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Abstract 
 

The aim of the work was to study the bioaccumulation of paracetamol (PRC) 

and ibuprofen (IBF) by living biomass of cyanobacteria Synechococcus 

bigranulatus, freshwater plant Egeria densa or moss Vesicularia dubyana. In the 

case of PRC bioaccumulation by cyanobacterial biomass, it was found that in the 

first minutes of exposure, rapid, probably sorption processes were subsequently 

replaced by a slower uptake of PRC. From this point, the bioaccumulation showed a 

linear dependence, reaching almost 32% removal of PRC (3.12±0.03 mg·g–1) from 

10% Hoagland medium with an initial concentration of PRC 50 mg·dm–3 and after 

14 d of exposure. Sorption processes played a minor role in the binding of PRC by 

E. densa biomass. In the first 2 h of exposure, we did not observe the uptake of 

PRC, and more significant bioaccumulation at the level of 17% removal of PRC 

(0.066±0.010 mg·g–1) from a medium containing 5 mg·dm–3 of PRC occurred later 

and during the 24 h of exposure. Also, it was shown that with increasing 

concentration of E. densa biomass the percentage of PRC binding increased, but the 

specific uptake of PRC (in mg·g–1) decreased. Like PRC and E. densa biomass, we 

found that the sorption contributed minimally to IBF uptake by moss biomass. 

However, further bioaccumulation was characterized by a significant removal of IBF 

at the level of 22% (0.052±0.040 mg·g–1) from a medium containing 12.5 mg·dm–3 

of IBF. 
 
© University of SS. Cyril and Methodius in Trnava

 

Introduction 
 

For decades, many pharmaceutical products have 

been developed and introduced to meet the needs 

of an ever-growing world population (Rantanen 

and Khinast 2015). The presence of pharmaceutical 

compounds in wastewater is becoming 

an environmental challenge, particularly because 

of their adverse effects on human health and on 

terrestrial and aquatic ecosystems (Sivarajasekar et 

al. 2017). Pharmaceuticals, such as anti-retroviral 

drugs, painkillers, antibiotics, etc., and their 

derivatives enter water bodies and the environment 

through the excretion (Zhang et al. 2020; Ortúzar 

et al. 2022; Samal et al. 2022). Non-steroidal anti-

inflammatory drugs, Class IA and IIB pollutants, 

are excreted unmetabolized into water in the form 

of urine (Koltsakidou et al. 2021). More than 50 

different drugs from these groups are available on 

the global market and are used by nearly 35 million 
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people every day (López-Miranda et al. 2022). 

Pharmaceutical residues from a variety of sources 

(human, agricultural, and industrial) have also been 

found in almost all environmental matrices, such as 

surface water, groundwater, wastewater treatment 

plant effluents, sludge and even ocean water, 

despite increasing dilution (Fang et al. 2012; 

Bedoya-Ríos et al. 2018; Patel et al. 2019). 

However, many of them can cause environmental 

damage because their maximum permissible 

concentrations in water have not yet been regulated 

(Villaescusa et al. 2011). The levels at which these 

compounds have been measured range from 

the ng·dm–3 to the µg·dm–3, but in specific cases, 

the concentrations can reach the values in mg·dm–3 

(Oggier et al. 2010; Nunes et al. 2014). Many 

of these compounds can damage ecosystems and 

their long-term and synergistic effects on human 

health and other organisms are mostly unknown 

(Petrie et al. 2015). The potential toxicological 

risks and consequences resulting from human 

exposure, such as the development of antibiotic-

resistant bacteria, feminisation of male fish, and 

toxicity and genotoxicity in aquatic life, are very 

often described (Dvořáková Březinova et al. 2018). 

Among the various pharmaceutical compounds 

frequently detected in water resources are 

paracetamol and ibuprofen, which are classified as 

anti-inflammatory and analgesic drugs (Ahmed 

2017; Sellaoui et al. 2017). Paracetamol (N-(4-

hydroxyphenyl) acetamide) is one of the most 

widely used analgesics, antipyretics, and non-

steroidal anti-inflammatory drugs available without 

prescription worldwide, as well as one of the most 

commonly occurring drugs in various 

environmental matrices, i.e. in sediments, 

groundwater or drinking water (Żur et al. 2018). 

This drug belongs to emerging pollutants and is 

often detected in the waterbodies in a concentration 

range of ng·dm–3 to μg·dm–3 (Islam et al. 2024). 

