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Abstract The present work represents the biosorption of Cd(II) and Pb(II) from aqueous solution

onto the biomass of the blue green alga Anabaena sphaerica as a function of pH, biosorbent dosage,

contact time, and initial metal ion concentrations. Freundlich, Langmuir, and Dubinin–Radushke-

vich (D–R) models were applied to describe the biosorption isotherm of both metals by A. sphaerica

biomass. The biosorption isotherms studies indicated that the biosorption of Cd(II) and Pb(II) fol-

lows the Langmuir and Freundlish models. The maximum biosorption capacities (qmax) were 111.1

and 121.95 mg/g, respectively, at the optimum conditions for each metal. From the D–R isotherm

model, the mean free energy was calculated to be 11.7 and 14.3 kJ/mol indicating that the biosorp-

tion mechanism of Cd(II) and Pb(II) by A. sphaerica was chemisorption. The FTIR analysis for sur-

face function group of algal biomass revealed the existence of amino, carboxyl, hydroxyl, and

carbonyl groups, which are responsible for the biosorption of Cd(II) and Pb(II). The results sug-

gested that the biomass of A. sphaerica is an extremely efficient biosorbent for the removal of Cd(II)

and Pb(II) from aqueous solutions.
ª 2012 Cairo University. Production and hosting by Elsevier B.V. All rights reserved.
Introduction

Water pollution is one of the most serious problems because
inorganic and organic wastes are discharged to the aquatic

environment either in water soluble or insoluble forms [1,2].
Among the inorganic pollutants, heavy metals are the most
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serious because they are non-biodegradable and have the abil-
ity to accumulate in living organisms. Lead and cadmium are
considered the most toxic and hazardous to the environment

[3,4]. Lead is currently implemented in a significant number
of industries such as cables, batteries, pigments, paints, steels
and alloys, metal, glass, and plastic industries [5]. The dis-
charge of these industries causes the contamination of the

aquatic environment by lead. On the other hand, the exposure
to cadmium may cause hypertension, hepatic injury, renal dys-
function, teratogenic effects, and lung damage [3,6].

The removal of heavy metals is considered an important
issue with respect to the environment and economical consid-
erations. There are several methods for the removal of heavy

metals from aqueous solution including, adsorption on
activated carbon, reverse osmosis, ion exchange, chemical
.V. All rights reserved.
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precipitation, and membrane filtration [7,8]. However, the fea-
sibility of economical and technical factors may limit the
implementation of these methods [3].

One of the emerging and attractive technologies to remove
heavy metals from aqueous solution is the biosorption process.
Various biomasses such as bacteria [9], yeast [10], fungi [11,12],

and algae [13–16] were investigated as biosorbent for the re-
moval of heavy metals. The aforementioned articles demon-
strated that algae biosorbent might be effective, in particular,

when they are existed in dead cells form. Microalgae biosor-
bent seem to be more promising than macroalgae (seaweeds)
because of (a) the cultivation of microalgae is normally easier
and has higher production yield and (b) they have higher per-

formance and efficiency (due to their micron size) and in turn
higher specific biosorption area.

Blue-green algae (Cyanobacteria) including Dunaliella, Spi-

rulina (Arthrospira), Nostoc, Anabaena, and Synechococcus
were the typical examples that showed the potential as biosor-
bents for efficient removal of heavy metals from wastewaters

[17–19]. Cyanobacteria have some advantages over other
microorganisms including their greater mucilage volume with
high binding affinity, large surface area, and simple nutrient

requirements [20]. Cyanobacteria are easily cultivated in a large
scale in laboratory cultures providing a low cost biomass for
the biosorption process. The present work was designed to
investigate the biosorption behavior of Pb and Cd to the blue

green alga (A. sphaerica).

Material and methods

Materials preparation

The blue green alga (A. sphaerica) was collected from the Nile
River water in Ismailia canal in front of Port Said water plant
intake, purified, and recultivated in BG11 medium containing

the following macroelements: K2HPO4, MgSO4, CaCl2, citric
acid, Na2CO3, Na2EDTA, and ferric ammonium citrate [21].
NaNO3 was excluded completely from the algal media. A.

sphaerica was in the logarithmic phase of growth when
introduced to the standard algal culture medium. The algal
cultures were incubated at 24 ± 2 �C under continuous illumi-
nation (�2500 lux). The cultures were swirled once daily to

prevent clumping and adherence of the algal cells to the
containers.

