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Abstract 
Introduction: The bioremediation, as a treatment process for low- and medium radioactive liquid wastes generated from 

various applications of nuclear technology in our daily life, represents a biotechnological innovation as well as an excellent tool 

for bioconcentration of radionuclides. 

Aim:  study the capability of Aspergillus niger (A. niger) to removal of Cesium-137 (Cs-137) and/or Cobalt - 60 (Co-60) from 

simulated spiked solutions.  

Materials and Methods: This part of experimental work was carried out to evaluate the factors influencing the performance of 

the fungus and optimizing the bioconcentration of those two radionuclides. The impacts of incubation periods, irradiation of 

fungus spores prior seeding, age of A. niger and the initial concentrations of the radioactivity added on the bioconcentration 

factor (CF) for the two radioions were studied on laboratory scale experiments. 

Results and Discussion: Based on the data reached it was found that A. niger can bioconcentrate, from the spiked solution, 

more than 80% of Co-60 and about 25% of Cs-137 within 48 hours. 

Conclusion: Therefore, Aspergillus niger can be easily grown in substantial manner using unsophisticated techniques, 

inexpensive growth media. Besides, the acceptable bioconcentration factor achieved by the fungi constituted an economical 

pattern for treating hazardous effluents spiked with radioactive ions, and it might have a synergetic role during applying other 

treatment methods. 
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Introduction 
Gamma emitting radionuclides, e.g. Cesium -137 

and Cobalt-60, are the main contributors to the dose 

rate provided by the regular radioactive wastes from the 

nuclear installations. The main objective for managing 

and disposing of radioactive wastes is to protect people 

and the environment. This means isolating or treating 

these wastes so that the rate or concentration of any 

radionuclides contained and returned to the biosphere 

are harmless.1 Nuclear wastes are neither particularly 

hazardous nor hard to manage relative to other toxic 

industrial wastes. Treatment of aqueous radioactive 

waste quite often involves the application of several 

treatment techniques such as filtration, precipitation, 

sorption, evaporation and/or membrane separation,2 ion 

exchange,3 evaporation,4 acid digestion and wet 

oxidation.5 

In addition to those widely used methods, 

environmentally friendly processes had been 

experienced in the last decades and including 

biosorption,6-8 phytoremediation9-11 and 

bioremediation.6 Bioconcentration is a process of a 

bioremediation concept for hazard radionuclides by 

utilizing some natural biological sources including 

bacteria, fungi, yeast, algae, etc. The advantage of 

bioremediation is not only to be functioned under a 

broad spectrum of conditions like pH, temperature etc., 

but also to be found as environment friendly technique 

and economically feasible due to the cheap raw supplies 

that can be utilized as bioconcentrator.12 The efficiency 

of thorium biosorption by A. niger was studied by 

Christopher and Gadd.13 A. niger shows simultaneous 

accumulation of Co (II) and Eu (III) from waste 

water.14 Eupenicillium sp., Penicillium oxalicum and 

Aspergillus niger showed the most effective 

radionuclide 242Pu sorption.15 Both 60Co and 137Cs were 

also removed by Aspergillus pulverulens.16 

In the present study, bioaccumulation efficiency of 

Aspergillus niger towards the two gamma emitters, 

namely Cs-137 and Co-60, from spiked simulated 

aqueous solutions was evaluated by characterizing and 

computed bioconcentration factor for the two 

radionuclides under various experimental conditions 

e.g. incubation period, irradiation of fungal spores, age 

of fungus and initial radioactivity contents added. 

 

Materials and Methods 
Isolation of Micro-Organisms from Radioactive 

Waste Simulates: The main aim of the present study 

was to evaluate the synergetic role, the tolerance and 

the bioaccumulation potential of A. niger fungal strain 

toward radiocesium and radiocobalt spiked solutions. 

The fungi were isolated from radioactive waste stream 

subjected to pre- treatment sorption step using Camellia 

sinensis leaf.8 Post the sorption process, a radioactive 

waste solution containing1gm of the dried spent black 
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tea leaves (dregs) was incubated for three days at 25°C. 

