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Abstract 
Burkina Faso, an 80% agricultural country, today copes the massive use of 
agricultural inputs to boost productivity. However, these pesticides are 
sources of pollution of water resources. This is how, the objective of this work 
was to take stock of the inputs used on the Pic of Sindou rice perimeter and to 
characterize the vulnerability of the aquifer to these products. The study took 
place from February to September 2019, where two hundred farmers of the 
perimeter were investigated on the type and quantity of fertilizers and pesti-
cides used in off-season rice farming activities. The DRASTIC method was 
used to map the vulnerability of the groundwater resource to these pollutants. 
Producers use NPK and Urea at 90% and 10% to the organic manure as ferti-
lizers, and herbicides and insecticides with the actives ingredient are Glypho-
sate, Dimethoate and 2.4 D amine salt. The vulnerability to agricultural pollu-
tion of the aquifer remains low, but the risk of contamination from pesticides 
remains possible. 
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1. Introduction 

Located in West Africa, Burkina Faso is a landlocked and agricultural country at 
80% [1]. Agriculture represents the main source of income for more than 80% of 
the working population and remains the main pillar of food security in the 
country with a contribution of around 35% to Gross Domestic Product [1]. 
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However, this rainfed agriculture nowadays deals with effects of climate variabil-
ity, weeds, diseases and pests which cause considerable damage [2]. To cope with 
this situation, phytosanitary products are used massively by small farmers to 
control pests and weeds [3]. This massive use of agricultural inputs is potential 
source of pollution of water resources [4] [5] [6] [7]. While these inputs have 
stimulated rice production, they have also contributed to increasing the risk of 
threats to both ground and surface water resources [8] [9]. The region of Cas-
cades in Burkina Faso is full of the enormous potential of surface and ground-
water resources. Indeed, the plain of Niofila where the Pic of Sindou perimeter is 
located is crossed by the stream of the eastern Léraba, a tributary of the river 
Comoé. In addition, there is also the sedimentary zone which abounds in im-
portant reservoir of water with numerous springs which provide a basic flow to 
the main rivers. However, in this region nowadays, farmers use inputs uncon-
trollably to fight against pests like everywhere else. In this condition, the protec-
tion of these water resources becomes a necessity. Thus, the objective of this 
study was to characterize the vulnerability of the aquifer to pollution linked to 
off-season rice farming on Pic of Sindou perimeter with a view to the best man-
agement of agricultural inputs. 

2. Material and Method 
2.1. Presentation of the Study Area 

The Pic of Sindou perimeter site (10˚39'31" North and 5˚9'57" West) is part of 
the spacious Niofila-Douna flood plain in the eastern Leraba watershed, beneath 
of COMOE watershed. The geological formations consist of the basement area 
(84% of the watershed) with discontinuous aquifers and of low productivity, 
and, from a sedimentary area to the north containing a large reservoir of 
groundwater, as evidenced by the numerous springs that provide a basic flow 
to the main rivers [10]. The soils of the plain are predominantly clay. The pe-
rimeter, around 320 ha is dedicated to growing rice during rainy season and 
exploited by the villages of Sindou, Douna and Niofila. During the off-season, 
the perimeter is mainly planted with rice with a little market gardening and a 
last part is not exploited, given the insufficiency of the water resource. The 
water requirements for off-season irrigation come from withdrawals from the 
four springs present on the perimeter through earth channels made by pro-
ducers for irrigation in the off-season and from drainage in the event of a 
flood in rainy season (Figure 1). 

2.2. Characterization of Agricultural Inputs 

The diagnosis of the inputs used in the rice growing in the off-season was carried 
out in the form of a survey administered to 200 farmers in the area during the 
month of May 2019. The data collected made it possible to highlight the types 
and quantity of fertilizers used, and pesticides according to their toxicity and ac-
tive ingredients. 
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Figure 1. Localization of the Sindou Pic rice perimeter. 

2.3. Determination of Hydrodynamic Parameters of the Soil 

The determination of the different types of soil as well as the useful reserve was 
made by the double ring method of Muntz. The measurements were taken dur-
ing the 2019 off-season on 15 points chosen according to the accessibility of the 
terrain and by zoning the different types of soil with naked eye (Figure 2). The 
data were processed using Minitab 18 software by applying the least squares 
method of cumulative infiltration to determine the saturated hydraulic conduc-
tivity (Ksat). The Ksat is introduced in the Soil Water Characteristics software 
for the determination of the types of soils and the characteristic humidities.  

2.4. Characterization of the Vulnerability of the Aquifer to  
Agricultural Inputs by the DRASTIC Method 

 Description 
The DRASTIC method [11] was used in this study because it takes into ac-

count most of the hydrogeological factors that affect and control the vertical 
flow of underground water [12]. The method combines seven parameters consi-
dered as vulnerability factors which are: The depth of the water table of the un-
derground water (D), the net recharge (R), the lithological nature of the aquifer 
(A), the soil texture (S), topography or slope of the ground (T), the impact of the  
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Figure 2. Map of the infiltration measurement points on the Pic of Sindou rice perimeter. 
 
unsaturated zone (I) and the hydraulic conductivity or permeability of the satu-
rated zone (C). Each of these seven parameters has been subdivided into class, 
indexed by ratings varying from 1 to 10 and assigned a numerical weight be-
tween 1 and 5 depending on its degree of influence. The value 1 corresponds to 
the conditions of lowest vulnerability to pollution and the value 10 to those fa-
voring the highest vulnerability. The final index which characterizes the degree 
of vulnerability of a given sector of the water table, is the sum of the product of 
the weights by the associated dimensions of the seven parameters according to 
the following formula: 

