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Abstract 

  
The present study reports the biosorption potential of chemically pretreated mycelial biomass 

of fungus Aspergillus niger van. Tieghem for Cu(II) and Ni(II) ions from aqueous phase. Fungal 
biomass was pretreated with different types of alkaline/salts (NaOH, NaHCO3, Na2CO3, NaCl & 
CaCl2,), acids (HCl & H2SO4) and detergent. Pretreatment of biomass with Na2CO3 and NaOH 
were proved to increase or maintain adsorption efficiency and capacity in comparison to untreated 
biomass. Pretreatment with NaHCO3, detergent, NaCl and CaCl2 significantly reduce (10-40%) 
metal sequestering efficiency of the adsorbent. Whereas, acid treatments resulted in drastic loss 
(80%) in metal uptake efficiency of the biomass. Amongst various pretreatments, Na2CO3 could be 
use efficiently for the removal of Ni(II) and Cu(II) ions from aqueous solution using A. niger. 
 
Introduction 
 

The increasing trends towards artificial high life standards are compelling the people 
towards misuse of resources resulting in environmental degradation at massive scale. 
Incidentally, increased industrialization has affected the environment through disposal of 
waste containing toxic contaminants in the form of metals. The situation is getting more 
alarming in last two decades in many big cities of Pakistan (Qaiser et al., 2007), where 
industrial units are established without environmental impact assessment and planning. 
Amongst 6634 registered industries in Pakistan, 1228 are considered to be highly 
polluting (Sial et al., 2006), which dump their solid and liquid wastes into sewers, nullahs 
and streams, that are mixed with groundwater raising levels of heavy metals and other 
contaminants (Gulfraz et al., 2002). Therefore discharge of heavy metals, their 
accumulation and contamination has become an environmental, health, economic, and 
planning issue in Pakistan (Hussain et al., 1996).  

Biological methods of metals removal from aqueous solution, known as biosorption,  
have been recommended as cheaper and more effective technique (Artola et al., 

1997) at a meeting in 1993 organized by the Solvent Engineering Extraction and Ion 
Exchange Group of the Society of Chemical Industry at UK (Apel & Troma, 1993). To 
date, research in the area of biosorption suggests it to be an ideal alternative for 
decontamination of metal containing effluents (Gupta et al., 2000). Generally speaking, 
the biosorption takes place by both living and non-living microbial biomass, but there are 
differences in the efficiency and mechanisms involved (Park et al., 2005). The efficiency 
by which dead cells act as sorbent of metal ion may be greater than that of living cell and 
confirm its wider acceptability. This is due to the argument that dead cells do not have 
toxicity limitations, no requirement of growth and nutrient media, storage property for 
extended time period and easy desorption of adsorbed metal ions (Awofolu et al., 2006). 
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Various physical (heat treatment, autoclaving, freeze drying, and boiling) and chemical 
(acids, alkali and organic chemicals) pretreatment protocols have been developed to 
convert the viable cells into nonviable (dead) (Loukidou et al., 2003; Cabuk et al., 2005). 
According to many workers, the chemical pretreatment methods may provide better 
results in the list of number of pretreatment protocols owing to change in cell wall 
chemistry of the biosorbent (introduction of various important chemical groups) (Kapoor 
et al., 1999). Yan & Virarrghavan (2000) have reported that alkaline (caustic) treatment 
could enhance metal binding by biomass. The alkaline treatments, including sodium 
hydroxide, potassium hydroxide, alkaline detergents or other alkaline reagents ruptures 
the ce11 walls of the microbes and exposes additional functional groups for metal ion 
binding. The residual alkalinity may result in the hydrolysis of certain metals, thus 
enhancing the biosorption capacity of biomass (Brierley, 1990). According to Huang & 
Huang (1996) acid-washing process have better results over other treatments as this 
treatment may dissolve polysaccharide components in the outer cell wall layer of the 
biosorbent, thus producing additional binding sites.  

It is obvious that many different and challenging contributions have been made on 
the path to develop biosorption from a scientific curiosity to useful applications. 
However, effect of chemical pretreatments is the important parameters for the successful 
application of biosorption by the biosorbent. Therefore, current investigation was 
designed to investigate the biosorption potential of pretreated biomass of Aspergillus 
niger for removal of Cu(II) and Ni(II) from aqueous solution. 
 
