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Resources reuse has become an important feature of wastewater management. 

Wastewater mainly from paint, leather, metal, and tanning industries contain huge 

amounts of heavy metals. As conventional methods to remove metals from aqueous 

solutions are not effective enough mainly at low metal concentration and too 

expensive, alternative methods are required. Microorganisms including fungi have 

been reported to remove heavy metals from wastewater through bioaccumulation 

and biosorption at low cost and in eco-friendly way. Aspergillus terreus, A. niger, A. 

flavus and Talaromyces purpurgenus were isolated from different wastewater 

samples in Egypt. These isolates exhibited high efficiency in removal of Pb, Cd, Cr 

and Ni from wastewater, respectively and they can tolerate up to 400 ppm 

concentration of Pb, Cd, Cr, and Ni. Aspergillus niger showed high efficiency in 

removing mixture of these heavy metals, this was confirmed by scanning electron 

microscope coupled with energy dispersive spectroscopy that showed a high 

amount of metals inside fungal mycelium. 
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1. Introduction  
   Water pollution with heavy metals is one of the 

greatest consequences of industrialization in the area 

of mining, petroleum refining, automobiles, paints etc. 
[1]. Heavy metals have been defined and described  as 

“naturally occurring metals having atomic number 

greater than 20 and an elemental density greater than 

5 g cm−3 [2]. Heavy metals are prominent contaminants 

because they are toxic, non-biodegradable in the 

environment, and easily accumulated in living 

organisms [3].  

   Various studies have been conducted to minimize or 

eliminate the heavy metals existing in the environment 

using conventional processes include precipitation, 

reverse osmosis, adsorption onto activated carbon or  

  

alumina, and redox processes [4]. Though, these 

conventional techniques have drawbacks such as slow 

and inefficient removal, generation of contaminated 

sludge requiring careful disposal, high cost and energy 

involved in the processes, and blockage of membranes 
[5, 6]. Consequently, there is a need for a cheap and 

effective technology to remove heavy metals with an 

eco-friendly method, this has been increasing the 

interest in the use of biological agents for heavy 

metals removal as an alternative to these methods [7].  

    Bioremediation is a technique for transforming 

harmful contaminants like heavy metals into less 

harmful materials; or removing toxic elements from 

the contaminated environment; or degrading organic 

substances    and   ultimate   mineralization  of organic   
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substances into carbon dioxide, water, nitrogen gas, 

etc., using dead or alive biomass [7]. Microorganisms 

including fungi have been reported to eliminate heavy 

metals through bioaccumulation and biosorption at low 

cost and in eco-friendly way. 

   Fungi can be developed easily, produce high yield of 

biomass, and can easily be genetically and 

morphologically manipulated. Fungi appear high 

resistance to the large amount of heavy metals and 

simultaneously can accumulate micronutrients (Cu, Zn, 

Ni, Co and Mn) and non-nutrient metals (Cd, Pb, Hg and 

Ag). Cell wall of fungi is composed of chitin, lipids, 

mineral ions, polysaccharides, polyphosphates, and 

proteins. Several  mechanisms were included in heavy 

metal bioremediation by fungi as they could degrade 

heavy metal ions by extracellular and intracellular 

precipitation, energetic uptake or by converting the 

valency of the metal ions, many fungi also can 

accumulate metals into their spores and mycelium [8]. 

The present study was intended to explore local fungal 

isolates that have potential capability to bioremediate 

heavy metals Chromium, Lead, Nickle, Cadmium, from 

highly polluted wastewater, evaluate the performance 

of each isolated fungi using mixture of heavy metals   

and to evaluate its performance under laboratory 

conditions at different physical and chemical 

parameters. 

 

2.Materials and Methods 

2.1 Collection of wastewater samples 

   A total of six wastewater samples were collected from 

industrial effluents, tannery, drainage, and sewage 

wastewater during the period from October 2018 to 

December 2018 from different six areas in Egypt (El. 