At maximum growth of A. sphaerica, the biomass was col-

lected by centrifugation at 5000 rpm for 10 min. The algal bio-
mass was washed with distilled water for five times to avoid
any effect of salt and then dried in an oven at 40 �C to constant

weight. Afterwards, the dried biomass was ground and sieved
through a 0.2 mm size sieve and stored in polyethylene bottles.
All chemicals used throughout the experimental works were

provided by Merck (Darmstadt, Germany).

Metal solutions standards

Metal salts used in the preparation of the synthetic metal bear-

ing solutions were CdCl2Æ5/2H2O and Pb(NO3)2. The synthetic
wastewater solutions were then prepared by diluting the stock
standards of concentration 1000 mg/L of each metal. Deion-

ized water was used in all experiments.
Analytical methods

Determination of metals concentration

The concentrations of metals in all samples were determined
according to the APHA method [22] using Atomic Absorption

Spectrometer (Varian SpectrAA 220, USA) with graphite fur-
nace accessory and equipped with deuterium arc background
corrector. Precision of the metal measurement was determined

by analyzing the metal concentration of all samples.

Quality control

For each series of measurements, absorption calibration curve

was constructed composed of a blank and three or more stan-
dards. The accuracy and precision of the metals measurement
were confirmed using external standard reference material

1643e for trace elements in water and quality control sample
from National Institute Standards and Technology (NIST).

Batch biosorption studies

Each of the batch biosorption studies was carried out by con-
tacting the A. sphaerica biomass with the metal ions in 250 ml

stopper conical flask. The experiments were conducted at room
temperature (25 ± 0.1 �C) to determine the effects of pH, bio-
sorbent dosage, contact time, and initial ions concentration on
the biosorption of Cd(II) and Pb(II) ions. Each experiment

was conducted in a mechanical shaker at 120 rpm. The samples
were filtered through Whatman filter paper (No. 41) and the
metal ions concentration was determined in the filtrate. To dis-

tinguish between possible metal precipitation and actual metal
sorption, controls (blank) were used without biosorbent
materials.

All the experiments were carried out in triplicate and the
mean of the quantitative results were used for further calcula-
tions. For the calculation of mean value, the percent relative
standard deviation for results was calculated and if the value

of standard deviation for a sample was greater than 5%, the
data were discarded.

Effect of pH

The batch experiment was carried out by contacting 0.1 g of
alga with 100 ml of 50 mg/L of metal solution in 250 ml stop-

per conical flask at different pH value, ranging from 2 to 6 (be-
low 2, the high proton concentration minimizes the metal
sorption and above 6 the metal precipitation is favored). The

pH of the solutions was adjusted either by hydrochloric acid
or sodium hydroxide. The mixture was shaken for 2 h at room
temperature, filtered, and the final pH for each sample was
determined.

Effect of contact time

The optimum time was carried out at optimum pH by con-

ducting batch biosorption experiments with an initial metals
ions concentration of 50 mg/L, 10 g/L biosorbent dosage and
at different time periods (5, 15, 30, 60, 90, 120 min).
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Fig. 2 FTIR spectra of Anabaena sphaerica dry biomass

unloaded and Pb-loaded biomass.
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Effect of biosorbent dosage

The biosorbent dosage varied from 0.025 to 0.25 g using a
fixed volume of 100 ml of 50 mg/L of metal solution at the
optimum pH and the equilibration time for each metal.

Biosorption isotherms

Isotherms were measured by varying the initial metal ion con-
centrations at the optimum conditions for each metal. Differ-

ent biosorption models were used for comparison with
experimental data [23].

Results and discussion

Biosorbent

The biosorbent used in this study was blue green alga (A. spha-
erica) collected from the Nile River water and was purified and

recultivated in BG11 medium. Data presented in Fig. 1 shows
that, there are different shapes of A. sphaerica such as filament
solitary or free clusters, the cells were cylindrical barrel-shaped

or spherical and the terminal cells were spherical or slightly
elongated. The spherical heterocysts were elongated and
slightly greater than vegetative cells due to nitrogen fixation
(Fig. 1).

