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Abstrakt 
 Biotechnológie patria medzi procesy, ktoré riadene využívajú vhodné organizmy, 
alebo ich metabolické produkty na technologické účely. Priemyselný biologický proces čistenia 
odpadových vôd od kovov možno chápať ako riadené zintenzívnenie environmentálnych 
procesov bežne prebiehajúcich v prírodných vodách, ku ktorým dochádza na základe 
bioakumulácie kovov, prostredníctvom metabolickej činnosti mikroorganizmov v aeróbnych 
podmienkach. Procesy, ktorými mikroorganizmy reagujú s ťažkými kovmi sú rozdielne a ich 
poznanie z hľadiska biochemických a fyzikálnych pochodov, ktorými dochádza k väzbe kovu na 
organickú hmotu, umožňuje špecifikovať a riadiť tieto mikrobiologické procesy tak, aby sa 
zvýšilo množstvo, rýchlosť a selektivita akumulácie kovov. V práci bola študovaná účinnosť 
biosorpcie troch druhov húb. 
 
 

Abstract 
 Current technologies for removal and recovery of both toxic and industrial interest 
metals usually produce wastes with high concentrations of those substances. They are an 
important source of environmental pollution, especially when they contain heavy metals. This is 
one of the most important environmental problems, and of the most difficult to solve. So far, 
there have been a number of studies considering the possibility of removing and recovering 
heavy metals from diluted solutions. These are due, principally, because of the commercial value 
of some metals as well as the environmental impact caused by them. The traditional methods for 
removing have several disadvantages when metals are present in concentrations lower than 100 
mg/l. Biosorption is becoming an important component in the integrated approach to the 
treatment of aqueous effluents. The economics of biomass technical applications are improved 
by using waste biomass instead of purposely-produced biomass. In biosorption research, there is 
a lack of information about the sorption sites and mechanisms responsible for the capture of 
metallic ions by the biomasses [1]. Analytical techniques traditionally used in other research 
fields are being progressively introduced to give information about samples composed of 
biological materials charged with metallic ions. In this work dry biomass of three fungi species, 
Agaricus campester, Amanita muscaria and Trametes gibbosa were tested for biosorption 
properties. 
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Introduction  
 Considerable research has been carried out over the last decade on the protection 
against plant and animal life degradation. Several big cities contribute to increase this problem, 
as they are sources of industrial effluents. In order to reduce the environmental pollution, a 
number of studies have been considered to minimize the problems caused by the commonly 
employed treatment of metal bearing effluents [2]. 
 The traditional methods for removing heavy metals have several disadvantages. 
Chemical precipitation leads to the production of toxic sludge. Due to the economics of dealing 
with large volumes of liquids and of solvent losses, solvent extraction is limited to streams 
containing more than 1 g/l of the targeted heavy metal. Application of the ion-exchange process 
is rather expensive due to the cost of synthetic ion-exchange resins. Furthermore, they are not 
always selective enough to allow an effective recovery of heavy metals present in the waste [3]. 
Alternative methods of metal removal and recovery based on biological materials have been 
considered. Since commercial biotechnological processes such as alginate extraction result in the 
production of large quantities of biomass and since this material is currently viewed as a low-
value by-product, these industries represent an ideal source of non-living material for use as 
metal biosorbents [4]. In addition, since metal biosorption by non-living biomass is a 
metabolism independent process, it is not ruled by physiological restriction.  
 Mining and metallurgical waste are the most considerable sources of environmental 
pollution by heavy metals. Due to the health hazard presented by heavy metals, development of 
effective and economic removal technologies is necessary. In the case of removal of toxic metals 
from wastewaters, biosorption has been involved. This method is based on the use of the metal 
binding capacities of various biological materials, including algae, fungi and bacteria [5,6].  
 Fungus belongs to groups of organisms with very well known heavy metal sorption 
capacity. It has been demonstrated that some fungi species are typically associated with heavy 
metal rich substrata and can be even considered as hyper accumulators of heavy metals [7]. 
Alternatively, fungi can be exposed to heavy metals from the atmosphere and are very well 
known from biomonitoring studies focused on heavy metal pollution [8].  
 The main objectives were to determine the possibilities for using of fungi biomass in 
biosorption of copper, aluminum and antimony, which is one of the most frequent heavy metals 
found in waste and mining waters. The next objective was to assess whether the sorption of 
heavy metals mentioned above from aqueous solutions is a species, biomass or time-dependent 
phenomenon. 
 
