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a b s t r a c t
In this study the possibility of the pretreated biomass of Fusarium oxysporum in biosorption of heavy 
metal ions such as Pb2+ and Co2+ from single metal solutions is investigated. The structural morphol-
ogy and composition of the studied biosorbent were evaluated by scanning electron microscope 
(SEM), Fourier transform infrared spectroscopy (FTIR), and thermogravimetric analysis (TGA). The 
dead F. oxysporum biomass was pretreated and tested in batch system. The effects of the operating 
parameters, such as pH, contact time, initial metal concentrations, biomass dosage, and tempera-
ture on the removal efficiency of metal ions have been studied. The optimum pH for biosorption 
was 6.0. F. oxysporum exhibited selectivity for Pb2+ and Co2+ in the order of Co2+ > Pb2+. The interac-
tion between metal ions and biomass function groups was characterized by FTIR spectroscopy. The 
equilibrium biosorption data were analyzed using different isotherm models. The biosorption data 
were best described by Langmuir and Flory–Huggins isotherms. The breakthrough capacity obtained 
from column study was found to be equal to 10.10 and 12.15 mg/g for Pb2+ and Co2+, respectively. 
Thermodynamic parameters (∆H°, ∆G°, and ∆S°) were calculated and indicated that an endothermic 
spontaneous process. The main novelty of this work was the preparation of F. oxysporum biomass in 
rigid beads suitable for column operation with reasonably good breakthrough capacity.

Keywords:  Biosorption; Fusarium oxysporum; Heavy metal ions; Distribution studies; Isotherm models; 
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1. Introduction

Pollution by heavy metal ions has become one of the 
most dangerous environmental problems today. The heavy 
metal ions move at a very high speed in the aquatic circles, 
thus increasing their toxicity [1]. Heavy metals are pre-
sented in the following elements: cadmium, zinc, copper, 
mercury, lead, iron, cobalt, arsenic, aluminum, nickel, chro-
mium, gold, tin, selenium, molybdenum, manganese, and 
silver [2]. Most of these heavy metals are known for their 

toxicity, carcinogenicity, and a significant risk to all living 
organisms [3–5]. Many techniques have been applied to 
remove heavy metal ions from their liquid wastes such as 
chemical precipitation, ion exchange, electrochemical treat-
ment, membrane technologies, and adsorption [6]. Each of 
this technique has its own advantages and disadvantages. 
Chemical precipitation and electrochemical techniques are 
useless, especially when the concentration of the metal ion 
in aqueous solution is lower than 50 mg/L. Add to that, such 
techniques fabricate large quantities of sludge to be treated 
with great difficulties. Many techniques such as adsorption 
using active carbon, ion exchange, and membrane technol-
ogies are extremely expensive. Therefore, the biosorption 
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technology has been applied to remove heavy metal ions as 
an inexpensive technique, which is known for the last few 
decades. Algae, fungi, bacteria, and yeast have been used as a 
highly efficient biosorbents because of their ability to remove 
heavy metal ions from their waste solutions [7].

The biosorption process involves a solid phase (sorbent or 
biosorbent; biological materials) and a liquid phase (solvent, 
normally water) containing a dissolved species to be sorbed 
(sorbate, metal ions). Due to higher affinity of the sorbent for 
the sorbate species, the latter is attracted and removed by 
different mechanisms. The process continues till equilibrium 
is established between the amount of solid-bound sorbate 
species and its portion remaining in the solution. The degree 
of sorbent affinity for the sorbate determines its distribution 
between the solid and liquid phases [8]. Heavy metal ions 
can be removed from wastewater as well as extracted from 
their solutions by biotechnological methods that use micro-
organisms as sorbents [9]. Biomass derived from molds 
and yeasts [8] especially Candida utilis [10] has the ability to 
uptake the heavy metal ions from the environment. Fungi 
and yeast accumulate micronutrients such as Cu, Zn, Mn, 
and nonnutrient metals, such as U, Ni, Cd, Sn, and Hg in 
quantity higher than nutritional demands [9]. The poten-
tial of fungal biomass as biosorbent has been applied for  
sorption of the heavy metal ions from polluted waters [8,11].

