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Abstract: Fungi being robust organism makes significant contribution in natural remediation of heavy metals 

and xenobiotic compound. Out of the thirty three different fungi isolated twenty two isolates were found to be 

chromium resistant. Fungus belonging to genera Penicillium and Trichoderma sp. were highly resistant to 

chromium up to 2000-2500ppm. Biosorption studies of chromium evaluated using live biomass of fungi shows 

maximum biosorption of the Cr
6+ 

i.e. 74% of 1000ppm Cr
6+

 after 14 days. Degradation of anthracene with four 

different fungus isolates were studied and of them Penicilliumsp., Tichoderma sp. and 

Penicilliundecumbenshave confirmed their ability to degrade anthracene in minimal media. All the isolates 

were identified based on 18S rDNA gene sequencing and sequence were submitted to GenBank under accession 

no. KF284156-61 for Aspergillusterreus, Penicillium Sp., Penicilliumdecumbens, Trichodermaamazonicum, 

Hypocreaatroviridis and Trichoderma Sp. respectively. Phylogenetic study with some Cr resistant and/or PAHs 

degrading fungi was also carried out by using MEGA5. In all Penicilliundecumbenshas proven to be potentially 

useful strain and can be used for bioremediation of industrial effluent containing chromium and anthracene. 
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I. Introduction: 
India has shown significant progress in the area of industrial development during past few decades but 

at the same time it has also invited major problem regarding the environmental pollution. Indiscriminate 

discharge of toxic heavy metals and PAH (Poly Aromatic Hydrocarbon) through effluents from a wide range of 

industries into water bodies have polluted these resources and causes lethal effects on flora and fauna [1-5]. 

Contamination of sediments and natural aquatic receptors with heavy metals is a major environmental problem 

all over the world[6]. All metals at high concentrations are potentially poisonous, whether or not they are 

biologically crucial at more moderate levels[7]. Chromium (Cr) is a highly toxic non-essential metal which is 

used on a large scale in many different industries. At many industrial sites, leaching and seepage of hexavalent 

chromium from the soil into the ground water account for considerable health hazard. Furthermore Polycyclic 

Aromatic Hydrocarbons (PAHs) are omnipresent environmental pollutants that is present in large quantity 

together with heavy metals and pose health problems linked to genotoxicity, carcinogenicity and allergenicity. 

As PAHs are genotoxic and carcinogenic, they represent a considerable environmental concern[8-11]. 

Bioremediation is a pollution control technology that uses biological systems to catalyse the 

degradation or transformation of various polluted chemicals to less harmful intermediates. Fungi have 

developed exceptional bioremediation machinery that is well known to deteriorate wide range of materials and 

compounds, processes known as mycodeterioration.[12]. As fungal biomass possess high percentage of cell wall 

material, it has been found effective in removal of heavy metals from industrial effluent due to excellent metal 

binding efficiency. So far many work on either biosorption of heavy metals[13-17] and degradation of PAHs or 

xenobiotic compounds[18-20] by filamentous fungi have been reported. Some researchers have focused on 

especially removal of hexavalent chromium[21-23]. But to our best knowledge none of the work on 

simultaneous isolation of Cr
+6

 resistant fungi having potential to degrade anthracene has been carried out. As 

industrial effluent contains mix consortia of heavy metals and PAHs and other pollutants it is of advantageous to 

study these characteristics mutually. Thus the present study was started with aims to isolate Cr
+6

 resistant fungi 

having potential to degrade anthracene, a three ring containing PAH.   

 

II. Materials and Methods 
Study areas and samples collection 

Effluent water and deposited mud was collected from 3 different sites of Amlakhadi near Ankleshwar, 

Gujarat. And composite sample was formed by combining mud and water and mixing thoroughly before 

analysis. 
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Chemical analysis of sample 

The concentration of heavy metals that were present in the sample was analyzed using ICP-OES 

(Inductive Coupled Plasma-Optical Emission Spectrophotometer) analysis subsequent to acid digestion of the 

sample. Compound other than heavy metal that is Xenobiotic compound were extracted with hexane and 

detected by GC-MS analysis. 

