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ABSTRACT 

In this work, it was tried to remove Th (IV) radioactive ions in aqueous solution by using 

modified Cystoseira barbata. pH, contact time, concentration effects and temperature were investigated. 

It was observed that the amount of the removal was not affected by pH change. Adsorption isotherm 

models were applied and the maximum qm value was found to be 116.95 mgg-1 at 250C. 
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1. INTRODUCTION 

Water pollution from industrial wastes and environmental activities is increasing 

(Caparkaya and Cavas., 2008; El Jamal and Ncibi, 2012). One of the sources of water pollution 

is heavy metals. Heavy metals are toxic and have acquired fame among environmental 

contaminants (Moghaddam et al., 2013). Thorium is one of the most hazardous heavy metals 

for industrial applications and the environment (Khani et al., 2006; Riazi et al., 2016). It is used 

as a nuclear fuel at power plants and its compounds are used in the field of science of 

technology. (Riazi et al., 2014). If Th spreads through the environment, it can reach humans 

through the food chain and can cause damage in various organs of the human body. Therefore, 

it has become important to remove Th ions in aqueous solution in recent years (Aytas et al., 

2014; Keshtkar et al., 2015; Riazi et al., 2016). Many techniques are used in order to remove 

Th ions which include precipitation, solvent extraction and adsorption. Of these techniques, the 

adsorption technique is widely preferred for it is simple, easily feasible and cost-effective 

(Kratochvil and Volesky, 1998; Pavasant et al., 2006; Zhou et al., 2016; Huang et al., 2018). 

Algae have been found to be potentional biosorbents (McMullan et al., 2001; Abd-El Kareem 

and Taha, 2012) for their functional groups (Ariff et al., 1999; Davis at al., 2003; Lodeiro et al., 

2006; Vieira and Volesky, 2010). Especially brown algaes have been great adsorption capacities 

among other algaes, because of alginates (Malik et al., 1999; Schiewer and Wong, 2000). In 

recent years, many successful separation operations have been carried out for radionuclides. 

There are many studies conducted on removal of Th ion from aqueous solution (Yang and 

Volesky, 1999; Picardo et al., 2006; Ghasemi et al., 2011; Cecal et al., 2012; Keshtkar and 

Hassani, 2014; Riazi et al., 2016; Kaynar and Sabikoglu, 2018). Factors such as, temperature, 

pH, contact time were affected the adsorption capacities (Vijayaraghavan and Yun, 2008). In 

addition, in some studies, it has been seen that pre-concentration with different chemicals 

increases the adsorption capacity (Bai et al., 2010).  

In this study, it attempted to remove Th ion in the aqueous solution by using Cystoseira 

barbata, one of the brown algae, pre-concentrated with HNO3. Studies on pH effect, time, 

concentration, temperature and desorption were conducted. 

2. MATERIAL AND METHODS 

2.1.  Preparation of the adsorbent 

The adsorbent was the alga C. barbata (Stackhouse) C. Agardh was collected from the 

Dardanos Campus of Canakkale Onsekiz Mart University. The biomass was washed at distilled 

water and dried in an oven at 60°C until constant weight was reached. The biomass was 

chemically modified by 0.1 M HNO3.  

Pre-treatment with HNO3 

A sample of 2.5 g of dries biomass was treated with 25 ml of 0.1 M HNO3. The mixture 

was shaken for 3 hour on a shaker at 250 rpm at room temperature. The biomass was then 

filtered off, followed by washing with deionized and it was then dried in an oven at 60◦C for 

24h. This was a modification of the pre-treatment performed by Rubin et al, 2005.   

2.2. Reagent and equipment 

In this study all chemicals were used analytical grade (Merck). Distilled water was used 

to prepare all solutions. Stock solution of Th (IV) (1000 ppm) were prepared by Th (NO3)4. The 

concentration of Th (IV) ion in the filtered samples was measured with Rayleigh Vis-7220G 

spectrophotometer at 667 nm. The pH adjustments were performed using 0.1 M HCl or 0.1 M 

NaOH. Samples were filtered with a Millipore Millex-HV hydrophilic PVDF 0.45 µm syringe 

filter. A Wise Bath WSB-30 model shaker was used for the experiments. The Fourier Transform 
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infrared spectroscopy (FTIR) analysis was completed using a Perkin Elmer Spectrum BX-11 

Model FTIR spectrophotometer. 

2.3.  Batch biosorption studies 

Five pH values (2, 3, 5, 7 and 9) were tested in the trials. Accordingly, 100 mg biomass 

was put into the Falcon tubes filled with 10 ppm 10 ml.  Th (IV) ion  solutions at different pH 

values. The tubes were shaken at room temperature for 60 min at 250 rpm. After adsorption 

step supernatant is taken out by a syringe.  

The adsorbance of value of the supernatant was measured with the spectrophotometer 

and the amount of adsorbed Th (IV) ion solution was calculated. The percentage of Th (IV) ion 

removal (R) from the aqueous solution was calculated as follows: 

% Removal = 
o

eo

C

CC −
 * 100                                                                            (Eq. 1)  

Where Co is the initial Th (IV) concentration (mgL-1) and Ce is the adsorbed Th (IV) 

concentration (mgL-1) 

For determination of pH experiments, different time intervals (10, 25, 45, 60, 80, 100, 

150, 200, 300 and 400 min) were applied in room temperature at 250 rpm. The amount of 

radioactive ion uptake, qt (mgg-1), at each interval was calculated using the following equation:                                                                   

  

qt = 
M

CC e )( o − * V                                                                                              (Eq. 2)                     

Where Co is the initial Th (IV) ion concentration (mgL-1), Ce is the concentration of Th 

(IV) ion  concentration at a given time (mgL-1), V is the volume of radioactive solution (L) and 

M is the mass of biosorbent (g) (dry weight). 