In this paper, the dead Fusarium oxysporum biomass was 
pretreated and characterized by means of scanning electron 
microscope (SEM), Fourier transform infrared spectroscopy 
(FTIR), and thermogravimetric analysis (TGA) and then their 
sorption behavior for Pb2+ and Co2+ were investigated by batch 
system. The equilibrium biosorption data were analyzed 
using Langmuir, Freundlich, Dubinin–Radushkevich (D-R), 
and Flory–Huggins isotherms. The biosorption capacities 
(qm) were determined and compared with other sorbents.

2. Experimental

2.1. Chemicals and reagents

Stock solutions (1 g/L) of Pb(II) and Co(II) were pre-
pared by dissolving Pb(NO3)2 and CoCl2 in demineralized 
water. The reagents were supplied by Merck (Germany) as 
analytical-grade reagents, and deionized water was used. 
All other reagents and chemicals were of analytical reagent 
grade purity and used without further purification. The pH 
of solutions was measured using pH meter of the bench, 
model 601A, USA.

2.2. Preparation of the biosorbent

F. oxysporum fungi was kindly provided by Abdel Aziz, 
2005 [12] and allowed to grow on flasks containing broth 
dox medium (g/L), sucrose 30.0, NaNO3 3.0, KH2PO4 1.0, 
MgSO4·7H2O 0.5, KCl 0.5, FeSO4·5H2O 0.001, CaCl2 0.001 and 
rose bengal (Merck) as a bacteriostatic agent (0.065) [13,14]. 
Mycelium of F. oxysporum was cultured in 2 L flasks contain-
ing 1,000 mL broth dox medium at 25°C, 125 rpm in an incu-
bator shaker for 21 d. Harvested mycelium was autoclaved to 
obtain dead biomass, and filtered off and washed with dou-
ble distilled water [15]. Finally, dead biomass was oven dried 
at 70°C, grinded in a mortar and then stored at desiccators.

2.3. Physical and chemical characteristics of the biosorbent

Moisture percentage of F. oxysporum biomass was eval-
uated by heating a known weight of sample at 105°C ± 2°C 
in hot air oven for 4 h. Heating, cooling, and weighing were 
repeated at 20 min interval until the weight became constant. 
The difference in weights gave the percentage of moisture 
content. After determining the moisture content the same 
sample was ignited in muffle furnace at 1,000°C for about 3 h. 
The process of heating and cooling was repeated until con-
stant weight was obtained. Ash content was calculated from 
the weight of the remaining solid (g) divided by the initial 
weight of the sample. The bulk density was estimated as fol-
lows: a 20 mL graduated cylinder was weighed accurately 
and filled to 20 mL mark with F. oxysporum fungi biomass 
and weighed again accurately. The difference in weight gives 
weight of biomass sorbent. The density was then calculated 
by dividing the weight of biomass by 20. The chemical stabil-
ity of F. oxysporum biosorbent was studied in water, 3 M HCl, 
and 3 M NaOH, by mixing 100 mg of each of the prepared 
sorbent with 100 mL of the desired solution with intermittent 
shaking for about 3 d at 25°C ± 1°C. The specific surface area 
of the biosorbents was made by the Brunauer, Emmett and 
Teller (BET) method using the instrument MICROMERITICS 
GEMINE 2375. It was carried out in the micro-analytical 
center, Cairo University, Egypt. The FTIR spectrum of the 
powdered samples was recorded using a Shimadzu infra-
red spectrometer (BOMEM-FTIR) obtained from Shimadzu 
Kyoto “Japan.” The KBr disk method was used to recog-
nize the functional groups. In this concern, the sample was 
comprehensively mixed with KBr as a matrix; the mixture 
was ground to a very fine powder and then pressed to give 
a transparent disc with standard diameter and free from 
moisture. The disk formed was examined in FTIR spectro-
photometer from 4,000 to 400 cm−1. The surface morphology 
was studied using Jeol SEM of JSM-6510A Model, Japan. The 
morphology of the particles was identified, operating with 
beams of primary electrons ranging from 5 to 30 keV. TGA 
was investigated using a Shimadzu DTG-60 thermal ana-
lyzer obtained from Shimadzu Kyoto “Japan” with a plat-
inum sample holder. The phase changes and weight losses 
of the sample were measured for ambient temperature up 
to 1,000°C in N2 atmosphere, with the heating rate of 10 deg/
min and using alumina powder as a reference material.

