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Abstract: Currently, water scarcity challenges are facing many countries worldwide. The 

treatment and reuse of wastewater within the international guidelines can be present a solution of 
water scarcity. In this study, the adsorption capacity of natural local bentonite to different 

pollutants was investigated on two stages. Stage one concerned about selecting the optimum 

conditions (pH, weight of adsorbent, initial concentrations of pollutants and contact time) for 

removal of ammonia (ammonium ion) and heavy metals from aqueous solution. In stage 2, The 

optimum condition obtained from stage 1 were applied for the removal of chemical oxygen 

demand (COD), biological oxygen demand (BOD), total suspended solid (TSS), total nitrogen 

(TN), total phosphorus (TP) and turbidity from sewage samples collected from CLEQM septic 

tank. To improve the removal efficiency, the samples were left for settled down and precipitate 

the suspended matter before treatment at various contact time. The results revealed that the 

percentage of removal efficiency 58, 97, 88, 90, 76, 91, 69, 90 % for ammonium ions (NH4
+), 

heavy metals, COD, BOD, TSS, TN, TP and turbidity respectively. This study revealed that 

bentonite can be used as a very low cost material, environmentally safe and good adsorbent for 

removing organic and inorganic pollutants. 
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1. Introduction 

 

The treatment of wastewater coming up from 

community and municipalities must be agreed with 

the environmental standard before it was reused or 
returned to surface water (Novoselov et al., 2004). 

There are various important parameters such as 

total suspended solids (TSS), major cations, 

turbidity and chemical oxygen demand (COD) are 

the main characteristics of the municipal and 

industrial wastewater effluents in addition to 

ammonia and heavy metals. 

The main problem of high levels of chemical 
oxygen demand results in reducing dissolved 

oxygen in water system then leads to death of 

aquatic organisms, while the contamination with 

suspended solids resulting from organic and 

inorganic substance can cause the water system 

being polluted by odor and dirt  (Tahir et al., 2009) 

growth of the natural cycle, many of them become 

to be harmful at high amount. A few researches 

were conducted to enhance and develop a powerful 

and economic process for removal of toxic 

substance (Papayannis et al., 2010). The most 
developed techniques for hazard material removal 

are related to sorption mechanism, ion exchange 

processes. Over all the various absorbent materials 

used for toxic compound removal are bentonite, 

zeolite and activated carbon (Easton et al., 2007). 

Using of clay minerals as adsorbent in wastewater 

treatment has become more widely and efficient for 

heavy metal, organic pollutants, and nutrients 
removing (Tanner et al., 2004). Surface water, 

ground water and soil contamination with ammonia 

and harmful metal ions even at a few levels is a big 

issue, and has danger effect to the environment, 

while the nitrogen as nitrous oxide, nitric oxide, 

nitrate, nitrite or ammonia is water soluble and can 

reach to ground and drinking water causing serious 

problem (Janteng et al., 2007). 

The utilization of clays as adsorbent in wastewater 

treatment was increased due to its abundance, low 

expensive and has a great ability to absorb and 

remove several forms of pollutants including heavy 

metals in waters due to the presence of 

montmorillonite (Ayala et al., 2008). The 

mechanism of ion exchange process and the 

amount of pollutants absorbed are strongly 

dependent on where the clay material comes from, 

the impurities percentage. 

Bentonite is considered one of most important 

clays which have large surface area and negative 

sign to catch the pollutants ions from surrounding 

environment (König, 2012). The surface areas and 

capacities of exchange make it characterized with 

high sorption capabilities (Babel et al., 2003). 

Bentonite clay is classified into two type’s sodium 

and calcium bentonite. The sodium type is volcanic 

ash origin and generally possesses high swelling, 

while the other type of calcium bentonite volcanic 

ash evolved and deposited on fresh water system 

and low swelling (Al Dwairi et al., 2012).  

Karapinar and Donat (2009) studied the uptake 

capacity of bentonite for chromium, copper, zinc 

and manganese. The obtained results indicate that 

the adsorption capacity of bentonite for various 

metal ions is charge density and hydrate ion 

diameter depends. 

