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Abstract. The pollution of aquatic ecosystems by pharmaceuticals is presently recognized as a 
serious threat. The drug residues may contaminate surface waters via sewage discharges as 
well as improper disposal of industrial waste. Very few studies focused on the effects of drug 
pollutants on behaviour of invertebrates. In this study the effects of ibuprofen and venlafaxine on 
activity of the Unio tumidus were studied. Changes in behaviours were analysed at 
concentrations corresponding to wastewater discharges (3.4, 6.8 and 13.6 μgL−1). At dosage of 
3.4 μgL−1, ibuprofen affected the activity time and shell opening level. The reduction in activity 
was particularly evident during the first few days. The same dose of venlafaxine caused 
hyperactivity of bivalves during the first few days of exposition. The highest doses (13.6 μgL−1) 
same drugs promoted reduction of activity and shell opening level. Moreover, exposure to these 
drugs resulted in the reduced water filtering time and hence its purification. The Unio tumidus 
reaction may indicate negative reaction of other aquatic species to the tested drugs. 

1. Introduction 

Water pollution is considered as an extensive term 
comprising of many agents derived from multiple 
sources. Including both pathogens (viruses, coliform 
bacteria, protozoan parasites) and chemical compounds 
like toxic metals, fertilizers, pesticides, arsenic, 
perchlorate, polycyclic aromatic hydrocarbons and 
polychlorinated biphenyls [1, 2, 3]. However, at a time 
where pharmaceuticals are used commonly on global 
scale, it makes pollution problem even bigger. 

Currently, there are several thousand substances 
belonging to the group of pharmaceuticals on the global 
scale. One of the most often used pharmaceuticals are 
nonsteroidal anti-inflammatory drugs, such as ibuprofen. 
The NSAIDs can be found in surface and groundwater in 
different concentrations because of the global 
consumption and limited efficiency of sewage treatment 
processes. Klimaszyk and Rzymski [4] found sources of 
NSAIDs in the environment, which are e.g.: hospital 
sewage, domestic and treated wastewater, effluents from 
pharmaceutical manufactures, etc. The technologies 
used-the most common biological sewage treatment 
plants do not allow you to complete the distribution of 
drugs [5, 6]. Semi-purified water goes then to the 
environment. Poland is in the third place in Europe 
(behind Greece and France) in the quantity of used 
pharmaceuticals in the year 2016 [7]. The popularity of 
non-steroidal anti-inflammatory drugs is primarily due to 
widespread access to them [8]. 

The other group of pharmaceuticals which become 
significant threat for aquatic ecosystems are 
psychotropic drugs. Based on Thomas et al. [9] the 
average annual growth rates for usage of psychotropics, 
especially in group of adolescents increased rapid after 
1999. Another authors clearly indicate that the 
consumption of pharmaceuticals, in different age groups 
increases year by year [4, 10, 11, 12]. Thus, the amount 
of wastewater contaminated with psychoactive 
substances increased.  

Currently, just few information is available on the 
concentration of ibuprofen detected in water in Poland. 
Kasprzyk-Hordern et al. [13] found that in 2008 about 79 
ng/l of ibuprofen was found in Warta river. However, 
there is lack of information about concentration of 
psychoactive pharmaceuticals in surface water and their 
negative impact to aquatic animals as well as human 
health. Despite the fact that the efficiency of removing 
drugs from raw sewage is very high (97 ± 100%) 
according to the authors, their presence is still detectable 
[14, 15]. In addition, Kot-Wasik et al. found that in 2016 
in tap water in Gdańsk concentration of this ibuprofen 
exceed 223,6 ngL−1 [16].  

The various studies showed that anti-inflammatory 
drugs significantly affect aquatic organisms.  In 
experimental conditions the half-life of ibuprofen can 
vary between 19 to 493 days, while venlafaxine between 
5.7 to 28.5 days [17, 18, 19]. During this time, aquatic 
ecosystems are exposed to the negative effects of drugs. 
Most known and well documented example of 
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pharmaceuticals impact on living organisms was the 
feminization of male fish [20, 21, 22]. In addition, the 
rainbow trout under a stress conditions caused by drugs, 
showed changes in the gills and damage kidneys [23]. 
NSAIDs affect toxic to phytoplankton, zooplankton and 
cyanobacteria [23] and inhibit the growth of Lemna spp.. 
However, in the case of Daphnia magna especially 
ibuprofen may inhibit reproductive capacity and inhibit 
the growth [24]. Undoubtedly increasing occurrence of 
pharmaceuticals contributes to serious changes in water 
ecosystems[17]. 

