
RESEARCH ARTICLE

CONTRIBUTION TO THE ASSESSMENT OF THE CHEMICAL QUALITY FROM PEASANT WELLS IN
THE CITY OF TINGRELA, IVORY COAST

Irié Marc GOULY1, Yapo Hermann Aristide YAPI2*, Eric-Simon Van ZRAN1, Brou DIBI2, Kouamé
Bini DONGUI2 and Albert TROKOUREY1

1Felix Houphouët Boigny University, Training and Research Unit in Structural Sciences of Matter,Laboratory of Physical Chemistry, Ivory Coast2Departement of Mathematique, Physique, chimie and informatique, Jean Lorougnon Guédé University,Environmental Training and Research Unit, Laboratory of Environmental Sciences and Technology, BP 150Daloa, Ivory Coast
ARTICLE INFO ABSTRACT

In order to contribute to the evaluation of the chemical pollution of the drinking water of the city of
Tingréla and to determine the different sources of pollution, we analysed the groundwater of 11 peasant
wells in different districts of the city of Tingréla. The analyses were carried out in the laboratory using
the various standard techniques using a spectrophotometer and an argon plasma ionizing source mass
spectrometer (ICP-MS). From the results obtained, we note the presence of major ions that cannot alter
the quality of the waters studied. However, the presence of trace metal elements such as arsenic,
cadmium, lead and mercury make these waters unfit for consumption. In addition, apart from natural
pollution, latrines and domestic wastewater could be sources of anthropogenic pollution.

Copyright © 2021, Irié Marc GOULI et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

All over the world, water is an essential element for life
(Haouchine, 2011; Foto et al., (2011)) and for the real and
sustainable socio-economic development of a country.
Drinking water (groundwater from captive and surface water
tables are water resources exploited by man for various uses
(Prasad et al., 2004). The chemical composition of
groundwater is very variable. It depends on the geological
nature of the soil. where it comes from and also reactive
substances that it might have encountered during the
flow.Thus, its quantitative and qualitative composition in
suspended and dissolved matter, of mineral or organic nature,
determines its quality (Jain et al., 2005). In addition, the World
Health Organization (WHO) estimates that 1.5 billion people
in the world do not have safe drinking water and around
30,000 people die every day from drinking unsafe water or due
to dehydration (Timoléon et al., 2013).

*Corresponding author: Irié Marc GOULI BI,
Felix Houphouët Boigny University, Training and Research Unit in
Structural Sciences of Matter, Laboratory of Physical Chemistry,
Ivory Coast.

In order to be able to prevent these scourges and certain
diseases linked to the quality of water, access to good quality
water becomes a permanent quest. In Ivory coast, the
authorities once favoured the availability of water at the
expense of its quality. This is the reason for the fragmentary
and fragmentary work carried out in this field in sedimentary
(Olga, 1998) and basement environments (Biémi, 1992; Goné
et al., 2001; Soro et al., 2002; Yao et al., 2009). Moreover, the
analyses are only targeted on a few elements, and it is only
when the water is cloudy or has an abnormal colouring or even
that the taste is unusual that certain particular elements are
dosed. Systematic analyses are currently carried out to
determine the potability and quality of drinking water (Lasm et
al., 2008). in the city of Tingréla (Ivory Coast), we are
witnessing the development of spontaneous settlements on the
outskirts of the city due in particular to the massive lookout for
migrants from the sub-region as part of the artisanal
exploitation of mineral resources. The rapid expansion of
habitable areas is a potential source of contamination of
drinking water because it makes it difficult to manage basic
urban services, namely the installation of latrines, wastewater
management and waste management housewives. In addition,
the low availability of drinking water in urban and peri-urban
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areas forces populations to obtain water from peasant wells,
the quality of which is often altered by anthropogenic
practices. In order to prevent the dangers associated with the
consumption of this water from peasant wells in the city of
Tingréla (drinking water), it is important to assess the
chemical quality of this water and to determine the possible
sources of pollution.

