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Abstract. Yazid M, Bastianudin A, Octavia B, Putra TD, Rachmani LD, Putri KNA. 2023. Indigenous filamentous fungi isolated from 
zirconia processing wastewater as a potential biosorbent for aqueous thorium(IV) ions. Biodiversitas 24: 6825-6835. This research 

focused on exploring indigenous thorium-tolerant fungal isolated from zirconia processing wastewater as a biosorbent for thorium. The 
objective of present study was to isolate, purify, identify, and analyze the selected capabilities of indigenous fungal biomass in adsorbing 
thorium from aqueous solution, with the aim of obtaining valuable technical data for its application as a bioremediation agent for 
technologically enhanced naturally occurring radioactive material (TENORM) wastewater containing thorium. The results showed that 
total five indigenous fungal isolates, namely two isolates of Penicillium sp. (T2, T4), Rhizoctonia sp. (T3), Mycelia sterilia (T5), and 
Aspergillus sp. (T6) were isolated from the samples. The result of tolerance index values revealed that two isolates i.e., Penicillium sp. 
(T2), Penicillium sp. (T4) and a Mycelia sterilia (T5) exhibited high tolerance, while Rhizoctonia sp. (T3) and Aspergillus sp. (T6) showed 
very high tolerance to thorium. Consequently, Rhizoctonia sp. (T3) was selected for the biosorption study based on the highest tolerance 

index value obtained. The optimal pH for biosorption was found to be 4 with 30 minutes of contact time and an 80°C temperature. The 
optimal biosorption efficiency with initial concentrations of 50 and 100 ppm was 97.53 and 90.88%, respectively. In conclusion, based on 
the obtained technical data, the Rhizoctonia sp. (T3) biomass shows significant potential as a bioremediation agent for wastewater 
containing thorium. 
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 INTRODUCTION 

The wastewater generated from zirconia processing 

generally contains technologically enhanced naturally 

occurring radioactive material (TENORM) radionuclides, 

which are natural primordial radionuclides with a lifespan of 

billions of years, comparable to the age of the earth. 

Uranium-238 (U-238) has a half-life of 4.5 x 109 years, 
while thorium-232 (Th-232) half-life is 1.4 x 1010 years, and 

kalium-40 (K-40) for 1.277 x 109 years. During their 

decaying processes, U-238 and Th-232 produce various 

radionuclides with half-lives ranging from seconds to 

thousands of years, categorized into uranium and thorium 

decay series. In addition, Ra-226, Th-232, and K-40 are 

dominant radionuclides found in TENORM, posing a 

potential radiation dose contribution to public health 

(Odongo et al. 2021; Mansour et al. 2022).  

Radionuclides such as Th-232 are capable of entering the 

human body through the food chain, contaminated water and 
air (Olobatoke and Mathuthu 2015). Bhainsa and D'Souza 

(2009) explained that Th-232 that enters the body is mostly 

precipitate and accumulate in the liver, bone marrow, and 

spleen. The health impacts from the exposure and 

accumulation of Th include respiratory diseases, lung 

cancer, liver damage, bone marrow cancer, and potentially 

causing death (ATSDR 2019; Ghoniemy et al. 2020). 

Bioremediation is an alternative technology for an 

environment-friendly treatment of wastewater by utilizing 

biological materials as biosorbents capable of binding 

radionuclides/heavy metals with high affinity. Moreover, 

their availability is abundant around us, such as fungi, 
bacteria, yeast, algae, and biopolymers like alginate and 

chitosan, which are by-products of the fishing industry (Gok 

et al. 2011; Huang et al. 2018; Chen et al. 2020; Hamza et 

al. 2021; Rakhmawati et al. 2021; Yoon et al. 2021). 

Currently, the utilization of microorganism-based 

biosorbents has been extensively developed, and one type of 

microorganism used is fungi, especially filamentous fungi. 

Filamentous fungi are multicellular microorganisms with 

cell walls composed of polysaccharides (chitin and glucan) 

and glycoproteins that form the basic structure called hyphae 

(Reyes et al. 2017). According to the research by Mumtaz et 
al. (2013), fungi isolated from the Ranger Uranium Mine in 

Australia exhibited high tolerance to uranium. Additionally, 

fungi have several other advantages, inexpensive culture 

conditions, not requiring complex growth conditions, and 

being easily harvested, allowing for large-scale production 

(Mumtaz et al. 2013; Mustapha and Halimoon 2015).  
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Fungi are microorganisms that inhabit various 

environments, including soil, air, freshwater, and saltwater, 

and some can even survive in extremely harsh conditions 

(Egbuta et al. 2016; Cairns et al. 2021; Gostinčar et al. 2022). 