Although the impact of pollution caused by many of 
the pharmaceuticals still there are large data gaps, a few 
of them were identified as dangerous for the aquatic 
environment. There is plenty of data about negative 
effect of drugs to fish population and just a little about 
invertebrates. Therefore, the aim of this study was to 
check the toxic effect of ibuprofen as well as venlafaxine 
to Polish native bivalve species (Unio tumidus). The 
effect of the cumulative dose of pharmaceuticals on the 
behavior of bivalves was tested and the authors did not 
analyze the lethal concentrations was not considered. 

2. Materials and methods 

2.1 Collection of 6-year old (±2) bivalves, pre-
treatment and exposure 

The 6-year old Unio tumidus were retrieved in 2018 
from small lake located 16 km southwest of Poznan, 
Poland with no inputs of effluent water. The bivalves 
were placed in the laboratory aquarium (80 L) containing 
bottled water. They were fed dry phytoplankton twice a 
week. Bivalves were kept under controlled light and dark 
conditions (12 h:12 h). Typical water quality parameters 
of the bottled water are: pH 8.0, calcium cation Ca2+ 
72,14 mgL−1, sodium cation Na+ 57,14 mgL−1, 
magnesium cation Mg+ 34,03 mgL−1, bicarbonate anion 
HCO-

3 514 mgL−1, sulfate anion SO2-
4 15,02 mgL−1, 

chloride anion Cl- 13,10 mgL−1 and  temperature 12°C. 
Bivalves (n = 16) were then placed in oxygenated (using 
airstones) aquarium (25 cm high × 25 cm wide × 150 cm 
long) filled with bottled water to a depth of 20 cm. In 
each scenario of experiment, eight replicates were made. 

In scenario one, bivalves spent one week in a normal 
condition (control period), then they were exposed for a 
one week to nominal concentration of 4 μgL−1 ibuprofen, 
which was increased week by week up to 12 μgL−1 
(analytical grade ibuprofen from HASCO-LEK). In 
scenario two, as in the previous study, bivalves spent one 
week in a normal condition (control period), then they 
were exposed for a one week to nominal concentration 
of 4 μgL−1 venlafaxine, which was increased week by 
week up to 12 μgL−1 (analytical grade venlafaxine from 
PFIZER). There were no significant differences in 
weight or dimensions of the chosen bivalves. During the 
treatment, the bivalves were not fed. 

2.2 Data measurement and data collection 

Hall sensor technologies were used in this experiment. 
The methods similar to developed by Wilson et al. 
(2005) [25] and modified by Robson et al. (2007) [26] 
were used. However, Robson et al. (2009) [27] thought 
that both, Wilson et al. (2005) as well as Robson et al. 
(2007) did not calibrated all possible gape angles. 
Therefore in our experiment we used comercial software 
Symbio (Prote Technologie dla Środowiska company) to 
avoid calibration dilemma.  Moreover, bivalves were 
placed on the special construction shown in Figure 1. 
Ferrite magnet were glued to the left shell of each 
bivalve using a cyanoacrylate adhesive. Behavioral traits 
(activity time, shell opening level) were measured 
continuously. The magnetic field strength measurements 
were first converted to the distance between the magnet 
and the probe in millimeters, then converted to the 
percentage of the opening level of the shells, according 
to the formulas: 

 

                         (1) 

                        (2) 
  
D- distance between the magnet and the probe (mm),  
x- magnetic field intensity (mV),  
P- percentage of the opening level (%).  
 
Calculations were made automatically by the 

controller. Aproximately 86400 data per day were 
collected for each bivalve. 

Fig. 1. Set-up of the bivalves valve movement monitor. A- the 
valves closed, the maximal magnetic field at the sensor. B- the 
valves opened, the minimal magnetic field at the sensor 

2.3 Behavior data analysis 

Each experiment was divided into four phases: control 
period, treated with 4 μgL−1, treated with μgL−1 and 
treated with 12 μgL−1 of ibuprofen and venlafaxine. 
Bivalves behaviour was analyzed for significant 
differences between the control and all treated period. 
Two behavioral traits were tested: activity time and shell 
opening level. The activity time was measured as a time 
when bivalve's shells were open and considered to be 
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filtering over a period of time. Shell opening level was a 
daily value of mean percentage level of shell opening. It 
included both active and inactive periods. Experiment 
was carried out for 28 days for each drug, during which 
each period lasted 7 days. Data from 28 days were 
extracted for statistical analysis of significant effects for 
activity time and shell opening level. The periods were 
selected before and during each ibuprofen and 
venlafaxine exposure scenario. Each period was 
analyzed for normal distribution using Shapiro–Wilks 
test and the parametric analysis of variance ANOVA 
were used. The STATISTICA 13.1 software package 
was used in analysis. 

