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Abstract  The main objective of this research is to find a system capable of treating urban wastewater, both in terms of 

physico-chemical and bacteriological quality. The composite material made from clay and particles of TiO2 appears to be 

effective in eliminating pollution from urban wastewater: case of the Marais Masay lake. Physicochemical analysis (pH, 

conductivity, MES, turbidity, nitrate, phosphate and chloride levels, COD, BOD) and bacteriological analysis (ASR, fecal 

coliforms, fecal streptococci and Escherichia Coli) have made it possible to assess the quality of treated waters. The model 

reduced the amount of physicochemical pollution of wastewater at the end of the treatment. The pH is between 6 and 9, the 

conductivity is reduced, it goes from 429.33 to 273 μS/cm, the turbidity is 17.8 NTU, the SS varies from 12.5 mg/l. Nitrite 

and phosphate levels are 0 mg/l. The COD is less than 50 mg/l, the BOD is less than 150 mg/l all values meet the release 

standard. Based on these results, 99.78% of Streptococci fecal germs, 99.64% of ASR, 97.84% fecal coliforms, 98.43% 

Escherichia Coli package are eliminated. Microbiological and physico-chemical reveal that the treated waters are 

qualitatively improved. 
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1. Introduction 

Around two thirds of the Malagasy population do not have 

access to drinking water. In rural areas, the proportion is 

more than two out of three people. Just over half the 

population has access to sanitation. The situation in schools 

is even more critical: 79% of rural primary schools do not 

have water point in their enclosures, 35% do not have 

latrines and only about and only about 30% of the existing 

infrastructure the standards [1]. 

Given the statistics, the problem of access to drinking 

water remains a challenge for the country. The rural 

population (between 75% and 80% of the Malagasy 

population) draws water from places which are not very 

clean. The source of the high prevalence of diarrhoel 

diseases comes from these dirty waters (well waters, river 

waters...) [2]. 

There are currently different types of wastewater in 

Madagascar: domestic, industrial, storm and agricultural 

wastewater.  

Most of these wastewater is discharged untreated into the 
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wild despite agricultural waste water. Most of these 

wastewater is discharged untreated into the wild despite their 

high loads of both organic and mineral pollutants. 

Given these circumstances, the availability of a treatment 

device available to everyone is necessary. Indeed, the use of 

local products such as clay could be beneficial for the 

population.  

Currently, there are two main types of sol-gel processes: 

the hydrolytic sol-gel process and the non-hydrolytic sol-gel 

process. Sol-gel process by mineral polymerization is one  

of the chemical aspects of Sol-Gel. Polymerization by the 

Metallic-Organic route is another aspect. Sol-Gel oxides 

(oxo- or hydroxo-polymers) are produced by inorganic 

polymerization reactions in solution from molecular 

precursors, usually deprotoned alcohol. Polymerization, by 

the hydrolytic route, takes place in two stages: hydrolysis 

and condensation. Hydrolysis and condensation of metallic 

alcohols are equivalent to nucleophilic substitution of 

alcoholic ligands by XOH hydroxylated species. 

 

M(OR)z + x XOH         [M(OR)z-x, (OX)x] + x ROH 

(1) Hydrolysis reaction (when X=H) 

M-OR + H2O           M-OH + R-OH 
 

It is intended to generate M-OH, reactive functions, i.e. 

the conversion of alcoholic functions to hydroxy functions. 
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The solution thus obtained is called soil. 

(2) Condensation reaction (when X=M). 

It consists in the conversion of the hydroxy (or more rarely 

alcoholic) functions into M-O-M species. This corresponds 

to the formation of the mineral macromolecular network 

which can then be done via polycondensation reactions 

(formation of oxo bridges by oxolation reactions)with 

elimination of water or alcohol: 

 
M-OH + YO-M          M-O-M + Y-OH (Y=H or R) 

 

This is an oxolation. The bond between atoms is ensured 

by an oxo (-O-) bridge. 

In this study, the starting precursor is tetraisopropoxide of 

Titanium (Ti(OiPr)4) from Merck (bottle of 250 ml) or iPr is 

the isopropyl radical of semi-developed formula (CH3)2CH 

and deionized water. Green and white clays were used as 

support. Green clay is from Homeopharma (distributor of 

homeopathic products in Antananarivo Madagascar), the 

particles size is about 50μm. White clay is a pre-sifted raw 

material whose particles size is also about 50μm.  

The main objective of the study was to assess the 

efficiency of treatment of a clay-based and TiO2 model, with 

a view to eliminating pollution from urban waste water. 

2. Experimental Method 

The preparation of the composite material is divided into 

two steps: the first step is to synthesize titanium oxide by the 

hydrolytic sol-gel process, the reaction mechanism of which 

is summarized as follows  

A. Summary of titanium oxide [3,4] 

It is carried out in two steps: 

- Hydrolysis step 

Ti(OiPr)4 + H2O             Ti(OH)4 + 4 iPrOH 

- Condensation step 

 Ti(OH)4 + Ti(OH)4          2TiO2 + 4H2O 

 Ti(OH)4 + Ti(OiPr)4         2TiO2 + 4 iPrOH 

 

B. Composite material summary 

Clay is dried at 100°C before activating with concentrated 

hydrochloric acid for a few minutes. 