Indigenous fungal species living in extreme conditions, such 

as zirconia processing wastewater, have the potential to be 

utilized as biosorbents for the same type of waste. This is 

because they have undergone adaptation, which enhances 

their tolerance and efficiency in adsorbing pollutants (Panda 

et al. 2017; Coelho et al. 2020a; El Sayed and El Sayed 
2020). According to Panda et al. (2017), the high tolerance 

capacity of fungi towards pollutants indicates their potential 

for development as bioremediation agents or biosorbents.  

The common biosorption mechanism by fungi includes 

surface and pore adsorption-complexation, electrostatic 

attraction, ion exchange, and chelation (Dhankhar et al. 

2011; Abbas et al. 2014; Mustapha and Halimoon 2019; 

Muñoz et al. 2019; Yadav et al. 2019). Moreover, several 

fungal species that have been studied demonstrate excellent 

abilities to adsorb radioactive elements, including 

Aspergillus spp. (Ding et al. 2019; Abozaid et al. 2021), 
Penicillium spp. (Pang et al. 2011, Coelho et al. 2020b), 

Rhizopus spp. (Dhami et al. 2001), Fusarium sp. (Yang et al. 

2015), Mucor hiemalis (Hoque and Fritscher 2019), and 

Talaromyces emersonii (Bengtsson et al. 1995). However, 

each fungal species possesses different capacities for 

radioactive element adsorption.  

The objective of this study was to isolate, purify, 

identify, and analyze the potential of indigenous thorium-

tolerant fungi from radioactive wastewater as a biosorbent 

for TENORM radionuclides, particularly thorium, from 

zirconia processing wastewater. This study provides technical 
data on the utilization of indigenous fungal biomass as a 

bioremediation agent in treating TENORM wastewater.  

MATERIALS AND METHODS 

Materials  

Thorium nitrate pentahydrate (Merck, Germany), 

arsenazo III (Merck, Germany), polyethersulfone membrane 

filter (PES) (13 mm; 0.22 μm), chloramphenicol (Himedia, 

India), lactophenol blue (Himedia. India), potato dextrose 

agar (PDA) (Oxoid, UK), potato dextrose broth (PDB) 

(Oxoid, UK), deionized water (Onemed, Indonesia), and 

other materials used in this study were of analytical grade. 

Wastewater sampling 
Wastewater from zirconia processing process produced 

by research activities from the National Nuclear Energy 

Agency of Indonesia (BATAN), Yogyakarta, was collected 

using a pre-sterilized polyethylene container. The 

wastewater samples were then directly brought to the 

Microbiology Laboratory at Yogyakarta State University for 

fungal isolation and tested for physical and chemical 

parameters, including color, temperature, pH, and thorium 

concentration. 

Isolation of indigenous fungi from zirconia processing 

wastewater 

Isolation of indigenous fungi from zirconia processing 

wastewater was carried out using spread plate method. The 

wastewater was directly inoculated and serially diluted up to 

10-5 with sterile aquadest then spread onto PDA plate and 

incubated in dark condition at room temperature. After 7 

days incubation, fungal colony grew on the medium was 

transferred onto fresh PDA plate. The fungal colony then 

purified on PDA slant supplemented with 10 ppm of thorium 
to remain their ability to tolerance thorium for further use 

(Coelho et al. 2020c; Ghoniemy et al. 2020). 

Characterization and identification of indigenous fungi 

from zirconia processing wastewater 

Pure fungal isolates were characterized and identified 

macroscopically and microscopically. Macroscopic 

characteristics, included colony color (upper and reverse 

surface), shape, texture, elevation, growing zone, exudate 

drop, and radial line. Microscopic characteristic was 

determined with slide culture method. The obtained 

characteristics were then matched with fungal identification 
books and other relevant articles (Tiwari 2015; Walsh et al. 

2018; Aini et al. 2022; Ezeonuegbu et al. 2022). 

Screening of thorium-tolerant filamentous fungi 

Fungi isolated from zirconia processing wastewater were 

screened based on the ability to tolerance thorium by the 

tolerance index (IT-Th). The tolerance index was conducted 

according to Coelho et al. (2020a) and Calvillo-Medina et 

al. (2021) with slight modification. In this method each 

isolate was placed in the middle of PDA plate without 

thorium using a needle loop and then incubated at room 

temperature for 7 days. The 7 days old fungal colony was 
aseptically cut using a cork borer (5 mm in diameter) from 

the edge of the colony, then the disc was placed in the middle 

of a PDA plate supplemented with 100 ppm thorium and a 

PDA plate without thorium served as a control and then 

incubated at room temperature. The experiment was 

conducted in triplicates. The radius of fungal colony was 

measured every day using calipers for 7 days. The 

determination of the thorium tolerance index value by fungi 

was calculated using the following formula (Coelho et al. 