Characterization of dried biosorbent

The results illustrated in Fig. 2 showed the FTIR spectra of the

unloaded biomass and Pb(II)-loaded biomass. These results
represented the information about the functional groups on
the surface of the cell wall of the biomass and the possible

interaction between metals and the functional groups. From
these data, it is clear that the strong and broad band at
3393 cm�1 might be related to the overlapping between

NAH and OAH stretching vibration. However, the band at
2924 cm�1 could be related to the ACH stretch and the band
at 1646 cm�1 could be assigned to asymmetric stretching vibra-
tion of C‚O. On the other hand, the intense and strong band

at 1053 cm�1 might be attributed to the stretching of CAO
Fig. 1 Photo of River Nile Alga Anabaena sphaerica.
group on the surface of the biomass [3]. Meanwhile, some
bands in the fingerprint region could be related to the phos-
phate groups. It could be observed that the bands at 3393,

2924, 1646, 1053, and 580 cm�1 were shifted to 3411, 2922,
1653, 1043, and 556 cm�1 after loading of Pb(II). The signifi-
cant changes in the wave number of these peaks after loading
of Pb(II) indicate that the functional groups (amido, hydroxyl,

C‚O and CAO) were involved in the biosorption of Pb(II) on
the surface of A. sphaerica. Similar results for the biosorption
of heavy metals on different species of algae have been previ-

ously reported by others [3,24,25].

Optimum conditions

Effect of pH

It is well documented that the pH of the aqueous solution af-
fects the metal solubility and the concentration of the counter
ions on the functional group of the cell wall of the biosorbent,

consequently, the pH is considered as the most important
parameter that could affect the biosorption of metal ions from
solutions [26,27]. The effect of pH value on the biosorption of
Fig. 3 Effect of pH on the biosorption of Cd and Pb by

Anabaena sphaerica.
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Cd(II) and Pb(II) ions onto A. sphaerica biomass was evaluated
and the results were presented in Fig. 3. It is clear that the max-
imum biosorption for Cd (II) and Pb(II) reached 84.5% and

88.3% at pH 5.5 and 3, respectively. Therefore, all the experi-
ments were carried out at pH 5.5 for Cd and pH 3 for Pb.

The current results indicated that the biosorption of Cd(II)

and Pb(II) was increased with increasing the pH value. This is
because, at lower pH, the concentration of positive charge
(protons) increased on the sites of biomass surface, which re-

stricted the approach of metal cations to the surface of bio-
mass (because of charge repulsion) [28]. As the pH increase,
the proton concentration decreases and the biomass surface
is more negatively charged. The biosorption of the positively

charged metal ions increased till reaching their maximum bio-
sorption around pH 5.5 and 3 for Cd(II) and Pb(II) respec-
tively. The maximum biosorption efficiency of Cd(II) and

Pb(II) was occurred at different pH values. This could proba-
bly correlate to the different characteristics between the metals
(size, electronegativity), or the more available metal was better

biosorbed on the adsorption sites [2]. For Pb(II), the maximum
biosorption at lower pH is related to its higher electronegativ-
ity than Cd and hydronium ion, so Pb affinity to the surface

functional groups of the cell wall is higher than Cd and hydro-
nium ions at low pH value. While, the decrease in biosorption
yield at higher pH not only related to the formation of soluble
hydroxilated complexes of the metal ions (lead ions in the form

of Pb(OH)2 [29], but also to the ionized nature of the cell wall
surface of the biomass under the tested pH. Also, the main
cadmium cation sequestration mechanism by the algal biomass

was apparently chelation, while lead cations exhibit higher
affinity to the algal biomass, and their binding mechanism in-
clude a combination of ion exchange, chelation, and reduction

reactions, accompanied by metallic lead precipitation on the
cell wall matrix [29].

Effect of biosorbent dosage

Different biomass dosage ranged from 0.025 to 0.25 g/100 ml
was applied to study the effect of biomass dose on the biosorp-
Fig. 4 Effect of the dose of Anabaena sphaerica biomass on the

biosorption of Cd and Pb.
tion of Cd(II) and Pb(II) ions Fig. 4. The data revealed that the
biosorption efficiency of Cd(II) and Pb(II) ions on A. sphaerica
was significantly affected by the dose of A. sphaerica in the

solution. In other words, the biosorption of Cd(II) and Pb(II)
ions was increased with subsequent increasing the biosorbent
dose and almost became constant at higher dosage than

0.1 g/100 ml and 0.2 g/100 ml for Pb and Cd, respectively. This
behavior could be explained by the formation of aggregates of
the biomass at higher doses, which decreases the effective sur-

face area for biosorption [3,30]. Therefore; the doses 0.1 g/
100 ml for Pb(II) and 0.2 g/100 ml for Cd(II) were selected as
the optimum doses of the biosorbent for the rest of the study.

