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Abstract 
Aims: The present study aims to investigate the retention of TDS by adsorption on rice husk, a very abundant adsorbent, available at all times and less expensive. 
Study design: This study was conducted by using batch method in the treatment of wastewater and drinking water using adsorption chemistry.
Place and duration of study: Chemistry laboratory of Yembila Abdoulaye TOGUYENI University, September 2024 to January 2025.
Methodology: A synthetic aqueous solution is prepared from groundwater by varying the concentration from 30 to 130 mg/L. The study of the effect of contact time is carried out by varying from 10 to 120 min. The effects of adsorbent dose, initial concentration of TDS, particles size and polarity of compounds on TDS adsorption were investigated.
Results: The results showed that the small size 400-500 µm exhibited the better adsorption of TDS. The effect of compound polarity showed that the glycerol did not affect the removal of total dissolved solids contrarily, the ionic compounds such as MB and KCl affected negatively. These compounds competed can be to increase the TDS concentration in the aqueous solution. The kinetic study also indicated that the pseudo-second-order fitted the TDS adsorption because the square coefficient relation closed to 0.97.
Conclusion: This study on the use of rice husks demonstrates that this agricultural residue can be used in the field of water decontamination and waste management conducive to an environmentally friendly system.
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1. INTRODUCTION
Water quality can be affected by the elements contained in the body of water. These constituents of the body of water are suspended solids (SS) and total dissolved solids (TDS). Research studies have showned that SS and TDS are affected by meteorological factors. Indeed, parameters such as total nitrogen, total phosphorus, chemical oxygen demand and biological oxygen demand directly affect the TDS and SS content of water (Zhang et al., 2017). Therefore, water quality properties are affected when the dose exceeds the standards (Sharma et al., 2017). The absorption of water pollutants into animal tissues could pose a risk to the animals themselves and, indirectly, to consumers of animal products (Meyer and Casey, 2012). Other risks may be incurred when using water infested with pollutants that disrupt the TDS of the water, including the use of water for irrigation in vegetable production (Masoud et al., 2022; Palanisamy et al. 2020). Turbidity affects water quality and poses a threat to the ecosystem and affects the living environment of fish (Abrahams and Kattenfeld 1997). Poor water quality can increase the cost of the treatment system. For example, high TDS concentrations in water could lead to excessive treatment costs, especially with reverse osmosis (Adjovu et al., 2023).
Several methods exist in the field of water treatment (drinking water and wastewater) and are physical, chemical and biological in nature. There is coagulation ((Asrafuzzaman et al., 2011,Igwegbe and Onukwuli 2019, Aboubaraka et al., 2017), Lin and Ika 2019), Joseph et al., 2012, ), flocculation (Zourif et al., 2024, Yeap et al., 2014), Moghaddam et al. 2010), (Mishra and Bajpai, 2005), (Mansour et al., 2011),  adsorption (Amosa et al., 2016 ;  Ashour et al., 2021, Chittala and Mogadati, 2012, Fathima et al., 2007, Hassanpour Aslani et al., 2013, Wang, 2021). Among these methods, the adsorption process seems simple and less expensive to implement. 
The rice material is widely used in the wastewater treatment and many articles were reported. Thus, a similar study confirmed that rice husk hull is used in the removal of various pollutants such as pesticides, dyes and many other organic compounds (Ahmaruzzaman and Gupta, 2011). Inorganic pollutants were investigated: toxic metal as cadmium was uptaken by modified rice husk (Ali et al., 2013),  chromium (VI) removal from Aqueous Solution Using Rice Waste (Naiya et al., 2011). Organic pollutants were also removed by rice material such as sorption of methylene blue onto rice husk (Vadivelan and Kumar, 2005), rice  husk as adsorbent for methylene blue (Franco et al., 2017), methylene blue adsorption on activated carbon developed from Egyptian rice hull (El-Halwany, 2010), phenol Adsorption by Rice Husk (Daffalla et al., 2010), Removal of Methylene Blue and Congo Red in Aqueous Phases (Chowdhury et al., 2009).
Most works are investigated on rice material as adsorbent on the wastewater treatment but few investigations can be found on TDS removal. The objective of this study is to use rice husk as low-cost adsorbent to remove TDS from groundwater. In fact, some parameters were studied such as the effect of adsorbent dose, the effect of particle size, the effect of contact time, the effect of initial concentration, the effect of compound polarity and the kinetic adsorption.