After this incubation period, the developed colonies 

were picked and isolated onto Sabouraud Dextrose agar 

(SDA) media (peptone-preferably mycological, 1%, 

Dextrose 4%, agar 1.5%, pH 5.6) one of the 

recommended media for fungal growth. To ensure the 

growth of micro-organisms present in samples, three 

replicates were prepared. The results obtained affirmed 

that the three media were very close. Purified isolate of 

fungus was obtained by streaking repeatedly colonies in 

SDA medium and examined using a light microscope. 

Identification of Fungi: The fungal cultures were 

identified on the basis of macroscopic (colonial 

morphology, color, texture, shape, diameter and 

appearance of colony) and microscopic (septation in 

mycelium, presence of specific reproductive structures, 

shape and structure of conidia, and presence of sterile 

mycelium) characteristics.17 Pure cultures of isolated 

micro-organisms were identified using the keys of 

Domsch et al.18 and Barnett & Hunter.19 

The data obtained from macroscopic (Fig. 1 a & b) 

and microscopic (Fig. 1 c & d) examinations confirmed 

that Aspergillus niger is the isolated fungal strain. 

Maintenance of the Microorganism: The 

experimental culture was the descendant from single 

slants of the pure organism, and was maintained on agar 

slants of modified Dox's medium. 

A sufficient quantity of spores was extracted from 

mature A. niger cultures. This was accomplished by 

spatula down on sterile Petri dishes. Spores were then 

pushed on sterile saline (0.85% NaCl), and were diluted 

into a suspension of ≈ 106 spore/ml in a sterile beaker. 

Simulated Radioactive Waste Solutions: Simulated 

waste solutions were prepared by adding predetermined 

contents of a carrier free radiocesium (Cs-137, T½ = 

30.5 years) and radiocobalt (Co-60, T½ =5.25 years) to 

tap water. The two radionuclides were purchased from 

Radioisotope Center Polatom Institute of Atomic 

Energy, Poland as cesium and cobalt chloride solutions. 

 

 

 
Fig. 1: Macroscopic and microscopic examination of the isolated A. niger 

 

Bioconcentration of Radioactive Pollutants: A 

known volume of the simulated radioactive waste 

solution i.e. with predetermined specific activity 

(Bq/ml), was added to flask containing 100 ml sterile 

Sabouraud Dextrose broth (SDB), then seeded with 

constant inoculum of pure isolated fungal strain. At 

marked incubation periods, under ambient conditions,  

 

an aliquot from the culture solution was withdrawn for 

analysis. The collected samples were radiometrically 

analyzed using 3"x3" well type NaI crystal (efficiency 

85%) based on Multi- Channel Analyzer PCA-P, USA. 

The bioconcentration factor (CF) and bioremoval 

percentage for the radioactivity were calculated 

according to following relations: 

 

 
radioactivity retained by fungi in Bq

Bioconcentration Factor CF  
total radioactivity remainedin solution in Bq


A.niger

 

Ao At
Bioremoval percent *100

At


  

Where: 

Ao= the initial activity added in Bq. 

At = the remaining activity in treated solution in Bq. 

 

Effect of Incubation Period: One ml of A. niger spore 

suspension was inculcated into Erlenmeyer flask (250 

ml cap.) containing 100 ml sterile SDB spiked with 

computed activities of Cs- 137 and Co- 60. The 

behaviour of the two radionuclides was followed over 

190 days at 28±2°C. Equal aliquots of the clear solution 

were collected at definite periods and counted for their 

radioactivity contents. 

Effect of Gamma Irradiation of Fungal Spores on 

Radionuclides Bioconcentration Process: The spore 

suspensions of A. niger were distributed in sterile 

Eppendorf’s tubes (1.5 ml in each). One group was 
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subjected to 200 Gray (Gy) gamma irradiation dose 

using a Cobalt-60 gamma cell source located at the 

National Centre for Radiation Research and 

Technology – Atomic Energy Authority, Nasr City, 

Cairo at 13.3 Gy /min dose rate during the irradiation 

time. Similar Eppendorf’s tube was used as a control 

i.e. containing non irradiated A. niger spores. The 

bioconcentration factors were determined by 

inculcation separately one ml of the irradiated and the 

non-irradiated fungal spore suspensions into a sterile 

250 ml conical flask, each containing 100 ml of SDB 

spiked with Cs- 137 and Co -60 mixtures. The two 

flasks were left at ambient conditions (28 ±20C) for 190 

days. An aliquot of the supernal solution was collected 

from each culture medium at precise periods and 

analyzed radiometrically. 

