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Abstract

Biosorption of lead, cadmium and zinc ions from synthetic wastewaters onto two types of
fungi biomass were studied. Batch experiments for spent mushroom (macro-fungi) and
cultured fungi (micro-fungi) Fusarium oxisporium biomass were performed. Spent
mushroom biomass was found to have maximum uptake adsorption, 73.4, 34.38 and 24.48
mg/g for lead, cadmium and zinc ions, respectively, while cultured fungi biomass uptakes
were 51.66, 24.52 and 20.46 mg/g for lead, cadmium and zinc ions, respectively.
Optimum conditions were selected for biosorption uptake onto fungi biomasses. The best
pH was found to be 4 for Pb(ll), 5 for Cd(Il) & Zn(Il). The optimum contact time was
found to be 2 hr for all metal ions. Optimum mean particle size was found to be 0.3 mm.
Nine equilibrium isotherm models were used for representing the experimental data.
Langmuir isotherm model gave the best fit model for all metal ions.

1-Introduction with the challenging duty to develop

Increased use of chemicals and
metals in process industries has
resulted in producing of large
quantities of effluent that contain
high level of toxic heavy metals
which poses environmental-disposal
problems due to their persistence and
non-degradable nature.
Environmental engineers are faced

appropriate low cost methods for
effluent treatment [2]. Conventional
heavy metals removal has certain
major disadvantages at
concentrations lower than 100 mg/I.
Moreover these processes may need
expensive equipment and monitoring
systems, and high energy or reagent
costs, as a result producing toxic
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sludge and/or other waste products
and incomplete metal removal.
Therefore, effective new sustainable
methods are required to diminish
heavy metals concentrations to
environmentally acceptable limits at
a reasonable cost. Lately,
biosorption has regarded as an
alternative heavy metals removal
method. The major advantages of the
biosorption are low cost, high
efficiency in  reducing low
concentrations of heavy metals, the
recovery of heavy metals from the
biosorbent  could be  easily
accomplished and no toxic sludge
generation [1]. The term
"biosorption” is used to depict the
accumulation of metal ions from a
solution by biological materials.
Biosorbents are prepared from
materials naturally found in great
quantity and/or waste biomass of
fungi, algae or bacteria [12].
According to these types of
biosorbents, fungal biosorbents have
some advantages: Firstly, fungus
shows excellent metal removal
because of the diversity of functional
groups existing in high percentages
in the cell-wall material. Secondly,
compared with some biosorbents
such as algal biomass or plant

products, fungus is easy to culture at
large scales as it has a short
reduplication cycle. Moreover, it can
be easily grown using fermentation
techniques and inexpensive growth
media. Thirdly, fungal biomass can
be obtained from industrial waste
products e.g. (brewery industry
waste or waste from citric acid
production). Fourthly, a major
portion of fungal biomass are non-
pathogenic; thus they are generally
considered as safe and are easily
accepted by the public when
implemented practically [13,7]. In
this research batch experiments for
spent mushroom (macro-fungi) and
cultured fungi (micro-fungi) biomass
were studied as biosorbents for the
removal of lead, cadmium and zinc.

2. Materials and Experimental
Procedure
2.1. Adsorbate

Stock solutions of lead, cadmium
and zinc ions with a concentration of
(1000 mg/l) were prepared by using
Pb(N03)2 Cd(NO3)24H20 and
Zn(NOs3),2.6H20 (minimum purity 99
%). The desired concentrations were
obtained from stock solutions after
dilution. Dissolved metal
concentrations were determined by
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atomic absorption spectrophotometer
(GBC 933 plus, Australia) at
Environmental Engineering
Department/Collage of
Engineering/University of Baghdad.

2.2. Biosorbent
2.2.1 Biomass
From Micro — Fungi
Six types of fungus; Fusarium
oxisporium, Rhizopus sp.,
Aspergillus terrous, Chysonilla sp.,
Alternaria alternata, and Aspergillus
niger were used in this study. The
fungus species were isolated from
agriculture soil (rhizospher zone of
plants). The isolates were obtained
and identified in the Department of
Biotechnology/ College of Science/
University of Baghdad. They were
maintained on Potato dextrose agar
(PDA), stored at 4 °C and renewed
every month for further cultured
experiments [6]. The isolated fungi
were prepared in 2% (w/v) malt
extract broth at pH= 5, all culture
work was conducted aseptically. The
biomass was carried out in 250 ml
conical flask containing 50 ml of
malt extract broth, the flasks were
inoculated with 3 plugs of (8 mm)
fungus isolates mycelium, excised
from the margin of 7 days old

Preparation

culture PDA plates. The flasks were
incubated at 28 °C and 150 rpm in an
orbital shaker incubator for 72 — 96
h. After fermentation; biomass was
harvested by filtering the cultured
medium through 0.45 pm membrane
filter under vacuum pump. Then the
biomass was dried in an oven at 60
°C for 2 days, and stored in glass
vials with screws [22, 8]. The
biomass was utilized in further
biosorption studies to select the best
cultured fungus that gives the best
metal removal.