 

Material and Methods 
 For assessment of copper, aluminum and antimony sorption from aqueous solutions, 
three macro fungi species were chosen. Agaricus campester, Amanita muscaria and Trametes 
gibbosa were collected from mixed forest about 20 km east of Košice city, Slovakia in the 
summer of 2005.     
 Fungi were rid of contamination, thoroughly dried (up to 60 oC) and crushed. Model 
solution of copper was prepared by dissolving of 57.03 mg of Cu(NO3)2.3H2O (p.a) (15 mg of 
Cu) in one liter of redistilled water, pH = 5.5, at 20 oC. Model solution of aluminum was 
prepared by dissolving of 139.03 mg of Al(NO3)3.9H2O (p.a) (10 mg of Al) in one liter of 
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redistilled water, pH = 5.2, at 20 oC. Model solution of antimony was prepared by mixing of 7.5 
ml of SbCl3 in 5mol/L HCl (1g/L) (p.a) (7.5 mg of Sb) in one liter of redistilled water, pH = 2.8, 
at 20 oC. Into 50 ml of copper solution, 0.1g of fungi material was added and the suspension was 
mixed simultaneous to the full process of the sorption. In untreated fungi material used only 
trace concentrations of copper were determined.          
 After the selected time of sorption (0.5, 1, 2, 5 and 10 minutes), the suspension was 
filtered and filtrate immediately analyzed by flame atomic absorption spectrometry using the 
Varian model A-20 plus equipped with deuterium lamp for background correction and 
air/acetylene flame. Each treatment was repeated at least three times and means values are 
presented as one observation.  
 
 

Results 
 Sorption efficiency as a function of time of fungi biomass, defined as percent of 
removed copper from model solution, is demonstrated in Fig. 1-3. Biosorption by fungi was a 
relatively fast process and reached almost maximal levels after 5 minutes of heavy metal 
exposition. However, we found fungi species dependent differences in heavy metals biosorption. 
Fungus Agaricus campester has been the most effective in removal of aluminum and antimony 
from model solution. Amanita muscaria has been the most effective in copper removal, but had 
the lowest aluminum and antimony sorption efficiency from all lichen tested. Trametes gibbosa 
had sorption efficiency of all metals studied up to 90%.  
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Fig.1 Copper sorption efficiency of three fungi species as a function of time. 

 

Al biosorption
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Fig.2 Aluminum sorption efficiency of three fungi species as a function of time. 
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Sb biosorption
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Fig.3 Antimony sorption efficiency of three fungi species as a function of time. 

 
 

Discussion and conclusions  
 It has been demonstrated previously that fungi, as well as algae are potential 
biosorbents for heavy metals [5,6] and this fact also has been confirmed in this study. Fungi 
offer a wide range of chemical groups that can attract and sequester the metals in biomass. Cell 
walls are composed of structural polysaccharides, proteins and lipids that offer metal-binding 
functional groups [6].  
 Biomass concentration in solution seems to influence the specific uptake and lower 
values of biomass increases uptake as an increase in biomass leads to interference between 
binding sites [9]. We found that metabolism independent biosorption of copper by lichens was a 
relatively fast process, similarly as in case of algal biomass [5]. 
 Fungal biosorbents can sorbs heavy metals such as Cu, Al and Sb from aqueous 
solution and the process is dependent on fungal species, biosorbent size and concentration, 
solution pH and ionic composition. Similar findings have been obtained for the biosorption of 
uranium, copper and humic acids [10]. Differences in biosorption ability found between fungi 
species tested are interesting. Agaricus campester rich the highest heavy metals sorption 
efficiency, except of Cu. The highest metal uptake (at about 95%) was observed in the case of 
Sb, except of fungus Amanita muscaria. It can be said, that biosorption process using is 
Trametes gibbosa as a biosorbent is metal independent, Trametes gibbosa had sorption 
efficiency of all metals studied up to 90%.  
 More work is needed to elucidate further the exact mechanisms of metal binding by 
cell-wall components, so that the biosorption phenomenon can be exploited commercially. In 
addition, biosorption by both active and inactivated microorganisms is an important process in 
the biogeochemical cycling of metals, radionuclides and anthropogenic organics, and should be 
fully studied in order to understand the source and fates of these chemicals. 
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