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Introduction
The production of waste with a high heavy metal ion content is the 

by-product of the technological processes deployed in many branches 
of industry such as mining, metallurgy, electronics and galvano technics. 
The prevalent methods of heavy metal ions uptake are precipitation 
methods, ion exchange and membrane-based processes. The said 
processes give rise to a signiicant volume of waste.

A more cost-effective and ecological alternative to chemical 
methods are biological methods based on the application of materials 
of biological origin – biosorbents [1]. To be named among the essential 
features of biosorbents are biorenewability, biodegradability and low 
exploitation costs [2].

Both conventional heavy metal uptake methods and biosorption 
rely on adsorption and ion exchange. Biosorption may take a passive 
course when non-living mass is subjected to the process or it may 
proceed in an active fashion if bioaccumulation is mediated by living 
microorganisms.

The aim of the study was to discuss the potential biosorbent 
applications for the uptake of heavy metal ions from contaminated 
environments. Selected materials deployed in the processes of 
biosorption and bioaccumulation have been discussed and the 
modiication methods of selected biosorbents have been analysed.

Materials used in biosorption processes
Each biomass evinces the capacity of binding metal ions. However, 

the binding mechanism and capacity may vary between different 
biomass types.

Biosorbent biomass may be composed of, e.g., plants (moss, leaves 
and trees), algae, bacteria, fungi and yeast. These respective groups 
bind heavy ions to a different extent [3]. The structure and chemical 
composition of the cellular wall are two vital factors affecting the 
volume of bound heavy metal ions.

Biological material may bind metals either by means of biosorption 
or bioaccumulation. Biosorption is a physicochemical process of 
adsorbing metal ions on the surface off a sorbent. Biosorption is 
an initial step of bioaccumulation that can only be the effect of the 
activity of living organisms and involves the transport of pollutant 
inside the cell.

The eficiency of metal uptake from biosorbent solutions is 
comparable to the effect of the implementation of physical methods. 
As a consequence, biosorption proves to be an appealing equivalent 
to conventional methods. The use of biosorbents for the purpose 
of heavy metal ion uptake from the environment is exceptionally 
noteworthy by virtue of relatively low production costs, consequent 
upon their biological origin. Biosorbents may be obtained, e.g., from 
fermentation industry in which biomass is the by-product so it is 
available at a low cost. Another advantage is the possibility of heavy 
metal recovery and their reapplication.

Bacteria and fungi used across various industries (e.g., nutritional, 
pharmaceutical) become post-production waste that may be valuable, 
free-of-charge biosorbents. Other important biosorbents are algae 
from which the following are derived: agar, alginate and carrageenan 
[4]. Chitosan is yet another type of a cost-effective biosorbent.

The main criteria for biosorbent selection feature the eficiency of 
metal binding by biomass, recovery rate and availability [5]. Apart from 
adsorption characteristics, economic aspects are of great signiicance. 
Expensive biosorbents should demonstrate a high eficiency in terms 
of metal ion uptake and prompt recovery [3].

The practical applications of selected biosorbents

Bacteria
Nowadays, multiple bacterial species are deployed for the 

purpose of heavy metals uptake from contaminated environments 
(sewage or water resources). The bacteria to prevail in such usage is 
Spirulina. Spirulina belongs to the phylum referred to as Cyanobacteria 
but produces no toxins, contrary to other bacteria of the same 
group. Cyanobacteria have both plant and bacterial characteristics. 
Under the present assumptions, cyanobacteria are counted among 
prokaryotic organisms. [6].

Spirulina shows great resistance to high metal levels in the ambient 
environment and it is cultured easily and cost-eficiently, these properties 
being essential for the application of the biomass of Spirulina for the 
uptake of heavy metal ions. During the process of heavy metal uptake 
with Spirulina, metal ion bonding is ensured through the functional 
groups present at the surface of cells (amine, carboxylic and thiolic). 
The living processes of Spirulina induce the formation of such conditions 
around the cellular wall so as to (within the wall layer) generate alkali 
environment that is conducive to the precipitation of the hydroxides of 
heavy metals. Spirulina uses the unit processes in the removal of heavy 
metals (ion exchange, adsorption, bioaccumulation [6]).

