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ABSTRACT 

The soil contamination with the heavy metals is the growing concern throughout the world as the result of industrialization, 

agricultural and other anthropogenic activities. The fungi are the most common and efficient group of the heavy metal resistant 

microbial family which have potential for bioremediation of metals. This study investigates the tolerance potential of different 

species of indigenous fungi that isolated from effluents dumping sites of Lloyds steel industrial area of wardha city, Maharashtra. 

All the strains were grown on Potato dextrose agar (PDA) media and morphological characterization of all the isolates were 

performed by using standard microbiological protocols. Different strains were identified as A niger, A. flavus, Fusarium sp., 

Curvalaria and Cladosporium sp. Among them, three fungal species ie. A niger, A. flavus and Cladosporium were screened for 

their resistance to copper (Cu), Zinc (Zn) and Lead (Pb) in potato dextrose agar plates amended with various concentrations 

ranging from 200-1000 mg/lit. The results revealed that the majority of the isolates were resistant to Pb, Cu and Zn. The present 

study reveals that A.niger and A. flavus were the potent fungal isolates who could tolerate the highest concentration of heavy 

metal ie. Zn and Cu respectively with 1.79 metal tolerance index for both the heavy metals at 600 mg/lit. On the other hand both 

A.niger and A. flavus found to be sensitive against high concentration of Pb ie. Metal tolerance index of 0 and 0.25 respectively at 

1000 mg/lit. Cladosporium sp. showed highest metal tolerance index of 1.75 against Pb and lowest metal tolerance index of 0.45 

against Cu and Zn each. Hence heavy metals contaminated industrial soil might be considered as a precious natural source of 

resistant fungal strains, which can be used significantly as a bioleaching or bioremediation tool. 
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INTRODUCTION:   

Substantial increase in industrial and agricultural growth, in addition to population escalation resulted in deterioration of 

environmental quality worldwide. Rapidly growing cities, more traffic on roads, growing energy consumption and waste 

production together with lack of strict implementation of environmental regulation are increasing the discharge of pollutants into 

air, water, and soil (1). Water pollution is an appalling problem, powerful enough to lead the world towards destruction. 

Becoming an easy solvent most of the pollutants get dissolved in water and contaminate the same. 

Contamination of sediments and natural aquatic receptors with heavy metals is a major environmental problem all over the world 

(2-5). These inorganic micropolluants are released by effluents generated from various industries such as electroplating and metal 

finishing industries, metallurgy, tannery, and battery manufacturing. The introduction of heavy metal compounds into the 

environment generally induces morphological and physiological changes in the microbial communities (6), hence exerting a 

selective pressure on the microbiota (7). Generally, the contaminated sites are the sources of metal resistant micro-organisms (8). 

Therefore, it is important to explore autochthonous micro-organisms from such contaminated niches for the bioremediation of 

heavy metals since conventional processes such as chemical precipitation; ion exchange and reverse osmosis are uneconomical 

and inefficient for treating effluents of dilute metal concentrations (9-12). 

 The wastewater from metal processing industries is also polluting the environment as well as from other pollutant routes. 

Virtually, any industrial activity using metals have a metal disposal problem (13). Heavy metals have drastically increased in the 
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environment and also found in nature. Elements or compounds having different properties, such as Zn, Cu, Ni, Fe, and Mn are 

essential trace elements in living organisms and non-essential metals such as cadmium, lead, mercury, and nickel are toxic even at 

low concentration (14-15). Heavy metals are non-biodegradable and persistent into the environment and accumulate into living 

tissues and posing a serious threat to the environment and public health. Due to this reason, they are not able to purify by the 

environmental compartments (soil and water). These harmful substances are carcinogenic and mutagenic in nature and are 

causing threats to the living beings. 

Increased heavy metal contamination of soil and water environments has necessitated the need for clean-up strategies. Recently, 

diverse eco-friendly remediation options have been explored for the restoration of contaminated environments. These remediation 

options, among others, include the use of plants (phytoremediation), bacteria (bacterial bioremediation) and fungi 

(mycoremediation). The employability of these bio-resources (plants, bacteria and fungi) for effective bioremediation has been 

well reported. 

Metal tolerance/resistance has been defined as the ability of an organism to survive metal toxicity by means of one or more 

mechanisms devised in direct response to the metal(s) concerned (16). 

Metal tolerance by filamentous fungi has been associated with their sites of isolation, toxicity of the metal tested, its concentration 

in medium, and the isolate’s competence (17). Contaminated sites are known as principal sources of metal-resistant species (18) 

with indigenous fungal strains isolated from heavy metal contaminated sites exhibiting notable tolerance for high heavy metal 

concentrations. 

