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Abstract 

Some fungal species isolated from the soil of the radioactive repository site at Hot 

Laboratories Center were investigated for their tolerance, affinity and capacity towards 

different metal ions namely; Cerium Ce(III), Chromium Cr(VI), Cobalt Co(II), and Cadmium 

Cd(II). They were identified as Aspergillus tamarii, Aspergillus niger, Penicellium 

chrysogenum, Cunninghamella elegans and Rhizopus stolonifer. The obtained results showed 

that, the lowest concentration of metal ion could be tolerated by fungal species was 50ppm for 

Co(II) & Cd(II) , while the highest one was 2000ppm for Cr(VI) & Ce(III). Also, tolerance 

towards mixture of ions was varied among the fungi under study. The affinity of the fungal 

species of study for metal ions under investigation was found to have the following order; 

Ce(III)>Cd(II)>Co(II)>Cr(VI). Results showed that Aspergillus niger had high capacity for 

Ce(III) ions uptake, while Cunninghamella elegans had high capacity for Co(II) ions uptake. 

The effects of chemical and physical pretreatments of fungal biomass on the uptake capacity 

were studied using Aspergillus niger & Ce(III). The uptake of Ce(III) by Aspergillus niger 

was studied using different concentrations of Ce(III). It was found that one gram dry weight 

of Aspergillus niger could accumulate 285.7 ± 16.9, 571.43 ± 23.9 and 1142.86 ± 33.8 mg of 

Ce(III) from 50, 100 and 200 ppm solutions, respectively.  
 

Introduction 

 The release of large quantities of heavy metals from industries into the 

environment has resulted in a number of environmental problems. Pollution of the 

natural environment by heavy metals has become a serious problem in some 

industrial countries (Inthorn et al., 1996). Low level heavy metal pollution of 

rivers, lakes and oceans environments is now wide spread , and because heavy 

metals are concentrated in the food chain, this cause damage to aquatic ecosystems 

as well as being danger to human health (Nagase et al., 1997). 

 Biosorption of heavy metals from aqueous solutions is a relatively new 

technology for the treatment of industrial wastewater (Volesky, 1990). Also, it's 

defined as a process that utilizes inexpensive dead biomass to sequester toxic heavy 

metals and to remove contaminants from industrial effluents (Ting et al., 1991 and 
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Singh et al., 1998). The use of biological materials for heavy metal removal and 

recovery technologies had gained important credibility during recent years, because 

of the good performance, low cost of the complexing material and the natural 

affinity of biological sources.  

 Fungi cell walls contain large quantity of polysaccharides and proteins, which 

offer many functional groups (such as carboxyl, hydroxyl, sulfate, phosphate and 

amino groups) for binding metal ions (Bayramoglu et al., 2003 and Zhou et al., 

2004). The cell surfaces of microorganisms are negatively charged owing to the 

presence of various anionic structures. This gives microorganisms an ability to bind 

metal cations (Chen & Hao, 1998). The mode of interaction between metal species 

and microbial cell components may be simple adsorption, ion exchange, electrostatic 

interaction, complexation, precipitation, and crystallization (Crist et al., 1994).  

Biological process for removal of metal ions from solution could be divided into 

three categories: biosorption of metal ions onto the surface of microorganisms 

(Ozdemir et al., 2003 and Liu et al., 2004), chemical transformation of metal ions 

and intracellular uptake of metal ions by microorganisms. The later two processes 

needed viable microorganisms and were called bioaccumulation (Dursun et al., 

2003 and Uslu et al., 2003).  

 A number of mechanisms by which microorganisms tolerated and removed 

heavy metals had been proposed. Microorganisms modulated metal toxicity by 

maintaining a low intracellular concentration of toxic metals via (i) extracellular 

accumulation / precipitation; (ii) cell-surface sorption or complexation (adsorption to 

the cell surface) and (iii) intracellular accumulation (accumulation in the precellular 

or endocellular regions of the cell) (Muraleedharan et al., 1991; Gadd, 1993 and 

Bridge et al., 1999). 

