboratory, samples were dried and passed through a
2 mm Ø sieve, and then, the sub-samples of each sampling point
were homogenised to create a composite one. The composite soil
samples were extended in a layer of approximately 1 cm thickness
on polypropylene trays and air-dried in darkness at 20 ◦C to mois-
ture content of approximately 3% water. Then, samples were stored
in sealed plastic bag at 4 ◦C.

Sediment samples, taken from irrigation channels and marshes,
were of pH > 7.4, sandy loam texture, and with high content in
calcium carbonate (>30%) and organic matter (>15%). These sam-
ples were weighed and approximately 800 g of each sample were
placed in a polypropylene pot, frozen at −80 ◦C, lyophilised (Het-
osicc CD4, Birkerod, Denmark), passed through a 2 mm Ø sieve,
and homogenised. The process of lyophilisation was carried out at
−90 ◦C and with 0.440 bar vacuum over 7 days for each sediment
sample to water content <1%. Finally the lyophilised samples were
stored in sealed plastic bags at −20 ◦C until the extraction.

Soil and sediment samples that do not show pharmaceuticals
after a preliminary analysis were used as control blank and for the
optimization and validation of the method.

2.3. Pressurized liquid extraction (PLE)

The soil and sediment samples were extracted by PLE using an
ASE 200 system (Dionex, Sunnyvale, CA, USA). The selected sor-
bent was sea sand washed with Na2–EDTA. Soil or sediment were

weighed (3 g) into a mortar and added 10 �L of a 10 ng �L−1 mix-
ture of the ISs. The sample was then mixed with approximately 25 g
of Na2–EDTA washed sea sand in the mortar. This mixture was put
into a 22 mL extraction cell, then the cell was filled up with Na2-
EDTA washed sea sand. Whatman glass fiber filters were placed at
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Table 1
Therapeutical classes, chemical structures and relevant physicochemical properties of the studied compounds.

Compound Therapeutical class CAS no. Molecular weight Structure pKa log Kow

Acetaminophen Analgesic 103-90-2 151.17 9.38 0.46

Carbamazepine Anticonvulsant 298-46-4 236.27 13.9 2.45

Ciprofloxacin Antibiotic 85721-33-1 331.35 5.9/8.9 0.28

Clofibric acid Lipid regulator 882-09-7 214.65 3.46 2.58

Codeine Analgesic 76-57-3 299.36 8.2 1.52

Diazepam Antidepressant 439-14-5 284.75 3.3 2.8

Diclofenac Analgesic 15307-86-5 296.15 4.15 4.51

Fenofibrate Lipid regulator 49562-28-9 360.83 – 5.19

Ibuprofen Anti-inflammatory 15687-27-1 206.29 4.5 3.97

Metoprolol �-Blocker 37350-58-6 267.36 9.7 1.88

Norfloxacin Antibiotic 70458-96-7 319.33 6.22/8.51 −1.0
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Table 1 (Continued )

Compound Therapeutical class CAS no. Molecular weight Structure pKa log Kow

Ofloxacin Antibiotic 82419-36-1 361.37 6.05/8.22 −0.4

Oxytetracycline Antibiotic 79-57-2 460.43 3.2/7.5/8.9 −1.3

Propanolol �-Blocker 525-66-6 259.34 9.5 3.48

Sulfamethoxazole Antibiotic 723-46-6 253.28 5.7 0.89

Tetracycline Antibiotic 60-54-8 444.43 3.3/7.8/9.6 −1.2

Trimethoprim Antibiotic 738-70-5 290.32 6.6 0.91
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he bottom and top of the extraction cell to avoid the obstruction of
he end caps by the soil or sediment particles. In the final method,
he sample was heated to 90 ◦C with a static period of 7 min and
xtracted by a flush volume of 100% in three cycles using water.
ressure was set to 500 psi and a purge time to 1 min. The water
olume ending up in the glass vial was approximately 30 mL, using
cell size of 22 mL.

.4. SPE/clean-up

The process SPE/clean-up used in this work was based on that
eported by Petrovic et al. [31] for the analysis of pharmaceuti-
als in water samples with slight modifications. SPE extraction
as performed using a combination of SAX cartridge (strong anion

xchange) and Oasis HLB cartridges [poly(divinylbenzene-co-N-
yrrolidone)]. The SAX cartridge was placed on top of the HLB
artridge. The conditioning of the SPE cartridges was performed
ith 5 mL of methanol followed by 5 mL of Milli-Q water at a flow

ate of 1 mL min−1 through the cartridges using a vacuum system.
he 40 mL of aqueous PLE extracts were loaded into the cartridges,
he glass vials were rinse with 10 mL of distilled water that were
lso load into the cartridges. Samples were passed through the car-

ridges at a flow rate of 10 mL min−1. The cartridges were rinsed
ith 5 mL of Milli-Q water and dried under vacuum for 15 min, to

emove excess of water. Then, the SAX cartridge was removed and
he analytes retained were eluted from the HLB sorbent with 6 mL of

ethanol at 1 mL min−1. The extract was evaporated under a gentle
stream of nitrogen and reconstituted with 1 mL methanol–water
(25:75, v/v). Prior to injection, soil and sediment extracts were
filtered using syringe PTFE filters (0.22 �m, Analisis Vinicos, Tomel-
loso, Spain).

