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One of the most serious problems of XXI century society is coping with the 
pollution of the environment. Industrial activity permanently exploits metal ores and 
consequently the quantity of toxic metals cycling in the environment increases. On 
the other hand, the law regulating discharge limits of these pollutants became more 
restrictive, recently and permits discharge of effluents containing less than eg. 0.5 
mg/dm3 of toxic metal cations. This creates the need to search for new methods of 
toxic metal cations removal from wastewaters, which would be able to treat large 
volumes of effluents and reduce toxic metal loads to the residual concentration 
required by law. Such methods could be used as a final, polishing step in a hybrid 
multi-stage wastewater treatment process. 

Of course, it is impossible to degrade toxic metals in the neither 
environment, nor wastewater by any means. The only way of treatment is metal 
concentration and safe disposal or utilization. Preferentially, in XXI century, it is 
necessary to search for methods which would enable not only to remove metal 
cations to the obligatory level, but also to be able to recover the metal and reuse is as 
renewable material in the production process. This would minimize mining of 
metals from non renewable ores and would reduce the quantity of metal cycling 
between abiotic andbiotic elements of the environment. 

Such possibilities potentially offer the processes of biosorption and 
bioaccumulation involving interactions and concentrating of toxic metals in the 
biomass, either living (bioaccumulation) or non-living (biosorption). The mentioned 
processes play an important role in natural cycling of metals in the environment. The 
key to elaborate an efficient method of wastewater treatment would be to understand 
the mechanisms governing the processes, parameters which influence both 
equilibrium and kinetics, through the observation of processes which naturally occur 
in the environment and be able to control it and carry out under industrial regime, so 
the processes would work beneficially for the environment. 

Metal-biomass interactions and first attempts of making use of these 
properties in biohydrometallurgy and biogeochemistry were discovered in 1960's 
[1]. The role of the biomass is not to degrade metals, but to change its chemical 
properties in the way that metal ion would be removable and reusable. The interests 
in biosorption and bioaccumulation began in 1990's and the majority of pioneer 
work was carried out at McGill University in Canada by the team of prof. Bohumil 
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Volesky [2]. The first concepts included the use of abundant and cheap biological 
materials (biosorbents and bioaccumulators) to sequester metal cations from 
solutions. It was then showed that metal recovery from metal-laden biomass which 
is the concentrated form of metal, was possible [3]. 

Nowadays it is well known that all types of the biomass possess metal-
binding properties, but of course, only some types have the potential to be used in 
wastewater treatment processes. The biomass is able to concentrate 1000-fold metal 
cations, when compared with the solution. Metal cations bound with the biomass can 
be eluted by extractants, either acidic or by brines. This enables to obtain the 
solution containing 10-100 times higher concentration of removed metal cations 
when compared with the raw wastewater [4]. The obtained solution can be then 
treated with conventional methods and the metal can be possibly recovered. The 
biomass itself can be reused. If desorbing agent was chosen properly, the biomass 
retains its biosorptive properties [5]. The other solution is the combustion of metal-
laden biomass and using ash containing high levels of metal as recycled feed in 
metal production processes [6]. 

Fig. 1. Biosorption of metal ions [6] 

In metal-biomass interactions, two distinctive processes can be 
distinguished. The first - biosorption is a typical, reversible physicochemical 
process, involving binding of sorbate to sorbent of biological origin (Fig. 1) 
[6]. The biomass is non-living and binding of sorbate (which can be either 
metal ion or organic compound) to biosorbent occurs the most frequently on 
ion-exchange basis, whereby alkali and alkaline earth metal cations are 
exchanged with toxic metal cations. Thus, biosorbent could be treated as 
biological ion-exchange resin, where metal ions are bound with the 
functional groups present on the cell wall: carboxyl, hydroxyl, sulfhydryl, 
amino, etc. [6]. Bound metal cation can be then eluted. The process 
equipment for biosorption resembles typical installations for ion-exchange 
processes and includes ion-exchange columns in which, usually immobilized 
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biosorbent is packed. Usually at least two columns work, in parallel 
configuration, so while the first column treats the effluents, the other is 
regenerated [7]. Biosorption is a universal process and in the contrast to 
bio accumulation there is no problem of intoxication of sorbent by sorbate. 

