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1. Introduction 

Pharmaceutical products are widely consumed by humans to prevent or treat diseases. However, many 

studies reported that pharmaceutical products and its metabolites are commonly detected in wastewater, 

sewage, surface water, ground water and even drinking water [1-5].  

The impact on the environment and public health arises not only from wastewater effluents discharged 

in aquatic media [6], but also from sludge application in agriculture [7]. Among the pharmaceutical 

products, the aspirin is one of the most consumed and produced pharmaceutical product [8].                                                                                                                                                                                                       

Several methods such as advanced oxidation processes [9], biodegradation [10], membrane filtration 

[11] and adsorption [12] have shown positive results in removing the pharmaceutical products. 

Adsorption is found as the most promising removal method because of its versatility in removing 

different pollutant and also its efficiency [13].                                                                                            

However, due to the cost of commercial activated carbon, many researchers have concentrated on finding 

alternative natural adsorbents to activated carbon such as Sugar Can Bagasse [14], Vegetable Sponge 

[14], grape stalk [15], yohimbe bark [15], cork bark [15], Posidonia Oceanica [16], Dehydrated sewage 

sludge [16], Banana peel [17], Grape Stalk [18], Zizyphus Mauritiana seeds [19], Balaanites aegyptiaca 

seeds [20] and groundnut shell [21] for removing pharmaceutical products present in aqueous medium.                                                                              

The aim of our study were to investigate the potential of using Zizyphus Mauritiana seeds and Balanites 

Aegyptiaca seeds, as a low cost adsorbents to remove aspirin from aqueous solutions, to model the 

equilibrium of the process. The retention capacity of aspirin onto the Zizyphus Mauritiana seeds and 
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Balanites Aegyptiaca seeds is investigated with using the nonlinear two-parameter models (Langmuir, 

Freundlich and Jovanovic). So, the adsorption parameters obtained using the present adsorbents will be 

compared with the ones presented in the literature.                                                                         

 

2. Material and Methods 

2.1 Asborbate, adsosbents and experimental procedures                                                                                                                                    

All the solutions are prepared using aspirin and distilled water. The stock solution is prepared by adding 

500 mg of the active ingredient to 500 mL of distilled water. Other concentrations are prepared by 

dilutions of the stock solution and used to develop the standard curves [12].                                       

Zizyphus Mauritiana seeds and Balanites Aegyptiaca seeds were collected from the south of Mauritania. 

Details on the preparation of the adsorbents from residues, as well as some characterization parameters 

of the Zizyphus Mauritiana seeds (Figure 1.a) and Balanites Aegyptiaca seeds (Figure 1.b) have been 

reported in previous studies [19; 20].                                                                                      
 

a)  b)  

           Figure 1:  a) Zizyphus Mauritania seeds         b) Balanites Aegyptiaca seeds 

 

Some physico- chemical characteristics of the Zizyphus Mauritiana seeds and Balanites aegyptiaca 

seeds are given in Table 1 [19; 20].                                                                                                             

 

Table 1. Physicochemical characteristics of the studied biomaterials 
Parameters Zizyphus Mauritiana seeds Balanites Aegyptiaca seeds 

pHpzc 6.9 5.8 

Moisture (%) 4.2 3.9 

Ash (%) 7.5 5.7 

Volatile matter (%) 76.20 78.20 

Cellulose (%) 11.5 41.3 

Hemicellulose (%) 4.6 33.9 

Lignin (%) 7.5 15.2 

Particle size  (μm) <100 <100 

 

2.2 Adsorption isotherms                                                                                                                              

The adsorption isotherms at ambient temperature are obtained by mixing (70 rpm), for 180 minutes, 0.5 

g of adsorbent with 50 mL of aspirin solutions with different concentrations varying from 0 to 100 mg 

L-1. At the end of each experiment the agitated solution mixture was micofiltered using micro filter and 

the residual concentration of aspirin was determined by High Performance Liquid Chromatography 

