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Abstract
Agricultural inputs are considered as important source of water pollution. This study investigates the
situation in the case of the 85 ha Boulbi valley bottom irrigated rice scheme in Burkina Faso, West Africa.
Soil hydraulic conductivities and texture were obtained using double-ring in�ltrometer and Harmonized
World Soil Database. Groundwater recharge was assessed by Thornthwaite's equation. The DRASTIC,
GOD and SI methods were applied to map the valley’s vulnerability. Fertilizers and phytochemicals were
also recorded by individual surveys. A sampling of surface and groundwater was done in 32 locations
and the chemical characteristics (pH, EC, NO3

-, SO4
2-, PO4

2- and K+) confronted with the vulnerability
indices. The soils are predominantly clay (41%), silt (37%) and silty-sand (22%). Twenty types of
phytochemicals are used, among which 35% are composed of the controversial glyphosate (denounced
as carcinogenic) and 30% made with paraquat chloride also accused of being responsible for
magnesium and potassium depletion in soils. All the three methods pointed to a low vulnerability risk,
partly because of the epuration role of clay. The SI values (57.5 to 60.0) agreed with the laboratory
analysis of NO3- concentration in the groundwater for the 11 locations for which all values were below 50
mg/l, the maximum de�ned by WHO. The average pH value is 8.2 ± 0.4. This may partly explain the low
rice yield (less than 4.0 tons/ha) observed in Boulbi, in spite of fertilizers’ application. Although the risk
assessment rendered non-alarming situation, preventive measures about health and environmental
threats are necessary for raising awareness among the population.

Introduction
Water is a vital, complex and fragile medium for mankind, supporting multiple needs, among which one
can mention food, domestic, industries and agriculture. The demographic growth and an often
uncontrolled management of water resources lead to a stressing situation, as regards both quantity and
quality (Lawani et al. 2017). Aquifers (groundwater) is often object of contamination in relation to the use
of chemicals (Tonle and Temgoua 2019). In effect, the prodigious rise of the chemical industry in the
20th century has deeply changed the ways of production and consumption all around the globe; more
particularly the shift into massive production and the widespread use of chemicals in agriculture. The use
of mineral fertilizers and chemicals have made possible agriculture intensi�cation with a spectacular
increase in crop yields (Gbenonchi 2008). In this context, and given the need for effective and e�cient
methods to protect groundwater resources from future contamination, scientists and resource managers
have sought to develop aquifer vulnerability assessment techniques to predict areas which are more
likely than others to be contaminated as a result of activity at or near the soil surface (NRC 1993). They
can be divided into three main categories: statistical methods, simulation methods and index cartography
methods. The last two methods, known as "indexing" methods, are the most often applied and are
considered to be the most useful in relation to the realities of the �eld (Knout et al. 2016). Thus,
vulnerability maps illustrate the potential threat of contaminants to groundwater, and may be involved as
tools in land use planning and associated important regulations (Saidi et al. 2010). In karstic areas,
characterized by preferential in�ltration conditions, these maps are also excellent tools for protecting
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springs and resources (Neukum et al. 2008). One of the standard groundwater vulnerability methods used
during this study is DRASTIC (index cartography method). This method considers seven parameters of
the geological and hydrological environments. The second index cartography method used – GOD – is
like the previous one, but it uses only three parameters. And, �nally, the SI (also an index cartography
method), targets speci�c vertical (in�ltration) vulnerability and uses �ve parameters ; it takes into
consideration the pollutants of agricultural origin, namely, nitrates and pesticides (Murat et al. 2003).
Thus, the general objective of this study is to carry out a comparative analysis of the vulnerability of the
water resource – through the use of agricultural inputs – in order to know the current state of pollution on
the peri-urban rice-growing valley bottom of Boulbi, located 25 kilometers from Ouagadougou, the capital
of Burkina Faso in West Africa (Fig. 1). To achieve this objective, a soil characterization and a
physicochemical analysis of surface and groundwater in the Boulbi valley were carried out in order to
establish the state of pollution related to the use of chemical fertilizers. The present investigation is
justi�ed by the presence of knowledge gap of case studies about agrochemical pollution in small farms
around big cities in Sahelian countries.

