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ABSTRACT 
Cd2+,Pb2+and Ni2+ resistant Fungi including Aspergillus and Penicillium were isolated from 
waste effluent, collected from the discharge point of Nalco smelter in Kulad, Anugul, district of 
Odisha, India. Metal tolerance in term of Minimum Inhibitory condition (MIC) was 125-
550μg/ml for Cd ,300-600 μg/ml for Pb and 300-850 μg/ml for Ni against tested Fungi. Two 
isolates, Aspergillus niger and Penicillium sp. were tested for their Cd, Pb  and Ni 
biosorption potential using alkali treated, dried and powdered mycelium. Biosorption experiment 
was conducted in 100 ml of solution at three initial metal concentrations i.e., 2, 4 and 6 mM with 
contact time (18 hr) and pretreated fungal biomass (0.1g) at 25°C.Biosorption of all metals were 
round higher at 4 mM, initial metal concentration, as compared to biosorption at 2 and 6 mM 
concentrations. At 4 mM initial metal concentration Pb biosorption was 18.05 and 19.3 mg/g of 
Aspergillus and Penicillium biomasses, respectively. Similarly, biosorption of Cd and Ni ions 
was also maximum at 4 mM initial metal concentration by Aspergillus (19.4 mg/g for Cd and 
25.05 mg/g of biomass for Ni) and Penicillium (18.6 mg/g for Cd and 17.9 mg/g of biomass for 
Ni). In general, biosorption of metal was influenced by initial metal concentration and type of 
the tested fungi. The results indicated that fungi of metal contaminated soil have high level 
of metal tolerance and biosorption capacity. 
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INTRODUCTION 
Heavy metals are present in nature and 
industrial waste water. The presence of heavy 
metals in surface and ground water poses a 
contamination problem. Conventional techni-
ques are  commonly  applied to remove 
heavy metal from waste water including 
chemical (precipitation, neutralization) and 
physical (ion exchange, membrane separa-
tion) methods.1 These methods are efficient 
in removing the bulk of metal from solution 
at high or moderate concentrations, but 
ineffective for dilute or low concentration  
of metal ions. Biosorption process  has been 
demonstrated by  using microbial biomass as 
a biosorbent.2-4 Both active and heat killed 
biomass of many filamentous fungi 
(Aspergillus,   Penicillium,    Rhizopus    and  

Mucor) may be utilized in biosorption 
processes. It is expected that screening of 
metal tolerant fungi may provide efficient 
strains for metal biosorption. 5 However, only 
limited studies have been conducted to screen 
the filamentous fungi of metal polluted soil 
and other habitat for their  metal tolerance and 
biosorption potential Therefore, we have  
studied  Aspergillus  and  Penicillium,  isola-
ted from metal contaminated  waste effluents 
for their metal tolerance and biosorption 
potential. 

MATERIAL AND METHODS 
Isolation of metal tolerant fungi 
Waste effluent  samples from such 
contaminated fields were collected in the 
month of April 2013, to isolate multi-metal 
tolerant filamentous fungi by the standard 
spread plate method using Sabouraud 
Dextrose Agar (SDA) medium (Hi-Media *Author for correspondence 
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Lab Ltd. B h u b a n e s w a r ) supplemented 
with 50 μg/ml salts of either metal (Cd2+, Pb2+, 
Ni2+). Briefly, the composite soil samples (10 
g each) were suspended in 100 ml of 
sterilized Normal Saline Solution (NSS) and 
subsequently 1 ml of this suspension was 
serially diluted to 106 with NSS. Different 
dilutions (0.1 ml) was spread on SDA plate 
containing 100 μg/ml of medium of a broad-
spectrum antibiotic (Ambesterine)   to   inhibit   
bacterial growth. The inoculated plates were 
incubated at 28°C for 72   hr  or  more  and  
fungal  viable  count  was determined. On the 
basis of frequency, the occurrence of fungal 
growth on selection plates (data not shown), 
common colonies of fungi were selected, 
purified and characterized as per manual of 
waste effluent  fungi.6,7 Fungal isolates are 
maintained in our laboratory by sub-
culturing. 
Heavy metal analysis of waste effluents 
Waste effluents were  collected from the 
discharge point of Nalco smelter plant to 
agriculture field in Khullad, Anugul district of 
Odisha, India. 50 ml of water samples were 
dried at 100°C overnight and digested with an 
acids mixture (HNO3, HCl and HClO4) at 
350°C until there was an abundance of white 
fumes. The digested solution was filtered and 
made up to 50 ml by adding distilled water. 
Controls were set up by treating distilled water 
as described for the water samples. Heavy 
metals ( Cd, Ni and  Pb, ) concentrations were 
determined by using Atomic Absorption 
Spectrometry.8-11 
Determination of Minimum Inhibitory 
Concentrations (MICs) 
Tolerance of the heavy metal was determined 
as the Minimum Inhibitory Concentration 
(MIC) against the tested  fungi by spot plate 
method.12 SDA plates  of each metal (Ni2+, 
Cd2+  and Ni2+ ) of  different  concentration 
(50μg/ml to 10,000μg/ml) were prepared.Each 
heavy metal plate was subdivided into four 
equal sectors and an inoculum of tested fungi 
(106 CFU/ml) was spotted on metal and 
control plates (plate without metal) in 
duplicate. The plates were incubated  at  
29°±1°C  for  2-5  days  to  observe  the 
growth of fungi on the spotted area. MIC was  