 Heat inactivation of biomass could produce additional binding sites via 

denaturation of proteins on cell wall structures (Tuzun et al., 2005 and Hafez et al., 

1997). Also, alkali treatment could cause hydrolysis of protein and deacetylation of 

chitin into chitosan. It had been reported that the performance of a microbial 

biomass depended on its surface properties.  It was found that, the pretreatment of 

Aspergillus. niger by NaOH resulted in a significant improvement in metal ions 

removal in comparison with un-pretreated biomass (Kapoor and Viraraghavan, 

1998).  

 The Cr(VI) sorption ability of powdered biomass of Rhizopus nigricans was 

investigated by Bai and Abraham, (2001). The influence of solution pH, agitation, 
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Cr(VI) concentration, biomass dosage, contact time, temperature and biomass 

particle size was studied. The results cleared that, the optimum pH for biosorption 

of Cr(VI) was found to be 2.0. Higher adsorption percentage was noted at lower 

initial concentrations of Cr(VI) ions, while adsorption capacity of the biomass 

increased with increasing concentration of ions. Moreover the adsorption capacity 

increased with increase in temperature and agitation speed and the optimum were 

determined as 45°C at 120 rpm.  

The present study was conducted to investigate the tolerance, affinity and 

capacity of certain fungal species namely Aspergillus tamarii, Aspergillus niger, 

penicillium chrysogenum, Cunninghamella elegans and Rhizopus stolonifer for 

different metal ions (Ce, Cd, Cr and Co). The effect of pretreatment of fungal 

biomass on the uptake of metal ions was investigated using Aspergillus niger and 

Ce(III) ions. Also, the uptake of Ce(III) by Aspergillus niger using different 

concentrations of Ce(III) was studied.  

Materials and methods:- 

Chemicals: All chemicals used were of analytical purity grades. Solutions of 

Ce(III), Co(II), Cr(VI) and Cd(II) were prepared as stock solutions and other 

concentrations were obtained by dilution. Solutions of hydrochloric acid and 

sodium hydroxide with different concentrations were used to adjust the pH to the 

desired values.  

 Fungal isolates: Five fungal species were isolated from soils of repository site 

at Waste Management Facility, Hot Laboratory Center, Atomic Energy Authority, 

Egypt. The fungal species were isolated using dilution plate method, quadrant type 

(Benson, 1985). The isolated fungi were identified in The Regional Center for 

Mycology and Biotechnology - Al-Azhar University as; Aspergillus tamarii, 

Aspergillus niger, penicillium chrysogenum, Cunninghamella elegans and Rhizopus 

stolonifer according to (Pit, 1979; Domsch et al., 1993 and Samson et al., 2000). 

Tolerance experiments: The growth of Aspergillus tamarii, Aspergillus niger, 

penicillium chrysogenum, Cunninghamella elegans and Rhizopus stolonifer on 

Sabouraud's dextrose agar had been studied in the presence of various 

concentrations of Ce(III), Cr(VI), Cd(II), Co(II) and mixed ions concentrations. The 

concentrations ranged from 200 to 2000ppm for Ce(III) and Cr(VI), while the 

concentrations of Cd(II) or Co(II) were ranged from 50 – 1000 ppm. The mixed ions 

concentrations ranged from 200-600 ppm with equal ratio. The incubation 

temperature was adjusted to 28°C and the growth was observed after 3 – 15 days. 
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Biomass pretreatment: The fungal biomass of Aspergillus niger was subjected 

to chemical and physical pretreatments. Chemical treatments were conducted by 

washing for 15 min with: a) 0.025, 0.05 & 0.1N NaOH; b) 0.125, 0.25 & 0.5% 

glutraldehyde; c) 0.25, 0.5 & 1.0% anhydrous CaCl2. On the other hand, physical 

pretreatments were carried out by: a) boiling in bidistilled water for 15 min; b) 

autoclaving for 15 min at 121ºC & 1.5 psi; c) washing with bidistilled water. After 

the pretreatments the biomass was washed with deionized water until the pH of the 

washing solution was close to pH 6.8-7.2.  The biomass had been dried at 60ºC for 

24 h to get the dry weight.  

