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                  A B S T R A C T                           

Introduction  

The increasing trend towards artificial high 
life standards are compelling the people 
towards misuse of resources which 
ultimately result in environmental pollution 
in a large scale. Incidentally, increased 
industrialization has also affected the 
ecosystem through waste disposal which 
contains toxic metal contaminants (Ahmad 
et al., 2005).   

Degradation of such heavy metals is not 
possible as these are elements which cannot 
be converted to non-toxic end products like          

CO2 and H2O (Pandey and Banerjee, 2012). 
Since heavy metals are the major pollutants 
of both terrestrial and aquatic (even in 
treated waste water), novel technologies for 
effective metal removal are still managing to 
register the success (Nuhoglu et al., 2002).  
Some of the important sources of metal 
pollution include electroplating, painting, 
dying, tannery etc. These heavy metals are 
toxic and cause several health hazards that 
ultimately damage the vital organs (Sanyal 
et al., 2005; Volesky and Holan, 1995).   
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The use of fungal biomass as a biosorbent for the removal of toxic and heavy metal 
ions from different industrial effluents has received much attention in the recent 
years. In the present study dried biomass of the fungal strain Aspergillus niger 
MTCC 281 was exploited as a biosorbent for the removal of hexavalent chromium 
ions Cr6+. The metal tolerance ability (Ti) and the Minimum Inhibitory 
Concentration (MIC) of the test strain Aspergillus niger were determined by 
amending different concentrations of Cr+6 ions in the potato dextrose agar medium. 
From the present study, pH 3 was found to be optimum for the fungal biosorption 
of Cr (VI) with biosorption of 67.5 %. Maximum biosorption of 70.28% was 
observed at a temperature of 27°C and 71.94% with an incubation period of 24 
hours. Experimental results also showed maximum biosorption percentage of 75.36 
% and 72.2 % for a biomass concentration of 3 mg/ml and metal concentration of 1 
mg/ml respectively. The findings of the present study revealed that fungi from 
metal polluted sites could show higher metal tolerance and biosorption efficiency 
and hence could be exploited for heavy metal biosorption.
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The traditional methods for removing heavy 
metals have several disadvantages. 
Chemical precipitation leads to the 
production of toxic sludge (Tomko et al., 
2006). Biological methods of metal removal 
from aqueous solution known as biosorption 
have been recommended as cheaper and 
more effective process (Artola et al., 1997). 
This method is based on the use of the metal 
binding capacities of various biological 
materials, including algae, fungi and 
bacteria. It is expected that soil receiving 
long-term application of 
wastewater/industrial effluents containing 
toxic metals may result in the development 
of selection pressure on soil fungi which 
may cause increased level of metal tolerance 
as well as metal adsorption capacity (Ahmad 
et al., 2005).  

Fungi are the most studied microbe for 
variety of fermentation processes from 
which a constant supply of biomass can be 
obtained for metal removal. Hence, fungal 
biomass could serve as an economical 
method for effective removal of toxic metals 
(Luo et al., 2010). Several types of fungi are 
capable of metal removal such as white rot 
fungus (Arica et al., 2001), filamentous 
fungus Phanerochaete chrysosporium (Say 
et al., 2001), Aspergilus niger 
(Mukhopadhyay et al., 2011), fungal 
biomass of Mucor racemosus (Liu et al., 
2007), by products of brown rot fungus 
Lentinus edodes (Chen et al., 2008) and 
industrial fungus Rhizopus cohni (Luo et al., 
2010).  

In general, 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). 
Since commercial biotechnological 
processes such as alginate extraction result 
in the production of large quantities of 
biomass and since this material is currently 

viewed as a low value by-product, these 
industries represent an ideal source of non-
living material for use as metal biosorbents 
(Bustard and McHale, 1998). In addition, 
since metal biosorption by non-living 
biomass is a metabolism independent 
process. Therefore, it is not a rule by 
physiological restriction. 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). 
The main objective of the present study is to 
determine the metal tolerance ability of the 
selected test strain and to study  the 
biosorption ability of dried fungal biomass 
against hexavalent chromium which are 
found in the most waste waters.   

Materials and Methods  

Microorganisms  

The fungal strain Aspergillus niger MTCC 
281 was obtained from Microbial Type 
Culture Collection (MTCC), Chandigarh, 
India and sub cultured using potato dextrose 
agar (PDA) slants stored at 27°C.   

Metal solution preparation  

The stock solution of Cr (VI) metal was 
prepared by dissolving 1000 mg of 
potassium dichromate (K2Cr2O7) in 10 ml of 
double distilled water. Working 
concentrations of chromium solutions with 
different initial concentrations were made 
from the stock solution using metal free 
distilled water and used for batch 
experiments.  

