Asian Journal of Chemistry Vol. 21, No. 8 (2009), 6015-6028

Biosorption of Pb(II) From Aqueous Solutions by a Fungal
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In this study, the biosorption capacity of the fungus Sporotricum
sp. biomass in removing of Pb(Il) ions from aqueous solution were
investigated with different parameters, such as pH, temperature and initial
metal ion concentrations in a batch adsorption system. The maximum
biosorption of Pb(Il) ions onto the Sporotricum sp. biomass was 15.48
mg per g of the biomass. The biosorption of Pb(II) ions increased with
increased pH up to 6.0 at which the maximum biosorption was
obtained. Temperature change between 15 and 40 °C did not affect the
biosorption capacity of the fungal biomass. Desorption of the Pb(II)
ions was achieved using 0.1 M HCI solution. Biosorption equilibria
were established in about 24 h. Biosorption experimental data could be
well interpreted by the Langmuir model with maximum adsorption
capacity of 16.42 mg g of Pb(II) ion on to the Sporotricum sp. biomass.
Also the correlation regression coefficients show that the biosorption
process can be well-defined by Freundlich model. The change in
biosorption capacity with time was found to fit the pseudo-second-order
kinetic model.

Key Words: Heavy metals, Biosorption, Optimization, Lead, Fungal
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INTRODUCTION

Toxic metals and radionuclides are released into the environment by a large
number of processes such as mining and metallugical processing, steel manufac-
turing, jewelry industries, combustion of fossil fuels, textile printing, application
of fertilizer and fungicides, recycling of ferrous scraps and motor oils, disposal and
incineration of toxic metal containing products, electroplating, leather tanning, wood
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preservation, pulp processing and tobacco smoking'’. The pollutants from these
processes are discharged or transported into aquatic and terrestrial environments
mainly as solutes or particulates and may reach high concentrations, especially
near the site of entry. The effects of metals on ecosystem vary considerably and are
of economic and public-health significance®"".

Heavy metals in general are potent inhibitors of enzymatic reactions'>". Their
toxic effects mainly by binding to -SH groups present in the active or regulation
sites of enzyme and causing their irreversible inactivation. In addition to binding to
aromatic amino acid residues in enzyme molecules, they can also cause oxidative
stress associated with the production of reactive oxygen species like hydroxyl or
superoxide radicals'. Toxic metals inhibit active transport mechanism through dissi-
pation of the normal cation gradient and changes in the metabolic activity, including
the decrease of ATP concentrations and respiration rate; destroy the mitochondrial
apparatus; causes swelling of cells, leading to lysis; decrease DNA content in cells
and adversely affects chromosomes leading to mutagenesis'>'®.

The bioremediation of heavy metals has received a great deal of attention in
recent years, not only as a scientific novelty but also for its potential application in
industry. Recently microbial systems like fungi, bacteria and algae have been success-
fully used as adsorbing agents for removal of heavy metals"'>. Conventional physico-
chemical methods such as electrochemical treatment, liquid-liquid extraction, ion
exchange, precipitation, precoagulation, reduction, reverse osmosis, evaporation and
biosorption for heavy metal removal from waste streams are not cost effective* .

Metal recovery or removal from solution may involve the following pathways;
(i) the binding of metal cations to cell surfaces or within the cell wall when
microprecipitation may enhance uptake (ii) translocation of the metal into the cell,
possibly by active transport (iii) the formation of metal-containing precipitates, by
reaction with extracellular polymers or microbially produced anions such as sulphide
or phosphate (iv) the volatilization of the metal biotransformation®. In addition,
processes have been developed using immobilized extracellular or cellular ligands
or more simple chemical models based upon them™".

Fungi and yeast cells take up metal ions by binding to the cell surface and
intracellularly. The main structural component of fungal cell walls is either chitin
or chitosan, which are polymers of N-acetylated or non-acetylated glucosamine
respectively. Other binding sites may be phosphate, carboxyl, amine and hydroxy],
plus groups in melanin and other pigments and also fungal chlamydospores bind
higher amounts of heavy metals***. Microorganisms will have various distributions
of charge and geometry for these binding groups and so may well selectively bind
certain metal cations™.

Biosorption of heavy metal ions by fungi is affected by many experimental
factors such as pH, temperature®’*, ionic strength and presence of different metallic
ions in solution, chemical and physical properties of metal ions®’, metal concentrations,
metal solution chemistry, cell physiology®, structural organization of cell wall***!,



Vol. 21, No. 8 (2009) Biosorption of Pb(Il) by a Fungal Biomass in a Batch System 6017

The objective of this research is to investigate the removal of lead metal ions
from solutions by the fungus Sporotricum sp. as biosorbent. Biosorption of lead
from aqueous solutions was investigated for batch biosorption-equilibrium experi-
ments. The effects of initial metal ion concentration, temperature, biosorption time,
initial pH of the solution and time on the Pb(Il) uptake capacities of the fungus
were evaluated by characterizing the bioaccumulation of this metal. The performance
of the preparations was also tested in synthetic waste water samples. In addition,
equilibrium studies were performed with isotherm modelling.