(HPLC). Mixture of acetonitrile-water (25:75 v/v) adjusted to pH 2.5 with phosphoric acid was used as 

a mobile phase at a flow rate of 2 mL min-1at a selected wave length of 222 nm [12]. The adsorbed 

quantity at equilibrium (qe) is calculated according to the following equation (1):                                     
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Where                                                                                                                                                     

- qe: quantity of aspirin per g of adsorbent (mg g-1),                                                                                 

- Ci: initial solution concentration of aspirin (mg L-1),                                                                          

 - Ce: equilibrium solution concentration of aspirin (mg L-1),                                                                 

- m: the adsorbent weight (g),                                                                                                                    
 

Adsorption isotherms, which are a common name of equilibrium relationships, are essential for 

optimization of the adsorption mechanism pathways [22; 23].                                                                   

Three different models are used (Table 2) and classified into:                                                                    

-Simple isotherm models for homogeneous surfaces, like Langmuir equation [24] and Jovanovic 

equation [25];                                                                                                                                               

-Isotherm models for heterogeneous surfaces, like Freundlich equation [26].                                            
 

Table 2. Mathematical equation of the isotherm models 
Model Equation Parameter and dimension 

Langmuir 
eL

eLm
e

CK

CKq
q

+
=

1

 qm: maximum solute adsorbed at equilibrium state (mg g-1) and KL:        

Langmuir coefficient (mg L-1) 

Freundlich 
n

eFe CKq /1=  KF: Freundlich coefficient (mg g-1).(mg L-1)-n  and  n: model exponent (–) 

Jovanovic ( )eJCK

me eqq
−

−= 1  
qm: Jovanovic constant related to the adsorption capacity(mg g_1) and KJ: 

Jovanovic constant related to the rate of adsorption (L mg_1). 

 

The factor of separation of Langmuir, RL, which is an essential factor characteristic of this isotherm is   

calculated by using the relation (2):                                                                                                            
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C0 is the higher initial concentration of aspirin and KL is the Langmuir constant. The RL value implies 

the adsorption to be defavourable (RL>1), linear (RL=1), favourable (0<RL<1), or irreversible (RL=0).  

The Sum of the Squares of the Errors (SSE) and the correlation coefficients (R2) analysis is used to fit 

experimental data with isotherm using the Excel Solver. The SSE and R2 values are determined 

respectively by following equations (3) and (4):                                                                                                              
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Where qexp (mg g-1) is equilibrium capacity from the experimental data, qavr (mg g-1) is equilibrium 

average capacity from the experimental data and qmod (mg g-1) is equilibrium from model.  So that R2 ≤ 

100 – the closer the value is to 100, the more perfect is the fit.  
 

3. Results and discussion 

The adsorption isotherm gives an idea of the equilibrium behavior of an adsorbate–adsorbent system. 

The isotherm curves of aspirin adsorption onto Zizyphus Mauritiana seeds and Balanites Aegyptiaca 

seeds are studied and represented in Figures 2 and 3 and then modeled using the isotherm equations of 

Langmuir, Freundlich and Jovanovic. Isotherm model parameters are given in Table 3.                                                                                                           
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Figure 2: Langmuir, Freundlich and Jovanovic nonlinear for Zizyphus Mauritiana seeds  
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Figure 3: Langmuir, Freundlich and Jovanovic non linear for Balanites Aegyptiaca seeds  
 

 

Table 3. Parameters isotherm model for aspirin retention on the adsorbents  

Models  Parameters Zizyphus Mauritiana seeds  Balanites Aegyptiaca seeds  

Langmuir 

qm 8.95 7.40 

KL 0.0079 0.010 

RL 0.56 0.50 

SSE 0.0008 0.0017 
2R )%( 99.98 99.96 

Freundlich 

1/n 0.77 0.62 

KF 0.122 0.209 

SSE 0.0104 0.101 
2R )%( 99.79 97.81 

Jovanovic 

qm 5.35 4.59 

KJ 0.0129 0.0157 

SSE 0.0011 0.0034 
2R )%( 99.97 99.92 

 