Activated clay is prepared in the form of a full disk of 

thickness 5mm, diameter 70 mm whose weight is about 

11.33 g. 

0,2188g of titanium dioxide powder is weighed and 

dissolved completely in hydrochloric acid (30 ml). 

Solution is then spread over the surface of the 

well-prepared clay and treated at 300°C for 1 hour. 

C. Wastewater treatment 

The surface waste water is collected from the lake Marais 

Masay.  

The processing is done in two steps. The first step is to 

filter the waste water on filter paper orfine sand to remove 

suspended matter. The second step uses the composite 

material (clay- TiO2 which, placed at the bottom of the 

beaker and in the presence of light, [5] eliminates   

chemical (NO3
-, Cl-) and microbiological: Anaerobic 

Sulfito-Reductive bacteria (ASR), Fecal Streptococci, Fecal 

coliforms, and Escherichia coli after 1 hour of contact. The 

total volume of wastewater to be treated is about 300ml. 

3. Results and Discussions 

A comparative study of the results obtained before and 

after treatment of wastewater is discussed in this paragraph. 

[6] The decree n° 2003/464 of Environmental Ministry of 

Madagascar inspired by WHO (World Health Organization) 

standards for discharge of water from a sewage treatment 

plant is used. 

(03) three wastewater samples were studied and (01) 

treated. Two analysis are realized for the sample E4. The 

average of the values obtained after two analysis are 

summarized in the following table: 

A. Physico-chemical analysis [7,8,9]
 

The physical-chemical analysis are summarized in the 

following table: 

Table 1.  Physico-chemical analysis of the various parameters 

Sample 

Parameters 
E1 E2 E3 

Average: sample 

before treatment 

E4: Sample after 

treatment 

WHO 

Standards 

pH 7,66 7,46 7,30 7,47 6,62 6<pH<9 

SS (mg/l) 153 100 110 121 12,5 <60 

Turbidity (NTU) 59 45,1 60,9 55 17,8 <20 

Conductivity (µs/cm) 495 476 317 429,33 273 <1500μS/cm 

Temperature (°C) 25,1 25,1 25,1 25,1 25,1 <30°C 

Nitrate (mg/l) 14,03 12,004 13,38 12,806 11,82 <20 

Chloride (mg/l) 39,08 23,156 29,80 30,68 26,08 <250 

BOD (mg/l) 70 80 80 76,67 46 <50 

COD (mg/l) 156,4 170,72 163,2 163,44 139,014 <150 
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Figure 1.  Evolution of physico-chemical parameters 

 

Figure 2.  Number of colonies before treatment 

 

Figure 3.  Number of colonies after treatment 
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Based on the results, the mean value of the SS of the raw 

water to be analyzed is found to be greater than the value of 

the discharge water standards (<60mg/l), i.e., it has a high 

concentration and is therefore very rich in dissolved and 

colloidal materials. After treatment, the value decreased 

sharply because it is 12.5 mg/l. This decrease is confirmed by 

the value of turbidity after treatment. 
The average pH value of this raw water is around 7.47. It 

complies with the WHO standard (6 <pH< 9). Nitrates and 

nitrites are a danger to wildlife when they are too large. 

Nitrates and nitrites in our raw samples have not exceeded 

the required quality standard. 

B. Methods of determination of pollution parameters 

Suspended solids are very fines particles suspended in 

water. They are found in natural forms in surface water and 

they make the water look cloudy. They are eliminated by 

filtration according to ISO 6107-2: 1989, 4.24.3. Their 

concentration is proportional of the turbidity of the sample. 

C. Microbiological analysis [10] 

Microbiological analysis of different types of pathogenic 

microorganisms showed the effectiveness of the composite 

material. Indeed, the number of germs (ASR, fecal coliforms, 

fecal streptococci and Escherichia coli) after treatment has 

declined sharply. It shows that TiO2 can be used also as 

photocatalyst [11]. 

4. Conclusions 

Wastewater is a particularly favorable environment    

for the development of all kinds of microorganisms, 

including pathogenic bacteria and viruses. Microbiological 

composition of effluents is highly conditioned by regional 

lifestyles and health conditions. 

The study is based on the reduction of the rate of harmful 

chemical molecules to aquatic life and the elimination of 

bacteria from these wastewater. It enabled us to demonstrate 

the effectiveness of treatment by using the composite 

material formed by clay and titanium dioxide nanoparticles 

capable of cleaning up waste water. In fact, the number of  

the germs decreases sharply after treatment on composite 

materials based on clay and TiO2. Only the ASR, resist to the 

treatment. The values of the physico-chemical parameters 

like turbidity, SS, Nitrate, chloride are below standards. 
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