Continuous unintentional recharge of these low 

levels can have negative impacts on organisms and 

sub-organisms in the receiving aquatic environment 

(Żur et al. 2018). Due to its high stability, 

solubility, and hydrophilicity, it has been detected 

in surface water, wastewater, and drinking water 

worldwide (Bonnefille et al. 2018). The identity, 

persistence, and toxicity of the degradation 

products of paracetamol are not widely described in 

the literature (Ranieri et al. 2011). When secondary 

effluents are discharged to surface waters, the 

Predicted Environmental Concentration (PEC) may 

exceed the predicted no-effect concentration 

(PNEC), which may lead to ecotoxicity to the 

aquatic environment (Grung et al. 2008). Ibuprofen 

(2-(4-isobutylphenyl)propanoic acid) is a widely 

used non-steroidal anti-inflammatory drug for 

treatment of inflammation, pain, fever, rheumatoid 

arthritis, and migraines. It is sparingly soluble in 

polar solvents, such as water, but completely 

soluble in non-polar solvents, such as methanol or 

ethanol (Bello et al. 2019). The concentration of 

ibuprofen as the third most consumed drug in 

wastewater treatment plant effluents is up to 

25 mg·dm–3 (Melillo et al. 2004; Mestre et al. 

2007). The World Health Organisation (WHO) 

found that the concentrations in surface water in 

Finland, France and Germany were 65, 120, and 

530 ng·dm–3, respectively (Mlunguza et al. 2019). 

It is known that ibuprofen can cause changes in the 

endocrine system of aquatic species (Ding et al. 

2017). Menicagli et al. (2024) found that ibuprofen 

did not affect plant growth of seagrass Cymodocea 

nodosa but caused physiological alterations which 

varied in severity depending on its concentration. 

Concentrations of 0.25 and 2.5 µg·dm–3 caused 

oxidative stress. Elimination efficiencies of up to 

90% were recorded in municipal wastewater 

treatment plants (López-Miranda et al. 2022). 

Within European Union, ibuprofen is considered by 

the Priority Substance Directive (EC 2013) and the 

EU commission (DG Env 2020) as a candidate for 

the relatively short priority substance list under the 

Water Framework Directive (WFD, EC 2000). 

The removal of pharmaceuticals from wastewaters, 

water streams, and aquatic systems is a challenge 

for researchers worldwide in terms of the 

development of new alternative methods and 

technological solutions to remove these potential 

environmental contaminants and hazardous 

compounds. In addition to traditional methods and 

techniques for the removal of this group 

of substances, advanced wastewater treatment 

methods, such as flotation, filtration, precipitation, 

chemical oxidation, hydrolysis, chemical reduction, 

reverse osmosis, physical degradation, chlorination, 

photochemical reactions, adsorption, and ion 

exchange, have been modified and developed 
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(Sharma and Bhattacharya 2017; Singh et al. 

2021). However, the implementation of these 

techniques is limited by high operating costs and 

high energy consumption. 

Bioaccumulation and biosorption using living and 

dead biomass are alternative bioremediation 

methods designed to remove various environmental 

contaminants. The potential applications of these 

bioremediation processes have been explored in 

several papers and evaluated in terms of their 

application advantages and disadvantages in the 

following reviews (Mondal et al. 2016; de Jesus 

Menk et al. 2019; Show et al. 2021; Thabede et al. 

2023; Nasir et al. 2024). A significant part of the 

works deals with the use of algal and aquatic plant 

biomass in the removal of pharmaceutical drugs by 

bioaccumulation or biosorption processes (Mustafa 

et al. 2021; Couto et al. 2022; Mojiri et al. 2022; 

Gómez-Regalado et al. 2023; Ramesh et al. 2023). 

In the last ten years, our research has been focused 

on the study of bioaccumulation and biosorption 

of heavy metals, radionuclides or synthetic dyes 

by living or dead biomass of freshwater 

microorganisms, plants or mosses (Horník et al. 

