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 In this paper the biological adsorption of copper and manganese ions from acid mine 
drainage at Sarcheshme porphyry copper mine by using Phanerochaete Chrysosporium 
fungus was done. So, firstly the experimental studies were done at batch and continuous 
systems. Secondly, a numerical finite volume model has been developed using 
PHOENICS software to simulate a mass transport problem including non-linear 
adsorption process with Langmuir isotherm and Yoon-Nelson pseudo second order 
kinetics model at both systems. In the non-linear adsorption a good fitting is exist 
between numerical model and laboratory curves. Finally, the changes in the length at 
continuous system considerably increase the biological adsorption process. The results 
of model presented here can be used in designing an appropriate remediation strategy 
based on biological adsorption for treatment of acid mine drainage containing toxic 
metals. 
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INTRODUCTION 

 
 Importance of mine waters and its purity has been considered by many researches previously [1,2]. In many 
industrial and mining activities, wastewater has poor quality due to the high concentration of heavy metals. 
Pyrite oxidation and generation of acid mine drainage (AMD) produce problems of transporting suspended 
solids and dissolving heavy metals [3]. AMD and heavy metals are thus the most important sources of water 
pollution that lead to long-term environmental effects [4]. Excessive presence of these metals and precipitation 
of them in living creatures tissues have caused cancer and finally resulted to death [5]. These metals come to the 
environment through industries such as plating, melting and metal refining, mining activities, power plants, 
textile industries, battery making, ceramic and glass industries [6]. Most of the heavy metals are dissolved salts 
in water and cannot be separated by the typical physical methods. The traditional methods for wastewater 
treatment often need expensive materials and devices that produce toxic products. They have low efficiency in 
comparison with recently developed biological methods. Selective removal of heavy metals in diluted solutions, 
the low adsorbent and removal time, simplicity of the procedure, the little use of the adsorbent in the adsorption 
of high concentration of metal, the recovery of biomass for adsorption operation are some reasons for wide 
usage of biological methods in wastewaters treatment [7].  
 Copper is one of the applicable metals in industry which is considered as a potential source of surface and 
groundwater contamination in concentration value higher than 1mg/L [8]. Considerable researches have been 
carried out on the biological adsorption of copper that most of them are about copper adsorption from synthetic 
waste water [9]. This metal with elevated concentration is found in AMD.  
 Manganese is another metal found in AMD that according to the standards [8], its concentration in the 
discharging water must be less than the standard values (0.05mg/L) to prevent the death of living organism. 
 Although many experimental works have been conducted to evaluate the capability and the performance of 
various adsorbent for the removal of the heavy metals from aqueous system but researches on the biological 
adsorption of copper and manganese are limited. Furthermore, little researches have been carried out to 
modeling the metal biological adsorption process from an aqueous phase, in particular, from a real AMD 
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system. Numerical models are valuable tools to give insight into the biological adsorption process. A numerical 
model can predict future events. In addition, it may indicate which factors in a real system are most important 
from a sensitivity point of view. A model can help to design, optimize, and predict the performance of the field 
remediation programs [10,11].  
 So, in this paper the modeling of ions biological adsorption has been developed using experimental studies 
and multi-purpose commercial software called PHOENICS to simulate the biological adsorption process by 
Phanerochaete Chrysosporium fungus through a batch and continuous systems to remove the copper and 
manganese ions from Sarcheshmeh porphyry copper AMD, southeast Iran. 
 

MATERIALS AND METHODS 
 
 Phanerochaete Chrysosporium fungus or broth that was used for removal of heavy metal pollutants from 
AMD was prepared according to Lamar et al. (1987) (Fig. 1a) [12]. After drying the fungus, the fungus was 
powdered by laboratory planetary ball mill (Fritsch Pulverisette 6 model). Then, the Phanerochaete 
Chrysosporium fungus was stabilization on sodium alginate (Fig. 1b).  
 

 
 
Fig. 1: The grown Phanerochaete Chrysosporium fungus (a) and the stabilized fungus on sodium alginate (b).   
 
 The results of chemical analysis for copper and manganese ions in Sarcheshme AMD which was taken from 
Shur River in downstream the mine has shown in Table 1.  
 
Table 1: The results of acid mine drainage chemical analysis. 

Ions Mn2+ Cu2+ 
Concentration (mg/L) 8.265 10.401 

USEPA 0.05 1 
 
 According to Table 1 the concentrations of 8.265 and 10.401 (mg/L) for copper and manganese ions, 
respectively, is very higher than standard values that determinate by USEPA. So, copper and manganese ions 
should be removed from AMD by Phanerochaete Chrysosporium fungus that was prepared. Therefore, the batch 
and continuous experimental systems firstly studied and then numerical modeling for both systems was 
presented.  
 