EXPERIMENTAL

Cell line and medium: The strain used was Sporotricum sp. which was supplied
from Faculty of Science, Department of Biology at Anadolu University, Eskisehir,
Turkey. Cultures were maintained on potato-dextrose-agar slants and subcultured
every month, then transferred to storage at 4 °C. Sporotricum sp. was grown in a
liquid medium, potato-dextrose-broth (Acumedia) containing (g/l) potato infusion
solids, 4; dextrose, 20. The initial pH of the medium was adjusted to 5.1 before
sterilization. Media were inoculated with Sporotricum sp. and incubation was carried
out 100 mL medium in a 250 mL flask at 30 °C on orbital shaker incubator at 120 rpm
for 5 d. After this period, the biomass was harvested from the broth by filtration.
The growth media were filtered and preweighed filter paper (Whatmann no. 1) and
biomass was washed several times with deionized and distilled water. The wet
biomass (500 mg) was used for metal biosorption studies.

Preparation of metal solutions: A stock solution of Pb(II) used in this study
was prepared by dissolving an accurate quantity of Pb(NOs), in deionized water.
Other concentrations prepared from stock solution by dilution varied between 10
and 500 ppm and the pH of working solutions was adjusted to desired values with
0.1 M HCI or 0.1 M NaOH. Fresh dilutions were used for each experiment. All
chemicals used were in analytical grade.

Biosorption procedures: All the batch biosorption-equilibrium experiments
were carried out with 500 mg of biosorbent in 250 mL Erlenmayer flasks to find
the optimum operating conditions which enhance the Pb(II) uptakes. The effect of
the medium pH and the initial concentration of metal ion on the biosorption rate
and capacity were studied. The effect of pH on the biosorption rate was investigated
in the pH range of 1.0-6.0. The suspensions were brought to the desired pH by
adding 0.1 M HCI or 0.1 M NaOH at the beginning of the experiment and not
controlled afterwards. Metal ion solutions (10-500 mg L") and biosorbents were
interacted and agitated magnetically at 120 rpm. The effect of temperature (15-40 °C)
on the biosorption capacities of the biosorbent was determined at pH 6.0 and metal
ion concentration on the biosorption was studied at pH 6.0 as described above.

The solutions were centrifuged at 10 000 rpm for 20 min and the supernatants
were then subjected to quantitative analysis. Each set of experiments was carried
out in triplicate and the arithmetical average values were used in calculations.
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Analytical procedure: Biosorption of lead ions from aqueous solutions was
studied in batch systems. Lead(Il) nitrate was used in this experiment. After the
desired incubation period (about 24 h) the aqueous phases were seperated from the
biosorbents and the concentrations of the Pb(Il) ions in these phases were deter-
mined by using a flame atomic absorption spectrophotometer (Perkin-Elmer A.
Analyst 800 Model) with an air-acetylene flame. Deuterium background correction
was applied and the spectral slit width was 1.3 nm. The working current/wave-
length values for Pb(II) ions were 7.5 mA/283.3 nm.

The instrument response was periodically checked by using standard Pb(II)
solution. For each set of data reported, standart statistical methods were used to
determine the mean values and S.D.s. Confidence intervals of 95 % were calculated
for each set of samples in order to determine the margin of error.

Data analysis: The equilibrium sorption capacity of each biomass at the corres-
ponding equilibrium conditions was determined using a mass balance equation
expression:

ge = v(C—Cy)/m (1)
where g is the amount of metal ions adsorbed on the biomass (mg g), C; the initial
metal ion concentration in solution (mg L), C; the the final metal ion concentration
in solution (mg L"), v the volume of the medium (L) and m is the amount of the
biomass used in the reaction mixture (g).

Biosorption/desorption: Desorption of Pb(Il) ions was performed by 0.1 M
HCI solution. The biomass with Pb(II) ions were placed in the desorption medium
and stirred at 120 rpm for 24 h at 30 °C. The final Pb(Il) ion concentration in the
aqueous phase was determined by using the atomic absorption spectrophotometer.
The desorption ratio was calculated from the amount of metal ions adsorbed on the
entrapped preparations and the final Pb(II) ion concentration in the biosorption
medium. Desorption ratio was calculated from the following equation:

Amount of Pb(II) ions desorbed
Amount of Pb(II) ions biosorbed )

Per cent desorption values were obtained by multiplying the above equation by
100.