Materials and Methods 
 
Biomass production of test fungal species: The pure cultures of A. niger (FCBP 787) 
was obtained from First Fungal Culture Bank of Pakistan, Institute Plant Pathology, 
Punjab University Lahore, Pakistan. Mycelial biomass of test fungus was grown in pre 
autoclaved liquid medium (2% ME, 20 g malt extract/1000 L), incubated for 6-7 days 
under controlled temperature of 25 ± 1oC at 150 rpm. Fungal biomass was harvested by 
filtration and subjected to successive washings with double distilled deionized water with 
finality of the culture broth removal.  
 
Pretreatments of biomass: Harvested biomass was subjected to different chemical 
treatments. The acid and base of different normailities were used for pretreatments (Table 
1). In each pretreatment, the biomass was slowly stirred in the chemical solution for a 
certain period of time. After each pretreatment biomass was washed with double distilled 
waster till pH of the washing solution reached a neutral range (6.8-7.2). Finally pretreated 
biomass was dried in an oven at 60 ± 1oC for 24 hours and homogenized in blender to 
break cell aggregates into smaller fragments. The biomass was then passed through 50 
µm mesh sieve of to obtain particle sizes of less than 0.5-1mm diameter. The dried 
biomass was preserved in airtight jar to be used in biosorption tests. 

Simple oven dried biomass was also utilized in biosorption test experiments to assess 
and compare the potency with chemically pretreated biomass. 
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Table. 1. Various chemical pretreatments applied to fungal biomass 
(Yan & Virarrghavan, 2000). 

Solution (500ml) Duration (min) 
0.5N NaOH 15 
0.2N NaOH 30 
0.2N Na2CO3 30 
0.2N NaHCO3 30 
0.2N NaCl 30 
0.5N NaCl 30 
0.1N HCl 180 
0.05N H2SO4 180 
Detergent(2.5g) 30 
1% CaCl2 30 

 
Batch biosorption assays: Bioadsorption experiments were conducted using separate 
solutions containing Ni(II) and Cu(II) added in the form of Ni(NO3)2.6H20 and CuCl2. 
2H2O respectively. Batch biosorption experiments were conducted by adding the known 
amount of biomass in the reaction mixture measuring 100 mL with final adjustment of 
pH at 5.0 (0.5M NaOH and 0.5M HCl was used to adjust pH). The reaction mixture + 
biomass were agitated in orbital shaker at 150 rpm for three hours at 25 ± 1oC. After that 
time, the mixture was filtered through Whatman filter paper No.1 and the residual metal 
ion concentrations were determined using Atomic Absorption Spectrophotometer. 
       

All the experiments were run in triplicates and control experiments were conducted 
with simple oven dried biomass (without any treatment). 
 
Biosorption data evaluation: The amount of metallic ion biosorbed per gram of biomass 
(q) and the efficiency of biosorption (E) were calculated using the following equations: 
 

V 
m

C-C
  q fi ⎟

⎠
⎞

⎜
⎝
⎛=

,     
100* 

C
C-C

  E
i

fi
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

 

where, Ci = initial concentration of the metallic ion (mg L-1); Cf = final concentration of 
metallic ion (mg L-1); m = dried mass of the biosorbent in the reaction mixture (g); V = 
volume of reaction mixture (mL) 
 
Results  

 
Batch experiments were employed to assess the biosorption potential of pretreated 

