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Abstract. Radiation accidents, regular activities of nuclear power cycle enterprises, and nuclear weapons testing are 
sources of artificial high radiotoxicity actinides entering the environment. The actinides' long half-lives result in their 
constant accumulation on a planetary scale. Radioactive microparticles are one of the common forms of artificial 
actinides in soils. According to recent studies, soil micromycetes can increase the processes of hot particles destruction. 
A presented paper shows the ability of Cladosporium cladosporioides to transfer 241Am from hot particles containing 
241Am and 137Cs to the mobile biologically available form. We observed the 241Am direct accumulation by micromycete 
mycelium for the first time. In contrast, the interaction of studied strains with 137Cs from hot particles was different. 
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1. INTRODUCTION 

The most dangerous artificial radionuclides are 
alpha-emitting long-lived actinides. Radioactive 
microparticles (hot particles) are currently one of the 
common forms of artificial actinides in the 
environment. Pollution of the Earth's surface with hot 
particles has a different structure and radionuclide 
composition, depending on their release sources [1-3].  

Presumably, the radionuclide low molecular forms 
and colloids are mobile and potentially bioavailable, 
whereas the particles are held in soils. However, 
contaminated soils can subsequently become secondary 
sources of such radionuclides due to the remobilization 
processes. In addition, polluted grounds can act as 
transitional locations, where radionuclides can pass 
into the aqueous phase due to the organic complex 
formations or redox processes [4]. 

After destroying the Chernobyl nuclear power plant 
(СhNPP) 4th unit, 2-3% of radionuclides from the 
reactor core fell to the environment. During the 
operation of the СhNPP 4th unit, the reactor core 
accumulated 6,6×10―2 MCi 239,240Pu and 5 MCi 241Pu 
[5, 6]. 241Pu with a half-life of 14 years decays into 241Am. 
Therefore we estimate that the 241Am current activity 
can be (10-12)×10―2 MCi, and 2-3% of this quantity fell 
in the environment in the form of hot particles.  

The studies of radionuclides migration on highly 
contaminated areas of the Chernobyl 30 km zone 
demonstrated that at present, the 241Am activity could 
be traced to the depth of 50-60 cm [7, 8]. Thus intensive 
processes of fuel fallout destruction take place in soils. 
According to some assumptions, soil micromycetes can 
influence these processes [9-13]. Soil micromycetes are 
one of the main components of biota that are directly 
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related to soil formation and the substances’ cycle in 
ecosystems. Mycobiota share in the microbial biomass 
of the soil accounts for more than 80%. Recent studies 
have discovered certain species of micromycetes' ability, 
particularly Cladosporium cladosporioides, to destroy 
hot particles of various radionuclide compositions.  Our 
objective of the presented work was to study the ability 
of soil micromycetes to transfer 241Am from hot particles 
to the mobile biologically available ion exchange form. 

2. MATERIALS AND METHODS 

We used the following materials and methods to 
study the influence of some micromycetes strains 
irradiated generations on the destruction of hot 
particles. 

2.1. Cultures of fungi 

Two strains of Cladosporium cladosporioides were 
used: C. cladosporioides 4 selected from the soils of 
Chernobyl Exclusion Zone and developing 
radioadaptive properties and C. cladosporioides 4061, 
extracted from the grounds with the background levels 
of radiation, without radioadaptive properties. 

2.2. Hot particles 

We chose two particles sampled in the ChNPP 4th 
Unit with similar physical and chemical properties for 
the study (SL-4 and SL-15). They contain the high 
activity of 241Am, 137Cs, 90Sr. 

2.3. Experimental installations 

Studies of the interaction of “micromycete – hot 
particle” were performed with culturing the fungus in 
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the Czapek's liquid in oligotrophic conditions (1 g/L 
glucose) at 25±2 °C for 60 days. Finally, all system 
components were separated under study: hot particles, 
the culture liquid, the mycelium. The specific activity of 
each part of the system was measured after special 
preparation. Basic γ-spectroscopic research was 
performed using an anti-Compton spectrometer with 
HPGe-detector. It had an input beryllium window and 
an energy resolution of 1.9 keV on the γ-rays of 60Co and 
350 eV on the 59 keV γ-rays of 241Am. The efficiency of 
the spectrometer is 15% compared with a NaI (Tl) 
detector with dimensions of 3”×3′. The suppression of 
the Compton background in the low-energy region 
occurred no less than eight times. A standard 152Eu 
source was used to calibrate the HPGe-spectrometer.  

The 90Sr specific activity in the samples was 
determined with a SEB-50 beta-spectrometer. The 
experimental spectra were processed by comparing 
them with calibration spectra, i.e., with spectra obtained 
on the same spectrometer using standard sources of 
90Sr+90Y, 137Cs, 40K. The spectra of the calibration 
sources and background were described by cubic splines 
and were subsequently used to fit into the experimental 
spectra. This method was implemented in the Beta+ 
program code [14]. 

The studies were conducted in two phases. The first 
stage included creating two installations for 
“micromycetes – hot particle” interaction studies (one 
with SL-4 particle and the other with SL-15 particle). In 
the first one, the SL-4 hot particle was entirely 
immersed in the culture liquid with C. cladosporioides 
4061 strain, and in the second, SL-15 was partly 
immersed in the liquid. After 60 days of the experiment 
in both installations, C. cladosporioides mycelium was 
separated from the culture liquid. The amount of 
accumulated biomass during the investigation with SL-
15 was 7.6 mg, and in the study with SL-4 was 16 mg. 
The measured γ-ray spectra of extracted mycelium 
demonstrated the presence of comparable activities of 
137Cs and 241Am. Spectrometric analysis of the 
remaining culture liquid showed 137Cs and 241Am, but 
the 241Am activity was 100 times less than the 137Cs 
activity. 