Material & Methods
Presentation of the Study Area

The irrigated rice-growing valley bottom of Boulbi (Fig. 2) – located in the central region of Burkina Faso
(latitude 12°14'01.63''N and longitude − 1°31'52.33''W) at about 25 km from Ouagadougou on National
Road No. 6 – covers a total area of 85 ha of which 75 ha are sown land and divided into seven blocks. It
was developed in 1960 mainly for rice production by Taiwan. The study area is covered by a tropical
climate of the Sudano-Sahelian type (600 mm to 900 mm of rainfall per year). The hydrographic network
of the study area is part of the Nariarlé sub-basin, which has an area of about 1000 km2 and is an
important watercourse that joins the Massili River to �ow into the Nakambe River on the left bank
(Moiroux 2006). The topography is marked by altitudes between 280 m and 300 m, with three main
morphological units: a functional glacis, a battleship level offering opportunity for road construction, and
the lowlands and water bodies that offer opportunities for agricultural development. The geology of the
study area is represented by a crystalline complex of Precambrian D age Antebirrimian (Iwaco 1993). The
basement zone aquifer consists of three overlying aquifer systems, which are from bottom to top:
fractured media aquifers; altered zone aquifers and laterite aquifers.

Soil Hydrodynamic Parameters

In�ltration measurements were performed in situ in May 2020, and yielded the in�ltration rates.
In�ltrations measured by the double ring method are not very sensitive to the textural heterogeneity
strati�cation of soils (Mbilou 2016). The two rings are staffed concentrically, using a plank and a
hammer, to a depth of about 5 cm in the ground. The principle is to follow the evolution of the water level
as a function of time in the central ring (Keita 2020). During this measurement campaign, a total of 22
measurement points was carried out, selected to cover the entire valley bottom. The data were processed
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with the statistical software, Minitab 18, by applying a non-linear regression to the accumulated
in�ltration data to determine the saturated hydraulic conductivity (Ksat). The double ring permeabilities
(Ksat) – in combination with date provided by the Harmonized World Soil Database (HWSD)
(Nachtergaele et al. 2012) – were then entered into the Soil Water Characteristics (SWC) software to
determine the characteristic soil moistures (Saxton et al. 1986). The available moisture (AM) retained on
the valley bottom is the average of those derived from the Ksat readings on SWC, when the values of
these have a coe�cient of variation lower than 20%.

Groundwater Resource Assessment

The recharge of aquifers by rainfall is subject to very large variations on a regional or national scale. At a
given site, recharge also varies considerably from one year to the next under the in�uence of interannual
climatic �uctuations. The evaluation of natural groundwater recharge has always been very di�cult.
Various techniques have been classically considered to achieve this, often requiring sophisticated and
expensive equipment at the observation sites. Among these, the methods closest to direct measurements,
evaluating recharge by simple difference between terms of the water balance, are called climatic (Fillipi et
al. 1990). All the methods used are based on different hypotheses and each is accompanied by
uncertainty (Dara 2017). Thornthwaite's method is the only one that allows the expression of potential
evapotranspiration (ETP) with easily accessible parameters: the average temperature of the air under
shelter (atmospheric data) and the theoretical duration of insolation (astronomical data, a function of the
season and latitude). It is given by the equation Eq. 1:

 ETP = 16 ⋅ (10 ⋅ t ⋅ I) ⋅ a ⋅ f(φ)  Eq. 1

With:

− I = ∑ (t/)1.51412

t: average air temperature of the period considered;

I: annual thermal index, is the sum of twelve-monthly indices;

f (𝜑): corrective term depending on the theoretical duration of insolation, the latitude and the month;

a: complex function of the index I. a = 0.016 ⋅ I + 0.5

Methods for Mapping Pollution Vulnerability

There is no absolute method for assessing the vulnerability of groundwater, but several methods for
estimating the sensitivity of aquifers to pollution have been developed (Murat 2000). In the present study,
three methods are applied: DRASTIC (Aller et al. 1987); GOD (Foster and Hirata 1991) and SI (Ribeiro
2000), and the results will be con�rmed or refuted by chemical analysis in the laboratory.