2.5. LC–ESI-MS/MS

The LC separation was performed using an Alliance 2695 HPLC
separation module (Waters). In positive ion (PI) mode, a column
Sunfire C18 (4.6 mm × 150 mm, 3.5 �m, from Waters) and a Gem-
ini C18 (4.0 mm × 2.0 mm) guard cartridge (Phenomenex) were
used. The mobile phase combines eluent A (formic acid 0.1% in
methanol) and eluent B (formic acid 0.1% in water) in a gradient
programme that started at 20% A for 0.1 min, increased linearly
to 90% A in 15 min, then increase to 98% A in 15 min, hold for
8 min, and returned to initial conditions after 1 min followed by
11 min of equilibration time. The flow rate was 0.2 mL min−1. In
NI mode, a column Luna C18 (2) 100 Å (2.0 mm × 150 mm parti-
cle size 3 �m) and Gemini C18 (4.0 × 2.0 mm) guard cartridge both
from Phenomenex were used. The mobile phase was composite
of acetonitrile/methanol (60:40, v/v) as eluent A and ammonium
acetate 10 mM in water as eluent B, at a flow rate of 0.2 mL min−1.

The analytical column was preconditioned using 15% of acetonitrile
and 85% of eluent B at the same flow rate for 11 min. A gradient
programme was used as follows: 15% of eluent A for 0.1 min, fol-
lowed by a linear increase to 98% in 5 min, held for 7 min. Then,
a 3 min gradient returned to the preconditioning conditions 15%
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f acetonitrile and 85% of eluent B. The injection volume was
0 �L.

The tandem MS analyses were performed on a Micromass
uattro triple quadrupole mass spectrometer (Manchester, UK).

nstrument control, data acquisition and evaluation were done with
he Masslynx NT software (v. 3.4).

In both PI and NI mode, the applied parameters were: radio
requency lens, 0.5 V; electrospray source block, 125 ◦C; low mass
LM) 1 resolution, 12.0; high mass (HM) 1 resolution, 12.0; LM 2
esolution, 12.0; HM 2 resolution, 12.0; multiplier 650 V; desolva-
ion temperature: 350 ◦C; argon collision gas 2.5 × 10−3 mbar; cone
itrogen gas flow, 50 L h−1; desolvation gas: 600 L h−1. In PI mode,
he extractor voltage was 2.0 V and capillary voltage 4.0 kV. In NI

ode the parameters for the analysis were: extractor voltage, 1.0 V
nd capillary voltage 3.2 kV. The optimal quantification and confir-
ation transitions and their respective cone voltages and collision

nergies are listed in Table 2.

.6. Validation of the analytical procedure

The criteria applied to confirm the identity of a suspected phar-
aceutical were: (i) the ratio of the relative (to the I.S.) retention

ime of the analyte to that of the same analyte in standard solution
hould be within ±2.5% tolerance; (ii) the presence of a signal at
ach of the two SRM transitions for the analyte; (iii) the peak area
atio of the confirmation transition against the quantification one
hould be within the tolerance fixed by the EU criteria [32].

Linearity was studied using standard solutions and matrix-
atched calibrations by analyzing in triplicate eight concentration

evels, between 1 and 1000 �g L−1 in the final extract, equivalent
o 0.3 and 333 ng g−1 in soil.

The matrix effects were studied by the evaluation of signal
uppression or enhancement for each pharmaceutical. The sig-
al suppression was calculated as a percentage of the decrease
r increase in signal intensity in a sample matrix versus in
ethanol–water (25:75, v/v). The equation used for the signal sup-

ression calculation was (Eq. (1)):

ignal suppression (%) =
[

1 − Sm

Ss

]
× 100 (1)

here Sm is the slope of the calibration curve for each analyte in the
ample extract (soils or sediments) spiked after extraction, and Ss is
he slope in solution standard (methanol–water, 25:75, v/v) at the
ame concentration than the spiked sample. No pharmaceuticals
ere previously detected in the samples.

The extraction recoveries of the different compounds for the
ntire PLE–SPE–LC–ESI-MS/MS procedures were determined for
oil and sediments. Soil and sediment samples were spiked with the
nalytes at three different concentrations: (MQL, 50 and 100 ng g−1)
nd 33 ng g−1 of each ISs (volume varied between 5 and 100 �L). The
olvent was removed by evaporation in a fume cupboard for 10 min.
hen, the spiked samples were stirred vigorously for 30 min in order
o enable better contact of analytes with the matrix. After 24-h
quilibration, these samples together with the correspondent blank
amples were extracted and treated by the previously described
rotocol. Some soil and sediment samples were left to age in the
ark, at room temperature, for a period of 3 months.

The precision of the method was determined by the repeated
nalysis of samples of soils and sediments spiked at concentrations
f 50 ng g−1 and calculated as the relative standard deviation (RSD,
) of measurements in quintuplicate carried out in the same day

nd in five non-consecutive days.

Instrumental detection limits (IDLs) and instrumental quantifi-
ation limits (IQLs) were estimated by direct injection of decreasing
oncentrations of the standard mixture, as the amount of analyte
hat gave a signal-to-noise ratio of 3:1 and 10:1, respectively, in
r. A 1217 (2010) 2471–2483 2475

SRM mode. Method detection limits (MDLs) were confirmed by
injecting seven replicated extracts of samples spiked at the esti-
mated concentrations. Method quantification limits (MQLs) were
the lower concentration that provided acceptable recovery (rel-
ative recoveries ≥70%, excepting fenofibrate and diclofenac) and
precision (<20%) was tested by analyzing spiked soil and sediment
samples in quintuplicate.

