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Abstract 
This work aims to test the performance of sand slow filtration to treat urban wastewater from the city of Tamanrasset, Algeria. The 

objective is to carry out a comparative study between two types of sand (Tamanrasset and In Salah) in order to show the influence of the type 

of aggregate on the biological filtration performance of wastewater. The analyses carried out in the laboratory showed that the filtrate pH 

values are between 7 and 8 (neutral medium), the values of electrical conductivity (3.6-4.2 mS/cm) are higher than that of salt water, and the 

purification yields of suspended solids, chemical oxygen demand (COD), and biochemical oxygen demand exceed 60%, 55%, and 70%, 

respectively. Our results show that slow sand filtration has a positive impact on the removal of suspended contaminants and biological 

parameters, and its purification performance is mainly dependent on the types of aggregates and raw water properties. 
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1 Introduction1 
Population growth has a direct effect on the disruption of 

natural and climatic resources, especially in developing countries 

with highly intensive economic, industrial, and agricultural 

activities (1). One of the goals of the global sustainable 

development strategy is to improve food security in the face of 

population growth (2), with the supply of drinking water being a 

major challenge for policymakers.  

The issue of water scarcity in arid and semi-arid areas is 

currently the subject of much scientific research in the literature 

(3, 4, 5). The scarcity of water has led to the search for and 

development of alternative resources, notably the reuse of 

wastewater. This water has to be treated to comply with and adapt 

to different possible uses, whether agricultural, industrial or 

hydrogeological, such as groundwater recharge and more 

generally the preservation of wetlands and natural resources. 

The processes of wastewater treatment or purification differ 

from country to country or from region to region within the same 

country and depend on climatic, economic, and social conditions 

(6, 7, 8). The objective of the treatment is to eliminate all 

materials or objects that can degrade the quality of the water on 

the one hand and to reduce the pollution load on the other hand 

(9, 10). Indeed, several methods and procedures are available for 

wastewater treatment; the best technique is one that can be 

adapted to the local resources of water, people, and materials 

available in the study area (11). Unfortunately, in the South of 

Algeria, in Tamanrasset, and given the poor means and the 

absence of urban wastewater treatment technology, the creation 
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and development of a simple and efficient wastewater treatment 

system, compatible with the available resources and materials, is 

an urgent and certain need (12, 13). Slow sand filtration (SSF) is 

generally considered among the most effective and 

simultaneously very favorable technologies for the reduction of 

pollutant load, including particulate organic substances, mineral 

matter, turbidity, and suspended solids (7, 14). it is a treatment 

based on a technology of low energy intensity, low dependence 

on chemical products, and simple manipulation, which does not 

require skilled labor. This mode of treatment is profitable from an 

economic point of view (9, 15).  

The technique has been widely used for tertiary wastewater 

treatment, integrating physical, chemical, and biological 

processes to modify wastewater characteristics including 

temperature, hydrogen potential, hydraulic head, turbidity, 

chemical oxygen demand, and biochemical oxygen demand, etc 

(15, 16). From a morphological point of view, the sand material 

is considered the most available element in the Algerian Sahara 

figure 1. The objective of this study is to use it to treat urban 

wastewater discharged by the population of the Tamanrasset 

region. This work aims to verify the purification performance of 

two types of sand, sampled in the Tabrakat wadi which crosses 

Tamanrasset, and In Salah, to monitor the evolution of the 

physico-chemical parameters of the purified water. 
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2 Materials and Methods  
2.1 Study Area 

The Tamanrasset region is located in the extreme south of 

Algeria, and covers an area of 556,100 km², i.e. ¼ of Algeria's 

total surface area, making it the largest region in Algeria (17).  

 It lies between 18°43' and 29°03' North latitude and 0°45' and 

10°15' East longitude. The Tropic of Cancer crosses it 80 km 

north of the town of Tamanrasset. It is bordered to the north by 

Ghardaia, to the north-east by Ouargla province, to the east by 

Illizi province, to the west by the province of Adrar, to the south 

and south-east by the Republic of Niger, and to the south-west by 

the Republic of Mali. Its population in 2020 with more than 

150,000 inhabitants(18). 

