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ABSTRACT 

 

Heavy metal pollution in the aquatic ecosystem poses a serious threat to the human 

health and aquatic biodiversity around. There is urgent need to remediate heavy metals 

contaminated wastewater through eco-friendly ways. Fungi and other microorganisms 

have been reported to have promising potential to remove heavy metals from 

wastewater through biosorption. Thus, the present work aimed to isolate tolerant fun-

gal species from different sites of a polluted river Bharalu in Assam. After preliminary 

screening, out of a total of 15 fungal isolates obtained, 4 isolates Aspergillus niger, 

Aspergillus flavus, Aspergillus fumigatus, and Colletotrichum gloeosporioides were 

selected for further study. Tolerance limit of the isolates for Cadmium (Cd) was car-

ried out at concentrations ranging from 100 ppm to 1000 ppm. Results showed that 

the maximum tolerance was observed in C. gloeosporioides, followed by A. flavus at 

400 ppm. The biosorption efficiency at 400 ppm revealed that the maximum Cd con-

centration was absorbed by fungal biomass of C. gloeosporioides (12.83 mg/g) and 

the minimum by A. niger (3.91 mg/g). Molecular identification was carried out fol-

lowed by PCR amplification of the fungal biomass showing highest absorption. The 

sequence obtained was submitted in the GenBank using BANkIt with accession num-

ber-MN714368 which showed high similarities with C. gloeosporioides. The results 

indicate that isolated fungi have potential to be used to remove metals from polluted 

water.  
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Introduction 

Because of rapid urbanization and industriali-

zation rivers are contaminated with discharges 

from multiple sources. Pollution of aquatic eco-

systems with heavy metals can eliminate or reduce 

sensitive species and may also cause an increased 

incidence of disease [1, 2]. 

These heavy metals in the environment have 

been a subject of great concern due to their toxicity 

and non-biodegradable nature. Among heavy met-

als, cadmium (Cd) needs special attention as it is 

one of the most toxic, non-essential trace elements 

[3]. It is released to the environment by mine tail-

ing, tannery, electroplating industries, etc., which 

can pose a severe threat to human health [4].   

Bharalu is a small tributary of the Brahmapu-

tra River in Assam, India, which flows through the 

densely populated areas of Guwahati city. The 

river receives wastewater from urban run-off, 

sewage discharge, etc. The State Pollution Control 

Board of Assam has marked Bharalu as one of the 

most polluted tributaries. Moreover, the pollution 

level of Bharalu is regarded as one of the signifi-

cant sources of contamination affecting the overall 

quality of the river Brahmaputra. Previous records 

revealed that Bharalu in Assam had been a central 

contaminated area with a high percentage of heavy 

metals, mainly lead, chromium, cadmium [5].  

At present, there are various physicochemical 

methods available for the remediation of different 

toxic chemicals from water. However, these meth-

ods are expensive, limited applications, and may 

produce toxic by-products [6]. Studies have found 

that microorganisms can be used as biological ad-

sorbents to remove toxic metals from wastewater 

at low cost and in an eco-friendly way [6, 7]. My-

coremediation is a bioremediation technique that 
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employs fungi to remove toxic chemicals and is 

considered effective, economical, and environ-

mental friendly. Fungi are osmo-heterotrophic eu-

karyotes having high potential to produce an ex-

tensive variety of organic acids and extracellular 

enzymes. The fungal biomass can act as an effec-

tive biosorbent against toxins and xenobiotic com-

ponents [8]. The removal of heavy metal by the 

fungal biomass is a much better way than conven-

tional adsorbent techniques low-cost-technology. 

Therefore, there is an urgent need for the screening 

of high tolerant fungi from contaminated areas. In 

this study, an attempt has been made to isolate and 

evaluate the biosorption capacity of Cd tolerant 

fungi from the river Bharalu.  

 

Material and Methods 

Sampling 

The water samples were collected from Bhar-

alu tributary, Guwahati, Assam, 2019. A total of 3 

water samples (upstream, downstream, near the 

roadside bridge) were collected respectively from 

different spots separated by 3-5 km distance from 

each other to cover a high range of metal contam-

ination. The parameters were analyzed at the En-

vironmental Research Laboratory, Department of 

Environmental biology and Wildlife Sciences, 

Molecular Biology and Biotechnology Research 

Laboratory, Department of MBBT, Cotton Uni-

versity, Guwahati. The samples were maintained 

at or below 4°C.   

 

Isolation and identification of fungi 

Isolation of fungi was done by Serial dilution 

and spread over potato dextrose agar (PDA) pre-

pared plates [7] with minor modifications. The 

plates were then incubated for seven days at 27 ± 

3°C and observed for the development of colonies.   

