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Abstract. The present work reports the application to reduction of the organic matter and nutrients in oil 
mill liquid waste (OMW), using the natural calcium bentonite from Morocco as adsorbent. The margine is 
characterized by a high concentration of low biodegradable and highly toxic organic matter. In order to 
evaluated the reduction capacity of bentonite to remove organic matter and nutrients, characterization 
mineralogical, chemical and also morphological of adsorbent were conducted. During the experiment and in 
the scenarios studied, all the total of parameters adsorbed was strongly depend on the percentage of 
bentonite. While, the percentage of pH of OMW was gradually decreased from 4.03 to 8. 04. The COD 
concentrations were decreased from 172.72 to 29.71 g/l, and also the phosphorus concentrations were 
decreased from 1.16 to 0.29 g/l. The electrical conductivity decrease in this work from 16.93 to 0.17 
mS/cm. This present work proves that calcium bentonite is an effective adsorbent for the elimination the 
nutrients and organic compound. 

1 Introduction  
 
Clay generally refers to a mineral substance consisting 
mainly of clay minerals and is widely used in a wide 
range of applications [1, 2]. Clayey rocks are named 
after the bentonite was discovered in 1888 at Fort 
Benton, Roche-GReek area in Wyoming (USA) [3, 4]. 
Bentonite is a volcanic rock that results from alteration 
and hydrothermal transformation of ashes from glass-
rich volcanic tuffs resulting in the neoformation of clay 
minerals [5, 6]. They contain more than 85% minerals of 
the montmorillonite family with elements in the form of 
impurities from other types of clay (illite, kaolinite, etc.), 
and non-clay minerals (quartz, feldspar, gypsum, calcite, 
etc.) [7]. They are a key component in the formulation of 
ceramic products, cement, drilling fluids, molding sands. 
They are also used as a texture agent in paints, paper 
bleaching agent, or reinforcing agent for polymer-based 
plastic materials. Clays are also found as catalysts, 
particularly in the pharmaceutical industry, or as 
membranes for filtration processes in the food industry 
[8].   In past studies, researchers mostly studied the 
development of new procedures for the immobilization 
of pollutants in aqueous media with respect to soil, have 
shown that swelling clays show a high affinity for a 
particular class of adsorption of organic and inorganic 
pollutants [9-11]. 

In the recent years, the use of bentonite has received 
broad scientific acceptance in environmental researches 
due to its high decolorization power and toxicity 
reduction capacity [12-16].  

The bentonite used in this study is calcic in nature, a 
very high liquidity limit [17, 18], characterized by a 
porosity and permeability moderately high, with clay 
fraction  of 9.09%, the silt fraction of 58.69% and a sand 
fraction of 32.21%  [19]. It was shown that the high 
water retention capacity with water content from 
38.78%, the CaCO3 content   were very low (11%) [20]. 
The aim of this study was to evaluate the potentiality of 
calcium bentonite for the removal of organic matter and 
nutrients. 

2 Experimental 

2.1 Material and instrumentation 

Natural bentonite was applied from deposits located in 
the Nador city (North-East Morocco) (Fig. 1), and used 
without any prior activation. The margine used in this 
work come from a semi-modern oil mill located about 60 
km from the city of Nador. The main computer tools 
used are ArcGIS-version 10.5 (developed by ESRI: 
Environmental Systems Reasearch Institue) and Google 
Earth Pro. 

The different characteristics of the studied margine 
are given in table 1. The crystal structure of the bentonite 
was examined by X-ray diffraction (XRD) with CuK 
radiation. The quantitative mineralogical analysis was 
extracted from the powder XRD data using an internal 
standard for each mineral (± 5%) [21]. Fourier transform 
infrared spectrometry (FTIR) was used to analyse the 
functional groups in the adsorbent. The spectra were 
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recorded on Shimadzu FTIR-8400S spectrometer using a 
finely ground KBr pellets with 2% of the sample 
recorded from 4000 to 400 cm-1 at a resolution of 2 cm-1. 
Elemental analysis of the sample was performed by X-
ray fluorescence. The morphology and size of the 
particules were observed by scanning electron 
microscopy (SEM). 