Khosos, Shbin al kantar, Kalyobya, Sharkya, Alexandria, 

Soor magra el eyoon). All samples were collected in 

sterile containers and kept in refrigerator at 4ºC for 

further processing. 

2.2 Isolation of fungi from wastewater 

   Fungal species were isolated from wastewater on 

potato dextrose agar (PDA) containing 25 ppm of Pb, Ni, 

Cd and Cr individually. Stock solutions (1000 ppm) of Pb, 

Ni, Cd and Cr were made in double distilled water using 

Pb(NO3)2, NiCl2.6H2O, CdCl2 and K2Cr2O7. The stock 

solutions of heavy metals were sterilized separately 

through bacteriological filters and added to sterilized 

PDA medium to reach the concentration 25 ppm [9]. 

 A serial dilution of each sample was made up to 106 and 

one ml of dilution was added in sterile Petri plates in 

duplicate manner.  

   Twenty ml of prepared PDA medium containing 25 

ppm of one of these heavy metals were poured in these 

sterilized Petri plates and incubated at 28ºC for 4-6 days. 

The colonies of predominant fungal genera were 

collected and purified by pour plate method. The 

purified fungal isolates were identified on the basis of 

their macroscopic characteristics on different culture 

media (PDA, SDA) [10, 11], and microscopic characteristics 

of preparations stained with lacto phenol cotton blue 

(LCB) [12, 13].  

2.3 Screening of fungal isolates for tolerance to heavy 

metals 

   Recovered fungal isolates were further screened by 

fine methodology for tolerance to Pb, Ni, Cr and Cd at 

50, 100, 400, and 800 ppm of heavy metals individually 

on PDA. Fungal isolates were streaked on PDA medium 

containing 50, 100, 400 and 800 ppm of each heavy 

metal. Normal PDA medium served as control. 

Observations on growth of fungal isolate were made 

after 72 hours of incubation at 28oC. The growth of 

fungal isolates was recorded as normal growth or no 

growth in comparison to control respectively [9]. 

2.4 Removal of heavy metals by fungal isolates from 

liquid media 

   The most tolerant fungal isolates at different heavy 

metals were evaluated for uptake of heavy metals on 

potato dextrose broth medium containing 100 ppm 

concentration of different heavy metals (Pb, Ni, Cr and 

Cd) individually in duplicate. The Potato dextrose broth 

(PDB) containing 100 ppm of each of the prepared heavy 

metals was dispensed in 100 ml lots to 250 ml conical 

flasks and sterilized at standard conditions for 15 min 

and inoculated with 1 ml of freshly fungal spore 

suspension (106 spores/ml) and kept in shaking 

incubator at 150 rpm at 27±2ºC for 4 days. Control flasks 

having only PDB broth of 100 ppm concentration of Pb, 

Ni, Cr, Cd served as control [9].  

   Fungal growth was collected after 4 days through 

filtration using Whatman filter paper. The collected 

fungal mass was washed with double distilled water 2–3 

times and dried in hot air oven at 70±5ºC for 1 day. The 

volume of the filtrate was made to 50 ml in volumetric 

flask. The concentration of heavy metals in filtrate was 

estimated by Atomic Spectrophotometer [14]. 
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    Tolerance and uptake of mixed heavy metals (Pb, 

Cd, Cr and Ni) by most tolerant fungal isolate in100 ml 

PDB broth containing 100 ppm each of Pb, Cd, Cr and 

Ni was studied by the same method. 

The uptake of heavy metal by fungal biomass was 

calculated using the following equation:  

                 qe (mg/g) = C *V *1000/W 

Where, qe: is the concentration of heavy metal uptake 

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

heavy metal (ppm); V (ml): is the volume of the 

medium and W (g): is the dry weight of the fungal 

biomass [15]. 

   The removal percentage of heavy metal by fungal 

biomass was calculated using the following equation:  

                 Metal removal % = (Ci-Cf)/Ci *100 

Where Ci is the initial concentration of heavy metal 

and Cf is the final concentration of the heavy metal [16]. 