2. MATERIAL AND METHODS
Untreated rice husk adsorbent
This untreated rice husk was already used in our previous work. The husk wastes were collected from grinder women at KOUBRI, located in the south of Ouagadougou, the capital city of Burkina Faso. The agricultural waste rinsed severally with distilled water to obtain cleaned husk thoroughly. Then, the husks were crushed and sieved to have the desired sizes (µm). Physicochemical characterizations such as Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), X-ray diffraction (XRD), and X-ray fluorescence (XRF) were performed on the washed rice husk. The surface morphological and chemical parameters, as well as mineral elements, were elucidated and reported in our previous study [Oueda et al., 2024]. FT-IR spectroscopy allowed the identification of surface functional groups. 
Study of adsorption parameters
Effect of particles size
The batch process was used to study this parameter. Indeed, a volume of 25 mL of groundwater containing 151 ppm of total dissolved solids is brought into contact with 1 g of washed rice husk of the following particle sizes: 250-400, 400-500, 500-800 µm. stirring is carried out for 30 minutes at 150 rpm and maintained at room temperature. The equilibrium concentration of TDS (mg/L) was measured using a HI 2300 EC/TDS/NaCl meter (HANNA INSTRUMENTS).
Effect of the adsorbent dose
[bookmark: _Hlk205643990]Different mass of washed rice husk consisting 0.25; 0.50; 1.00; 1.50; 2.00; 2.50; 3.00 and 3.25 g were weighed. Each mass is contacted with 25 ml of groundwater containing 151 ppm TDS. Stirring is maintained at 300 rpm for 5 min, then at 200 rpm for 25 min. The percentage of TDS uptake at the equilibrium was calculated using the following equation:(1)


Where C0 and Ce are the initial and equilibrium concentrations respectively (mg/L).

Effect of the initial concentration
The effects of initial TDS concentration were studied by varying the initial concentration by adding a well-adjusted mass of kaolinite 0.125; 0.25; 0.75; 1.00; 1.25; 1.25; 1.50; 2.00 and 2.50 g into a volume 50 mL of groundwater with an initial TDS concentration of 151 ppm. A volume of 25 ml of the supernatant from each aliquot was taken to study the effect of concentration. A quantity of 0.25 g of washed rice husk was added to each Erlenmeyer flask and stirred at 200 rpm for 30 min. The amount TDS uptaken by rice husk during the adsorption was calculated using the equation (2).(2)


Where V (mL) is the volume of supernatant taken for adsorption, m (g) is the mass of adsorbent used for uptaking and C0, Ce are defined in the equation (1). 
Effect of the contact time 
The study of the effect of contact time on TDS adsorption was carried out by varying the times: 10; 20; 30; 40; 50; 60; 70; 80; 90; 100; 120 min. The supernatant is collected, and then the equilibrium TDS is determined. The amount of TDS adsorbed (Qt) at given time is calculated using the equation (2).
Study of kinetic parameters
In water effluent treatment, kinetic study plays a key role because they provide information on the mechanisms and reaction pathways of the adsorption process (Vaghetti et al., 2009). The two common models are used and the experimental data from the effects of contact time were used in this part. There are the pseudo-ﬁrst-order (3) and pseudo-second-order (4) models (Ali et al., 2013).
(3)


(4)



Where Qe and Qt are the amounts of TDS adsorbed (mg/g) at the equilibrium and studied time t, k1 (min -1) and k2 (mg g-1 min-1) are the pseudo-first-order and pseudo-second-order rate constants.

effect of polarity compound on TDS adsorption
This section studies the influence of polarity on the adsorption of TDS in aqueous solution. Three compounds were used: glycerol, methylene blue, and potassium chloride. Glycerol is a byproduct of biodiesel and petroleum plants, methylene blue is a dye commonly used in dyeing and textiles, and potassium chloride is a salt used in electrochemistry, chemical batteries, and electrodes. All of these compounds can be present in water effluents and increase TDS loading. A serial volume of each compound 0.5; 1.00; 1.50 and 2.00 mL prepared from 0.05 g of glycerol, methylene blue and potassium chloride were added to 25 mL of aqueous solution 157 ppm of TDS. the effect of the different dose was measured by the adsorption percentage R (%) of TDS.

3. RESULTS AND DISCUSSION


Effect of particle size
Figure 1 represents the Total Dissolved Solids (TDS) values (ppm) as a function of different activated carbon particle sizes (in µm). In general, TDS increases with particle size. Indeed, the lowest value (~124.8 ppm) is obtained for particles of 250 to 400 µm and the highest value (~127.7 ppm) for particles of 500 to 600 µm. An increase in TDS with particle size could indicate that larger particles release more soluble compounds into solution or that they adsorb fewer solutes. It could also suggest lower adsorption efficiency for larger particles, since residual TDS is what is not adsorbed. Particle size determines the adsorption rate; the smaller the particle size, the faster the transfer to the center (Abdallah et al., 2016). In the continuation of our study, adsorption studies are carried out on particle sizes between 250 and 400 µm.


 
Fig. 1. Effect of particle size on the adsorption of TDS 

Effect of adsorbent dose
Figure 2 shows the TDS reduction rate as a function of adsorbent mass. The graph shows that the adsorption percentage increases with the amount of unmodified rice husk. The optimum adsorption rate is obtained when the applied adsorbent mass is 2 g, or 37%. According to a previous study, increasing the adsorbent mass generally leads to an increase in the adsorption percentage. This is explained by the increased availability of free adsorption sites, allowing better capture of adsorbed molecules (Kifuani et al., 2018). The increase in adsorption with increasing carbon dose is due to the fact that more surface area is available for adsorption or, in other words, more active sites are available (Anwar et al., 2009). Beyond the optimal mass, the adsorption rate of TDS decreases despite the addition of a certain mass of adsorbent. This decrease in adsorption capacity is explained by the formation of agglomerates of bio-adsorbent particles at high doses. Steric hindrance is then observed; only a few particles at the periphery of the formed sphere actually participate in adsorption (Kifuani et al., 2018).