Results: 
Batch and continuous experimental systems: 
 The biological adsorption of copper and manganese ions in batch system by Phanerochaete Chrysosporium 
fungus were done by adsorbent dosage 0.3gr for copper and 0.4gr for manganese, temperature 25 ± 1 °C, pH= 
5.1 and time 150 min. The results of copper and manganese removal from AMD were show in Fig. 2.  
 According to Fig. 2, the removal of copper and manganese by Phanerochaete Chrysosporium fungus after 
150min is 81% and 97%, respectively. 
 The biological adsorption of copper and manganese ions in continuous system by Phanerochaete 
Chrysosporium fungus to obtaining the breakthrough curves (BTC) were done by column 2cm (diameter) ×
30cm (length) of adsorbent (Fig. 3) for copper and manganese, temperature 25 ± 1 °C, pH= 5.1 and time 
360min.  
 The results of BTC for copper and manganese biological adsorption from AMD were show in Fig. 4 for 2, 4 
and 6 mL/min flow rates of AMD.  
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Fig. 2: Cooper and manganese ions removal from AMD at batch system. 
 

 
 
Fig. 3: The stabilized biomass was packed inside the glass column.  
 
 According to Fig. 4, this is obvious that the Phanerochaete Chrysosporium fungus column was saturated 
sooner for manganese than copper for each flow rates. Base on BTC that were showed in Fig. 4, the saturation 
times at column for copper and manganese ions and 2, 4 and 6 mL/min flow rates are 270, 255, 225, 210, 195 
and 165 min, respectively.  
 
Batch and continuous numerical models: 
 Numerical models have been recognized as strong and powerful tools in prediction of many environmental 
problems associated with various industries. Furthermore, numerical models have been successfully used in 
designing effective remediation schemes based on the adsorption process. In this paper a computational fluid 
dynamic model incorporating the finite volume discretization scheme is presented to simulate heavy metal 
removal from the real AMD using the adsorption process [13]. Taking the non-linear adsorption reaction and the 
Yoon-Nelson kinetics model into account, the equation 1 is used to model the adsorption process including 
Langmuir isotherm [14]. This equation may be used for the removal of the heavy metals from real AMD in 
which the adsorption is the only mechanism for pollutant removal in a batch system [13]. 
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where, C concentration (mgr L-1), KL is the Langmuir constant, K2 Pseudo-second-order rate constant, qe sorbed 
concentration at equilibrium (mgr gr-1), qt sorbed concentration at time t (mgr gr-1) and Q0 is maximum 
adsorption capacity. 
 For modeling of continuous mode equation 2 is used to model adsorption process [15]. 
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where, C is concentration (mgr gr-1 L-1), Dx is hydro dynamical dispersion (m2 s-1), ux is the contaminant 
transport velocity (m s-1), ρb is adsorbent bulk density, n is a porosity value, Q0 maximum adsorption capacity, 
KL is the Langmuir constant, qe sorbed concentration at equilibrium (mgr gr-1) and K2 pseudo second order rate 
constant. All of these parameters that were introduced in equation 1 and 2 determine at lab and were show in 
Table 2. 
 

 
 
 

 
 
Fig. 4: BTC for copper and manganese biological adsorption from AMD.  
 
Table 2: The coefficients and values that were introduced in equation 1 and 2 and determine at lab. 

Coefficients Dx ux ρb n K2 
Values 10-9 2, 4 and 6 2.8 30% 3.34× 10-5 

Coefficients KL copper KL manganese qe Q0 copper Q0 manganese 
Values 2.103 0.347 1.9 8.598 2.381 

 
 The comparison of curves in batch system and BTC in continuous system obtained from the experimental 
data (dots) and numerical modeling (solid lines) at three different flow rates for copper and manganese ions 
biological adsorption from real AMD with Langmuir isotherm and Yoon-Nelson non-linear kinetics models 
were shoed in Fig. 5.  

 
The effect of reactor length: 
 The sensitivity of the model to changes in the column length for continuous system was examined. The 
reactor length varied from 5 to 45 m. The result of changing the column length was show in Fig. 6.  
 As Fig. 6 shows, the increase in the reactor length considerably increases the biological adsorption process.  
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Fig. 5: The comparison of curves in both systems obtained from the experimental data (dots) and numerical 

modeling (solid lines) for copper and manganese ions.  
 

 
 
Fig. 6: The effect of column length changing on the biological adsorption rate by software simulation.  
 
Discussion: 
 In this paper the experimental studies and numerical finite volume model has been presented to simulate 
biological adsorption of copper and manganese ions from acid mine drainage by biomass of Phanerochaete 
Chrysosporium fungus in batch and continuous reactors. In the batch system removal of copper and manganese 
by Phanerochaete Chrysosporium fungus after 150min is 81% and 97%, respectively. The column studies show 
that the Phanerochaete Chrysosporium fungus was saturated sooner for manganese than copper for each flow 
rates. Base on BTC the saturation times at column for copper and manganese ions and 2, 4 and 6 mL/min flow 
rates are 270, 255, 225, 210, 195 and 165 min, respectively. In the numerical modeling section the comparison 
of curves in batch system and BTC in continuous system obtained from the experimental data (dots) and 
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numerical modeling (solid lines) at 2, 4 and 6 mL min-1 flow rates for copper and manganese ions biological 
adsorption from real AMD with Langmuir isotherm and Yoon-Nelson non-linear kinetics models were showed 
that the good fitting between experimental and numerical data. The effect of column length changing on the 
biological adsorption rate shows that the increase in the reactor length considerably increases the biological 
adsorption process. The results of experimental and numerical modeling presented here can be used in designing 
an appropriate remediation strategy based on adsorption process for treatment of AMD containing toxic metals. 
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