Table 1. General characteristics of margine. 

Parameter Mean ±standard 
deviation (n=3) 

pH  (Unit) 4.03 

EC (mS/cm) 16.93 

COD (g.L-1) 172.72 

TSS (g.L-1) 5.93 

NTK (g.L-1) 2.39 

Total  polyphenols (g.L-1) 9.17 

Total  phosphorus (mg.L-1) 1.16 
 
Note: * EC (mS/cm): Electrical conductivity ; COD (g.L-1): Chemical 
Oxygen Demand; TSS (g.L-1): Total suspended solids; NTK (g.L-1): 
Total nitrogen Kjeldahl. 

2.2 Batch adsorption experiments 

We analyzed the efficacy of natural bentonite on organic 
matter and nutrients in the margine. For this purpose, 20, 
40, 50, 70 and 90% of bentonite was added to margine in 
100 mL beakers. All experiments were performed at 
ambient temperature. The pH of the sample solution was 
determined by a pH meter according to the protocol 
described by Alkama et al (2009) [22, 23]. Total 
suspended solids are determined by filtration method 
AFNOR T90-105 [24].  The chemical oxygen demand 

analysis was carried out using closed reflux colorimetric 
method with potassium dichromate solution as oxidant 
and nano colour colorimeter [25]. Total polyphenols 
were measured using the method developed by Macheix 
et al (1990) [26]. Total phosphorus  was determined 
according to standard methods by AFNOR (1997) [24]. 
Kjeldahl nitrogen was carried out using the protocol 
AFNOR T90-11O.  

To determine the remaining concentration and to 
calculate the percentage of organic matter and nutrients 
removal, the absorbance of solution was read at the 
wavelength of maximum dye using a UV-Vis 
spectrophotometer. Eq. (1) was used to determine the 
percentage of organic matter and nutrients removal:  

       Removal rate (%) = (C0 - Ce / C0) ×100                (1)                               

Where C0 (mg.L-1) is the initial concentration and Ce 
(mg.L-1) is the equilibrium concentration. 

3 Results and discussion 

3.1 Characterization of adsorbent  

3.1.1 Characterization by X-ray diffraction 

The mineralogical composition (XRD) of raw bentonite 
and clay fraction of <2 µm are illustrated in Fig. 2. The 
raw bentonite consists essentially of montmorillonite 
(Mon), K-feldspar (K-fd), hematite (Hem), anorthite 
(An) and cristobalite (Cr). Of which, secondary minerals 
grading less than 10%, quartz (Qz), anatase (At), calcite 
(C), Dolomite (Dl), pyrite (Pyr). Rhodochrosite (Rh), 
zeolite (Zl) and xenotime (Xn) are present in the sample 
as impurities.  The clay fraction (< 2μm) is mainly 
composed of smectite, illite and interlayers (Fig. 2 b) 

 

Fig. 1. Location map of the study area, North-East of Morocco.
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3.1.2 Infrared spectral characteristics 

