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Abstract: The occurrence of pharmaceuticals in the aqueous
environment has been widely published but the fate of phar-
maceutical residues in the environment continues to attract the
attention of the scientific community. Due to the widespread use
of non-steroidal anti-inflammatory drugs (NSAIDs), this group
of drugs is often detected and determined in surface waters, influ-
ent and effluent wastewaters, and in drinking waters. Ketopro-
fen, naproxen, fenoprofen, ibuprofen and tolmetin are well-known
representatives of NSAIDs. This paper describes the results of
a pilot survey study carried out on samples of river water (the
River Warta) collected in Poznan during the period from March
to December 2012. NSAID residues were analyzed by liquid-
liquid extraction using the liquid chromatography-tandem mass
spectrometry (LLE-LC-MS/MS) method. The results obtained
show the presence of ibuprofen, naproxen, ketoprofen and feno-
profen at nanogram per litre levels in river water. There was no
presence of tolmetin in the test samples.

1. Introduction

Nowadays, one of the major problems of civilization is the quality of water. Therefore,
it is important to protect aquatic ecosystems and secure access to drinking water sup-
plies. For this reason, it is essential to pay attention to the presence of certain groups
of bioactive organic and industrial pollution in water that could endanger aquatic
ecosystems and human health. Bioactive organic compounds such as surfactants or a
whole range of different pharmaceuticals belong to this group. Although data on the
occurrence of pharmaceuticals in the aqueous environment have been widely published
(Petrovic, 2010; Santos, 2010), the fate of pharmaceutical residues in the environment
continues to attract the attention of the scientific community. Due to the widespread
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use of non-steroidal anti-inflammatory drugs (NSAIDs), this group of drugs is often
detected and determined in surface waters, influent and effluent wastewaters, and in
drinking waters. Ketoprofen, naproxen, fenoprofen, ibuprofen and tolmetin are well
-known representatives of NSAIDs.

Although the concentrations of these compounds in surface water are relatively low
(from ng/L to mg/L), continuous release and chronic exposure to these substances can
result in adverse effects on aquatic life and potential risk to human health (Khetan,
2007). A lot of scientific research suggests possible detrimental health effects of long-
term exposure to pharmaceuticals via drinking water (Daughton, 1999; Santos, 2010).

The analysis of the residues of NSAIDs in environmental water samples has usu-
ally been performed using combined techniques: liquid (Hernando, 2006; Gentili,
2007; Debska, 2005; Gros, 2006; Farré, 2007; Petrovic, 2010) or gas chromatography
(Farré, 2007; Kosjek, 2005; Yu, 2011; Gentili, 2007) coupled with mass spectrometry
or tandem mass spectrometry. However, gas chromatography requires derivatization
(Ternes, 1998; Hashim, 2011).

Regardless of the method of determination chosen, the final samples must be
isolated in order to get rid of the matrix components, enrich the analyte and change
the matrix from an aqueous one to an organic one. The most common method
of sample isolation and pre-concentration technique is solid phase extraction (SPE)
performed off-line (Farré, 2007; Debska, 2005; Gros, 2006; Santos, 2010). It is also
often performed in on-line mode (Kot-Wasik, 2006). Various types of adsorbents are
used for this purpose: mainly octadecyl (C18)-bonded silica, and Oasis HLB (Lopez de
Alda, 2003; Santos, 2010). Despite the many advantages of this type of extraction,
it is undoubtedly expensive because SPE columns are disposable. Therefore, in order
to put into place long-term environmental monitoring that requires a large number
of extraction columns, a cheaper method of extraction would be desirable. These
include liquid-liquid extraction. So far, very little work is based on the use of the
LLE technique for determination of NSAIDs (Pedersen, 2005; Xu, 2010).

This paper describes the results of a pilot survey study carried out on river water
samples (the River Warta) collected in Poznan at the point of measurement and con-
trol on the Bridge of St. Roch during the period from March to December of 2012.
NSAID residues were analyzed using the LLE-LC-MS/MS method. Analyte identifi-
cation was performed in compliance with the EU regulation (Directive 96/23/EC) on
measures to monitor certain substances and residues.

2. Experimental section

2.1. Reagents and chemicals

All pharmaceutical standards used were of high purity grade (≥97%). Ibuprofen,
ketoprofen, naproxen, fenoprofen and tolmetin were obtained from Sigma-Aldrich
(ST. Louis, MO, USA). Acetonitrile (ACN), methanol (MeOH), all LC-MS grade,
were from Sigma-Aldrich (ST. Louis, MO, USA). Ammonium acetate used as a mobile
phase additive was purchased from Sigma-Aldrich (ST. Louis, MO, USA). Water was
prepared by reverse osmosis in a Demiwa system from double distillation from a quartz
apparatus. Only freshly distilled water was used.

The reagents used for liquid-liquid extraction were of analytical grade. Chloro-
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form and ethyl acetate were from POCh (Gliwice, Poland). MS-grade methanol was
from Sigma-Aldrich, and sodium chloride and sodium hydrogen carbonate were from
POCh.

A stock standard solution (1000 mg/mL) of each pharmaceutical was prepared
by weighing 10.0 mg of each analyte and dissolving it in 10.0 mL of methanol. The
solution was stored at 4◦C (stable for 12 months). Working standard solutions were
prepared by diluting these solutions with methanol.