2.4. Biosorption studies

Biosorption experiments were achieved by contacting 
0.05 g of the dead biomass with 5 mL of 50 mg/L of Pb(II) 
and Co(II) ions solution at a V/m ratio of 100 mL/g at a shak-
ing speed of 150 rpm for 200 min. Studding the impact of 
initial pH on metal ion removal was carried out over pH 
range of 1.0–6.0. The influence of temperature on the bio-
sorption experiments was investigated in the temperature 
range of 20°C–60°C ± 1°C. The biosorption of heavy metal 
ions was studied as a function of initial concentrations in 
the range of 50–500 mg/L. After equilibrium, the solutions 
were separated by centrifugation at 4,000 rpm for 20 min. 
The concentration of the metal ions was measured using 
atomic absorption spectrophotometer (AAS). All tests were 
repeated for three times and the total experimental error was 
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found to be about ±3%. The percentage biosorption (% R), Kd 
(mL/g), and qe (mg/g) were calculated using the following 
equations, respectively:
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where Kd is the distribution coefficients, qe is the amount 
of metal ions extracted by biosorbent at equilibrium, Co and 
Cf are the concentrations of the ions in solution before and 
after equilibration (mg/L), respectively, V is the solution 
volume (mL), and m is the biosorbent mass (g).

2.5. Separation factor

The separation factor was used to examine the separation 
ability of an adsorbent toward two adsorbed ions of equal 
concentration and was also expressed as the relation of the 
distribution coefficients of the ions to be separated as follows:
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where Kd(A) and Kd(B) are the distribution coefficients for 
the two competing species A and B in the removal system.

2.6. Continuous flow column

A column of diameter (1.4 cm diameter and 5 cm height) 
was packed with 1 g F. oxysporum biomass. Influent 200 mL 
of 100 mg/L (pH = 5.50) of metal chloride [M (Cl)x where 
M = Pb2+ and Co2+] were pumped through the column beds at 
a constant flow rate of 0.75 mL/min. At this volume the stud-
ied biosorbent is completely saturated with Pb(II) and Co(II) 
ions. The effluent fractions were collected and the concentra-
tions were continuously measured using AAS. The values of 
breakthrough capacity were calculated using the following 
equation:
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where Q0.5 is the breakthrough capacity (mg/g); V(50%) is the 
effluent volume at 50% breakthrough (mL); Ci is the concen-
tration of feed solution (mg/L); m is the amount of the column 
bed (g).

2.7. Thermodynamic parameters

To explore the nature of the biosorption process, the 
impact of temperatures in removal of Pb(II) and Co(II) 
ions was studied and the thermodynamic parameters were 

calculated. The Gibb’s free energy change (ΔG°) (kJ/mol) was 
determined by using the following equation:

∆ ° = −G RT Kdln  (5)

where T is the absolute temperature, R is the universal gas 
constant (8.3143 J/mol K). The values of standard enthalpy 
change (ΔH°) (kJ/mol) and standard entropy change (ΔS°) 
(J/mol K) can be estimated by using Van’t Hoff equation:
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Plotting of ln Kd versus 1/T gives a linear relationship 
and the values of ΔH° and ΔS° were calculated from the slope 
(−ΔH°/R) and intercept (ΔS°/R), respectively.

3. Results and discussion

3.1. Characterization of the dried biosorbent

The physical and chemical characterization of F. oxysporum 
fungi biomass is presented in Table 1.

3.1.1. Fourier transform infrared spectroscopy

F. oxysporum biomass was analyzed by FTIR spectros-
copy in order to determine its functional groups as shown 
in Fig. 1. The results gave sufficient information about the 
functional groups on the surface of the cell wall of the bio-
mass and the possible interaction between metals and these 
functional groups. Usually, the cell wall of fungal compro-
mise of carboxyl (–COOH), phosphate (–PO), amide (–NH), 
thiol (–SH), and hydroxide (–OH) which are important 
functional groups during heavy metal ions binding [16]. 
From these data, it is obvious that the strong and broad band 
at 3,393 cm–1 might be associated to the overlapping between 
N–H and O–H stretching vibration. However, the band at 
2,924 cm–1 could be attributed to the C–H stretch [17,18] 
and the band at 1,646 cm–1 could be assigned to asymmetric 
stretching vibration of C=O [17]. Moreover, the intense and 
strong band at 1,053 cm–1 might be attributed to the stretch-
ing of C–O group on the biomass surface [17,18]. Meanwhile, 
some bands in the finger print region may be associated to 
the phosphate groups.