2020a): 

 

 

Fungal biomass production 

The fungal isolate that had the highest IT-Th values was 

grown in a liquid medium by placing one loop isolate on 

PDB media. PDB media was then shaken at 150 rpm at room 

temperature for 7 days. Biomass was then harvested, filtered 
using filter paper, and washed five times using sterile 

deionized water. The obtained biomass was then chopped 

and weighed as much as 1 g to be used in each biosorption 

test. 
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Biosorption optimization 

To obtain the most optimal biosorption efficiency, 

biosorption were tested for pH, contact time, and 

temperature. This biosorption optimization was carried out 

sequentially from one factor to another, referring to 

Ghenomiey et al. (2020) with modifications. All 

experiments were conducted in triplicates. 

Effect of pH 

The effect of pH on the efficiency of biosorption was 

also tested. The pH solution was adjusted to 2, 4, 7, and 9 
using HCL (0.1 M) and/or NaOH (0.1 M). The test was 

conducted in controlled conditions, 50 mL of biosorption 

solution with 50 and 100 ppm thorium concentrations, then 

incubated at room temperature and shaken at 150 rpm for 60 

minutes. 

Effect of contact time 

For this, biosorption test was conducted with different 

contact time, such as 10, 20, 30, 40, 50, and 60 minutes. This 

test was carried out under controlled conditions, 50 mL of 

biosorption solution with 50 and 100 ppm thorium 

concentrations at the most optimal pH of the previous test, 
then incubated at room temperature and shaken at 150 rpm. 

Effect of temperature 

Biosorption test was conducted with various 

temperatures, including 20, 40, 60, and 80°C. In this test 50 

mL of biosorption solution with 50 and 100 ppm thorium 

concentrations at the optimal pH and contact time of the 

previous test, then incubated at different temperatures 

described above and shaken at 150 rpm. 

Thorium removal analysis 

The final thorium concentration was measured by 

separating 10 mL of the biosorption solution from the fungal 
biomass through a polyethersulfone (PES) membrane filter 

with a mesh size of 0.22 μm. Thorium final concentration 

was measured using a UV-Vis spectrophotometer (Thermo 

Scientific, USA) at wavelength 660 nm with the arsenazo 

complex method (Yang et al. 2019). The efficiency and 

capacity of thorium biosorption by fungal biomass were 

calculated using the following formula (Coelho et al. 

2020a): 

 

 
Where, E = biosorption efficiency percentage (%), q = 

biosorption capacity (mg Th/g biosorbent), Ci = initial 
thorium concentration (ppm), Cf = final thorium 

concentration (ppm), m = mass of fungal biomass (g), and V 

= the total solution volume (L). 

Thorium localization studies 

Thorium localized in the fungal biomass was determined 

using the method described by Rakhmawati et al. (2021) 

with modifications. In this study, biomass loaded with 100 

ppm thorium was used and mixed with three different 

eluting agents, which were deionized water, NH4NO3 (1 M), 

or EDTA (0.1 M). Finally, the thorium concentration was 

analyzed using the same method described before. 

Desorption and reusability studies 

Loaded fungal biomass was desorbed using NaHCO3 (1 

M) as an eluting agent. NaHCO3 was chosen because it was 

effective for thorium desorption. In this study, 1 g of loaded 

biomass used from previous experiments was mixed with 

100 mL of eluting agent and then shaken at 250 rpm for 1 h. 

Several cycles of biosorption using a 100 ppm initial 

concentration and desorption experiment were conducted to 
assess the reusability of the biosorbent. The thorium 

concentration was analyzed using the same method 

described before (Embaby et al. 2022). 

Data analysis 

The thorium biosorption study data were analyzed 

statistically by one-way ANOVA with 95% confidence level 

and significance level of (α) 0.05 using the SPSS ver. 23 

(IBM Corporation, USA) to determine whether there was an 

influence of each factor of the test on the efficiency of 

thorium biosorption by fungal biomass. 