Therefore, the current study aims to investigate an 

economically feasible, simple to operate, efficient 

and sustainable treatment method in order to 

protect our surface water and also choosing the 

optimum operating conditions with the possible 

methods of application for using natural bentonite 

in the removal of organic and inorganic pollutants 

(heavy metals, ammonia, chemical oxygen 

demand, biological oxygen demand, total 
suspended solid, total nitrogen, total phosphorus 

and turbidity) from wastewater. 

Justification of Research 

 

In Egypt, water pollution in the different irrigation 

and drainage channels is a challenging issue. This 
pollution prevents water managers from recycling 

the drainage water especially in the era of the 

Egyptian water scarcity. Therefore, de-pollution 

and removing whatever pollutants from different 

waterways are targets for the Egyptian scientific 

community towards supporting decision makers in 

facing the various water challenges in Egypt. The 

current research is considered a break-through in 

finding a safe, low coast and efficient material 

available in the Egyptian environment that can 

reduce the pollution load from the different water 

ways. This study started with utilizing the natural 
bentonite in a laboratory scale to evaluate its 

efficiency for removing hazard contaminants. The 

research authors are planning to upscale the 

experiment to be applied in small channel. 

2. Experiments 

 

2.1. Preparation and characterization of 

adsorbent 

The bentonite clay was obtained from Masr 

Company for Mineralization and Bentonite, Burg 

El-Arab, Egypt. The sample was ground in a ball 
mill and only particles smaller than 0.25 mm, were 

used for the batch experiments. The mineralogical 

properties of natural bentonite were determined by 

X-Ray Powder Diffraction (XRD) using a PAN 

analytical X-Ray Diffraction equipment model X 

Pert PRO. The chemical composition was analyzed 

using X-Ray Fluorescence (XRF) spectroscopy 

(Axios, sequential WD- XRF spectrometer, PAN 
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analytical 2005), while the adsorbent was scanned 

using Electro scanning microscope (ESM) model 

JEM- 2200FS. 

2.2. Preparation and analysis of initial 

concentrations of pollutants                             

The aqueous solution of ammonia and heavy 

metals were prepared as following: 

2.2.1. The concentrations of ammonia (5 and 10 

mg/l) were prepared using crystalline ammonium 
chloride (Merck brand-NH4Cl). A defined weight 

was dried at 70°C. The initial concentrations of 

ammonium ions before and after batch experiment 

were measured using Ion Chromatography (model 

Dionex ICS 5000), while pH was measured using 

an Orion Ross Combination Probe (model 

8115BN) with digital meter (model 960).  

 

2.2.2. Metals stock standard of multi element 

(Al, Ba, Cd, Cr, Cu, Fe, Pb, Mn, Ni and Zn, 1000 

mg/l Merck Brand), has been used to prepare 
concentrations of heavy metals (0.5 and 1.0 mg/l) 

with deionized water and negligible drops of nitric 

acid. The metals were analyzed using ICP-MS 

(model Perkin Elmer, NexION 300D) financed by 

Science and Technology Development Fund 

(STDF). 

 

2.3. Sewage samples collection and analysis 

Sewage                                                    

samples were collected from CLEQM’S septic tank 

and analyzed for COD, BOD, TSS, TN, TP and 

turbidity. The samples collection, preservation and 
analysis regarding all investigated parameters were 

conducted according to the Standard Methods for 

the Examination of Water and Wastewater (APHA, 

2012).  

The COD and BOD parameters were determined 

by Hach DR 3900 and BOD incubator respectively. 

Total suspended solid was determined 

gravimetrically. The sewage samples were digested 
for the determination of TN and TP, while the 

distillation unit of Kjeldahl model 132D and Hach 

DR 3900 are used for determination of the 

mentioned parameters respectively. Turbidity was 

determined using turbidity meter (model 

Thermorion AQ 4500). 

2.4. The batch experiments                         
2.4.1. Stage 1: Selecting the optimum conditions of 

using bentonite to remove ammonia and heavy 

metals.  