Table 1
Physicochemical characteristic of Fusarium oxysporum fungi

Characteristics Values

Moisture content (%) 10.23
Ash content (%) 7.76
Bulk density (g/mL) 0.75
Surface area (m2/g) 20
Average particle size (µm) >100
Matter soluble in water (%) Nil
Matter soluble in 3 M HCl (%) Nil
Matter soluble in 3 M NaOH (%) Nil
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The results also indicated that the bands at 3,393, 2,924, 
1,646, 1,053, and 520 cm–1 were shifted to 3,411, 2,922, 1,653, 
1,043, and 546 cm–1 after loading of Pb(II) and Co(II) ions. This 
significant changes in the wave number of these peaks after 
loading process illustrate that the functional groups (amido, 
hydroxyl, C=O and C–O) were consumed in the biosorp-
tion of Pb(II) and Co(II) ions on the surface of F. oxysporum 
fungi. Similar results for the biosorption of heavy metals on 
different species of algae have been previously reported by 
others [6,19–21].

3.1.2. Scanning electron microscope

SEM of F. oxysporum fungi is shown in Fig. 2. The mor-
phology of this material can facilitate the sorption of metal 
ions, due to the irregular surface of the F. oxysporum fungi 
and presence of some cracks and gaps, thus make the sorp-
tion of the studied ions in different parts of this material 
is possible. From the morphology study, it is possible to 
conclude that the biomass under study provides an adequate 
morphological profile to retain metal ions.

a

b

Fig. 1. The IR spectrum of (a) Fusarium oxysporum fungi and (b) ((1) unloaded Fusarium oxysporum fungi biomaterial, (2) Pb(II)-loaded 
biomaterial, and (3) Co(II)-loaded biomaterial).

(a) (b)

Fig. 2. SEM analyses of Fusarium oxysporum fungi biomaterial. (a) Magnitude of 500× and (b) magnitude of 1,000×.
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3.1.3. Thermogravimetric analysis

To study the thermal characteristic of the F. oxysporum 
fungi, the sample was analyzed by TGA as illustrated in 
Fig. 3. From Fig. 3, it was noticed that the F. oxysporum fungi 
exhibits three distinct stages. The first stage ranges between 
31°C and 266°C is associated with the loss of adsorbed and 
bound water [17]. This stage shows 10.23% weight loss. 
The weight loss (38.29%) occurred in the range 266°C–378°C 
(Fig. 3), which was due to major degradation of the total 
lipids [22]. The end stage of the weight loss starts at 378°C 
and continues up to 800°C. This stage shows that 37.36% 
weight loss corresponding to the bulk decomposition of the 
polysaccharide structure [23].

3.2. Factors affecting the biosorption of Pb(II) and Co(II) ions

3.2.1. Effect of biomass dosage

The impact of biomass amount on the removal of Pb(II) 
and Co(II) ions is illustrated in Fig. 4. With an increase in 
biosorbent dosage from 0.016 to 0.05 g, the biosorption 
efficiencies of Pb(II) and Co(II) increased from 26.46% and 
27.323% to 89% and 97% for Pb(II) and Co(II), respectively. 
The percentage removal of Pb(II) and Co(II) reached equilib-
rium at 0.05 g biosorbent with 89% and 97%, respectively. 
The increase in Pb(II) and Co(II) removal efficiencies with the 
biosorbent dosage could be attributing to increase in surface 
area and the availability of more binding sites [17].

3.2.2. Effect of contact time

The influence of contact time in biosorption of Pb(II) and 
Co(II) ions was investigated in the range of 5–200 min as 
shown in Fig. 5. The percentage removal reached 46.3 and 
47.23 for Pb(II) and Co(II) ions, respectively, by using 0.05 g 
biomass in 5 min. Rapid uptake of Co(II) ions occurred in 
30 min than Pb(II) ions. The equilibrium was achieved at 
150 min and after this time the percentage removal of the 
studied ions did not change significantly. Thus the results 
illustrate that 150 min is the best contact time to achieve the 

maximum percentage removal of Pb2+ (89%) and Co2+ (97%). 
Increase the rate of biosorption by increasing contact time 
due to the interaction occurred between the active sites of 
biomass and heavy metal ions. After equilibrium, the active 
sites become completely saturated with the sorbed ions and 
the percentage removal did not significantly change [24]. 
This result is important, because contact time is one of the 
most essential parameters for an economical waste water 
treatment system.