 

Isolation of Chromium resistant fungi 

Effluent sample was diluted to 10-1, 10-2 and 200µl from each dilution was spread on PDA plates 

supplemented with 100ppm Cr
6+

. Tetracycline (30 mg/L) was added to PDA to evade any other bacterial 

contamination. Plates were incubated at 28
°C

for 3-7 days and colonies which were grown were purified on PDA 

plates for further analysis. 

 

Determination of MIC of Chromium 

MIC of the chromium for the isolates were determined by inoculating fungal spore suspension in 25ml 

of PDB supplemented with chromium at different concentrations ranging from 200-1000ppm. The tubes were 

incubated at 28
°C

 for 7 days. MIC was considered when isolates failed to grow at particular concentration. 

Isolates which showed growth at 1000ppm was further checked at higher concentration of chromium until 

growth disappear. 

 

Biosorption of Chromium 

Biosorption of chromium was performed using live biomass of seven fungi which were showing 

maximum and minimum MIC for Cr
6+

. Initially all the fungi were grown in 50ml of PDB medium for 7 days at 

28
°C

. Biomass was filtered and partially dried on sterile paper in laminar air flow. 1gm of partially dried biomass 

was weighted and transferred to 50ml PDB amended with 1000ppm of chromium in the form of K2Cr2O7. Then 

flasks were incubated in shaking condition at 28
°C

. For each 7th and14th day, 1 ml of medium from each flask 

was taken aseptically and chromium was estimated using DPC method[24]. 

 

Anthracene degradation 

The fungi showing maximum Cr
6+

 biosorption were studied for its efficiency to degrade anthracene. A 

spore suspension was prepared by adding 5 blocks of 8mm diameter from PDA plates previously grown at 28
°C

 

for 14 days. 500 µl of this spore suspension was added to each flask containing 70ml of minimal media 

[(NH4)2HPO4 - 0.50gm/L, KH2PO4 - 0.80gm/L, K2HPO4 - 0.30gm/L, MgSO4.7H2O – 0.30gm/L, CaCl2.2H2O - 

0.045gm/L, ZnS04.6H2O - 0.004gm/L, Yeast extract – 0.4gm/L, Thiamine – 2mg/L] with 50ppm anthracene and 

incubated at 125 rpm, at 28
˚C

 for14 days. After 14 days each samples were extracted with 20ml of hexane and 

extract was concentrated to 1ml by evaporating extracted sample in water bath and GC-MS analysis was done. 

 

Molecular characterization of fungal genomic DNA 

Genomic DNA was isolated by using standard protocol[25]
.
 18S rRNA gene was amplified by using 

the universal primers, 18SF2 (5’-AGGGTTCGATTCCGGAGA-3’) and 18SR2 (5’-

TTGGCAAATGCTTTCGC-3’). The PCR reaction mixture (25 μl) contained 2.5 μlTaqA Buffer (10X), 2.5 

μldNTPs Mix (2.5mM each), 1.0 μl of each forward and reverse primer (10 μM),  1.0 μl Genomic DNA (50-

70ng/µl), 0.2 μlTaq polymerase (5U/ µl) and make up with MiliQ water to 25 μl. Amplification was carried out 

in a thermocycler (NYX-TECHNIK, T062911-007, USA) with cycling condition 94
˚C

 for 5 min, followed by 40 

cycles of 94
˚C

 for 1 min, 58
˚C

 for 1 min, 72
˚C

 for 1 min and final extension at 72
˚C

 for 5 min. PCR product 

obtained was sent for sequencing to Eurofin Genomics Pvt. Ltd. Bangalore, India. After sequencing, the partial 

sequence was then subjected to a BLAST search with nr database at NCBI to identify the fungi. Phylogenetic 

analysis of the sequence was performed with MEGA5 program[26]. The phylogenetic tree was constructed with 

22 fungi having potential to remove Cr
+6

 and/or degrade xenobiotic compounds using the neighbor-joining 

method.  