3. Results 

Activity time of the bivalves exposed to ibuprofen was 
affected by concentration. However, the significant 
differences were observed only between control and all 
treated periods (F=9.94, p=0.0002). There were no 
differences between individual pharmaceuticals 
concentrations (F=2.36, p=0.122). During the control 
period mean daily activity time exceed 20 hours per day. 
After exposure to 4 μgL−1 of ibuprofen it decreased to 15 
hours per day. The lowest mean daily activity time (10 
hours per day) was observed during exposition to 12 
μgL−1 of ibuprofen (Fig. 2A).  

 

Fig. 2. Activity time (A) and shell opening level (B) measured 
in the laboratory for the control and ibuprofen treatment (4 
μgL−1, 8 μgL−1, 12 μgL−1) periods 

Shell opening level exposed to ibuprofen was 
affected by concentration as well. Control period was 
significantly different from treatment periods (F=12.47, 
p<0.0001). Between treated periods significant 
differences were not observed (F=1.61, p=0,228). During 
control periods mean daily shell opening level exceed 
80%. After exposure to ibuprofen this behavioral trait 
showed downward trend. Exposure to 4 μgL−1 of 
ibuprofen caused a drop in the shell opening level by 

20% in comparison to the control. The lowest mean daily 
shell opening level (48%) was observed during 
exposition to 12 μgL−1 of ibuprofen (Figure 2B).  

Activity time of the bivalves exposed to venlafaxine, 
as in the previous scenario, was affected by 
concentration. The significant differences were observed 
between control, 8 and 12 μgL−1  (F= 6.82, p= 0.0016). 
There were no differences between individual 
pharmaceuticals concentrations as well as between 
control and 4 μgL−1. During the control period mean 
daily activity time ranged from 13 to 22 hours (15±7h). 
After exposure to 4 μgL−1 of venlafaxine it decreased to 
10±8 hours per day. The lowest mean daily activity time 
(less than 7 hours per day) was observed during 
exposition to 8 μgL−1 and 12 μgL−1 of venlafaxine 
(Figure 4A).  

Data obtained during the continuous monitoring of 
mollusc behaviour are shown in Fig. 3. During the 
control period, five periods were separated during which 
the shell level was less than 50%. This value is 
considered as the boundary between normal and stress 
behaviour. In the case of control period, these events 
(due to their short duration) were probably caused by 
external factors, such as light or noise. However, during 
treatment period with exposition to 4 μgL−1 of ibuprofen, 
the events of the reduced shell opening level exceed 24 
hours. This means that all bivalves showed a stress 
reaction. Similarly, in the case of further treatment 
periods, the shell opening for more than half of the 
analyzed time did not exceed 50%. Especially at a 
concentration of 12 μgL−1 (last 3 days) bivalves 
remained closed for the majority of the analyzed time 
without activity. 

Fig. 3. Changes in shell opening level in a Unio tumidus over a 
26 days period of ibuprofen treatment 

Changes of bivalves behaviour were also observed in 
the case of shell opening level. Control period was 
significantly different from exposure to 8 μgL−1 and 12 
μgL−1 (F= 13,32, p<0.0001). However, there was no 
significant different between control and exposure to 4 
μgL−1. During control period mean daily shell opening 
level ranged from 60% to 90%. After exposure to 
venlafaxine the behavioral trait showed downward trend. 
However, exposure to 4 μgL−1 of venlafaxine did not 
significantly reduce the shell opening level. It was about 
9% in comparison to the control. The lowest mean daily 
shell opening level (28%) was observed during 
exposition to 12 μgL−1 of venlafaxine (Figure 4B).  
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Data obtained during the continuous monitoring of 
bivalves behaviour are shown in Figure 5. During the 
control period, three periods were separated during 
which the shell level was less than 50%. However, there 
was also a period, during which the mean shell opening 
level decrease below 20%. These event (due to their <10 
hours duration) were caused by external factors. 
However, after the introduction of the venlafaxine, the 
activity of mussels has increased rapidly. The reduced of 
shell opening level occurred during third day of 
exposition, and over next four days did not increased. 
This means that all bivalves showed a stress reaction. 
Similarly, in the case of further treatment periods, the 
shell opening for more than half of the analyzed time did 
not exceed 60%. 