RESULTS AND DISCUSSION 

Isolation and identification of indigenous fungi from 

zirconia processing wastewater 

The characterization results of the wastewater from 

zirconia processing are presented in Table 1. Results showed 

that the wastewater sample had a thorium content of 5.50 

ppm, temperature of 26.3°C, and pH of 2.4, indicating the 

possibility of microbial growth, particularly fungi. Previous 

studies have shown that fungi can survive in various extreme 

conditions, such as hot springs, hypersaline environments, 

heavy metal/radionuclides contaminated sites, textile/ 

industrial wastewater, and others (Tkavc et al. 2017; Sanjaya 
et al. 2021; Ezeonuegbu et al. 2022; Lira et al. 2022; Saryono 

et al. 2022; Wingfield et al. 2023). 

Five indigenous filamentous fungi and three yeast were 

successfully isolated from the wastewater samples. The 

yeast isolates assigned codes T1, T7, and T8, while the 

filamentous fungal isolates were purified on PDA slants 

supplemented with thorium and assigned codes T2, T3, T4, 

T5, and T6. In extreme environmental conditions, microbial 

growth tends to slow as a significant amount of energy is 

redirected toward cellular mechanisms to ensure survival. 

This is because most of the energy is diverted to cellular 

mechanisms in order to survive in extreme conditions. As a 
result, the diversity of microorganisms in extreme 

environments is lower than in non-extreme environments 

(Gostinčar et al. 2022).  
 
Table 1. Physicochemical characterization of zirconia processing 

wastewater 
 

Physicochemical parameters  Observations 

Color Dark blue 

Temperature (°C) 26.3 

pH  2.40 

Thorium concentration (ppm)  5.50 
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Moreover, liquid substrates are less supportive of fungal 

hyphal growth due to their surface instability than other 

substrates such as soil and sediments. The isolates obtained 

were then characterized macroscopically and 

microscopically (Figure 1). Macroscopic characteristics, 

which include colony color (upper and reverse side), shape, 

texture, elevation, growing zone, exudate drop, and radial 

line are presented in Table 2. Microscopic characteristics 

including hyphae septate, color of hyphae, type of spore, 

color of spore, and shape of spore are presented in Table 2. 
Moreover, the indigenous fungi isolated from zirconia 

processing wastewater were identified as Penicillium sp. 

(T2), Rhizoctonia sp. (T3), Penicillium sp. (T4), Mycelia 

sterilia (T5) and Aspergillus sp. (T6). 

Screening of thorium-tolerant filamentous fungi 

Screening was conducted on five fungal isolates based 

on the tolerance index value of the fungi towards thorium. 

Based on the equation, the results of the thorium tolerance 

index can be classified as very low tolerance (0.00-0.39), 

low tolerance (0.40-0.59), moderate tolerance (0.60-0.75), 

high tolerance (0.80-0.99), and very high tolerance (≥1.00) 

(Oladipo et al. 2018) (Table 3). 
 

 
 

Table 3. The calculation results of tolerance index for five isolates 
 

Samples Genus/species 
Th Tolerance  

Index 
Classification 

T2 Penicillium sp. 0.92  High tolerance  
T3 Rhizoctonia sp. 1.20  Very high tolerance  
T4 Penicillium sp. 0.93  High tolerance 
T5 Mycelia sterilia 0.99  High tolerance 
T6 Aspergillus sp. 1.03  Very high tolerance  

 

 

 
Table 2. Characteristics of indigenous fungal isolates from zirconia processing wastewater 
 

Characteristics 
Isolates 

T2 T3 T4 T5 T6 

Macroscopic observations      
Color of upper colony  Olive-green Whitish-brown Olive-green White Yellow-green 
Color of reverse colony Cream Ivory Cream White Cream 
Shape Circular Irregular Circular Irregular Circular 
Texture Velvety Cottony-fluffy Velvety Cottony Velvety 

Elevation Flat Flat Flat Flat Flat 
Growing zone + - + - + 
Exudate drop + - + - - 
Radial line + - + - - 

Microscopic observations      
Hyphae septate Septate Septate Septate Non-septate Septate 
Color of hyphae Hyaline Hyaline Hyaline Hyaline Hyaline 
Type of spore Conidia - Conidia - Conidia 

Color of spore Hyaline - Hyaline - Hyaline 
Shape of spore Globose - Globose - Globose 

Genus/species Penicillium sp. Rhizoctonia sp. Penicillium sp. Mycelia sterilia Aspergillus sp. 

