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Theoretical aspect: 

Microorganisms are among the important 
components in complex bio-mineral 
systems (soils, grounds, natural waters 
etc.), which influence the biogeochemical 
cycles of elements (Perelomov et al., 
2013). 



Practical aspect:  
Microorganisms, their products and their 

residues can be used in the techniques of 
wastewater treatment and for 
immobilization of trace elements in soils 
(Volesky and Holan, 1995;  Gadd, 2008). 

 



Main processes of interaction of microorganisms 
with trace elements (Tabak et al., 2005) 



Definitions: 
Biosorption is the complex of the processes 

that occur on the surface of cell walls and 
the plasmalemma through mechanisms of 
ionic exchange,  adsorption, complex and 
chelate formation, and microprecipitation 
(Guibal et al., 1992).  

Bioaccumulation is the process of the 
biological absorption of elements by living 
cells, followed by accumulation in the 
cytoplasm (Perelomov et al., 2013). 



Comparison of the features of biosorption and 
bioaccumulation (Vijayaraghavan, Yeoung-Sang Yun,  2008) 



Biosorbents: 
 
Biosorbents for the removal of trace 

elements come under the following 
categories: bacteria, fungi, algae, industrial 
wastes, agricultural wastes and other 
polysaccharide materials. In general, all 
types of biomaterials have shown good 
biosorption capacities towards all types of 
ions. 



Biosorbents: 

Biosorption processes are determined by 
two main factors, such as:  

- the surface properties of the cell 
membrane (charge, quantity and 
orientation of the metal-binding 
functional groups);  

- the chemical forms of the metal 
compounds in the liquid phase. 



Biosorbents: 

   Gram-positive 
bacteria have a 
larger sorption 
capacity, due to 
the thick 
peptidoglycan 
layer of the cell 
walls, which 
contain numerous 
sorption positions 
(Beveridge, 1989). 



Biosorbents: 



Biosorbents: 
Microorganisms produce extracellular polymeric 
substances (EPS). EPS can be held by cells and form of 
capsules, or they may be separated and form a slime. 
Typically in the EPS polysaccharides and proteins are 
included and often they accompanied by the nucleic acids, 
lipids and humic substances (Flemming and Wingender, 
2001) 



Biosorbents: 
Potent metal biosorbents under the class of 

bacteria include Bacillus (Nakajima and 
Tsuruta, 2004; Tunali et al., 2006), 
Pseudomonas (Chang et al., 1997; Uslu and 
Tanyol, 2006) and Streptomyces (Mameri et 
al., 1999; Selatnia et al., 2004a), etc. 

Important fungal biosorbents include 
Aspergillus (Kapoor and Viraraghavan, 1997; 
Jianlong et al., 2001; Binupriya et al., 2006), 
Rhizopus (Bai and Abraham, 2002; Park et al., 
2005) and Penicillium (Niu et al., 1993; Tan 
and Cheng, 2003), etc. 



Adsorption models: 
 Langmuir model is based on the assumption that 

the maximum adsorption occurs when the 
surface of the adsorbent presents saturated 
monolayer of solute molecules and the 
adsorption energy is constant, and that there is 
no migration of adsorbate molecules in the 
surface plane. 

 Freundlich model based on empirical data and has 
been designed for heterogeneous surfaces. 

 Brunauer,  Emmett and Teller (BET) isotherm is a 
multilayer adsorption on heterogeneous sites 
with different binding affinity and suggests that the 
Langmuir isotherm describes the processes in 
each layer (Morley and Gadd, 1995). 



Use of models to describe metal accumulation by 
microorganisms (Ledin, 2000) 



Factors affecting biosorption: 
 Properties of biomass 
 Solution pH 
 Ionic strength 
 Temperature 
 Biosorbent dosage 
 Biosorbent size 
 Initial solute concentration 
 Agitation rate 



Solution pH 
Most organic functional groups on the cell surface are amphoteric.  

The ionization of functional groups in the cell wall provides an 
electrical charge at the bacterium’s surface.  

 Organic acid: 
  R-COOH → R-COO- + H+ 
 Hydroxyl group: 
  R-OH → R-O- + H+ 
 Phosphate group: 
  R-PO4H2 → RPO4H- + H+ 

 
At low pH, microbial surfaces carry a net positive charge while with 

increasing pH the net charge turns negative. The pH at which the 
total number of positive charges equals the number of negative 
charges is referred to as the point of zero charge (PZC). Bacterial 
cells have a PZC in the region of pH 1.75–4.15 (Wicken, 1985). 

 



Ionic strength 

The ionic strength can influence metal 
accumulation by affecting the activities of 
the metal ions in solution, as well as the 
surface charge and double-layer 
capacitance of the hydrated cells 
(Santana-Casiano et al., 1995) 



Selectivity of sorption 

Some types of microorganisms could 
accumulate a broad range of metals with 
no specific priority, while others are 
specific for certain types of metals. 



RedOx conditions 
The oxidized forms of U, Pd, Se, Tc, Mo, Cr, and 

others are well dissolved in aqueous media 
and more mobile in aerobic groundwater 
compared with reduced forms of these 
elements (Perelomov and Chulin, 2014). The 
oxidized forms of trace elements in solution 
are represented mainly by anions;  therefore, 
they are usually weakly sorbed on negatively 
charged surfaces. Reduction leads in general 
to the formation of sedentary precipitation 
(oxides, hydroxides, etc.). 



Principle advantages of biological 
technologies:  
  biological processes can be carried out in 

situ at the contaminated site;  
  bioprocess technologies are usually 

environmentally benign (no secondary 
pollution); 

 they are cost effective. 



Numbers of papers appearing with ‘biosorption’ in the 
topic as listed in the ISI Web of Science database (Gadd, 
2008) 



Ternary systems 
Much of the current researches have focused 

on the physicochemical interactions between 
trace elements and biotic and abiotic 
components, and little investigation has been 
directed toward the triple interaction 
between trace elements, minerals and the 
biota (or products of its metabolism). 

For these purposes special ternary 
BIO-MINERAL and         
ORGANO-MINERAL               SYSTEMS 
may be constructed (Perelomov, Kandeler, 

2006; Perelomov, Yoshida, 2008; etc)  



  
 
Thank you! 
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