2.5 Optimization of parameters process 

   The most suitable parameters for the best uptake of 

Pb, Cd, Cr and Ni by the most tolerant, potent fungal 

isolates for each heavy metal, were chosen using 

potato dextrose medium supplemented with 100 ppm 

of each heavy metal Pb(NO3)2, NiCl2.6H2O, CdCl2 and 

K2Cr2O7.  

   These parameters include carbon source (glucose, 

pectin, sucrose, and potato extract) in 2 gm of each 

carbon source, pH adjusted to 5.5 with inoculum size 

1×106 spores/ml of fungal isolate for 7 days at 28 ºC in 

a rotary shaker at 150 rpm and samples were collected 

after 7days. For the optimization of pH, the potato 

dextrose medium supplemented with 100 ppm of Pb, 

Ni, Cd and Cr adjusted at different pH values; 5,7 and 9 

with inoculum size 1×106 spores/ml of fungal isolate 

and incubated for 7 days at 28 ºC with shaking in a 

rotary shaker at 150 rpm. For the optimization of 

inoculum size each flask containing potato dextrose 

medium supplemented with 100 ppm of each heavy 

metal, pH was adjusted to 5.5 then inoculated with 0.5 

ml, 1 ml, 2 ml of each heavy metal with inoculum size 

1×106 spores/ml of fungal isolate for 7 days at 28ºC in a 

rotary shaker at 150 rpm. For the optimization of time 

interval flasks containing potato dextrose medium with 

100 ppm of each heavy metal with inoculum size 1×106 

spores/ml of fungal isolate and incubated for 3,7and 9 

days at 28 ºC with shaking in a rotary shaker at 150 rpm. 

While  for  the  optimization  of  temperature  each flask  

 containing potato dextrose medium supplemented 

with 100 ppm of each heavy metal with inoculum size 

1×106 spores/ml of fungal isolate and incubated for 7 

days at different temperatures 20 ºC, 30 ºC, 40 ºC with 

shaking in a rotary shaker at 150 rpm. 

 2.6 Molecular identification of the most potent fungal 

isolate to remediate Pb, Cd, Cr and Ni 

   Identification of the most potent fungal isolates 

capable of lead, cadmium, chromate, and nickel 

reduction were additionally confirmed by ITS1-5.8S-

ITS2 rDNA region sequence analysis provided by Sigma 

Scientific Service Company.  Sequencing was 

performed by using forward and reverse primers by 

combining the traditional Sanger technology with 454 

technology (GATC Company, Germany). A phylogenetic 

analysis was performed by using MEGA 7.0 [17] , using 

the neighbor- joining method , clustering of the isolates 

and related species was performed . the tree was 

constructed by using the p- distance of nucleotide 

difference [18]. 

2.7 Morphological examination of Aspergillus niger 

mycelia growing on mixed heavy metals by SEM and 

EDX 

   Scanning electron microscopy coupled with EDX was 

applied in demand to observe the morphological 

change occurred in mycelium of Aspergillus niger 

upon the remediation of mixture of Pb, Cd, Cr and Ni 

in comparison with the organism incubated in 

absence of those heavy metals as a control sample 

.The fungal mycelium of two samples were separated 

from broth medium and cut into small pieces about 

5x5 mm then treated with 2.5% glutaral solution at 

4ºC  for two hours to perform an outer fixation of 

samples then washed with phosphate buffer 

(50mM,xPH 6.8) after that samples placed in osmium 

tetroxide (OsO4) 0.1M which used as a secondary 

fixative for two hours then  dehydration of samples 

using series of 30, 50, 70, 85, 90, 95 and 100% of 

ethanol each for 10 minutes [19].  

   After that, gold spraying of samples using S160A 

Sputter Coater (BOC Edwards, UK) was performed, 

finally the samples were examined and photographed 

using QuantaTM 250 FEG (FEI company, Netherland). 