2.2.2. Biomass Preparation from
Macro — Fungi

Fruit bodies of spent mushrooms
(Agaricus bisporus) were procured
from the mushroom farm at College
of  Agriculture/  University of
Baghdad. Spent mushrooms were
dried at atmospheric temperature
(37-45°C) for 5 days and washed
thoroughly with distilled water to
remove the dirt and impurities and
later dried in an oven at 60 -C for 8
hr. The dried fruit bodies for both
types of fungi were then pulverized
in a mortar and sieved with different
mean particle.
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The geometric mean diameter for
the different particle size is given by
dgm = (d;d;)*? where d; is the
diameter of lower sieve on which the
particles are retained and d, is the
diameter of the upper sieve through
which the particles pass [4].

Physical characteristics of spent
mushroom biomass are listed in
Tablel. The measurements of
surface area and particle porosity
were carried out in University of
Missouri-Columbia and the other
measurements in Ministry of Oil /
Oil Research and Development
Center, Baghdad, Iraqg.

Table 1: Physical characteristic of fungi
biomass

Scanning Electron Microscopy
(SEM) by (Hitachi S4700, Japan)
and Transmission Electron
Microscopy (TEM) by (JEOL JEM
1400, Japan) were used to
characterize the spent mushroom
biomass material and give a better
image of the biomass at the libraries
of Veterinary Medicine Collage/
University of Missouri-Columbia
(USA) as shown in Figures 1 & 2.
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Figurel: SEM test image at 2000
magnification

Spent Mushroom Biomass

e SEM technology shows the
ysical characteristic (fungi biomass) surface morphology of the
Pean particle diameter, mm 0.3 biosorbent, while TEM technique is
< 7 53 used for visualization of biomass
urface area (m/g) ' where an internal view of the

Actual density (kg/m?) 1480 biomass can be obtained [14].

Bulk density (kg/m?) 637
Particle porosity 0.6876
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Figure 2: TEM test image at 2000
magnification

2.3. Experimental Procedure
2.3.1. Effect of pH

The effect of pH on Pb(ll), Cd(Il)
and Zn(Il) biosorption onto fungi
biomass was studied. Different pH
values ranging from 2 to 8 were
maintained by using 0.1 M NaOH or
HNOs. A fungi biomass of 0.1 g was
mixed with 100 ml of single metal
ion solutions; concentration of 50
mg/l of metal ions agitated at 200
rpm for a period of 4 h and at room
temperature (25°C). Samples (10 ml)
were taken from each volumetric
flask and filtered using filter paper
(type: WATMAN No.42,) the
remaining concentration of the
metals measure by using Atomic
Absorption (AA). The biosorption

efficiency 1 was calculated by the

difference of the initial and
equilibrium concentration of the

metal ions according to the
following equation [24]:
n= —(COC_ C) 4100 (1)

0

where C, : initial metal concentration
mg/l.

Ce: final metal concentration mg/I.

2.3.2. Effect of Contact Time

The removal of metal ions was
also studied as a function of contact
time at optimum pH. The rate at
which biosorption takes place is an
important factor when designing
biosorption systems. Consequently,
it is necessary to establish the time
dependence of metal removal for
maximizing the rate of metals uptake
by the biosorbent during
equilibrium.  Using the same
procedure used in section (2.3.1) at
time interval 0-240 min. The time in
which no further metal ions removal
can be attained, was considered as
the optimum contact time.