The acronym DRASTIC (Aller et al. 1987) represents the seven Px parameters used in the method
which are: depth to water table (D), the net recharge (R), the type of aquifer (A), the soil type (S), the



Page 5/24

topography (T), the vadose zone (unsaturated area above water table) impact (I), and hydraulic
conductivity (C). The method produces a numerical index that is derived from the ratings (r) and
weights (w) assigned to the seven method parameters (Alwarhaf and El Mansouri 2011). The
expression is given by Eq. 2:

 IDRASTIC = Dw ⋅ Dr + Rw ⋅ Rr + Aw ⋅ Ar + Sw ⋅ Sr + Tw ⋅ Tr + Iw ⋅ Ir + Cw ⋅ Cr  Eq. 2

The GOD method (Foster and Hirata 1991) also uses an empirical approach where aquifer
vulnerability is de�ned in terms of the inaccessibility of the saturated zone, in the sense of pollutant
penetration, and the attenuation capacity of the layer above the saturated zone, i.e., it presents the
vulnerability of the aquifer to vertical percolation of pollutants through the unsaturated zone and
does not address lateral migration of pollutants into the saturated zone (Bouselsal et al. 2015). The
three parameters used are: i) the identi�cation of the type of aquifer in terms of its degree of
con�nement (Ci); ii) the depth to the water table (Cp) and iii) the characteristics of the layers overlying
the saturated zone of the aquifer in terms of their relative porosity, permeability and water content
(Ca). The vulnerability index (IGOD) is obtained by Eq. 3:

 IGOD = Ci ⋅ Cp ⋅ Ca  Eq. 3

The SI (susceptibility index) method is a speci�c vertical vulnerability method developed by taking
into account the behavior of pollutants of agricultural origin, mainly nitrates and pesticides (Ribeiro
2000). It uses �ve parameters: Water table depth (D), Net recharge (R), lithological nature of the
Aquifer (A), Topography of the land (T), and Land use (O). The vulnerability index SI is obtained by
calculating the vulnerability index (ISI) by the equation Eq. 4:

 ISI = Dc ⋅ Dp + Rc ⋅ Rp + Ac ⋅ Ap + Tc ⋅ Tp + Oc ⋅ Op  Eq. 4

Parameters Assessment and Vulnerability Levels
The quality of the vulnerability maps depends, among other things, on the data and the processing to
which they have been subjected (Ake et al. 2010). Thus, a careful review of the data must be conducted
to highlight the available information and its quality. In the case of this study, the integration of the
results of the �eld work conducted during the period of April 2020 to January 2021 has complemented
the knowledge of the territory that the compilation of existing data had allowed. The available datasets
are of point, vector and raster types. In order to apply the vulnerability assessment methods, the goal of
the data processing is to transform the point and vector data into raster data and to standardize the
format of the raster data (Ake et al. 2010). The "depth to water table" parameter was evaluated by
interpolating water level data collected from large diameter wells on the valley bottom. This treatment
involves little data manipulation, which limits the multiplication of errors. For the "topography" parameter,
a raster map of the percentage of slope is made from the digital terrain method and the slope values are
assigned to the pixels according to the vulnerability method rating system. The "soil type" parameter is
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obtained by listing the different soil types according to the de�ned soil classes. In the absence of a
perfect match between a map unit and a soil class, a rating is assigned by deduction (Kimmeier 2001).
The elaboration of the vulnerability maps for the three methods was done with ArcGIS (Fig. 2).

Validation of Vulnerability Maps
In general, the development of a vulnerability map to agricultural pollution is validated by �eld
measurements and chemical analysis of the water. Several authors (Mohamed, 2001; Jourda et al., 2007)
tested the validity of the pollution vulnerability assessment methods based on groundwater chemistry
data. The validity of the water pollution assessment by the DRASTIC, GOD and SI methods was tested by
measuring the pollution of nitrate levels in the water. The results obtained are raster maps whose value
ranges correspond to those of the ratings de�ned for each parameter.

Inventory of Agricultural Inputs

The inventory of agricultural inputs was made in the form of a survey administered to 30 farmers spread
over the entire valley bottom of Boulbi, during the month of August 2020. The purpose of these surveys –
administered in individual form – was to list the different types of plant protection products and chemical
fertilizers used on the plain, as well as the quantities applied per campaign.

Water Sampling and Physicochemical Analysis

In order to carry out the inventory of pollution in the study area, 32 water samples were taken at various
points on the valley: in wells, in drains, in plots and at the dam. For each sampling point, three 0.5-liter
samples of water were taken, using 0.5-liter plastic bottles that had been rinsed three times with the water
to be sampled. The aim was to determine the values of physical parameters such as pH and electrical
conductivity, but also to characterize the quality of the water through chemical analysis by determining
the concentrations of nitrate, phosphate, sulphate and potassium ions.