The adsorption capacity of natural bentonite to 

uptake ammonium and metal ions from aqueous 

solution was investigated under various conditions 

(pH, weight of adsorbent, initial concentrations of 

pollutants and contact time). Batch adsorption 
experiments were conducted using different 

weights of bentonite (0.5, 1.0 and 2.0 g) added to 

100 ml of aqueous solutions with varying 

pollutants initial concentrations. Small volumes 

(negligible) of sodium hydroxide and hydrochloric 

acid were added to the aqueous solution to adjust 

the desired pH (4, 6 and 8).  

The constant volumes (100 ml) of prepared 

solution from ammonium chloride and heavy 

metals were shaking (100 rpm at 25°C) for four 

hours with various weights of adsorbent to allow 

the interaction between adsorbent and sorbent. 

Then the samples were filtered and the 

concentrations of ammonium ion and different 

heavy metals ions were measured.  

2.4.2. Stage 2: The sewage samples were left to 

settled down and precipitate the suspended matter  

for two hours before treatment with bentonite, 

while the optimum conditions obtained from stage 

(1) were applied to examine the removal efficiency 

of bentonite for COD, BOD, TSS, TN, TP and 

turbidity at different contact time. 

The removal efficiency of bentonite was calculated 

by the following equation: 

 

Where, C∘ is the initial concentration of pollutants 
(mg/l) and Ce is the final concentration of the 

pollutants after treatment (mg/l). 

3. Results and Discussion 

  

3.1. Characterization of natural bentonite  

The characterization of bentonite by X Ray 

Diffraction indicates that it consists of minerals 
(calcium and magnesium), quartz, montmorillonite, 

kaolinite and dolomite as shown in Table (1) and 

Figure (1). Quartz mineral has a hexagonal crystal 

structure made of trigonal crystallized silica 

(silicon dioxide, SiO2), while the montmorrilonit is 

a mineral that contains compounds of Al2O3 

4Si.H2O. The structures of bentonite composed of a 

single plate layer occupied between aluminum 

(Al2O3) and silica (SiO2) plates that can be expand 

or contract.  Kaolinite clay considered the major 

part of the kaolin clay, consisting of 

aluminosilicate minerals (Al2O3SiO2H2O). 
Dolomite is an anhydrous carbonate mineral 

composed of calcium magnesium carbonate 

(Naswir and Arita, 2013). The chemical 

composition of adsorbent was studied by X-Ray 

Fluorescence (XRF) and presented in Table (2), 

while Figure (2) shows the electroscaning 

microscope (ESM) of bentonite sample, which can 

be observed as a layers arranged above each other. 

This laminar structure can be representative a 

structural model of montmorillonite. The model 
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structure presents Al-O and Si-O bonds in 

octahedral and tetrahedral layer sheets, 

respectively. This structure is agreed with Ayala et 

al., (2008) who found that the tetrahedral sheets are  

 

Table 1: Mineralogical composition, mass (%) of the natural bentonite. 

Mineral Name Chemical Formula 

Quartz Si 3.00 O 6.00 

Montmorillonite 
Si 7.80 Al 1.72 Li 0.16 Fe 0.20 Mg 0.28 O 
20.00 

Kaolinite Al 2.00 Si 2.00 O 9.00 H 4.00 

Dolomite Ca 3.00 Mg 3.00 C 6.00 O 18.00 

 

Table 2: Chemical analysis of bentonite  

Content Composition (%) 

Al2O3 22 

SiO2 56 

Fe2O3 4.77 

CaO 2.85 

K2O 1.39 

TiO2 0.12 

Trace of other elements (Mn, Cl, Mg, 
Cr,…….etc) 

12.87 

 

Table 3: Removal efficacy of ammonium ions at various pH, initial conc., adsorbent weight and contact time 
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Table 4: Removal efficiency of heavy metals (0.5 mg/l) at various pH, adsorbent weight (2g) and contact time 

No. 