Several metal-tolerant filamentous fungi (Rhizopus, Trichoderma, Aspergillus, Penicillium, and Fusarium) have been isolated 

from multiple heavy metal contaminated soils. 

The present research was designed to isolate and characterize metal tolerant fungi from polluted environments of Wardha city. 

The objective of this study is to isolate and identify the fungal strains and to study the effect of various concentrations of heavy 

metals on fungal isolates. However, utility of this approach under field conditions under diverse environmental conditions need to 

be tested. 

 

 MATERIALS AND METHODS:  

Selection of site 
Wardha, one of the important city in western vidarbha region of Maharashtra suffering from different pollution load due to 

population and industrialization. Industrial effluents dumping sites of Lloyds steel industrial area of wardha was selected as a 

sampling site. Soil samples considered as contaminated sites for the present study were collected aseptically in poly bag and were 

stored at 4
0
C before further analysis.  

 
Isolation of fungal strains 
Fungal strains were isolated from soil using conventional dilution plate culture technique. One gm of soil was suspended in 10 ml 

of sterilized distilled water and then serially diluted to 10
-4

 dilution. 1ml of such diluted sample was plated on Potato dextrose 

agar (PDA) growth media and incubated at 25-30°C for six days. Distinct single colonies with sufficient distance from other 

colonies were obtained (19). These distinct colonies of a particular fungal strain were collected and studied further. 

 

Identification of fungal isolates 
All isolated strains were identified on the basis of macroscopic (colonial morphology, color, texture, shape, diameter, and 

appearance of colony) and microscopic characteristics (conidial shape, conidiophores shape, vesicle shape, sterigmata position etc 

Properly grown fungal cultures were preserved under refrigerator at 4°C as stock cultures for further studies  

 

 

Assessment of metal tolerance of isolated fungal strains 

Purified isolates were screened on the basis of their tolerance to Lead (Pb), Copper (Cu) and Zinc (Zn). Lead nitrate, Copper 

sulphate and zinc sulfate metal salts were selected for running all experiments. A fungal culture was inoculated aseptically on 

PDA plates supplemented individually with 200, 400, 600, 800 and 1000 mg/lit of each heavy metal. The inoculated plates were 

incubated at 25°C for 6 days. The effect of the heavy metal on the growth of the isolates tested was estimated by measuring the 

radius of the colony extension (mm) against the control (medium without metal) and the index of tolerance was determined. The 

index is defined as the ratio of the extension radius of the treated colony to that of the untreated colony. The Tolerance Index (TI) 

was calculated from the fungal growth in the presence of metals, divided by the fungal growth in the control (containing no heavy 

metals) plate under standard condition (20). 

 

Tolerance Index (TI) =    𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑙𝑜𝑛𝑦 𝑖𝑛 𝑝𝑟𝑒𝑠𝑒𝑛𝑐𝑒 𝑜𝑓 ℎ𝑒𝑎𝑣𝑦 𝑚𝑒𝑡𝑎𝑙𝑠 

                                            𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑙𝑜𝑛𝑦 𝑖𝑛 𝑡ℎ𝑒 𝑎𝑏𝑠e𝑛𝑐𝑒 𝑜𝑓 ℎ𝑒𝑎𝑣𝑦 𝑚𝑒𝑡𝑎𝑙𝑠 
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   RESULT AND DISSUCION:  

In this study, isolation and characterization of metal tolerant fungi from effluents dumping sites of Lloyds steel industrial 

area of wardha city was done. Fungal strains were isolated from soil using conventional dilution plate culture technique. All 

isolated strains were identified on the basis of macroscopic (colonial morphology, color, texture, shape, diameter, and appearance 

of colony) and microscopic characteristics (conidial shape, conidiophores shape, vesicle shape, sterigmata position etc.). Fungi 

isolated belonged to the genera Aspergillus, Curvalaria, Fusarium and Cladosporium. Results of the morphological 

characteristics are depicted in Table 1. Out of these genera, Aspergillus and Cladosporium were used to assess their metal 

tolerance ability based on the results of initial screening.  