Sensitive physical parameters such as hydrogen potential (pH) and electrical conductivity (EC), which can
easily change during transportation, were measured in situ on the un�ltered samples using a 3310 WTW
handset 2 pH-meter and a 3310 WTW handset, a conductivity meter. Before the chemical parameters’
measurements, a vacuum pump and a GFC �lter were used for the samples pre-treatment. Sulphate
(SO4

2−), nitrate (NO3
−), phosphorus(PO4

2− ) ions concentrations were determined by molecular absorption

spectrometry (direct Reading DR 3900) (Hach 2020), and potassium (K+) is determined by �ame
spectrometry (Adouani 2020).

Results And Discussions
In�ltration Measurement: Permeability and Available Moisture

The measured permeabilities (Ksat), introduced in the Soil Water Characteristics (SWC) software (Saxton
et al. 1986) for the determination of the characteristic soil moisture, allowed to obtain, in combination
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with HWSD (Nachtergaele et al. 2012), several soil textures for the same permeability but with almost
equal available moisture (AM) for the obtained soil textures. The different textures obtained on SWC, were
clay-silt texture covering 41% of the valley area (which can also correspond to the clay), clay-silt, clay-
sand or loamy-clay-sand texture, with an AM of 12.22 ± 1.9. The silty texture covers 37% of the valley
bottom area, and can correspond to the following textures: loamy-sandy-clay, loamy-silty, loamy with an
average AM of 3.06 ± 0.02. Finally, the soils of silty-sandy texture cover 22% of the valley bottom area, but
also �ts the following textures: sandy-loamy and silty-loamy with an average AM of 13.2 ± 4.10.

Variability of the Water Table During the Year

The recharge of the aquifer calculated by the Thornthwaite balance is equal to 68.48 mm, i.e. 7% of the
rainfall. It is higher than the values found for the altered aquifers in the Ouagadougou area, ranging from
19.95 to 49.88 mm/year (Hie 2009), which can be explained by a higher value of the runoff coe�cient. In
fact, in irrigated rice �eld such as in Boulbi valley bottom, the use of delineation dikes of farm plots
decreases runoff and subserve in�ltration.

Agricultural Input Inventory

The survey provided an overview of the types of treatments applied by rice farmers in the study area. The
most frequent treatments were herbicides, due to the quantity of weeds, and insecticide, due to crop
pests. This situation �ts with that described generally in Burkina Faso (Toe 2007). The different types of
inputs used on the Boulbi valley bottom are NPK (14-23-14) and urea. Organic manure use is very rare on
the plain mainly due to its high cost. Twenty (20) types of phytosanitary products are used on the
irrigation scheme Table 1, among which 35% are composed with the controversial glyphosate
(Lajmanovich et al. 2015; Sarkar and Das 2017). Several studies indicate glyphosate to be a highly toxic
and carcinogenic substance. It is also interesting to note that paraquat chloride – denounced to be
responsible for magnesium and potassium depletion in soils (Mbuk et al. 2009) – represents 30% of the
herbicides used. The World Health Organization recommends that the use of these products be reserved
for trained persons who respect the precautions required (Gougo 2016).
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Table 1
List of phytosanitary products used on the Boulbi valley bottom

TRADE NAME PESTICIDE
TYPE

ACTIVE SUBSTANCE

ADWURA WURA Herbicide GLYPHOSATE 360 g/l

ADOPA WURA Herbicide GLYPHOSATE 360 g/l

BIBANA Herbicide GLYPHOSATE 360 g/l

GROWNSATE Herbicide GLYPHOSATE 480 g/l

GANORSATE Herbicide GLYPHOSATE 480 g/l

SUNPHOSPHATE Herbicide GLYPHOSATE 350 g/l

ROUNDUP 360 SL Herbicide GLYPHOSATE 360 g/l

BENAXONE
SUPER

Herbicide PARAQUAT CHLORIDE 276 g/l

GRAMOQUAT
SUPER

Herbicide PARAQUAT CHLORIDE 276 g/l

GRAMOSHARP
SUPER

Herbicide PARAQUAT CHLORIDE 276 g/l

GRAMODA
SUPER

Herbicide PARAQUAT CHLORIDE 276 g/l

GRAMOKING 276
SL

Herbicide PARAQUAT CHLORIDE 276 g/l

PARAKIN 276 SL Herbicide PARAQUAT CHLORIDE 276 g/l

EMACOT Insecticide EMAMECTINE BENZOATE

KAPAASE Insecticide EMAMECTINE BENZOATE 20 g/l; ABAMECTINE 20 g/l;
ACETAMIPRIDE 40 g/l

