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ABSTRACT
Within the last three decades,
decades, the use of low cost biosorbents like bacteria, fungi,
fungi, algae and some agricultural bybyproducts have been investigated for their biosorption capacities. In this paper, the biosorptions of three heavy
metals (zinc,
zinc, copper and manganese)
manganese) from aqueous wastewater
wastewater solution by five microorganisms
microorganisms (Bacillus

circulans, Pseudomonas aeruginosa, Staphylococcus xylosus, Streptomyces rimosus and Saccharomyces sp.(Yeast)
were investigated using a combined flow and batch processes.
processes. The biosorbents were airair-dried without subjecting
them to oven heat. Factors affecting biosorption capacity also known as metal uptake capacity,
capacity, such as solution pH,
initial ion concentration of heavy metals, mass of biosorbent and contact time were investigated.
investigated. The removal
efficiencies of the individual microbes were also calculated. The maximum biosorption capacities for the three
heavy metals occurred
occurred at pH between 5.5 to 6.5.
6.5. The biosorption of zinc ion by Staphylococcus xylosus yielded the
highest removal
removal efficiency of 94%. Also, the biosorption of copper and managense ions by Bacillus circulans
produced highest removal efficiencies of 97% and 90% respectively. Initial ion concentrations of heavy metals and
mass of biosorbents increase
increase with biosorption
biosorption capacity.
capacity. Furthermore, Langmuir isotherm better described
equilibrium biosorption of copper by Pseudomonas aeruginosa, Staphylococcus xylosus and Saccharomyces sp.
correlation, R2 of 0.8646, 0.9820 and 0.9902, Freudlinch isotherm
(Yeast) with linear regression coefficient of correlation,
better described the biosorption of copper by Bacillus circulans and Streptomyces rimosus with linear regression
coefficient of correlation of 0.7233 and 0.9290 respectively. Lastly, Langmuir isotherm better described the
biosorption of manganese by Pseudomonas aeruginosa and Streptomyces rimosus with linear regression coefficient
of correlation,
correlation, R2 of 0.9394 and 0.9880 respectively. On the other hand, Freudlinc isotherm better described the
biosorption of Manganese by Bacil
Bacillus
lus circulans, Staphylococcus xylosus and Saccharomyces sp (Yeast) with linear
regression coefficient of correlation,
correlation, R2 of 0.7891, 0.9753 and 0.7915 respectively.