 
 

 

     

     
T2 T3 T4 T5 T6 

 

Figure 1. Macroscopic and microscopic view of indigenous fungal isolates from zirconia processing wastewater 
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Based on the obtained tolerance index values, three 

fungal isolates, namely two isolates of Penicillium sp. (T2, 

T3) and Mycelia sterilia (T5) exhibited high tolerance, while 

the other two fungal isolates, Rhizoctonia sp. (T3) and 

Aspergillus sp. (T6) showed very high tolerance to thorium. 

This indicates that all five isolates were tolerant to 100 ppm 

thorium, according to the criteria of present study. The 

differences in tolerance index values are likely influenced by 

different resistance strategies and mechanisms in each 

species. Fungi have known to employ two resistance 
mechanisms: i) extracellular mechanisms to prevent metals 

from entering cells through adsorption and metal ion 

sequestration on the cell surface, and ii) intracellular 

mechanisms to reduce metal accumulation in the cytosol 

through efflux pumps, production of metallothionein, 

phytochelatin proteins, and vacuolar compartmentalization 

(Anahid et al. 2011; Iram et al. 2015; Ahmad 2018; Lotlikar 

2019). 

Under stress conditions due to heavy metals, fungi have 

five stages of growth, namely: i) lag phase (no growth or 

very little growth occurs), ii) fast growth phase (very fast 
initial growth), iii) inhibited phase (inhibited growth), iv) 

stationary phase (no difference in fungal growth with and 

without heavy metals), and v) increasing phase (growth 

often exceeds the control) (Valix et al. 2001; Valix and Loon 

2003; Rose and Devi 2018; Zapana-Huarache et al. 2020). 

In this study, three fungal strains, namely Penicillium sp. 

(T2), Penicillium sp. (T4), and Mycelia sterilia (T5), had TI-

Th values close to 1, indicating that the fungi had not fully 

adapted to thorium because their growth was smaller or 

almost the same as the control on medium without thorium. 

However, Rhizoctonia sp. (T3) and Aspergillus sp. (T6), 
showed TI-Th values greater than 1, can be considered to be 

fully adapted to the presence of thorium in their 

environment. This indicates that both strains have reached 

the enhanced phase because their colonies are larger than 

their colonies in the medium without thorium. 

Penicillium and Aspergillus have previously been 

reported to have a high tolerance toward radioactive 

elements. Coelho et al. (2020c) reported that Penicillium 

spp. and A. versicolor isolated from former uranium mining 

areas in Brazil exhibited tolerance to 100 ppm uranium. 

Similarly, Aspergillus sp. and P. verruculosum isolated from 

uranium mines in Australia were able to tolerate uranium up 
to 1500 ppm (Mumtaz et al. 2013). The other isolate that 

shows high tolerance of thorium was Mycelia sterilia. This 

fungus is known for not forming both sexual and asexual 

spores. There is still limited study about this fungus able to 

tolerate radionuclide such as thorium. However, a study 

conducted by Imran et al. (2020) reveals that Mycelia sterilia 

isolated from wastewater exposed soil showed the ability to 

tolerate high concentrations of heavy metals such as 

cadmium, chromium, nickel, copper, and cobalt. This 

indicates that Mycelia sterilia has good adaptability to 

unfavourable environmental conditions. 
In this study, Rhizoctonia sp. (T3) exhibited the highest 

tolerance index value towards radioactive elements, even 

though it was not previously reported to have such 

capability. However, research conducted by Darlingga et al. 

(2022) reported that Rhizoctonia sp. isolated from 

rhizosphere soil of former tin mining areas in Bangka 

demonstrated high tolerance to lead up to 5000 ppm. 

Therefore, there is a possibility that Rhizoctonia sp. may also 

be able to tolerate radioactive elements including thorium. It 

was also observed that Rhizoctonia sp. (T3) on PDA medium 

produced small round hard sclerotia Figure 2. 

Sclerotia are resistant structures formed by fungi to 

survive in unfavourable environmental conditions and are 

found in several genera including Rhizoctonia (Oktarina et 

al. 2021). Radioactive elements can cause oxidative stress 
by disrupting the balance between pro-oxidants and 

antioxidants in fungi, thereby inducing sclerotia formation 

(Flora et al. 2008; Darlingga et al. 2022). This is also 

supported by empirical evidence that sclerotia formation in 

Rhizoctonia solani is induced under oxidative stress 

conditions (Georgiou et al. 2006; Patsoukis and Georgiou 

2007). 