Energy dispersive spectroscopy (EDX) analyses for 

both exposed and non-exposed samples were 

performed. 
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Table 1  Fungal species isolated from studied sites 

Fungal species 

Isolate location 

El.khosos 
Shbin             

al kantar 
Kalyobya Sharkya Alexandria 

Soor magra 

el eyoon 

1- Aspergillus fumigatus √ √ √ √ √ √ 

2- Aspergillus flavus √ √ √ √ √ √ 

3- Aspergillus niger √ √ √ √ √ √ 

4- Aspergillus terreus √ √ √    

5- Alternaria sp.  √   √ √ 

6- Aspergillus parasiticus    √   

7- Penicillium chrysogenum √ √ √ √ √ √ 

8- Penicillium brevicompactum    √   

9- Rhizopus sp.  √ √    

10- Trichoderma sp.     √ √ 

11- Cladosporuim sp.      √ 

12-Talaromyces purpuregenus     √  

 

 

 

 

 

 

 

 

Fig. 1 Macroscopic and microscopic characteristics of Aspergillus flavus on PDA 

 

 

 

2.8 Statistical Analysis 

All experiments were repeated 3 times, the data       

shown in tables and figures were the mean values of the 

experiments. Data were presented as mean and 

standard deviation (SD) values. One-way ANOVA test 

was used for the comparison between the levels of each 

factor. The significance level was set at  (p-value)  

0.05.  

 3.Results 

3.1 Isolation of fungal isolates from wastewater 

   A total of twelve fungal isolates belonging to seven 

genera (Aspergillus, Alternaria, Penicillium, 

Cladosporium, Talaromyces, Trichoderma and Rhizopus) 

were isolated from the six areas. These isolates were 

identified according to their macro and micro 

morphological characteristics as shown in Table 1. 

 

 

3.2 Tolerance and screening of fungal isolates from 

wastewater 

   The degree of removal of heavy metals varied from 

fungal isolates to another. Aspergillus terrus showed the 

highest removal of Pb (93%) after 7th day of incubation.  

 Talaromyces purpuregenus showed the highest removal 

of Ni (65%). Aspergillus niger showed the highest 

percentage of Cd removal (84.4%), while Aspergillus 

flavus exhibited the highest Cr removal (49%) as shown 

in Fig. 1 - 4. 
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Fig. 2 Macroscopic and microscopic characteristics of Talaromyces purpurgenus on PDA  

 

 

 

 

 

 

 

 

 

Fig. 3 Macroscopic and microscopic characteristics of Aspergillus terreus on PDA  

 

 

Fig. 4 Macroscopic and microscopic characteristics of Aspergillus niger on PDA  

 

 

3.2.1 Growth and uptake of Pb by fungal isolates  

   A. terreus exhibited the value quantity of Pb uptake 

(281.995 mg/g) followed by A. fumigatus (11.093 mg/g), 

A. flavus (9.027 mg/g), A. niger (6.0985 mg/g), P. 

chrysogenum (2.206mg/g), P. brevicompactum 

(1.807mg/g) and A. parasiticus (1.135 mg/g), While 

Alternaria sp.showed the lowest value of Pb uptake 

(0.382 mg/g). 

 For absorbance of Pb by the fungal isolates, A. terreus 

showed the highest absorbance value (23.113 ppm), 

followed by A. niger (21.183 ppm), P. brevicompactum 

(15.577 ppm), A. flavus (14.65 ppm), A. fumigatus 

(11.603 ppm), P. chrysogenum (8.207 ppm) and A. 

parasiticus (5.517 ppm) while Alternaria sp.             

showed the least absorbance value of Pb (4.957 ppm) 

Fig. 5. 
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Fig. 5 Absorbance and uptake of Pb by different fungal isolates  

 

 