Chojnacka K. (2001) conducted performance tests of Spirulina as 

applied for the uptake of metal ions from two types of sewage: from 
tanning industry and chemical works that process chromite ore [6].

In case of the irst type of sewage (tanning industry) a toxic 
hydrolyzate forms that contains such contaminants as heavy metals, 
among which chromium prevails (III). With respect to all metals, the 
sewage treatment rate was at a range from 74.1 to 100%. Apart from 
metal uptake, organic compound degradation was achieved [6].

In case of the second type of sewage (from chemical works 
processing chromite ore), chromium (VI) levels oscillated within the 
range of 1.38–76.0 mg/l. Following the initial reduction of chromium 
ions with sodium sulphite from Cr(IV) to Cr(III), the puriication rate 
was at 89.1–99.6% [6].

Another example of effective heavy metal uptake by bacteria is 
the indings by Jankiewicz et al. (2009). The researchers evaluated the 
sensitivity to high levels of heavy metals of soil bacteria of the species 
Pseudomonas luorescens and Bacillus mycoides [7]. It were the bacteria 
of the species Bacillus to be found the most sensitive to cadmium 
content, which impeded their growth at a mere 40 mg/ml. Pseudomonas 
luorescens showed hindered growth at high levels exceeding  
700 mg/ml in case of chromium and 500 mg/ml in case of nickel [7].

The further subject of scientiic analysis was the bioaccumulation of 
heavy metals (Cu, Zn, Cd, Cr, Co, Ni, Pb) by bacterial biomass. Metal 
levels were selected so as not to block bacterial growth altogether. The 
indings have been presented in Figure 1.
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Fig. 1. Metal ion accumulation by investigated bacteria  
(µg metal/gram of dry bacterial biomass) [7]

The indings correspond to a broad range of metal accumulation 
rate. Namely, bacteria of the species Pseudomonas luorescens ATCC 
13525 proved to be the most proliic at the accumulation of cadmium, 
zinc and chromium, whereas Pseudomonas luorescens 2 – of copper, 
cadmium and chromium. The three elements were also the most 
readily accumulated by the bacteria B. mycoides. The elements such 
as Cu, Zn, Cd and Cr were accumulated by all species of examined 
bacteria in quantities reaching at least 100 µg/g. The remaining three 
elements, namely, Co, Ni and Pb, were removed in minor amounts 
only, below 100 µg/g [7].

Fungi and yeast
Fungi and yeast constitute yet another group of heavy metal 

biosorbents. The quantity of adsorbed metal is commonly increased 
through physico-chemical modiications of the biomass. The goal of the 
research by Cabuk et al. (2009) was to assess the effect of preliminary 
processing on the biosorption rate of lead (Pb2+) by the biomass of 
three types of fungi: Aspergillus versicolor, Metarrhizium anisopliae, 

and Penicillium verrucosum. The fungi used in the process have been 
retrieved from the soil. Subsequently, they were cultured for 1 week. 
After this period, the biomass was harvested and rinsed. Hence, 
unprocessed fungal biomass was obtained. In the next step, 30 g of 
wet biomass (type 1) was subject to the following processes: drying 
(type 2), autoclaving (type 3), boiling for 15 minutes in solutions with 
the content of, respectively: 0.5 N sodium hydroxide (type 4), 15% 
formaldehyde (type 5), 10% acetic acid (type 6), 2% glutaraldehyde 
(type 7), 10% hydrogen peroxide (type 8), 2.5 g of diluted commercially 
marketed washing powder (type 9), 50% dimethyl sulfoxide (type 10), 
10% orthophosphoric acid (type 11). The research was conducted 
by means of a solution containing approx. 100 mg/l of Pb2+. Shown 
in Figure 2 is the adsorption rate of Pb2+ by the biomass of Aspergillus 
versicolor, either unprocessed (type 1) or modiied (type 2–11) [8].