Heavy metal tolerance and Minimum 
Inhibitory Concentration test  

To determine the metal tolerance ability of 
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the fungal strain, Aspergillus niger was 
studied on PDA medium amended with a 
concentration of 1mg ml-1of Cr6+. The pH of 
the medium was maintained at 5.2 ± 0.2 and 
the plates without metal solution was kept as 
a control. The fungal strain was spot 
inoculated (10-6 spores/ml) at the centre of 
the plate and incubated for 4-7 days at 27° 
C. The Metal Tolerance Index (Ti) was 
determined as the ratio of the extended 
radius of the treated colony to that of the 
untreated colony in the plates grown.   

Ti = Dt/Du, where Dt is the radial extension 
(cm) of treated colony and Du is the radial 
extension (cm) of untreated colony.  

The minimum inhibitory concentration 
(MIC) of the fungal strain, Aspergillus niger 
was also determined by amending the Cr+6 

metal ions separately to PDA medium at 
concentration between 1 mg ml-1 to 5 mg ml-

1. The plates were then incubated at 27°C for 
4-7 days and observed for the visible fungal 
growth. The minimum inhibitory 
concentration (MIC) was determined based 
on the lowest concentration of metal which 
have inhibited the fungal growth (Akhtar et 
al., 2013). All the experiments were 
performed in triplicates and the data were 
expressed as mean value ± SD.  

Preparation of Biosorbent  

Aspergillus niger MTCC 281 was inoculated 
in Potato dextrose broth (PDB) and 
incubated for 4-5 days. After sufficient 
growth, the fungal mat was treated with 
0.5N NaOH and kept in a boiling water bath 
for 15 min to kill the fungal spores. Mat was 
washed twice with tap water and thereafter 
with double distilled water until pH reaches 
7. The washed biomass was then air dried 
and kept in a hot air oven at 80°C for 
overnight. The dried biomass was then 
grounded using pestle and mortar and stored 
for further use. 

Biosorption efficiency  

Biosorption efficiency (%) was calculated 
using the following equation (Bajpai and 
Rai, 2010): 
E = (Ci  Cf / Ci) × 100 
Where, 
E = Percentage removal of hexavalent 
chromium 
Ci = initial metal ion concentration, mg/L 
Cf = final metal ion concentration, mg/L  

Batch experiments  

Different parameters such as pH, 
temperature, incubation time, initial biomass 
concentration and initial metal concentration 
were investigated for maximum biosorption.  
Batch equilibrium biosorption experiments 
were conducted in 125 mL Erlenmeyer 
flasks. Effect of initial pH on metal 
biosorption experiments were conducted by 
adjusting the pH in range of 1 to 10 using 
0.1 N NaOH and 0.1 N HCl. Different 
incubation time such as 6, 12, 18, 24, 30 and 
36 hours were investigated for maximum 
biosorption process. Further, effect of 
biosorption at different temperature was also 
studied by incubating the conical flasks at 
23, 27, 30, 37 and 40°C. Effect of initial 
metal concentration and biomass 
concentration were also investigated by 
varying the concentrations from 1mg to 10 
mg ml-1during the batch experiments. At the 
end of each experiment the metal solutions 
were centrifuged at 9000 rpm for 15 min and 
the supernatant was analyzed for the residual 
concentrations of the metal ions using 
Diphenylcarbazide assay method (Goyal and 
Banerjee, 2003).  

Scanning Electron Microscopic Analysis 
(Khambhaty et al., 2009)  

The Scanning Electron Microscopic (SEM) 
analysis was performed to analyze the 
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surface texture of untreated and treated 
biosorbent against hexavlaent chromium 
using (SEM) S-3400. Both treated and 
untreated biosorbent were mounted on 
aluminum stab, followed by a thin layer of 
gold coating under vacuum to enhance the 
quality of the micrographs.  

Results and Discussion  

In the present study, dead biomass of fungal 
strain Aspergillus niger MTCC 281 was 
investigated for the biosorption ability of 
hexavalent chromium. Exposure of microbes 
to toxic heavy metals may lead to 
physiological adaptation and increased metal 
tolerance ability [28] which may lead to an 
increased metal biosorption capacity. In our 
study, exposing the test strain to varying 
concentrations of Cr6+ reveals the metal 
tolerance ability (Ti) of upto 0.75 and MIC 
value of 2 mg/mL. Fungal resistance against 
heavy metals results from different 
mechanisms such as active transport of 
metal ions from inside to the outside of the 
cell (Balamarugan and Schaffner, 2006), 
metal chelating ability, enzymatic 
transformation (Hastrup et al., 2005;) and 
ability to produce specific compounds for 
metal binding within the cell (Gonzalez-
Chavez et al., 2002).  

Batch experiments  

When the pH of the medium varied from 1 
to 10, biosorption capacity showed increased 
results in increasing order until pH 6.  
Figure 1 shows the biosorption capacity of 
the dried biomass obtained from Aspergillus 
niger MTCC 281 and a maximum 
biosorption efficiency of 67.5% was 
observed for pH 3.  Thereafter, decreased 
biosorption efficiency was observed with 
increase in pH. Previous studies on 
biosorption by Donmez and co-workers 
(1999) elaborated that pH is one of the most 

important parameters to be considered for 
biosorption process. Increased binding of the 
chromium ions at lower pH was 
demonstrated by the electrostatic binding of 
ions to that of amino groups present in the 
cell wall (Bajpai et al., 2004; Gupta and 
Keegan, 1998).   