Fig. 6 Absorbance and uptake of Ni by different fungal isolates 

3.2.2 Growth and uptake of Ni by isolated fungal 

species 

   Talaromyces purpuregenus exhibited the highest 

value of Ni uptake (0.625 mg/g) followed by A. flavus 

(0.222 mg/g) and Rhizopus (0.177 mg/g) while P. 

chrysogenum showed the least uptake quantity of Ni 

uptake (0.018 mg/g). For the absorbance of Ni by the 

fungal isolates T. purpuregenus showed                      

the highest absorbance value (6.55 ppm) followed by 

Rhizopus (2.693 ppm) and A. flavus                          

(2.474 ppm) while P. chrysogenum showed                

the lowest absorbance value (0.294 ppm)                  

Fig. 6. 

 

 3.2.3 Growth and uptake of Cd by isolated fungal 

species 

   A. niger exhibited the highest value of Cd uptake (34.336 

mg/g) followed by P. chrysogenum (7.036 mg/g), Alternaria 

sp. (3.025 mg/g), Trichoderma sp. (1.954 mg/g) and A. 

fumigatus (1.282 mg/g) while Rhizopus sp. showed the 

lowest uptake of Cd with (0.115 mg/g). For the absorbance 

of Cd by the fungal isolate, A. niger showed the highest 

absorbance value (17.283 ppm) followed by P. 

chrysogenum (11.867 ppm), Rhizopus sp. (5.9 ppm), 

Alternaria sp. (2.88 ppm) and Trichoderma sp. (2.35 ppm) 

while A. fumigatus showed the lowest of Cd absorbance 

(0.227 ppm) Fig. 7. 

 

 

 



  D. A. Montaser et al /Egy. J. Pure & Appl. Sci. 2022; 60(2):68-81  

 

74  

 

 

 

 

Fig. 7 Absorbance and uptake of Cd by different fungal isolates 

 

 

Fig. 8 Absorbance and uptake of Cr by different fungal isolates 

 

 

 

 

3.2.4 Growth and uptake of Cr by isolated fungal 

species 

   A. flavus exhibited the highest value of Cr uptake 

(0.951mg/g) followed by A. fumigatus (0.628 mg/g), A. 

niger (0.397mg/g), Cladosporium sp. (0.385 mg/g) and 

P.chrysogeum (0.345 mg/g) ,while A.terreus Showed 

the lowest quantity of Cr uptake (0.235mg/g). For the 

absorbance of Cr by the fugal isolate A. flavus showed 

the highest absorbance value (7.377 ppm), A. niger 

(3.653 ppm), P.chrysogenum (2.067 ppm),                        

A. fumigatus (1.0927 ppm) and A.terrus (1.303 ppm)  

 while Cladosporium sp. Showed the lowest of 

absorbance value of Cr (0.367 ppm) Fig. 8. 

3.3 Molecular identification of the most potent fungal 

isolate: 

The identification of the most potent fungal species in 

removing each of heavy metals (Lead, Nickle, Cadmium 

and Chromium) was further confirmed by molecular 

technique, as Aspergillus terreus (MW673533), 

Aspergillus niger (MW673534), Aspergillus flavus 

(MW673531), and Talaromyces purpuregenus 

(MW673532) respectively Fig. 9.  
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Fig. 9 Phylogenetic tree of the Aspergillus niger 

 

3.4 Optimization of process parameters 

   A. niger exhibited the highest uptake with Potato 

dextrose broth containing 1.6220 mg/gm for glucose 

as a carbon source, while A. flavus and A. terreus 

showed the highest uptake (1.2323 and 1.4643 

mg/gm) with sucrose as a carbon source respectively. 

As for Talaromyces purpuregenus pectin was the most 

suitable carbon source with uptake 1.6000 mg/gm as 

shown in Table 2. 

   In applying different pH intervals, A. niger showed at 

the highest uptake with 1.5797 mg/gm pH 7, while at 

pH 5 A. flavus and A. terreus showed uptake with 

1.0863 mg/g, and 0.9747 mg/g respectively, while the 

highest uptake by Talaromyces purpuregenus occured 

at pH 9 with uptake 1.0200 mg/gm Table 2. 

