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Abstract—Bioremediation of lead from industrial wastewater using 
metal resistant microbes offers a promising means to reclaim the 
waste in an economical and eco-friendly way. In the present study, 
we focused on isolation, screening and characterization of lead 
resistant microorganisms from sewage, sludge and industrial 
effluent. The highly resistant organisms were optimized under 
different processed conditions. A total of 15 fungal isolates showed 
tolerance up to 500 ppm of lead and could remove >80 % of Pb (II) 
from batch cultures. Out of these 15 isolates, IF-3 had the greatest 
removal potential >90 %. Upon molecular identification the isolate 
IF-3 was identified as Aspergillus fumigates. Removal efficacy of 
Aspergillus fumigatus was further enhanced under optimized 
conditions with maximum Pb (II) removal of ~92% was attained at 
pH 5 and concentration of 100mg/l after 120 hrs. Further the 
removal was highest when supplemented with lactose and beef as 
carbon and nitrogen source respectively and could be effectively 
employed as a potential biosorbent removing Pb (II) form 
contaminated waters. 
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1. INTRODUCTION  

The pollution of the environment with toxic heavy metal is 
spreading globally along with industrial progress [1]. 
Industrial waste and sewage are primarily responsible for 
heavy metal contamination. However traces of these heavy 
metal are used as cofactors for enzymatic reactions but its 
elevated level may be toxic to human and animals inhibiting 
the metabolic reactions [2-3]. Various conventional 
physiochemical processes like ion exchange, precipitation, 
membrane technologies, electrochemical treatments, activated 
carbon adsorption, etc can be used for removal of heavy 
metals but they are not adequate to clean up environmental 
waste that has been contaminated by diluted metal solutions. 
Furthermore these are expensive in terms of chemical process 
consumption and energy use [4-6]. Bioremediation as such 
provides an alternative treatment strategy for the removal of 
heavy metals from waste water. It employs the use of either 
microorganisms or plants to detoxify the prone area largely by 
transforming or degrading the pollutants [7].  

Lead is an obnoxious heavy metal whose presence in 
alleviated amounts confer toxicity and hinders normal 
functioning by interacting with nucleic acid, respiratory 
proteins and resulting in oxidative damage. Lead 

contamination in the environment is a widespread problem 
throughout the world and results from industrial use and 
processing of lead ore. Lead (Pb), is highly toxic to human, 
animal and plants and is found in soil, water and air [8-9]. 
There are various mechanisms by which microorganisms act 
on heavy metals. These include biosorption (metal sorption to 
cell surface by physiochemical mechanisms), bioleaching 
(heavy metal mobilization through the excretion of organic 
acids or methylation reactions), biomineralization (heavy 
metal immobilization through the formation of insoluble 
sulfides or polymeric complexes) intracellular accumulation, 
and enzyme-catalyzed transformation (redox reactions) [10]. 
A large number of fungi are under study or are already in use 
as biosorbents for heavy metal remediation [11-12]. In 
comparison to other microbes, fungi show a greater affinity 
for metal ions. By means of biological and physiochemical 
mechanisms, they could accumulate metal ions from their 
external environment [13-15]. Cell wall of most fungi contains 
large amounts of polymer of N-acetyl, chitin and chitosan, and 
deacetylated glucose-amine. Therefore, large amounts of 
potential binding sites are showed by free hydroxyl groups, 
amine and carboxyl. The present study attempts to isolate, 
screen and evaluate Pb tolerant fungi to enhance their metal 
removal efficacy and will be helpful for further assessment 
and management of natural biosorbent (fungus) for treating 
industrial effluents with toxic metallic ions. 

2. MATERIALS AND METHODS 

2.1 Collection of Samples 

Sewage sludge and industrial effluent samples were collected 
in sterilized containers from various industries and sewage 
treatment plants located at Chandigarh, Panipat, Sonipat, 
Karnal, Yamunanagar, Assam, Delhi These samples were 
brought to laboratory and kept in refrigerator at 40C for further 
processing.  

2.2 Isolation and Screening of Pb tolerant Fungal Isolates  

These sewage sludge and industrial effluent samples were 
processed for the isolation of fungi by enrichment culture 
technique. Potato dextrose broth (Hi-Media, Mumbai, India) 
supplemented with 100 ppm of Pb was used as enrichment 
media for the isolation of Pb tolerant fungal isolates. A 1000 
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ppm stock solution and 100 ppm working solution of Pb was 
made in double distilled water using Pb(NO3)2, (Hi-Media, 
Mumbai, India). The primary screening of Pb tolerant isolated 
was done on PDA with increased concentrations from 100 to 
1000 ppm of Pb. The colonies of predominant genera of fungi 
were picked up and purified by pour plate method and further 
subjected to a secondary screening in batch cultures in PDB.  