Temperature plays a vital role in the 
biosorption of metal ions. Therefore, 
experiments were performed to examine the 
temperature dependency of Cr (VI) 
biosorption by the dead biomass. Based on 
the results, maximum biosorption of Cr (VI) 
was observed at 27°C with biosorption 
efficiency of 70.28% (Figure 2). At higher 
temperature the energy of the system 
facilitates Cr (VI) attachment on the surface 
and also when temperature is very high. 
There is a decrease in the metal sorption due 
to distortion of some sites of the cell surface 
available for metal biosorption (Puranik and 
Paknikar, 1995).  Due to the exothermic 
nature of some adsorption processes, an 
increase in temperature has been found to 
reduce the biosorption capacity of the 
biomass (Mameri et al., 1999). It is always 
desirable to evaluate the biosorption at room 
temperature, as this condition is easy to 
duplicate.  

Biosorption capacity of dried fungal 
biomass was studied at different incubation 
periods of 6, 12, 18, 24, 30 and 36 hrs. From 
the investigated incubation time, maximum 
biosorption efficiency of 72.32 % was 
observed at 36 hrs. But, 24 hours was 
chosen as the best incubation time for 
further experiments concerned with 
processing time and biosorption ability 
percentage (Figure 3). Rate of biosorption 
was high at the beginning due to larger 
surface area of the fungal biosorbent. Once 
the adsorbent capability gets exhausted, the 
uptake rate is controlled by the 
transportation of biosorbent from exterior 
site to interior (Verma et al., 2006). 
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Fig.1 Effect of pH on fungal biosorption  

Fig.2 Effect of temperature on fungal biosorption   

Fig.3 Effect of incubation period on fungal biosorption    
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Fig.4 Effect of biomass concentration on fungal biosorption  

Fig.5 Effect of initial Cr (VI) metal concentration on fungal biosorption   

Fig.6a SEM analysis of untreated biosorbent            
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Fig.6b SEM analysis of treated biosorbent             

The differences in biosorption capacity 
may be due to the intrinsic ability of 
organism as well as its cell wall 
composition leading to difference in 
interaction of metals with fungi (Gadd and 
White, 1993). Several authors have 
reported the biosorption ability of 
dead/living biomass of Aspergillus sp. 
(Gadd, 1990; Fourest et al., 1996; Sudha 
Bai and Abraham, 2001 Teskova and 
Petrov, 2002).  

The effect of biomass concentration on Cr 
(VI) ion removal was examined by 
varying biomass dosage from 1mg to 10 
mg/ml. The present study shows that 
removal efficiency increased with increase 
in biomass concentration. Maximum 
efficiency of biosorption of 75.36% was 
observed with 3 mg/mL of biosorbent 
(Figure 4). Biosorbent dosage strongly 
influences the extent of biosorption. In 
many instances, lower biosorbent dosages 
yield higher uptake and lower percentage 
removal efficiencies (Vijayaraghavan et 
al., 2006). As the biomass concentration 
increases, the uptake of heavy metal by the 
biosorbent also gets increased, because of 
the increased surface area (Esposito et al., 
2001).   

Biosorption experiment was conducted 

with all the optimized parameter 
supplemented to the medium containing 
different concentrations of initial Cr (VI) 
metal. Figure 5 depicted the biosorption of 
Cr (VI) by dried biomass of Aspergillus 
niger MTCC 281 showing an increased 
biosorption efficiency with maximum 
result of 72.2% recorded at 1 mg/mL of Cr 
(VI) metal concentration. However, 
increase in Ci value showed no increase in 
biosorption but decreased results was 
obtained. These results clearly indicate 
that at low Cr(VI) concentrations, the ratio 
of the biosorptive surface of the biomass 
to the total Cr(VI) metal was high. 
Therefore, Cr(VI) may be effectively 
interacted with the fungal biosorbent 
(Ucun et al., 2002).  

The scanning electron microscopic 
analysis reveals changes that occurred in 
the surface texture of the treated and 
untreated biosorbent against the 
hexavalent chromium ions. The SEM 
micrograph of treated biosorbent shows 
significant changes compared with the 
untreated biosorbent, with slight 
morphological disintegration and few 
pores with irregular cases over the treated 
biosorbent (Fig 6a & b). The present 
results support the earlier observations of 
Sethuraman et al., (2010) who have also 
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studied the removal efficiency of Cr (VI) 
ions using Bacillus subtilis, Pseudomonas 
aeruginosa and Enterobacter cloacae; 
Pandey and Banerjee (2012) who have 
investigated the biosorption ability of 
cadmium (II) using Aspergillus aculeatus 
DBF9 biomass.  
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