Fig. 2. Adsorbed Pb2+ ion quantity (Q) per a gram of biomass  
of A. versicolor, unprocessed or processed [8]

The uptake of lead ions with unprocessed fungi (type 1),  
A. versicolor proved to be the most eficient and amounted to the 
rate of 22 mg/g. The respective methods applied for the modiication 
of the biomass of A. versicolor diverged in the effect on the quantity 

of removed Pb2+ ions. Some of them were positive and contributed 
to the increase in adsorption rate, while other methods made the 
ion adsorption less effective than unprocessed biomass. The highest 
values of Q were achieved upon the modiication of biomass by means 
of dimethyl sulfoxide (DMSO) and hydrogen peroxide (type 10 and 8).  
The most signiicant decrease in adsorbed ion quantity occurred 
upon subjecting biomass to higher temperatures, autoclaving and 
sodium hydroxide (type 2,3 and 4). The removed Pb2+ ion quantity 
dropped by approximately a half in those three cases as opposed 
to unprocessed biomass[8].

Indicated in Figure 3 are the results of the examination of the 
biosorption of Pb2+ ions by unprocessed (typ1) and processed  
(type 2–11) biomass of Metarrhizium anisopliae.

Fig. 3. Adsorbed Pb2+ ion quantity (Q) per a gram of biomass  
of M. anisopliae, unprocessed or processed [8]

A lower quantity of adsorbed Pb2+ ions versus unprocessed 
biomass was obtained in three cases (type 3, 4 and 11). In the remaining 
cases, the quantity of removed lead ions increased. The best results 
were obtained via biomass processed by means of glutaraldehyde and 
hydrogen peroxide (type 7 and 8). Upon the application of these two 
chemical agents, the removed Pb2+ ion quantity exceeded 19 mg/g.

M. anisopliae biomass lost its biosorption capacity [8] upon the 
treatment with higher pressure and temperature (type 3).

Shown in Figure 4 are the results of the trials of the biosorption 
of Pb2+ ions , by either unprocessed (type 1) or processed (type 2–11) 
biomass of Penicillium verrucosum.

Fig. 4. Adsorbed Pb2+ ion quantity (Q) per gram of biomass  
of P. verrucosum, unprocessed or processed [8]

In case of the P. verrucosum fungi, all methods of biomass modiication 
contributed to the increase in the adsorbed Pb2+ ion quantity versus 
unprocessed biomass. The highest values were reached upon subjecting 
the biomass to autoclaving (type 3). The quantity of the adsorbed ions 
rose nearly four-fold from 5.4 to 23.3 mg/g. A high level of adsorbed 
lead (above 20 mg/g) was also obtained by means of hydrogen peroxide 
as well as washing powder (type 8 and 9). The least signiicant growth in 
adsorbed Pb2+ ion quantity versus unprocessed biomass was achieved 
with sodium hydroxide (type 4) [8].

The indings show that in most cases the modiications of biomass 
favourably affected its biosorption rate. It is, however, worthwhile to note 
that the same type of biomass processing may lead to a divergent effect 
in respective species of microorganisms. The differences may be due 
to various cellular structure types across respective microorganisms.
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One of the fungal species to be deployed in the process of 
biosorption is Aspergillum (black mould) (Aspergillus Niger). Kapoor 
and Viraraghavan (1997) conducted research on the application  
of the biomass of Aspergillus N. for the biosorption of lead, cadmium 
and copper [9]. The aim of the research was to verify the role  
of functional groups (carboxylic, amine and phosphate) and fats 
present in Aspergillus N. biomass in the process of metal uptake. 
The biomass was subjected to the action of a strong alkali in order 
to enhance metal ion uptake rate. Subsequently, pulverized biomass 
(type 1) was chemically modiied as follows [9]:

Estriication of carboxylic acids. This procedure should signiicantly • 
limit the capacity of carboxylic acids to bind metals (type 2)
Modiication of biomass by means of formaldehyde and formic acid • 
(HCHO) in order to methylate amines. Methyl groups bind to ami-
nes, leading to lower amine group activity (type 3)
Estriication of phosphate groups; leading to lower phosphate gro-• 
up activity (type 4)
Modiication of biomass by heating it separately in benzene • 
(type 5) and acetone (type 6), in order to extract fats.
The biomass, either unprocessed or chemically modiied, was 

suspended in a solution (pH = 5) with a 10 mg/l content of cadmium, 
lead and copper.