Purified isolates were screened on the basis of their tolerance to Cu and Zn. Fungal culture was inoculated aseptically on 

PDA plates supplemented individually with 200, 400, 600, 800 and 1000 mg/lit of each heavy metal. Lead nitrate, Copper 

sulphate and Zinc sulfate metal salts were selected. The effect of the heavy metal on the growth of the isolates tested was 

estimated by measuring the radius of the colony extension (mm) against the control (medium without metal) and the 

determination of the index of tolerance. Data revealed that A.niger and A. flavus  were the potent fungal isolates who could 

tolerate the highest concentration of heavy metals ie. Zn and Cu respectively with 1.79 metal tolerance index for both the heavy 

metals at 600 mg/lit. On the other hand both A.niger and A. flavus found to be sensitive against Pb with  metal tolerance index of 

0 and 0.25 respectively at 1000 mg/lit. Hence as the concentration of Pb increased the sensitivity of both the isolates also gets 

increased. As far as the Cladosporium sp. is concerned it showed highest metal tolerance index of 1.75 against Pb and lowest 

metal tolerance index of 0.45 against Cu and Zn each. In broad sense each fungal isolate found to tolerate all the heavy metals up 

to 1000 mg/lit except A. niger who found totally sensitive against Pb (metal tolerance index zero) at 1000 mg/lit. Each isolate 

showed dramatic variation in their metal tolerance index against tested heavy metals. The results of metal tolerance index of 

fungal isolates are depicted in Table 2 and Figure 1. 

Roane and Pepper reported that the differences in resistance levels were probably due to the potential variation in the 

mechanism of resistance (21). Massaccesi et al. reported that various filamentous fungi isolated from the sediments of industrially 

polluted streams removed 63 to 70% Cd during a 13-day growth period (22). 

Metals are very crucial for growth and development of living organisms. They are directly or indirectly involved in 

various biochemical pathways and have important roles in different functional processes of life. Although metals are highly 

essential for life systems and metals like Na, Mg, Ca, K, Fe, Cu, Mn, Zn, Ni, Co etc, have been found to have important functions 

in metabolism of living organisms, many metals (e.g. Cd, Hg, Al, Au, Ag, Pb) have no apparent essentiality. In the present study 

the three fungal species selected from industrial effluent dumping site showed differential response towards the heavy metals Pb, 

Cu and Zn in relation to their growth, colony formation and some other parameters. Such differential response is dependent on 

sensitivity and tolerance towards metals as seen in cases of yeasts and other saprophytic fungi (23-24). 

 

                      Table 1: Morphological characteristics of fungal isolates 

Sr. 

No 

Isolate 

code 
Colonies on PDA 

Microscopic 

Characters 

Fungal species 

identified 

1 S1 Black 

Conidial heads were 

large globose, dark 

brown, which become 

radiate 

A niger 

2 S2 Velvet Black 

Conodiophores brown 

geniculate producing 

conidia in sympodial 

order 

Curvalaria 

3 S3 White 

Hyphae are hyaline 

and septate 

conidiophores 

Fusarium sp. 

4 S4 Yellow -green 

Septate hyphae, 

dichotomous 

branching 

A. flavus 

5 S5 
Olivaceous-brown 

to blakish-brown 

Branched ramoconidia 

and chain of conidia 
Cladosporium 
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Table 2:  Tolerance index of fungal isolates on PDA amended with various concentrations of metals. 

 

Heavy metal 
Concentration of 

Heavy metals 

(mg/lit) 

A. flavus A. niger Cladosporium 

Metal tolerance index ZOI (mm) 

Pb 

200  1.5 1.5 1.5 

400  1.50 1.56 1.25 

600  1.56 1.66 1.5 

800  1.53 1.75 1.75 

1000  0.25 0 1 

Cu 

200  1.75 1.5 1 

400  1.75 1.7 1.5 

600  1.79 1.7 1.5 

800  1.50 1.45 0.75 

1000  1 1.45 0.45 

Zn 

200  1.75 1.5 1 

400  1.75 1.7 1.5 

600  1.79 1.7 1.5 

800  1.50 1.45 0.75 

1000  1 1.45 0.45 

         

Fig 1: Heavy metal tolerance of fungi at different concentrations of metals (200-1000 mg/lit) 

 
                                    1.Lead 

   
A. flavus     A. niger Cladosporium 

    2.Copper 

   
A. flavus      A. niger Cladosporium 

                               3.Zinc 

   
A. flavus     A. niger Cladosporium 
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CONCLUSION  

The present study concludes that effluent waste from Lloyds steel industry of wardha region contains the three heavy metal 

tolerant fungus species. Our findings indicate that these indigenous fungal species exhibited remarkable tolerance in heavy metal-

rich media and have the ability to resist higher concentrations of metals. Aspergillus and Cladosporium isolates were the most 

resistant to all the metals tested, which may make them promising candidates for further investigations regarding their ability to 

remove metals from contaminated environments. Hence, indicate the bioremediative potentials inherent in the indigenous 

filamentous fungal species. 
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