Fig. 2. Effect of adsorbent dose on the adsorption of TDS 

Effect of the initial concentration
This graph of the figure 3 shows the evolution of the adsorption capacity Qe (mg/g) as a function of the initial TDS concentration C0 (in mg/L). Qe increases overall with C0, which is typical of adsorption phenomena: the higher the initial concentration of the solute, the greater the quantity adsorbed per unit mass of activated carbon. Between approximately 50 and 130 mg/L, a significant increase in Qe is observed, indicating that the activated carbon still has available capacity to adsorb the solute. From 130 mg/L, the Qe reaches a maximum (about 1.4 mg/g) and then decreases slightly to 150 mg/L. This may indicate saturation of the active carbon sites or competitive or inhibitory effects at high concentrations.



Fig. 3. Effect of the initial concentration of TDS on the adsorption of TDS

Effect of contact time
The effect of contact time on TDS reduction was studied by varying the contact time from 10 to 130 min as represented on the figure 4. The graph represents the evolution of the adsorbed quantity of TDS Qt (mg/g) versus contact time (min). The curve shows a rapid increase in Qt during the first minutes (0–30 min), indicating very rapid initial adsorption. The curve then gradually flattens to reach a plateau around 120 min, suggesting that adsorption equilibrium has been reached. The increase in removal efficiency with increasing contact time is due to the fact that pollutants have more time to form a complex with the adsorbent (Anwar et al., 2009).


Fig. 4. Effect of the contact time on the adsorption of TDS

Effect of compound polarity on the TDS adsorption
The graph illustrated by figure 5 shows the evolution of the percentage of adsorption (%) of TDS as a function of the volume of each of these three interfering compounds: glycerol (Gly), potassium chloride (KCl), and methylene blue (MB). These compounds have very different polarities and chemical geometries. These differences can influence their interaction with the active sites of the adsorbent and, consequently, the adsorption of total dissolved solids (TDS).
Glycerol (Gly):
The presence of three hydroxyl groups (-OH) gives glycerol a strong polarity. Of all the volumes tested, glycerol appears to have the least inhibitory effect on TDS adsorption, primarily between 0.6 and 1.4 mL.
Its polarity gives it good solubility in water without strong competition with TDS adsorption sites, thus reducing its interfering effect.
KCl (potassium chloride):
Unlike glycerol, KCl dissociates completely in water (K+; Cl-). Being highly polar, it also negatively affects the adsorption of TDS on unmodified rice husk between 1.0 and 2.0 mL.
These ions can compete directly with TDS for adsorption sites through ionic interactions, thus reducing the adsorption efficiency of rice husk.
Methylene blue (MB) is a moderately polar organic cationic dye, but its molecular size is large compared to the tested compounds. Its adsorption rate on rice husk appears very low following the increase in its mass in aqueous solution. Its size could limit the adsorption efficiency of TDS on rice husk by blocking the active sites.





Fig. 5. effect of the compound polarity on the adsorption of TDS

Kinetic study of adsorption
The kinetic study carried out in this study concerns pseudo first-order kinetics and pseudo second-order kinetics. The adsorption kinetics graphs are represented in the Figures 6 and 7 and the parameters grouping k1, k2, Qe and R2 are calculated and presented in Table 1. The correlation coefficient of the linear representation of the second-order equation (0.97) is higher than that of the pseudo-first order (0.91). From this result, the pseudo-order model is then adequate for the retention of TDS on the unactivated rice husk. The maximum of the theoretical quantity of adsorption Qe (theo) was 2.117 mg/g for first-order kinetics, closed to the maximum experimental adsorption quantity Qe (exp) 2.315 mg/g compared to that of the pseudo-second order which is 2.665 mg/g.

Table 1 :  The analysis of First and Second pseudo-order with different parameters and values



	Parameters
	First pseudo-order
	Second pseudo-order

	
	K1
	Qetheo
	Qeexp
	R2
	K2
	Qetheo
	Qeexp
	R2

	Value
	0.0251
	2.117
	2.315
	0.91
	0.013
	2.665
	2.315
	0.97





Fig. 6. Pseudo-first-order kinetic adsorption model of TDS 




Fig. 7. Pseudo-second-order kinetic adsorption model of TDS 


CONCLUSION
The present work reveals that the rice husk even untreated may be employed as a good candidate, and cheap adsorbent for the removal of TDS from the groundwater. After the investigation of different parameters, The TDS adsorption test showed that the adsorbent particle size fraction between 250 and 400 microns had the best adsorption rate. The study of the effect of compound polarity revealed that glycerol, a non-ionic polar compound, had no influence on the retention of TDS on rice husk. Kinetic investigation revealed that the TDS adsorption followed the pseudo-second-order kinetic with good coefficient correlation of 0.97. Based on the results obtained, rice husk appears to be a good candidate in the field of wastewater treatment because it is abundant, less expensive and recyclable.
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