Effect of contact time

The effect of contact time is highly influencing the biosorption
process. Fig. 5 showed the effect of contact time on the bio-

sorption of Cd(II) and Pb(II) ions using the A. sphaerica.
These results indicated that the biosorption of both metals
was rapid in the first 20 min then was gradually increased till

the equilibrium attained at 60 and 90 min for Cd and Pb,
respectively, and the biosorption became almost constant
thereafter. Therefore, a contact time of 60 and 90 min was used

as the optimum time for Cd and Pb for the rest of experiments.
The rate of biosorption of Cd(II) and Pb(II) ions using the A.
sphaerica seems to occur in two steps; a very rapid surface bio-
sorption in the first step and a slow intracellular diffusion in

the second step. In this concern, Chen et al., [2] reported sim-
ilar behavior for the biosorption of Ni and Cu on treated alga
Undaria pinnatifida and the adsorption of Cd by biomass fun-

gal biosorbent [31].

Effect of metal concentration

The data presented in Fig. 6 showed the effect of metal concen-
tration on biosorption process. The concentration of Cd and
Fig. 5 Effect of contact time on the biosorption of Cd and Pb by

Anabaena sphaerica.
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Pb were varied between 50 and 300 mg/l at the optimum pH,
contact time, and optimum dose for each metal, respectively.
The results presented in Fig. indicated that the biosorption

of Cd and Pb at the beginning was 94.3% and 88.6%, respec-
tively. The biosorption was decreased with increasing the metal
concentration. This behavior was attributed to the fact that,

initially, all binding sites on the biomass surface were vacant
resulting in high metal biosorption at the beginning. After
that, with increasing metal concentration, the biosorption of

metal was decreased because of a few active sites were avail-
able on the surface of the algal biomass.

Equilibrium studies and isotherm modeling

The biosorption isotherm models described the biosorption
data at equilibrium and showed the correlation between the

mass of solute adsorbed per unit mass of sorbent at equilib-
rium. The biosorption isotherms were calculated using three
different isotherms models including the Langmuir, Freundlich
and Dubinin–Radushkevich (D–R) isotherms [32].

Freundlich and Langmuir models

Due to their simplicity, the Freundlich and Langmuir equa-

tions are the most widely used models to describe the relation-
ship between equilibrium metal biosorption qe (mg/L) and final
concentrations Ce (mg/L) at equilibrium.

The Freundlich equation is given by:

qe ¼ KfC
1=n
e ð1Þ

where Kf and n are the Freundlich constants and are related to
the adsorption capacity of the sorbent and the adsorption

intensity. To simplify the determination of Kf and 1/n, Eq.
(1) can be linearized in logarithmic form, which allows the
determination of the unknown parameters by plotting log qe
versus log Ce:

log qe ¼ logKf þ
1

n
logCe ð2Þ
Fig. 6 Biosorption of Cd and Pb on Anabaena sphaerica as

function of initial concentration at the optimum removal

conditions.
The Langmuir isotherm relationship is given as:
Langmuir isotherm [33] presented by the following

equation:

Ce=Cads ¼ 1=Qbþ Ce=Q ð3Þ

where Ce (mg/L) is the concentration of metal in solution at
equilibrium, Cads (mg/g) is the amount of metal sorbed per unit
mass of A. sphaerica, Q (mg/g) and b are Langmuir constants

related to mono layer capacity sorption and sorption energy,
respectively.

The selection between Freundlich and Langmuir isotherms

is mainly controlled by the equilibrium data [34]. These iso-
therms are commonly describe the adsorption phenomena at
the solid liquid interface and the isotherms data were used

for the design of adsorption systems and to understand the
relation between adsorbent and adsorbate [35].

The Freundlich isotherm plot for the biosorption of Cd and
Pb onto A. sphaerica biomass (Fig. 7) indicated that Cd and Pb

were fitted to Freundlich isotherm (R2 = 0.991 and 0.979).
The isotherm data calculated from Freundlich isotherm (Ta-
ble 1) revealed that the 1/n values for Cd and Pb were 0.390

and 0.263, respectively. The 1/n values were less than one, indi-
cating that the biosorption process for Cd and Pb onto A.
sphaerica biomass was favorable at the studied experimental

conditions.
The current results (Fig. 8) showed the Langmuir isotherm

model for the biosorption of Cd and Pb onto A. sphaerica bio-
mass and indicated that the correlation coefficient (R2) was

0.98 and 0.969 for Cd and Pb, respectively. These results indi-
cated that the biosorption of Cd is more fitted to the Langmuir
isotherm model than the biosorption of Pb. In other words, the

biosorption of Cd and Pb onto A. sphaerica was occurred on
the functional groups binding sites as a monolayer biosorp-
tion. These results are in agreement with the FTIR spectra

illustrated in Fig. 2. The maximum biosorption capacity calcu-
lated from Langmuir isotherm presented in Table 1 was 111.1
and 121.95 mg/g for the biosorption of Cd and Pb, respec-

tively. These biosorption capacities are higher than those
Fig. 7 Freundlich isotherm for the biosorption of Cd and Pb on

Anabaena sphaerica.