2013; Šuňovská et al. 2016; Pipíška et al. 2018; 

Pipíška et al. 2020; Machalová et al. 2023; Valica 

et al. 2023). The aim of the present work was 

to study the bioaccumulation of selected 

pharmaceutical drugs, paracetamol and ibuprofen, 

by living biomass of cyanobacteria Synechococcus 

bigranulatus, freshwater plant Egeria densa 

or moss Vesicularia dubyana. The selection 

of these biological objects was focused on 

freshwater photosynthetic organisms forming 

important components of the biocenosis 

of freshwater systems. Cyanobacteria of the genus 

Synechococcus represent the prokaryotic 

autotrophic picoplankton of both freshwater 

and marine waters. However, the freshwater plant 

E. densa, whose habitat is in South and Central 

America and Africa, is also found in the rivers 

of Central Europe as an introduced invasive plant. 

This fact is confirmed by the work of Hussner 

and Lösch (2005), who found E. densa in the Erft 

River (Northrhine-Westphalia, Germany), where it 

was found in the riverbed to a depth of 1 m within 

7 m of the bank. The freshwater moss V. dubyana 

is native to Southeast Asia (Philippines, Java, 

Malaysia). 

Experimental 
 

Reagents 

 

Single-component solutions of paracetamol (PRC; 

N-(4-hydroxyphenyl) acetamide, CAS 103-90-2: 

purity ≥98%, Mr = 151.16, λmax = 243 nm; Sigma-

Aldrich, USA) or ibuprofen (IBF; 2-(4-

isobutylphenyl)propanoic acid, CAS 15687-27-1: 

purity ≥98%, Mr = 206.28, λmax = 265 nm; Sigma-

Aldrich, USA) of known concentrations 

(in mg·dm–3) were prepared by dissolving 

appropriate amounts of the pharmaceutical 

in deionised water (18.2 MΩ.cm at 25°C; prepared 

by PURELAB® 4 Flex system, Elga Veolia, Great 

Britain) contained 10% v/v of methanol (CAS 67-

56-1: purity 99.9%; Sigma Aldrich, USA) or by 

appropriate dilution of prepared stock solutions, 

and used throughout this study. The initial pH 

of the solutions was adjusted by addition of 0.1 

mol·dm–3 HCl or 0.1 mol·dm–3 NaOH solution.  

 

Biomass of cyanobacteria, freshwater plant and 

moss 
 

The strain of cyanobacteria Synechococcus 

bigranulatus (CCALA 187) obtained from 

the Culture Collection of Autotrophic Organisms 

(CCALA) (Institute of Botany, Czech Academy 

of Sciences, Czech Republic) was isolated 

by Kovrov in 1972 from a thermal spring, 

Kunashir, Russian Federation. Inoculum for the 

experiments was cultivated in BG11 medium 

(sterilized at 121°C during 20 min) according to 

Rippka et al. (1979) in 500 cm3 Erlenmeyer flasks. 

Cultures were incubated inside the growth chamber 

under controlled temperature 27°C, continuous 

illumination provided by cool-white fluorescent 

light (4,400 lx, PAR 12 W·m–1, 48.6 μmol 

photon·m–2·s–1) and under stationary conditions for 

2 months. Before introducing the cyanobacterial 

culture into the experiments, the biomass was 

washed 3-times with deionized water to remove 

any remaining medium. 

Commercially available freshwater plant Egeria 

densa and moss Vesicularia dubyana were 

purchased from Rataj aquatic plant farm (Šumperk, 

Czech Republic). After washing with tap water 

E. densa and V. dubyana were acclimatized in 10% 
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Hoagland medium (Hoagland 1920) for 1 week at a 

photoperiod of 16 h light / 8 h dark (maximum light 

intensity was 11,450 lx), temperature of 28°C 

(light) / 18°C (dark) and a relative humidity of 60 – 

80% which was provided by the plant growth 

chamber (KBWF 720; Binder, Germany). After 

acclimation, uniform plants and mosses were 

selected for experimental purposes and washed  

3-times with deionized water to remove residual 

impurities. 

 

Bioaccumulation of drugs 

 

Into sterilized Erlenmeyer flasks (100 cm3) filled 

with 20 cm3 of 10% Hoagland medium containing 

PRC or IBF of known concentration and pH, pre-

cultured cyanobacteria S. bigranulatus, freshwater 

plant E. densa or freshwater moss V. dubyana were 

transferred. The exposure was carried out on a 

rotary shaker (150 rpm) at a photoperiod of 16 h 

light / 8 h dark (maximum light intensity was 

11,450 lx), temperature of 28°C (light) / 18°C 

(dark) and a relative humidity of 60 – 80%. 