3.2.3. Effect of initial concentrations

Different initial metal ion concentrations in the range 
of 50–500 mg/L were investigated as impact factor in the 
removal. Fig. 6 shows that the removal decreases with an 

Fig. 3. Thermogravimetric analysis (TGA) curve of Fusarium 
oxysporum fungi biomaterial.

Fig. 4. Effect of biomass dosage on removal of Pb(II) and Co(II) 
ions by Fusarium oxysporum fungi at agitating rate, 150 rpm; 
pH, 6; temperature, 25°C ± 1°C; initial metal concentration, 
50 mg/L; contact time = 150 min.

Fig. 5. Effect of contact time on removal of Pb(II) and Co(II) ions 
by Fusarium oxysporum fungi at agitating rate, 150 rpm; pH, 6; 
temperature, 25°C ± 1°C; initial metal concentration, 50 mg/L; 
biomass dosage = 0.05 g.
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increase in initial concentration by using 0.05 g of biomass. 
The metal ions removal decreased from 89% to 46% and 
97% to 54% for Pb(II) and Co(II), respectively, as the ini-
tial metal ion concentrations increase from 50 to 500 mg/L. 
At low concentrations, possible heavy metal ions binding 
sites of biomass were available for quick binding. At higher 
concentrations, the binding sites were decreased and hence 
slow diffusion of the studied metal ions to the biomass sur-
face was occurred due to interparticle interactions caused 
to decreasing removal percentage of heavy metal ions [25].

3.2.4. Effect of pH

pH is the most essential parameter affecting biosorption 
of heavy metal ions onto F. oxysporum fungi. The net charge 
on biomass changes with ambient pH. At low pH values, 
active sites of biomass protonated and possible negatively 
charged binding sites decreased. In the high pH values, these 
sites are deprotonated and made available for binding [18]. 
To determine the influence of pH, the biosorption study took 
place in the range of 1.0–6.0. From Fig. 7, it can be noticed that 

the percentage removal of the studied metal ions is increased 
by raising pH values. At higher [H]+, the surface of the bio-
mass becomes rich in H+, causing electrostatic repulsion 
between protonated surface and sorbed metal ions. The com-
petition between H+ ion and heavy metal cations decreased 
by increased pH values and results in higher removal per-
centage at higher pH ranges [21,26]. The maximum removal 
percentage was achieved at around pH = 6 for the studied 
heavy metal ions (Fig. 7). Depending on the pH of the heavy 
metal ion solutions, complexation and ion exchange mecha-
nisms occurred during the biosorption experiments.

3.2.5. Effect of temperature

Temperature is a significant factor for biosorption pro-
cess. Fig. 8 shows the influence of temperature on removal 
efficiencies of heavy metal ions. The removal efficiencies 
increased to 94.96% and 99.76% for Pb(II) and Co(II), respec-
tively, as temperature increased from 20°C to 60°C ± 1°C. At 
high temperature, the interaction rate between biomass and 
heavy metal ion increased.

3.3. Biosorption thermodynamics

The thermodynamic parameters were calculated using 
Eqs. (5) and (6) as illustrated in Fig. 9. Values of this param-
eter are summarized in Table 2. The positive value of ΔH° 
showed the endothermic nature of the biosorption process, 
while the positive value of ΔS° indicates that there is an 
increase in the randomness at solid/solution interface during 
the biosorption of Pb(II) and Co(II) ions on F. oxysporum 
fungi [17,18]. Values of ΔG° are negative, confirming that the 
biosorption of Pb(II) and Co(II) ions onto F. oxysporum fungi 
is spontaneous and thermodynamically favorable [17,18].

3.4. Biosorption isotherm models

The four most common sorption isotherm models were 
applied to explain the distribution of metal ions between 
the sorbent and adsorbate solution when equilibrium was 

Fig. 6. Effect of the initial metal concentrations on removal of Pb(II) 
and Co(II) ions by Fusarium oxysporum fungi at agitating rate, 
150 rpm; pH, 6; temperature, 25°C ± 1°C; contact time = 150 min; 
biomass dosage = 0.05 g.

Fig. 7. Effect of initial pH on removal of Pb(II) and Co(II) 
ions by Fusarium oxysporum fungi at agitating rate, 150 rpm; 
temperature, 25°C ± 1°C; initial metal concentration, 50 mg/L; 
contact time = 150 min; biomass dosage = 0.05 g.

