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Abstract. Having access to a natural source of water of sufficiently high quality for human consumption has 
become a strategic concern for the entire world. In fact, drinking water resources in developing countries are 
almost non-existent, as they are overused or polluted by intense human activity. Our study aims to develop a 
natural filter that reduces turbidity and eliminates human pathogens. The process developed should be inex-
pensive and minimize the use of chemical reagents, and should not be labor intensive. In this context, hori-
zontal sand filtration that uses the natural process of water purification occurring in an aquifer can be regarded 
as the most suitable water treatment process for developing countries.
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1.	 Introduction

Among the various treatments used to obtain drink-
ing water from natural water sources, the standard 
methods make use of filtration with the addition of 
chemical reagents followed by sand or membrane fil-
tration. Recent studies have demonstrated that slow 
filtration can reduce turbidity and a number of chem-
ical and bacteriological contaminants. We propose to 
develop an inexpensive horizontal filtration pilot 
which, without adding reagents, can produce water 
of acceptable quality and can be used in tropical re-
gions (1). The method developed presents—relative 
to other methods—the advantage of making better 
use of local skills, and of the materials available in 
developing countries. The pilot consists of a filter 
mass made up of sand of varying grades. This medi-
um is held in place by a geomembrane covered with 
geotextile. The use of earth dykes and geosynthetic 

materials avoids the need for metallic or concrete 
tanks.

2.	 Materials and methods

2.1	 Materials

2.1.1	 	 The horizontal filtration pilot

The pilot is inspired by the installation built by Eaux 
de Paris at Villemer (Seine & Marne), but we are 
starting from river water, whereas the “Eaux de 
Paris” process is used for the treatment of spring wa-
ter presenting high turbidity levels due to runoff dur-
ing rainy periods. The pilot consists of a horizontal 
trench (with a very gentle gradient) 14 meters long 
and 1 meter deep, and is supplied with water, without 
the addition of coagulant, by a 1x1m2 decanter lo-
cated at the front end of the system. The trench is 
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lined with geotextile and impermeable geomembrane, and 
filled with three successive vertical segments of sand of vary-
ing granulometry: 4-8mm over 3 meters, 0-4mm over 5 me-
ters, and 2 meters of gravel (20-40mm). These different 
grades of sand, extracted from the Ubangi River, were ob-
tained by sieving. The system is watertight and is exposed 
neither to light nor to ambient air (Figures 1a to 1c), unlike in 
Ghana (4). Four piezometers (P1, P2, P3 and P4) were placed 
in the various materials to enable monitoring of the character-
istics of the water as it passes through the filter.

Figure 1a. The trench in which the pilot was built

Figure 1b. Installing the filtration materials: 4-8mm and 
0‑4mm sand separated from 20mm aggregate by geotextile

Figure 1c. View of the completed pilot (supply hatch, the 4 
piezometers, and the receiver)

2.1.2	 Analysis equipment 

The following equipment was used for the physicochemical 
analyses: WTW Inolab pH-meter, WTW 330i/ST2100 (ISO) 
conductivity meter, Hach turbidimeter, incubator, Precisa 
XT 220A balance, WTW Oxi 330/SET oximeter, Uvikon 860 
Kontran spectrophotometer, Varian Spectra AA 55 atomic ab-
sorption spectrometer.

The following equipment was used for the bacteriological 
analyses: incubators, Petri dishes, filtration manifold, sterile 
pipettes, filter membranes (0.45 �+m), colony counters, 
clamps, water bath, and autoclave.

2.2	 Methods

After connecting up the water supply, once the pilot had been 
built (November 26, 2009), the physical characteristics of the 
pilot (water flow rate and transit time) and the properties were 
studied. The flow rate is regulated by a float in the supply tank. 
The flow of water through the system was determined by read-
ing the water meter on the input to the pilot. The transit time was 
analyzed by injecting a fluorescein tracer.

The analytical methods—based on the prevailing French 
AFNOR standards—made it possible to monitor, using the pi-
ezometers, the changes in the relevant physicochemical and bac-
teriological parameters of the water in the pilot. The results after 
the first year in operation are presented below.

3.	 RESULTS – DISCUSSION

3.1	 Physical parameters of the pilot

3.1.1	 Flow rate

The operation of the pilot was been monitored since the outset.
Figure 2 represents the flow of water through the pilot over 

4 months. As the readings show, the rate is constant for the 
first 3 months, except in March (due to electricity outages). 
Overall, the average flow rate over the first 4 months is 8 m3/
day, or 330 L/h. The pump was replaced, due to an overvolt-
age problem, which accounts for the sudden increase in vol-
ume starting in April 2010.

Figure 2. Volume of water measured at meter over 4 months’ 
water connection








