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Abstract  
An immobilized hybrid bi-component bio-based adsorbent (IHBBA) was developed by hybridizing 

two well-known biosorbents (brown seaweed, Cystoseira indica, and Saccharomyces cerevisiae 

yeast) and evaluated for its ability to remove thorium from aqueous solution. The effect of 

parameters namely pH, adsorbent amount, contact time, and initial thorium (IV) ion solution 

concentration were studied in the batch scale. pH value of 4.0, initial metal ion concentration of 250 

mg L-1, bio-adsorbent amount of 1.0 g L-1, and sorption duration of 120 minutes were proven to be 

the optimum conditions, for Th(IV) ions removal from aqueous solutions. In these conditions, the 

sorption capacity of IHBBA for thorium removal was 120 mg g-1.   
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Introduction  
Thorium is a toxic radioactive element (radioelement) 

widely distributed over the earth’s crust with nuclear 

significance. Toxic heavy metals, released by many 

industrial activities, mines, and mining plants, are well-

known environmental pollutants due to their toxicity, 

and bio-accumulative nature [1]. Therefore, wastewater 

treatment is required as a part of eliminating heavy 

metals contamination to a sufficient degree to protect 

water. Biosorption is a key process that has emerged out 

to be the most promising technique, efficient method, 

easily applicable, environmentally and economically 

favorable, as it does not produce harmful by-products and 

wastes that may damage the environment, and offers 

small application fee [2].  Moreover, immobilization of 

biosorbents has the benefits of ameliorated sorption 

capacity (SC), better reusability, elevated biomass 

loadings, and minimum clogging in continuous flow 

systems [3]. In this study, an immobilized hybrid bi-

component bio-based adsorbent (IHBBA) was 

developped by hybridizing brown seaweed, Cystoseira 

indica, and Saccharomyces cerevisiae yeast, and the 

sorption potential of bio-based adsorbent for removal of 

Th(IV) ions from aqueous solution was investigated. 

Various important parameters like bio-based adsorbent 

amount, initial concentration, pH of the metal ion 

solution, and sorption duration were optimized using 

the traditional one-factor-at-a-time (OFAT) approach. 

Experimental 

Reagents and apparatus 
All chemicals (sourced from Merck) were used as 

received. Distilled water was used in all allong 

experiments.  A 1000 mg L-1 thorium stock solution 

was prepared by dissolving 2.45 g of Th(NO3)4.5H2O in 

1% nitric acid and diluting to 1000 mL. The standard 

working solutions were prepared daily from stock 

solutions.  

Marine brown algae were collected from the Chabahar 

coast of the Oman Sea. Baker’s yeast was purchased 

from the grocery shop. Silica gel 60 Å, 0.063-0.200 

mm (70-230 mesh ASTM) was used as support.  

Preparation of bi-component biosorbent 

The washed and dried biomass was powdered and 

sieved using a standard 120 mesh sieve. The 

immobilization procedure was adjusted by Mahan et al. 

[4]. Dry biomass powder brown algae (20 mg), baker’s 

yeast (50 mg) was mixed with 500 mg of silica gel. The 

mixture was wetted and thoroughly mixed. After 

mixing, the paste was heated in an oven at 105 C for 2 

h to dry the mixture. Then the biocomposite was sieved 

through 125 m and dried in an electric oven at 105 C 

for several hours.  

Batch biosorption procedure  

The batch-wise sorption experiments were carried out 

by mechanically shaking (200 rpm) 100 mL of thorium 

aqueous solution with different pH, initial metal ion 

concentration, biosorbent amount, and for different 

sorption duration, at 25°C. After equilibrium was 

reached, the solution was separated from the solids by 

centrifugation (for 5 min at 4,000 rpm). Afterward, the 

residual Th(IV) ions in the aqueous solution were 

analyzed and determined spectrophotometrically by 

ICP-AES. The sorption capacity (mg g-1) was calculated 

as follows: 
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where Co (mg L-1) and Ce (mg L-1) are sorbate solution 

concentrations before and after sorption, respectively; V 

(L) is the metal ion solution volume in contact with the 

sorbent, and m (g) is the sorbent load. 