3. Results and discussion

3.1. Optimization of the PLE procedure

All experiments for optimizing the different steps of the method
were carried out by spiking a soil sample free of contamina-
tion with a mixture of pharmaceuticals at 50 ng g−1. The choice
of the extraction solvent is one of the most critical parameters.
Methanol (MeOH), water, combinations of both solvents at differ-
ent ratios (80:20 and 50:50, v/v), acetonitrile/water 50:50 (v/v),
MeOH/57 mM citric acid 50:50 (v/v) and MeOH/0.1 M Na2–EDTA
50:50 (v/v) were tested for the optimization of the PLE at different
temperatures and with different sorbents. Ion complexing agent
solutions, as citric acid or EDTA, frequently block the conductions
and valves of the PLE system and do not improve significantly the
recoveries of the analytes. Fig. 1A shows the recoveries obtained
by extracting soil dispersed in Na2–EDTA washed sea sand with
water and mixtures of methanol–water and acetonitrile–water at
90 ◦C for 7 min at 500 psi and flush 100%. No great differences were
observed in the recoveries provided by the different solvents. Water
was selected as the best choice for its compatibility with SPE, and
because it is an interesting solvent for ecological considerations.

The type of sorbent to disperse soil and sediment samples prior
PLE (aluminium oxide 90, silica gel, Florisil® and sea sand) was stud-
ied. Although sea sand clearly provided the best recoveries and the
coarse size of the sand grains favour the dispersion, values obtained
were much lower than those reported in Fig. 1A (ranging from 25%
to 60%). An explanation for these poor recoveries is that antibacte-
rials significantly bind to matrix components, specifically organic
matter and metals. According to the literature on the subject, com-
plexes formed between antibacterials and divalent and trivalent
cations present in soil or sediment can be displaced using com-
plexing agents [3,5,18]. As the addition of a complexing agent to
the water was quite incompatible with the instruments making the
method less robust and did not yield better recoveries, the washing
of sea sand with it was tested.

Sea sand washed with Na2–EDTA 0.1 M and sea sand washed
with 0.1 M Na2–EDTA–McIlvaine buffer solution (pH 4) were
selected since they are the most reported complexing extrac-
tant solutions [13,16,33]. Recoveries achieved using Na2–EDTA
were slightly superior or comparables to recoveries for the McIl-
vaine + EDTA combination.

Other PLE extraction parameters, such as the extraction tem-
perature (50–110 ◦C), number of extraction cycles (1–5), pressure
(500–2500 psi), flush volume (60–120% of the extraction cell vol-
ume) and static time (3–15 min) were studied in order to select the
best conditions for the analysis of the selected pharmaceuticals.
Recoveries obtained are shown in Fig. 1S, Supplementary material.
The cell size of 22 and 11 mL were tested, giving best recoveries
and clean extracts the 22 mL cell. The extraction temperature and
the number of cycles applied were critical for improving recov-
eries, while pressure had no significant influence. The increase in
the flush volume and static time got better recoveries to reach

their maximum at the selected values. However their effect is not
as accentuated as for the other parameters. Temperature presents
the most erratic effect on the analyte recoveries as previously dis-
cussed [24,25]. The increase of temperature decreases significantly
the dielectric constant of the water increasing the solubility of
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Table 2
Conditions of MS/MS in PI and NI modes.

Compound Tr (min) CVa (eV) Quantification transitionb CEc (eV) Confirmation transitionb CEc (eV)

PI mode
Acetaminophen 16.4 25 152 → 110 15 152 → 92.5 25
Acetaminophen-d3 16.4 20 155 → 111 15 155 → 92.5 20
Carbamazepine 25.9 30 237 → 193 35 237 → 192 40
Carbamazepine-d2 25.9 35 239 → 195 20 239 → 194 30
Ciprofloxacin 14.5 30 332 → 314 20 332 → 231 35
Codeine 7.4 35 300 → 215 25 300 → 199 30
Diazepam 28.9 40 285 → 154 25 285 → 193 30
Fenofibrate 36.2 25 361 → 233 15 361 → 139 30
Metoprolol 15.2 30 268 → 116 20 268 → 98 20
Norfloxacin 14.4 30 320 → 276 15 320 → 302 20
Ofloxacin 13.8 30 362 → 318 20 362 → 261 25
Oxytetracycline 15.7 25 461 → 426 20 461 → 443 10
Propanolol 18.2 30 260 → 116 18 260 → 183 20
Sulfamethoxazole 20.0 25 254 → 92 25 254 → 156 15
Tetracycline 15.0 24 445 → 410 20 445 → 427 15
Trimethoprim 11.8 40 291 → 123 25 291 → 230 25

NI mode
Clofibric acid 8.0 20 213 → 127 18 213 → 84.5 10
Diclofenac 9.6 20 294 → 250 15 294 → 214 25
Ibuprofen 10.2 15 205 → 161 10 – –

n
p
a
O
l
a
s
l

Ibuprofen-d3 10.2 15 208 → 164

a Cone voltage.
b Transition = precursor ion → product ion.
c Collision energy.

on-polar analytes. The recoveries obtained at 70 ◦C were appro-
riate for most of analyzed compounds. The increase flush volume
nd the duration of the static cycles improved the recoveries.

floxacin, fenofibrate, codeine, trimethoprim, diazepam, metopro-

ol, propanolol, ibuprofen and clofibric acid gave better recoveries
t temperature of 90 ◦C. The temperature of 110 ◦C provided
lightly improved recoveries for ofloxacin, ciprofloxacin, metopro-
ol, propanolol and diclofenac but thermal degradation of some