2.3.3. Equilibrium Isotherm

Experiments
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Different weights of micro/macro
fungi biomass were used, (0.05, 0.1,
0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45,
0.5, 0.55, and 0.6) g dry biosorbents
were placed in 12 volumetric flasks
of 250 ml using the same procedure
in section (2.3.1). The pH of the
metal solutions was adjusted to the
optimum values. The flasks were
then placed on an Incubator shaker
(Lab S1-600R, Korea) and agitated
continuously for 2 h at 200 rpm at
room temperature. The samples
filtered by filter paper, few drops of
0.1M HNO; were added to samples
to decrease the pH value below 2 in
order to fix the concentration of the
heavy metals during storage before
analysis [5]. The adsorbed amount is

then calculated by the following
equation:

— Vl(co_ce)
W(wet/dry base).

e (2)
Where vi: volume of the metal
solution (L).

The adsorption isotherms were
obtained by plotting the weight of
solute adsorbed per unit weight of
biomass (qe) against the equilibrium
concentration of the solute in the
solution (Ce) [24].

3. Adsorption Isotherm Models

Nine models for single system
have been tested in the present work
for both types of fungi biomass and
are represented in Table2:

Table (2): Adsorption isotherm models

Isotherm model Equation References
H qmaxbce
Langmuir Qe = [13,14,15]
* (1+bC)
Freundlich g, = KC''" [16,17]
. RT
Temkin q. = —In(a;.C,) [18,19]
Redlich and Peterson Qe = 5.5 20,21
‘14 aRPCfRP [ ]
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) K.C
Slips e =——""F [22,23]
1+a,C.°
qmaxbkCe
Khan = 23,24
9e = 1 + byC.)o [23,24]
) q — KRPCe
Radke—Praunsitz e s (KRP )Cl_NRP [15]
Frp ) "¢
_ qmabeCe
TOth qe - i nr [23]
|1+ @rcom|
Dubinin and
Radushkevich qe = Qpexp[—Kp(€p)?] [25]

4. Results and Discussion

4.1. Selection the Best Cultured
Micro Fungus

Six types of -cultured fungus
(Rhizopus sp., Aspergillus terrous,
Fusarium oxisporium, Chysonilla
sp., Alternaria alternata, and
Aspergillus niger) were tested for
the best heavy metals removal as
shown in Figure3. It's clear from
this figure that Fusarium oxisporium
showed the best removal efficiency
than the other types, and it was
69.42, 43.64 and 37.90 % for lead,
cadmium and zinc ions, respectively,
therefore these results encourage
using this type in the following
experimental work.
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Figure 3: The removal efficiency of
different types of cultured fungi to
remove Pb(Il), Cd(Il) and Zn(I1)

4.2. Effect of pH
In order to evaluate the influence of
pH on sorption of the metal ions, the
experiments were carried out in pH
range of 2-8. For both Fusarium
oxisporium and spent mushroom
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biomass the results are shown in
Figuresdand 5.
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Figure 4: Effect of different pH on lead,
cadmium and zinc ions removal
efficiencies by cultured fungi biomass
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Figure 5: Effect of different pH on
lead, cadmium and zinc ions removal
efficiencies by spent mushroom biomass

From these Figures the maximum
sorption was observed within pH
ranges from 4 to 7 which might be
due to partial hydrolysis of metal
ions. Further increase in pH i.e.,
above 7 causes precipitation of metal
ions on the adsorbent; this is due to
the insoluble metal hydroxides
which starts to precipitate at high pH
values and makes the true sorption
studies impossible. To achieve high
removal efficiency without metal
hydroxide precipitation, pH of 4.0

for Pb (I1) and pH of 5.0 for Cd (II)
and Zn (I1) were selected for both
types of fungi biomass for
subsequent experiments.
4.3. Effect of Contact Time

The removal of metal ions (Pb,
Cd and Zn) from aqueous solution
was studied as function of contact
time in the time interval (0-240)
min. From Figures6 and 7, it was
observed that the rate of metal ions
removal was high at the beginning
until 120 min as the sorption rate
become practically very slow. It can
be concluded that 2 h contact time is
sufficient to reach equilibrium
conditions for all metals.
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Figure 6: Effect of contact time on lead,
cadmium and zinc ions removal

efficiencies by cultured fungi biomass
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Figure 7 Effect of contact time on lead,
cadmium and zinc ions removal
efficiencies by spent mushroom biomass