Screening & Uptake experiments:  In batch experiment, 0.5 gram of fungal 

biomass was immersed in 50 ml of metal ion solution. The pH of the solutions was 

adjusted to 4.5 – 5.0 ± 0.2 except for Cr(VI) the pH was adjusted to 2.0 ± 0.2. The 

temperature was adjusted at 25 ± 3

C and stirring was 250 rpm.  Samples were taken 

at different contact times and the amount of the ion accumulated on fungal biomass 

was estimated. The quantitative determination of chromium, cobalt and cadmium 

were carried out using atomic absorption spectrophotometer (Buck) model 210 

VGP, and measurement of cerium was carried out using UV-spectrophotometer 

Shimadzu -160.  

Calculations:  The concentration of metal ion solution at different contact times 

(t) with fungal biomass (Ct) was given directly by atomic absorption 

spectrophotometer, while for UV- spectrophotometer Ct= At X k; where     At is 

absorbance at time (t), k is a constant. The uptake amount in (mg) of metal ion at 

time (t) by 0.5 g wet weight of fungal biomass (Qt) = C0 – Ct, where C0 is the initial 

concentration.  The uptake percent of metal ion at different contact times with fungal 

biomass = Qt / C0X100.  The uptake amount in (mg) of studied ion at time (t) by 1g 

dry weight of fungal biomass (Q) = Qt / dry wt. 

Result and discussion:- 

1- Tolerance tests 

The five isolated fungal species exhibited different resistances (Minimum 

Inhibitory concentration MIC values) towards the metal ions under test Ce(III), 

Cr(VI), Cd(II) and Co(II). The highest MIC value was observed for Ce(III) & Cr(VI) 

(>2000ppm) and the lowest MIC value was for Cd(II) & Co(II) (>50ppm). Also, for 

mixture of the ions with concentration ranged from (200 – 600ppm) in equal ratio, 

the tolerances varied. It was found that Rhizopus stolonifer failed to tolerate any of 
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mixture concentration, while Penicillium chrysogenum and Aspergillus niger could 

tolerate all mixture concentrations (i.e. MICmix > 600 ppm). For Cunninghamella 

elegans and Aspergillus tamarii MICmix > 400 & 200 ppm, respectively, results 

given in Table (1) & Fig.(1). It was also found that the period needed for growth 

increased with the increase in the metal ion concentration in growth media.  

 
Table (1): MIC of the studied fungal species toward different metal ions 

 

 

 

 

 

 

 

 

 

 

 

The high MIC value could be explained by; low toxicity of such metal ions, or 

addition chelation co-precipitation, or metabolic active uptake mechanisms. Also, 

this depends on the detoxification mechanism of each fungal species (Zafar et al., 

2007 and Hildebrandt et al., 2007). This indicated that metal- resistance 

phenotypes were well-distributed among the representative fungal genera (Kapoor 

et al., 1999 and Say et al., 2003).  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig.(1): MIC values of the studied fungal species toward different metal ions 
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Also, results revealed that fungal biomass obtained from metal-resistant fungi 

had the same capacity for metal ion uptake as the fungal biomass that wasn't 

exposed to high metal ion concentrations. This could be explain that the capability 

of fungal species to live on high metal ion concentrations was depending on 

detoxification mechanisms, while the absorption capacity depended (mainly) on cell 

wall composition (Bayramoglu et al., 2003 and Zhou et al., 2004).  Fungi could 

tolerate and detoxify metals by several mechanisms including; valence 

transformation, extra and intra-cellular precipitation and metabolic active uptake 

(Gadd, 1993 and Zafar et al., 2007).   

2- Screening test: 

Screening of the studied fungal species for their affinity and capacity towards 

metal ions under investigation (Ce(III), Cr(VI), Cd(II) and Co(II)) showed 

differences in  the affinity and capacity of the fungal species under study towards 

metal ions.  

Aspergillus niger showed highest accumulation capacity for        Ce(III) ions; 

while Cunninghamella elegans exhibited high capacity for most of the metal ions 

under study Cd(II), Co(II) & Cr(VI). These differences in accumulation capacities 

could be attributed to wide variation in the chemical composition of their cell walls 

and the chemical properties of the metal ions (Gadd, 1990).  