Various materials of biological origin can be used as biosorbents. Generally, 
the classification includes low-cost and high-cost biosorbents [1]. In the first group, 
biomaterials which are by-products or waste products from industrial processes are 
used, eg. yeast from wine or brewery industry, agricultural wastes, wastes from food 
industry, seaweeds, crabshells [2]. In the majority of cases biosorption properties of 
sorbents from this group are rather weak, ca. 20 mg metal/g d.w. biomass. High-cost 
biosorbents include biomass which is specially propagated for biosorption. The 
biomass should possess some unique characteristics, including very high biosorption 
capacity (200 mg/g) and very high affinity of sorbent to sorbate, so at very low 
equilibrium concentrations of metal cations, biosorption capacity would be high. An 
example of such a biosorbent would be microalgae Spirulina sp. [6]. 

In the second process - bioaccumulation, removed metal ions are bound to 
the surface of the cell in the first, passive stage, which is identical with biosorption 
and then are transported (usually by active transport system, which requires 
additional cellular energy) to the interior of the cell [6]. Thus, a part of metal cation 
is bound with the cellular surface and the remaining stays inside the cell (Fig. 2). 
The process is thus irreversible. This makes it more difficult to recover the metal, 
because simple elution processes would remove only the part of metal which was 
bound to the surface of the cell. In this case, destructive methods can be used 
including the combustion of the biomass and reuse of metal-laden ash. The process 
of bioaccumulation itself enables removal of metal cations to very low levels (lower 
than biosorption), but is more complex because involves working with living 
organisms [6]. The process installations should consist of the same equipment as for 
the cultivation of the biomass and it is required that the effluent simultaneously 
serves as the growth medium. There is also a danger that the metal would pose 
toxicity to the cells. For this reason, it is necessary to select for bioaccumulating 
organisms very carefully, since they should have minimum growth requirements and 
should be tolerant to the presence of toxins. A chance for the practical application 
have algae - organisms which do not need organic carbon source. Inorganic carbon 
could be supplemented as C0 2 (from the combustion processes) or in the form of 
carbonates [6]. 

The first commercial applications of biosorption and bioaccumulation are 
currently available on the market. The biosorbent Algasorb® is sold for the price 28 
6 per 10 kg of powdered (1-3 mm) sorbent and is produced by Resource 
Management and Recovery (formerly Bio-Recovery Systems Inc.). The sorbent 
contains the biomass of algae Spirogyra sp. immobilized as a biofilm in silica gel 
and packed in a column. Available are Portable Effluent Treatment Equipment 
(PETE) systems consisting of columns arranged in parallel, each containing 7 L of 
the sorbent, working with the efficiency 0.5 L/min. Available are also larger systems 

33 



with treatment efficiency > 50 L/min [8]. Other biosorbents include BIOCLAIM® 
(bacteria of the genus Bacillus treated with caustic soda (to enhance metal-binding), 
washed, immobilized in extruded beads - polyethyleneimine (PEI) and 
glutaraldehyde), BIO-FIX® (sphagnum, peat moss, algae, yeast, bacteria and 
aquatic flora immobilized in polysulfone), MetaGeneR and RAHCO Bio-Beads [7]. 
All the preparations are suitable for the treatment of wastewaters from metallurgical 
industry or mining operations. The commercial applications of bioaccumulation, 
beside the conventional solutions in typical biological wastewater treatment plants, 
include, eg. High Rate Algal Ponds for the treatment of eg. tannery effluents [9]. 
The future possible applications may concern using biosorption in the separation and 
purification of high value molecules, eg. high value proteins, steroids, 
pharmaceuticals or antibodies [2]. 

0 0 C 

Fig. 2. The stages of bioaccumulation of metal ions [6] 
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