
Introduction
Acid Mine Drainage (AMD) is the most important
problem to the environmental facing the mining
industry. Acid mine water can be generated within
the mine or it can be leached from the waste
heaps. This acid solution can dissolve heavy met-
als ions found in waste rock and tailings such as
Pb, Zn, Cu, Mn, As, Se, Hg and Cd and increase
their concentration in solution. Acid mine
drainage and metal leaching are a particular con-
cern because they can continue indefinitely, caus-
ing environmental damage long after mine
operation ended and it costs a lot to mitigate the
damage caused by AMD. The overall reaction, cat-
alyzed by microbes, can be shown as:

4FeS₂+15O₂+14H₂O→ 4Fe (OH) ₃+8SO₄ ²⁻+16H⁺ (1)

The dissolved Fe²⁺, SO₄ ²⁻ and H⁺ represent an
increase in the total dissolved solids and acidity
of the water and unless neutralized, induce a de-
crease in pH. In many environmental settings, the
consequence of AMD can be moderate to severe
[1]

There are many alternative methods to treat or
remediate AMD. The most common method is
the chemical precipitation that is based on the ac-
tively adding alkalinity and neutralizing materials
and settling the resulting precipitates. Another
technology that is more passive in nature is the
use of anoxic limestone drains [2]. The methods
of the aerobic wetlands are generally constructed
to treat the mine waters that are net alkaline [3].
In contrast to aerobic wetlands, the key reactions
that occur in compost bioreactors used to miti-
gate AMD are anaerobic [4]. Passive bioremedia-
tion systems that utilize a combination of aerobic
and anaerobic wetlands have been used for full-
scale treatment of AMD. These methods are not
economical in and also leave much chalk sludge
[5].

Another method is based on the biological
treatment. Many microbial species such as bacte-
ria, fungi and yeast are known to be capable of ad-
sorbing heavy metals on their surface and/or
accumulating the metals within their structure. It
is possible that micro-organisms can be used in
the removal of toxic metal ions from the AMD
and even in the recovery of them by using the ad-
sorption properties of the micro-organisms [6].

This research, is a study on ”Sarcheshmeh Cop-
per Mine” (Located in South of Iran) for AMD
Biotreatment by bio-extraction of copper and
magnesium ions. The concentrations of Copper
and Manganese were higher than other metals in
AMD. So we focused on bio-extraction of these
two elements using a native fungus that isolated
from the soil of the mine called Phanerochaete
crysosporium.

Methods
AMD Preparation
AMD from Sarcheshmeh Copper Mine was sam-
pled five discrete times, placed in 20-liter standard
containers and transferred to the laboratory. Table
1 reports initial chemistry of AMD before experi-
ments.
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Table 1 AMD chemical analysis results.

AMDParameters

0.097Fe
2+

(ppm)

0.003(ppm)Ni

0.65(ppm)Pb

0.057(ppm) Ag

8.265Cu (ppm)

10.401Mn (ppm)

5.4pH

225BOD5(mg/l)

350COD (mg/l)

1.54D.O.(mg/l)

167.9Turbidity(NTU)
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Biomass production
The fungus Phanerochaete crysosporium was iso-
lated from sample soil of the mine field near the
River and then propagated in potato dextrose
agar. The culture was maintained on slants and
was incubated for 5–7 days at 33±2  °C [7]. Living
biomass was boiled in 0.5N NaOH solution for 15
min and then washed with generous amounts of
deionized water till the pH after washing received
to the near-neutral range (7.0±7.2) [8]. After wash-
ing, the biomass was dried at 60  °C for 24h and
powdered. The powdered biomass residue ob-
tained (particle size less than 75 mm) was used for
bio-extraction process.

Batch biosorption experiments
Batch forms of kinetic and isotherm sorption ex-
periments were conducted separately to evaluate
the effects of pH, time, temperature and biomass
concentration on removal of copper and man-
ganese ions.

