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OCCURRENCE OF FUNGUS Rhizopus sp IN BIOASSAYS WITH Allium 

cepa GERMINATED IN THE PRESENCE OF URANIUM TO STUDY 

THE EFFECT OF NATURAL RADIOACTIVITY 

 

ABSTRACT 

 
The demographic and global economic growth has promoted increasing power consumption. In this context, 

several studies point to nuclear energy as being promising to meet such demand. Although Brazil composes the 

seventh position in the world ranking of uranium reserves, the ore is still little explored in Brazil, considering its 

vast existing arsenal. On the one hand, despite nuclear energy has brought great benefits, technological and 

socio-economic development, it generates controversy about environmental contamination and risks to public 

health. Studies on this subject indicate that areas where uranium ore concentration is high, natural environmental 

radiation exposure levels are already higher than in other regions. The aim of this study is to observe the simple 

germination of the bio-indicator (Allium cepa), typically used to assess potential chromosomal aberrations, 

suffer any adverse effect caused by natural radiation uranium. The choice of this bio-indicator is based on its 

potential for evaluating the mutation caused by innumerous chemical compounds. Four treatments with three 

replicates were designed. In each treatment, 10 seeds of onion A. cepa without any pesticides were packed in the 

Petri dish lined with germination paper and room temperature (25°C) was kept until the root reaches 

approximately 1cm long. As a result, growth of the fungus Rhizopus sp was observed, in the experiments where 

uranium ore was added. It is important to mention according to the literature, this fungus can cause serious 

infections (and often fatal) in humans and animals, due to its high growth rate and also to their ability on 

surviving in relatively high temperatures. 

 

 

1. INTRODUCTION 

 

Faced with the growing energy demand, the global power sector starts a relentless pursuit for 

sources to meet this urgent demand. So, when taking into account efficiency and benefits, 

nuclear energy has proven to be promising. In contrast, the process involving its generation 

has been the focus of environmental organizations, since according to them, the extraction 

and processing of uranium ores are settled as the cause of degradation ecosystems and 

consequently with a high potential risk to the public health . 

 

According to the newspaper O Globo [1], Brazil occupies the seventh position in the world 

ranking of uranium reserves, however, due to many complaints involving the nuclear fuel and 

its environmental impacts and health risks [2], the public policies are not constant in 

encouraging the exploration of the Brazilian reserves. 
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Certain issues such as the origin and the effects of natural radioactivity are not common in 

usual conversations in our country. The absence of reliable information about this topic is the 

responsible for the inattention given to its impact on moments that deserve concern, directing 

the blame of any radiation abnormalities found to the Brazilian nuclear industry. 

 

Radioactivity is a phenomenon that occurs with unstable atomic nuclei, resulting in its 

progressive disintegration, until they reach a stable form [3]. It can be a natural or artificial 

process. Natural or spontaneous radioactivity occurs due to the presence of radioactive 

elements found in nature, such as uranium. During its process, there is a radiation emission, 

the radioactive energy release happens once there is a transformation of the unstable nucleus 

(nuclear fission) losing alpha and/or beta particles, or even gamma rays. An erroneous, and 

unfortunately not so unusual, conception is the belief the radiation emission existence in the 

environment is only due to the human activities. Man has always lived with this phenomenon, 

being in constant contact with the natural form of radiation. 

 

Studies indicate that regions with large uranium ore concentrations present their natural 

environmental radiation exposure levels higher than in other locations [4]. 

 

It is known that ionizing radiation can be harmful to health, taking into account the exposure 

time and intensity. Prolonged exposure to nuclear radiation can cause various injuries and 

seriously compromise the health of people, animals and the ecosystem, in addition, it can 

trigger genetic mutations, especially gamma radiation. 

 

In this context, a good portion of natural radioactivity in the soil can be incorporated into 

foods, as with dairy and potatoes, which contains 
40

K [5]. Uranium frequent intake through 

water or contaminated food brings many health risks, which may lead to its accumulation in 

bones, kidneys and also the total volume of bone marrow cells hematopoietic stem [6]. 

 

Damages in the environment, and also, to the health of neighboring population, by the 

radioactive sites, without any means of control or prevention, can be occurring. There are 

several strategies to do environmental impact evaluation [7] and, one of them is the 

monitoring environmental conditions through biological indicators. The use of plants as bio-

indicators has provided interesting results in researches related to air pollutants and the 

presence of natural or artificial radionuclides. This study aims to identify potential impacts of 

the uranium in natural environmental conditions, to observe if there is any effect in onion 

roots (Allium cepa) when they are exposed to uranium natural radiation. The choice of this 

bio-indicator is based on their potential to assess the mutation caused by numerous chemical 

compounds [8]. 