The FTIR spectra of the raw bentonite (Fig. 3), suggest a 
very strong multiple absorption band observed from 
3643.53 to 3452.58 cm-1, coinciding with the elongation 
vibrations of the OH groups of the octahedral layer, 
characterizing smectites [27]. The band at 3452.58 cm-1 
corresponds to the O-H elongations of the waters [28]. 
The band at 2380 cm-1 corresponds to carbonates or 
bicarbonates and has not changed with hairiness [29]. 
The sample characterized by intense bands observed at 
1035.77 cm-1 corresponds to the valence vibrations of the 
Si-O bond [30], has been attributed to tetrahedral silica 
in clay or quartz minerals [31]. The band at 912.23 cm-1 
corresponding to Al-Al-OH. Absorption bands between 
912.23 cm-1 and 700.16 cm-1, related to the vibrations of 
Al-Al-OH, Al-Fe-OH and Al-Mg-OH, which confirm 
the presence of a dioctahedral smectite [31]. The 800.46 
cm-1 strip is attributed to Al-Mg-OH deformations.  All 
low bands from 547.78 to 443.63 cm-1 corresponding to 
the deformation of Al-O-Si, Si-O-Mg and Si-O-Si of 
clay minerals [32]. The set of low bands that appeared 
between 1100 and 1000 cm-1 corresponding to the Si-O 
bands [29]. 

3.1.3 Chemical composition 

As shown in Table 2, the chemical composition affected 
the amounts of natural bentonite. Besides, the bentonite 
used is mainly characterized by Fe, Ca, Si and Al. In 
contrast the K, P, S, Ti, Rb, Sr, Zr, Th, Zn and Y very 
low (less than 1%). 

3.1.4. Morphological characterization (SEM) 

Scanning electron microscopy images will contribute to 
surface examination of the materials. To this end, SEM 
images were taken of the sample (Fig. 4). According to 
fig. 4 a, reveals the porous charactristics ans surface 
texture of bentonite particles. It is apprent the petaloid 
aggregates of the grains in spherical form with 
heterogeneous dimensions. We observe irregularly 
shaped pores and fissurations. 

It could be easily deduced these pores play a major 
role in the removal of the organique matter and nutrients    
[33, 34]. Raw bentonite sample contains accessory 
phases as feldspar and iron oxide. 

The energy-dispersive X-Ray Spectroscopy (EDX 
spectrum) obtained, shows the presence of the following 
elements: aluminum (Al), silicon (Si), magnesium (Mg), 
sodium (Na), Oxygen (O), potassium (K), iron (Fe), and 
calcium (Ca) (Fig. 4 b). 

 

Fig. 2 a. XRD patterns of raw bentonite. 

 

Fig. 2 b. XRD patterns of <2 µm of clay fraction. 

 
Fig.  3. FTIR spectra of raw bentonite. 

Table 2. Chemical composition of natural bentonite

Element  *Fe K *Ca *Si *Al P S Ti Rb Sr Zr Th Zn Y 

Wt.% 41.09 5.74 17 14.83 11.05 4.09 1.97 2.66 0.05 0.58 0.58 0.177 0.1 0.043 

(*) : maine composition 
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Fig.  4. (a) SEM images of bentonite ; (b) EDX spectra (b.1) bentonite, (b.2) iron oxide, (b.3) feldspar. 

3.2 Removal rate 

3.2.1 Effect of bentonite on pH and EC 

Figure 5 and table 3 shows the values of the electrical 
conductivity and the pH variations during the treatment 
of the margines.  The pH is one of the parameters that 
greatly affect both aqueous chemistry and surface active 
sites of the bentonite [34]. 

As seen in fig.5, the pH increase of 8. 04 at higher 
bentonite percentage (90%) was lower than  

that at lower bentonite percentage (20%), which 
could be interpreted as being due to surface charge of the 
bentonite. The bentonite surface mainly oxygen-
containing groups linked to the H+ (Fig.3 and 4 b), is 
positively charged and anionic the organic matter and 
nutrients   adsorption occurs easily. On the contrary, 
when the bentonite at higher percentage the electrical 
conductivity decrease. 

Table 3.  Mean concentraton and % removal of parameters analysed. 

