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Abstract 
 
The Somova-Parcheș Aquatic Complex is part of the Danube Delta Biosphere Reserve and hosts a wide variety of fauna 
and flora species of community importance. This complex is fed with a significant volume of water from the Danube River, 
thus influencing the quality of the lake ecosystems. For this reason, the present study aims to investigate the presence of 
certain classes of pharmaceutical residues in water sampled from 6 lakes, namely Somova, Parcheș, Morun, Potica, 
Babele, Câșla, as well as their ability to accumulate in the tissues of fish collected from the same study area. Extraction 
of pharmaceutical compounds was performed using the solid phase extraction method for water samples and the 
QuEChERS method for fish tissues. Results obtained from analyses using high-performance liquid chromatography 
coupled with high-resolution mass spectrometry revealed the presence of the pharmaceutical compound caffeine in most 
water samples and its tendency to accumulate in some fish organs, such as the gills. 
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INTRODUCTION 
 
The Danube River supplies water to the 
Somova-Parches Aquatic Complex, thus 
facilitating the entry of various contaminants 
into the lakes. Numerous studies have been 
carried out on the Danube River, which have 
shown that, in general, the water falls into class 
quality II (Good) (Mănoiu & Crăciun, 2021). 
However, a wide variety of chemical and 
physical compounds have been identified 
which, in certain concentrations, can have toxic 
effects on the aquatic environment, such as: 
nutrients (Malagó et al., 2017; Popa et al., 2018), 
gross alpha and gross beta activities (Pintilie-
Nicolov et al., 2021), heavy metals (Lazăr et al., 
2024; Mîndrescu et al., 2022), pharmaceutical 
compounds (Chitescu et al., 2015), 
microplastics (Procop et al., 2024), pesticides 
(Đurišić-Mladenović et al., 2024), etc. 
To date, studies have been conducted in the 
Somova-Parcheș Aquatic Complex area to 
evaluate the quality of aquatic ecosystems, 
considering the common parameters regulated 
by Order 161/2006. Among the most frequently 
analyzed compounds in this study area are heavy 
metals, oxygen regime, and nutrients (Burada et 

al., 2015; Catianis et al., 2019). This study aims 
to investigate, for the first time in this area, a 
class of emerging pollutants represented by 
pharmaceutical residues. The main pollution 
sources of the Danube river with pharmaceutical 
residues are conventional wastewater treatment 
plants and animal farms (Kock et al., 2023; 
Radović et al., 2012). 
The analysis of this type of contaminants in 
aquatic environments is very important, as they 
can have direct toxic effects on aquatic biota and 
can accumulate in biotic tissues depending on 
their concentration and the physicochemical 
properties of each pharmaceutical substance 
(Khan et al., 2020; Rojo et al., 2021; Williams et 
al., 2009). For this reason, the present research 
focuses on investigating the presence of 
different classes of pharmaceuticals in various 
organs of the Carassius gibelio fish species 
collected from the Somova-Parcheș Aquatic 
Complex.  
 
MATERIALS AND METHODS 
 
To study the presence of pharmaceutical 
compounds in the Somova-Parcheș Aquatic 
Complex, four water samples were collected 

  

from different areas (inlet, middle and outlet) of 
each lake, namely Somova, Parcheş, Morun, 
Potica, Babele and Câșla (Figure 1). 
 

 
Figure 1. Map of the studied lakes in the Somova-

Parcheş Aquatic Complex 
 

Extraction of pharmaceutical residues from 
water samples was performed with a Dionex 
AutoTrace 280 Thermo Scientific automated 
solid phase extraction system (Figure 2).   
 

 
Figure 2. Automated solid phase extraction system 

 
To extract the target compounds from fish 
tissues, the QuEChERS (Quick, Easy, Cheap, 
Effective, Rugged, and Safe) technique was 
used. This method involved the extraction of 

contaminants from the matrix into the solvent 
acetonitrile in the presence of the following salt 
mixture: 6 g anhydrous magnesium sulfate, 5 g 
sodium chloride, 1.5 g disodium citrate 
dihydrate, and 0.75 g trisodium citrate 
sesquihydrate. To remove fats, lipids, and 
pigments from the extract, a purification step 
was performed using the dispersive solid-phase 
extraction (d-SPE) method in the presence of 
sorbent materials (PSA – primary secondary 
amine, C18, and GCB – graphitized carbon) 
(Figure 3). 
 