All fungal isolates showed high tolerance to thorium, 

with TI-Th values ranging from 0.92 to 1.20. This is likely 

due to the adaptation of these fungi to their environment, 

which is contaminated with radioactive elements. 
Additionally, fungi are known to secrete metabolites such as 

organic acids that can form complexes with metal ions, 

reducing their toxicity (Al-Sohaibani 2011). Other studies 

also have shown that microbes isolated from contaminated 

sites have the ability to survive and adapt to high 

concentrations of radionuclides (Heidari et al. 2017; Gerber 

et al. 2018; Coelho et al. 2020a; Lopez-Fernandez et al. 

2021). However, fungi are known to have the highest 

tolerance toward radionuclide elements among microbes. 

This may be due to their ability to live in mildly acidic 

environments. Generally, the environment polluted by 
radionuclides have a low pH, such as tailings water, which 

acidic condition naturally inhibits the bacterial growth. In 

addition, it is believed that the different cellular metabolisms 

among fungi and bacteria cause different responses to heavy 

metal/radionuclides stress in environments. Where fungi 

have more advantages to adapt in those unfavourable 

conditions (Gajewska et al. 2022). 
 
 
 

 
 

Figure 2. Rhizoctonia sp. (T3) in medium supplemented with 100 
ppm thorium. Red arrow pointed the hardened structure sclerotia 
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Thorium biosorption studies 

Rhizoctonia sp. (T3) was selected for the biosorption 

study based on the highest TI-Th values obtained and was 

also categorized as the most tolerant isolate to thorium 

compared to other isolates. In the present study, biosorption 

efficiency represents the ability of a fungal biosorbent to 

remove thorium ions from an aqueous solution. High values 

indicate that biosorbent has an excellent ability to bind 

thorium ions. If the value is above 60%, the biosorbent is 

considered to have great prospects as a bioremediation agent 
for radioactive elements (Coelho et al. 2020a). 

Effect of pH 

The difference in the efficiency obtained at each pH level 

may be influenced by the speciation of the thorium ions 

formed and the charge of the binding sites on the biosorbent. 

Assessing the efficiency and biosorption capacity at pH 2 

(Figure 3), the functional groups on the surface of fungal 

biomass undergo protonation. This protonation causes 

decrease in the number of negatively charged functional 

groups. As a result, the electrostatic bond between the 

positively charged thorium ions and the biosorbent becomes 
weak (Ding et al. 2014; Coelho et al. 2020a). Besides that, 

the increasing number of hydrogen ions (H+) causes 

competition between thorium ions and H+ ions to bind to the 

binding sites on the biosorbent. In some cases, competition 

that occurs can affect the value of the biosorption efficiency 

obtained (Wei et al. 2016). Another factor that is suspected 

of causing the low value of biosorption efficiency at pH 2 is 

the weak affinity of the binding sites with the thorium ion 

species that predominate at this pH, namely Th4+. 

Meanwhile, at pH 9 with the lowest efficiency value, it is 

believed that the low solubility of thorium makes the 
biosorption process not occur optimally. Additionally, 

previous studies also demonstrated that alkaline conditions 

also interfere with the biosorption uranium process by 

reducing its solubility (Shelar-Lohar and Joshi 2019; Coelho 

et al. 2020a; Shukla et al. 2021). However, based on the 

efficiency value at pH 2 and 9 (>60%), the biosorption of 

thorium using Rhizoctonia sp. (T3) was quite promising 

even in extremely acidic and alkaline conditions. In the pH 

range of 4-5, the test solution was dominated by thorium 

hydroxide ions, such as Th(OH)3+, Th(OH)2
2+, and 

Th2(OH)2
6+. Based on previous studies, Th2(OH)2

6+ and 

Th(OH)2
2+ are thorium ions, which are thought to have the 

highest affinity for the binding site on fungal biosorbents 

compared to other ion species. In addition, at this pH, there 

are not as many H+ ions as at pH 2, causing reduced 

competition between thorium ions and H+ ions. Therefore, 

at pH 4 the highest efficiency value was obtained (Bhainsa 

and D'Souza 2009; Ding et al. 2014; Yang et al. 2015). The 

same observations have been reported by previous studies, 

which found the highest value of thorium biosorption 

efficiency is obtained at pH 4 (Bhainsa and D'Souza 2009; 

Yang et al. 2015; Ghoniemy et al. 2020). Similarly, at pH 7 

the value of the biosorption efficiency obtained was quite 
excellent. This may be influenced by the reduced effect of 

H+ ion competition, however its efficiency is not as good as 

at pH 4 because in neutral solution, thorium cannot be 

completely hydrolyzed. Thus, ions with high affinity such as 

Th2(OH)2
6+ and Th(OH)2

2+ are present in lesser amounts than at 

pH 4, which can completely hydrolyze thorium (Shukla et al. 

2021).  

