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• The study aimed to determine the occurrence of pharmaceutical and caffeine residues in rivers
and coastal seawater in the Southern Baltic Sea.

• The Gulf of Gdansk and its western branch The Puck Bay have been chosen as study sites to
assess the possible sources of target chemical substances in coastal ecosystems. Special
attention was given to tracing potential supply sources like Vistula river and wastewater
treatment plant discharge outlets located directly in The Gulf of Gdansk.

• Two pharmaceuticals (carbamazepine and diclofenac) and caffeine were detected in varying
concentrations with the use of LC–ESI-MS/MS method.

• The MS/MS system consisted of an HCT Ultra ion trap mass spectrometer equipped with an
electrospray ionization source. Isotopically-labeled standards were used as internal standards to
quantify pharmaceutical and caffeine residues in the environmental samples.

• BAKERBOND® Speedisks (H2O-Philic DVB) were used for the solid-phase extractions.
• Chromatographic separation was carried out on a Luna Omega Polar C18 column.

The increasing rate of pharmaceutical consumption, linked to rapid advances in medical sciences,
population growth and aging, and relatively low removal efficiency of conventional wastewater
treatment plants (WWTP) are some of the reasons for the widespread presence of
pharmaceuticals in the aquatic environment. Large loads of drug residues enter coastal waters via
sewage treatment plants effluents and river inputs leading to seawater contamination. Emerging
contaminants including pharmaceuticals have been widely recognized as a potential factor
contributing to the deterioration of coastal ecosystems.
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Fig. 1. Map showing The Gulf of Gdańsk and the Bay of Puck and study sites. The triangles represent the  sampling sites locations.
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Conclusions

• Caffeine and carbamazepine were the most frequently detected compounds.
• Vistula river has been identified as an important source of both substances in The Gulf of Gdansk

and the Bay of Puck.
• The presence of diclofenac was associated with the proximity of wastewater effluent discharge

outlets.
• Further studies are needed to investigate the seasonality of drug residues release to the marine

environment in the Bay of Puck and, most likely, the other Baltic Sea coastal areas.
• There is a need to perform a preliminary risk assessment to reveal if the presence of the most

often detected compounds, such as diclofenac, may be of high ecological relevance.
• Future ecotoxicological studies should focus on chronic adverse effects on aquatic biota, both for

single pharmaceutical compounds and their mixtures. This is particularly true for the marine
environment, where data is missing.
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Fig. 2. The chemical structure of diclofenac (A), carbamazepine (B) and caffeine (C). 
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Fig. 3. (A) Seagrass beds.
Bay of Puck is an inner
basin of the Bay of Gdansk
known as a nursery ground
and breeding area for many
fish and bird species . It is
protected as a marine part
of Seaside Landscape Park.
(photo S. Andrulewicz), (B)
The Gulf of Gdańsk (photo
K. Pazdro)

Table 1. Concentrations of pharmaceutical residues (carbamazepine (CAR), diclofenac (DCF) 
and caffeine (CAF) detected in samples in several locations (The Gulf of Gdansk, The Puck 
Bay, Vistula river). ( nd: not detected, SW: seawater, RW: river water, s: surface water, b: 
bottom water)
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