defined as the minimum inhibitory concentra-
tion of the heavy metal that inhibited the 
visible growth of test fungi. 
Metal biosorption assay  
To determine the heavy metals bioadsorption 
by filamentous fungi standard procedure as 
described by Yan and Viraraghavan  was 
adapted. 
Preperation of fungal biomass 
Spores of 6-7 days old cultured maintained on 
sabouraud dextrose agar slant at 290C were 
used for inoculation(Concentration of spores 
suspension 1x105CFU/ml in a liquid medium 
containing YPG (g/l): yeast,  3 peptone,  10  
and glucose, 20. The fungus was grown at 
23°C in the above medium in a conical 
flask kept on a rotary shaker agitated at 125 
rpm. The fungi grew in a filamentous (mold 
like) form under air, and forms spherical  
bodies/pellets.13-16 The  mycelial   mass  was 
harvested after 3-4 days of growth by 
filtering through sieve (150μm). The harvested 
mycelial biomass was washed with generous 
amount of de- ionized water and stored at -
20°C or used immediately. 
Treatment of biomass 
Live  harvested  mycelial biomass (50 g) was 
treated with 0.5N NaOH for 30 min, 
followed by washing with adequate amount 
of distilled water until the pH of the solution 
reached to neutral range (pH 6.8-7.2) and 
autoclaved at 15 lb/inch

2 for 20 min. The 
pretreated biomass was dried at 60°C for 24 
hr in hot-air oven and converted into powder 
form by grinding in mortar and pestle.17 
Analytical   method 
Dried   and   powdered   dead biomass (0.1 g) 
was inoculated into 100 ml of metal solution 
containing 2 to 8 mM of NiCl2/ CdCl2. H2O/ 
K2Cr2O7 in double distilled water for single 
and multiple metal systems. The flasks (250 
ml capacity) were kept on rotary shaker for 
18 hr at 30°C and at 125  rpm.  Then  the  
solution  along  with  powdered biomass was 
centrifuged at 10,000 rpm for 15 min. 
Content of the supernatant was analyzed after 
proper digestion and dilution by AAS. Metal  
solution without biomass served as control. 
Bioadsorption experiments were carried out 
in duplicate and average values were used 
in the analysis.18,19 Bioadsorption capacity i.e., 
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amount of metal ions (mg) bioadsorbed/g of 
dried biomass was calculated using the 
following equation– 
Q = (Ci - Cf / m) V                                 . . . (1) 
where Q = mg of metal ion bioadsorbed/g of 
biomass, Ci = initial metal ion concentration 
mg/l, Cf = final metal ion concentration mg/l, m 
= mass (g) of biomass in the reaction mixture, 
V= volume (l) of the reaction mixture. The data 
was statistically analyzed for test of significance 
for two pair mean values and Least Significant 
Difference (LSD) was also calculated using 
SPSS-10 for Windows. 