Fig. 1. Comparison of recoveries obtained using different (A) extractio
10 208 → 162 15

compounds can occur. The best results were obtained with the
conditions reported in Section 2.3.
3.2. Optimization of isolation and pre-concentration using SPE

The performance of different types of SPE cartridges was tested,
including two polymeric sorbents (Oasis HLB and Strata-X) and a
strong anion exchange sorbent (Isolute SAX). The Isolute SAX car-

n solvents and (B) SPE cartridges. Concentration level 50 ng g−1.
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ridge was used combined in tandem with the OASIS HLB cartridges.
he SAX column reduces matrix interferences by adsorbing anionic
umic and fulvic acids from the soil extracts, avoiding contamina-
ion, blocking and overloading of the HLB sorbent. Aqueous extracts
btained from PLE have a pH of 7 and, in these conditions, phar-
aceuticals are in their neutral or cationic form (see pKa values

n Table 1) and, consequently, they are not retained on the SAX
artridge.

The effect of the PLE extract acidification prior pass it through
PE cartridge provided recoveries between 5% and 20% lower for
asic and neutral pharmaceuticals than those obtained without
cidification. Nevertheless, for acidic compounds results were very
imilar.

As it is shown in Fig. 1B, the behaviour of Strata-X and Oasis
LB was very similar, achieving both recoveries better than 70%,
xcept for ofloxacin, ciprofloxacin, norfloxacin and fenofibrate. The
oupling of a previous SAX cartridge, to eliminate interfering and
atrix compounds, increased the analyte’s recoveries to values

igher than 70%, except for fenofibrate, the recovery of which
emains unchanged. This effect may due to its relatively non-polar
haracter (it has the lowest polarity of all selected pharmaceuti-
als), therefore Oasis HLB and Strata-X cartridges were not able
o retain this compound at all [34]. On the other compounds, the
nclusion of the SAX cartridge only causes a marked decrease in
he recovery of diclofenac (see Fig. 1B). This could be because at
H 7, diclofenac is in zwitterionic form keeping partly retained to
he negatively charged SAX cartridge or forming complexes with
he organic matter that are retained in the SAX cartridge. Between
asis HLB and Strata-X, the former was finally selected just because

he higher availability of these cartridges in the laboratory.

.3. Optimization of LC–MS/MS

Most of the compounds showed maximum sensitivity operating
n the PI mode excepting ibuprofen, diclofenac and clofibric acid
hat only give response in NI mode.

In PI mode, three columns (Waters Sunfire C18, Waters Xterra
18 and Phenomenex Luna C18 (2)) were tested using mobile phases
omposed of different proportions of methanol or acetonitrile and
ater with different additives, such as ammonium acetate and

ormic acid, at various concentrations. The optimal separation of
4 compounds detected in PI mode was achieved using the Waters
unfire column, and methanol and water, both with 0.1% formic
cid, as mobile phase. Acid was used to improve ionization and sen-
itivity of MS detection. Fig. 2 depicts SRM chromatograms for the
piked soil at level 25 ng g−1, illustrating the good separation and
arrow peak shape obtained for the selected compounds in the PI
ode. Signals of matrix components (marked in Fig. 2) were only

bserved for the transitions corresponding to acetaminophen and
rimethoprim. Those matrix compounds gave peaks that were well
eparated from the analytes peak and did are not present in the
onfirmatory transition. The peak corresponding to the epimer of
he tetracycline was also visible in the chromatogram. Some trans-
ormation of tetracycline to its epimer was always observed. This
ompound was quantified as the sum of both isomers. On the con-
rary, oxytetracycline did not show epimerization. These results
gree with previous studies [16].

In NI mode, the chromatographic separation was very trou-
lesome, even though there were only three compounds to be
etected. Six analytical columns were tested (Waters Sunfire C18,
aters Xterra C18, Phenomenex Luna C18 (2), Luna C8, Phenomenex
emini C18 and C6-Phenyl) with different mobile phases. To illus-
rate the problems, Fig. 3 shows SRM chromatograms from an
xtract of a spiked sediment at 20 ng g−1 analyzed by NI mode, using
ifferent LC columns. In many proofs, the three analytes were too
uch separated even using a high percentage of acetonitrile in the
r. A 1217 (2010) 2471–2483 2477

mobile phase and their elution order was inverted. The most apo-
lar compound – ibuprofen – eluted first and the most polar one –
diclofenac – was the longest retained requiring more than 20 min to
elute from the column and presented with broad shape unaccept-
able to quantify (Fig. 3A). This can be related to the formation of
zwitterionic forms as discussed for diclofenac in the SPE optimiza-
tion. In other cases, chromatographic separation was achieved, but
peaks appeared with “crown” (Fig. 3B). The shape of these peaks
did not improve significantly even adding ammonium acetate as
mobile phase additive. Finally, separation was achieved (Fig. 3C)
on the Luna C18 (2) with a mixture of acetonitrile/methanol (60:40,
v/v), and preconditioning the column prior the next injection with
acetonitrile instead of acetonitrile/methanol (60:40).