Fig. 8. Effect of temperatures on removal of Pb(II) and Co(II) 
ions by Fusarium oxysporum fungi at agitating rate, 150 rpm; 
pH, 6; initial metal concentration, 50 mg/L; contact time = 150 min;  
biomass dosage = 0.05 g.
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reached. They are Langmuir, Freundlich, D-R, and Flory–
Huggins models.

3.4.1. Langmuir isotherm

The Langmuir model assumes that the sorption occurs 
at specific homogeneous sites on the adsorbent by mono-
layer adsorption without any interaction between adsorbed 
ions [27]. The linear form of the Langmuir equation is illus-
trated in Table 3. The Langmuir isotherm is applicable to the 
adsorption process if the plot of Ce/qe versus Ce is linear and 
passes through the origin. The Langmuir constants qm and 
KL with correlation coefficients (R2) were calculated from 
the plots in Fig. 10(a) and the data are given in Table 4. It 
was deduced that the linear regression coefficient (R2) were 
found to be 0.9999 for Pb(II) and Co(II) biosorption. The R2 
values indicate that the biosorption of Pb(II) and Co(II) ions 
onto F. oxysporum biomass fitted well the Langmuir model. 
The maximum biosorption capacities (qm) for Pb(II) and Co(II) 
ions are 25.64 and 28.09 mg/g, respectively. It is observed that 
Co(II) is sorbed more than Pb(II) at the optimum experimen-
tal conditions. Differences of biosorption capacity are due 
to the smaller ionic radii of Co(II) (0.72 Å) compared with 
Pb(II) (1.20 Å) [36].

The dimensionless constant separation term (RL) was 
calculated to investigate the shape of the Langmuir isotherm 
and to determine high affinity of adsorption. RL indicates 
the type of isotherm to be irreversible (RL = 0), favorable 
(0 < RL < 1), linear (RL = 1), or unfavorable (RL > 1) [37]. In 
this study, the RL values were found to be 0.047 and 0.018 
for Pb(II) and Co(II) ions, respectively, which shows the 
bio sorption process was favorable.

3.4.2. Freundlich isotherm

The Freundlich model can be applied for nonideal sorp-
tion on heterogeneous surfaces and multilayer sorption. The 
linear plot of log qe versus log Ce is shown in Fig. 10(b). The 
values of 1/n and kf can be calculated from the slope and 
intercept, respectively, and the results are given in Table 4. 
The values of KF and 1/n were found to be 2.72 and 0.41 for 
Pb(II) biosorption and 5.13 and 0.34 for Co(II) biosorption, 
respectively. The 1/n values were between 0 and 1 indicat-
ing that the biosorption of Pb(II) and Co(II) onto F. oxysporum 
biomass was favorable at studied conditions [37]. In addition, 
from Fig. 10(b), the R2 values were found to be 0.963 and 0.966 
for the biosorption of Pb(II) and Co(II) ions, respectively. This 
result showed that the Freundlich model was not suitable for 
describing the relationship between the amount of Pb(II) and 
Co(II) sorbed by the biomass and its equilibrium concentra-
tion in the solution. However, the Langmuir isotherm model 
best fitted the equilibrium data since it presents higher R2 
values than that determined from the Freundlich isotherms.

3.4.3. D-R isotherm

The equilibrium data were also applied to the D-R 
isotherm model to determine the apparent free energy of 
biosorption which was used to indicate the nature of bio-
sorption processes as physical or ion-exchange or chemical.

The slope resulted from the linear plot of ln qe versus 
ε² gives β (mol2/kJ2) and the intercept produces the adsorp-
tion capacity, qm (mg/g). Fig. 10(c) shows D-R plot and the 
data are summarized in Table 4. The R2 indicated that this 
model did not provide a good fit to the biosorption process 
as the values were 0.9218 and 0.8859 for the biosorption of 
Pb(II) and Co(II) ions, respectively. This model is not suitable 
for describing the biosorption process because it is presented 
the least fit for the biosorption.

Fig. 9. Van’t Hoff plot for adsorption of Pb(II) and Co(II) ions by 
Fusarium oxysporum fungi.