A known quantity of dried biomass was added
to AMD samples in 250 ml Erlenmeyer flasks be-
fore pH adjustment. The pH of each solution was
adjusted to the required value (3, 4, 5, 6, 7 and 8)
by using sodium phosphate (0.1 mol/l) for pH 3,
ammonium acetate (0.1 mol/l) for pH 4—7 and
ammonium chloride (0.1 mol/l) for pH 8. Shaking
was active (150 to 250 rpm) for all the experiments,
at indoor temperature for 2 hrs (equilibrium time).
Different grams of the biomass are added to each
one, then the time variation effect in the range of
t=5—180 min is studied. The amount of adsorbed
metal ions per unit biosorbent (mg of Cu and Mn
g⁻¹ of dry biosorbent) was obtained by using the
following expression:

(2)

Where:

q = amount of metal adsorbed on the biomass
(mg/g);
Co = initial metal ion concentration in solution
(mg/L);
Ce = equilibrium metal ion concentration in so-
lution (mg/L);
V = volume of the medium (l);
M = amount of the biomass used in the reac-
tion mixture (g).

The percent biosorption of Cu and Mn was cal-
culated as follows:

(3)

Where Ci and Cf are the initial and final Cu and
Mn concentration, respectively.

Absorption isotherm
Adsorption isotherm demonstrates the relation-
ship between equilibrium concentrations of ad-
sorbate in the solid phase q, and in the liquid
phase C at constant temperature. Among the
many different isotherm models suggested for
the adsorption of solutes in a liquid solution onto
a solid surface, the Langmuir adsorption model is
one of the more common. A linear expression for
the Langmuir isotherm can be expressed as fol-
lows [9]:

(4)

Where:

qmax = maximum metal uptake corresponding
to the saturation capacity (amount of metal
ions per unit weight of biosorbent to form a
complete monolayer on the surface) (mg/g);
b = energy of adsorption (the ratio of adsorp-
tion / desorption rates) (l/mg);
q = amount of metal adsorbed on the biomass
(mg/g);
Ce = equilibrium (residual) metal concentration
in solution (mg/L).

The constants qmax and b are the characteristics
of the Langmuir isotherm and can be determined
from Equation (4). A plot of 1/q versus 1/Ce gives a
straight line with a slope of (1/bqmax) and an inter-
cept of (1/qmax).

The empirical Freundlich adsorption isotherm
is obtained on the assumption that the sorption
takes place on a heterogeneous adsorbent surface,
where the sorption energy distribution decreases
exponentially.

The model can be linearized by taking loga-
rithms as:

(5)

from which the Freundlich constants can be de-
termined.

Kinetic modeling
Kinetic models are used to analysis the experi-
mental data [11, 12, 13, 14, 15 and 16] to investigate
the mechanism of the biosorption process. If the
higher value is closed to unity, it means that
model used for the kinetics of Cu and Mn biosorp-
tion is justified. In this research we choose two ki-
netic models.

The pseudo-first order kinetic model (Lager-
gren model) explains the biosorption rate based
on the adsorption capacity. It can be shown
shown as follows:

(6)
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The pseudo-second order kinetic model (Ho et
al. model) applied to biosorption as a adsorption
kinetic, can be written as follow:

(7)

If the second order kinetics is applicable, the
plot of t/qt versus t will be a linear relation. The val-
ues of k₂ and qe will be determined from the inter-
cept and the slope of the plot.

Column fixed bed absorption studies
A series of experiments were conducted with var-
ious natural and artificial wastewater and fungal
biomass columns. The experiments involved four
parts: biosorption of single-metal from AMD,
studying the effect of presence of other metal ions
on biosorption of one defined metal ion, studying
the effect of flow rate on breakthrough curves and
also the desorption of metal ions.

Experimental set-up
Continuous flow sorption experiments were con-
ducted in a glass column (2.5 cm internal diameter
and 50 cm height). All the experiments were con-
ducted at room temperature. 4.5 g (dry weight) of
immobilized fungal beads were packed into the
column with a bed depth of 30 cm. AMD flow rate
was adjusted to 6 mL/min. Samples were taken
from the effluent at pre-determined time inter-
vals and analyzed for the remaining concentra-
tion of metal ion in effluent. The experiments
were continued until a constant effluent concen-
tration of metal ion was obtained.

The Yoon–Nelson model
The Yoon–Nelson equation is expressed as [19]:

(8)

where kYN is the rate constant (L/min) and is
the time required for 50% adsorbate break-
through (min).