 

III. Results and Discussion 
Detection of heavy metals and Xenobiotic compound present in the sample 

Ankleshwar industrial estate (Gujarat, India) consists of nearly 3000 industrialized units. Majority of 

the industries manufacture chemicals, dyes, paints, fertilizers, pharmaceuticals, pesticides and other xenobiotic 

compounds. The treated and untreated contaminated effluents from various industries of Ankleshwar industrial 

estate are finally released in Amlakhadi canal. Amlakhadi canal further ends up in Narmada estuary that enters 

the Arabian Sea, Gujarat. Kathuria (2007) found that this canal is highly polluted with different toxic metals 

such as chromium, cadmium, mercury, zinc and others. Beside these, canal is also contaminated with various 

organic compounds such as chlorinated benzene, phenolics, petroleum hydrocarbons, polychlorinated biphenyl 
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and others. Many of these pollutants (PAHs) adsorb on to particulate matter due to their hydrophobic nature and 

settle down as sediment. Therefore, sediment of this canal has become sinking of recalcitrant compounds and 

poses a major threat to the ecosystem. Hence, Amlakhadi canal sediment was selected for isolation of metal 

resistant and PAHs degrading fungi. 

Results of ICP-OES analysis shows that different heavy metals were present in range from 0.0042 ppm 

- 28.426 ppm in the sample (Table 1). Magnesium (Mg) - 28.426 ppm was found to be most abundant metal 

followed by Manganese (Mn) - 1.3824 ppm and Iron (Fe) – 1.3824 ppm then rest of metals. Moreover 

Chromium (0.2746 ppm) is present in effluent above the permissive limit which is mentioned in the guideline of 

Indian Standard Specification for discharge of environmental pollutants. GC-MS analysis followed by peak 

identification revealed that industrial effluent contained different  phenolic derivatives and different xenobiotic 

derivatives like 1- benzopyran, anthracene, 9,10, dihydro anthracene 1,2, dihydro etc. This means that the water 

sample is contaminated with xenobiotic recalcitrant compounds. Figure 1 shows mass spectra of different 

compounds present in effluent sample. 

 

Table 1: Heavy Metal Analysis of Sample by ICP-OES. 

 (BDL=Below Detection Limit) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: GC-MS Report of Industrial Effluent. 

 
Determination of MIC and Biosorption of Chromium 

Long time exposure of fungi to heavy metals can lead to physiological adaptation to that condition[28], 

and such changes may results in increased metal tolerance and biosorption capacity. In the present study, it 

seems that continuous exposure of fungi to chromium deposited in wastewater might have exerted selection 

pressure on to fungal population resulting in the development of chromium resistant strains. All over 22 

different isolates showed chromium resistant capacity with varying level as evident from the MIC value in Table 

2. Data suggest that isolates were resistant to heavy metal ranging from 400-2500ppm. This indicates that 

different isolates have different tolerance capacity to chromium. Isolates having MIC value more than 2000ppm 

were studied for its biosorption competence to remove chromium form liquid medium. Isolate SP-9 showed 

maximum chromium removal capacity i.e. 62% and 78% on 7th and 14th day of incubation respectively, 

followed by SP-6 i.e. 62% and 74%. In contrast isolate SP-2 and SP-10 showed less sorption of chromium in 

same condition. Our results are comparable with those obtained by Tsubasa et al. (2008), Zafar at al. (2007), and 

Say et al. (2004). Tsubasa et al. (2008) reported biosorption of Cr (VI) up to 35% and 93% respectively by 

Aspergillius sp. and Penicilliumsp[29]. Some Penicillium sp. Aspergillius sp. and Trichoderma sp. were also 

Elements 
 

Wavelengths 

(nm) 

Instrument detection limit 

ppm (mg/l) 

Sample results ppm 

(mg/l) 

Iron (Fe) 238.204 0.0014 1.3824 

Copper (Cu) 327.393 0.0097 0.9431 

Nickel (Ni) 231.604 0.0150 0.2106 

Chromium (Cr) 231.160 0.0071 0.2746 

Manganese (Mn) 257.610 0.0014 1.3824 

Magnesium (Mg) 285.213 0.0016 28.426 

Mercury (Hg) 253.652 0.0610 BDL 

Cadmium (Cd) 228.802 0.0027 0.0042 

Lead (Pb) 220.353 0.0420 0.2364 

Zinc (Zn) 206.200 0.0059 1.0566 
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reported to adsorb chromium[30]. Penicilliumpurpurogenum has the capacity to absorb 36.5 mg of Cr (VI) per 

gms of fungal biomass[31]. From the data it can be concluded that metal tolerance and metal uptake by living 

organism is based on the same mechanism because isolate with most MIC showed high biosorption potential 

(SP-9 & 6) and isolate with least MIC showed less biosorption potential (SP-2 & 10). Figure 2 shows Chromium 

removal efficiency of seven different isolates. 

