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ABSTRACT 

Sawdust, an affordable resource, is being investigated as an adsorbent to eliminate residual contaminants from 

water. Wood processing residues such as bark and sawdust have been widely studied for some years for their 

adsorption and removal properties of toxic metals contained in contaminated effluents. The aim of our study is to 

know the source of chemical contamination of water by using spectrophotometry methods in field ultraviolet, the 

kinetic study of sodium salicylate adsorption on sawdust was modelized according to two kinetic models (pseudo 

first and second order), to determine the most optimal pattern to describe this phenomenon, was based in the 

comparison on the correlation coefficient (R2) between the absorbance and the wavelength for both models and 

evaluate the optimal time of contact solid/liquid. Present results indicated that the correlation coefficient (R2=0.999) 

for the pseudo-second order, which means that this model is the best for future studies in the kinetics of adsorption 

of sodium salicylate by sawdust, with a time of contact solid /liquid optimal is 44.5 minutes. 
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INTRODUCTION 

 

Water is being one of the most basic constituents of life and essential resource for the development of the world, during 

the last century, the pressure growing on the water resources due to the demographic and economic growth resulted in 

considering various approaches for the stock management out of water (Meadows, 2012). Today, huge advance has been 

made in agriculture to meet the global nutritional needs of the population. This requires a contribution of fresh water to 

about 70% of global consumption (Derelanko, 2017) the use of water in agriculture faces social, economic and 

environmental problems that cannot be easily reconciled (Figuière et al., 2018; Juan et al., 2018; Toillier, 2018). The 

presence of the primary pollutants (residues of drugs) in the aqueous environmental matrices has become a subject of 

concern the fields of the environment and the public health (Jones et al., 2004). Because the analytical techniques 

improved the chemical products were identified in the water resources with concentrations varying from some Nano-

Grams (ng) to several hundred micrograms per liter (Charuaudet al., 2018), consequently, it became essential to carry out 

an evaluation of the environmental and medical risks of the complex mixtures of organic micro-pollutants particularly in 

aquatic environments (Harris, 2010).   

However, it would not be realistic to put forward repeated measures indefinitely, in time and space, to seek, identify 

and quantify all the residues of drugs present in the environment. Therefore, it is important to try a model to evaluate its 

principal families of medicines residues, minimizing the present risks at low dose during chronic exposures (Limbuet al., 

2018). The adsorption of organic molecules on modified materials has proven to be a very effective treatment technique, 

but this efficiency makes the cost of the operation excessive (Gupta, 2011). Over the last two decades, many researchers 

have focused on the preparation of certain adsorbents from natural fruit tree waste (Arami et al., 2005; Forgacs et al., 

2004), palm trees (Hazourli et al., 2007) or sawdust (Pekkuz et al., 2008). These natural absorbents, which are available 

at very low cost, have been shown to be effective against organic molecules at the laboratory scale, for example wood 

studies (Ho and Mckay, 1998), tree fern (HO et al., 2005) and palm fibres (Ofomaja, 2007). For the valorization of these 

adsorbents, the research focused on the study of the mechanisms governing the fixation of dye molecules on the grains 

fibres of the adsorbents (Aloulou et al., 2004). Wood is a building material whose industrial transformation generates by-

products and saw dusts, used for other purposes such as energy valorization like fuel and clean adsorbent for the water 

treatment worn. However, the valorization of the sawdust-like support adsorbing in the purification of used water, 

requires knowledge of structure and texture of the material (Kyzas, 2013). The capacity of the sawdust to fix adsorbents 
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such as pollutants can be largely improved while making it undergo a chemical treatment. The modification of wood can 

be made using sulfuric acid, phosphoric acid or by enzymes (Zhang, 2006).  

Sodium salt of the salicylic acid, also called Sodium Salicylate (SS), obtained by action of the sali-cylic acid on 

sodium bicarbonate, it is presented in the form of colorless and odorless crystals. It is used as analgesic and antipyretic, 

and is employed for the treatment of the rheumatic effects. Adsorption with the interface solid water / solution is a 

physical or chemical phenomenon by which molecules or ions present in a liquid waste "adsorbed" fixes at the interface 

of an "adsorbent" solid (Board, 2004). In the last three decades, the drug residue problems have emerged. Some of these 

molecules have genotoxic or hormono-mimetic properties and can potentially have an environmental impact on aquatic 

ecosystem (Benchouala, 2016; Emmanuel et al., 2008; Lavilleet al., 2008). Contaminate water is a vector for many 

diseases, water being one of the most basic constituents of life, cleanliness of water is essential for the sustainable health 

of the humans, aquatic and wildlife (Bano et al., 2018; Le Pimpec, 2002; Forbes, 1997). 