Results given in Fig.(2) indicated that the metal ions under study could be 

arranged according to their absorption affinity is Ce(III) > Cd(II) > Co(II) > Cr(VI). 

Also, results revealed that the capacity of the fungal species differed from one metal 

ion to another. The difference in absorption capacities depend on many factors such 

as; cell wall composition of the fungal species, the chemistry of the metal ions and 

the toxicity.   
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Fig. (2): The uptake percent of different metal ions by the studied fungal species. 
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Biosorption is relatively rapid and can be reversible. It involves a 

physicochemical interaction between the metal and functional groups such as 

ketones, aldehydes and carboxyls present on the microorganism’s cell surface. It is 

often followed by a slower metal binding process in which additional metal ion is 

bound, often irreversibly. This slow phase of metal uptake can be attributed to a 

number of mechanisms, including covalent bonding, surface precipitation, redox 

reactions, crystallization on the cell surface or, most often, diffusion into the cell 

interior and binding to proteins and other intracellular sites (Ozer et al., 1999). 

3- Pretreatment test: 

Obtained results in Fig.(3) indicated that biosorption of Ce(III) by pretreated 

Aspergillus niger either increased or decreased depending on the pretreatment 

method. The order of maximum uptake of Ce(III) by A. niger is as follows; 

pretreated with autoclaving ≥ washing with distilled water > washing with 0.25% 

glutraldehyde > washing with 0.05N NaOH > washing with 0.5% anhy.CaCl2 > 

Boiling. An increase in biosorption of cerium ions as a result of pretreatment could 

be due to an exposure of active metal binding sites embedded in the cell wall or 

chemical modifications of the cell wall components. The increase in metal 

biosorption after pretreating the fungal biomass could be attributed to the removal of 

surface impurities and to the exposure of available binding sites for metal 

biosorption (Huang & Huang, 1996). 
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Fig. (3): The uptake percent of Ce (III) by physical and chemical pretreated 

Aspergillus niger after two hours of contact. 
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Pretreatment with autoclaving resulted in an improvement in Ce(III) biosorption. 

Glutraldehyde pretreatment reduced biosorption of Ce(III) to a certain extent while, 

sodium hydroxide, calcium chloride and boiling pretreatment significantly reduced 

biosorption of Ce(III). The reduction of biosorption capacity in glutraldehyde, 

sodium hydroxide, calcium chloride and boiling pretreatment may be attributed to 

the loss of some active groups. 

It was found that Mucor rouxii biomass pretreated by autoclaving reduced the 

biosorption of heavy metals (Yan and Viraraghavan, 2000). In the same way 

Kapoor & Viraraghavan, (1998) reported that A. versicolor pretreated by 

autoclaving reduced the biosorption of cadmium, copper, and nickel. Heat and 

autoclaving pretreatment increased the biosorption capacity of microbial biomass 

due to the exposure of latent binding sites after pretreatment (Galun et al., 1987).  

It was found that Pb
2+

 biosorption by Saccharomyces uvarum was more efficient 

after sodium hydroxide treatment due to unmasking of some cellular groups which 

can't participate in the sorption process without treatment with alkali (Ashkenazy et 

al. 1997, Yan and Viraraghavan, 2000). In contrast, (Kapoor & Viraraghavan, 

1998) reported that in nickel biosorption by sodium hydroxide pretreatment there 

was an approximately 45% reduction in comparison with live cells. As a result of 

sodium hydroxide treatment, the number of protein amino groups that can be 

engaged in metallic ion binding markedly decreased. Deproteination should, 

theoretically, reduce metal retention. Since the cell wall composition can be 

characteristic of the fungal species, we could say that this conflict is normal.  

Gluteraldehyde is a cross-linking reagent with multifunctional groups. According 

to (Jianlong, 2002) gluteraldehyde pretreated Saccharomyces cerevisiae biomass 

retains almost all its original biosorption capacity. In contrast in our study, 

gluteraldehyde pretreatment reduce Ce(III) biosorption of fungal biomass, according 

to (Yan and Viraraghavan, 2000) the difference in results after a specific 

pretreatment may be attributed to the different strains of fungi.   

