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I. INTRODUCTION 
 

The technical and technological development of humanity as well 

as population growth go hand in hand with the change of natural 

environment and exploitation of nature. The environmental systems change 

continuously due to human activity and these changes often cause 

unexpected reactions, which may have long-term effects on our living and 

non-living environment as well as humanity.  

Pollutions in the aquatic environment affect directly or indirectly 

quality of surface water and thereby the condition of water resources and 

aquatic ecosystem. Appropriate regulation, condition survey and systematic 

water quality test (monitoring) is necessary in order to protect the surface 

and ground water. According to the Water Framework Directive (2000/60 

EK), the monitoring of surface waters covers the determination of indicative 

elements and the investigation of the ecological and chemical condition. The 

previous praxis of monitoring is extended by the investigation of chemical, 

hydromorphological and ecological parameters, and certain living 

communities should be examined.  

Biofilms (periphyton communities) are living communities which 

can be used for characterization of the aquatic environment. Biofilms 

formed on the surface of submerged substrates in the photolytic layer of 

surface water. These communities are compact association of mainly algae 

and bacteria. Because of their position at the interface between water and the 

substrate, biofilms play fundamental role in the dynamics of the aquatic 

ecosystems and can be applied as biomonitors of water pollution. For the 

application of these living communities as biomonitors it is necessary to 

have information about colonisation process, to investigate the factors 

influencing the colonisation as well as the effects of certain pollutants on 

periphyton communities. 



During my research work I studied biofilms grown in the Lake 

Velence – a lake free from anthropogenic pollution – with colleagues of 

Danube Research Institute (Hungarian Academy of Sciences) and 

Department of Microbiology (Eötvös Loránd University)  

The aim of our research work was to develop a biomonitoring 

system based on biofilm formation on artificial substrates in Lake Velence, 

therefore we studied time demand of sufficient biofilm formation and the 

effects of different substrates on periphyton communities. 

In order to investigate the influence of metal pollutions on biofilms, 

we made in-vitro experiments with lead and nickel  

During our study we investigated different algological, 

bacteriological and chemical parameters. The element concentrations of the 

samples were determined by total reflection X-ray fluorescence (TXRF) 

spectrometer following suitable sample preparation. TXRF-method is 

applicable for biofilm samples because the matrix doesn’t cause problems 

due to the thin layer of sample. Other advantage of this analytical method is 

that small amount of sample is sufficient for analysis and many samples can 

be measured within a short time. 

At last a direct TXRF-method was developed in order to detect the 

elements in the early phase of colonization supplementing the algological 

and bacteriological measurements. 

 

II. MATERIALS AND METHODS 
 

II.1. Sampling 

During our study the sampling site was located in the Lake Velence 

(coordinates: É 47o11’50,76”, K18o40’42,67”). The biofilms were grown on 

artificial substrates (20-20 pieces) vertically submerged into the water at 

depth of 20 to 30 cm in plexi-glass holder fixed to a plastic buoy. 

In order to investigate the time dependence of the colonisation 

process we took samples weekly for nine weeks. To study the effects of 

different substrates on biofilms, substrates were removed from the plexi-

glass holder after six-week colonisation in 3 seasons. For elemental analysis 

one part of the wet biofilms was scraped into sterile plastic vessels using a 

ceramic scalpel and it was transported to the laboratory in a cold box. The 

other part of the biofilms was put into physiological saline solution for 

biological investigations. It was divided into three parts for determination of  

Chlorofill-a concentration, algological and bacteriological investigations. 

In order to study the effects of nickel- and lead-pollution on 

periphyton communities, biofilms were colonised in Lake Velence for four 

weeks. Subsequently, the substrates covered by natural biofilms, were 

transported to the laboratory in a large plastic vessel filled with original lake 

water. In the laboratory, the racks were transferred into seven aquaria, one 

filled with original and six with differently spiked lake water under 

controlled conditions. For spiking, NiSO4 or Pb(NO3)2 were added to the 

original lake water resulting in concentration of 1,0.10-6, 1,0.10-5 and 1,0.10-4 

M for both contaminants. This second growing period lasted for 2 weeks. 

Afterwards, the biofilm samples were prepared as previously described. 

For examination of the early phase of colonisation, polished plexi-

glass substrates with a diameter of 3–3 cm were placed in a plexi-glass 

holder, which was then immersed in an aquarium filled with original lake 

water. Biofilms were sampled by taking the discs out of the aquarium after 

2, 6, 14, 30, 62 és 126 hours of exposure for biological investigations and 

direct TXRF-measurements. 
 

II.2. Sample preparation 

Biofilm samples were freeze-dried (Hetotrap CT60e, Heto-Holten 

A/S, Allerd, Denmark), The homogenised dry samples were digested in the 



mixture of nitric acid and hydrogen-peroxide (1:8) applying a microwave 

assisted digestion system (MDS-2100 CEM, Mattheus, USA).  
 

II.3. Analytical procedures 

The analytical measurements were carried out with an EXTRA IIA 

total reflection X-ray fluorescence spectrometer (ATOMIKA Instruments 

GmbH, Oberschleissheim, Germany) equipped with Mo- and W-microfocus 

X-ray tubes (50 kV, 38 mA), cut-off filter and Si(Li) detector. The 

quantification of the analytical results based on internal standardization 

applying Ga. The integration time amounted to 500 -1000 s.  