DRASTIC (ID) index calculation formula 

( ) ( ) ( ) ( ) ( ) ( ) ( )ID w r w r w r w r w r w r w rD D R R A A S S T T I I C C= + + + + + +  
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which: r = rating and w = poids. 
According to the value classes of the DRASTIC index obtained, five degrees of 

vulnerability were defined by [11] ranging from very low to very high vulnera-
bility. 
 Evaluation of the DRASTIC parameters 

The different vulnerability factors of the DRASTIC method were determined 
as follows: the depth of the water table thanks to the interpolation of the static 
levels in the piezometers of the National Office for Water and Sanitation (ONEA). 
The value of the underground water recharge was calculated by the Thornthwaite 
method using climatic data from the Karfiguela station. The lithological nature 
of the aquifer, the unsaturated zone and the soil texture were taken from ONEA 
drilling logs, the soil map and the result of infiltration measurements on the pe-
rimeter to a depth of 50 cm. The slope of the terrain is obtained from the digital 
terrain model. And, the hydraulic conductivity is chosen according to the per-
meability of the geological context. 

3. Results 
3.1. Characterization of the Hydrodynamic Parameters of the Soil 

Analyze shown that soil type in Pic of Sindou rice perimeter is Clay-loam be-
cause it represents 40% of soil against 20% for loam and 13% for each of clay, 
silt-clay-loam, silt-loam (Figure 3).  

3.2. Characterization of Agricultural Inputs 

The survey results show that nearly 85% of farmers in the Pic of Sindou rice peri-
meter are not literate. This low literacy rate constitutes a handicap for the rational 
use of phytosanitary products. The different types of agricultural inputs used on 
 

 
Figure3. Map of the soil of Sindou Pic rice perimeter. 

https://doi.org/10.4236/jwarp.2020.125022


B. N. A. Delphine et al. 
 

 
DOI: 10.4236/jwarp.2020.125022 386 Journal of Water Resource and Protection 
 

the Pic of Sindou rice perimeter are NPK and l’Urea at 90% and 10% for organic 
manure (Table 1). 

The pesticides used are of five types (Table 2) including four herbicides and 
one insecticide. The toxicity classes and the active ingredients of each pesticide 
are listed in (Table 2). 

3.3. Vulnerability of the Underground Resource 

The DRASTIC method shows that 90% of the area of Pic of Sindou rice perime-
ter is slightly vulnerable in view of the rice activity that occurs there and the rest 
of the area (10%) has a medium vulnerability (Figure 4). 
 
Table 1. Different types of fertilizers listed on the irrigated perimeter. 

Fertilizer Quantity in the off-season (kg) Percent 

NPK 6095 45.00% 

Urea 6095 45.00% 

Organic manure 1355 10.00% 

Total 13,545 100.00% 

 
Table 2. Different types of pesticides listed on the perimeter. 

Pesticides Nature of pesticides Toxicity classes (Correspondence) Active ingredients/dose Quantity (L/off-season) 

Douma Woro Herbicide II (Moderately hazardous “Harmful”) Glyphosate 480 g/L 

200 Nwura Wura 480 SL Herbicide II (Moderately hazardous “Harmful”) Glyphosate 480 g/L 

Shye Nwura 480 EC Herbicide III (Slightly hazardous “Warming”) Glyphosate 480 g/L 

Sumitex 400 EC Insecticide II (Moderately hazardous “Harmful”) Dimethoate 400 g/L 94 

Topextra 720 SL Herbicide II (Moderately hazardous “Harmful”) 2.4D amine salt 720 g/L 68 

 

 
Figure 4. Map of vulnerability to agricultural pollution in the area. 
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4. Discussion 

On the map of vulnerability (Figure 4), the medium vulnerability classes are 
observed in the four water source area, in the center and in the far southeast of 
the perimeter. Low vulnerability classes occupy almost the entire area of the pe-
rimeter. The dominant soil being of clay-loam type, clay-loam textures consti-
tute a factor limiting the infiltration of pollutants towards the aquifer. However, 
pesticides accumulate in these clay-rich soils [6] [13], which can pose a 
long-term toxicity problem. Indeed, the low or medium vulnerability is not static 
because the contamination process is slow [14] and its effects are very formida-
ble on the groundwater [15]. Although the level of pollution of the aquifer by 
agricultural inputs is currently low, this vulnerability map has made it possible 
to identify areas at risk of pollution. In addition, the investigation revealed that 
after the use of pesticides, their packaging is discarded around the perimeter and 
sometimes serves as a utensil for taking water. However, for these toxicity classes 
highlighted by the field survey, the World Health Organization recommends 
that the use of these products is reserved for trained caterers and who comply 
with the prescribed precautions. 

5. Conclusion 

The analysis of the impact of agricultural inputs on groundwater pollution in 
off-season rice growing on the Sindou Pic rice perimeter required the determi-
nation of hydrodynamic parameters and the characterization of the vulnerability 
of the aquifer to agricultural inputs in using the DRASTIC method. The Sindou 
Pic rice perimeter is dominated by clay-loam. The aquifer’s vulnerability to 
agricultural pollution is low, but the risk of contamination is real. 
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