fungal biomass while untreated biomass (UB) was taken as control. The effect of 
pretreatments on biosorption of Cu(II) ion by A. niger is show in Fig. 1. The results 
showed that biomass pretreated with Na2CO3 (0.2N) exhibited the maximum biosorption 
efficiency (41.70%) and capacity (20.82 mg g-1) for Cu(II) as compared to control and 
rest of pretreatments. Treatment with NaOH (0.2N & 0.5N) yield equivalent adsorption 
efficiency of 37.70% (18.81 mg g-1) as was recorded for untreated biomass. The 
biosorption efficiency of 32.5% (~16.5 mg g-1) recorded for fungal biomass pretreated 
with NaHCO3 (0.2N) and detergent was observed to reduce upto ~22% in comparison to 
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maximum recorded potential of > 37% in alkali pretreatment. Rest of chemical 
pretreatments to the biomass resulted in significant reduction in adsorption efficiency and 
capacity in contrast to control and Na2CO3 (0.2N). Therefore, pretreatments like CaCl2 
(1%), NaCl (0.2N), NaCl (0.5N) exhibited 30-50% reduction in metal removal efficiency 
and therefore displayed significantly lower sorption capability within the range of 11-14 
mg g-1. However, the highest reduction of ~ 80% in biosorption potential was dominant 
in case of HCl (0.1 N) and H2SO4 (0.05N) pretreated biomass. Therefore the recorded 
sorption capacities were 5.37 mg g-1 and 3.12 mg g-1 for HCl (0.1 N) and H2SO4 (0.05N), 
respectively. Consequently trend of biosorption for Cu(II) ions was recorded to follow 
the sequence of Na2CO3 (0.2N) (41.70%) > NaOH (0.2N and 0.5N) (37.70%) ≥UB 
(36.66%) (Table 2). 

For Ni(II) similar trend of various employed pretreatment was observed as 
mentioned for Cu(II). Alkali pretreatment [Na2CO3 (0.2N)]  showed significantly greater 
adsorption capacity (20.50 mg g-1) and efficiency (41%) as compared to UB (Fig. 2). 
Biomass pretreated with NaOH (0.2 & 0.5N) showed same efficiency ~39% having 
capacity of ~19.50 mg g-1 as was recorded in UB. The verified biosorption potential was 
significantly higher than the other given treatments. The treatments of the NaHCO3 (0.2) 
and detergent showed ~15% reduction in biosorption efficiency when judged against 
maximum values. Consequently biosorption capacity of 17.04 mg g-1 was obtained for 
pretreatments like NaHCO3 (0.2) and detergent, which were also significantly different 
from the other treatments. However, no significant difference in sorption potential was 
recorded in biomass pretreated with table salt of different strength i.e., 0.2N and 0.5N. 
Both acquired tantamount sorption capacity of 15.50 mg g-1, which was more than the 
most of the non significant treatments but was reduced nearly 27% in contrast to 
maximum (39%) recorded potential. Chemical treatments like HCl (0.1 N) and H2SO4 
(0.05N) maintained lowest extent of biosorption capacities of 6.32 mg g-1 and 5.13 mg    
g-1, respectively for Ni(II) ion removal in comparison with other pretreatments. The 
tendency of pretreated biomass of A. niger for maximum removal of Ni(II) was 
categorized as: Na2CO3 (0.2N) (40.50%) > NaOH (0.2N and 0.5N) (39.0%) ≥ UB 
(38.20%) (Table 2). 

 
Table 2. Comparative analyses of biosorption potential of A. niger for metal ions. 

Biosorption efficiency E (%) No.  
Treatments Cu (II) Ni (II) 

1. NaOH (0.2N) 37.70 39.50 
2. NaOH (0.5N) 37.70 38.72 
3. Na2CO3 (0.2N) 41.70 40.50 
4. NaHCO3 (0.2N) 32.33 34.70 
5. NaCl (0.2N) 22.00 32.50 
6. NaCl (0.5N) 21.50 28.70 
7. Detergent (2.5g) 33.58 33.50 
8. CaCl2 (1%) 28.40 26.40 
9. H2SO4 (0.05N) 6.50 10.20 
10. HCl (0.1N) 10.70 12.70 
11. Untreated biomass (UB) 36.66 38.20 
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Fig. 1. Effect of pretreatments on removal of Cu(II) ions by A. niger. 
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Fig. 2. Effect of pretreatments on removal of Ni(II) ions by A. niger. 

 
Pretreatments: 1: NaOH (0.2N), 2: NaOH (0.5N), 3: Na2CO3 (0.2N), 4: NaHCO3 (0.2N), 5: NaCl 
(0.2N), 6: NaCl (0.5N), 7: Detergent (2.5g), 8: CaCl2 (1%), 9: H2SO4 (0.05N), 10: HCl (0.1N), 11: 
Untreated biomass (UB) 
Value with different letters at their top show significant difference (P ≤ 0.05) as determined by 
Duncan’s Multiple Range Test (Steel and Torrie, 1980). 
 