Evaporation of water from the surface of the 

solution was prevented by partially sealing the 

Erlenmeyer flasks with a parafilm or a sterile 

cellulose plug. At a specified time interval, aliquots 

of the solution were taken from the flasks and 

centrifuged (4,500 rpm, 5 min). Then the 

supernatant was filtered through the syringe filters 

(13 mm diameter; 0.45 μm permeability) to remove 

cyanobacterial cells or impurities and the residual 

PRC or IBF concentration was determined using 

UV-Vis spectrophotometry. All experiments were 

carried out in three parallels. The removal 

efficiencies (Q%) of PRC or IBF accumulation by 

the biomass of the cyanobacterium S. bigranulatus, 

freshwater plant E. densa or moss V. dubyana were 

quantified according to the following equation (Eq. 

1): 

 

  (Eq. 1) 

where C0 and Ct are the initial concentration of 

PRC or IBF in the medium and the concentrations 

at the end of experiment (mg·dm–3), respectively.  

The specific bioaccumulation (Q; mg·g–1) of PRC 

or IBF was calculated using the following equation 

(Eq. 2): 

  (Eq. 2) 

where C0 and Ct are the initial concentration 

of PRC or IBF in the medium and the 

concentrations at the end of experiment (mg·dm–3); 

V is the medium volume (dm3) and mB is 

the amount of the biomass (g).   

The bioconcentration factor (BCF) of each drug 

accumulated in the studied biomasses was also 

determined by the equation (Eq. 3):  

 

   (Eq. 3) 

where CB and CM are the concentrations of drugs 

accumulated in the biomass (mg·g–1) and residual 

concentrations of drugs in medium at the end of 

exposure (mg·dm–3), respectively. 

 
Drug quantification 

 

Spectrophotometric analyses were realized by UV-

Vis spectrophotometer Cary 50 (Varian, Australia) 

with 1 cm quartz cells. The maximum absorption 

wavelength for PRC and IBF was determined as 

equal to 246 nm and 222 nm, respectively. At these 

wavelengths, the spectra of PRC and IBF did not 

vary in the pH range 1.0 – 10.0. The linear 

dependencies between absorbance of drugs 

and their concentration in the solution were 

confirmed for concentration ranges 0.5 – 20.0 

mg·dm–3 for PRC and 1.0 – 12.5 mg·dm–3 for IBF, 

respectively. After appropriate dilution of samples 

of aqueous solutions originating from the 

experiments and containing PRC or IBF, their 

absorbance was measured at a given wavelength 

and the residual concentration of PRC or IBF was 

determined by obtained calibration curves.   

To eliminate the effect of the release 

of biomolecules (of protein or genetic nature) from 

the biomass of the cyanobacteria S. bigranulatus, 

freshwater plant E. densa or moss V. dubyana 

during the experiments for the determination of the 

residual concentrations PRC or IBF in the UV 

wavelength region, parallel experiments were also 

carried out under identical conditions, but without 

the addition of the drugs. 
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Data analysis 

 

For the graphical evaluation of the results  

and the statistical analysis of the obtained data, 

the program OriginPro ver. 8.5 (OriginLab 

Corporation, USA) was used. 

 

Results and discussion 
 
Bioaccumulation of PRC  

 

In the first step of the work, we focused on the 

evaluation of the effect of contact time on the 

bioaccumulation of PRC by living biomass 

of cyanobacteria S. bigranulatus. This parameter is 

important not only from the point of view of the 

description of the rate of bioaccumulation 

processes, but also on the basis of the course 

of kinetics of the bioaccumulation of substances, it 

is possible to partially identify whether sorption 

(physico-chemical) processes occurring on the 

surface of the biomass are involved , or whether it 

is rather the transport of substances through the 

membranes into the cytosol (biochemical 

processes). It is well known that the sorption 

processes are time-dependent processes, describing 

the typical reaching or stabilisation the 

concentration equilibrium of [substance]biomass : 

[substance]solution in a relatively short time.  

In the case of accumulation processes, this is also 

a time-dependent process, but without reaching 

the concentration equilibrium mentioned. 