Table 1 Summary of isotherm model parameters for Anabaena sphaerica biomass.

Metals Freundlich model Langmuir model

Kf 1/n R2 Qmax (mg/g) 1/b R2

Cd 15.31 0.390 0.991 111.1 18.88 0.9801

Pb 28.28 0.2631 0.9798 121.95 19.19 0.9699

Fig. 8 Langmuir isotherm for Cd and Pb biosorption onto

Anabaena sphaerica biomass.

Fig. 9 D–R biosorption isotherm of Cd and Pb ion on Anabaena

sphaerica biomass.

Table 2 Summary of DKR model parameters for (Anabaena

sphaerica).

Metals Xm (mol/g) b (mol2/j2) Sorption energy

(E, kJ/mol)

Cadmium 2.374 · 10�3 �0.3592 · 10�8 11.798

Lead 1.104 · 10�3 �0.2433 · 10�8 14.335
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reported for the modified rice husk [36] and green alga (Clado-
phora hutchinsiae) biomass [37]. These results proved that A.
sphaerica biomass could be used as potential biosorbent for
the removal of Cd and Pb from aqueous solutions.

Dubinin–Radushkevich isotherms (D–R isotherms)

Freundlich and Langmuir isotherms could not provide any

information about the biosorption mechanism. The D–R
isotherm is an analog of Langmuir type but it is more general
because it does not assume a homogeneous surface or constant

sorption potential [38]. The Dubinin–Radushkevich isotherm
model was used to predict the nature of adsorption processes
as physical or chemical [39].

The linearized D–R isotherm equation can be written as
shown:

ln qe ¼ lnXm � be2 ð4Þ

where qe is the amount of metal ions adsorbed per unit mass of
adsorbent (mol/g), Xm is the maximum sorption capacity, b is
the activity coefficient related to mean sorption energy, and e is
the Polanyi potential, which is equal to:

e ¼ RT ln 1þ 1

Ce

� �
ð5Þ

where R is the gas constant (J/mol K) and T is the temperature

(K). The saturation limit Xm may represent the total specific
micropore volume of the sorbent. The sorption potential is
independent of the temperature but varies according to the

nature of sorbent and sorbate [40]. The sorption space in the
vicinity of a solid surface is characterized by a series of equi-
potential surfaces having the same sorption potential. The
sorption energy can also be worked out using the following

equation:

E ¼ 1ffiffiffiffiffiffiffiffiffi
�2b
p ð6Þ

The data illustrated in Fig. 9 and Table 2 represent the D–R
plot of the biosorption of Cd(II) and Pb(II) ions onto A. spha-

erica biomass. It is well known that the mean free energy of
biosorption gives information about biosorption mechanism,
physical or chemical. If E value lies between 8 and 16 kJ/

mol, the biosorption process occurs chemically and if
E < 8 kJ/mol, the biosorption process takes place physically
[3,25]. In the current study, the mean biosorption energy was

calculated as 11.7 and 14.3 kJ/mol for the biosorption of
Cd(II) and Pb(II) ions, respectively (Table 2). These results
indicated that the biosorption process of Cd(II) and Pb(II)

onto A. sphaerica biomass may be carried out chemically via
involving valence forces through sharing or exchange of elec-
trons between sorbent and sorbate [41].
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Conclusion

The present work was designed to investigate the biosorption
behavior of Pb and Cd to the blue green alga A. sphaerica.

The maximum biosorption capacities were 111.1 mg/g and
121.9 mg/g for Cd and Pb at optimum operating conditions,
respectively. The experimental data revealed that Cd and Pb

biosorption were fitted to both Freundlish and Langmuir iso-
therms. The mean free energy values calculated from the D–R
plot were 11.7 and 14.3 kJ/mol indicating that the biosorption
type was chemisorption. The FTIR indicated that the amino,

carboxyl, hydroxyl and carbonyl groups on the surface of
the biomass are responsible for biosorption of Cd(II) and
Pb(II). Based on these results, A. sphaerica biomass can be

used as an efficient low cost biomass for the removal of heavy
metals from wastewater.
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