Effect of Increasing Radioactivity Contents added 

on Bioconcentration Factor: To five Erlenmeyer 

flasks (250 ml cap.), each containing 100 ml sterile 

Sabouraud Dextrose liquid medium, solutions with 

increasing radioactivity of both radiocesium and 

radiocobalt (Table 1), were added. 

 

Table 1: Total radioactivity added in Becquerel (Bq) 

Sample number Total radioactivity 

added*, Bq 

I 2475 

II 9507 

III 14261 

IV 19014 

V 33182 

* added as Cs-137 & Co-60 

 

The spiked media were inoculated each with 1 ml 

of spore suspension (≈ 106 spores/ml) of the fungi and 

then left at room temperature (28 ± 2ºC). One ml of the 

clear culture solution was collected each time 

periodically for 190 days and analyzed radiometrically. 

Effect of Age of Fungal Spores on the Radionuclides 

Uptake: To study the impact of the age of A. niger 

spores on its bioconcentration performance for 

radiocesium and/or radiocobalt, one ml of fungal spore 

suspension was inoculated separately into three flasks 

each containing 100 ml of Sabouraud dextrose liquid 

media. Each flask was spiked with equal definite 

radioactive contents either directly or after three, four 

and eight days post inculcation of fungal spores. The 

flasks were left at 28± 2٥C for190 days. One ml of the 

clear culture solution was collected out of each flask at 

dependable time and counted for the remained 

radioactivity. 

 

Results and Discussion 
As previously explained, radio-resistant A. niger 

was isolated from pre-treated radioactive waste solution 

simulate and applied for new bioconcentration process 

of radiocesium and /or radiocobalt from their fresh 

spiked solutions to evaluate the task of microorganisms 

treatment process. 

Based on the present experimental work and data 

from the literature, it is worth to notify that, all the bio-

removal and bio-concentration curves reached followed 

nearly the same pattern. Fluctuations in behavior, 

where, periodic 'ups and down' cycles discern. 

The first period showed a rapid initial bioremoval 

of the radioactivity, followed by drop wise decline in 

the removal percentage. Those cycles were repeated 

along the whole experimental period Graph 1). 

 

 

Graph 1: The Bioremoval percentage of total Cs-137&Co-60 radioactive pollutants as function of 

incubation time 

 
 

Aspergillus niger showed bioremoval percentages 

(BP) of 38.5, 35.7, 39.9, 50.3 and 35.5% of the total 

radioactivity added (Cs-137 & Co-60) after 2, 7, 14, 54, 

and at 190 days, respectively. A little uptake was 

observed at lag periods or the early stage of growth (up 

to the first day). This can be explained on the basis that 

the fungal growth starts slowly, viable spores begin 

swelling which happened before their germination, then 

the growth rate accelerates gradually.20 
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The maximum radioactive nuclides bioremoval 

percentages took place during the exponential phases. 

This may be attributed to initiation of the hyphae 

branching, and extending new hyphae at a linear rate 

into un-colonized regions of substrate. The biomass of 

the growing fungus duplicated itself per unit time. As 

long as the nutrients in the medium are in excess, the 

growth of the microorganisms remains proceeding. A 

retarding period, where the bio-removal percentage 

begins to decline to reach ≈ 5% after the fourth day up 

to nearly the seventh day of incubation. This is 

supposed to be due to that the fungal mycelia were 

eventually died off. The death process is usually 

accompanied by their breakdown through self-digestion 

and, hence, the radioactive materials might be released 

again to the medium. 

