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ABSTRACT      Rapid urbanization has led to increased disposal of pollutants including heavy metals into aquatic 
systems posing a serious threat to both aquatic and terrestrial organisms. Metal remediation by fungi has shown great 
promise. Hence the present study was aimed at assessing the bioremediation of heavy metals using estuarine fungi. 
Results showed that fungi showed differential bioremediation abilities. Among the various fungi analysed, 
Aspergillus aureus recorded the highest biosorption levels for all the metals analysed. 
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INTRODUCTION 
Rapid urbanization and industrialization has led to increased disposal of various types of pollutants into the 
environment which invariably find their way into aquatic systems. Among the various pollutant heavy 
metals is a subject of concern to both aquatic and terrestrial organisms as they find their way up through the 
food chain. Thus posing a significant threat to environment and public health issues due to their toxic 
nature, accumulation and persistent properties and immutable quality (Kapoor and Viraraghavan, 1998; 
Desai et al., 2016). 
Physico-chemical processes usually achieve removal of heavy metals from metal bearing waste water before 
discharging into aquatic systems. However, conventional treatment technologies like precipitation and 
coagulation become less expensive when metal concentrations are in the range of 1-100 mg/l (Niyogiet al., 
1998). In addition, oxidation/reduction, filtration, electrochemical treatment, reverse osmosis, membrane 
technology and evaporation recovery are also common (Ahluwalia and Goyal, 2007). However, if the 
concentration is too low, they become expense and not efficient (Vulloet al., 2008). 
Today, metal remediation using microorganism have shown great promise. Among the various organisms, 
fungal bioremediation has shown excellent results. Out of the more than 20 heavy metals associated with 
environmental contamination, the metals which offer potential danger to ecosystem are copper, zinc, silver, 
lead, mercury, argenic, cadmium, chromium, strontium, cesium, cobalt, nickel, thalium, tin and vanadium 
(Wang and Chen, 2009). Hence the present study was aimed at assessing the bioremediation capabilities of 
five commonly occurring heavy metals using estuarine fungi that occurring in Agniar Estuary, Pudukkottai 
District, Tamil Nadu, India. 
 

MATERIAL AND METHODS  
Waste Water Collection Sites and its Collection 
The materials are collected from the river Cauvery, near Srirangam, Tiruchirappalli, Tamil Nadu, India. The 
temple of Srirangam is situated at 10  52’N and 78  42’ E towards the southern tip of India on an Island 
formed by two arms of the River Cauvery. 
Samples were randomly collected from different areas of Tiruchirappalli district near River Cauvery. The 
waste water was collected in polyethene bottles previously washed with 8 M HNO3 and distilled water and 
sterilized. The collected samples were shifted to the laboratory as soon as possible for analysis of various 
physico-chemical parameters and heavy metals analysis as per the methods prescribed in APHA (1998). The 
collected samples were presented for further analysis.  
Physico-chemical and Heavy metals Analysis of Effluents 
The collected water samples were analysed for Chemical Oxygen Demand (COD), Biochemical Oxygen 
Demand (BOD), total dissolved solids (TDS) and heavy metals (Cd, Zn, Cr, Pb, Cu, Fe) as per the methods of 
APHA (1998). 
Isolation and Identification of Fungi 
10 ml of estuary water sample was taken from 250 ml conical flask containing 90 ml of sterile distilled 
water. The flask was shaken in an shaker to get a homogenous suspension and transferring serially 10 ml of 
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the effluent suspension to 90 ml of sterile distilled water to make different dilutions (10–1, 10–2 and 10–3). 
0.1 ml of dilution was plated in Petridishes containing Potato Dextrose Agar medium (PDA). Streptomycin 
(10 mg/l) was added to the media to prevent bacterial growth. The plates were incubated at 25  2 C for 
five days and fungi appearing on the medium were mounted over a clean slide and stained with lacto phenol 
cotton blue and observed under the microscope. Photomicrographs were also made. The fungi were 
identified in using standard manuals like the Manual of Soil Fungi (Gillman, 1957), Dematiaceous 
Hypomycetes (Ellis, 1971, 1976) and Hyphomycetes (Subramanian, 1971). Further identification done by 
following authors. 
Inoculation Preparation 
The suspension of seven days old culture of fungi were for to degradation of heavy metals collected from the 
estuary water. They were prepared insoline solution (0.85% Sodium chloride). A loopful of the above fungal 

cultures was inoculated into 50 ml of saline and incubated at 37 C for 5 hours. 
Removal of Heavy metals from Waste Water Effluents 
Degradation of heavy metals experiments were carried out in 250 ml separate flasks containing 100 ml of 

waste water effluents collected from shady sites of Tiruchirappalli District. The pH was adjusted to 7  0.2 