DECIS 25 EC Insecticide DELTAMETHRINE 25 g/l

ALLIGATOR 400
EC

Herbicide PENDIMETHALINE 400 g/l

PYRICAL Insecticide CHLOPYRIPHOS-ETHYL

SAMORY Herbicide BENSULFURON METHYL 100 g/kg

TOROL Insecticide LAMBDACYHALOTHRINE 16 g/l

Analysis of method parameters
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In general, the water table is shallow, with static levels varying from 2.22 m to 3.55 m (Table 2), thus
assigning high elevation values to the parameter D in all the three methods. Net recharge (R) on the
Boulbi plain is low, averaging 68.48 mm/year. The Boulbi rice plain has a free water table. Analysis of the
logs of boreholes drilled in the area (Ouandaogo/Yameogo 2008) shows that the lithological nature of
the Aquifer (A) is composed of alluvial deposits, essentially clay and granite. The type of soil (S) in place
are essentially clay, clay loam and loamy sand. The calculated slopes (topography parameter T) give very
low values, ranging from 0.0 to 4.0%. The vadose zone impact (I) class include mainly clay, metamorphic
and igneous rocks. The permeability test using double rings has made it possible to determine the
hydraulic conductivity (C) of the soils. The plain is essentially an agricultural area (land use parameter O)
with irrigated rice �elds, irrigated vegetables and plantations (only the SI method is concerned by this
parameter).

 
Table 2

Rating (r) values obtained for each parameter in the 3 vulnerability methods
Rating (r) computed for the three vulnerability methods

Parameter Class DRASTIC GOD SI

Water table D (m)

Recharge R (mm/an)

Lithology A

2,22 − 3,55

68,48

Free water table/fractured granite

9

3

3

1

-

0,7

90

30

30

Type of sol S Laterite

Clay

Clay loam

Loamy sand

3

1

4

6

-

-

-

-

-

-

-

-

Topo slope T(%) 0–2%

2–4%

10

9

-

-

100

90

Vadose I Clay,

Metamorphic and igneous rock

3

1

0,55

0,60

-

-

Conductivity C (m/s) 1,5.10-7–5.10-5 1 - -

5.10-5–15.10-5 2 - -

Land use O rice, irrigated vegetables, plantations - - 90

Vulnerability Characterization
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A class of low vulnerability occupying the entire surface of the plain, with indices oscillating between 83
and 88, shows on the map of the vulnerability to agricultural pollution by the DRASTIC method (Fig. 3)
indicating that the plain is more likely well protected. The nature of the dominant soil with a very high
clay content is a factor limiting the in�ltration of pollutants into the aquifer, hence the relatively low
vulnerability class. The �gure yielded by the GOD method also shows moderate vulnerability class (Fig.
4): it extends over the entire study area with indices between 0.35 and 0.42. It guarantees a less severe
pollution in case of contamination. This degree of medium vulnerability may be related to the nature of
the vadose zone, essentially composed of clay and granite, and the dominant soil on the plain, composed
of clay, which is not very permeable (Khakhar et al. 2017). Finally, the SI method, gives values that vary
between 57.5 and 60 (Fig. 5). The analysis of this map highlights a class of medium vulnerability, which
occupies the entire plain. These vulnerability indices guarantee a less severe pollution in case of
contamination. The results of SI map were in agreement with the laboratory analysis of NO3

−

concentration in the groundwater for the entire 11 locations (Fig. 7) for which all the values were found
below 50 mg/l, the maximum de�ned by WHO (Hamza et al. 2007; Stigter et al. 2006; Ward et al. 2018).
However, it should be noted that the results of the validation of the vulnerability maps could be more
complete if a larger number of nitrate measurements well distributed over the surface of the studied
aquifer were carried out, as the data only concerned the water from wells present on the plain.

Determination of the physico-chemical characteristics of the collected water

The parameters measured in the �eld concerned 32 samples, 21 of which were from surface water (plots
of land, earthen drains, and in the dam) and 11 for water from large diameter wells present on the plain.