Desorption ratio =

RESULTS AND DISCUSSION

Effect of contact time on the biosorption: The equilibrium biosorption time
of Pb(Il) ion on the Sporotricum sp. was investigated (Fig. 1). The biosorption
conditions are given in the figure legend. The initial concentration of Pb(II) ion
within the aqueous phase were constant at 100 ppm. Fig. 1 shows the changes in the
amount of Pb(II) ions biosorbed with time. High biosorption rates were observed at
the begining and then plateau values are gradually reached within 24 h and then the
uptake of Pb(Il) ion did not significantly change with contact time. It should be
noted that there was no precipitation in these groups of experiments*. Data on the
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biosorption kinetics of heavy metal ions by various sorbents have shown a wide
range of biosorption rates. For example, the biosorption equilibrium time of
chromium(VI) on the biomass of Rhizopus arrhizus was 2 h*. The equilibrium
time of biosorption of lead(Il) on Aspergillus niger biomass was 5 h*. The equilibrium
time of biosorption of copper(Il) on Sargassum fluitans biomass was 3 h*. The
lead and copper biosorption rates of Bacillus sp. reached saturation value within 15
and 30 min, respectively®. The lead and copper biosorption equilibrium time on
Neurospora crassa biomass was 15 min®. There are several parameters which affect
the biosorption rate such as the stirring rate in the aqueous phase, the amount of the
biosorbent, the structural properties of both the support and the biosorbent (e.g.,
porosity, surface change density, protein and carbohydrate compositions of surface)
for immobilized biomass, the the properties of the ion under study (e.g. ionic radius),
the initial concentration of ionic species and the existence of some other metal ions
which may compete with the ionic species of interest for the active biosorption
sites. So, it is difficult to compare the biosorption results reported. In addition initial
uptake of metal ions may be an important parameter for the practical application of
biosorption in the industrial wastewater.

0 ‘ ‘ ‘ ‘
0 500 1000 1500 2000
t (min)

Fig. 1.  Effect of contact time on Pb(II) biosorption capacity by Sporotricum sp. Biosorption
conditions: initial concentration of Pb(II) ion is 100 mg L™'; amount of biosorbent 500
mg; volume of biosorption medium: 50 mL; temperature 30 °C; pH 6.0; agitation rate
120 rpm

Effect of pH on metal biosorption: Biosorption of metal ions on the cell wall
surface of organisms has to be affected by various factors such as initial pH, initial
metal ion concentration and temperature as well as biomass concentration. It is
well known that metal ion biosorption on both non-specific and specific sorbents is
pH dependent™***. Earlier studies have indicated that solution pH is an important
parameter affecting biosorption of heavy metal ions®***"*, The medium pH affects
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the solubility of metal ions and the ionization state of the functional groups as
carboxylic, phosphate and amino groups on the fungal cell wall*****', In present
study in order to establish the effect of pH on the biosorption of Pb(II) ions onto
Sporotricum sp. and the batch equilibrium studies were repeated at different pH
values in the range of 1-6. Fig. 2 shows the effect of pH on biosorption. The
biosorption conditions are given in the figure legend. As seen here biosorption of
Pb(Il) ions evaluated in this study at pH values above the isoelectric point of the
cells, the surface area of the biomass carry negative charges, which cause an increase
on the sorption capacity of the fungal cells for the metal ions as a result of attractive
forces. At very low pH values with a high proton concentration cell wall ligands,
fungal cells is surrounded by the hydronium ions (H;O"), which competes with
positively charged metal ions for binding. As a result of this repulsive forces, fungal
biomass adsorb less metal ions as proposed by several autors®. The increase in
biosorption levels observed with increasing pH can be explained by strong relation
of biosorption to the number of surface negative charges, which depends on the
dissociation of functional groups®'*****'** This means that negative charge attracts
positively charged Pb(II) ions and more Pb(II) binding occurs. In present study, at
pH 1.0-2.0 metal uptake was negligible and biosorption for Pb(II) ions first increased
with pH and maximum Pb(II) ions biosorption occured at pH 6.0. At pH higher
than 6.0 could be due to the formation of a Pb(OH), complex which would prevent
the metal biosorption.

qe(mg g’

pH
Fig. 2.  Effect of pH on Pb(II) biosorption capacity by Sporotricum sp. Biosorption conditions:
initial concentration of Pb(Il) ion is 100 mg L"'; amount of biosorbent 500 mg; volume
of biosorption medium: 50 mL; temperature 30 °C; agitation rate 120 rpm; contact time
24 h