 

Contact time 
 

Heavy metals adsorption (%) using 2 g of  bentonite 

1st hour 2nd hours 3rd hours 4th hours 

pH 4 pH 6 pH 8 pH 4 pH 6 pH 8 pH 4 pH 6 pH 8 pH 4 pH 6 pH 8 

1 Aluminium  80.6 83.2 82.4 84.5 86.2 86.0 93.8 95.1 94.8 84.0 84.5 84.1 

2 Barium  78.1 81.7 81.0 83.3 84.2 84.1 90.5 95.5 95.2 87.1 88.0 87.9 

3 Cadmium  81.6 85.4 85.1 87.3 88 87.8 90.9 97.0 96.5 88.3 89.6 89.2 

4 Chromium  84.2 86.3 86.1 89.4 91.1 90.8 92.9 94.4 94.1 83.0 84.0 83.8 

5 Copper  73.5 78.6 78.2 84.2 87.5 87.2 91.7 93.2 93.0 81.1 83.2 82.9 

6 Iron  76.1 78.0 77.8 81.2 83.4 83.1 90.5 91.8 91.3 81.7 84.4 84.4 

7 Lead  82.3 84.1 83.9 86.1 88.0 87.8 89.6 93.5 93.0 81.5 84.2 83.8 

8 Manganese  72.1 76.5 75.2 82.3 86.1 86.2 90.7 91.5 91.5 81.2 83.0 82.8 

9 Nickel  83.4 85.7 85.2 87.2 89.5 88.9 91.5 92.2 91.9 74.5 78.2 78.1 

10 Zinc  76.0 78.3 78.0 84.7 87.9 87.2 91.5 93.5 93.0 84.3 86.0 85.8 

 

Table 5: Removal efficiency of heavy metals (0.5 mg/l) at various pH, adsorbent weight (1g) and contact time. 

No. 
 
Contact time 

Heavy metals adsorption (%) using 1 g of  bentonite 

1st hour 2nd hours 3rd hours 4th hours 

pH 4 pH 6 pH 8 pH 4 pH 6 pH 8 pH 4 pH 6 pH 8 pH 4 pH 6 pH 8 

1 Aluminium  71.8 75.3 74.9 80.6 81.7 81.2 87.3 88.2 87.9 76.1 77.6 77.1 

2 Barium  73.5 74.5 74.1 78.3 79.6 79.0 86.5 88.1 81.5 75.1 77.7 76.9 

3 Cadmium  75.9 76.8 76.2 79.1 83.2 83.0 85.9  89.3 88.9 73.4 76.9 75.8 

4 Chromium  71.9 73.0 72.8 76.7 77.6 77.2 81.9 83.4 82.8 75.4 78.3 78.1 

5 Copper  73.7 80.5 79.8 80.3 82.8 82.0 84.7 89.5 89.2 74.4 76.6 75.8 

6 Iron  77.9 79.3 79.0 82.1 87.0 86.7 84.7 89.8 89.5 71.3 73.7 73.2 

7 Lead  70.5 72.0 71.8 75.3 76.2 76.1 83.3 84.0 83.7 72.6 73.7 73.3 

8 Manganese  72.7 74.6 73.9 75.1 78.4 78.2 79.7 80.8 80.3 72.4 73.6 73.2 

9 Nickel  72.5 75.6 74.9 78.4 80.7 80.2 82.5 84.4 84.0 71.1 72.5 72.2 

10 Zinc  76.4 77.2 76.8 79.2 80.4 80.1 83.6 86.1 85.7 74.5 76.7 76.3 

 

Table 6: Removal efficiency of heavy metals (0.5 mg/l) at various pH, adsorbent weight (0.5g) and contact time. 

 

Table 7: The chemical analysis of CLEQM’S septic tank for the tested parameters   

No. 
 