The acquisition of, at least, two transitions for reliable confir-
mation is possible for all pharmaceuticals, except ibuprofen that
gives only one fragment with reasonable sensitivity (Table 2). In
the PI mode, the confirmation of the compound identity by a second
transition requires an additional injection due to the high number
of transitions needed for the simultaneous quantification and con-
firmation. The acquisition of two transitions for each compound
would entail to monitor more than 28 transitions, which would
reduce the number of point per peak leading to unsatisfactory
peak shapes. The IDL ranged from 2 pg injected for carbamazepine,
trimethoprim and fenofibrate to 34 pg for acetaminophen. The IQLs
were between 7 and 114 pg injected. The second injection monitor-
ing a fewer number of transitions allows to confirm the identity of
pharmaceuticals at these low levels.

3.4. Validation of the method

3.4.1. Specificity and selectivity of the method
The specificity and selectivity of the method were established by

the analysis of blank samples. The absence of any chromatographic
peak in soil and sediment extracts, at the same retention times
as target pharmaceuticals, indicated that there were not matrix
compounds that might give a false positive signal in these blank
samples.

3.4.2. Linearity and matrix effects
Matrix-matched calibration curves prepared in every type of

sample showed good linearity between 1 and 1000 ng mL−1, with
a correlation coefficient ≥0.993 (Table 3). Absolute signal suppres-
sion measured for compounds analyzed under PI conditions varied
from 3% to 54% in sediments and from 0.6% to 56% in soils, as it
can be seen in Table 4. A slight signal suppression was observed
for metoprolol, codeine, trimethoprim and fenofibrate (<15% cal-
culated using the absolute recovery). In the case of acetaminophen
a little enhancement of signal was observed (≈3%) as already
reported [25]. For the other compounds, higher suppression (up
to 55%) was observed. For the compounds analyzed under NI con-
ditions, suppression ranged from 19% to 34% in sediments and from
15% to 31% in sediments. The impact of the matrix effect was almost
equivalent in both matrices but different for each compound. The
suppression effect was only partly corrected by the addition of
internal standards since matrix effects are compound dependent.
However, the use of matrix-matched standards compensated quite
well for the suppression effect achieving accurate quantification.

3.4.3. MDLs and MQLs
Table 3 also outlines MDLs for soil and sediment samples that

were in the range 6–408 pg injected or 0.2–6.8 ng g−1 in sediments

and 5–311 pg injected or 0.1–5.3 in soils. The sensitivity for
sediment and soil samples was comparable. These MDLs were of
the same order than those reported by Cuevas-Mestanza et al. [23]
using GC–MS and Radjenović et al. [25] using LC–MS/MS and better
than others reported in previous studies by LC [23,24]. Cuevas-
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Fig. 2. LC–MS/MS chromatogram in PI mode obtained from an extract of soil spiked at 25 ng g−1 of each compound.

Fig. 3. LC–MS/MS chromatograms in NI mode obtained from an extract of soil spiked at 25 ng g−1 of each compound using (A) analytical column Phenomenex Luna C18

(2) (150 mm × 4.6 mm, 5 �m), mobile phase: water (a) and MeOH (b) and gradient from 15% to 98% b in 5 min and hold 8 min. (B) Analytical column Phenomenex C6-
Phenyl (150 mm × 2.0 mm, 3 �m), mobile phase: water (a), acetonitrile (b) and gradient from 25% to 98% b in 10 min, and (C) analytical column Phenomenex Luna C18 (2)
(150 mm × 2.0 mm, 3 �m), mobile phase: water 5 mM ammonium formiate (a), acetonitrile/MeOH (60:40, v/v) (b), gradient from 15% to 98% b in 5 min and hold 7 min,
preconditioning 15% of acetonitrile and 85% of a, 15 min.
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Table 3
Linearity equation, method detection limits (MDL), repetitivity and reproducibility.

Compound Equationa Linearity (r2) MDL Repetitivity RSD (%) (n = 5) Reproducibility RSD (%) (n = 5)

(pg injected) (ng g−1)

Sediments
Oxytetracycline y = 63.655x − 383.79 0.9998 408 6.8 7.4 13.2
Tetracycline y = 149.19x − 1284.2 0.9996 354 5.9 7.9 14.5
Ofloxacin y = 109.52x − 1419.29 0.9998 162 2.7 4.3 11.9
Fenofibrate y = 804.32x − 3202.5 0.9994 36 0.6 3.1 4.4
Ciprofloxacin y = 178.92x − 993.45 0.993 240 4.0 7.6 12.8
Norfloxacin y = 16.50x − 207.52 0.9996 312 5.2 3.2 9.1
Codeine y = 36.841x − 85.117 0.9991 24 0.4 3.6 5.9
Trimethoprim y = 197.03x − 1043 0.998 18 0.3 6.1 8.0
Diazepam y = 300.58x − 631.71 0.998 6 0.8 2.3 2.4
Metoprolol y = 223.06x + 2050.22 0.9994 24 0.4 1.1 2.0
Propanolol y = 267.52x − 217.44 0.998 12 1.2 0.9 2.3
Sulfamethoxazole y = 106.84x − 279.86 0.998 18 0.3 1.0 1.6
Carbamazepine y = 218.38x − 48.63 0.9995 12 0.2 1.2 2.8
Acetaminophen y = 137.23x + 241.15 0.9993 18 0.3 1.2 3.5
Ibuprofen y = 48.708x − 302.94 0.996 96 1.6 2.4 3.9
Clofibric acid y = 75.863x − 202.68 0.998 30 1.5 1.7 3.2
Diclofenac y = 63.037x − 52.366 0.9990 60 1.0 3.1 7.8