Keywords: Biosorption capacity, Removal Efficiency, Equilibrium isotherms.
1. INTRODUCTION
Pollution from industries interacts naturally with
biological systems. It seeps into any biological entity
within the range of exposure. The most problematic
contaminants include heavy metals, pesticides and
other organic compounds which can be toxic to
wildlife and humans in small concentration[1]
Consequently, heavy metals are on the forefront of
academic and regulatory concern, since millions of
gallons of water containing toxic heavy metals are
generated annually from several metal processing
industries and discharged into the environment.
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Metals discharged into water bodies are not
biodegraded but undergoes chemical or microbial
transformations, creating large impact on the
environment and public health [2]. Therefore,
awareness is rapidly growing worldwide and one of
its offshoots is treatment and removal of heavy metals
from such effluent to permissible limits before
discharging into natural streams and rivers. Towards
this direction, several conventional wastewater
technologies were succinctly developed and are in use
at large scale, to reduce hazardous compound
concentration in wastewater from higher to lower
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level [3]. Application of such traditional treatments
requires enormous cost and continuous input of
chemicals which makes them unsustainable and
uneconomical. Hence, easy, effective, economical and
eco-friendly techniques are required for fine-tuning of
wastewater treatment [4].
The search for new technologies involving the
removal of toxic metals from wastewaters has
directed attention to biosorption, based on metal
binding capacities of various biological materials.
Biosorption can be defined as the ability of biological
materials to accumulate heavy metals from
wastewater through mediated or physico-chemical
pathways of uptake [5]. Algae, bacteria, fungi and
yeast have proved to be potential metal biosorbents
[6]. The biosorption process involves a solid phase
(sorbent or biosorbent) and liquid phase (solvent,
usually water containing a dissolved species to be
sorbed. Due to higher affinity of sorbent for the
sorbate species, the latter is attracted and bound there
by different mechanisms. The process continues until
equilibrium is established between the amount of
solid-bound sorbate species and its proportion
remaining in the solution. The degree of sorbent
affinity for sorbate determines its distribution
between the solid and liquid phases. Biosorption is a
physico-chemical process that occurs naturally in
certain biomass which allows it to passively
concentrate and bind contaminants onto its cellular
structure [7]. Biosorption typically involves a
combination of active and passive mechanisms,
starting with the diffusion of the metal ion to the
surface of the microbial cell [8, 9]. The ability of
microorganisms to interact with and accumulate a
variety of metal ions has been well documented [10].
However, there are significant variations in metal
uptake capacity among different genera, different
species, and also different strains within a species
[11]. The
literature
shows
that
previous
researchers have examined basic and applied
aspects of heavy metal biosorption by variety of cellbiomass sources. This includes molds [12], algae
[13,14], bacteria [15, 16, 17, 18, 19] and fungi [20, 21].
A review on the application of microbial biofilms to
accumulate heavy metals in large-scale operations
suggested that their use was limited to low metal
concentrations due to waste-stream toxicity [22].
Bacteria make excellent biosorbents because of their
high surface-to-volume ratios [23]. Metal binding
behaviour has been evaluated on the basis of bacterial
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cell, gram reaction for viable cells [24] and cell walls
and envelopes [25]. Gram-positive bacteria are
particularly suitable for metal binding [26, 27].
Sorption of metals to activated sludge solids has been
found to conform to the Langmuir and Freundlich
isotherms [24]. In a separate study on the removal of
heavy metals with sulfides produced by the sulfate
reducing bacteria, it was observed that the rate of
metal removal was greater than the rate of sulfide
production [28]. Moreso, biosorption utilizes the
ability of biological materials to accumulate heavy
metals from aqueous solutions by either metabolically
mediated or purely physico-chemical pathways of
uptake [5]. The biological materials that have been
investigated for heavy metal uptake include fungi [29],
bacteria [30], yeast [2], micro-algae [31] and macroalgae [32]. Many of these materials are available in
large quantities either as industrial waste by-products
or from the natural sources.
2. METHODOLOGY
In this study, the materials used are microorganisms
comprising of gram positive, gram negative bacteria
and algae which were grown on nutrient broth. The
microbes were obtained from Department of
Microbiology University of Nigeria, Nsukka while
heavy metal solutions were prepared by dissolving
metal copper nitrate, manganese sulphate and zinc
chloride respectively (Cu(NO3)2·3H2O, MnSO4.4H2O
and ZnCl2) in
wastewater to the required
concentrations. The biosorbents that were used are::
Staphylococcus
xylosus,
Bacillus
circulans.
Pseudomonas aeruginosa, Streptomyces rimosus and
Yeast (Saccharomyces cerevisiae.)
2.1 Effect of Contact Time on Biosorption Capacity
Wastewater reservoir was filled with a mixture of
wastewater from University of Nigeria, Nsukka
wastewater stabilization pond and zinc chloride to
obtain 50mg/l concentration of Zn2+ in the solution.
2.5g of biosorbents were introduced into the
treatment units. The treatment units have baffles to
enhance mixing of the wastewater with the
biosorbent. The hob at the exit of the treatment unit
has a sieve (in this case, whatman filter paper) to limit
the quantity of biosorbents that leave the treatment
units. The flow into the treatment units and out of the
batch reactor/reservoir is controlled by flow controls
as shown above.
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Figure A: Biosorption Pilot Treatment Plant