Results and discussion  

Characterization of the biosorbents 
IR spectroscopy characteristics  (Figure1) were recorded  

before and after sorption. The FTIR spectra of thorium-

loaded biomass (b) showed that the peaks related to 

amino (-NH2) and alcohol groups (-OH) band centered 

at 3410 cm-1 are shifted to 3421 cm-1 due to Th(IV) ions 

sorption. The peak of -CH bond at around 2933 cm-1 is 

shifted to 2985 cm-1. The small absorption peaks at 

2300-2400 cm-1 indicative of –NH2 
+, NH+ and N–H 

bond disappeared indicating the involvement of 

functional amino groups in the sorption process. In 

addition, the peaks of C-O at 1092 cm-1
 and C=O at 

1633 cm-1 are shifted to 1097 and 1639 cm-1, 

respectively. These FTIR results showed that the 

chemical interactions between the C–H, N–H and –OH 

groups of sorbent and the Th(IV) ions are involved in 

the sorption process. 

 
Fig. 1 FTIR spectra of the IHBBA (a) before and (b) 

after thorium (IV) sorption. 

Evaluation of sorption parameters 
Figures 2 show the effects of some operating para-

meters viz: pH, initial concentration, biosorbent amount, 

and sorption duration on sorption efficiency. As can be 

seen from Fig. 2a, sorption capacity increases with pH, 

due to the reduced number of binding sites following the 

protonation of functional groups at low pH. Even so, 

sorption capacity, declines at pH higher than 4.5, due to 

the formation of different thorium species with lower 

sorption affinities such as [Th2(OH)2]6+, [Th3(OH)5]7+ 

and [Th4(OH)8]8+. The optimum pH for the sorption 

removal of Th(IV) has been found to be 4.0. As may be 

viewed from Fig. 2 b, by increasing the initial Th(IV) 

concentration from 50 to 250 mg L-1, the sorption 

capacity increases giving rise to an important driving 

force to the mass transfer. Beyond the 250 mg L–1, a 

reduction in the sorption capacity was observed. This 

observation is in line with Arslan et al. [5] studies. From 

Fig. 2 c, it is obvious that by increasing the sorbent 

amount there is a remarkable decrease in sorption 

capacity. Maximum Th(IV) uptake was observed at the 

lowest level of sorbent dose (1.0 g L-1). Fig. 2 d, 

depicted that the rate of Th(IV) removal increased due 

to increasing of sorption duration and the curve gets 

equilibrium after 120 minutes.  

 
Fig. 2 Effect of operating parameters (a) pH, (b) 

concentration, (c) sorbent amount, (d) contact time on 

biosorbability of thorium. 

Conclusions  
In this study, an IHBBA was developed and applied to 

remove thorium from the aqueous solution. The 

obtained results showed that IHBBA can be effectively 

used for thorium removal from aqueous solutions. From 

batch experiments, the sorption amount was greatly 

dependent on operational variables such as pH, Th(IV) 

ions concentration, sorption duration, biosorbent 

amount, as evidenced from plots. In these conditions the 

sorption capacity of IHBBA for thorium (IV) ions was 

120 mg g-1. 

 

References  
[1] T. Kimura and Y. Kobayashi. Coprecipitation of 

uranium and thorium with barium sulfate, J. 

Radioanal. Nucl. Chem 91(1), 59 (1985). 

[2] G. Labuto et al. Metals uptake by live yeast and 

heat-modified yeast resi- due, Rev Ambiente Água 

10(3), 510 (2015). 

[3] R. Wahab, Y.S. Kim, and H.S. Shin, Synthesis, 

characterization and effect of pH variation on zinc 

oxide, Nanostructures Materials Transactions 2009, 

pp. 2092–2097. 

[4] C. A. Mahan et al. Immobilization of algae cells on 

silica gel and their characterization for trace metal 

pre-concentration, Anal. Chem, 64, 1933 (1992). 

[5] A.Y. Gulsin Arslan, A. Tor, M. Ersoz, Preparation 

of polymer inclusion membrane with sodium di-

ethyldithiocarbamate as carrier for selective trans-

port of zinc ions, Desal. Wat. Treat.,75, 348 (2017).   