 

 
Figure 3. QuEChERS extraction steps 

 
The extraction step was followed by the analysis 
of pharmaceutical substances from the obtained 
extracts using high-performance liquid 
chromatography coupled with high-resolution 
mass spectrometry. 
The following pharmaceutical compounds were 
investigated in water and fish tissue samples: 
metformin, carbamazepine, clindamycin, 
ciprofloxacin, clarithromycin, trimethoprim, 
sulfamethoxazole, amoxicillin, ketoprofen, 
diclofenac, and caffeine. To quantify these 
compounds, the internal standards were used 
depending on the class of pharmaceutical 
substances they belong to, as follows: 
enrofloxacin for antibiotics, 
dihydrocarbamazepine for carbamazepine, 
fenoprop for anti-inflammatories, phenacetin for 
metformin and caffeine (Figure 4). 
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The extraction step was followed by the analysis 
of pharmaceutical substances from the obtained 
extracts using high-performance liquid 
chromatography coupled with high-resolution 
mass spectrometry. 
The following pharmaceutical compounds were 
investigated in water and fish tissue samples: 
metformin, carbamazepine, clindamycin, 
ciprofloxacin, clarithromycin, trimethoprim, 
sulfamethoxazole, amoxicillin, ketoprofen, 
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Figure 4. Chromatogram of the analyzed pharmaceutical compounds 

 
RESULTS AND DISCUSSIONS 
 
Spatial distribution of pharmaceutical 
compounds identified in water samples taken 
from lakes in the Somova-Parcheş Aquatic 
Complex 
From all the 6 lakes studied in this paper, water 
samples were taken from 4 different stations, 
and the presence of different pharmaceutical 
substances was investigated. Of the 11 
compounds monitored in water samples, only 

caffeine and the internal standards added to the 
samples for compound quantification were 
identified in all sampling stations (Figure 5). 
Caffeine is found in beverages, foods, and 
medications that are consumed in significant 
quantities worldwide. For this reason, it is 
considered a significant pollutant in the class of 
active pharmaceutical compounds that is found 
with high frequency in the environment (Li et 
al., 2020). 

 

 
Figure 5. Chromatogram example of compounds in a water sample analyzed from lakes 

 
In the lakes analyzed in the present study, 
caffeine concentrations varied between 15 ng/L 
and 65 ng/L. The highest values of the caffeine 
compound were identified in Somova lake, the 
mean concentration being 55 ng/L. The lowest 
concentrations were obtained in water samples 
collected from Morun lake, where a mean 

concentration of 20 ng/L was recorded. In most 
lakes, slight variations in caffeine concentrations 
were observed from one sampling station to 
another (Figure 6). The main contamination 
source of the aquatic environment with this 
psychoactive compound is anthropogenic, 

  

generally represented by municipal wastewater 
(Vieira et al., 2022).  
The presence of this compound in the aquatic 
environment can be explained by its pseudo-
persistent character, caused by its long half-life. 
This substance also exhibits high resistance to 
chemical and biological degradation in the 
environment, has low volatility, and its low 
octanol-water partition coefficient (log Kow =   -
0.07) explains its high solubility in water 
(Rodrigues et al., 2025). In the aquatic 
environment, this alkaloid can have direct toxic 
effects on biota and can even induce behavioral 
disorders in fish at environmentally relevant 
concentrations (Cerveny et al., 2022).  
 

 
Figure 6. Spatial distribution of caffeine in the Somova-

Parcheș Aquatic Complex lakes 
 

The caffeine compound was also identified at 
high frequency in the Danube River in the 
territory of the Novi Sad, Serbia with concen-
trations varying from 3.10 to 621 ng/L (Milić et 
al., 2018). 
On the territory of Romania, there is a limited 
number of studies that have focused on the 
analysis of pharmaceutical residues in the 
aquatic environment.  
Chitescu et al., identified the following 
compounds in water samples taken from the 
Danube River: sulfamethoxazole, trimethoprim, 
enilconazole, carbamazepine, and tylosin. 
Pharmaceutical residues such as 
sulfamethoxazole, diclofenac, trimethoprim, 
carbamazepine, piroxicam and ketoprofen were 
quantified in the Olt, Argeș and Siret tributaries. 
A smaller number of pharmaceutical substances 
were identified in water samples taken from the 
Danube Delta, including sulfamethoxazole and 
carbamazepine (Chitescu et al., 2015). 

Investigation of the pharmaceutical 
compounds presence in fish specimens of the 
species Carassius gibelio 
The fish species Carassius gibelio is found 
abundantly in the Danube River basin and is 
considered the most consumed local freshwater 
fish (Raita and Georgescu, 2019). To identify 
the presence of pharmaceutical compounds in 
the species Carassius gibelio, 3 fish specimens 
were taken for analysis and extractions were 
made from muscle tissue, liver tissue, gills and 
eggs. Of all the investigated compounds, 
caffeine was the one that was found in all the 
organs analyzed from the 3 fish, with mean 
values ranging from 0.77 ng/g to 2.42 ng/g 
(Figure 7). Table 1 shows that the highest 
average concentration of caffeine was identified 
in the gills. This can be explained by the fact that 
the gills are in direct contact with water and can 
more easily accumulate pollutants found in the 
aquatic environment (Nikolić et al., 2020). 
However, it can be noted that traces of caffeine 
were identified even in the fish eggs analyzed in 
this study. 
The obtained results show that the same 
compound identified in water samples from the 
Somova-Parcheș Aquatic Complex, represented 
by caffeine, accumulated also in the organs of 
fish collected from the same study area. 
 