Hydrogen potential
The surface water in the Boulbi valley bottom, at the level of the plots, the drains and the irrigation dam
are clearly basic. The average pH value is 8.2 ± 0.4. The well groundwater on the plain is slightly basic,
even close to neutrality with an average pH of 7.3 ± 0.24 (Fig. 6). Though unclear, attempts have been
made to explain why a lake or dam irrigation water tends to be basic. The reduction of sulphate in dam
water seems to contribute to the formation of carbon dioxide CO2 which reacts with hydroxide anion OH−

to form HCO3− and CO3
2−, thus increasing the water basicity (Borzenko et al. 2018). It should be noted

that the pH of the irrigation water should be between 5.5 and 6.5 for better micronutrient absorption and
improved photosynthesis and yield of the crops (Guimarães et al. 2021; Liu et al. 2016). This basic pH
may partly explain the low rice yield (less than 4.0 tons/ha) observed in Boulbi valley bottom in spite of
the use of fertilizers. The pH values measured for Boulbi waters comply with the WHO recommendations
(Ward et al. 2018) for drinking water (6.5–8.5). Additionally, it can be noted that the pH values found are
slightly higher than the values found by Ouandaogo (2008) in the waters of Ouagadougou. Finally, other
authors found values of 6 to 8.5 in surface waters in sub-Saharan Africa (Abai et al. 2014; Chapman and
Kimstach 1996), more in agreement with those of Boulbi.

Electrical Conductivity and Nitrates
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The average conductivity is higher for groundwater (195.6 ± 42.2) µs/cm than for surface water (156.9 ± 
12.4) µs/cm. These conductivity values are too low to be able to cause any damage to rice. The waters
(ground and surface water) are moderately mineralized as they are in the range of (150 to 300) µs/cm
(Ferreira et al. 2019). It is known that the conductivity values of surface waters change according to the
geological structure and the amount of precipitation (Tepe and Boyd 2003). High EC values indicate the
presence of a high concentration of dissolved salts in the water and also correspond to local or point
source groundwater pollution during rainy periods.

Nitrate testing in water is a good indicator of raw water quality, and in the long-term nitrate contamination
can generally lead to eutrophication of surface waters due to excessive nutrient and biodegradable
matter inputs. Nitrate values vary signi�cantly from surface water (4.29 ± 2.25) mg/l to well water (15.61 
± 10.36) mg/l. The values obtained show higher nitrate concentrations in well water which are mainly due
to irrigation water running into not-coping protected wells, �sh farming, pastoral activities and runoff
around and in the Boulbi valley bottom (Fig. 7). These nitrate values are lower than WHO guidelines for
surface waters (50 m g/l). Studies conducted by Some (2008) and Tapsoba (2016) also report
concentrations lower than the WHO standards for surface water in the Nakambé basin in Burkina Faso,
and in dams N°3 of Ouagadougou and DEBE respectively of 34 m g/l; 6.6 m g/l and 9.2 m g/l.

The O-Phosphates (PO4
3-)

Analysis of the results shows very small phosphate concentrations ranging from (0.067 ± 0.02) mg/l to
(0.065 ± 0.04) mg/l for groundwater and surface water respectively (Fig. 8). These phosphorus values are
signi�cantly lower than the maximum EPA (US – Environmental Protection Agency) tolerated value of 0.1
mg/l and those found in several other countries like South Africa, Brazil, or New Zeeland (Warrack et al.
2021), but are close to those obtained by Tapsoba (2016) at the level of the dam N°3 of Ouagadougou
(0.14 m g/l). A study conducted by Hammami et al. (2005) showed that NO3

− and PO4
3− ions found in

surface waters are due to the use of organic fertilizer (organic manure). According to (Zacharia 2002),
concentrations of more than 0.5 mg/l and 0.02 mg/l of NO3

− and PO4
3− respectively in surface waters,

indicate pollution levels that may cause eutrophication. In situ observations and the low concentration of
less than 0.07 mg/l in surface and groundwater of Boulbi show that eutrophication is not currently a
major risk.