 

 

2. MATERIALS AND METHODS 

 

2.1. Bioassays with Allium cepa germinated in the presence of uranium dioxide (UO2) 

present in nature 

 

The Allium cepa seeds were purchased in the local market of the Vitória da Conquista (BA) 

city. Firstly, they were subjected to the irradiation process by a source of ultraviolet (UV) 
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light for decontamination, since due to its germicidal action, this samples disinfection method 

satisfactorily reduces the contaminating microbial present on food and water. This occurs due 

to the penetration of UV radiation in the microbial cell and its absorption by the genetic 

material, leading to the formation of dimers of pyrimidine bases, especially thymine. In turn, 

with the formation of a considerable amount of dimers does not replicate the DNA, affecting 

protein synthesis and hence making it difficult to microbial growth [9]. 

 

According to Armas, et al. [10], exposure for 15 minutes of a sample to UV radiation is 

efficient so there is surface decontamination of it. However, for effective decontamination is 

necessary to increase the exposure time. 

 

The samples were mounted by 10 seeds without pesticides, subjected to four treatments with 

three replicates each. In each treatment, seeds of A. cepa were placed in Petri plate lined with 

paper germination and kept at ambient temperature (25°C) until the root reached 

approximately 1 cm in length. 

 

Treatment 1 (T1) is the treatment of negative control of the experiment (not irradiated), in 

which the 10 seeds were watered with 10 ml mineral water and germinated in the presence of 

1.0 g of uranium dioxide (UO2). 

 

Treatment 2 (T2) was the positive control, where 10 Onion seeds were subjected to 25 

minutes of UV (250 nm) after radiation to be germinated in the presence of 0.5 g of uranium, 

similar to T1. The UV wavelength was chosen to be effective in controlling microorganisms, 

since this situation there are changes in the DNA of the microbial cell, preventing their 

multiplication and or proliferation. 

 

Treatment 3 (T3) is similar to T2. The samples were germinated in the presence of 0.5 g of 

uranium, however, with UV radiation during 20 minutes. 

 

Treatment 4 (T4) proceeded similarly to T3, differing only in the UV exposure time, which 

was 15 minutes and the samples were germinated in the presence of 1.0 g of uranium. 

 

2.2. FT-IR Analysis 

 

A Fourier Transform Infrared Analysis was done on the samples originated in the 

experimented described in the previous section. FT-IR spectra were obtained in a Spectrum 

GX (Perkin Elmer). None sample preparation was done. The FT-IR spectra were measured in 

the usual range (400 to 4000 cm
-1

).  

 

 

3. RESULTS AND DISCUSSION 

3.1. Bioassays with Allium cepa germinated in the presence of uranium dioxide (UO2) 

present in nature 

 

After the period of germination of seeds Allium cepa, the proliferation of the fungus Rhizopus 

sp was observed in all test treatments contained uranium. This observation was valid for the 

positive control samples and also for the negative control samples (not irradiated by UV). 
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According to [11] literature fungi are living organisms that multiply on much smaller cells 

called spores. A fungal spore, all having the proper nutrients, germinating filament grows and 

produces new spores. In this process of growth, several factors interfere, such as temperature, 

moisture, pH, etc. In general, the fungi can adapt at temperatures between 20ºC and 30ºC, but 

can be maintained at lower or higher temperatures. To fall into moist soil, they develop 

rapidly, since the environment is conducive to the growth of a new fungus. 

 

Also according to literature [11] Rhizopus sp is a not a selective pathogen in relation to the 

host, so it infests a large number of plants. Their colonies grow rapidly covering all tissues, 

reaching about 1 cm. They have a filamentous appearance with a harmful texture feature 

something initially white, however, as the sporulation occurs become brown or dark gray. 

 

As seen in Figure 1 [11], the Rhizopus genus is characterized by the pigmented rhizoids 

presence. These structures carry out root functions without having the characteristics of the 

roots of vascular plants. On top on them the sporangiophores are formed, sort of Fungus stem 

that supports the sporangium. [12] 

 

 

 

 
Figure 1:  Fungus structure Rhizopus sp (left) and his photograph in Petri dish (right) 

 

  

Figure 2 is the photo of a microscope image showing the structure of fungus observed in 

bioassays  with A. cepa. There is a clear resemblance with the structure previously seen. 
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Figure 2:  Photo of a microscope image of structure of fungus observed in bioassays  

with A. cepa. 