In this work, we used sawdust from carpentry rejects to absorb salicylic acid in its normal state without any 

modification. We were particularly interested in studying the kinetics of salicylic acid adsorption to predict the best 

kinetic model of this responded material and to valorize it and benefit from its depolluting properties. 

 

MATERIALS AND METHODS 

 

Ethical approval  

The experiment was carried out according to the national regulations on animal welfare and institutional animal 

ethical committee.  

 

Experimental design  

The study was carried out in North-Eastern Algeria through the period from January 2017 to June 2018. The reason 

we chose to study spruce sawdust, is its availability in private carpentry factories in the Souk Ahras area and the 

enormous quantities of this wood waste that is thrown into public landfills. The samples were collected randomly from 

carpenters in the study area by collecting sawdust remains in a plastic sack and then mixed before the experiments. Three 

solutions with concentrations; 15, 10 and 5mg/l starting from the solution mother of SS of concentration 20 mg/ were 

prepared, then we measured absorbance (A) of each solution and we will define here the calibration curve to be a 

function f (c)the calibration curve A= f (c). 

In a Becher one weighs m=50 Mg of the collected sawdust and addition volume of 50 ml of the SS solution (C=20 

mg/l) then we started the stop watch and we took to each five minute, then we filtered and determined the concentration 

of the filtrate obtained, the operation was stopped when the value of the concentration of balance is constant. 

We traced the quantity (Q) retained according to time (t) with the function f (t): Q = f (t). 

One determines the variations of the adsorbed quantity: 

Q = (C0 - Ct). V/m according to time (Zupanc, 2013). 

With Q: the quantity adsorbed, C0: initial concentration, Ct: concentration at the moment t, V volume of SS, m: 

weight. 

 

Sodium salicylate kinetic models 

In our study we based on two kinetic models, pseudo first order and pseudo-second order, to determinate the best 

kinetic model for the adsorption of sodium salicylate; These mathematical models were chosen on the one hand for their 

simplicity and on the other hand for their application in the field of adsorption of organic or inorganic compounds on the 

various natural and synthetic adsorbents. 

 

Pseudo-first order  

The equation of this model was introduced initially by Lagergren (Simonin, 2016) is form:   

With Q the amount of adsorbed solute, Qe its value at equilibrium, K1 the pseudo-first order rate constant and t the 

time. After the integration and application of the condition limit (Q = 0 for T = 0 and Q = Qe for t=t) the equation 

becomes: ln (Q - Qe) = ln (Qe) - K1 t 

With Qe: the quantity of the adsorbed residue at equilibrium, Qt: quantity adsorbed at the moment t, K1: constant 

the kinetics of the reaction. 

 

Pseudo-second order  

This model is form expressed by the equation (HO and MCKAY, 1999):  

Qe: quantity at equilibrium, Q: quantity adsorbed at the moment T, K2 (constant): kinetics of the reaction. 
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After the integration and application of the same conditions limit preceding, the preceding equation becomes: 

 
Q: Amount of adsorbed solute, Qe: Value at equilibrium, Q: Quantity adsorbed at the moment T, K2 (constant) 

kinetics of the reaction. 

 

Statistical analysis 

The collected data are logged and processed using the program (Microsoft Excel software and Graph Pad Prism) to 

perform the description and evaluation. 

The correlation qualities about adsorption kinetics, the relations for K1 and K2, present as follows:  

Y=aX +b (a and b are parameters) 

 

RESULTS 

 

Visible ultraviolet absorption spectrophotometry 

Spectrophotometry is a technique of analysis al-lows, inter alia identifying a chemical substance and of the 

concentration of an aqueous solution in a solution deter-mines, by the interaction of the electrons of the molecules of the 

aqueous solution (called chromophoric) with the light (Zupanc, 2013). 