During the 3-day period of operation, the reactor was
monitored for 30 minutes, 2 hours, 24 hours, 48 hours
and 72 hours respectively for metal ion concentration
of the effluent solution, biosorption capacity (q) and
removal efficiency. The biosorption capacity or metal
uptake rate was calculated using the following mass
balance equation:
V
q t = (C 0 − C t )
M
(1)
Where qt(mg/g); is the biosorption capacity or metal
uptake rate at time t Co(mg/l) and Ct(mg/l) are the
initial metal ion concentration and metal ion
concentrations at time t in the solution, respectively;
V(l) is the solution volume; and M(g) is the mass of
biosorbent.The pH of both reactors was kept constant
with the aid of a buffer, 0.1m HCl and 0.1m NaOH.
Room temperature was assumed throughout the
experiments as temperature range of 20 – 35oC has no
effect on biosorption processes of microorganisms
[33]. The same experiment was repeated for Cu2+ and
Mn2+.
2.2 Effect of Initial Metal Ion Concentration on
Biosorption Capacity
By keeping all other parameters such as pH, mass of
biosorbents (2.5g), temperature (room temperature)
and contact time constant (3 days), the same
experiments as above were repeated with initial metal
ion concentration of 100mg/l, 200mg/l, 300mg/l,
400mg/l and 500mg/l of Zn2+ respectively with the
sole aim of obtaining the concentration of zinc ion at
25 minutes detention time and at equilibrium. The
metal concentration of both the influents and effluents
were obtained using a HI83200 Multiparameter
Nigerian Journal of Technology,

spectrophotometer. The amount of metal adsorbed by
each biosorbent was calculated using the following
balance equation:

q e = (C 0 − C t )

V
M

(2)
Where qe is the equilibrium biosorption capacity or
metal uptake (mg/g); Co and Ct are the initial metal
ion concentration and metal ion concentrations at
time t in the solution (mg/l), respectively; V is the
solution volume (l); and M is the mass of biosorbent
(g). The same experiment was performed for copper
and manganese ions.
2.3 Effect of pH on Biosorption Capacity
This was achieved by keeping constant, the initial zinc
ion concentration at 200mg/l, contact time at 3-days,
room temperature and mass of biosorbents at 2.5g,
the pH of the solution was varied from 2, 4, 6, 8 and 10
respectively. The pH of the solution was equilibrated
by using 0.1 M HCl and 0.1 M NaOH. The equilibrium
concentrations were obtained and metal uptake rates
calculated respectively. The pH of the solution was
read with a pH meter. The same experiment was
performed for copper and manganese ions.
2.4 Effect of Mass of Biosorbent on Biosorption
Capacity
This was also achieved by keeping constant, the initial
zinc ion concentration at 200mg/l, contact time at
3days, room temperature and pH at 6, mass of
biosorbents were varied from 1g, 2g, 3g, 4g, and 5g
respectively. The equilibrium concentrations were
obtained and metal uptake capacities calculated
Vol. 34, No. 2, April 2015
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respectively. The same experiment was performed for
copper and manganese ions respectively.
2.5 Removal Efficiency (RE%) and Average Relative
Error (ARE%)
Also, the performance of microorganism biosorption
in terms of its removal efficiency, (RE%) was
estimated using the following equation:
RS T RU
V 100
(3)
OP% Q
RS
Where Ct is the metal ion concentration at time t, C0 is
initial metal ion concentration both measured in mg/l
[34].
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while Figures 10 – 12 represent variation of
biosorption capacity with mass of biosorbents.

Figure 1: Variation of qt with t (Effect of Contact Time on
Biosorption of Zinc)

2.5.1 The Langmuir model [35] Sorption model is used
for the estimation of maximum sorbate sorption by
the biosorbent
1
1
1
Q
+
(4)
W WXYZ [WXYZ R\
q(mg/g), and qmax(mg/g), are the equilibrium and
maximum adsorption capacities of adsorbent b(L/mg)
is the Langmuir constant is related to the energy of
adsorption and Cf(mgL-1) is the equilibrium
concentration of the metal ion
2.5.2 The Freundlich model [36]. The linearised for of

Figure 2: Variation of qt with t (Effect of Contact Time on
Biosorption of Copper)

Freundlinch model is given by’
1
(5)
^_W Q ^_` + ^_R\
_
Where, K (mg/g) is the Freundlich constant related to
adsorption capacity of adsorbent and n is the
dimensionless Freundlich exponent related to
adsorption intensity, Cf and q as defined above.
The linear regression coefficient of correlations were
calculated using equation 6. Whereas x represents the
abscissas while y represents the ordinates.