 

 
Figure.1: Study area  

 

2.2 Sampling and Collection 

 The two sand samples were taken from the Tamanrasset and 

In Salah regions. All the granulometric analyses were carried out 

within the Laboratory of the Public works of the South unit of 

Tamanrasset, these analyses will give the power to determine 

certain characteristic indices of the sand used. 

 

 
Figure 2: Sand dunes Tamanrasset province, Algeria (19) 

 

The urban wastewater samples were collected in a 250 ml 

plastic bottle that was filled at different points for 7 weeks. Daily 

samples of the two 1000 ml filters were taken separately for each 

filter at the end of every 3 hours during filter operation and stored 

in a closed plastic container, the feed wastewater sample was 

analyzed for total solids suspended solids (TSS), chemical oxygen 

demand (COD) and biochemical oxygen demand (BOD) (20). 

These analyses of the chemical elements were carried out in 

the laboratory of the National Office of Sanitation (ONA) unit of 

Tamanrasset. Analyses are made on the five physicochemical 

parameters according to standard methods of analysis. pH and 

conductivity were measured in situ, using a pH meter coupled 

with a thermometer and a WTW 315i SET type conductivity 

meter. TSS, BOD, and COD were measured using standard 

method spectrophotometers HACH (DR 3900), AFNOR (XPT 

90-319), and DCO AFNOR (NF T90-101), respectively (21). 
 

2.3 Analytical Procedures and Calculations 

The experimental pilot consists of a sand column, the column 

consists of a PVC tube with a height of 1 m and an internal 

diameter of 110 mm (see Fig. 2 and 3), i.e. a free area of about 95 

cm2 (5). The raw water is fed into the filters intermittently, a total 

of 5L of the sample was used for each filter, the time of passage 

through the filter was measured using a stopwatch (table 2) (13), 

and the flow rate of the sample passed through the filter was 

determined using the equation (1) following 

 

( ) 5LLQ
min T

=                                                                       (1) 

 

Table 1: Times for the sample passed through the filter 

Samples T1 T2 T3 T4 Tavrege Q 

Tamanrasset 90 98 102 107 99.25 14.51 

In Salah 45 50 42 53 47.5 28.80 

T (min), Q (L/day). 

 
Figure.3: Layout diagram of sand filter pilot 

 

2.4 Granular Media 

The sand properties shown in the table, namely the uniformity 

coefficient Cu (4.70 and 4.00), the grading coefficient Cc (0.84 

and 1.02), and the porosity n (39 and 41%) for the samples from 

Tamanrasset and In Salah, respectively, showed their potential to 
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be used as filtration media. The granulometry shows that the sand 

size can be characterised as medium. 

 

 
Figure 4: Experimental pilot of sand filtration 

 

Table 2: Granular media 

 

Samples 

D10  

(mm) 

D30 

(mm) 

D60 

(mm

) 

Cc Cu  n  

(%) 

Tamanrasset 
0.226 0.451 1.06

4 

0.84 4.7

0 

39 

In Salah 
0.679 1.373 2.72

0 

1.02 4.0

0 

41 

 
The various analytical results that were obtained after the 

experimental operation of each filter are presented in figures 4 to 

8. These analytical values will allow us to examine the 

performance of the filter by determining the average percentage 

removal of various pollutants. The formula used to calculate the 

percentage removal is as in equation (2) (6).  

 

100i e
a

i

c c
R

c

  −
=   
   

                                                            (2) 

 

where Ra percentage removal efficiency of chemical parameters; 

Ci initial concertation of analyzed chemical parameters of raw 

water; 

Ce final concentration of the analyzed parameters of the filtrate 

(22). 

 

3 Results and Discussion  
In the following figures, a, b, and c represent wastewater, 

filtrate for Tamanrasset, and In Salah filtrate respectively. 