The experimental study included control tests without metal in solution biomass
was contacted with acid solutions at pH values between pH 1.0 and 6.0. Similar
observations were reported for other biomass types*® 323638423336
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Effect of temperature on metal biosorption: The effect of temperature on
the biosorption of Pb(II) onto the Sporotricum sp. was studied between 15-40 °C at
pH 6.0 and with 100 mg L' Pb(II) concentration. Fig. 3 shows the effect of temper-
ature on Pb(II) ion biosorption and the biosorption conditions are given in the figure
legend. It was observed that the temperature changes between 15-40 °C did not
affect the biosorption capacity. The temperature of the biosorption medium could
be important for energy-dependent mechanisms in metal biosorption by micro-
organisms. Energy-independent mechanisms are less likely to be affected by temper-
ature since the process responsible for biosorption is largely physicochemical in
nature. The biosorption of Pb(II) ions onto the biomass appears to be temperature
independent over the temperature range tested. The similar results reported by the
other researchers'>"*,

8 -
6 '/\/__/
TD')
S
2
0 T T T T T 1
10 20 30 40

T(C)

Fig. 3.  Effect of temperature of biosorption medium on Pb(II) biosorption capacity by Sporotricum
sp. Biosorption conditions: initial concentration of Pb(II) ion is 100 mg L'; amount of
biosorbent 500 mg; volume of biosorption medium: 50 mL; temperature 15-40 °C; pH 6.0;
agitation rate 120 rpm; contact time 24 h

Effect of initial metal ion concentration: The effect of initial metal ion concen-
tration on the biosorption capacity of Sporotricum sp. was studied at optimum pH
and contact time. These experiments were carried out using Pb(Il) ion solutions
(10-500 ppm). Fig. 4 shows the effect of initial Pb(II) ions concentration on
biosorption and the biosorption conditions are given in the figure legend. The amount
of Pb(Il) ion adsorbed per unit mass of the biosorbent (i.e., biosorption capacity)
significantly increased with the initial Pb(II) ion concentration as expected. In order
to reach the plateau values which represent saturation of the active sites which are
available for specific interaction with metal ion on the biosorbent. The maximum
biosorption capacities of the Sporotricum sp. biomass are 15.48 mg g for Pb(Il)
ion at pH 6.0 and 400 ppm initial Pb(Il) ion concentration. Biosorption results of
Pb(II) reported by the other researchers in the literature by various biosorbents and
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operating conditions are summarized in Table-1. The uptake values obtained in
present study are comparable with them and were found to be similar with some
corresponding fungal biosorbents™'>**4,

20 -
16 -

12

qe(mgg’)

0 T T 1
0 200 400 600

Co(mg L")

Fig. 4.  Effect of initial metal ion concentration on Pb(II) biosorption capacity by Sporotricum
sp. Biosorption conditions: initial concentration of Pb(IT) ion is 10-500 mg L™'; amount
of biosorbent 500 mg; volume of biosorption medium: 50 mL; temperature 30 °C; pH
6.0; agitation rate 120 rpm; contact time 24 h

TABLE-1
BIOSORPTION RESULTS OF Pb(II) ION FROM THE LITERATURE BY
VARIOUS BIOSORBENT AND OPERATING CONDITIONS

Biosorption Operating conditions
Biosorbents material capacit i Reference
(mgg  PH TCO Camgl) DO

Streptomyces longwoodensis 100 3 28 50-200 03 69
Arthrobacter sp. 130 5-5.5 30 250 1.4 70
Penicillium digitatum 5.50 5.5 25 10-50 6.5 71
Rhizopus arrhizus 75 35 26 10-300 - 72
Rhizopus arrhizus 55.60 5-7 25 10-600 3 38
Saccharomyces cerevisiae 2.70 5 25 10.4 2 73
Bacillus sp. (ATS-1) 92.27 3.0 25 250 2 6
Mucor rouxii 17.13 5.0 25 10 - 74
Pinus sylvestris 11.38 4.0 25 10-100 4 75
Streptontyces noursei 36.50 6.1 30 2.207 35 76
Sporotrichum sp. 15.80 6.0 30 10-500 5 This study

Equilibrium equations: The equilibrium biosorption isotherms are one of the
most important data to understand the mechanism of the biosorption and the
biosorptive metal uptake can be quantitatively evaluated by experimental equilibrium
isotherms. The relationship between the amount of a substance adsorbed at constant
temperature and its concentration in the equilibrium solution is called the biosorption
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isotherm. The graphical expression of isotherm is a plot of the metal uptake by the
per unit weight of biosorbent against the residual metal ion concentration in the
biosorption medium. In order to optimize the design of a biosorption system to
remove the metal ions, it is important to establish the most appropriate correlations
of the equilibrium data of each system. Two isotherm equations have been tested in
the present study i.e., Langmuir and Freundlich models**®. The applicability of
the isotherm equations is compared by judging the correlation coeffcients, R,