Effect of contact time 

The effect of contact time on biosorption was carried out 

to predict the mechanism of adsorption and determine the 

optimal time needed by the biosorbent to adsorb at a certain 
concentration. The results of contact time study showed that 

the process had a pattern of adsorption where the adsorption 

process occurred rapidly in 10 to 30 minutes (Figure 4). This 

pattern is the same as previous research conducted by 

Bhainsa and D’Souza (2009), who mentioned that the 

biosorption process take place quickly starting from the first 

10 minutes. This leads to the thorium concentration in the 

solution decreasing very quickly until it reaches the 

maximum adsorption capacity of the biomass. After 30 

minutes, the adsorption process was ongoing, but the 

thorium concentration in the solution only gradually 
decreased, resulting in a flatter slope than in the first 30 

minutes. The existence of two slope phases is also found in 

another study by Ghoneimy et al. (2020), which states that 

the adsorption process of both uranium and thorium passed 

through two successive phases. This can occur because of 

metal ions dissociation, which makes the interaction 

between metal ions and Rhizoctonia sp. (T3) possible (Gad 

et al. 2016). In addition, the reduction in the adsorption 

process in fungi can also occur due to the fewer bonds 

occurring between functional groups in fungi, making it 

difficult for thorium ions to bind to the groups, which causes 
the concentration of thorium in the solution to decrease only 

slightly. According to Ding et al. (2019), the sluggish slope 

can also occur due to the slow intracellular diffusion of 

thorium ions towards the inside of the biomass. This occurs 

after the biosorption process reaches equilibrium. An 

increase in the speed of the biosorption process can occur if 

the functional groups are well structured (Ding et al. 2019). 

 

 

 
 
Figure 3. Effect of pH in biosorption of thorium 
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Figure 4. Effect of contact time in biosorption of thorium 

 

 
 
Figure 5. Effect of temperature in biosorption of thorium 

 

 

Effect of temperature 

In this study, it can be seen that the higher the 

temperature, the greater the thorium removal efficiency 
(Figure 5). This indicates that the optimal temperature for 

thorium removal using Rhizoctonia sp. (T3) biomass was 

80°C. From the results of this last optimization, it was found 

that the highest efficiency value and biosorption capacity of 

the initial concentrations of 50 and 100 ppm were 97.53 and 

90.88%, with biosorption capacity values of 2.43 and 4.54 

mg/g, respectively. This optimal temperature is also similar 

to previous similar research (Ghoniemy et al. 2020). Ding et 

al. (2019) also observed the same behavior, the higher the 

temperature, the greater the value of thorium biosorption 

capacity using alginate-immobilized Aspergillus fumigatus 
biomass. Therefore, it can be said that thorium biosorption 

using fungal biomass is carried out at high temperatures. 

This is because high temperatures affect the cell wall and its 

fidelity, such as through ionization of chemical groups, 

reorientation of fungal biosorbent cell wall properties, and 

rapid diffusion of adsorbent in the boundary layer and inside 

pores of biomass particles as a result of the reduction in 

liquid viscosity. These conditions can also increase the 

number of active sites in fungal biomass, so that there are 

many thorium ion binding sites available. On the other hand, 

temperature accelerates the metal diffusion process because 

increasing temperature can increase the mobility of metal 
ions and increase the kinetic energy of the solute, which 

enhances the efficiency of thorium bioremoval (Dhankhar 

and Hooda 2011; González et al. 2019; Dusengemungu et al. 

2020). However, high temperatures also have a negative 

effect on the bioremoval process. It is because high 

temperatures can physically damage the fungal biosorbent, 

especially the cell wall structure, which has a vital role in 

binding metal ions (Dhankhar and Hooda 2011; Simonescu 

and Ferdes 2012). According to Ghoniemy et al. (2020), 

high temperatures can weaken the interaction between 

thorium ions and biding sites on the biosorbent. The results 

of this optimization series showed that the efficiency of the 

Rhizoctonia sp. (T3) live biomass-based biosorbent was 
promising (Table 4). 