In addition, this behavior may be referred to the 

changes in cell-wall composition as a result of the 

accumulated γ- irradiation dose effect of both Cs-137 

(peak energy at 0.662 MeV) and Co-60 (two peaks 

energy at 1.17&at 1.33 MeV) which accompanied with 

the release of metabolites that were bound, already, to 

the radio- ion. However it is reported that, both living 

and dead microorganisms possess abundant functional 

groups on their cell surfaces that bind metal ions.21 At 

the end of this phase, A. niger form spores by 

fragmentation of the hyphae and began a new 

bioconcentration process of radioactive pollutants 

through the newly formed hyphae and repeated the 

growth pattern throughout the 190 days incubation 

period (Graph 1). This also, reflects the acceptable 

tolerance performance of fungi towards the highly 

surrounding γ- irradiation environment. 

In relation to recovery, it was observed that 

Aspergillus niger lost small part of its biosorption 

capacity after the first cycle and was able to maintain 

the rest of its capacity for two more cycles. Therefore, it 

is recommended to harvest the spiked fungi after 3 days 

and re-inoculate fresh spores for a new treatment cycle 

till an appropriate solution free of radiocontaminants is 

reached. 

Impact of Gamma Irradiated Fungal Spores on the 

Bioconcentration of Cs-137 and Co-60 

Radionuclides: It was reported that low doses of 

gamma irradiation produce stimulatory metabolic 

effects in fungi. It causes increase in total protein in 

Alternaria tenuissima, Botrytis cinerea, Penicillium 

expansum and Stemphylium botryosum.22 It is 

suggested that protein might play an important part in 

protection against the harmful effect of radiation. 

Significant improvement in production of α- and β- 

galactosidases enzymes by A. niger was reported.23 

The authors tried the possibility to utilize gamma 

irradiation treatment of the fungal spores prior their 

seeding aiming at enhancement of the bioremediation 

capabilities of A. niger. Graph 2 described the 

performance of the A. niger post exposing their spores 

to 200 Gy single dose gamma irradiation and before 

their inoculation in Sabouraud dextrose liquid media 

spiked with both radiocesium and radiocobalt.  

It is clear that exposing the fungal spores to gamma 

irradiation stimulated the uptake of radionuclides 

compare to the not - irradiated ones especially at the 

late incubation periods. 

 

 

Graph 2: Effect of irradiated and non-irradiated fungal spores on the bioconcentration factor of total 

activity from simulated spiked solution 

 
 

His can be attributed to that; the low gamma irradiation dose stimulated the spore germination and mycelia 

growth of fungi. The irradiation of A. niger's spores with 200 Gy dose increase the spore germination and enhance 

the mycelial growth.24 Also, the low doses of gamma irradiation stimulated the germination and germ length of 

some fungi without losing the fungistatic activity.25 

The Bioconcentration Factors as Function of the Fungal Spores Age: The age of the microorganism affected 

negatively the bioconcentration of both Co-60 and Cs-137 from the simulated spiked solution. The CFs for both 

radionuclides were usually higher for fungi inoculated directly to the solutions compared to that left for pair of days 

before their inoculation (Graph 3). 
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Graph 3: The impact of the age of fungi on the bioconcentration factor of total activity from simulated spiked 

solution 

 
 

This is possibly due to the presence of many highly 

active enzymes at this growth phase, during which cells 

are at their most metabolically active stage.26 The 

maximum heavy metal uptake by some bacterial strains, 

might occur after three days of incubation.27 

The Bioconcentration Capability of A. niger as 

Function of Initial Radioactivity Added: Strong 

radiation resistant microorganisms are considered the 

first aspect that must be taken into account when 

bioremediation process for radioactive contamination is 

decided to be followed. 

From the Graph 4, during the whole 190 days 

incubation period, it is clear that the highest 

bioconcentration factors for radiocesium was 

corresponding to the largest radioactivity added i.e. 

9517 Bq of Cs-137. 

 

Graph 4: The bioconcentration factor for Cs-137 as a function of initial radioactivity added 

 

This followed by CFs at 7138, 4758 and 3721Bq, 

respectively, during the same incubation period. On the 

other hand, the minimum CFs were obtained for Cs-137 

activity at 1205Bq. Identical fluctuated trends for the 

bioaccumulation of radionuclides throughout the 

incubation period were relayed (Graph 4).Close 

conclusions for cold Cs were published by Seeprasert & 

Yoneda28 and Volesky,29 where, the amount of Cs 

adsorbed by fungi increased indefinitely and 

proportionally to the Cs concentration in the solution. 