Sulphate (SO4
2-) and Potassium K+

Sulphate levels in the water samples ranged from (0.0 to 3.0) m g/l, with an average of (1.18 ± 1.07) mg/l
for groundwater and (0.57 ± 0.7) mg/l for surface water (Fig. 9). These values are lower than the WHO
standard limits of 250 mg/l. They are close to those obtained by Ayouba (2015) in the locality of
Yamtenga in Burkina Faso, values ranging from (0.0 to 9.0) mg/l. A study conducted in the sub-
watershed of Tougou dam by Djibo (2020) showed that sulphate values are higher during rainy periods
than those without rain, which can be explained by the variation of the fertilizer dose as the plant grows.
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The results of the potassium ion concentration in the samples give an average value of (5.05 ± 1.9) mg/l
for surface water against (4.44 ± 1.4) mg/l for well water. These potassium concentration values are
below the WHO standard limits (12 mg/l) (Meride and Ayenew 2016). Potassium is generally less
abundant in water and does not usually exceed 10 m g/l.

Conclusion
The problems related to water pollution are currently a source of concern that requires universal interest.
The case study of the impact of irrigation, pesticides and chemical fertilizers on water quality was well
investigated in the Boulbi valley bottom irrigated rice in Burkina Faso. The soils are predominantly clay
(41%), silt (37%) and silty-sand (22%). Due to the construction of bunds around rice plots, the annual
aquifer recharge of 68.48 mm represents up to 7% of the rainfall. Two (2) types of fertilizers are used in
the valley – NPK (14-23-14) and urea 46% – while twenty (20) types of phytosanitary products are used,
among which 35% are composed with the controversial glyphosate (denounced to be carcinogenic) and
30% made with paraquat chloride also accused of being responsible for magnesium and potassium
depletion in soils. The implementation of groundwater vulnerability mapping allowed easy identi�cation
of areas susceptible to potential pollution. All the three methods applied – DRASTIC, GOD and SI –
pointed to a low vulnerability risk, partly because of the epuration role of clay formations. For example,
DRASTIC provided indices oscillating between 83 and 88, indicating that the plain is more likely well
protected. The SI method map values agreed with the laboratory analysis of NO3− concentration in the
groundwater for the entire 11 locations for which all the values were found below 50 mg/l, the maximum
de�ned by WHO. The results of the physicochemical analyses revealed that the surface water in the farm
plots, the drains and the irrigation dam are clearly basic. The average pH value is 8.2 ± 0.4. This basic pH
may partly explain the low rice yield (less than 4.0 tons/ha) observed in Boulbi in spite of the use of
fertilizers. Nitrate values vary signi�cantly from surface water (4.29 ± 2.25) mg/l to well water (15.61 ± 
10.36) mg/l. Higher nitrate concentrations in well are mainly due to irrigation water running into not-
coping protected wells. However, these nitrate values are lower than WHO guidelines for surface waters
(50 mg/l). In situ observations and the low concentration of less than 0.07 mg/l (the US-EPA limits is 0.1
mg/l) in surface and groundwater of Boulbi show eutrophication is not currently a major risk. Sulphate
levels in the 32 water samples ranged from (0.0 to 3.0) mg/l, with an average of (1.18 ± 1.07) mg/l for
groundwater and (0.57 ± 0.7) mg/l for surface water, values lower than the WHO standard limits of 250
mg/l. the potassium ion concentration in the samples give an average value of (5.05 ± 1.9) mg/l for
surface water against (4.44 ± 1.4) mg/l for well water, values also below the WHO standard limits (12
mg/l). Although the risk assessment rendered non-alarming situation, it is necessary to take preventive
measures in order to preserve farmers and water resources by raising awareness among the population
about health and environmental threats.
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Figures

Figure 1

The geographic location of the Boulbi valley bottom
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Figure 2

Flowchart for DRASTIC, GOD and SI methods
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Figure 3

Pollution vulnerability map according to DRASTIC method
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Figure 4

Pollution vulnerability map according to GOD method
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Figure 5

Pollution vulnerability map according to SI method
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Figure 6

Result of the analysis of the pH in well water and

 groundwater from the Boulbi valley bottom in Burkina Faso

Figure 7

Results of the analysis of the electrical conductivity and nitrate

 ion concentration in well water of the Boulbi valley bottom in Burkina Faso
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Figure 8

Result of the analysis of the phosphate ion in well water and

groundwater from the Boulbi valley bottom in Burkina Faso

Figure 9

Results of the analysis of the ion sulphate and potassium ion concentration in well water and ground
water from the Boulbi valley bottom in Burkina Faso
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Figure 10

Water withdrawal points on the valley bottom