The Langmuir isotherm is valid for monolayer biosorption on a surface contai-
ning a finite number of identical sites. The model assumes uniform energies of
biosorption on the surface and no transmigration of adsorbate in the plane of the
surface. The Langmuir equation is commonly expressed as:

C 1 C

—_° — + S 3
qe qmaxXKL qmax ( )

where, C. (mg L") and q. (mg g™') are the equilibrium concentration and the amount
of adsorbed metal ions at time t (mg/g), Ky (L mg") is a direct measure for the
intensity of the biosorption process and qum.x (mg g') is a constant related to the area
occupied by a monolayer of adsorbate, reflecting the biosorption capacity® . From
a plot of Ce/qe vs. Ce, qmax and Ki can be determined from its slope and intercept
(Fig. 5). Table-2 presents the correlation coeffcient results for Langmuir isotherm.

30 T

20

Cel/ge
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Fig. 5. Langmuir biosorption isotherm plot for Pb(II) biosorption by Sporotricum sp. biomass.
Biosorption conditions: pH 6.0; temperature 30 °C; agitation rate 120 rpm

TABLE-2
LANGMUIR AND FREUNDLICH PARAMETERS FOR THE BIOSORPTION
ISOTHERMS OF Pb(II) ION FROM AN AQUEOUS SOLUTION
ONTO Sporotricum sp. AT 30 °C
Langmuir equation Freundlich equation
Qe (Mg &) / K x10% (L mg")/R? K. (mgg")/1/n/R?
15.48 16.61/2.38 /0.945 2.07/0.34/0.980

4., (mg g
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The Freundlich isotherm is an empirical equation employed to describe hetero-
genous systems and constants, being indicative of the extent of the biosorption and
the degree of non-linearity between solution concentration and biosorption,
respectively. In addition, it is shown to be satisfactory for low concentrations*>**%,
The equation is commonly given by

1
logq, =logK; +—logC, 4)
n

where Kr (g) is a constant for the system, related to the bonding energy. K can be
defined as the biosorption or distribution coefficient and represents the quantity of
metal ion adsorbed onto adsorbent for an unit equilibrium concentration. The slope
1/n, ranging between 0 and 1 becoming more heterogeneous as its value gets closer
to zero. A value for 1/n below one indicates a normal Langmuir isotherm while 1/n
above one is indicative of cooperative biosorption. The plot of log q. versus log C.
for the biosorption of Pb(Il) ion onto Sporotrichum sp. (Fig. 6). The Langmuir
model was able to describe the experimental equilibrium data for biosorption of
Pb(II) ions on Sporotrichum sp under given experimental conditions (Table-2). The
magnitudes of n and Kr (Freundlich constants) show easy separation of metal ions
from aqueous medium and indicate favourable adsorption. The values of 1/n are in
the range of 0.340 (Table-2), which indicates favourable biosorption. The correlation
regression coefficients also show that the adsorption process can be well defined
by both Langmuir and Freundlich equations.

1,2
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0,6 1

log o
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log Ce

Fig. 6.  Freundlich biosorption isotherm plot for Pb(II) biosorption by Sporotricum sp. biomass.
Biosorption conditions: pH 6.0; temperature 30 °C; agitation rate 120 rpm

Pseudo-first and second-order equations: In order to examine the controlling
mechanism of the biosorption process such as mass transfer and chemical groups
on the cell wall of the fungal mycelia (e.g., -COOH, -NH,, =NH, -SH, -OH) imply
that there are many types of fungal mycelia-metal ion interactions. The kinetic
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studies have carried out to determine the efficiency of Pb(II) ion biosorption onto
Sporotrichum sp. and indicated that the biosorption capacity increases with the
initial metal ion concentrations in all cases. Various kinetic models including the
pseudo first-order and pseudo-second-order were tested for the experimental data
to elucidate the biosorption mechanism®®. Among them the pseudo-first-order
rate equation can be written as follow:

108 (Geg — ) = log qeq — (Kot )/2.303 5)
where q; and q,, are the amounts of Pb(Il) biosorbed at equilibrium and at time t in
(mg g") and k; is the first-order rate constant (min™) for biosorption. Values of k;
and qn calculated from the slope of the plots of 1/q, versus 1/t are given in Table-3

and Fig. 7. It was showed that the correlation coefficients for the pseudo-first-order
model are lower than that of the pseudo-second-order model.