Bearing in mind that, the fate of Cs in the 

environment is primarily influenced, in general, by  

 

sorption process,30 as previously reported and according 

to Dadachova et al.,31 increased biomass of some fungal 

strains isolated from areas having higher radiation level.  

Therefore, it is assumed, at the highest initial 

radioactivity value added, extensive biomass of A. niger  

would be found and consequently more active sites for 

Cs-137 sorption could exist. Furthermore, according to 

Dighton et al.,32 the hyphal extension rates are enhanced 

in fungi isolated from radioactively contaminated areas. 
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Graph 5: The bioconcentration factor for Co-60 as a function of initial radioactivity added 

 

It is clear from Graph 5 that directional 

bioconcentration factors for Co-60 were maximal at 

moderate and low radioactivity contents, i.e. at 71.23 

and 12.7 Bq/ml. On the other hand, the CFs were 

lowest at the highest levels i.e. 294.61 and 94.98 Bq/ml, 

respectively. This can be explained on the basis that the 

bioconcentration of radiocobalt is, mainly, metabolic 

dependant process. Hence at low and moderate activity 

contents, enhancement in the biological activities 

assumed to be happened. While high doses of gamma 

irradiation can cause dose-dependent inhibitory effects 

in fungi.33 

 

 

However, it should be reported that the fungi are 

still alive even after this long period of incubation (190 

days). 

The results represented in Tables 2 & 3 

demonstrated that A. niger which was the most 

abundant fungus isolated from radioactive waste 

environment showed more tolerance for gamma 

irradiation. This can be due to physiological adaptation 

of the microorganism,34 and could be associated with 

increased tolerance for gamma irradiation and may be 

attributed to the melanin layer, (Fig. 2), adhering to the 

conidial cell wall of A. niger.35 

 

Table 2: The calculated total accumulated dose due to Co-60 after 190 days at contact to fungus as function of 

activity content added 

Activity added (mean values), Bq Dose rate,* µS/hour Total Dose, µS 

1270 3.9E+007 1.8E+0011 

7123 2.2E+0010 1.0E+0014 

9497 2.9E+0010 1.3E+0014 

29461 9.1E+0010 4.2E+0014 

* calculated based on Rad Pro 

Calculator.src="http://c40.statcounter.com/3546775/0/eb02ab58/1/" 

 

Table 3: The calculated total accumulated dose due to Cs-137 after 190 days at contact to fungus as function 

of activity content 

Activity added (mean values), Bq Dose rate,*µS/hour Total Dose, µS 

1205 9.2E+006 4.2E+0010 

3721 2.8E+007 1.3E+0011 

4758 3.6E+007 1.6E+0011 

7138 5.5E+007 2.5E+0011 

* calculated based on Rad Pro Calculator src="http://c40.statcounter.com/3546775/0/eb02ab58/1/" 

 

There is a postulation that the fungal hyphae are 

able to use the energy for metabolism.31 Melanin or 

other natural quinine pigments in the fungal cell wall 

may act as the radiation receptor for this response.  

 

Melanin has the capacity to change the biochemical 

pathways in fungal cells when exposed to radiation.31,36-

40 
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Fig. 2: Melanin formed in the spiked solution with Cs-137 & Co-60 compared to the control unspiked one 

post 190 days incubation period 

 

Conclusion 
Based on the experimental results, it can be 

concluded that A. niger can be harnessed as 

bioconcentration agent for Cs-137 and Co-60 

radionuclides from the contaminated solution simulates. 

About 80% of Co-60 and about 25% of Cs-137 were 

removed from the simulated spiked solution by the 

second day post inoculation. Besides, the 

microorganism might have a synergetic role during 

application of other treatment methods. The present 

study can be a step for further assessment and 

management of natural bio sorbent (fungus) which 

could serve as an economical material for treating low 

and intermediate level radioactive effluents originated 

from the peaceful applications of nuclear technology in 

the daily life. 
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