Fig. 1 shows the bioaccumulation of PRC by living 

biomass of cyanobacteria S. bigranulatus from 

a solution containing 50 mg·dm–3 of PRC in 10% 

Hoagland medium during 14 d of exposure. As can 

be seen, in the first minutes of exposure of 

cyanobacterial biomass, there was a partial 

achievement of concentration equilibrium 

[PRC]biomass : [PRC]solution and a relatively rapid but 

quantitatively low uptake of PRC (2 – 3% of the 

total amount of PRC in the medium). These rapid 

processes were subsequently replaced by a slower 

uptake of PRC, with the course of bioaccumulation 

processes showing a linear dependence (R2 = 

0.945) and reaching almost 32% (3.12±0.03 mg·g-1) 

removal of PRC after 14 d of exposure (Fig. 1A). A 

similar PRC removal efficiency of 41% was also 

found by Escapa et al. (2017) when evaluating the 

bioaccumulation of PRC by living algal biomass 

Chlorella sorokiniana from solutions containing 25 

mg·dm–3 of PRC during 8 d of exposure. The 

bioaccumulation of PRC was also described in the 

form of bioconcentration factor BCF defined as the 

ratio of PRC concentration accumulated in 

cyanobacterial biomass (mg·g–1) and residual 

concentration of PRC in solution (mg·dm–3) (Fig. 

1B). 

 

 

 
Figure 1: Kinetics of PRC bioaccumulation by living 

biomass of cyanobacteria S. bigranulatus (biomass 

concentration CB = 5 g·dm–3) from a solution containing 

50 mg·dm–3 of PRC in 10% Hoagland medium, pH = 7.0. 

Exposure was carried out on a rotary shaker (150 rpm) at a 

photoperiod of 16 h light / 8 h dark (maximum  light intensity 

was 11,450 lx), temperature of 28°C (light) / 18°C (dark) and 

a relative humidity of 60 – 80%. Bioaccumulation of PRC 

expressed as % of the total amount of PRC in the medium (A) 

and BCF (B; mg·g–1/mg·dm–3). Error bars represent the 

standard deviations of the arithmetic mean of the results of 

three independent experiments (±SD; n = 3). 

 
The bioaccumulation efficiency of PRC uptake was 

also characterized in the case of the freshwater 

plant E. densa. As we assumed rather lower PRC 

removal efficiency for this object compared to the 

cyanobacteria S. bigranulatus, we reduced the 

initial concentration of PRC in solution to the 

A 

B 
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concentration 5 mg·dm–3. At the same time, with 

the uptake of PRC by this type of biological object 

and considering the data reported in scientific 

databases, we expected rather the existence 

of rapid, sorption processes. For this reason, we 

studied the bioaccumulation of PRC by living 

biomass of E. densa during 24 h of exposure.  

 

 
Figure 2: Kinetics of PRC bioaccumulation by living 

biomass of freshwater plant E. densa (CB = 5 g·dm–3) from a 

solution containing 5 mg·dm–3 of PRC in 10% Hoagland 

medium, pH = 7.0. Exposure was carried out  

on a rotary shaker (150 rpm) at a photoperiod of 16 h light / 

8 h dark (maximum light intensity was 11,450 lx), 

temperature of 28 °C (light) / 18 °C (dark) and a relative 

humidity of 60 – 80 %. Bioaccumulation of PRC expressed as 

% of the total amount of PRC in the medium (A) and BCF (B; 

mg·g–1/mg·dm–3). Error bars represent the standard deviations 

of the arithmetic mean of the results of three independent 

experiments (±SD; n = 3).  

 

Our expectations were only partially fulfilled. 

Based on Fig. 2, it can be claimed that sorption 

processes played a minor role in the uptake of PRC 

by living biomass of E. densa. Also, we found that 

no uptake of PRC was observed in the early 

exposure times (up to 2 h of exposure). More 

significant bioaccumulation of PRC occurred later 

during the exposure at the level of 17% removal 

of PRC from 10% Hoagland medium with an initial 

PRC concentration of 5 mg·dm–3, which 

represented a specific bioaccumulation 

of 0.066±0.010 mg·g–1. 

 
Figure 3: Effect of biomass concentration CB on 

bioaccumulation of PRC by living biomass of freshwater 

plant E. densa from a solution containing 5 mg·dm–3 of PRC 

in 10% Hoagland medium, pH = 7.0. Exposure was carried 

out on a rotary shaker (150 rpm) during 24 h and  

at a photoperiod of 16 h light / 8 h dark (maximum light 

intensity was 11,450 lx), temperature of 28°C (light) / 18°C 

(dark) and a relative humidity of 60 – 80%. Bioaccumulation 

of PRC expressed as % of the total amount of PRC  

in the medium and mg·g–1. Error bars represent  

the standard deviations of the arithmetic mean of the results 

of three independent experiments (±SD; n = 3). 