The indings served to determine to what extent different functional 
groups of the biomass are involved in the biosorption of heavy metals. 
A major decrease in the adsorbed ion quantity was seen relative to biomass 
2 and 3. This proves that the lesser the activity of carboxyl and amine 
groups in metal binding, the lower the metal ion quantity adsorbed by the 
biomass. The said two functional groups show the most signiicance in 
the biosorption of metals by Aspergillus Niger. The removal of phosphate 
groups only aggravated metal ion adsorption to a minor degree, namely, 
by approx. 1 mg/g. Similarly, lower fat content in the biomass decreased 
the quantity of the adsorbed ions to a slight extent.

Goksungur et al. (2002) investigated the yeast species S. cerevisiae 

in terms of their Cu2+ biosorption capacity. The investigation was 
performed on, respectively, the unprocessed biomass (type 1) as well 
as biomass modiied with a 1-molar solution of NaOH and sterilised 
for 15 minutes at 121°C (type 2), modiied with ethanol with the 
concentration of 700 g/l (type 3), distilled water and sterilised for  
15 minutes at 121°C (type 4). Copper ions biosorption was conducted 
in a solution with the concentration of 25 mg/l of Cu2+ at pH = 4.0. 
The biomass level amounted to 0.1 g per 100 ml [10].

Shown in igure 5 is the quantity of the adsorbed copper ions by the 
yeast S. cerevisiae, both unprocessed (1) and processed (2–4).

Fig. 5. Effect of various modiication methods of S. cerevisiae biomass 
on the biosorption of Cu2+ [10]

Drawing from the indings, it was established that the quantity 
of the Cu2+ ions adsorbed by the unprocessed biomass amounted 
to 5.2 mg/g. The processing of cells with sodium hydroxide led 
to a nearly four-fold increase in yeast capacity to adsorb ions, to the 
value of 21.1 mg/g. The quantity of the Cu2+ ions adsorbed by S. 

cerevisiae also showed growth upon processing with ethanol. Heating 
the biomass failed to alter its biosorption capacity.

Algae
Numerous kinds of micro-and macroalgae may act as biosorbents 

[11÷15]. Antunes et al. (2003) investigated the biomass of the algae 
Sargassum sp. that belongs to the class of brown algae in order 
to establish the optimal conditions for the biosorption of copper ions 
by the said algae [13]. Biomass particle with the size ranging between 
0.3–0.7 mm were used in the research. The analysis concerned the 
impact of temperature, reaction, rocking rate and time [16].

Shown in Table 1 is the uptake of copper ions by the brown algae 
examined, depending on initial solution concentrations and temperatures. 
The experiment was conducted at pH = 5.0 and the rocking rate  
150 rev/minute. The examination lasted 120 minutes [16].

Table 1

The quantity of adsorbed ions at equilibrium q (mg/g) and percentage 
of copper ion uptake X

a
 (%) by Sargassum sp. at various temperatures 

and initial copper solution concentration, C
0 
(µg/ml) [16]

C
0, 

µg/ml
25°C 40°C 55°C

q, mg/g X
a
, % q, mg/g X

a
, % q, mg/g X

a
, %

18.4 4.3 89.1 4.3 89.3 4.1 87.6

36.9 8.3 90.1 8.3 90.2 8.3 86.8
92.2 21.3 92.4 21.3 92.3 21.4 91.6
184 40.0 87.0 38.0 82.6 42.5 92.4

277 53.3 77.0 53.1 76.6 57.0 82.2

369 57.9 62.8 57.6 62.4 60.8 65.9

585 70.1 47.9 75.6 51.7 80.1 54.8

780 76.2 39.1 86.0 44.1 86.6 44.4

878 77.7 35.3 86.2 36.6 87.1 39.7

The indings indicate that the initial levels of copper ions in the 
solution affected the quantity of adsorbed copper ions. The more metal 
ions were present in the solution, the more were adsorbed per a gram 
of biomass (q). However, it should be borne in mind that the percentage 
of removed copper ions diminished (X

a
). It was found that temperature 

growth affected the quantity of the adsorbed ions insigniicantly. However, 
at the initial metal concentration in the solution at 500 µg/ml, the quantity 
of adsorbed ions rose along with the temperature.

Shown in Figure 6 is the effect of reaction on the quantity of copper 
ions adsorbed by Sargassum sp. The experimental conditions were  
C

0 
=18.4 µg/ml, t=25°C and the rocking rate 150 rev/minute.