Table 2
Thermodynamic parameters for adsorption of Pb(II) and Co(II) ions by Fusarium oxysporum fungi

Metal ions Temperature (K) ΔH° (kJ/mol) ΔG° (kJ/mol) ΔS° (J/mol/K)

Pb2+ 298 26.30 –18.26 149.53
308 –19.46 148.57
318 –21.23 149.46
333 –23.42 149.31

Co2+ 298 67.38 –21.43 298.02
308 –24.09 296.98
318 –26.73 295.94
333 –31.98 298.38
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The mean free energy of adsorption (E) (kJ/mol) is 
calculated and its values are summarized in Table 4. The 
values of free energy give information about the mech-
anism of the biosorption process. If the value of E is less 
than 8 kJ/mol, the biosorption process is physical in nature. 
If E value is between 8 and 16 kJ/mol, the biosorption pro-
cess follows by ion-exchange. If the value of E is between 
16 and 40 kJ/mol, the biosorption process is controlled by 
chemisorption process [38]. The mean biosorption energy 
was calculated as 17.50 and 22.87 kJ/mol for the biosorption 
of Pb(II) and Co(II) ions, respectively. These results indicate 
that the biosorption processes of Pb(II) and Co(II) ions on to 
F. oxysporum biomass may be governed by chemisorption 
process and this result confirms the previous results.

3.4.4. Flory–Huggins Isotherm

The Flory–Huggins model was used to account the 
degree of surface coverage characteristics of the adsorbate on 
the adsorbent [39]. KFH and αFH can be estimated by plotting 
ln (θ/Co) versus ln (1 − θ) as shown in Fig. 10(d), the Flory–
Huggins parameters are summarized in Table 4.

Furthermore, the equilibrium constant (KFH) was used 
to calculate the Gibbs free energy of spontaneity (ΔG). The 
negative values of ∆G confirm the feasibility of the process 
and the spontaneous nature of Pb(II) and Co(II) biosorption 
onto F. oxysporum biomass (Table 4) [39].

Evaluating the correlation coefficients from the four isotherm 
equations (for fitting the analytical data) showed that the 
Langmuir and Flory–Huggins isotherm models are more appro-
priate in describing the data than Freundlich and D-R isotherm, 
where the values of (R2) are smaller than the ones obtained in 
the case of Langmuir and Flory–Huggins isotherm models.

3.5. Comparison of qm for various adsorbents

Table 5 presents the comparison of biosorption capacity 
(mg/g) of F. oxysporum biomass from the Langmuir isotherm 
for Pb(II) and Co(II) ions with that of various adsorbent. 
The biosorption capacity of the studied sorbent for Pb(II) 
and Co(II) is higher than that of the majority of other adsor-
bent mentioned. Therefore, it can be concluded that the 
F. oxysporum biomass has important potential for biosorption 
of Pb(II) and Co(II) ions from waste solutions.

Table 3
Isotherm equations used in this study

Isotherm models Equation Parameters Reference
Langmuir C

q K q
C
q

e

e L m

e

m

= +
1

C C R
e o= −









1

100
%

qe (mg/g): equilibrium adsorption 
capacity

[27]

qm (mg/g): maximum adsorption capacity
Ce (mg/L): equilibrium adsorbate 
concentration in solution
KL (L/mg): Langmuir constant

R
K CL
L o

=
+
1

1

RL: The dimensionless constant 
(separation factor)

[28]

Co (mg/L): initial adsorbate concentration 
in solution

Freundlich
log log logq K

n
Ce F e= +

1 KF (mg/g): Freundlich constant [29,30]
n: Heterogeneity factor

Dubinin–Radushkevich (D-R) ln lnq qe m= −βε2

ε = +








RT

Ce
ln 1 1

β (mol2/kJ2): D-R constant [31,32]
ε (Jm/mol): Polanyi potential
R: universal gas constant (8.314 J/mol/K)
T (K): temperature

Ε =
1
2β

E (kJ/mol): means free energy of 
adsorption

[33,34]

Flory–Huggins
ln ln lnθ

α θ
C

K
o

FH FH









 = + −( )1

θ = −( )1 C Ce o/

θ: the degree of surface coverage [35]
KFH (L/mol): the equilibrium constant
αFH: the number of metal ions occupying 
sorption sites

∆G RT KFH= − ln ΔG (kJ/mol): the Gibbs free energy [35]
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3.6. Column biosorption

The breakthrough capacity of F. oxysporum biomass col-
umn packed with 1 g F. oxysporum biomass for Pb(II) and 
Co(II) was determined. A 200 mL of 100 mg/L (pH = 5.50) of 
metal ions was allowed to pass through the column at flow 
rate of 0.75 mL/min. The effluent fractions were collected and 

the amount of each fraction of the effluent (for both ions) was 
measured using AAS. The column was completely saturated 
after passing 200 mL (100 mg/L) of the studied ions (Fig. 11). 
The average values of breakthrough capacities of F. oxyspo-
rum biomass column are estimated to be 10.10 and 12.15 mg/g 
for Pb(II) and Co(II) ions, respectively. The capacity sequence 
was in order Co(II) > Pb(II), this difference in breakthrough 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2ε

.ln
 (θ

/C
o) 

.ln (1-θ) 

a b

c
d

Fig. 10. Langmuir (a), Freundlich (b), Dubinin–Radushkevich (c), and Flory–Huggins (d) isotherm models for sorption of 
Pb(II) and Co(II) ions.