Contact time 

Heavy metals adsorption (%) using 1 g of  bentonite 

1st hour 2nd hours 3rd hours 4th hours 

pH 4 pH 6 pH 8 pH 4 pH 6 pH 8 pH 4 pH 6 pH 8 pH 4 pH 6 pH 8 

1 Aluminium  71.6 73.4 73.1 75.8 76.6 76.3 77.8 81.8 81.2 72.3 74.2 74.1 

2 Barium  73.5 76.8 75.3 78.2 79.3 78.7 80.4 81.3 80.8 76.8 77.0 77.0 

3 Cadmium  74.7 76.6 76.1 81.9 83.4 82.9 84.9 88.4 87.6 73.1 75.4 74.9 

4 Chromium  78.2 79.4 78.8 80.3 81.0 80.6 82.7 84.7 84.1 73.1 75.3 72.8 

5 Copper  71.2 73.5 72.4 75.2 76.3 74.6 81.3 82.8 81.8 75.4 76.8 75.4 

6 Iron  73.1 75.2 74.7 76.7 77.8 76.4 82.6 84.7 83.7 75.8 76.3 74.7 

7 Lead  70.8 72.4 75.7 76.8 78.4 77.2 80.7 83.2 82.6 74.1 76.6 75.9 

8 Manganese  72.4 75.5 74.8 76.2 77.3 75.8 82.6 84.7 84.1 72.4 74.3 71.6 

9 Nickel  72.2 73.7 73.1 75.6 78.6 77.3 81.2 84.6 83.8 72.4 74.6 73.1 

10 Zinc  73.7 75.7 74.3 76.7 78.4 77.8 83.4 85.4 83.8 73.8 75.4 73.7 

No. Parameters Unit Results 

1 Chemical Oxygen Demand (COD) mg/l 63 

2 Biological Oxygen Demand (BOD) mg/l 42 

3 Total Suspended Solids (TSS) mg/l 62 

4 Total Nitrogen (TN) mg/l 96.7 

5 Total Phosphorus (TP) mg/l 2.23 

6 Turbidity NTU 42 



Ph ton                                                                                                                                                                                 366 
 

Figure 1: spectrum XRD of bentonit 

 

 
 
 
 

 

 

 

 

 

 
 
 
 

Figure 2: ESM of bentonite. 
 
 
 
 
 

 

 

 

 

 

 
 
 

 

Figure 3: Removal efficiency of COD and BOD against contact time using 2g of bentonite 
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Figure 4: Removal efficiency of TSS and turbidity against contact time using 2g of bentonite 
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Figure 5: Removal efficiency of TN and TP against contact time using 2g of bentonite 
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forming the hexagonal cavities which play an 

important role during adsorption process. On the 

other hand, siloxane bonds located at its edges and 

external surfaces allow removal of pollutants in 

solution, carried out mainly by cation exchange and 

by complexation with oxygenated groups. This 

construction allows to understanding of the 

mechanisms involved during adsorption of 

pollutants. 

3.2 Batch Study (Stage 1) 

There are many factors effect on sorption of toxic 

materials by clays such as pH of solution, weight of 

adsorbent, initial concentrations of pollutants, 

temperature and contact time. The removal 

efficiency of natural bentonite towards different 

organic and inorganic pollutants was studied under 
the previous conditions except temperature. 

 

3.2.1. Effect of pH 

The adsorption of ammonium and metal ions from 

solution is strongly dependent on the pH due to its 

influence the metal ions solubility (White et al., 

2005). 

The effect of pH was investigated with various 

initial concentrations of ammonia and heavy metals 

at 25 °C. The uptake of ammonia and heavy metals 

by natural bentonite as a function of pH are 

presented in Tables (3-6). It was observed that the 

sorption of the metal and ammonium ions 

decreased at low pH. That is due to the competition 

between  positive charge ions (pollutants) and 

hydrogen ions with negative sites on the clay 

(Horsfall et al., 2006). 

 
Regarding the obtained results, ammonium and 

heavy metals ions adsorption increased with 

increasing pH (Tables 3-6). This behavior agrees 

with the results of heavy metals adsorption by lucia 

and Gilvanise (2009). The results support the 

observation that increasing bentonite solution 

system pH led, initially, to increase the net negative 

surface charge on bentonite where, ammonium and 

heavy metals ions are adsorbed. This can be due to 

the deprotonation of the most active surfaces of 

bentonite as a result of surface hydrolysis with 
increase in pH from 4 to 6. 

 

3.2.2. Effect of initial concentrations of 

pollutants. 

The obtained data indicate that the sorption 

capacity of natural bentonite to ammonium and 

metal ions is affected by their initial concentrations 

as presented in Tables (3–6). The adsorption of 

bentonite was increased as the initial 
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concentrations of pollutants decreased at 25ºC. The 

results of the current study were agreed with Tito et 

al., 2011. They reported that the adsorption of 

natural bentonite to various metal ions was 

increased by decreasing the initial concentrations 
of pollutants.  