(n∑ xy − ∑ x∑ y )
(n∑ x − (∑ x ) )(n∑ y − (∑ y ) )
2

R=

2

2

2

Figure 3: Variation of qt with t (Effect of Contact Time on
Biosorption of Manganese)

2

(6)

3. RESULTS AND DISCUSSIONS
The results of effect of contact time, initial sorbate ion
concentration, solution pH and mass of biosorbent
against biosorption capacity of the three heavy metals
(zinc, copper and manganese) under study are as
presented below: Figures 1-3 are chats showing the
variation of biosorption capacity with time, Figures 46 are chats representing variation of biosorption with
initial sorbate ion concentration, Figures 7 – 9
represent variation of biosorption capacity with pH
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Figure 4: Variation of qt with C0 (Effect of Initial Sorbate
Concentration on Biosorption of Zinc)
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Figure 5: Variation of qt with C0 (Effect of Initial Sorbate
Conc. on Biosorption of Copper)
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Figure 9: Variation of qt with pH (Effect of pH of the solution
on Biosorption of Manganese)

Figure 6: Variation of qt with C0 (Effect of Initial Sorbate
Conc. on Biosorption of Manganese )

Figure 10: Variation of qt with M (Effect of mass of
biosorbent on Biosorption of Zinc)

Figure 7: Variation of qt with pH (Effect of pH of the solution
on Biosorption of Zinc)

Figure 11: Variation of qt with M (Effect of mass of
biosorbent on Biosorption of Copper)

Figure 8: Variation of qt with pH (Effect of pH of the solution
on Biosorption of Coppe)r
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Figure 12: Variation of qt with M (Effect of mass of
biosorbent on Biosorption of Manganese)
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4. DISCUSSION
Figures 1 – 3 represent the effect of contact time on
biosorption of zinc, copper and manganese
respectively
by
the
five
aforementioned
microorganisms. On the average, the biosorption
capacity or metal uptake increases with time. The
equilibrium biosorption capacity was attained within
72 hours. The most remarkable is the biosorption of
zinc by Staphylococcus xylosus which reached
equilibrium state within 24 hours as shown on Figure
1. Also, the chats show that there were high rates of
biosorption within the first few hours, which later
declined until equilibriums were established. Figures
4 – 6 represent the effect of initial sorbate
concentration on biosorption capacity. As expected,
increase in initial metal ion concentration led to
increase bisorption capacity of the biosorbents.
Figures 7 – 9 represent the effect of pH on biosorption
capacity. pH is a very important factor in biosorption
experiment. The charts show that maximum
biosorption capacity occurred within pH 6. Figures 10
– 12 represent the effect of mass of biosorbent on
biosorption capacity. Increase in mass of biosorbent
led to increase in equilibrium biosorption capacity.
Using values of linear regression coefficients of
regression (R2), the high coefficient of correlation for
Bacillus circulans& Pseudomonas aeruginosa suggests
that the two biosorbents adsorbed Zn2+ (R2 Q 0.9731,
0.9726) and Mn2+ (R2 Q 0.9412, 0.9535) gradually
throughout the period of examnations until
equilibrium concentrations were attained. In other
words, there were consistency in the sequence of
assimilation by different sites. Also, the low value of
linear regression coefficient of correlation for the
biosorption of copper (R2 Q 0.7212) by Bacillus
circulans suggests that the sites involved in
biosorption assimmilated zinc and copper at different
rates and that accounted for the production of
different curves by the plots and consequently low
values of linear regression coefficient of
correlationsthe. Also, the low values of linear
regression coefficient of correlation respectively and
trend of biosorption of Zn2+ and Cu2+ by
Staphylococcus xylosus (R2 Q 0.5410 and 0.8257)
suggests that the linear graph cannot be used to
analyse biosorption curve. The high coefficient of
correlation for biosorption of Staphylococcus xylosus
(R2 Q 0.9844) suggests that the adsorption rate was
gradual and steady until equilibrium concentration
was attained. Streptomyces rimosus has high linear
regression cofficient of correlation for the biosorption
Nigerian Journal of Technology,
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of Cu2+ and Mn2+ (R2 Q 0.9208 and 0.9614) and low
linear regression coefficient of correlation on the
biosorption of Zn2+ (R2 Q 0.7074). Also, the Yeast
recorded low coefficient of correlation for the
biosorption of Cu2+ (R2 Q 0.7320) and high coefficient
of correlation for the biosorption of Zn2+ and Mn2+ (R2
Q 0.9658 and 0.9614). Table 1 below shows different
removal efficicncies of the biosorbents on the three
selected heavy metal
Table 1: Removal Efficiency of the Five Biosorbents
S/NO

BIOSORBENT

HEAVY METAL

1

Bacillus circulans

2

Pseudomonas
aeruginosa

3

Staphylococcus
xylosus

4

Streptomyces
rimosus

5

Yeast
(Saccharomyces

sp.)