Discussion 
 

In present investigation, biomass of A. niger was pretreated with different bases and 
acids of different nomalities and was evaluated for Cu(II) and Ni(II) removal from 
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aqueous solution. Assessments revealed that the fungal biomass exposed to alkaline 
supplements/salts exhibited significantly higher and parallel biosorption efficiency in 
comparison to untreated biomass. Whereas most of the pretreatments induced reduction 
in uptake efficiency and capacity of the adsorbents as compared to control (untreated 
biomass). It was previously observed that dried biomass generally acts as ion exchange 
resins and its biosorbing capacity depends on the available charges on the cell surface 
that bind to the biosorbent metal ions. Whereas, physical and chemical treatments can be 
use to enhance the metal uptake capacity of the biomass, which led to removal, hiding or 
exposing chemical groups that binding or exchange with the adsorbed metal ions (Saleh et 
al., 2009). In current research work, an increase in biosorption of Cu(II) and Ni(II) ions 
was noticed as a result of alkali pretreatments particularly Na2CO3 and NaOH. Similar 
enhancement in metal uptake capacity of the fungal biomass regarding alkali 
pretreatment was recorded by Yan & Viraraghavan (2000), El-sayad & El-Morsey (2004) 
and Das et al. (2007). It could be due to chemical modifications of the cell wall 
components. The modification of biomass probably destroys autolytic enzymes that cause 
putrification of biomass and remove lipids and proteins that mask the reactive sites 
(Muraleedharan & Venkobachar 1990). On the contrary, Kapoor and Viraraghavan 
(1998) reported 45% decline in adsorption of Ni(II) ions due to treatment with NaOH. 
They stated that deproteination should theoretically reduce metal retention. Reduction in 
adsorption efficiency and capacity of adsorbent due to rest of alkaline/salts treatment 
(NaHCO3, detergent, NaCl and CaCl2) could be results of more affinity of  active 
chemical groups viz., HCO-

3, HSO-
4 & Cl-  ions to the cell wall components of the 

adsorbent. 
 Presently the recorded reduction in sorption capacity of test fungus for metal ions 

was evidenced due to acid pretreatment. The assessments seemingly are in agreement 
with observations recorded in the case of A. niger (Kapoor and Viraraghavan 1998) and 
Mucor rouxii (Yan & Viraraghavan  2000) and A. fumigatus (Saleh et al., 2009). It could 
possibly be explained in terms of H+ ions binding to the biomass after acid treatment 
being responsible for the reduction in adsorption of heavy metals. This indicated that the 
acids destroyed the absorbing groups and their positive ions(H+) may covalently bonded 
to the absorbing surfaces. Bux & Kasan (1994) have suggested that the higher the 
biomass electronegativity the greater would be the attraction and adsorption of heavy 
metal cations. Thus, the remaining H+ ions on the acid pretreated biomass may change 
the biomass electronegativity, resulting in a reduction in bioadsorption capacity. In 
contrast to that Huang & Huang (1996) have reported that acid pretreatment can strongly 
enhance the adsorption capacity of Aspergillus oryzae mycelia. The controversies in 
results after a specific pretreatment may be attributed to the different strains of fungi used 
and whether the biomass was live or dead when it is used in biosorption of metal ions. 
 
Conclusion 
 

The present study concludes that chemically pretreated mycelial biomass of A. niger 
exhibited greater, same or less adsorption capacity and efficiency than that of untreated 
biomass, depending on the pretreatment. The biomass of fungus could be effectively 
utilized to remove Cu(II) and Ni(II) by pre treating it with Na2CO3. 
 



BIOSORPTION OF HEAVY METALS BY PRETREATED OF ASPERGILLUS NIGER  425

References 
 
Apel, M.L. and A.E. Torma. 1993. The Minerals, Metals and Materials Society, USA. 