The batch adsorption technique was used for sorption. 100 mg C. barbata was put into 

a falcon tubes and treated with 10 mL of Th(IV) solution at different concentration (5-10-20-

50-100-150-200-300-350-400-450 and 500 mgL-1). The Falcon tubes were shaken at 250 rpm 

at 25ºC and 45ºC. Then samples were filtered with a syringe filter and the adsorbed amount of 

Th(IV) ions were measured using spectrophotometer.   

The equilibrium data at different temperatures were analyzed with Langmuir and 

Freundlich isotherms. The Langmuir model was shown below (Langmuir, 1918): 

m

e

Lme

e

q

C

aqq

C
+=

1
                                                                                                 (Eq. 3)  

Where qe, (mgg-1) is the amount of Th(IV) ions,  Ce (mgL-1) is the equilibrium 

concentration of the Th (IV) ions, qm (mgg-1) is the maximum adsorption capacity and aL is the 

Langmuir constant related to the energy of adsorption. 

A linear form of the Freundlich equation is shown below (Freundlich, 1906): 

logqe=log Kf + 1/ nf log Ce                                                 (Eq. 4) 

Where Kf (mgg-1) is related to adsorption capacity and nf is an empirical parameter that 

varies with degree of heterogeneity. 
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3. RESULTS AND DISCUSSION 

3.1. Determination of optimum pH 

pH is one of the most important effects that have an impact upon the biosorption. In 

order to examine pH that affects biosorption, pH trials at different values were undertaken. 

Results are given in Figure 1. It was observed that Th adsorption % values remained unaffected 

by pH change. When looking at overall pH values subject to the study, it was ascertained that 

pH does not have much effect and adsorption over 96.5% was observed. 

3.2. Determination of Optimum Contact Time 

During equilibrium trials, trials were conducted for different times with a view to 

examining the effect of the time. Results are given in Figure 2. According to results obtained, 

it was observed that the system reached equilibrium in the first 100 minutes.  

Figure 1. Effect of pH on the biosorption of Th (IV) 
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Figure 2. Effect of contact time on the biosorption of Th (IV)  
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3.3. Adsorption isotherms 

Isotherm studies were conducted on Th (IV) ions at different temperatures. Table 1 

shows Langmuir and Freundlich isotherm parameters. It was observed that, at 250C, Langmuir 

isotherm model adapted better. At 250C, de qm value was 116.96 mgg-1 and 92.94 mgg-1 at 450C. 

According to results, it was observed that qm value decreased as the temperature increased.  

Table 1. Langmuir and Freundlich isotherm models of C. barbata for Th (IV) ion at different 

temperatures 

Table 2 shows maximum Th (IV) ion adsorption capacities of different adsorbents. 

According to results, it was established that modification of C. barbata caused an increase in 

adsorption capacity (qmax). It was observed that the modified C. barbata has a high qm value. 

Table 2. Maximum Th (IV) ion adsorption capacities of different adsorbents 

Biyomas qmax(mg/g) Referance 

Rhizopus  arrhizus 238.1 Abbasizadeh et al.,(2013)  

Cystoseiraindica 169.49 Keshar and Hassani (2014) 

Aspergillus niger 22 Tsezos and Volesky (1981) 

Cystoseira indica 

(pretreated CaCl2) 

195.7 Riazi et al., 2014 

Cystoseira barbata 39.45 Ozudogru (2019) 

Cystoseira barbata 

(with modified) 

116.96 (25оC) 

92.94 (45оC) 

This study  

3.4. Desorption study 

For desorption studies of Th (IV) ion, trials were conducted with different times and 

different eluents. Results obtained are given in Table 3. 1 M HNO3 was found to be the best 

chemical for 30 minutes (99.60%). It was found to be 93.34% at 10 minutes for 0.5 M HNO3.   

Table 3. Desorption of Th (IV) ion by different eluents 

Biomass 

0.1 M HNO3 C. barbata 

Eluent Time (min.) % Removal of 

Th (IV) ions 

 0.5 M HNO3 30 62.20 

 1 M HNO3 30 99.60 

 0.5 M HNO3 20 74.56 

 1 M HNO3 20 96.96 

 0.5 M HNO3 10 93.34 

 1 M HNO3 10  94.82 

  Langmuir isotherm models Freundlich isotherm models 

 Temperature 

(оC) 
qm(mgg-1) aL RL

2 nf Kf(mgg-1) RF
2 

0.1 M HNO3  

C. barbata 
25 116.96 21.08 0.9537 1.13 1.893 0.9009 

0.1 M HNO3  

C. barbata 
45 92.94 27.20 0.9108 0.49 106.836 0.9182 
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4. CONCLUSION 

In the present study, it was attempted to remove Th (IV) ion in the aqueous solution by 

using modified Cystoseira barbata. At each pH studied, it was observed that the biosorption 

capacity was over 96%. Concentration trials were conducted at 2 different temperatures and the 

highest adsorption capacity was found to be 116.96 mgg-1 at 250C. For recovery of the Th (IV) 

ion charged, it was ascertained that the most effective chemical was 1 M HNO3 (99.60%) at 30 

minutes. Desorption studies showed that Th (IV) ion charged can be recovered. To conclude, 

modified C. barbata, a natural and environmentally friendly adsorbent, can be used for removal 

of Th (IV) ion in aqueous solution. 
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