The determination of the residual concentration of SS is carried out by proportioning spectrophotometry in the UV 

screw field, by using the law of Beer-Lambert the wavelength of the maximum absorption of SS is 230 nm (Figure 1). 

From the different solutions, we obtained the following calibration curve (Figure 2). Figure 3 shows that the rate of 

adsorption is higher at the beginning of the processes and then becomes increasingly slow in the course of the time of 

agitation to reach balance. The time of balance of adsorption of this residue is 44.5 min the quantity selected is 19, 91 

mg/g. 

The layout of Ln (Qe-Q) according to time for residue SS gives a linear form shown in figure 4. The value of 

K1was calculated starting from the slope of this line. K2 (mg/g. min) is the constant kinetics determined starting from the 

slope of straight lines 1/ Qt according to time (Figure 4). 

From the set of kinetic parameters provided by these graphs, it is clearly seen that the value of the coefficient of 

correlation R
2
=0.999for the model of pseudo-second order was closer to 1 (Figure 5) and the coefficient of correlation 

wasR
2
=0,997for the model of pseudo-first order (Figure 4). Hence the kinetic model pseudo-second order gives a better 

description of the kinetics the reaction of adsorption SS on the sawdust compared to the pseudo first-order model. 

 

 

 
Figure 1. Absorption spectra of sodium salicylate in the ultraviolet field, Eastern Algerian during January 2017 to June 

2018 

 
Wavelength 
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Figure 2. The calibration curve of sodium salicylate, 

Eastern Algerian during January 2017 to June 2018. R
2
: 

the correlation coefficient, Y: Absorbance, X: time. 

 

 

 
Figure 3. Kinetics of adsorption of sodium salicylate 

on the used sawdust, Eastern Algerian during January 

2017 to June 2018 

 

 
Figure 4. Linear form of the kinetic model pseudo-first 

order of adsorption of sodium salicylate on the sawdust, 

Eastern Algerian (January 2017 to June 2018). R
2
: 

Correlation coefficient, Y: Ln (Q0-Qt), X: time 

 

 

 
Figure 5. Linear form of the kinetic model pseudo 

second order of adsorption sodium salicylate (SS) on 

the sawdust, eastern Algerian (January 2017 to June 

2018). R
2
: Correlation coefficient, Y: time, X: T/Qt. 

 

DISCUSSION 

 

Many studies on the adsorption of dyes, toxic salts and oil from water using sawdust as an adsorbent have been reported, 

this material has proven that is not only abundant, but it is really an efficient and economic adsorbent (Shukla et al., 

2002; Nag, 1995). The components and complexing properties of the sawdust explains the adsorption mechanism, as the 

cell walls of sawdust which are mainly composed of cellulose, lignin, and many hydroxyl compounds, such as tannins or 

other phenolic compounds (Suemitsu et al., 1986). 

Most of the current literature on liquid/solid adsorption kinetics compares the respective capacities of first-order 

and second order pseudo-kinetics to describe the data (Simonin, 2016). It is preferable to use the correlation coefficient 

(R
2
) in the comparison of method data to determine the most appropriate models (Lin and Wang, 2009). As a result of 

the linear models obtained from the kinetic parameters in this study, the value of the correlation coefficient (R
2
) is 0.999 

for the pseudo-second order model is closer to 1 and for the pseudo-first order model is 0.997. 

The study of the adsorption kinetics of salicylic acid demonstrated the values and benefits of its depolluting 

properties but the choice of the most appropriate kinetic model for this material will facilitate the study and give more 

reliable results (Adib et al., 2018; Giraldo et al., 2018; Mekhalef et al., 2018). 

 

CONCLUSION 

 

We have introduced a new assay of polluted Kinetic models. Several models are given in the literature to describe the 

kinetics of adsorption. In our study, we used kinetic laws of the pseudo-first order and of the pseudo-second order 

establish by Lagergren. Water treatment, as an example we worked on the absorption of SS from sawdust; The 

comparison of the results obtained by the two models kinetics shows that the pseudo-second order model is the best than 

kinetic model pseudo-first order for conducting studies of adsorption of SS by sawdust, with a time of contact 

solid/liquid optimal of 44,5 minutes. 
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