  Different inoculum sizes of the heavy metals are 

applied as a parameter in the optimization process. A. 

niger and A. terreus showed the highest uptake of 

heavy metal at 0.5 ml inoculum size with uptake 

1.3327 and 0.4197 mg/gm respectively, while A. flavus 

showed the highest uptake 1.17 mg/gm at 1 ml 

inoculum size, Talaromyces purpuregenus exhibited 

the highest uptake with 0.8030 mg/gm after applying 

2ml inoculum size of the heavy metal Table 2. 

   Concerning the incubation period, the highest uptake  

 of the heavy metals was obtained at 9 days’ as shown in 

Table 2. 

For the different temperatures, the highest uptake of heavy 

metals obtained at 30 ºC as shown in Table 2. with uptake 

1.32 mg/gm for Talaromyces purpurgenus, 1.99 mg/gm for 

A. niger, 0,89 mg/gm for Aspergillus flavus and 0.59 mg/gm 

for A. terreus.  

3.5 Scanning electron microscopy and energy-dispersive 

X-ray analysis (EDX) 

   The morphological changes in response to accumulation 

of mixture of Pb, Cd, Cr and Ni, in Aspergillus niger 

mycelium and the quantification of these heavy metals 

within fungal mycelium were analyzed by scanning electron 

microscopy (SEM) and energy-dispersive X-ray analysis 

(EDX). SEM analysis of the fungus after 72 hrs of incubation 

without exposure to mixture of Pb, Cd, Cr and Ni (Fig. 10: 

a1) showed that fungal conidiophore were branched and 

smooth, with no peak of any heavy metals at 5.4 keV as 

shown in (Fig. 10: a2) Conversely, when cells treated with 

400 ppm of mixture heavy metals, a significant peak of 

each heavy metal of the mixture at 5.4 keV was detected, 

indicating fungal adsorption to the mixture (Fig. 10: b2), 

which was confirmed by the presence of particles of the 

heavy metals on the rough mycelium of Aspergillus niger 

as observed by SEM (Fig. 10: b1 ).  
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    Table 3 Optimization factors for different heavy metals by selected fungal species 