 

Morphological identification of fungi 

The purified fungal isolates were identified 

based on their macroscopic and microscopic char-

acteristics and stained with LPCB staining [9, 10, 

11]. 

 

Screening of heavy metal-tolerant fungi 

The fungal strains were screened for determin-

ing the tolerance limits to Cd. A small quantity of 

mycelium was inoculated on PDA plates supple-

mented individually with 25 ppm concentration of 

trace metal and incubated at 28 ± 3°C for seven 

days with slight modification. The growth of the 

strains was observed and tolerance indices were 

determined by measuring the radius of colony ex-

tension against control (without the heavy metal 

Cd) [7, 12].  

 

𝑇𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒 𝐼𝑛𝑑𝑒𝑥 =
𝐼

𝑁𝐼
 

 
Note: I stands for radial growth (mm) of test fungus in 

heavy metal incorporated medium; NI stands for radial 

growth (mm) of test fungus in non-incorporated me-

dium               

 

Determination of tolerance limits of Cadmium  

To determine the tolerance limit, each fungal 

strain was grown in PDA plates in triplicates with 

different concentrations of Cd ranging from 100 

ppm to 1000 ppm (100, 400, 600, 800, and 1000) 

and incubated at 27 ± 3°C for 7 days. The PDA 

plate without Cd was taken as the control. The 

lowest metal concentration determined the mini-

mum inhibitory concentration that inhibits the vis-

ible growth of the fungal isolates. 

Prior to the assay, the isolates capable of grow-

ing at the maximum concentration were grown in 

Potato dextrose (PD) broth in triplicates for further 

screening for biosorption efficiency of Cd. Un-in-

oculated strains containing PD broth of maximum 

concentration of heavy metal served as the control 

[7].  

 

Assessment of cadmium level in fungal isolates 

To evaluate the biosorption capacity of fungal 

biomass, levels of Cd were determined in the iso-

lates using AAS (ECIL, 4129) after acid digestion 

[7]. The fungal isolates in the broth were harvested 

through filtration using Whatman filter. The har-

vested fungal biomass was acid digested by wash-

ing with double distilled water 2-4 times with 

some minor modification for determination of bi-

osorption capacity of a metal. Acid digestion was 

performed using US EPA method 3050B [13] and 

the details of the methodology are described else-

where [14]. The uptake of heavy metal by fungal 

biomass was calculated using the following equa-

tion: 

 

qe (
mg

g
) =

𝐶 × 𝑉 × 1000

𝑊
 

 
Note: qe concentration of heavy metal Cd accumulated 

by fungal biomass (mg/g); C concentration of heavy 

metal (ppm); V (ml) the volume of the aqueous  
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medium and W(g) is the dry weight of the fungal bio-

mass. 

 

Identification of Cadmium tolerant fungi  

Isolation of fungal genomic DNA: Isolation of 

fungal genomic DNA was carried out by CTAB 

method [15, 16, 17]. The DNA pellets were dis-

solved in 30 µl TE and were further preserved in -

20°C. PCR Amplification: The DNA obtained af-

ter isolation was additionally stored at -4°C for 

amplification. The PCR was performed for the 

fungus using the primers ITS4 (3’-

TCCTCCGCTTAGATATGC-5’) and ITS5 (3’-

GGAAGTAAAAGTCGTAACAAGG-5’) [12, 

18]. The reaction mixtures were performed for 20 

μL final volume for different concentrations DNA. 

The fungus showing the highest biosorption was 

sent for sequencing deposited in the NCBI Gen-

Bank database using BankIT. 

 

Results and Discussions 

In the present work, the main aim was to 

evaluate the tolerant fungi capable of Cd biosorp-

tion. Different species of fungi were isolated from 

three different sites of river  Bharalu. A total of 15 

isolates were recovered and were identified by 

their microscopic characteristics. Preliminary 

screening was done for the isolates at 25 ppm 

concentration of heavy metal Cd, followed by a 

tolerance limit of Cd ranging from 100 ppm to 

1000 ppm. Out of 15 isolates, 4 isolates 

Aspergillus niger, Aspergillus flavus, Aspergillus 

fumigatus, and Colletotrichum gloeosporioides 

(Figure 1) showed higher tolerance limits towards 

Cd and these species were selected for further 

study. The results indicated that at higher 

concentrations of Cd, the growth of other fungal 

isolates gets inhibited. 

The maximum tolerance index was observed 

in C. gloeosporioides about 8.8 mm (Figure 2), 

followed by A. flavus about 5.8 mm at 400 ppm. 