Soils
Oxytetracycline y = 86.964x − 452.45 0.997 311 5.3 6.9 14.1
Tetracycline y = 314.60x − 1322.4 0.9992 296 4.8 7.5 14.3
Ofloxacin y = 197.48x − 1574.5 0.9994 181 2.9 3.7 9.4
Fenofibrate y = 874.56x − 234.5 0.9990 38 0.6 3.8 5.2
Ciprofloxacin y = 156.45x − 345.29 0.998 272 4.1 7.8 13.2
Norfloxacin y = 34.645x − 234.25 0.9991 280 4.7 4.2 8.0
Codeine y = 90.83x − 74.498 0.9995 24 0.3 2.1 3.3
Trimethoprim y = 234.10x − 897.3 0.9993 13 0.2 3.6 4.7
Diazepam y = 323.08x − 324.63 0.9996 5 0.1 2.9 3.9
Metoprolol y = 564.30x + 434.92 0.995 27 0.5 1.8 5.3
Propanolol y = 894.36x − 582.34 0.997 22 0.4 1.2 2.1
Sulfamethoxazole y = 183.90x − 327.74 0.9991 33 0.6 1.1 2.7
Carbamazepine y = 423.21x − 89.07 0.9992 8 0.1 0.7 3.0
Acetaminophen y = 283.41x + 113.76 0.994 12 0.1 0.8 2.8
Ibuprofen y = 76.740x − 45.92 0.996 114 1.8 3.3 4.5
Clofibric acid y = 86.353x − 129.63 0.998 20 0.3 1.2 2.9
Diclofenac y = 156.45x − 84.53 0.9990 35 0.6 2.4 4.6

a Calculated as peak areas versus concentration.

Table 4
Percent of signal suppression of pharmaceuticals in sediments and soils spiked after extraction.

Compound Sediments Soils

Absolute Relativea Absolute Relativea

Positive mode
Oxytetracycline 18.8 ± 1.7 0.1 ± 2.3b 11.1 ± 1.9 0.4 ± 2.7b

Tetracycline 16.7 ± 5.1 −2.5 ± 1.8b 8.4 ± 2.9 0.5 ± 1.2b

Ofloxacin 41.3 ± 6.4 27.7 ± 3.1b 35.6 ± 4.0 26.5 ± 3.3b

Fenofibrate 4.5 ± 0.3 18.6 ± 1.9c 4.3 ± 0.5 13.7 ± 1.6c

Ciprofloxacin 52.0 ± 1.9 3.1 ± 0.4c 56.0 ± 3.3 6.2 ± 0.7c

Norfloxacin 54.6 ± 2.4 46.7 ± 0.7b 40.7 ± 3.2 38.6 ± 1.8b

Codeine 9.5 ± 1.0 4.9 ± 1.3b 9.3 ± 1.5 6.2 ± 2.1b

Trimethoprim 11.3 ± 4.8 6.2 ± 2.7b 10.1 ± 2.0 3.2 ± 1.3b

Diazepam 21.0 ± 0.8 7.2 ± 1.6b 25.4 ± 1.9 7.1 ± 3.0b

Metoprolol 3.1 ± 2.0 −13.8 ± 0.4b 0.6 ± 1.3 −5.1 ± 0.3b

Propanolol 21.8 ± 1.8 8.1 ± 4.5b 16.2 ± 1.1 7.5 ± 3.7b

Sulfamethoxazole 16.3 ± 0.9 1.6 ± 1.1b 14.8 ± 2.4 3.5 ± 2.1b

Carbamazepine 14.8 ± 1.7 0.0 ± 1.3c 8.8 ± 1.6 0.3 ± 1.9c

Acetaminophen −2.6 ± 0.2 −0.5 ± 0.9b −4.9 ± 1.6 0.1 ± 0.6b

Negative mode
Ibuprofen 22.9 ± 1.4 −6.7 ± 0.6d 27.4 ± 1.0 −2.2 ± 0.9d

Clofibric acid 33.7 ± 1.9 12.4 ± 3.4d 31.4 ± 1.3 10.5 ± 2.1d

Diclofenac 19.3 ± 0.8 −26.8 ± 1.7d 15.3 ± 1.8 −13.4 ± 1.6d

Internal standards
Acetaminophen-d3 −17.2 ± 0.5 – −15.2 ± 0.8 –
Carbamazepine-d2 14.9 ± 1.1 – 17.6 ± 1.4 –
Ibuprofen-d3 35.8 ± 1.7 – 29.9 ± 1.2 –

a Recovery relative to ISs.
b Acetaminophen-d3.
c Carbamazepine-d2.
d Ibuprofen-d3.
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Table 5
MQL (ng g−1), recoveries (%) and RSDs at three spiking levels.