The approach involves a plot of ln(Ce/(C₀-Ce))
versus sampling time (t) according. The parame-
ters of kYN and can be obtained using the non-
linear regressive method.

Results and discussion
Effect of pH on biosorption
The maximum biosorption of Cu(II) and Mn(II) oc-
curred at pH range between 5.0 and 6.0 (fig. 1). The
adsorption of metal ions per unit weight of biosor-
bent increased gradually when pH increased from
3 to 6.

Batch kinetic experiments
Figure 2 showed that the results obtained with the

milled biomass for biosorption of copper and
manganese. Optimum contact time for copper
sorption was 30 min while it was 60 min for man-
ganese sorption. During these periods of time,
70% of copper was absorbed and 97% of total sorp-
tion of manganese during 120 min, occurred. So,
this time was used for kinetic studies. Figure 2 in-
dicates more clearly that sorption can be divided
into two stages: one in which the sorption rate is
very high (79% of biomass saturation capacity for
sorption of copper was reached in a contact time
of 15 minutes), followed by a second stage with a
much lower sorption rate.

Pseudo-second order equation modeled
biosorption process better. The results are shown
in Table 2.

Effect of biosorbent concentration
Figure 3 showed that The maximum biosorption
efficiency was obtained at 3 g/L of biosorbent for
copper ion biosorption and further increases in
biosorbent concentration decreased the maxi-
mum removal of metal ions. This can be ex-
plained by forming aggregates during biosorption
which takes place at high biomass concentrations
causing a decrease of the effective adsorption area.
It has been suggested that several factors includ-
ing pH, ionic strength, temperature, metal ion in
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Figure 1 Effect of pH on Cu(II) and Mn(II) biosorp-
tion on Phanerochaete crysosporium.

Figure 2 Effect of contact time on Cu(II) and
Mn(II) biosorption on Phanerochaete crysospo-
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solution and biomass concentration explain the
decreased adsorption capacity at increasing bio-
mass.

Biosorption isotherm
The empirical parameters of the two isotherms
along with the correlation coefficients (R²) are
given in Table 3. Results show that the biosorption
process follows well the Langmuir isotherm
model.

Kinetics model of biosorption
A simple theoretical model developed by Yoon–
Nelson was applied to investigate the break-
through behavior of metal ions on fungal
biomass. So the values of kYN (a rate constant) and
(the time required for 50% adsorbate break-
through) could be obtained using non-linear re-
gressive analysis. Table 4 shows that biosorption
rate was too much (4 times) faster for Mn and the
column also was saturated sooner.

Conclusion
The present study evaluated the removal of cop-
per and Manganese from Sarcheshmaeh Copper
Mine AMD using Phanerochaete crysosporium-
cells. The pretreatment of biomass by boiling in

0.5N NaOH solution for 15 min was performed.
Live or dead fungal biomass can be used for the re-
moval of toxic metal ions. The use of dead cells
seems to be more advantageous than using live
cells in metal ion removal. It was seen that initial
pH, temperature and initial metal ion concentra-
tion highly affected the biosorption capacity of
the sorbent. Phanerochaete crysosporium was
sensitive to pH. A wastewater with a pH between
5.0 and 6.0 can be efectively treated for metal ion
removal and the wastewater with pH lower than
5.0 would require pH adjustment. Biosorption ca-
pacity increased as metal ion concentration in-
creased. Optimum contact time for biosorption of
copper was 30 min while it obtained 60 min for
manganese biosorption.
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 k1 R
2

 k2 R
2

 

Cu 0.105938 0.983 0.035262 0.999 

Mn 0.057575 0.993 0.004384 0.997 

Table 2 kinetic constants.

Figure 3 Effect biosorbent
concentration on Cu(II) and

MnI(I) biosorption on Ph.
crysosporium.
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Table 3 Linearised parameters of Langmuir and Freundlich isotherms for Cu(II) and Mn(II) adsorption
on Phanerochaete crysosporium.

Table 4 Yoon-Nelson
model’s parameters.

 

Cu(II) Cu(II) Mn(II) Mn(II) 

Langmuir Freundlich Langmuir Freundlich 
qmax = 8.183 Kf = 6.597 qmax = 1.823 Kf = 0.499 
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