Optimization factors  
Fungal isolates 

 T. purpuregenuse  A. niger  A. flavus  A. terreus 

Carbon source 

 Potato  0.73±0.15  1.11±0.34  1.06±0.04  0.70±0.01 

 Pectin  1.60±0.21  0.86±0.18  0.71±0.03  0.74±0.22 

 Sucrose  0.71±0.04  0.94±0.18  1.23±0.04  1.46±0.15 

 Glucose  0.60±0.11  1.62±0.08  0.86±0.04  0.60±0.11 

pH 

 pH 5  0.88±0.02  1.17±0.11  1.09±0.06  0.97±0.05 

 pH 7  0.98±0.03  1.58±0.08  0.83±0.09  0.75±0.03 

 pH 9  1.02±0.11  0.41±0.09  0.88±0.05  0.49±0.10 

Exposure time 

 3 days  1.02±0.09  0.35±0.05  0.39±0.06  0.63±0.09 

 7 days  1.08±0.12  1.18±0.09  1.10±0.09  0.94±0.09 

 9 days  1.42±0.14  2.99±0.02  2.20±0.21  1.12±0.06 

Inoculum size 

 0.5 ml  0.42±0.02  1.33±0.06  0.12±0.02  0.42±0.03 

 1 ml  0.49±0.04  1.17±0.13  0.91±0.06  0.14±0.04 

 2 ml  0.80±0.08  1.21±0.10  0.15±0.04  0.41±0.03 

Concentration of heavy 
metals 

 0.0025 ppm  1.35±0.05  1.41±0.01  1.05±0.05  0.44±0 

 0.05 ppm  1.72±0.10  2.08±0.03  1.63±0.03  2.01±0.01 

 0.1 ppm  1.01±0.01  1.46±0.04  0.96±0.06  0.92±0.00 

Temperature 

 20 °C  0.62±0.10  1.25±0.08  0.77±0.05  0.35±0.06 

 30 °C  1.32±0.05  1.99±0.09  0.89±0.04  0.59±0.07 

 40 °C  0.65±0.04  0.67±0.06  0.45±0.01  0.29±0.03 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.10:(a1) SEM image of Aspergillus niger incubated without mixture of heavy metals, (a2): EDX analysis of non-exposed sample, (b1): 
SEM image of Aspergillus niger after incubation in the presence of mixture of heavy metals, (b2): EDX analysis of exposed sample 
showing heavy metals peaks 
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4. Discussion  

   Twelve fungal isolates from different contaminated 

areas in Egypt were tolerant to heavy metals including 

Pb, Cd, Cr and Ni. Aspergillus terreus, Aspergillus niger, 

Aspergillus flavus and Talaromyces purpurgenus were 

the most potent isolates on removing Pb, Cd, Cr and Ni. 

Similarly, Joshi et al.(2011) [9] and Sharma et al. (2020) 
[20] found that A. terreus is an efficient bio-adsorbent it 

removed 80% of Pb from a liquid medium, the highest 

uptake of Pb by A. terreus indicated more binding sites 

on cell wall of this fungus and its potential as biosorbent 

to remove Pb from industrial wastewater containing 

higher concentration of Pb. Also Kapoor et al.(1999) [21] 

and Tsekova et al.(2010) [22] found that A. niger show an 

ability for binding and removing of Cd from waste 

water.  For A. flavus according to Kumar and Dwivedi 

(2019) [23] it has the ability to remove, reduce and up 

take chromium. A. flavus CR500, isolated from 

electroplating wastewater, can form Cr-sulfhydryl 

compounds in its vacuole and accumulate in cells with 

non-protein sulfhydryl groups produced by fungi [23].   

   Talaromyces sp. are known to be tolerant for tough 

conditions, which made them possibly useful in 

extremely severe environments, which includes acidic 

and metalloid contaminated mine drainage and soils [24 , 

25]. previous studies indicated that metal ion adsorption 

by Talaromyces sp. Romero et al.(2006) [26] used T. 

helicus to degrade biphenyl treated with high levels of 

copper (Cu), and it indicated the ability of detoxification 

of this species and its adjustment to heavy metals and 

biacrylic compounds.  

    In the current study the maximum growth in the 

presence of various mixture of heavy metals was 

observed by A. niger. It was tolerant to the four heavy 

metals and biosorbed considerable amount of the heavy 

metals from PD broth containing 100 ppm of each heavy 

metals (Pb, Cd, Cr and Ni) with capacity 2.0787 mg/g, 

other studies showed that the resistance and the 

removal capacity of A. niger and its resistance to some 

heavy metals, the fungus grew in 2000 ppm of zinc, lead, 

and mercury, 1200 and 1000 ppm of arsenic (III) and (VI), 

800 ppm of fluor and cobalt, and least in cadmium 

(400 ppm)[27]. The best suitable conditions for the removal 

of 100 mg/L of the heavy metals were 28°C, pH between 

4.0 and 5.5, 100 ppm of heavy metal, and 1 g of fungal 

biomass, these results agree with in in our study where A. 

niger was able to remove Cd, Pb, Ni and Cr (400 ppm). 

    Heavy metals toxicity not only depends on 

concentration but also rotates around bioavailability [28, 

29].  A. niger showed a lower uptake of all the four 

heavy metals (Pb, Cd, Cr and Ni) in combination, 

compared to individual heavy metal uptake. This was 

mostly due to competition of heavy metals for same 

and limited adsorption sites on fungal cell wall of these 

fungi. These results showed the potential of these fungi 

to remove heavy metals from liquids media and 

industrial wastewater containing higher concentration 

of heavy metals. Similar observations regarding the 

uptake of heavy metals in comparison to individual 

heavy metal have been described by Ahmed and 

Ansari(2006) [30].  