2.3. Removal of Pb by fungal isolates in liquid medium 

The most Pb tolerant fungal isolates were assessed for the 
metal removal potential. Potato dextrose broth medium 
containing 100 ppm of Pb inoculated with 1 ml of freshly 
prepared spore suspension (106–107 spores/ml) of each fungal 
isolate was used for metal removal studies. The flasks were 
kept under shaking conditions for 120 hrs at 300C at 100 rpm. 
Un-inoculated flasks containing potato dextrose broth of 100 
ppm concentration of Pb served as control. Fungal biomass 
was separated by using Whatman filter No. 42 and Pb 
concentration in the filtrate was estimated by Atomic 
Absorption Spectrophotometer (GBC932, Semiautomatic). All 
the experiments were conducted in triplicate to minimize 
variations. 

2.4 Removal of Pb in liquid medium by fungal isolate at 
different process conditions 

The fungal isolate with highest tolerant potential was 
evaluated for removal of Pb in PDB medium containing 
100ppm Pb under different parameters. A pH gradients from 2 
to 7 was used for evaluating the optimal pH at which fungus 
achieves maximum removal efficiency. Similarly other 
parameters like incubation time (48, 72, 96, 120, 144 and 196 
hrs), inoculums size (1%, 2%, 4%, 6%, 8%, 10%) and initial 
metal ion concentration were optimized for maximum removal 
efficiency of fungal isolate. Various carbon sources (sucrose, 
Lactose, Mannose, Maltose, Dextrose, Cellulose, Starch) and 
nitrogen sources (Peptone, Beef, Urea, Ammonium chloride, 
Ammonium sulphate, Potassium nitrate, Sodium nitrate) were 
also optimized for achieving maximum removal efficiency. 
The fungal biomass was harvested at end of each experiment 
and Pb concentration in the filtrate was analyzed by Atomic 
Absorption Spectrophotometer. The percentage removal of Pb 
by fungal biomass was calculated by the following equation: 

% Removal = Initial concentration – Final concentration × 100 
Initial concentration 

2.5 DNA Extraction, PCR Amplification and Sequencing 
of Fungal ITS 

The genomic DNA was extracted by ZR Fungal/Bacterial 
DNA MiniPrepTM kit according to manufacturer’s protocol. 
PCR amplification of ITS1-5.8S rDNA-ITS2 regions was 
performed by using universal primers ITS5: 5´-
GGAAGTAAAAGTCGTAACAAGG-3´ and ITS4: 5´-
TCCTCCGCTTATTGATATGC-3´ [16]. PCR amplification 
was performed according to the method of Devari et al. (2014) 
[17]. The PCR product was purified by PCR purification kit 

(AXYGEN) according to manufacturer’s protocol. The 
amplified ITS region was sequenced in both directions by ABI 
377 DNA sequencer using the Big Dye Terminator v3.1 cycle 
sequencing kit, following manufacturer’s instruction. 

3. RESULT AND DISCUSSION 

3.1 Isolation and Screening of microbes 

A total number of 7 fungal isolates (IF1, IF2, IF3, IF4, IF5, 
IF6, IF7) were isolated from different samples. These isolates 
were subjected to primary screening on agar plates and were 
tolerant up to 800 ppm of lead. Upon secondary screening out 
of these 17 isolates four isolates named IF3, IF4, IF6, IF7 
were tolerant up to 800 ppm of Pb while IF3 was tolerant up to 
1000 ppm. Isolate IF 3 was identified as Aspergillus fumigates 
by 18 S rRNA and on basis of cultural and biochemical 
characteristic by Indian Culture Collection, Department of 
Pathology, Indian Agricultural Research Institute, PUSA, New 
Delhi.  

3.2 Removal of Pb by fungal isolates in liquid medium.  

Removal studies of the fungal isolate IF3 were carried out in 
PDB medium containing 100ppm of Pb. IF3 exhibited a 
maximum removal of 90% of Pb at 100 ppm in batch culture. 
The results were in accordance with the earlier reports on lead 
removal by fungi such as Mucor rouxii which effectively 
removed about 90% of lead from aqueous solution (Shrabani S 
et al, 2010) [18]. A fungal isolate belonging to the aspergillus 
family Aspegillus fumigatus K3 has been reported to remove 
~80 % of Pb from the batch culture [15]. 