Fig. 6. Effect of reaction on the quantity of copper ions adsorbed 
by Sargassum sp. algae at equilibrium [16]

Basing on the results of the test, a slight hindrance to the process of 
copper ion biosorption has been observed at pH lower than 3.0. The 
reason behind this is probably the increase in hydrogen ion levels in the 
solution, leading to greater competitiveness between hydrogen and 
copper cations to attach to an active site. At higher pH values, ligands 
such as carboxylic groups in Sargassum sp. are exposed to copper ions.

What was also tested was the effect of the time and intensity 
of rocking on biosorption. Biosorption was analysed within the 
time range from 3 to 120 minutes. The quantity of adsorbed 
ions increased dramatically within the initial several minutes and 
equilibrium was reached after only 20 minutes. Samples were 
rocked at various speeds from 0 to 250 rev/minute. It was observed 
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that rocking intensity affected the quantity of adsorbed ions. For 
unrocked samples, the quantity of the adsorbed ions amounted to 
2.7 mg/g, whereas for the rocking speed of 100 rev/minute, the 
value increased to 4.3 mg/g. The quantity of the adsorbed ions failed 
to rise above 100 rev/minute [16].

Chitosan
Tomczak et al. (2007) have investigated the eficiency of metal 

ion adsorption by means of chitosan. The chitosan formulation used 
has been laboratory-produced granules with the diameter of approx. 
3 mm, derived from chitosan lakes. In addition, chitosan was subjected 
to modiication by polyvinyl alcohol (PVA) in order to enhance its 
adsorption rate [17].

Subjected to the treatment were the solutions of copper (II), nickel 
(II) and zinc (II). The tested solutions had the concentration ranging 
from 0.003 to 0.01 mol/dm3 for varying volumetric low rate values and 
temperatures. Listed in Table 2 are the quantities of metals adsorbed 
by chitosan [17].

Table 2
The quantity of adsorbed metal ions (mg/g of chitosan dried biomass) 

at C
0
 = 0.003 mol/dm3, V = 62.5 cm3/min, t = 25°C [17]

Heavy metal ions
Adsorbed metal ion quantity, mg/g 

of chitosan dry mass
Cu2+ 2.5
Ni2+ 1.6
Zn2+ 1.4

The highest eficiency has been reached with respect to the uptake 
of copper ions, and in consecutive steps, nickel and zinc. Copper ion 
adsorption (2.5 mg/g) proved to be nearly twofold in comparison with 
the adsorption of zinc ions (1.4 mg/g). Most of ions were removed 
within the irst hour.

The higher the concentration, the higher the metal ion uptake rate. 
Biosorption grew less effective along with the increase in temperature, 
while the volumetric low rate had little effect on the higher quantity of 
adsorbed copper ions quantity on chitosan granules.

Conclusions
Nowadays, there are multiple methods of heavy metal removal from 

the environment. However, their application commonly entails problems. 
The most popular heavy metal ion uptake methods feature precipitation, 
ion-exchange and membrane-based methods. Their downside are major 
volumes of post-process waste. Biological processes may prove an 
appealing alternative. These processes harvest microorganism for the 
adsorption and bioaccumulation of heavy metals.

Biosorption and bioaccumulation may be of practical importance 
in the removal of metal ions from the natural environment, e.g., in the 
treatment of sewage or water. Puriication by biological methods may 
be carried out with the use of such microorganisms as bacteria, fungi, 
plant material and materials of biological origin, e.g., chitosan.

The indings of different authors show that biosorption is an 
effective way of metal ion uptake.

Treatment by biological methods requires the consideration of 
a whole spectrum of physico-chemical factors such as temperature, 
pH, biomass exposure time to metal solution, concentration and 
biomass age. In case of treatment with living microorganisms, it is also 
an issue not to apply them for the purpose of the uptake of metals that 
are toxic to living cells.

It has been sought to improve the eficiency of biosorption and 
bioaccumulation. Different biomass processing techniques may 
contribute to greater metal ion uptake. The examples presented 
indicate that various biomass modiications signiicantly raised the 
biomass capacity of adsorbing heavy metal ions.

The study has been funded by BS/PB -401–301/11.
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