Table 4
Langmuir, Freundlich, Dubinin–Radushkevich, and Flory–Huggins parameters for sorption of Pb(II) and Co(II) ions

Metal 
ions

Isotherm model

Langmuir Freundlich Dubinin–Radushkevich Flory–Huggins

qm  
(mg/g)

KL  
(L/mg)

RL R2 KF 
(mg/g)

1/n R2 β  
(mol2/kJ2)

qm 
(mg/g)

R2 E  
(kJ/mol)

KFH  
(L/mol)

αFH R2 ΔG  
(kJ/mol)

Pb2+ 25.64 0.04 0.047 0.9999 2.72 0.414 0.9635 8.86 × 10–6 18.54 0.9218 17.50 3.22 × 10–4 –1.71 0.9899 –19.92
Co2+ 28.09 0.11 0.018 0.9999 5.13 0.342 0.9666 9.56 × 10–7 20.70 0.8859 22.87 5.00 × 10–4 –1.00 0.9958 –18.78
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capacities of these metal ions may be attributed to their 
different ionic sizes [36].

4. Conclusion

F. oxysporum biomass has a high ability to remove 
Pb(II) and Co(II) ions from their solutions. The percent-
age removal of both Pb(II) and Co(II) ions was dependent 
on pH, contact time, initial metal concentrations, biomass 
dosage, and temperature. The interaction between both 
ions and the active functional groups in the F. oxysporum 
biomass was confirmed by FTIR analysis. Thermodynamic 
data indicated that biosorption of Pb(II) and Co(II) by F. 
oxysporum biomass is feasible, spontaneous, and endother-
mic in nature. The equilibrium biosorption results agreed 
well with Langmuir and Flory–Huggins isotherm mod-
els. The breakthrough capacity for Pb(II) and Co(II) ions 
was investigated and found to be 10.10 and 12.15 mg/g, 
respectively.

Table 5
Comparison of capacity values of Pb(II) and Co(II) ions for various adsorbent

Adsorbent Capacity, (mg/g) References

Pb2+ Co2+

Fruit shell (Mangostana) 3.56 – [40]
Peels of banana 2.18 – [41]
Water hyacinth weed 26.32 – [42]
Apricot stone activated carbon 21.38 – [43]
Sawdust 3.19 – [44]
Hazelnut husk activated carbon 13.50 – [45]
Coconut shell activated carbon 26.50 – [46]
Cellulose/chitin <19.0 – [47,48]
Sawdust 3.8 – [49]
CA/TiO2 25.0 – [3]
Cocoa shells 6.2 – [50]
Aspergillus flavus 10.82 – [51]
Waste Chinese herb Pang 27.1 – [52]
Barley straw 15.2 – [53]
Rice husk 4.0 – [53]
Zoogloea ramigera 10.4 – [54]
Rhizopus arrhizus 15.5 – [54]
Pinus sylvesteris 11.4 – [54]
Saccharomyces cerevisiae 2.7 – [54]
Mucor rouxii 4.2 – [55]
Lichen (C. furcata) 12.3 – [56]
CTS 25.00 – [57]
SB 21.28 – [57]
Clinoptilolite 1.60 – [58]
Chitosan 16.36 – [59]
Activated sludge fed – 18.76 [60]
Sargassum wightii – 20.63 [61]
Oscillatoria angustissima – 7.02 [62]
Attapulgite – 0.635 [63]
Hydroxyapatite – 20.92 [64]
Marble – 2.247 [65]
Rose waste biomass 156 27.15 [66]
Yeast Saccharomyces cerevisiae 69.19 11.69 [67]
Fusarium oxysporum 25.64 28.09 [Current work]

Fig. 11. Breakthrough curves for extraction of Pb(II) and Co(II) 
ions from aqueous solution.
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