RESULTS AND DISCUSSION 
The heavy metal analysis of waste effluents 
indicated an increased content of potentially 
toxic contents.(Table1) which might exert 
selection   pressure on  microbial community  

including filamentous fungi. Isolated fungi 
belonged to several genera like Aspergillus 
,Alterneria, Fusarium, Penicilium, Rhizopus, 
Trychophyton and Trichoderma as well as 
certain Mycelia group of fungi. The metal 
tolerance level by some of the common 
fungal isolates has been depicted in Table 2. 
MIC range of the heavy metals against these 
filamentous fungi was 125 μg/ml to 
550μg/ml for Cd, followed by Ni (300-
850μg/ml) and Pb (300-600μg/ml).MIC was 
found species  specific  and metal dependent 
.On the basis of tolerance to  multiple 
metals, fast growing nature and easy 
availability of biomass as industrial waste of  
the two common isolates (Aspergillus and 
Penicillium) were evaluated for metal 
biosorption-potential. 

Table 1 : Metal concentration(μg/g) in waste effluents (Values are mean ± SD of 5 
replicates) 

Metal concentrations Waste water contaminated 

Metal Control Site 1 Site 2 
Site 3 

(Adjacent to 
the smelter) 

Pb 26.75± 1.83 55.20± 4.96 98.52± 11.52 112.50± 13.05 
Cd 1.05± 0.04 2.40± 0.13 1.05± 0.06 2.60± 0.30 

Cr 92.50± 8.30 107.50± 9.6 105.00± 10.20 116.50± 12.50 

Cu 5.60± 0.41 12.96± 0.96 14.00 ± 1.10 19.50± 1.90 

Zn 67.90± 7.10 97.40± 8.4 156.00± 14.8 165.50± 13.60 

Fe 76.00± 6.60 92.85± 9.10 128.65± 13.40 156.00± 14.80 

Ni 32.86±2.59 45.48± 4.49 78.24± 8.08 78.53± 7.70 

Table 2 : MIC of heavy metal against fungal isolates 

Isolate Fungal isolates MIC( μg/ml) 

 
AI 1 

 
Aspergillus species 1 

Ni2+ Cd2+ Pb2+ 

400 150 300 

AI 2 Aspergillus species 2 300 125 300 

AI 3 Aspergillus niger 400 150 350 

AI 4 Penicillium species 1 400 200 350 

AI 5 Penicillium species 2 400 125 300 
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AI 6 Penicillium species 3 850 250 300 

AI 7 Penicillium species 4 600 500 300 
AI 8 Penicillium species 5 850 550 600 

AI 9 Alternaria species 1 550 500 300 

AI 10 Alternaria species 2 600 550 500 
AI 11 Trichophyton  species 1 800 500 300 
AI 12 Trichophyton  species 2 550 500 400 
AI 13 Fusarium species 300 150 300 

AI 14 Rhizopus species 850 500 500 

AI 15 Trichoderma  species 1 400 150 300 

AI 16 Trichoderma  species 2 800 450 300 

AI 17 Trichoderma  species 3 550 150 300 

AI 18 Mycelia sterilia 600 300 400 

AI 19 Mycelia species 1 400 125 300 

AI 20 Mycelia species 2 400 125 300 

Biosorption of heavy metal is the passive 
accumulation by microorganism, like bacteria, 
algae and fungi.20 Both active and heat killed 
dry biomass exhibited biosorption capacity. 
The biosorption capacity of dead cells provide 
some advantages over living cells.21Therefore 
we have used pretreated  heat killed and dried 
biomass of Aspergillus niger (AI 3) and 
Penicillium species (AI 4) for biosorption of 
Ni, Cd and Pb at three initial metal 
concentration.(2,4 and 6mM) in single metal or 
multimetal solutions. In the single metal ion 
system, bioadsorption Pb, Ni and Cd was 
maximum at 4mM initial concentration both in 
Aspergillus niger and penicillium species. 
Biosorption of Pb ions at 4 mM initial metal 
concentration was found 18.05 and 19.30 mg/g 
of Aspergillus and Penicillium biomass, 
respectively. Similarly bioadsorption of Cd 
and Ni ion was also recorded maximum at 4 
mM  initial concentration by Aspergillus 
(19.4mg/g for Cd and 25.05mg/g of biomass 
for Ni) and Penicillium (18.6mg/g for Cd and 
17.93mg/g of biomass for Ni).Thus Aspergillus 
niger could bioadsorbed metal in order of Ni> 
Cd > Pb. While the values of all 3 metal 
bioadsorbed by Penicillium biomass. It           
could  not  differ  significantly (Table 3). Thus  