Table 1. Concentration levels of pharmaceuticals in fish 
specimens of the species Carassius gibelio – the values 

are expressed as mean ± standard deviation 
 

Pharmaceutical 
compound  
identified 

Fish organs  
analyzed 

Mean  
concentration ± std 

(ng/g) 

Caffeine 

Muscle tissue 1.04 ± 0.19 
Liver tissue 1.60 ± 0.23 

Gills 2.42 ± 1.10 
Eggs 0.77 ± 0.30 

 
In the literature, there are laboratory studies that 
monitored the behaviour and physiology of fish 
exposed to caffeine and it was highlighted that, 
even in relatively low concentrations, this 
compound can cause liver enlargement and 
anxiety of fish (Bikker et al., 2024). There are also 
studies reporting accumulations of the caffeine 
compound in the organs of different fish species. 
For example, Wang and Gardinali reported the 
presence of caffeine in the fish species Gambusia 
holbrooki at a mean concentration of 1.3 ng/g 
(Wang & Gardinali, 2012). 
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Figure 7. Chromatogram example of compounds identified in fish tissue from the species Carassius gibelio 

 
In the panga fish (Pterogymnus laniarus) 
caffeine was detected in the intestine, liver and 
gills with a concentration of 2.03 ng/g (Ojemaye 
and Petrik, 2019). Caffeine was also identified 
in the fish species Common Silver biddy 
(Gerres oyena), Golden snapper (Lutjanus 
johni), Emperor fish (Lethrinus, nebulosus), 
Nile Tilapia (Oreochromis niloticus), and Milk 
fish (Chanos chanos) (Ali et al., 2018). 
No results have been reported in the specialized 
literature regarding the presence of 
pharmaceutical residues in the fish species 
Carassius gibelio. 
 
CONCLUSIONS 
 
Due to their high toxicity, it is important to 
monitor the emerging contaminant class 
represented by pharmaceutical compounds in all 
water bodies.  
The present study emphasizes that a wide 
variety of pharmaceutical substances were not 
found in the lakes of the Somova-Parcheș 
Aquatic Complex. This may be due to the fact 
that there are no direct sources of pollution in the 
area. This may also be influenced by the low 
concentrations of these compounds in the 
Danube water, which may undergo various 
processes of accumulation, degradation, dilution 
until they reach the lakes of the Somova-Parcheș 
Aquatic Complex. 
However, the psychoactive substance caffeine 
was identified in all water samples analyzed. A 
possible explanation could be that it is generally 
found in higher concentrations in the aquatic 
environment compared to the other 

pharmaceutical compounds analyzed and can 
therefore reach even areas far from direct 
sources of pollution. 
This study also highlights the ability of the 
caffeine compound to accumulate in aquatic 
biota. Low concentrations of caffeine were 
identified in the organs of the fish analyzed from 
the species Carassius gibelio. 
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Figure 7. Chromatogram example of compounds identified in fish tissue from the species Carassius gibelio 

 
In the panga fish (Pterogymnus laniarus) 
caffeine was detected in the intestine, liver and 
gills with a concentration of 2.03 ng/g (Ojemaye 
and Petrik, 2019). Caffeine was also identified 
in the fish species Common Silver biddy 
(Gerres oyena), Golden snapper (Lutjanus 
johni), Emperor fish (Lethrinus, nebulosus), 
Nile Tilapia (Oreochromis niloticus), and Milk 
fish (Chanos chanos) (Ali et al., 2018). 
No results have been reported in the specialized 
literature regarding the presence of 
pharmaceutical residues in the fish species 
Carassius gibelio. 
 
CONCLUSIONS 
 
Due to their high toxicity, it is important to 
monitor the emerging contaminant class 
represented by pharmaceutical compounds in all 
water bodies.  
The present study emphasizes that a wide 
variety of pharmaceutical substances were not 
found in the lakes of the Somova-Parcheș 
Aquatic Complex. This may be due to the fact 
that there are no direct sources of pollution in the 
area. This may also be influenced by the low 
concentrations of these compounds in the 
Danube water, which may undergo various 
processes of accumulation, degradation, dilution 
until they reach the lakes of the Somova-Parcheș 
Aquatic Complex. 
However, the psychoactive substance caffeine 
was identified in all water samples analyzed. A 
possible explanation could be that it is generally 
found in higher concentrations in the aquatic 
environment compared to the other 

pharmaceutical compounds analyzed and can 
therefore reach even areas far from direct 
sources of pollution. 
This study also highlights the ability of the 
caffeine compound to accumulate in aquatic 
biota. Low concentrations of caffeine were 
identified in the organs of the fish analyzed from 
the species Carassius gibelio. 
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