 

Since in the previous experiment we confirmed 

only a minimal bioaccumulation of PRC by living 

biomass of E. densa, in the next experiment 

the effect of the biomass concentration (CB) on the 

bioaccumulation of PRC was evaluated. It was 

found that with increasing concentration of living 

biomass of E. densa ranging from 12.5 to 

37.5 g·dm–3, the percentage of PRC uptake 

increased from 74.5 to 86.0% (Fig. 3). On the other 

hand, in terms of specific bioaccumulation (in 

mg·g–1), an opposite course of the evaluated 

dependence was described, where the specific 

uptake of PRC decreased from 0.292±0.058 to 

0.114±0.016 mg·g–1 with increasing concentration 

of living biomass of E. densa. Practically the same 

result was obtained under identical conditions in 

the case of PRC bioaccumulation by living biomass 

of freshwater moss V. dubyana (Fig. 4). Also in this 

case, it was confirmed that the percentage of PRC 

bioaccumulation increased from 34.8 to 45.9% with 

increasing biomass concentration in the range 

of 12.5 to 37.5 g·dm–3, and conversely, the specific 

A 

B 
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uptake of PRC decreased from the value 

of 0.136±0.034 to 0.061±0.003 mg·g–1. 

Some authors explain this fact by biomass 

aggregation leading to the change of specific 

surface area of biomass for uptake of substances 

(m2·g–1) as well as the conditions for efficient 

mixing of the whole system (Roy and Mondal 

2017; Bind et al. 2018). 

 
Figure 4: Effect of biomass concentration CB on 

bioaccumulation of PRC by living biomass of freshwater 

moss V. dubyana from a solution containing 5 mg·dm–3 

of PRC in 10% Hoagland medium, pH = 7.0. Exposure was 

carried out on a rotary shaker (150 rpm) during 24 h and  

at a photoperiod of 16 h light / 8 h dark (maximum light 

intensity was 11,450 lx), temperature of 28°C (light) / 18°C 

(dark) and a relative humidity of 60 – 80%. Bioaccumulation 

of PRC expressed as % of the total amount of PRC  

in the medium and mg·g–1. Error bars represent  

the standard deviations of the arithmetic mean of the results 

of three independent experiments (±SD; n = 3). 

 

An interesting finding is that under identical 

conditions, the living biomass of the moss V. 

dubyana showed approx. 50% lower 

bioaccumulation of PRC compared to the living 

biomass of the freshwater plant E. densa. In terms 

of morphological structure, moss V. dubyana 

exhibits a higher specific surface area compared to 

the biomass of E. densa. Therefore, it should have  

a certain morphological advantage in the uptake 

of substances from the aquatic environment.  

The observed lower bioaccumulation capacity  

of V. dubyana to uptake of PRC is likely to be due 

to differences at the biochemical and genetic level 

between these freshwater photosynthetic 

organisms. However, confirmation of this would 

require further detailed study. 

 

 
Figure 5: Kinetics of IBF bioaccumulation by living biomass 

of freshwater moss V. dubyana (CB = 50 g·dm–3) from 

a solution containing 12.5 mg·dm–3 of IBF in 10% Hoagland 

medium, pH = 7.0. Exposure was carried out on a rotary 

shaker (150 rpm) at a photoperiod of 16 h light / 8 h dark 

(maximum light intensity was 11,450 lx), temperature 

of 28°C (light) / 18°C (dark) and a relative humidity of 60 – 

80%. Bioaccumulation of IBF expressed as % of the total 

amount of IBF in the medium (A) and BCF (B;  

mg·g–1/mg·dm–3). Error bars represent the standard deviations 

of the arithmetic mean of the results of three independent 

experiments (±SD; n = 3).  

 

Bioaccumulation of IBF 

 

As in the case of PRC, we started with the 

evaluation and description of the kinetics of IBF 

bioaccumulation by living biomass of freshwater 

moss V. dubyana (CB = 50 g·dm–3) from a solution 

containing 12.5 mg·dm–3 of IBF in 10% Hoagland 

medium during 7 d of exposure  

and at pH = 7.0 (Fig. 5). 