4.4, Effect of Particle Size

The effect of particle size was
investigated for both types of fungi
biomass at three different particles
diameter (0.15-0.6, 0.6-1, and 1-2
mm: mean particle diameter is 0.3,
0.775 and 1.414 mm) according to
(2.2.2). Figures8 and 9 show the
removal efficiencies at different
fungal biomass particle diameter. It
is found that the value of fungal
biomass particles diameter has a
great effect on the biosorption
removal efficiency. Decreasing the
mean particles diameter from 1.414
to 0.3 mm, cause an increase of
biosorption removal, this increase in
biosorption  capacity may be
attributed to the larger surface area
of the smallest particle size of
biosorbents.
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Figure 8: Effect of particle diameter on
lead, cadmium and zinc ions removal
efficiencies by cultured fungi biomass

A, al)
=¢=Ph
x 90 - \ -— -(Z::
280 -
§70 -
S60 -
%50 A
7540 b e ———
330 - e ——
520
I 10 T T T T 1
0 0.3 0.6 0.9 1.2 1.5
Mean Particle diameter (mm)...

Figure 9: Effect of particle diameter on
lead, cadmium and zinc ions removal
efficiencies by spent mushroom biomass

4.5. Estimation of Adsorption
Isotherms Constants

The adsorption isotherm for
single component systems lead,
cadmium and zinc ions onto both
types of fungi biomass were
correlated with  nine  models
illustrated in section (3). The
parameters for each model obtained
from non-linear statistical fit of the
equation to the experimental data
using (Statistica-v.8) program. Table
(3) shows the parameters of single
solute isotherm uptake onto both
fungi biomasses. The Langmuir
model gave the best fit for the
experimental data as high value of
(R?) was obtained; this model has
been used successfully to describe
the equilibrium biosorption.
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4.6. Equilibrium Isotherm

A comparison  between  the
biosorption capacity of spent mushroom
and cultured fungi biomass for removal
of metal ions in single metal systems
were conducted in order to determine
the state of biomass to be the best for
metal removal. Figuresl0 to 12 show
the biosorption isotherm capacity for
lead, cadmium and zinc ions using
Langmuir model by applying equation

(3).

Figurel3 shows the experimental
uptake capacity was 73.4, 34.38 and
24.48 mg/g for lead, cadmium and zinc
ions, respectively, onto spent mushroom
biomass, compared with 51.66, 24.52
and 20.46 mg/g for lead, cadmium and
zinc ions, respectively, onto cultured
fungi biomass. Figurel4 shows that the
removal efficiencies 97.37, 90.48 and
88.24 % for lead, cadmium and zinc
ions, respectively, onto spent mushroom
biomass, while it was 93.58, 84.30 and
83.2 % for lead, cadmium and zinc ions,
respectively, onto cultured fungi
biomass. It was demonstrated that a
concentration of 6 g/l of biomass for
both fungi biomass could achieve very
good removal when the solution
concentration was 50 mg/l for lead,
cadmium and zinc ions. These results
and availability of spent mushroom in
large quantities may encourage using it
as a biomass if will used in continuous
experimental systems.
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Figure 10: Biosorption isotherm of lead
onto spent mushroom and cultured
fungi by Langmuir model
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Figure 11: Biosorption isotherm of
cadmium onto spent mushroom and
cultured fungi by Langmuir model
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Figure 12: Biosorption isotherm of zinc
onto spent mushroom and cultured
fungi by Langmuir model
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Figure 13: Maximum experimental
uptake capacity for Pb(Il), Cd(Il) and
Zn(I1) onto spent mushroom and
cultured fungi biomass
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Figure 14: Maximum removal efficiency
for Pb(I1), Cd(I1) and Zn(l1) onto spent
mushroom and cultured fungi biomass

5. Conclusion:

The biosorption isotherms of
lead, cadimium and zinc ions on the
cultured fungi and spent mushroom
biomass have been investigated in
this study. For cultured fungi,
Fusarium  oxisporium  showed

maximum removal efficiency than
other species, so it was used for the
comparative with spent mushroom.

Optimum conditions were selected
for biosorption uptake onto both
types of fungi biomass. The best pH
was found to be 4 for Pb(Il) and 5
for Cd(Il) & Zn(l1). The optimum
contact time was found to be 2 hr for
all metal ions. Optimum mean
particle size was found to be 0.3
mm.

Nine equilibrium isotherm models
were used for representing the
experimental data. Langmuir
isotherm model was found to be the
most suitable for describing the
biosorption equilibrium for heavy
metals system onto both biosorbents.

Finally, Spent mushroom

biomass was found to have higher
uptake capacity than cultured fungi
biomass. From these results and
availability of spent mushroom in
large quantities may encourage using
it as a biomass if used in continuous
experimental systems.
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