TABLE-3
KINETIC PARAMETERS FOR THE REMOVAL OF Pb(II) IONS BY Sporotricum sp.
0 Pseudo-first order Second-order
Qexp (M ) 1 3 2 N 3 1 2
QMg &) /Ky X 10°(min") /R” gy (Mg g7) /K, X 10°(min") /R
15.48 8.86/4.45/0.941 15.79/9.51/0.999
1 1
0,8 A
i- 0,6
g
o 04 1
Lo
0,2
0 T T 1
0 200 400 600

t
Fig. 7. Pseudo-first-order kinetic plot for the biosorption of Pb(II) ion onto Sporotricum sp.

biomass
The pseudo-second-order kinetic model® is expressed as:
t 1 N 1 )
— = — 6
dc kydn  dn ©

where @ is the maximum biosorption capacity (mg g") for the pseudo-second-
order biosorption, g, the amount of Pb(II) biosorbed at equilibrium at time t (mg g™)
and k; is the equilibrium rate constant of pseudo-second-order biosorption (gm g
min™). Values of k, and g, were calculated from the plot of t/q, against t (Fig. 8).
These parameters are give in Table-3. The calculated g, values agree with experi-
mental q values and the correlation coefficients for the pseudo-second order kinetic
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plots were very high. Comparing the equilibrium capacities (q.q) of the kinetic
models ‘namely first and second order’ with the experimental equilibrium capacities
of the biosorbents, the calculated maximum capacities from second-order equation
seems to describe best the experimental data. These results suggested that the
biosorption system studied follows the pseudo-second-order kinetic model.

100 1
80 -

60 -

t/q

40 A

20

0 T T 1
0 500 1000 1500

t
Fig. 8.  Pseudo-second-order kinetic plot for the biosorption of Pb(Il) ion onto Sporotricum sp.

biomass

Desorption: To be useful in seperation and uptake processes, the heavy metal
ions adsorbed by different sorbents or biosorbents could be easily desorbed under
suitable conditions and than these sorbents or biosorbents could be used many
times and so, reduced the cost. In present study the desorption of the adsorbed
Pb(II) ions from the biomass of Sporotricum sp. was studied in a batch system. The
Pb(II) ions adsorbed onto biosorbents were eluted with 0.1 M HCI. More than 70 %
of the adsorbed Pb(II) ions was desorbed from the biosorbent. It must be pointed
out that biosorption onto fungal biomass is completely reversible and this means
HCI breaks down the interaction forces between Pb(II) and binding sites onto the
surface of the fungal biomass.

Conclusion

Biosorption of heavy metal ions is one of the promising technologies involved
in the removal of the heavy metal ions from synthetic waste water. In present study,
Pb(Il) uptake by Sporotricum sp. from synthetic waste water was investigated in
the batch system. The performance of the biosorbent was examined as a function of
the operating conditions, in particular medium pH, temperature, initial Pb(Il) concen-
tration in the solution, biosorption time and regeneration of biomass. The biosorption
of Pb(Il) had no effect important on the biosorption capacity between 15-40 °C and
maximum Pb(II) biosorption observed at pH 6.0 about 100 ppm in the solution.
The characteristic biosorption parameters for Freundlich and Langmuir biosorption
isotherms were determined. The equilibrium was well described by the each isotherm
isotherm model. The biosorbent regenerated by HCI treatment (up to 71 %) in
biosorption capacities. It was observed that Sporotricum sp. is an effective and
inexpensive biomaterial for the removal of Pb(II) ion from the aqueous solution.



Vol. 21, No. 8 (2009) Biosorption of Pb(Il) by a Fungal Biomass in a Batch System 6027

S

10.

11.
12.

13.

14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.

26.
27.
28.
29.

30.
31.
32.
33.
34.
35.
36.

37.

REFERENCES

G.M. Gadd, New Phytol., 124, 25 (1993).

A. Kapoor, T. Viraraghavan and D.R. Cullimoe, Biores. Technol., 70, 95 (1999).

S.K. Papageorgiou, F.K. Katsaros, E.P. Kouvelos, J.W. Nolan, H.L. Deit and N.K. Kanellopoulos,
J. Hazard. Mater., 137, 1765 (20006).

A. Saglam, Y. Yalcinkaya, A. Denizli, M.Y. Arica, O. Geng and S. Bektas, Microchem. J., 71,73
(2002).

P.X. Sheng, Y.P. Ting, J.P. Chen and L. Hong, J. Colloid. Interface Sci., 275, 131 (2004).