using NaCl and H2SO4. The flasks were autoclaved at 120  C for 15 minutes. The autoclaved flasks were 
inoculated with 5 ml of fungal inoculum of each isolates along with 2 ml of culture both. The flasks were 
kept in mechanical shaker incubated at 37 C for 12 days. 10 ml of waste water effluents was filtered at 
centrifuged at 5000 rpm for 30 minutes. The heavy metals content was assed by measuring the supernanted 
with the help of an Atomic Absorption. 
Heavy Metal Analysis  
2 ml of waste water effluent was taken in a boiling tube and was digested using 10 ml of triple acid solution 
(HNO3, H2SO4 and HClO4 in 9:2:1 proportion respectively till to effluent becomes colourless. The digested 
sample was filtered using Whatman No.1 filter paper for two times and made upto 50 ml of and subjected 
for heavy metals assay using Atomic Absorption Spectroscopy as per standard methods recommended by 
APHA (1998). Three replication were maintained for each treatment. The percentage of degradation was 
calculated from the following equation: 
 

 
 
 
The data obtained was statistically analysed.  
 

RESULTS AND DISCUSSION 
The results of the removal of various physico-chemical elements the five filamentous fungi for a period of 12 
days are present in Table-1. The results of decrease in concentration with regard to TDS reveals that the 
efficiency varied from 38.7 to 76% among the various fungi, while Penicillium citrinum recorded the lowest 
TDS removal rate, the highest was recorded by Aspergillus aureus. The reduction in concentration among the 
various fungi was Penicillium citrinum>Cephalosporium chrysogenum>Aspergillus oryzae>A.niger>A. aureus.  
The hierarchy in terms of increasing order of removal was P. citrinum>C. chrysogenum= A. oryzae= A. 
niger>A. aureus. With regard to BOD the increasing order of removal was P. citrinum>C. chrysogenum> A. 
oryzae>A. niger>A. aureus. However, with regard to COD, the order was P. citrinum>C. chrysogenum= A. 
niger>A. oryzae>A. aureus. Thus, among the various fungi used in the present study A. aureus recorded 
maximum decrease in concentration. 
With regard to the bioremediation of heavy metals, i.e., cadmium, the decrease in concentration ranged from 
47.56% in P. citrinum to 69.1% in A. aureus. With regard to zinc, the fungi showed a decrease in 
concentration ranging from 72.13 (P. citrinum) to 80.32% (A. aureus), while for copper, there was a 
decrease in concentration ranging from 43.1% (P. citrinum) to 79.31% (A. aureus) and for lead, the decrease 
in concentration ranged between 49.2 (P. citrinum) and  65.02% (A. aureus). The hierarchy in terms of 
higher percentage of decrease in concentration for all the above metals were P. citrinum>C. chrysogenum> A. 
oryzae>A. niger>A. aureus. With regard to chromium, the percentage decrease in concentration was found to 
range between 69.53%  (P. citrinum) and 80.62% (A. aureus). However, the order of hierarchy was                 
P. citrinum>C. chrysogenum> A. niger>A. oryzae>A. aureus. 
Thus, the present study clearly demonstrates the ability of the fungi to degrade heavy metals. Anahidet al. 
(2011) while studying the heavy metals tolerance of fungi suggested Penicillium to showed a better 

Percentage of Degradation   = 
Initial amount  –  Final amount 

Initial Amount 
 100 
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tolerance to zinc when compared to A. nigerand A. foetidus. However, they also suggested that Aspergillus 
showed a higher tolerance to molybdenum while P. simplicissiumshowed a lower tolerance to Nickel. Kapoor 
and Viraraghavan (1998) suggested that live biomass of A. nigerexhibited less biosorptive capacity in the 
case of lead. Kulshresthaet al. (2014) suggested that fungi belonging to the genera Rhizopus, Aspergillus, 
Streptoverticillium and Saccharomyces  haveexcellent biosorption potential for heavy metals.  
In the present study, all the fungi showed bioremediation properties. However, their effect varied with 
different metals. Nevertheless, among the various fungi,   A. aureus uniformly recorded the highest 
bioremediation. The differences in bio absorption capacity shown by different fungi could be attributed to 
the changes in surface area of biomass and the quantity of biomass used (Gururajan and Belur, 2018). 
Anahidet al. (2011) suggested two mechanisms for heavy metal tolerance in fungi - an extracellular 
mechanism involving chelation and cell wall binding and an intracellular mechanism involving binding of 
metals of proteins and other ligands to prevent it from damaging the metal sensitive cellular targets. The 
differences in these mechanisms may probably be the reason the fungi showed different biosorption 
capabilities. 
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