 

 
 

Figure 5: pH values before and after filtration   

 
The pH values presented in Figure 5 showed that the raw water 

values varied between 7.4 and 8.14. This variation in pH values 

can be explained by the quality of the wastewater tested and the 

variation in ambient temperature. The pH values of the filtrate are 

generally higher than those of the raw water; they ranged between 

7.9 and 8.2 for both sand filters. The filtrate medium tends to 

become basic. This increase in pH is due to the trapping of organic 

acids caused by the disappearance of protons.  

 

 
Figure.6: Electrical conductivity before and after filtration 

 

The EC values in the first four weeks record high values. The 

increase in the concentrations of the electrical conductivity values 

presented in figure 6 is mainly due to (1) the salinity of the pilot 

sands, on the one hand. The values of the salinities of the sands 

measured from the samples of Tamanrasset and In Salah have 

values of 3.67 and 4.2 ms/cm respectively. (2) The transformation 

of organic matter into dissolved salt and the properties of the 

treated effluent. The values of the filtrates obtained after the 

passage of the effluent through the sand pilots record values 

higher than the values of the saline water (1.2 ms/cm), which can 

be justified by the sources of very soluble salts due to the effect 

of common ions linked to the composition of the treated effluent 

or the microbial activity (16). 
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Figure.7: Total suspended solids of the sample after filtration 

 

Figure 7 shows the efficiency of total suspended solids 

removal, in the first three weeks, all values were above 65% for 

the two samples used. The vertical downward flow of the effluent 

favors the removal of suspended solids and consequently the 

accumulation of dense mineral matter between the sand particles 

during the maturation phase of the filters. From 4 weeks onwards, 

the yields of the filters start to decrease due to the properties of 

the raw effluent, the purification performance of the filter in the 

In Salah sample being more efficient than in Tamanrasset. 

 

 
Figure.8: Yield of COD after filtration 

 

Figure 8 shows the COD removal efficiency during the 

operation of the sand filtration pilots. The COD removal 

efficiency for both filters (a, b) is above 50%, which can be 

explained by the efficiency of the bacterial activity and the 

adsorption of organic matter on the filter material. These 

significant yields can be justified by the formation of biofilm on 

the surface layer of the pilots, which can favor the decantation of 

the organic matter. This phenomenon appears clearly between the 

4th and the 6th week, where the evolution of the COD yield is 

remarkable (61-78% sample of Tamanrasset) and (68-82% 

sample of In salah). The BOD5 treatment efficiency curves of the 

two pilots studied are presented in figure 9, they have the same 

trend as the. All the yields are higher than 69% or the maximum 

value is 86% recorded in the 6th week (the ideal phase of filter 

operation). The accumulation of organic and mineral particles 

between the sand grains leads to biological life and consequently 

to the formation of a biofilm that allows for excellent purification. 

From the 7th week onwards the BOD5 yields start to decrease, 

accompanied by the fragility of the filters, this is the phase fatigue 

of the filter. The COD/BOD5 ratio of the effluent used is between 

3 and 4, which implies that the effluent is more or less difficult to 

biodegrade (23, 24). 

 

 
Figure.6: Yield of BOD after filtration 

 

4 Conclusion 
The experimental results obtained in this work made it 

possible to make a comparison of the purification performance of 

the wastewater of the city of Tamanrasset with sand, the evolution 

of the physicochemical parameters analyses of the filtrates such 

as the TSS, electrical conductivity, the DBO, and the DCO shows 

that the granulometric analysis has a considerable influence on 

the effectiveness of filtration on the sand, the structure of the 

samples of In salah and Tamanrasset used is of fine sand with 

80% and 50% respectively. The removal efficiencies of TSS, 

COD, and BOD exceed 60%, 55%, and 68% respectively over 

seven weeks. The filtrates obtained are saline with a conductivity 

generally exceeding 3 ms/cm, this concentration is found to 

depend on the properties of the effluent and the accumulation of 

salts in the filters. The best purification yield leads us to select the 

best sand, and that is the sand of In Salah compared to the one 

coming from the city of Tamanrasset. 
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