4- Ce(III) uptake: 

Aspergillus niger had the highest biosorption capacity for cerium ions among the 

fungal species under study. The increase in Ce(III) (metal ion) concentration results 

in an increase in the amount of metal ion accumulation. At low metal ion 

concentrations of 50 – 100 ppm, the total amount (100%) of metal ion were found to 

be accumulated within 2 min while, at high metal ion concentration of 200 ppm, 
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50% of metal ion was accumulated after 5 min of contact and the remaining amount 

was accumulated within the rest of the two hours and the results are given in Fig.(4). 

This could be explained that with a fixed adsorbent weight, the metal ion 

accumulation increased with the increase of metal ion concentration until reach 

saturation of active absorption sites on the fungal cell walls (Ilhan et al., 2004).  

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The uptake of Ce(III) by Aspergillus niger was studied using different 

concentrations of Ce(III). It was found that one gram dry weight of Aspergillus niger 

could accumulate 285.7 ± 16.9, 571.43 ± 23.9 and 1142.86 ± 33.8 mg of Ce(III) 

from 50, 100 and 200 ppm solutions, respectively, results given in Fig.(5). 
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 الملخص العربي

تناولتتتلت تتدلالة ازتتعلدتتن لدتتةةلتتتنلالتر ةتتاتلتتتنلالت بتتعلالتواتتوةملبت تتاب لالنتاةتتاتلالت تت علبت  تتنل
 Aspergillus tamarii, Aspergillus niger, Penicelliumالت ات لالحا ملوقتةلتتتلت  ةت تال تا ت  لل

chrysogenum, Cunninghamella elegans and Rhizopus stolonifer.تلة ازعلقتة ملذت  لتتلل
 وبالتتتل- تت وتللل-زتتة ةوتل)التر ةتتاتلد تتنلالنتتتولدتت لواتتوةلت  ةتتناتلتنت تتتعلتتتنلال نا تت لتحتتتلالة ازتتعل

واتتةلأنلأقت لت  ةتتنلةت تتنلل تر ةتتاتل.لوأةضتتاالال تتة ملد تنلالنتتتولدتتنلواتوةلن تتةرلتتتنلذت  لال نا تت (لو تاةتةوت
نلت  ةنلةت تنلل تر ةتاتلتحت تهل تانلل ن ت لوأد (لانءلد لالت ةونل05)تحت هل انلل ن  ل وبالتلو اةتةوتل

وأةضاالقة ملذ  لالتر ةاتلد تنلتحتت لن تةرلال نا ت لتنت تالدةتتال(.لانءلد لالت ةونل0555)  وتللوزة ةوت
 تاةتةوتل<للواةلأنلقاب ةعلالتر ةاتللاتت اصلال نا  لتحتلالة ازعلتأن لالت تةت لا تت  للزتة ةوتل.للبةن ا
لتهلقاب ةتعلدالةتعللاتت تاصلدن ت للل,Aspergillus nigerلنتائجلأنللدر لوأوضحتلا.ل  وتل<ل وبالتل<ل

وتتتتل.للتهلقاب ةتعلدالةتعللاتت تاصلدن ت لل وبالتتلCunninghamella elegansزتة ةوتللولأنللدرت ل
 Aspergillusة ازعلتأثة لالت الاعلال ةتةائةعلوالتةنة ةتعلد ت ل تتاءملا نت لل ن ت لزتة ةوتلبازتتنةاتلدرت 

niger, واتةلأنلات اتلواحتةلاتاالتتنلن ةتال.لتلة ازتعللأنت لدن ت لزتة ةوتلبازتتنةاتلت  ةتناتلتنت تتعثل.لل
ل955ولل05تتنلل ت  اتل.558لل ±ل..99708لللل0581ل ±ل029875ولل9.81ل ±0.082التر لةزترةعلأن ل

ل.انءلد لالت ةونللتنلتح و لال ن  لد نلالت تة ل055ول
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