Thorium localization studies 
Based on the results of this study, thorium that enters the 

fungal biomass, 2.80% was physically trapped, 17.95% 

bioaccumulated in the cell, 27.05% underwent ion exchange, 

and more than half thorium, or 52.20%, binds to functional 

groups in the cell wall. These results are similar to previous 

studies that, through TEM and EDX analysis, found that at 

pHs above 1, thorium tends to be localized on the outer cell 

membrane of the fungus Geotrichum sp. dwc-1, while when 

the pH of the solution is below 1, thorium is able to pass 
through the semi-permeable membrane so that it 

bioaccumulates in the cell. The dominance of thorium bound 

to functional groups was considered in this study because the 

fungal cell wall contains many active functional groups that 

may be able to increase thorium ions removal. Dhankhar and 

Hooda (2011) explained that one of the advantages of fungi 

as biomass-based biosorbents is that their cell walls are rich 

in diverse functional groups that are available to 

increase pollutant bioremoval. According to Rakhmawati et 

al. (2021), several eluting agents can help understand how 

metal ions interact with biosorbents. Furthermore, metal 

ions can be physically trapped on the cell wall, but due to the 
weak interaction between metal ions and cell walls, water, 

in this case deionized water, can be used as an eluting agent. 

Meanwhile, some other metal ions bind through the ion 

exchange process and/or bind to functional groups on the 

wall. The ion exchange process itself can be desorbed using 

NH4NO3, while the binding of metal ions with functional 

groups can be desorbed using EDTA. 

 



 

 
 
Table 4. Comparison of radionuclides biosorption efficiency of five isolates 

 

Fungal Species 
Types of Biosorbent 

(Living/Non-living) 

Radionuc

lides 

Initial 

Concentrations 

(ppm) 

Volume 

Reaction 

(mL) 

Biomass 

Weight (g) 

pH 

Solution 

Contact Time 

(minute) 
Temp. (°C) 

Removal 

Efficiency (%) 
Reference 

Penicillium piscarium Non-living Uranium 100 50 0.20 3.5 60 25 97.50 Coelho et al. 2020b 
Fusarium sp. #ZZF51 Non-Living Uranium 50 50 0.10 4.0 60 Room 

temperature 
61.89 Yang et al. 2012 

Fusarium sp. #ZZF51 Non-Living Thorium 50 50 0.20 3.0 20 Room 

tempetaure 

91.10 Yang et al. 2013 

Fusarium sp. #ZZF51 Living Thorium 50 50 3.00 5.0 480 25 79.24 Yang et al. 2015 
Rhizoctonia sp. (T3) Living Thorium 100 50 1.00 4.0 30 80 90.88 This study 
Rhizoctonia sp. (T3) Living Thorium 50 50 1.00 4.0 30 80 97.53 This study 
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Table 5. Biosorption and desorption efficiency 

 

Cycles 
Biosorption Efficiency 

(%) 

Desorption Efficiency 

(%) 

1 90.88 91.23 
2 89.11 90.04 
3 87.79 88.63 
4 87.53 86.93 

5 85.54 86.21 
6 82.00 84.33 

 

Desorption and reusability studies 

Based on the results, the highest (91.23%) desorption 
efficiency was recorded in the first cycle (Table 5). This 

result shows that the use of NaHCO3 (1 M) as an eluting 

agent showed good effectiveness in desorbing thorium on 

fungal biomass. Meanwhile, the reusability of the fungal 

biomass showed that biosorbent decreased in efficiency after 

five cycles. This shows that the biomass was effectively used 

for up to five cycles with an efficiency range of 90.88-

85.54% at 100 ppm initial concentration. Several previous 

studies have shown that fungal biomass is effective in being 

used as a biosorbent for metal ions because it can be used for 

several cycles (Smily and Sumithra 2017; Ghoniemy et al. 

2020; Saad et al. 2022). 
In conclusion, zirconia processing wastewater can be a 

source for indigenous thorium-tolerant fungi, and total five 

thorium-tolerant fungi, namely Penicillium sp. (T2), 

Rhizoctonia sp. (T3), Penicillium sp. (T4), Mycelia sterilia 

(T5), and Aspergillus sp. (T6) were isolated from the 

samples. Among all isolates, Rhizoctonia sp. (T3) showed 

superior ability to tolerate thorium and was selected for the 

biosorption study. The thorium biosorption using 

Rhizoctonia sp. (T3) demonstrated remarkable efficiencies 

for both types of initial concentrations (50 and 100 ppm). 

The biosorption has an optimal condition at pH 4 with a 
contact time of 30 minutes and a temperature of 80°C. The 

thorium ions mainly localize in the cell walls of Rhizoctonia 

sp. (T3) through functional group binding mechanisms. This 

fungal biomass also has a promising reusability ability for 

five cycles biosorption. Based on this study, Rhizoctonia sp. 

(T3) biomass shows significant potential as a bioremediation 

agent for wastewater containing thorium. In addition, other 

factors that influence biosorption and the use of modified 

biomass should be studied to enhance biosorption efficiency. 
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