bioadsorption was influenced by the initial 1 
metal concentration. In the single metal 
biosorption system , Aspergillus niger showed 
preference to Ni compound to Penicillium sp., 
although  no such preferences was evident by 
these two fungal biomass for Pb and Cd . The 
data on biosorption of various metals varied 
due to difference in the biomass, biosorption 
condition including pH and methods 
employed.22 The amount of individual metal 
bioadsorbed from multimetal solution at 4mM 
initial concentration was found relatively more 
than 2 mM. The biosorption of individual 
heavy metal from multimetal ion  solution 
compared with that of single metal ion system. 
Table 3 and Table 4 indicated a reduction in 
biosorption capacity of individual metal ions. 
Such phenomenon might be due to existence of 
competitive binding of metal ion with cell 
surface as suggested by Srivastava K.P. 
However total biosorption of metal was 
recorded higher in multimetal ion system 
(Table 4). In the multimetal solution system 
preferential biosorption of Cd was found to be 
dependent on initial metal concentration in the 
test system as evident from statistical analysis 
of data. 
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Table 3 : Bioabsorption of heavy metals by metal tolerant filamentous fungi in single metal 
system (Value are mean ± SD of 3 replicates) 

Metal/Initial 
conc.(Mm) Metal biosorpton(mg/g of biomass of test isolates) Test of 

significance 
Pb(Lead) Aspergillus niger (AI 3) Penicillium species (AI 4)  

 
3.33* 

 
2 

 
6.70 ± 0.50 

 
8.50 ± 0.79 

4 18.05 ± 1.11 19.30 ± 1.07 1.40 
6 15.35 ± 0.98 14.20 ± 1.35 1.19 

Ni (Nickel) 
 

5.80 ± 0.65 
 

6.30 ± 0.94 
 

0.76 2 

4 25.05 ± 1.10 17.90 ± 1.42 6.89* 
6 17.28 ± 1.50 13.80 ± 1.04 3.30* 

Cd(Cadmium)  
7.20 ± 1.02 

 
4.40 ± 0.70 

 
3.92* 2 

4 19.40 ± 0.78 18.60 ± 0.96 1.12 
6 16.36 ± 0.95 15.40 ± 1.12 1.13 

          LSD at 5%                              1.83                                       1.44 
* Statistically significant difference at P=0.05 

Table 4 : Biosorotion of heavy metals by metal tolerant filamentous fungi in multi-metal 
system (Value are mean ± SD of 3 replicates) 

Metal /initial 
concentration 

Metal biosorption (mg/g) of biomass of test 
isolates 

Test of 
significance 

Pb(Lead) Aspergillus niger(AI 3) Penicillum species(AI 4)  
 
 

0.49 
 
2 

 
 

3.35± 0.90 

 
 

3.70 ± 0.86 
4 11.35 ± 0.92 8.36 ± 0.96 3.89* 

Ni (Nickel) 
2  

4.25 ± 0.39 
 

2.30 ± 1.16 
 

2.76*  

4 13.50± 0.54 11.78± 1.02 2.58* 

Cd(Cadmium) 
 

3.70 ± 0.86 
 

1.40± 0.50 
 

4.00* 2 

4 10.37± 1.08 13.80±1.07 3.91* 

        LSD at 5%                          1.78** 

* Statistically significant differences at P=0.05,**Calculated taking all values together 
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CONCLUSION 
The present study indicated that Aspergillus 
niger and Penicillum species have promising 
bioadsorption capacity of Pb,Ni and Cd from 
single and multimetal solution and highlighted 
possible exploitation of the filamentous fungi 
of metal polluted habitat. This high absorption 
capacity of fungus made them well suited for 
removal of heavy metal present in very low or 
diluted concentration from polluted water, 
bioleaching, bioremediation of polluted sites 
and effluent treatments. The information of 
present study will be helpful for further 
assessment and management of natural 
biosorbent (fungus) which could serve as an 
economically good source of treating industrial 
effluents contain toxic heavy metal ions. 
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