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Introduction 
 
Triclosan (5-chloro-2-(2,4-dichlorophenoxy)phenol) is a broad-spectrum antibacterial and antifungal that 
received much attention during recent years since considerable loads accumulate in the aquatic habitats with 
toxic effects on bacteria and on non-target organisms. Consequently, research has been conducted on the 
mode of TCS action as well as on TCS impact on the growth, physiology and species composition of 
bacteria, microalgae and multicellular organisms such as shrimps. Since biofilms are ubiquitous members of 
freshwaters that provide important ecosystem services (e.g. self-purification), it is valuable to look beyond 
the criteria of descriptive and functional parameters. In this paper, we investigated for the first time the 
impairment of the stabilisation capacity of freshwater biofilms by TCS exposure to different concentrations (2 
µg/L - 400 µg/L) over time (2 weeks).  
 

Material and Methods 
 
Freshwater biofilms were grown within flow-through glass channels (filled with 3.5 litres of water from a 
nearby creek) over 2 weeks and monitored regularly over the next 2 weeks for biofilm growth, biofilm 
composition and sediment stability shortly before and in time intervals after TCS exposure. The following 
treatments have been established: 

1. negative control: no biofilm 
2. positive control: biofilm, no triclosan exposure 
3. bacterial culture + 2 μg/L of triclosan (T1)  
4. bacterial culture + 25 μg/L of triclosan (T2) 
5. bacterial culture + 85 μg/L of triclosan (T3) 
6. bacterial culture + 250 μg/L of triclosan (T4) 
7. bacterial culture + 400 μg/L of triclosan (T5) 

 
Biostabilisation was determined using a new developed device (MagPI, [1]), where ferromagnetic particles 
are spread onto the biofilm surface. The force of an overlying electromagnet needed to re-capture these 
particles is a measure of the adhesive forces of the biofilm, a proxy for sediment stability, as could be shown 
in several experiments (e.g. [2],[3]). The EPS (extracellular polymeric substances), secreted by the microbial 
organisms, has been assessed for its quality (proteins and carbohydrates) as well as its quantity. The 
biomass and the cell numbers of microalgae and bacteria have been determined by chlorophyll a extraction 
and by flow cytometry, respectively. The microbial community composition was investigated by microscopic 
analysis (microalgae, diatoms after embedding in naphrax), and by applying molecular techniques (DGGE / 
FISH) to confirm community shifts and identify bacterial strains).  
 

Results and Discussion 
 
The stabilisation capacity of the biofilm was impressive (up to 4 times higher than the control) but 
significantly impaired by the TCS exposure, showing the lowest sediment stability in the treatment with the 
highest TCS concentration (decrease of stability to 65% of the initial value).  
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Figure 1: The adhesive capacity, a proxy for sediment stability, expressed in mTesla (y-axis) for the different treatments (CT = 
control without biofilm, CB = control without Triclosan TCS,  T1 – T5 = TCS concentrations ranging from 2 – 400 µg/L over time.  

 
 
 
While the bacterial cell numbers showed first a continuous increase despite TCS spiking, bacterial growth 
was soon significantly hampered in the treatments with the higher TCS concentrations (85 – 400 µg/L). In the 
treatments with the lower TCS concentrations (2 – 25 µg/L), the bacterial growth showed a similar trend 
when compared to the control biofilm without TCS. These data suggest a different mode of TCS action from 
suppressing metabolism to bactericidal effects depending on the TCS concentration. TCS exposure clearly 
induced shifts within the bacterial and microalgal community that explained, along with significant changes in 
EPS quantity and quality over time, the observed changes in biostabilisation capacity.  
 
 

Conclusions 
 
In summary, triclosan exposure affects more than structural and functional parameters of freshwater biofilm; 
it also impairs the stabilisation capacity, an important ecosystem service of biofilm in aquatic habitats. Thus, 
TCS exposure in even quite moderate concentrations has a great influence on the dynamics of sediments 
and associated pollutants, with wider implications for the aquatic ecosystems and beyond.  
 
 

References 
 

[1] Lubarsky, H, Hubas, C, Chocholek, M, Larson, F, Manz, W, Paterson, DM, Gerbersdorf, SU, 2010. The 
stabilisation potential of individual and mixed assemblages of natural bacteria and microalgae. PLoS ONE. 
 
[2] Gerbersdorf, SU, Bittner, R, Lubarsky, H, Manz, W, Paterson, DM, 2009. Microbial assemblages as 
ecosystem engineers of sediment stability. Journal of Soils and Sediments, 9, 640-652. 
 
[3] Larson, F, Lubarsky, H, Gerbersdorf, SU, Paterson, DM, 2009. Surface adhesion measurements in 
aquatic biofilms using magnetic particle induction: MagPI. Limnology and Oceanography: Methods, 7, 490-
497. 
 