The values of R2 are compared, Langmuir isotherm are shown to have higher values than Freundlich and 

Jovanovic isotherms. The lowest SSE values further confirmed the suitability of Langmuir model in 

describing the equilibrium data, suggesting the existence of monolayer adsorption of aspirin onto 

Zizyphus Mauritiania seeds and Balanites Aegyptiaca seeds. This result is consistent with the literature 

where it is reported that the adsorption of pharmaceutical products using various adsorbents is well 
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represented by Langmuir isotherm model [27; 28]. The values of RL, KL and 1/n are in between zero and 

one give an indication of the favorability of the adsorption of aspirin onto biomaterials. It is interesting 

to note that the value of KL < 0.1 is a sign of low surface energy, which indicates stronger bonding 

between aspirin and the adsorbents. The monolayer adsorption capacities were found to be 8.95 and 7.40 

mg g-1 at Zizyphus Mauritiania seeds and Balanites Aegyptiaca seeds, respectively. This shows that the 

low-cost agro forest waste Zizyphus Mauritiania seeds and Balanites Aegyptiaca seeds can be used as 

adsorbents for the removal of aspirin from its aqueous solution. A list showing the adsorption capacity 

of different low-cost adsorbents for the adsorption of different pharmaceutical products materials from 

their aqueous solutions is given in Table 4.                                 

 

 Table 4. Adsorption capacities of different adsorbents for the uptake of different pharmaceutical 

products from their aqueous solutions 

Adsorbent Adsorbate qm (mg g−1) References 

Sugar Can Bagasse 
Paracetamol 

0.12 
[14]  

Vegetable Sponge 0.037 

Grape Stalk 

Paracetamol 

1.74 

[15]  Yonimbe Bark 0.77 

Cork Bark 0.99 

Posidonia Oceanica 
Paracetamol 

1.638 
[16] 

Dehydrated Sewage Sludge 0.956 

Banana peel Aspirin 2.29 [17] 

Grape stalk Caffeine 0.938 [18] 

Zizyphus Mauritiana seeds Caffeine 2.38 [19]  

Balaanites Aegyptiaca seeds Caffeine 4.28 [20]  

Groundnut Shell Paracetamol 3.02 [ 21]  

Zizyphus Mauritiana seeds Aspirin 8.95 Present study 

Balaanites Aegyptiaca seeds Aspirin 7.40 Present study 

 

From Table 4, it is observed that the adsorption capacities of Zizyphus Mauritiania seeds and Balanites 

Aegyptiaca seeds as adsorbents for pharmaceutical product uptake are superior with other low cost 

adsorbents. The Zizyphus Mauritiania seeds and Balanites Aegyptiaca seeds without any treatment 

applied in this work can be considered promising biomaterials to be used for aspirin adsorption.  Previous 

works confirms the importance of Zizyphus Mauritiania seeds and Balanites Aegyptiaca seeds in water 

decontamination [29-32].                                                                                       

 

Conclusion 

The equilibrium adsorption of aspirin by Zizyphus Mauritiania seeds and Balanites Aegyptiaca seeds as 

low cost adsorbents was explained using the Langmuir, Freundlich and Jovanovic isotherms. The present 

study showed that the adsorption of aspirin by all two biomaterials was found to be well represented by 

Langmuir. The monolayer adsorption capacities were found to be 8.95 and 7.40 mg g-1 at Zizyphus 

Mauritiania seeds and Balanites Aegyptiaca seeds, respectively. These results showed that the Zizyphus 

Mauritiania seeds and Balanites Aegyptiaca seeds without any treatment can be considered promising 

biomaterials to be used for pharmaceutical products adsorption. 

For future studies, the usability of Zizyphus Mauritiania seeds and Balanites Aegyptiaca seeds for 

pharmaceutical products removal from real wastewater will be tested and as comparison, a fixed bed 

column will be employed to investigate the effect of reactor design.   
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