 

 

In figure 3, also obtained with a microscope, it was possible the identification the fungus 

present, in samples of Allium cepa germinated in the presence of uranium, as belonging to the 

genus Rhizopus . 

 

 

 
Figure 3:  Fungus Rhizopus sp appeared in samples with Allium cepa germinated in the 

presence of uranium. 

 

 

The Rhizopus sp fungus is the causative agent of human zygomycosis, an opportunistic 

infection that can occur in several forms and disseminated, being the most common 

mucocutaneous the rhino-brain, lung and genitourinary in which the fungus being angio-

invasive causes tissue necrosis [12]. 
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A study by Felix and Rao [13] found the incidence of Rhizopus sp in health analysis of castor 

seeds in continuous radiance regime. The fungus was also found in seeds and materials used 

in craftwork; it is evident that this can cause human allergies and endanger biodiversity of 

inputs and seeds of Brazil. 

 

Therefore, the presence of the fungus in bioassays Rhizopus sp with Allium cepa germinated 

in the presence of uranium is somewhat injurious to health of the plant and also to people. 

 

Although considered somewhat radioactive, uranium is a heavy metal with chemo toxic 

potential. All its isotopes emit alpha particles. Due to their size, alpha particles quickly lose 

kinetic energy, which reduces its penetration power. However, there are no available literature 

studies that portray the adverse effects of natural radiation emitted by uranium in plant 

germination. 

 

We did not expect to observe the presence of any effects, among them the emergence of the 

fungus Rhizopus sp in the negative control samples (not irradiated by UV), only in the 

positive control samples that were exposed to UV radiation for decontamination. That is, 

assuming that there is no presence of any potential infectious agent, nothing should have in 

the negative control. In turn, the positive control only serves to establish whether the fact that 

experimental conditions can eradicate the development of microorganisms. It is important to 

mention this experiment was performed in a laboratory, where every care had been taken in 

order not to have any samples contamination during the bioassays stages. 

 

3.2. FT-IR Spectra 

 

FT-IR spectra were recorded to samples with 0.5 and 1 g of uranium ore. The obtained 

spectra are shown in the figure 4. 

 

 
Figure 4:  FT-IR Spectra T3 and T4 Treatments 
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As it is possible to observe, the only difference on mid infrared region is the presence of a 

band around 1900 cm
-1

. This vibration mode was assigned, in the literature [14, 15] as 

relative to the presence of M-N bonds (M: metal, N: nitrogen). The uranium ore used was 

obtained in a uranium mine so, once it is not a synthetic reagent, it is not 100% uranium. It is 

clear, in figure 4, 1900 cm-1 band showed an increase for T4 treatment (addition of 1g U), it 

seems uranium is associated to nitrogen compounds. However, once the uranium ore used is 

not pure, elemental analysis of the ore is needed to a better understanding on the behavior of 

this IR band. Another important point is once the samples were submitted to UV light, which 

is responsible for radicals formation, and nitrogen is also present on air, it is not possible 

neither to identify its origin. 

 

 

4. CONCLUSION  

 

We can conclude the presence of the fungus Rhizopus sp in both control groups was triggered 

by radiation. So, this observation can be related to the radiation emitted by uranium, in its 

natural form, which caused the development of fungus Rhizopus sp in both control groups. 

 

The use of UV radiation in the positive control samples served only for decontaminating 

seeds of A. cepa if there were any infectious agent therein, this is because there are several 

that studies demonstrate that this technique is effective in fighting microbial contaminants 

[9,10]. In turn, in assuming that there is no infectious agent in Allium cepa, the negative 

control should not rely on the presence of the fungus Rhizopus sp. Thus, this evidence 

indicates that the presence of the development of this pathogen in both control groups is due 

to the natural radiation U. 

 

There is a strong indication that soil enriched with uranium ore may lead to increased rates of 

exposure to natural radiation and seriously compromising plant life present there . 

 

We intend to investigate soon possible changes in the genetic material of the onion (Allium 

cepa), germinated in the presence of uranium, to evaluate adverse effects of natural 

environmental radioactivity. 
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