All four isolates were able to tolerate Cd at a 

concentration of 400 ppm. Similar work was 

performed for the removal of heavy metals Pb, Cd, 

Cr, and Ni [7]. Out of total 76 isolates, A. niger, 

Trichoderma longibrachiatum, A. flavus were able 

to tolerate up to 400 ppm concentration [7]. 

Another work was recorded for the biosorption of 

Cd by filamentous fungi. The biosorption efficien-

cy of Cd was shown by a species of Penicillium 

and a genus of Aspergillus [8]. 

As can be seen in (Figure 3) at Cd concentra- 
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Figure 1. Pure culture of the fungal isolates, (a) Aspergillus flavus, (b) Aspergillus niger, (c) Colletotrichum 

gloeosporioides, and (d) Aspergillus fumigatus 
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tion of 400 ppm- the maximum uptake was ob-

served in C. gloeosporioides (12.83 mg/g) 

followed by A. flavus (6.24 mg/g). The minimum 

uptake was observed in A. niger (3.91 mg/g) 

(Figure 3). Joshi et al. recorded similar results in 

the biosorption of different heavy metals at 50 

ppm. The maximum uptake of lead (Pb) was 

observed in A. terreus and the minimum uptake of 

Pb was found in A. niger [7]. For Cd the maximum 

uptake was observed in Trichoderma viride and 

minimum was observed in Aspergillus awamori. 

Another work was recorded in Tangier, Morocco 

for biosorption of Cd [19]. A total of 36 

microorganisms were isolated from heavy metal 

contaminated site. The results revealed that most 

of the isolates were resistant to Pb, Cr, Cu, Cd and 

Zn. Out of the total isolates, Aspergillus and 

Penicillium showed the maximum tolerance 

towards all the heavy metals. In addition, 

Rodriguez et al., Dwivedi et al. reported similar 

work for bioremoval of different heavy metals by 

resistant fungus A. niger and A. flavus [20, 21]. 

Molecular identification was done for the iso- 

lates followed by PCR amplification using primers 

ITS4 and ITS5 in the current study. Different 

amplified products were obtained ranged from 

550-600 bp. The amplified product of the fungus 

showing highest biosorption of Cd was sent for 

sequencing and was submitted in GenBank using 

BANkIt with accession number-MN714368. It 

showed high similarities with C. gloeosporioides. 

Similar results have been reported from the gold 

and gem-stone mining sites. A total of 3 different 

heavy metal tolerant indigenous species 

Fomitopsis meliae, Trichoderma ghanense, and 

Rhizopus microsporus were isolated from the 

mining sites [12]. In addition, Fazli et al. 

confirmed the presence of highly Cd tolerant fungi 

isolated from cadmium-polluted sites. Out of total 

seven isolates, Aspergillus versicolor was found to 

show highest biosoprtion towards Cd [4]. Another 

work was carried out for screening of filamentous 

fungi with various trace metals. A total of 14 

fungal strains were identified using ITS of rDNA 

belonged to genus Aspergillus, Trichoderma, 

Fusarium, Rhizomucor, Cunninghamella, 

 
 
 
 
 
 
 
 

 
       Control                  100 ppm                    400 ppm                600 ppm           800 ppm               1000 ppm 

 

Figure 2. Growth of Colletotrichum gloeosporioides fungus after exposure to different concentration of Cd 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Uptake of Cd in mg/g by different fungal biomass from liquid medium containing 400 ppm Cd 
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Hypocrea, Cladosporium, Penicillium, and 

Simplicilillium [22]. 

 

Conclusion 

Indigenous fungal species were isolated from 

the Bharalu which exhibited remarkable tolerance 

against heavy metal Cd. Exposures of the isolates 

A. niger, A. flavus, A. fumigatus, and C. gloeospor-

ioides to elevated Cd levels revealed the high tol-

erance capacity. The maximum tolerance index 

was observed in case of C. gloeosporioides about 

8.8 mm at 400 ppm followed by A. flavus. The 

maximum Cd biosorption efficiency at 400 ppm 

was observed in C. gloeosporioides (12.83 mg/g). 

In presence of high Cd concentration, the fungus 

showed a high potential to grow actively and aid 

in biosorption. The minimum absorption effi-

ciency was observed in A. niger (3.91 mg/g). Mo-

lecular identification was carried out followed by 

PCR amplification of the fungal biomass showing 

highest absorption. The sequence obtained was 

submitted in the GenBank using BANkIt with ac-

cession number-MN714368. It showed high simi-

larities with C. gloeosporioides. This study re-

vealed a much promising and potential applicabil-

ity of fungus for Cd biosorption and detoxifica-

tion. Although biosorption is still in its prelimi-

nary stages, further detailed study needs to be done 

to explore its eco-friendly management of heavy 

metals. 
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