 

III. NEW SCIENTIFIC RESULTS 
 

1. Study of analytical performance of TXRF-method for elemental 

analyis of biofilms: 
 

1.1. Total reflection X-ray fluorescence spectrometry is a suitable 

analytical method for determination of essential and toxic element 

concentrations of periphyton communities following a microwave assisted 

digestion procedure. 
 

1.2. Based on element analytical investigation during the early phase of 

colonisation it can be established, that changes of element concentrations 

can be followed up by direct TXRF-method. 

 

2. Investigation of time dependence of colonisation process: 
 

2.1. The biomass production achieved its maximum value after 7 week 

and dry mass of biofilms seemed to be linear. On the basis of this 

observation, it would be presumable that the colonization of microorganisms 

occurs with a constant speed up to the given layer thickness. 

2.2. Fe, Mn and K showed their highest concentration in biofilms after 5 

or 6 weeks and remained almost constant. Ca, Sr and Ti reached their 

highest concentration in the biofilms after 4 weeks, then following a slight 

decrease it was stabilised. The concentration of Zn in the biofilms remained 

relatively stable during the entire sampling period.  

2.3. The enrichment factors of the 6 weeks old biofilm for the detected 

elements amounted to 103–104. 

2.4. Considering the total biomass production, algological results and 

the accumulation processes of elements studied, it can be concluded, that a 5 

or 6-week long growing period is recommended for biomonitoring to 

receive a stable thin layer with microorganisms embedded in their EPS 

matrix. In a 6 weeks long colonisation period, an equilibrium between 

biofilm and water is formed; thus, the periphyton community reflects the 

environmental conditions and can be used as biomonitor. 

 

3. Study of periphyton communities grown on different substrates in 

three seasons: 
 

3.1. The biomass production reached its maximum value in spring in 

case of all five substrates and reduced in order spring > summer > autumn 

(except old reed). The dry mass of biofilms was the highest in case of 

andesite and granite in all seasons in accordance with favorable properties of 

these substrates (roughness, polarity). 

3.2. Ca, Fe, Mn, Sr and Ti showed their highest concentration in 

biofilms in summer, while Zn in autumn in case of all five substrates. The 

concentration of K in the biofilms remained relatively stable independently 

from the season and the type of substrate. Considering the results of 

elemental analysis, it can be concluded, that the element concentrations do 

not depend significantly on the material of the substrate.  

3.3. Based on algological results it can be established, that the most 

diverse communities were formed in case of granite, andesite and old reed. 



In the case of plexi-glass and polycarbonate, the number of alga species was 

low and dominance of Achnantes minutissima was observed in all seasons. 

These substrates can not be applied properly for biomonitoring, because the 

reactions of the community to the environmental effects are hided by 

extreme dominance of certain alga species.  

3.4. Based on bacteriological investigations andesite is the least 

preferable substrate, because bacterial community grown on andesite 

utilized the least carbon sources and the values of substrate utilization was 

the least. 

3.5. Summarising the results of these investigations it can be concluded 

that granite is the most suitable substrate for biomonitoring in Lake Velence. 

 

4. Effects of lead and nickel pollution on biofilms: 
 

4.1. The biomass production decreased significantly (35-50 %) in case 

of nickel treatment; thus, nickel pollution influenced the metabolism of 

microorganisms unfavourable. In contrast, lead pollution did not have any 

negative effect on biomass production, not even in the case of the highest 

lead concentration (1,0.10-4 mol/dm3).  

4.2. Concentration of Ni and Pb in biofilms increased depending on 

their concentration in the water. Based on the elemental analysis, the 

accumulation of lead by biofilms can be characterized with a saturation 

curve in the examined concentration range (1,0.10-6, 1,0.10-5 és 1,0.10-4 

mol/dm3). In contrast, the uptake function of nickel by biofilms was linear. 

The enrichment factors for both lead and nickel amounted to 103 

independently of the metal concentration in the water in the examined 

concentration range.  

4.3. Zn concentration in biofilms decreased due to nickel and lead 

treatment in case of all three applied concentrations. It can be explained by 

the suppression of Zn2+ uptake in the presence of Ni2+ and Pb2+, because all 

three metal ions are transported into the cell through the same system. 

Thereby a competition is formed between the essential and toxic ions for the 

binding sites. 

4.4. Fe concentration in biofilms increased due to nickel and lead 

treatment in case of the highest applied metal concentration. It may be 

caused by the negative effects of Pb2+ and Ni2+ on operation of enzyme 

systems above certain metal concentration. 

4.5. Ca, K, Mn, Sr and Ti concentration was not influenced significantly 

by lead and nickel treatment in the examined concentration range.  

4.6. Lead pollution had not any notable effect on alga community, while 

due to nickel treatment the composition of alga species has changed.  

4.7. The metabolism of bacterial community was rearranged without the 

change of species composition in case of nickel. Utilization of sugars and 

sugar derivates was decreased largely in case of lead and the number of 

species was also reduced in the case of the highest lead concentration. The 

change of bacterial metabolism is in accordance with changes of iron and 

lead concentration in biofilms.  
 
 

5. Study of early phase of colonisation: 
 

5.1. The increase of the number of algal species and cells as well as the 

carbon source utilization of bacterial communities was logarithmic in the 

examined time range (126 hours) First alga and bacterium cells were 

detected on the surface of substrate at a very early phase of the colonisation, 

just after 2 hours.  

5.2. In accordance with algological and bacteriological results, the 

amount of the investigated elements was increased continuously. Fe and K 

at the first sampling (after 2 hours), Ca, Zn and Sr after 6 hours, Mn after 14 

hours was detectable. Relative standard deviations decreased significantly 

with the elapsed time. 
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