2.2. Water samples and sample preparation

The River Warta, in western Poland, is the largest tributary of the Oder, which
forms part of the boundary between Poland and Germany. The Warta is Poland’s
third largest river after the Oder and the Vistula. The river flows north from its
headwaters in the mountains of southern Poland, then west to the Oder, and is 808.2
km in length, approximately 735 km of which is navigable. Fig. 1 shows the major
tributaries of the Warta: the rivers Noteć (388.4 km long), Prosna (216.8 km), Drawa
(185.9 km), Obra (163.8 km), Gwda (145.1 km), Ner (125.9 km), and Wełna (117.8
km) (Blomquist, 2005).

In accordance with Art. 155a, paragraph 2 of 18 July 2001 – Water Law, Poland is
required to study the quality of surface waters under National Environmental Moni-
toring. The Provincial Inspector of Environmental Protection should conduct analysis
of surface waters with regard to physical, chemical and biological characteristics (Ar-
ticle 155a, paragraph. 3). The main idea of water monitoring is to gather information
about the chemical and ecological status of rivers. The information gathered allows
appropriate management of the river basin, with the aim being to avoid eutrophication
and protect water against anthropogenic pollution.

Fig. 1. The River Warta.

River water samples were taken from the River Warta in accordance with PN EN
ISO 566-6:2003. They were collected in Poznan at the point of measurement and
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control on the Bridge of St. Roch (Fig. 2). After being transported to the laboratory,
the samples were filtered to remove solid impurities, and then subjected to liquid-
liquid extraction using ethyl acetate as an extracting agent. Samples were collected
and extracted successively in March, April, May, June, July, August, September,
October, November and December 2012.

1000 mL of water samples were extracted. To take into account the presence
of matrix components that may affect the extraction process and to determine the
concentration of the compounds tested, the method of standard additions was used.
For this purpose, extraction of river water was performed. Three extractions of river
water were carried out with standard additions at three different levels. Standards
were added to the water before the extraction step.

Fig. 2. Sampling point Bridge of St. Roch Poznan.

2.3. Liquid chromatography-mass spectrometry

LC analysis was performed using the UltiMate 3000 RSLC chromatographic system
from Dionex (Sunnyvale, CA, USA). Five µL samples were injected into a 100mm
x 2.1 mm. I.D. analytical column packed with 1.9 µm Hypersil Gold C18 RP from
Thermo Scientifix (Waltham, Massachusetts, USA). In the experiments, the column
was kept at 35◦C and the mobile phase was 5 mM ammonium acetate in water (A)
and methanol (B), at a flow rate of 0.25 mL min−1. The following gradient was used:
0 min 30% B, 10 min 67% B, 12 min 100% B. The LC system was connected to the
API 4000 QTRAP triple quadruple mass spectrometer from AB Sciex (Foster City,
CA, USA). The Turbo Ion Spray source operated in negative ion mode. The dwell
time for mass transition detected in the MS/MS multiple reaction monitoring mode
(MRM) was set at 70 ms. All NSAIDs were detected using the following settings
for the ion source and mass spectrometer: curtain gas 10 psi, nebulizer gas 45 psi,
auxiliary gas 45 psi, temperature 350◦C, ion spray voltage -4500 V and collision gas
set to medium.

3. Results and discussion

Analysis of the results (Fig. 3) shows that the lowest concentration of all drugs in
the River Warta was recorded in July and August, and the highest in April, June,
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September and December. The higher concentrations in the autumn, winter and
spring are probably related to the increased morbidity, which directly translates into
an increase in consumption of these drugs and their increased amounts in the waste
water and then in the river. The highest concentration of ibuprofen was observed in
June and remained almost constant for the rest of the period. In the case of naproxen,
the highest concentrations were found in April and September. For the other months
its concentration was low. Fenoprofen concentration throughout the test period was
low. Very similar values are observed for ketoprofen, except for June which shows a
significant increase in concentration of the drug.

Fig. 3. NSAIDs in the River Warta, Poznan in 2012 (average values for 3 series) error
bars (measurement uncertainty).

4. Conclusion

The following pharmaceuticals have been identified and determined in the River
Warta: ibuprofen, naproxen, ketoprofen, fenoprofen. Tolmetin was not detected.
The lowest concentrations of all drugs in the River Warta were recorded in July and
August, and the highest in April, June, September and December. During the study
period it was ibuprofen that was found in the highest concentration (June). This
research confirms that NSAID contamination of the River Warta is comparable with
the published results of water contamination in Central Europe.
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Kosjek, T. Heath, E. Krbavčič A. (2005), ‘Determination of non-steroidal anti-
inflammatory drug (nsaids) residues in water samples’, Environment international
pp. 679–685.

Kot-Wasik, A Dębska, J. Wasik A. Namieśnik J. (2006), ‘Detremination of nons-
teroidal antiinflammatory drugs in natural waters using off-line and on-line spe
followed by lc coupled with dad-ms’, Chromatographia pp. 13–21.

Lopez de Alda, M. Dı́az-Cruz, S. Petrovic M. Barceló D. (2003), ‘Liquid
chromatography-(tandem) mass spectrometry of selected emerging pollutants
(steroid sex hormones, drugs and alkylphenolic surfactants) in the aquatic envi-
ronment’, Journal of chromatography A pp. 503–526.

Pedersen, J.A. Soliman, M. Stuffet-I.H. (2005), ‘Human pharmaceuticals, hormones,
and personal care product ingredients in runoff from agricultural fields irrigated
with treated wastewater’, Journal of agricultural and food chemistry pp. 1625–1632.
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