3.3 Effect of pH 

Pb removal and uptake capacity of fungus increases with 
increase in pH from 2-5, followed by a slight decrease at pH 6 
and 7. Highest removal 91% was observed at pH 5.0 which 
caused metals precipitation (Fig. 1).  

 
Fig. 1: Effect of pH on the removal and uptake capacities of 

Aspergillus fumigatus 
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It was found that there was very low or negligible removal of 
lead at pH 2-3 which could be contributed to the lower 
adsorption of lead at this pH. Poor adsorption at lower pH 
could be attributed to the fact that at low pH H+ or H3O 
competes with Pb II ions for the same negatively charged 
binding site [19-21]. A reduction in metal removal at higher 
pH could be probably due to the precipitation of metal ions in 
the cells or the intrafibular capillarity of the cell walls [22]. 

3.4 Effect of metal concentration 

The metal removal capability of the fungus decreased with 
increase in metal concentration. The decrease in removal 
capability was due to higher toxicity of metal to fungus at 
higher concentrations. It was found that the percentage of 
removal decreases with increasing initial lead concentration 
which could be due to the saturation of all metal binding 
active sites at a certain concentration (Fig. 2) [23]. 

 

Fig. 2: Effect of initial concentration on the removal and  
uptake capacities of Aspergillus fumigatus 

3.5 Effect of time duration and Inoculums size 

PDB with optimum fungal inoculums adjusted at optimum pH 
was incubated for different time intervals starting from 24hrs, 
48hrs, 72hrs, 96hrs, 120hrs, 144hrs, and 160 hrs. There was an 
increase in fungal biomass with increased time duration. 
Maximum biomass growth and removal was observed at 120 
hrs (Fig. 3). After 120 hrs there was a slight decrease in the 
fungal biomass growth and uptake capability which could be 
probably due to the depletion of nutrients and saturation of 
fungal binding sites by metal ions. Aspergillus showed a 
maximum removal of 92% after 120 hrs of incubation. Fungal 
biomass with inoculums size ranging from 1%, 2%, 4%, 6%, 
8% and 10% was analyzed for the biosorption of Pb (Fig. 4). It 
was found that there was an increase in the removal efficiency 
with increase in fungal biomass up to a certain biomass dose 
which is in accordance with earlier reports [24]. After that 
there was no further increase in removal efficiency. This could 

be explained that after the saturation of all the metal ion 
binding sites the removal remains constant with no further 
increase in removal potential. Fungal biomass of 4% 
inoculums size exhibited maximum Pb removal efficiency of 
~92 % [24]. 

 

Fig. 3: Effect of time duration on the removal and uptake 
capacities of Aspergillus fumigatus  

 

Fig. 4: Effect of inoculums size on the removal and uptake 
capacities of Aspergillus fumigatus 
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3.6 Carbon and Nitrogen source 

The fungal biomass was also optimized for maximum growth 
on various carbon and nitrogen sources. It was found that 
Aspergillus fumigatus showed maximum biomass growth 
when supplemented with lactose as carbon source as 
compared to other sources like maltose, sucrose, mannose, 
dextrose, cellulose and starch (Fig. 5). Maximal biomass 
growth was also obtained for peptone as nitrogen source 
compared to other sources like ammonium sulphate, 
ammonium chloride, beef, yeast, potassium nitrate and urea 
(Fig. 6). 

 

Fig. 5: Effect of carbon source on the removal and uptake 
capacities of Aspergillus fumigatus  

 
Fig. 6: Effect of nitrogen source on the removal and uptake 

capacities of Aspergillus fumigatus 

4. CONCLUSION 

Heavy metal biosorption by fungi represents an effective 
methodology for the removal of toxic metals from 
contaminated water bodies. In the present investigation a 
filamentous fungus belonging to the species Aspegillus 
fumigatus has shown considerable potential in removing Pb 
(II) ions from contaminated waters. The biosorption potential 
of this fungus was further removed by optimizing the fungus 
under different processed conditions. Overall the fungus holds 
a tremendous potential as a biosorbent and could be envisaged 
as a economically good source in treating contaminated 
effluents. 
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