 

OMW Percentage of bentonite (%) 
 

20 40 50 70 90 
DCO (g/l) 172.72 154.02 130.98 105.7 96.4 29.71 

 (%) - 10.83 24.17 38.8 44.19 82.8 

SST (g/l) 5.93 5.75 5.61 5.35 5.18 3.82 

 (%) - 3.04 5.4 9.78 12.65 35.58 

TKN (g/l) 2.39 2.18 2 1.64 1.22 0.05 

 (%) - 8.79 16.32 31.38 48.95 97.91 

Phl (g/l) 9.17 8.62 8.16 7.18 5.85 3.83 

 (%) - 6 11.01 21.7 36.21 58.23 

TP (g/l) 1.16 0.76 0.65 0.61 0.49 0.29 

 (%) - 34.48 43.97 47.41 57.76 75 

 pH                (Unit) 4.03 4.28 5.06 5.63 6.19 8.04 

   EC                (mS/cm) 16.93 14.82 10.04 8.82 5.92 0.17 

 
*OMW: Oil mill liquid waste 
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Fig.  5. pH and EC variation during treatment of OMW. 

3.2.2 Effect of bentonite on the reduction of organic 
matter and TKN 

The results obtained in this study show a significant 
difference in the percentages and concentrations 
reduction of COD (Fig. 6). Dissolved oxygen COD 
concentrations were decreased as the percentage of 
bentonite increased from 172.72 to 29.71 g/l, with a 
maximum reduction rate of 82.8%. Organic matter is 
reduced by a combination of biological degradation.  
The reduction was due to the degradation and conversion 
of organic compounds into biogas [35]. 

The reduction of nitrogen TKN concentration during 
the treatment of margine is shown in Fig. 7and table 3 
successively. The maximum rate of TKN reduction in 
this phase is 97.91%. The general decreases in the TKN 
indicate their development of anaerobic conditions and 
denitrification process [34]. 

 

Fig.  6. Reduction and concentration of COD during treatment 
of OMW. 

3.2.3 The nutrients reduction 

The reduction of nutrient concentration during the 
treatment of margine is shown successively in Fig. 8 and 
Fig. 9. The general decrease in phosphorus (Tp) 
concentration from 1.16 to 0.29 g/l, where the maximum 
rate of Tp removal reached 75 %. Thus, the high 
decrease in this study is attributable to composition 
chemical of bentonite (table 2). The metallic iron in 
bentonite plays a crucial role in the removal of Tp by the 
precipitation process. Alternatively, the concentration 
reduction of polyphenols (Phl) from 9.17 to 3.83 g/l on 

the 58.23 % removal rate, were recorded the percentage 
of bentonite 99%.   Indeed, the decrease in phenolic 
compounds would be related to the greater and/or an 
increase in pH [24, 23]. 

 

Fig.  7. Reduction and concentration of TKN during treatment 
of OMW. 

3.2.4 The SST reduction 

In the present study, the total suspended solids (SST) 
concentration reduced from 5.93 to 3.82 g/l, with a 
removal rate maximum of 35.58%. However, the 
reduction rate of the SST is highly influenced by 
heterogeneous dimensions and varied mineralogical 
compositions (shown in Fig. 2a and 4a respectively). 

 

Fig.  8. Concentration and reduction in Tp during treatment of 
OMW. 

 
Fig.  9. Concentration and reduction in Phl during treatment of 
OMW. 
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Fig.  10. Concentration and reduction in SST during treatment 
of OMW. 

4 Conclusion  
This work discriminated the application of Moroccan 
bentonites in the environmental field. First of all, we 
allowed to characterize the bentonite used such as 
adsorbant of point of view mineralogical, chemical and 
morphological structure.  Calcium bentonite shows a 
significant capacity to remove the organic load and 
nutrients during treatment of margine. 

Taking into consideration all the results obtained in 
this work, we concluded that the presence of free sites on 
the surface of the bentonite particles, which corresponds 
to the progressive crease in removal rates of organic 
matter and nutrients. 

Given the raw calcium bentonite has been 
successfully applied for elimination of organic matter 
and nutrients, this work opens the way for futher 
research to better understand the adsorption mechanism 
of heavy metal removal from margine. 
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