Zinc
Copper
Manganese
Zinc
Copper
Manganese
Zinc
Copper
Manganese
Zinc
Copper
Manganese
Zinc
Copper
Manganese

% ADSORBED
80
97
90
78
86
88
94
86
80
92
94
78
80
82
85

From the Table 1, the percentage of heavy metals
adsorbed by Bacillus circulans, was highest with
copper solution followed by manganese then zinc
solutions respectively. The percentage of heavy metals
adsorbed by Pseudomonas aeruginosa and
Saccharomyces sp.(Yeast) is highest with manganese
solution followed by cupper and then zinc solutions
respectively. For Staphylococcus xylosus, the
percentage of zinc removed was highest followed by
copper and manganese respectively but for
Streptomyces rimosus, the removal efficiency of
Copper is highest followed by zinc and then
manganese.
5. BISORPTION
BISORPTION ISOTHERMS
Two popular isotherms were used to study the
biosorption of the selected heavy metals by the five
microbes. The two isotherms are Langmuir and
Freudlinch isotherms. The results are as shown below
Furthermore, Langmuir isotherm better described
equilibrium biosorption of copper by Pseudomonas
aeruginosa,
Staphylococcus
xylosus
and
Saccharomyces sp. (Yeast) with linear regression
coefficient of correlation R2 of 0.8646, 0.9820 and
0.9902. But, Freudlinch isotherm better described the
biosorption of copper by Bacillus circulans and
Streptomyces rimosus with linear regression
Vol. 34, No. 2, April 2015
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coefficient of correlation of 0.7233 and 0.9290
respectively. Lastly, Langmuir isotherm better
described the biosorption of Manganese by

Pseudomonas aeruginosa and Streptomyces rimosus
with linear regression coefficient of correlation R2 of
0.9394 and 0.9880 respectively. On the other hand,
Freudlinc isotherm better described the biosorption of
Manganese by Bacillus circulans, Staphylococcus
xylosus and Saccharomyces sp (Yeast) with linear
regression coefficient of correlation R2 of 0.7891,
0.9753 and 0.7915 respectively.
Table 2. Summary of Results of Two Biosorption
Isotherms
HEAVY
METAL

Zinc

Copper

Mangane
se

BIOSORBENT
Bacillus circulans
Pseudomonas
aeruginosa
Staphylococcus
xylosus
Streptomyces
rimosus
Yeast
Bacillus circulans
Pseudomonas
aeruginosa
Staphylococcus
xylosus
Streptomyces
rimosus
Yeast
Bacillus circulans
Pseudomonas
aeruginosa
Staphylococcus
xylosus
Streptomyces
rimosus
Yeast

I. C. Nwidi & J. C. Agunwamba

gram-negative bacterium cell contains only a single
layer of peptidoglycan. On a general note, the high
removal efficiencies (see table 1) shown by this study
indicate that the five microorganisms under study are
good biosorbents of the three heavy metals
researched on but on a specific note, Staphylococcus
xylosus is recommended for removal of zinc ions
while Bacillus circulans is recommended for removal
of Copper and Manganese respectively. Moreso, the
preference in adsorption of one heavy metal to others
exhibited by the five microbes indicates that
biosorption depends on available sites and the nature
of those sites. The contents of the available sites have
a great influence on the adsorption of a specific
adsorbate over another.
The result of the bisorption isorthem has proven that
none of the two most popular used isotherms can be
singled out as the best in describing the biosorption
experiments.

VALUE OF R2
(LANGMUIR
ISOTHERM)
0.9783

VALUE OF R2
(FREUDLINC
ISOTHERM)
0.9646

0.8247

0.9046

0.9986

0.9999

0.9810

0.9626
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