   It was very clear that sucrose is the optimum carbon 

source for A. flavus and A. terreus, the bioleaching 

efficiency of A. flavus with sucrose as a carbon source 

was better than that with glucose [31, 32] .The result may 

be due to the osmotic pressure of the bioleaching 

environment is maintained significantly better by 

sucrose than by glucose, which is favorable for the 

growth and metabolism of A. flavus but for 

Talaromyces purpuregenus pectin is the optimum 

carbon source, Pectinases are enzymes that are 

capable of degrading pectin materials. The action of 

these enzymes may be at the extremities or random 

cleaving [33]. while glucose is optimum for A. niger. This 

could be due to that simple carbon compounds are 

assimilated directly while complex ones (i.e., 

polysaccharides) must be transformed into simpler 

forms before their use. Glucose (a monosaccharide) 

and sucrose (a disaccharide) are well used by the 

waterborne fungi [34]. After applying different pH 

intervals, the optimum pH of A. flavus and A. terreus is 

5, but for Talaromyces purpuregenus pH 9 is optimum 

pH which provids the best uptake for the heavy metal 

these results are agreed with Della Monica et al. 

(2018) [35], even though pH 7 is the optimum pH for A. 

niger. The pH regulating system make sure that 

secreted enzymes (e.g., alkaline and acid phosphatases, 

xylanases) are produced under pH conditions in which 

they are physiologically completely functional. At acidic 

pH, more protons (H+) are available to saturate metal-

binding sites; consequently metals are less likely to 

form insoluble precipitates with phosphates when the 

pH of the system is lowered because lots of the 

phosphate has been protonated [36, 37] . 
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   Different inoculum sizes  were used in this study, it was 

noticed and observed that 0.5 ml was the optimum size for 

both A. niger and A. terreus with uptake (1.3327 mg/gm) 

and (0.4197mg/gm) respectively, but for A. flavus the 

optimum inoculum size was 1 ml the gives the best uptake, 

while for Talaromyces purpuregenus 2 ml was the optimum 

inoculum size. Electrostatic interaction between the cells 

plays a significant role in metal uptake. Metal uptake 

depends on binding sites, increasing amount of metal 

adsorbed by the biomass will be increased with initial 

concentration of metals. Optimum and best percentage of 

metal removal can be taken at low initial metal 

concentration. Therefore, at a certain concentration of 

biomass, the metal uptake increase with increase in initial 

concentration [38]. 

   A range of incubation periods are applied on each 

organism in order to get the best uptake of the heavy metal, 

and the best incubation period for all the organisms (A. 

niger, A. flavus, A. terreus, Talaromyces purpuregenus) is 9 

days, as the incubation period increase the uptake of the 

heavy metal increase , our results are in agreement with Iraq 

et al.(2020) [39]. 

   In the current study different temperatures were applied 

on each organism to obtain the best uptake of heavy metals, 

the optimum temperature for all the organisms (A. niger, A. 

flavus, A. terreus, Talaromyces purpuregenus) is 30°C, in live 

fungi, the optimum temperature for the growth of fungi 

usually varies between 25–35 °C, and the removal rate 

mainly depends on the growth of the fungi [23, 40]. At lower 

and higher temperatures, enzymatic mechanisms become 

affected that lead to reduction in the metabolic rate of the 

fungus; eventually, the growth and biomass productivity get 

hampered [23, 41].   

5.Conclusion 

   In this study, it showed that Talaromyces purpuregenus, A. 

niger, A. flavus and A. terreus were the most potent fungal 

isolates on removing and up taking Ni, Cd, Cr and Pb from 

different contaminated areas in Egypt up to 800 ppm. While 

in the presence of different mixture of these heavy metals A. 

niger was the most tolerant fungal isolate to the four heavy 

metals. 
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