In the second stage, a comparative study of the C. 
cladosporioides strains ability with (C. cladosporioides 
4) and without (C. cladosporioides 4061) radioadaptive 
properties of transfer radionuclides from hot particles 
into biologically available forms was performed during 
cultivation into a system “particle-micromycete” in a 
culture liquid. The particles were placed as wholly 
immersed in the liquid to provide full access of the 
mycelium to the entire particle surface. After 60 days of 
the experiment, radionuclide activities in the culture 
liquid and the micromycete's biomass were examined. 
The data has coincided for different positions within the 
statistical uncertainty.  

Therefore, further research was conducted with hot 
particles wholly immersed in the culture liquid. Such 
geometry significantly reduces the influence of external 
factors and allows access of mycelium to the entire 
surface of hot particles. 

3. RESULTS AND DISCUSSION 

Figure 1 shows low-energy fragments of the particle 
spectra with Kα and Kβ X-rays of Ba. Table 1 presents 
data on the activities of the hot particle radionuclides. 

As we can see, the total SL-4 particle activity is almost 
twice higher than that of SL-15. The ratio of 241Am and 
137Cs was similar in both particles. The U KX-emission 
found in hot particles showed that particles contain the 
uranium mass (12% of the total mass in the SL-15 and 
8% in the SL-4). 

Table 1. The absolute activity of hot particle samples 

Hot particle 
Activity, Bq/sample 

137Cs 241Am 90Sr 
SL-15 3420±103 364±18 2030±203 
SL-4 6590±198 908±45 4010±401 

 

 

 

Figure 1. Fragments of γ-spectra of the hot particles:  
SL-4 (a) and SL-15 (b). 

Figure 2 shows the fragments of the sample spectra 
after the experiments in installation “micromycetes – 
hot particle”.  

Table 2 presents the results of radionuclides 
accumulation in a liquid culture environment for hot 
particles in different positions. 

Table 2. The accumulation of radionuclides with culturing  
C. cladosporioides on a liquid culture environment for hot 

particles in different positions 

Hot particle/ 
strain 

Mycelium 
weight, 

mg 

Accumulated 
radionuclides (Bq/g) 

241Am 137Cs 

Superficial 
position of SL-
15/4061 strain 

7.6 71±7 21±2 

Submerged 
position of SL-
4/4061 strain 

16 81±8 21±2 
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Figure 2. Fragments of low energy spectra of γ-rays:  
the background radiation (a), the extracted mycelium after 
the experiment in installation with SL-4 (b), the extracted 

mycelium after the investigation in installation with SL-15 (c), 
the culture liquid after the experiment in installation with SL-

4 without mycelium (d). 

 

 

 

Figure 3. Fragments of the extracted mycelium γ-spectra after 
the experiment with SL-4 particle and C. cladosporioides 4 
strain (a), mycelium after the investigation with the SL-15 

particle and C. cladosporioides 4061 strain (b), culture liquid 
after the study with SL-4 and C. cladosporioides 4 strain (c). 

Figure 3 shows the fragments of the measured 
spectra. Conspicuously, we can observe an increased 
yield 241Am (241Am contained in the culture liquid is 50 
times less). The measurement uncertainties of hot 
particles were 3%, and for mycelium and culture fluid, 
they were 10%. 

We detected no significant accumulation of 90Sr in 
either culture fluid or the mycelium of micromycetes 
after analyzing the β-spectra (at the level of 0.03-0.05 
from activity 137Cs). 

Table 3 shows the value of the accumulated biomass 
of the studied strains; the activity of 241Am and 137Cs per 
gram of C. cladosporioides 4061 and C. cladosporioides 
4 biomass; and calculated radionuclides transfer factor 
for the “hot particle – micromycetes” system. 
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Table 3. The accumulation of radionuclides  
C. cladosporioides by culturing on a liquid medium  

with the submerged hot particles 

Hot 
particle 
/strain 

Myce-
lium 

weight, 
mg 

Accumulated 
radionuclides, 

Bq/g 

TC* from hot 
particles into  
the mycelium 

137Cs 241Am 
137Cs, 

×10–5 

241Am, 
×10–5 

SL-4 / 
strain 4 

30 9±1 17±2 4 56 

SL-15 / 
strain 
4061 

47 11±1 6.4±0.6 15 87 

*The transfer coefficient (TC) is an indicator characterizing 
the ability of biota to accumulate radionuclide. The 
uncertainties of the transition coefficients are determined by 
the measurement uncertainties of the americium and cesium 
activities of mycelium, culture liquid, and hot particle (no more 
than 10%). 

4. CONCLUSION 

In summary, the 241Am direct accumulation of 
micromycetes was detected for the first time. The 
almost complete mycelium assimilation of 241Am 
without its transferring into the culture fluid was 
observed. Such behavior is qualitatively different from 
the interaction of the same strains of micromycetes with 
137Cs from hot particles. In contrast to the 241Am activity, 
the 137Cs content in the mycelium and the culture liquid 
is comparable. Thus, for the first time, we observed 
domination of the 241Am accumulation by strains 
extracted from the Chernobyl Exclusion Zone soils 
compared to 137Cs storage. 

Our results open up new opportunities to study the 
interaction of various micromycetes with nuclear fuel-
containing materials. Similar research will allow 
developing benign methods of contaminated areas 
cleaning from actinides (such as spent nuclear fuel 
storage sites, polluted regions resulting from major 
radiation accidents, nuclear weapons tests, and others). 
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