S. Tunali, A. Cabuk and T. Akar, Chem. Eng. J., 115, 203 (2006).

S. Congeevaram, S. Dhanarani, J. Park, M. Dexilin and K. Thamaraiselvi, J. Hazard. Mater.,
146, 270 (2007).

O.R. Awofolu, J.O. Okonkwo, R. Roux-Van Der Merwe, J. Badenhorst and E. Jordaan, Elec-
tronic J. Biotechnol., 9, 340 (2006).

ILA.H. Schneider and J. Rubio, New Trends in Biosorption of Heavy Metals by Freshwater
Macrohytes, Biohydrometallurgical Processing, University of Chile, (1995).

I. Velea, A. Voicu and 1. Lazar, Biosorption of Some Metallic Ions from Industrial Effluents
Using Fungal Strains and Bacterial Exopolysaccharides, Biohydrometallurgical Processing,
University of Chile, (1995).

M. Igbal and R.G.J. Edyvean, Miner. Eng., 17, 217 (2004).

K. Mathews, K.E. Holde and K.G. Ahern, Biochemistry Addison Wesley Longman, San Francisco,
USA, edn. 3 (2000).

Y. Yalginkaya, M.Y. Arica, L. Soysal, A. Denizli, O. Geng and S. Bektas, Turk. J. Chem., 26, 441
(2002).

S.J. Stahs and D. Bagchi, Free Radic. Biol. Med., 8, 321 (1995).

L.T. Kurtland, S.N. Faro and H. Sieldler, World Neurol., 1, 370 (1960).

A. Frostegard, A. Tunid and E. Baath, Appl. Environ. Microbiol., 59, 3605 (1993).

G.M. Gadd, Experimenta, 46, 834 (1990).

Y.P. Ting and G. Sun, J. Chem. Technol. Biotechnol., 58, 281 (1993).

V.J.P. Vilar, C.M.S. Botelho and R.A.R. Boaventura, Process. Biochem., 40, 3267 (2005).

E. Teres, A. Cid, C. Herrero and J. Abale, Biores. Technol., 63, 213 (1998).

H. Liu, Y. Chen, Y. Lan and Y. Cheng, Chem. Eng. J., 97, 195 (2004).

J.M. Pena-Castro, F. Mart-Nezjer-Onimo, F. Esparza-Garca and R.O. Canizares Villanueva, Biores.
Technol., 94, 219 (2004).

P. Baldrian, Enzyme Microb. Technol., 32, 78 (2003).

G. Bayramoglu, A. Denizli, S. Bektas and M.Y. Arica, Microchem. J., 72, 63 (2002).

J.A. Brierley, G.M. Goyak and C.L. Brierley, Considerations for Commercial Use of Natural
Products for Metals Recovery, Ellis Horwood, pp. 105-117 (1986).

Y.P. Ting and G. Sun, J. Chem. Technol. Biotechnol., 75, 541 (2000).

S. Sun and A. Wang, Sep. Pur. Technol., 51, 409 (2006).

K. Kadirvelu, P. Senthilkuar, K. Thamaraiselvi and V. Subburam, Biores. Technol., 81, 87 (2002).
0. Geng, Y. Yalginkaya, E. Biiyiiktuncel, A. Denizli, M.Y. Arica and S. Bektas, Int. J. Mineral.
Process., 68, 93 (2003).

R.H. Crist, J.R. Martin, D. Carr, J.R. Watson and H.J. Clarke, Environ. Sci. Technol., 28, 1859 (1994).
Y. Sag, M. Nourbaksh and T. Kutsal, Process. Biochem., 30, 175 (1995).

M. Tsezos, Z. Georgousis and E. Remoudaki, Biotechnol. Bioeng., 55, 16 (1997).

D. Mohan and C.U. Pittman Jr., J. Hazard. Mater., 137, 762 (2006).

A. Kapoor and T. Viraraghavan, Biores. Technol., 61, 221 (1997).

N. Hafez, A.S. Abdel-Razek and M.B. Hafez, J. Chem. Technol. Biotechnol., 68, 19 (1997).

N. Satiroglu, Y. Yalginkaya, A. Denizli, M.Y. Arica, S. Bektas and O. Geng, Process Biochem., 38,
65 (2002).

D. Brady and J.R. Duncan, Enzyme Microbiol. Technol., 16, 633 (1994).



6028 Tunali et al. Asian J. Chem.

38.
39.
40.
41.
42.

43.

44,
45.
46.
47.

48.
49.
50.
51.
52.
53.

54.

55.
56.
57.
58.
59.
60.
61.
62.

63.

64.
65.
66.

67.
68.
69.
70.
71.

72.

73.
74.
75.
76.

E. Fourest and J.C. Roux, Appl. Microbiol. Biotechnol., 37, 399 (1992).

R.P. Jones and G.M.Gadd, Enzyme Microbiol. Technol., 12, 402 (1990).