Pharmaceuticals Soil Sediment

MQL 50 ng/g 100 ng/g MQL 50 ng/g 100 ng/g

MQL
(ng/g)

Absolute
recovery (%)

Relative
recovery (%)a

Absolute
recovery (%)

Relative
recovery (%)a

Absolute
recovery (%)

Relative
recovery (%)a

MQL
(ng/g)

Absolute
recovery (%)

Relative
recovery (%)a

Absolute
recovery (%)

Relative
recovery (%)a

Absolute
recovery (%)

Relative
recovery (%)a

Positive mode
Oxytetracycline 18 68 ± 13 96 ± 6 63 ± 16 94 ± 13 59 ± 5 88 ± 9 23 66 ± 5 90 ± 10 63 ± 9 94 ± 6 64 ± 10 92 ± 8
Tetracycline 16 62 ± 15 98 ± 5 62 ± 10 99 ± 6 60 ± 10 95 ± 7 19 68 ± 8 88 ± 9 64 ± 8 92 ± 9 70 ± 13 97 ± 7
Ofloxacin 7 52 ± 7 100 ± 12 54 ± 17 99 ± 16 58 ± 12 99 ± 4 6 59 ± 12 96 ± 8 55 ± 10 91 ± 8 50 ± 12 101 ± 6
Fenofibrate 1.5 40 ± 7 66 ± 6 46 ± 15 64 ± 12 41 ± 9.2 59 ± 10 1.8 50 ± 5 66 ± 7 48 ± 5 67 ± 8 47 ± 14 64 ± 3
Ciprofloxacin 10 55 ± 9 86 ± 8 52 ± 16 87 ± 11 63 ± 13 91 ± 5 11 59 ± 9 84 ± 13 62 ± 11 88 ± 6 55 ± 12 83 ± 5
Norfloxacin 15 69 ± 11 71 ± 10 64 ± 12 77 ± 10 70 ± 11 83 ± 3 17 72 ± 13 74 ± 8 70 ± 6 73 ± 8 67 ± 8 74 ± 6
Codeine 1.3 91 ± 13 108 ± 6 90 ± 12 85 ± 7 94 ± 8.4 93 ± 7 1.5 98 ± 7 101 ± 4 95 ± 5 99 ± 5 99 ± 6 102 ± 4
Trimethoprim 0.9 105 ± 5 119 ± 4 95 ± 11 101 ± 4 91 ± 9.0 106 ± 8 1.2 97 ± 4 104 ± 7 95 ± 6 99 ± 11 93 ± 10 101 ± 7
Diazepam 0.25 79 ± 8 104 ± 1 79 ± 13 102 ± 10 78 ± 6.8 101 ± 6 2.3 76 ± 9 107 ± 12 79 ± 7 98 ± 5 77 ± 8 103 ± 5
Metoprolol 1 102 ± 10 81 ± 9 104 ± 12 87 ± 6 99 ± 7.5 85 ± 11 0.8 85 ± 3 92 ± 8 93 ± 8 95 ± 7 98 ± 6 99 ± 4
Propanolol 0.5 77 ± 19 96 ± 2 78 ± 16 99 ± 11 72 ± 5.1 102 ± 4 3.7 75 ± 7 90 ± 11 74 ± 11 88 ± 8 71 ± 17 81 ± 15
Sulfamethoxazole 0.9 70 ± 16 97 ± 3 76 ± 14 108 ± 9 79 ± 1.9 107 ± 13 0.9 84 ± 14 99 ± 4 87 ± 5 103 ± 14 85 ± 11 94 ± 9
Carbamazepine-d2 – 103 ± 13 101 ± 5 102 ± 10 98 ± 4 94 ± 12 98 ± 7 – 96 ± 9 103 ± 7 91 ± 9 104 ± 17 98 ± 8 97 ± 5
Carbamazepine 0.5 82 ± 10 104 ± 6 86 ± 13 104 ± 7 85 ± 14 106 ± 12 0.5 88 ± 6 110 ± 5 88 ± 3 96 ± 7 91 ± 12 102 ± 10
Acetaminophen-d3 – 84 ± 9 – 89 ± 11 – 87 ± 2.3 – – 77 ± 11 – 79 ± 7 – 82 ± 8 –
Acetaminophen 0.8 87 ± 14 102 ± 9 74 ± 7 106 ± 7 82 ± 5.8 112 ± 7 0.5 72 ± 9 98 ± 8 74 ± 4 101 ± 5 72 ± 10 103 ± 6

Negative mode
Ibuprofen 4 73 ± 8 84 ± 4 75 ± 7 86 ± 3 81 ± 9.9 89 ± 5 3.6 77 ± 11 85 ± 6 85 ± 9 93 ± 8 83 ± 18 92 ± 12
Ibuprofen-d3 – 79 ± 13 – 61 ± 6 – 66 ± 7.2 – – 74 ± 9 – 72 ± 6 – 70 ± 6 –
Clofibric acid 1.6 84 ± 18 102 ± 4 74 ± 11 80 ± 6 78 ± 11 91 ± 9 4.2 71 ± 9 97 ± 6 74 ± 5 95 ± 7 77 ± 10 110 ± 4
Diclofenac 3 34 ± 16 62 ± 6 37 ± 5 67 ± 2 35 ± 9.3 66 ± 12 3.7 42 ± 6 66 ± 7 37 ± 8 65 ± 12 39 ± 16 69 ± 10

a Recovery relative to ISs as reported in Table 4.
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Table 6
Concentration (ng g−1) of pharmaceuticals in different marsh areas of the Valencian Community.

Compound Albufera sediment Oliva-Pego sediment Prat soil Moros sediment Silla soil

Oxytetracycline
Tetracycline
Ofloxacin 8.95 12.03 <MQL
Fenofibrate 13.20 17.23
Ciprofloxacin 5.95
Norfloxacin
Codeine 3.35
Trimethoprim
Diazepam 2.50 2.86 4.65 3.72
Metoprolol 6.57
Propanolol 1.51 2.60
Sulfamethoxazole
Carbamazepine 1.81 2.93 5.77 6.85 1.43

M
f
g
i
a
a
m
t

Acetaminophen <MQL
Ibuprofen
Clofibric acid <MQL 35.62
Diclofenac

estanza et al. [23] reported MDLs that varied between 4 ng g−1

or ibuprofen and 167 ng g−1 for fenofibrate. Löffler and Ternes [24]
ave values of MDLs between 0.4 and 20 ng g−1. As can be observed

n Table 5, the MQLs were also at low nanogram per gram levels
nd ranged from 0.5 ng g−1 for carbamazepine acetaminophen
nd propanolol to 23 ng g−1 for oxytetracycline, which makes the
ethod useful for the determination of low levels of pharmaceu-

icals in soils and sediments in real environmental samples.