 

3.2.3. Effect of Clay dosage 

The current study was performed using different 

weights of natural bentonite clay (0.5, 1.0 and 2.0 

g). The results of ammonium and metal ions 

removal is presented in Tables (3-6). The obtained 

results revealed the adsorption values for the 

investigated parameters were increased by 

increasing the weight of bentonite. The results of 

the current study is agreed with the data obtained 

by Varank et al., (2014). 
 

3.2.4. Effect of contact time 

During the batch experiment the effect of contact 

time was also studied. The results are shown in 

Tables (3-6). The data revealed that percentage of 

ammonium ions and various adsorbed metal ions 

increased by increasing contact time. This was due 

to at the beginning of experiment the adsorption 

capacity increased due to all sites on the clay were 

empty and pollutants concentration was high, 

however by time the sorption sites reduced leads to 
decreased adsorption rate. The obtained data are 

match with that found in the experiment of  Yu et 

al., (2000); Sheng et al., (2009) and Mousavi et al., 

(2010). They found the adsorption rate was high at 

the first hour and starts gradually decrease by 

increasing time. The results revealed the optimum 

contact time for ammonium ions and heavy metals 

removal is at 120 and 240 minutes respectively, 

then the uptake rate decreased with increasing 

contact time.  

 

3.3. Applied study (Stage 2). 
The applied study was performed using sewage 

samples collected from CLEQM’S septic tank. The 

chemical analysis was presented in Table (7). The 

selected optimum conditions obtained from stage 

(1) were applied at various contact time to 

investigate the removal efficiency of bentonite for 

COD, BOD, TSS, TN, TP and turbidity. The results 

revealed that the maximum removal efficiency was 

recorded for TN (91.3 %) and the minimum value 

was recorded for TP (69%).  

 
The results revealed that the adsorption capacity of 

the selected parameters increased with increasing 

contact time as shown in Figures (3-5)  This is due 

to  the adsorption capacity was increased rapidly at 

the beginning of study, but it was slowed in the 

later stages until reaching equilibrium because 

pollutants form layer on the surface, which 

prevents more adsorption to bentonite. This 

circumstance is in agreement with the results 

obtained by Janteng et al., (2007). 

 

Conclusion 

 
1-Bentonite clay is low cost, environmentally safe 

and potentially efficient for pollutants removal 

from wastewater such as ammonia, heavy metals, 

COD, BOD, TSS, TN, TP and turbidity parameters. 

 

2- It was found that adsorption capacity of studied 

pollutants is affected by the pH of solution, weight 

of adsorbent, the initial concentrations of 

contaminants and contact time. 

 

Research Highlights 

 
1- This study aims to use natural bentonite as an 

effective material for wastewater treatment from 

some inorganic and organic pollutants. 

2- Natural bentonite can be potentially efficient for 

pollutants removal due to its peculiar structure 

which has many sites of cations that are 

interchangeable for pollutants.  

3- The removal capacity is depending on the pH of 

solution, weight of adsorbent, the initial 

concentration of contaminants and contact time. 

4- The results revealed that the percentage of 
removal efficiency were 58, 97, 88, 90, 76, 91, 69, 

90 % for ammonium ions (NH4
+), heavy metals, 

COD, BOD, TSS, TN, TP and turbidity 

respectively.  

Limitations 

 

The current study represents one of most effective 

ways of using natural adsorbent for wastewater 
treatment. This research utilized the natural 

bentonite in a laboratory experiments and proved to 

be very efficient according to the results presented. 

Therefore, the current research is limited until now 

for laboratory experimentation. The authors plan to 

extend their research to a laboratory flume with a 

flowing water to measure the efficiency of natural 

bentonite in removing the different pollutants in a 

small scale channels as well as the other parameters 

such as the contact time, optimum water flow 

velocity, amount of bentonite needed compared to 
the water flow, and any side effects that might be 

witnessed. 

 

Recommendations 

 

1-Bentonite can be used on large scale represented 

on water flume to investigate if it useful to 

demonstrates this module at water drainage. 

2- This study recommended that the wastewater 

must be settled before treatment with bentonite to 
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reduce the suspended matter and increase the 

removal efficiency COD, BOD, TSS, TN, TP and 

turbidity. 
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