 

Table 2:  MIC Values of Chromium. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Chromium Removal Efficiency of Different Isolates. 

 
Anthracene degradation capacity 

GC analysis of the extracted sample SP-10 (Figure 3) and SP-16 (Figure 4) shows that no peaks were 

observed for anthracene, so it can be concluded that isolates SP-10 and SP-16 has 100% anthracene removal 

efficiency after 14 days of incubation. Here fungi may have utilized anthracene as a source of carbon. GC-MS 

analysis of the sample SP-6 showed less anthracene degrading efficiency i.e. 10% (Figure 5). While SP-9 did 

not shows any anthracene degradation efficiency (Figure 6). Our results were comparable with data obtained by 

Vyas et al. (1994) and Yi-Rui Wu et al. (2010) for degradation of anthracene. Vyas et al. (1994) reported 

anthracene degradation of approximately 60% by selected white rot fungi in 21 days[32].  While Yi-Rui Wu et 

al. (2010) reported 40% anthracene degradation of the added amount (50mg/L) by 40 days of incubation[33]. 
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Isolates 

7th Day 14th Day

Name of Isolates MIC values (ppm) 

SP-1 400 

SP-2 600 

SP-3 400 

SP-4 700 

SP-5 400 

SP-6 2200 

SP-7 400 

SP-8 600 

SP-9 2500 

SP-10 500 

SP-11 500 

Name of Isolates MIC values (ppm) 

SP-12 600 

SP-13 2100 

SP-14 2200 

SP-15 2100 

SP-16 2000 

SP-17 2100 

SP-18 1600 

SP-19 1700 

SP-20 2000 

SP-21 2200 

SP-22 2100 
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Figure 3: GC Analysis of SP-10. 

 
Figure 4: GC Analysis of SP-16. 

 
Figure 5: GC-MS Analysis of SP-6. 
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Figure 6: GC-MS Analysis of SP-9. 

Molecular Characterization of fungal genomic DNA 
18S rDNA sequence of 6 isolates of fungi were about 650bp long. Homology search of sequences 

retrieved from fungal cultures showed a higher sequence similarity to a known sequence and found some closely 

related strain of fungi. Sequences were submitted to GenBank. Accession numbers are listed in Table 3. 

Phylogenetic analysis revealed some interesting results. Isolated fungus Penicillium sp. (KF284157) 

andPenicilliumdecumbens (KF284158) having efficiency to degrade anthracene are closely related in sequences 

to Aspergillusoryzae (EU583496) and Pestalotiopsismaculans (EU725821) having capacity to degrade nicotine 

and textile effluent respectively. Trichoderma sp. (KF284161) having efficiency to degrade 100% anthracene is 

closely similar to Phanerochaete sp. (JN253599) having capacity to degrade PAHs.  

 

 
Figure 7: Amplified PCR Products on 1% Agarose gel. 

 
Figure 8: Neighbour-Joining Phylogenetic Tree based on 18s rDNA Sequence of Isolated Fungi 

Align with the Sequence of Known Xenobiotic Degrading Fungi. 
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Table 3: Accession Number Provided to the Sequences. 
Isolate No. Accession Number Name of the organism 

SP-1 KF284156 Aspergillusterreus 

SP-10 KF284157 Penicillium Sp. 

SP-6 KF284158 Penicilliumdecumbens 

SP-17 KF284159 Trichodermaamazonicum 

SP-21 KF284160 Hypocreaatroviridis 

SP-16 KF284161 Trichoderma Sp. 

 

IV. Conclusion 
Our isolates of Penicillium decumbence (KF284158) and Hypocreaatroviridis (KF284160) were highly 

efficient in removal of hexavalent chromium. Similarly two other isolates, Penicillium sp. (KF284157) and 

Trichoderma sp. (KF284161) have remarkable capacity to degrade anthracene which are also proficient for Cr 

removal. It can be concluded that the latter two isolates are more significant in accomplishing both the purpose 

i.e. removal of hexavalent chromium and degradation of anthracene and can be used at industrial level. 
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