Fig. 4. Activity time (A) and shell opening level (B) measured 
in the laboratory for the control and venlafaxine treatment (4 

μgL−1, 8 μgL−1, 12 μgL−1) periods 

Fig. 5. Changes in shell opening level in a Unio tumidus over a 
26 days period of venlafaxine treatment 

4. Discussion 

According to the current ecotoxicological works and 
European Medicines Agency guidelines, there are a 

various approaches for risk assessment tests associated 
with pharmaceuticals effect on aquatic organisms. 
However, they are mainly quantified based on acute 
toxity methods (LC50, LD50 etc.). Our research showed 
that ibuprofen as well as venlafaxine contamination may 
affect bivalves behavioural reactions, which cannot be 
identified  by mortality tests. We found that both drugs 
caused reduction of activity time (Fig. 2A, 4A) and 
reduction of shell opening level (fFig.2B, 4B). However, 
even at 12 μgL−1 concentration lethal states were not 
observed. 

Our research showed that ibuprofen and venlafaxine 
contamination generates avoidance behaviour, 
interpreted as an activity decrease. In the case of 
ibuprofen, difference between control and treated period 
in activity time is more than 8 hours (at 12 μgL−1 

concentration). Similar result found Marchlewicz et al. 
[28]. They noticed changes in the activity time of 
Gammarus pulex treated with small doses of ibuprofen 
(0.1-10 μgL−1). They observed a 35% drop in the activity 
time of this crustacean after using ibuprofen in the 
amount of 1 μgL−1. In our studies on tumidus the reaction 
was significant in the ibuprofen concentration found in 
surface waters. 

The negative effect of ibuprofen on bivalves 
behavioural reaction may be accelerated by the 
appearance of another drugs. Szymonik and Lach [29] 
indicated that the toxicity of NSAIDs increases in 
mixtures with other pharmaceutical substances. They 
showed that ibuprofen in a mixture with acetylsalicylic 
acid, naproxen and diclofenac has a much higher toxicity 
in relation to Daphnia magna than when it occurs alone. 
Due to that reason the unknown effects of multiple 
pharmaceutical exposure warrants further studies. 

The concentrations of an ibuprofen as well as mix of 
different pharmaceutical products affect bivalves 
behavior. The rate of drugs concentrations increase in 
water is alarming [30]. It should also be emphasized that 
our research took place in laboratory conditions. Other 
behavioural reactions under real conditions cannot be 
excluded. Further, the use of pharmaceutical increases 
every year. Therefore, higher concentrations of 
pharmaceutical residues in aquatic systems can be 
expected to appear. Especially, because of a rapid 
increase of drugs availability for worldwide population 
[31]. The results we received from the study enhances 
ecologically significant effects of NSAIDs which affect 
aquatic ecosystems generally 

The research we conducted confirms findings of 
Bueno et al. [32], claiming that venlafaxine is being 
accumulated in bivalves and possibly other aquatic 
animals. This pharmaceutical belongs to group of 
chemicals called serotonin and norepinephrine reuptake 
transporters (SSRIs), and we were able to detect reaction 
of the studied organisms, since serotonin is a major 
neuroremodulator in them. Due to serotonin playing vital 
role in physiological and behavioral functions of bivalve, 
such as gill ciliary (Fong and Ford, 2014) [33], we were 
able to directly observe its’ effect. The 30-60% reduction 
in shell opening resulted from decreased nervous 
excitability caused by blocking reabsorbtion of 
neurotransmitters from synapsis cleft. We suspect this is 
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also the same reason for shortening of bivalves daily 
activity time. Because Unio tumidus is a freshwater 
species we did not observe the significant results with 
the lowest concentration of the substance of 4 μgL−1. As 
observed by Di Poi et al. [34] venlafaxine is more toxic 
to seawater bivalves than to freshwater ones. This issue 
is very problematic when considering a distribution of 
this pharmaceutical in environment over time. Minguez 
et al. [35] it have been found that venlafaxine is one of 
the most prevalent antidepressant, as being detected in 
Orne river (C = 4.8 ngL−1) it was still present in the sea 
at the river’s estuary, at concentration 1.3 ngL−1 [34]. 

Considering the rapid behavioural change of mussels, 
we conclude that Unio tumidus is able to detect the 
presence of pharmaceuticals in water. The significant 
reduction in the activity and in the shell opening level at 
a concentration of 4 μgL−1 indicates high sensitivity of 
molluscs to this group of drugs. Our previous studies  
[36, 37] showed, that Unio tumidus is sensitive to other 
pollutants, such as heavy metals, nitrogen compounds 
etc. However, during our experiment, bivalves were not 
fed, which may also affect the test result, but the 28-day 
period is not long enough to conclude about the possible 
side effects of a lack of food. Under real conditions, the 
rate at which the substance spreads are also affected by 
temperature, which was constant in the experiment. 
Therefore, this experiment should be treated as an 
introduction to subsequent studies, because considering 
the amount of new pharmaceuticals present in the water, 
as well as physical properties of water (as temperature or 
pH), further studies on the sensitivity of Unio tumidus to 
such kind of pollutants seem necessary. 
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