Biohydrometalargy Technology, 2: 25-33. 
Artola, A., D.M. Balaguer and M. Rigola. 1997. Heavy metal binding to anaerobic sludge. Water 

Research, 31: 997-1004. 
Awofolu, O.R., O.J. Okonkwo and R.V.D Merwe. 2006. A new approach to chemical modification 

protocols of Aspergillus niger and sorption of lead ion by fungal species. Electronic Journal of 
Biotechnology, 9: 341-348. 

Brierley, C.L. 1990. Metal immobilization using bacteria. In: Microbial Mineral Recovery. (Eds.): 
H.L. Ehrlich and C.L. Brierley. pp. 303-323. McGraw-Hill Publishing, New York. 

Bux, F. and H. Kasan. 1994. Comparison of selected methods for relative assessment of surface 
charge on waste sludge biomass. Water SA, 20:73-76. 

Çabuk, A., S. Ilhan, C. Filil and F. Çalifikan. 2005. Pb2+ Biosorption by pretreated fungal biomass. 
Turkish Journal of Biology, 29: 23-28.  

Das, N., D. Charumathi and R. Vimala. 2007. Effect of pretreatment on Cd2+ biosorption by 
mycelial biomass of Pleurotus florida. African Journal of Biotechnology, 6 : 2555-2558. 

El-Sayed, M. and  El-Morsy. 2004. Cunninghamella echinulata, a new biosorbent of metal ions 
from polluted water in Egypt. Mycologia, 96:1183-1189. 

Gulfraz, M., Y. Mussaddeq, R. Khannum and T. Ahmad. 2002. Quality assessment of effluents 
from various industries at vicinity of Rawalpindi and Islamabad. Journal of Biological 
Science, 10: 697-698. 

Gupta, R., P. Ahuja, S. Khan, R.K. Saxena and H. Mohapatra. 2000. Microbial biosorbents: 
Meeting challenges of heavy metal pollution in aqueous solutions. Current Science, 78: 967-
973. 

Huang, C.P. and C.P. Huang. 1996. Application of Aspergillus oryzae and Rhizopus oryzae. Water 
Research, 30: 1985-1990.  

Hussain, Z., R.M. Chaudhry, F.A. Zubri and Q. Sharif. 1996. Contaminants and the soil 
environment in Pakistan. Contaminants and soil environment in the Australasia-Pacific 
Region Dordrect, 33: 1507-151. 

Kapoor, A. and T. Viraraghavan. 1998. Removal of heavy metals from aqueous solution using 
immobilized fungal biomass in continuous mode. Water Research, 32: 1968-1977.  

Kapoor, A., T. Viraraghavan and D. Cullimore. 1999. Removal of heavy metals using the fungus 
Aspergillus niger. Bioresource Technology, 70: 95-104.  

Loukidou, M.X., K.A. Matis and A.I. Zouboulis. 2003. Removal of As2+ from wastewaters by 
chemically modified fungal biomass. Water Research, 37: 4544-4552. 

Muraleedharan, T.R. and C. Venkobachar. 1990. Mechanism of biosorption of Cu2+ by Ganoderma 
lucidum. Biotechnology Bioengineering, 35: 320-325. 

Park, J.M., D. Park, Y.S. Yun and J.H. Jo. 2005. Mechanism of hexavalent chromium removal by 
dead fungal biomass of Aspergillus niger. Water Research, 39: 533-540. 

Qaiser, S. and R. Anwer. 2007. Heavy metals uptake by agro based waste material. Electronic 
Journal of Biotechnology, 10: 124-123. 

Saleh, M. Al-Garni, M. G. Khaled and S. B. Abdulaziz. 2009. Biosorption characteristics of 
Aspergillus fumigatus in removal of cadmium from an aqueous solution. African Journal of 
Biotechnology, 8: 4163-4172. 

Sial, R.A., M.F. Chaudhry, S.T. Abbas, M.I. Latif and A.G. Khan. 2006. J. Zhej. Universal Science, 
7: 974-80. 

Steel, R.G.D. and J.H. Torrie. 1980. Principles and procedures of statistics. McGraw Hill Book Co., 
Inc. New York USA.  

Yan, G. and T. Viraraghavan. 2000. Effect of pretreatment on the bioadsorption of heavy metals 
on Mucor rouxi. Water SA, 26: 119-123. 

(Received for publication 4 April 2009) 