Similarly to PRC and living biomass of E. densa, 

we found that the sorption processes had only 

a minor contribution to the uptake of IBF by living 

biomass of the moss V. dubyana (Fig. 5A). We did 

not confirm the uptake of IBF in the early exposure 

A 

B 
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times (up to 6 h of exposure), and in the later 

course there was a significant bioaccumulation 

at the level of 22% removal of IBF from the 

medium with an initial concentration  

of 12.5 mg·dm–3, which represented the specific 

uptake of 0.052±0.040 mg·g–1. The kinetics of PRC 

bioaccumulation is also described in the form of 

bioconcentration factor BCF (Fig. 5B). 
 

 

 
Figure 6: Kinetics of IBF bioaccumulation by living biomass 

of freshwater plant E. densa (CB = 25 g·dm–3) from a solution 

containing 80 mg·dm–3 of IBF in 10% Hoagland medium, pH 

= 7.0. Exposure was carried out on a rotary shaker (150 rpm) 

at a photoperiod of 16 h light / 8 h dark (maximum light 

intensity was 11,450 lx), temperature of 28°C (light) / 18°C 

(dark) and a relative humidity of 60 – 80%. Bioaccumulation 

of IBF expressed as % of the total amount of IBF in the 

medium (A) and BCF (B; mg·g–1/mg·dm–3). Error bars 

represent the standard deviations of the arithmetic mean of 

the results of three independent experiments (±SD; n = 3). 

 

Since living biomass of E. densa showed a high 

efficiency of PRC bioaccumulation, for IBF 

bioaccumulation, we focused in detail on the 

characterization the kinetics of IBF uptake at short 

exposure times. The description of the kinetics 

of IBF bioaccumulation by living biomass of 

freshwater plant E. densa (CB = 25 g·dm–3) from a 

solution containing 80 mg·dm–3 of IBF in 10% 

Hoagland medium (pH = 7.0) during  

120 min of exposure is depicted on Fig. 6. 

We found that bioaccumulation reached the 

concentration equilibrium [IBF]biomass : [IBF]solution 

from 40 min of exposure time, representing the 

involvement of mainly sorption processes  

in the removal of this drug. We confirmed a similar 

result for the bioaccumulation of PRC by 

cyanobacterial biomass of S. bigranulatus (Fig. 1). 

 
Figure 7: Effect of biomass concentration CB on 

bioaccumulation of IBF by living biomass of freshwater plant 

E. densa from a solution containing 80 mg·dm–3 of PRC 

in 10% Hoagland medium, pH = 7.0. Exposure was carried 

out on a rotary shaker (150 rpm) during 24 h and at a 

photoperiod of 16 h light / 8 h dark (maximum light intensity 

was 11,450 lx), temperature of 28°C (light) / 18°C (dark) 

and a relative humidity of 60 – 80%. Bioaccumulation of IBF 

expressed as % of the total amount of IBF in the medium and 

and mg·g–1. Error bars represent the standard deviations of the 

arithmetic mean of the results of three independent 

experiments (±SD; n = 3). 

 

Fig. 7 describes the effect of biomass concentration 

CB on bioaccumulation of IBF by living biomass 

of freshwater plant E. densa from a solution 

containing 80 mg·dm–3 of PRC in 10% Hoagland 

medium. In this case, a different dependence was 

observed than was the case for PRC 

bioaccumulation by living biomass of freshwater 

plant E. densa or moss V. dubyana, respectively. 

First, the effects of biomass concentration on the 

efficiency of IBF bioaccumulation (in %) and 

specific bioaccumulation of IBF (in mg·g–1) 

showed similar dependencies. Second, 

the bioaccumulation of IBF by living biomass of E. 

densa gradually increased with increasing biomass 

concentration from 12.5 to 50 g·dm–3, whereby the 

highest bioaccumulation of IBF was identified at a 

biomass concentrationof 50 g·dm–3. On the other 

A 

B 
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hand, at the highest concentration of E. densa 

biomass CB = 100 g·dm–3, there was described a 

significant decrease in IBF uptake. 
 

Conclusions 
 

The number of pharmaceuticals released showing a 

steadily increasing trend, suggesting that their 

negative impacts on ecosystems will also become 

more pronounced. Since these substances enter the 

environment mainly in the form of municipal 

wastewater and thus threaten aquatic systems, it is 

important to carry out studies to assess the 

bioaccumulation of pharmaceuticals by the 

biocenosis of freshwater systems in terms of their 

toxicological effects, the risks associated with their 

further distribution through the food chain, and the 

possibility of application of freshwater organisms 

to remove them from aqueous solutions. 
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