E.G. Davidova and S.G. Kasparova, Microbiol., 61, 1018 (1992).

F. Veglio and F. Beolchini, Hydrometallurgy, 44, 301 (1997).

Y. Yalginkaya, L. Soysal, A. Denizli, M. Y. Arica, S. Bektas and O. Geng, Hydrometallurgy, 63,
31 (2002).

R.S. Prakasham, J.S. Merrie, R. Sheela, N. Saswathi and S.V. Ramakrishna, Environ. Pollut.,
104, 421 (1999).

J. Yang and B. Voesky, Environ. Sci. Technol., 33, 751 (1999).

I. Kiran, T. Akar and S. Tunali, Process. Biochem., 40, 3550 (2005).

J.T. Matheickal, Q. Yu and G.M. Woodburn, Wat. Res., 33, 335 (1999).

M.FE. Benedetti, C.J. Milne, D.G. Kinninburg, W.H. Van Riemsddijik and L.K. Kopal, Environ.
Sci. Technol., 29, 446 (1995).

J.T. Matheickal and Q. Yu, Miner. Eng., 10, 947 (1997).

G. De la Rose, J.R. Peralta-Videa and J.L. Gardea-Torresdey, J. Hazard. Mater., 97,207 (2003).
E. Fourest and B. Volesky, Biochem. Biotechnol., 67, 215 (1997).

M.Y. Arica and G. Bayramoglu, Colloid. Surf. A, 253, 203 (2005).

B. Bayramoglu, G. Celik, M. Yilmaz and M.Y. Arica, J. Hazard. Mater., 119, 219 (2005).

A. Setatnia, A. Madami, M.Z. Bakhti, L. Keryous, Y. Mansouri and R. Yous, Miner. Eng., 17,
903 (2004).

G.C. Panda, S.K. Das, S. Chatterjee, P.B. Maity, T.S. Bandopadhyay and A.K. Guha, Colloid.
Surf. B Biointerfaces, 50, 49 (2006).

M.I. Kefala, A.l. Zouboulis and K.A. Matis, Environ. Pollut., 104, 283 (1999).

B. Kiran, A. Kaushik and C.P. Kaushik, Chem. Eng. J., 126, 147 (2007).

E. Fourest and B. Volesky, Environ. Sci. Technol., 30, 277 (1996).

N. Mofidi, M. Aghai-Moghadm and M.N. Sarbolovki, Process Biochem., 35, 885 (2000).

I. Langmuir, J. Am. Chem. Soc., 40, 1361 (1918).

H.M.F. Freundich, Chemie, 57, 385 (1906).

E.W. Wilde and J.R. Benemann, Biotechnol. Adv., 11, 781 (1993).

FEM.M. Morell and J.G. Hering, Principles and Applications of Aquatic Chemistry, Wiley, New
York, pp. 509-519 (1993).

J. Gabriel, O. Kofronova, P. Rychovsky and M. Krenzelok, Bull. Environ. Contam. Toxicol., 57,
383 (1996).

B. Wehrheim and M. Wettern, Appl. Microbiol. Biotechnol., 41, 725 (1994).

PK. Malik, J. Hazard. Mater., 113, 81 (2004).

S. Lagergren, About the Theory of So-called Adsorption of Soluble Substances, K. Sven
Vetenskapsakad. Handl., 24, pp. 1-39 (1898).

Y.S. Ho and G. McKay, Process. Biochem., 34, 451 (1999).

C.W. Cheung, J.F. Porter and G. McKay, Wat. Res., 35, 605 (2001).

N. Friis and P. Myers-Keith, Biotechnol. Bioeng., 28, 21 (1986).

F. Veglio, F. Beolchini and A. Gasbarro, Process. Biochem., 32,99 (1997).

M. Galun, E. Galun, B.Z. Siegel, P. Keller, H. Lehr and S.M. Siegel, Water, Air and Soil Pollution,
33, 359 (1987).

B. Volesky, in eds.: M.R. Ladisch and A. Bose Removal of Heavy Metals by Biosorption, Harne-
ssing Biotechnology for the 21st Century. American Chemical Society, Washington: DC, pp.
161-170 (1992).

C.P. Huang, C.P. Huang and A.L. Morehart, Water Res., 24, 433 (1990).

G. Yan and T. Viraraghavan, Water S.A., 26, 119 (2000).

H. Ucun, Y.K. Bayhan, Y. Kaya, A. Cakici and O.F. Algur, Desalination, 154, 233 (2003).

B. Mattuschka and G. Straube, J. Chem. Technol. Biotechnol., 58, 57 (1993).

(Received: 10 September 2008; Accepted: 22 May 2009) AJC-7575