Fig. 4. Chromatograms showing the analysis of target pharmaceuticals in a Oliv
<MQL

3.4.4. Recovery and precision
Precision data are also listed in Table 3 for soil and sedi-

ments. The repeatability values were in the range of 0.1–7.9%
for sediments and 0.7–7.5% for soils and the reproducibility ones

of 1.6–14.5% for sediments and of 2.1–14.3% for soils. These
results did not show apparent differences between soil and sed-
iment samples and are similar to those reported by other studies
[14,16,23].

a-Pego sediment sample, including two SRM transitions for each analyte.
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Due to lack of a reference material the recovery of the devel-
ped method was tested by spiking soil and sediments samples
fter 24 h of equilibration time. Absolute and relative recoveries
ere determined in soil and sediment at three concentration lev-

ls. The results of these experiments are summarized in Table 5.
bsolute recoveries ranged from 34% to 105% with RSDs < 19% for
oils and from 37% to 99% with RSDs < 17% for sediments. Rela-
ive recoveries ranged from 59% to 119% with RSDs lower than
6% for soils and from 64% to 110% with RSDs lower than 17% for
ediments. The recoveries varied significantly depending on com-
ound but not depending on the matrix. Decreasing recoveries from
ged-spiked soils for sulfonamides were recently reported [14]
ndicating that spiked samples can be a poor indicator of incurred
amples unless they are adequately aged. To check this point, sev-
ral soil and sediment samples were aged for 3 months. Absolute
ecoveries ranging from 32% to 106% for soils and between 42%
nd 98% for sediments were obtained. Comparison of the recovery
btained for each pharmaceutical in freshly spiked and aged-soils
nd sediments are presented in Fig. 2S, Supplementary mate-
ial. There is no evident difference between values obtained by
oth spiking procedures either in soil or sediment. A qualitative
ifference was only observed for tetracycline because the per-
entage of its epimer increased at the expenses of that of the
etracycline. These results demonstrated the performance of the
eveloped extraction method to isolate analytes occurring in sam-
les.

.4.5. Application to samples
Table 6 shows the concentrations of the target pharmaceu-

icals detected in the contaminated samples. Of 16 samples
nalyzed, pharmaceuticals were detected in 5. Most detected
ompounds were carbamazepine (detected in all samples) and
iazepam (in four samples) with concentrations between 1.4 and
.8 ng g−1. Ofloxacin, fenofibrate, ciprofloxacin, codeine, meto-
rolol, propanolol, acetaminophen and clofibric acid were less
requently present. Maximum concentrations were detected for
lofibric acid, with average concentration of 35.6 ng g−1 and for
enofibrate at 17 ng g−1, even through the results for fenofibrate can
nly be consider as semi-quantitative. A chromatogram obtained
rom a sediment sample taken at the Oliva-Pego marsh using
oth, quantification and confirmatory, SRMs for each detected
nalyte is shown in Fig. 4. These preliminary date indicate that
harmaceuticals may be discharged in large amounts through
astewater effluents from human origin, arriving into natural

nvironments. To our knowledge, these results present the first
vidence of contamination of marsh areas with pharmaceuti-
als.

. Conclusions

The developed method attains simultaneous extraction by PLE
nd pre-concentration by SPE of seventeen pharmaceuticals with a
reat variety of polarities and pKa’s, from soils and sediments. The
se of LC–MS/MS afforded high sensitivity (MQLs in the low ng g−1)
nd achieves unequivocal identification of these compounds. PLE
ollowed by SAX + Oasis HLB proved efficient clean-up, yielding
ecovery rates for the selected compounds generally over 70%.
enofibrate and diclofenac were the exception with recoveries up
o 34%. These low recoveries only allow to obtain semi-quantitative
esults for these compounds.
However, in comparison with other studies, the present method
chieves a significant increase in sensitivity achieving a decrease of
he quantity of pharmaceuticals that could be detected in soils and
ediments, being a powerful protocol to highlight pollution of phar-
aceuticals in the ecosystems. The proposed analytical method

[
[

[
[

gr. A 1217 (2010) 2471–2483

also consumed very small amount of toxic chemicals and reagents
(less than 11 mL of methanol per sample), with minimum waste
production. It is also simple and inexpensive. Hence, it is consid-
ered to be a green analytical technique and environmental friendly
method.

The application of this method to environmental samples
proofs that significant amounts of acetaminophen, carbamazepine,
ciprofloxacin, clofibric acid, codeine, diazepam, fenofibrate, meto-
prolol, ofloxacin and propanolol contaminate soils and sediments
of marsh areas. According to the detected concentrations of fenofi-
brate in samples, more selective conditions for the analysis of this
compound could be of interest (considering its non-polar charac-
ter).

These data show that the proposed method is suitable for
environmental monitoring and could be useful to establish the
occurrence of selected human pharmaceutical compounds in soils
and sediments with high content of organic matter.
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