MATERIALS AND METHODS

Presentation of the study area: The commune of Tengréla is
located in the Bagoué region in the far north of Ivory Coast. Its
capital of the region is Boundiali. The population of the
locality of Tengrela is 67,746 inhabitants (RGPH, 2014).
Annual rainfall has varied between extremes of between 800
and 2000 mm over the past 50 years, with 60 to 120 days of
rain per year (Abergel, 2007). Located in the northern part of
the Ivory Coast, it is an essentially flat region, the geological
substratum of which consists of calc-alkaline Precambrian
granites. The general model is a tabular set of ferruginous
cuirasses with gentle ruptures caused by garlands of hills and
mounds with rounded reliefs placed on plateaus of medium
heights. This geology is not favorable to the presence of large
aquifers and the only significant reserves of groundwater are
located in the fissures of the granites, in the water tables of the
alluvial sediments of the large rivers (Comoé, Haut Bandama
and its northern tributaries, haut Sassandra) or in lesser
backwater colluvium (Abergel, 2007)

Description of the different sampling stations: The various
sampling stations were chosen taking into account the
surrounding activities, the density of the population and the
probable sources of pollution. Thus, we have selected 11
underground water stations (Fig). Table 1 gives us a detailed
description of the different sampling stations. From this study,
we retain that the sampling points are located less than 20 m
from potential sources of pollution such as illegal dumping and
stagnant water. In addition, the studied peasant wells are
shallow and their depths do not exceed 1 m. Also, we noted
the aging of protective equipment. In addition, we noted the
presence of latrines located upstream of the majority of the
drinking water sampling stations studied with the exception of
the wells in the Tamania (P2), Tengrela (P3) and Zanasso (P8)
districts. In addition, the well-latrine distances are all less than
that recommended by the WHO, which is 15m.

Sampling: The samples were taken during the month of May
2019. Water samples were taken using 100 mL plastic bottles,
filled to the brim and pre-rinsed with the water to be collected.
They are then stored in a cooler at a temperature of 4 ° C for
the analysis of chemical parameters in the laboratory.

Measurements of physicochemical parameters: The study was
carried out on water samples from certain wells in rural areas
in the city of Tingréla during the month of May 2019. The
water samples taken for the physico-chemical analysis were
put in flasks in plastic and then sent to the laboratory for
analysis. A total of 11 waters samples were collected. The
physico-chemical analyzes concerned the following
parameters: T ° C, pH, Electrical conductivity (Cond),
Chlorides Cl-, Sulphates SO4

2-, Nitrates (NO3
-), Calcium

(Ca2+), Magnesium (Mg2+), Dissolved oxygen (O2), arsenic

(As), cadmium (Cd), chromium (Cr), iron (Fe), mercury (Hg),
manganese (Mn), nickel (Ni), lead (Pb) , zinc (Zn).

Physical parameter measurements: Temperature, pH, salinity,
conductivity and dissolved oxygen are measured in situ using a
previously calibrated HANNA HI 9828 portable multimeter.
The device is switched on a few minutes before handling.

Chemical parameter measurements: The analyzes were carried
out in the laboratory using standard techniques (Rodier al.,
2009). The nitrates NO3

-, ortho phosphate PO4
3- and sulfates

SO4
2- were determined from the JASCO UV visible

spectrophotometer. The content of major cations is determined
by atomic absorption with an air-acetylene flame SAA 20 type
VARIAN. The analysis is based on the absorption of photons
by atoms in the ground state. The levels of metallic trace
elements (TME) were obtained using an argon plasma ionizing
source mass spectrometer (ICP-MS), according to the EPA and
Standard methods. Method for the evaluation of Water and
Wastewater (CEAEQ, 2011).

Statistic study: In our study, we carried out a principal
component analysis (PCA), with a view to highlighting the
relationships between variables on the one hand, the
distribution of individuals taking into account all of their
physicochemical characteristics (Belghiti, 2013) and to
determine the possible vectors of pollution. PCA is a technique
for representing data under certain algebraic and geometric
criteria, its objective is to extract most of the information
contained in the data tables and to provide a graphical
representation that is easy to interpret given the data
correlations. The statistical processing of the data is carried out
by the STATISTICA version 7 software.

RESULTS

Temperature, pH, conductivity, dissolved oxygen in
groundwater: In the study region, the results obtained show
that the temperature does not show large variations from one
well to another (Table 2) with a minimum of 26.7 ° C (P10) and
a maximum of 28, 6 ° C (P11). The drinking waters studied are
appreciably acidic and basic. Indeed, the measured pH gives us
values between 6.85 and 7.18 in well P1. In addition, they are
weakly mineralized. The determined conductivity values do
not exceed 200 µS / cm with an average conductivity of 195.3
µS / cm. Relative to other physical parameters, dissolved
oxygen exhibits significant variations from one point to
another, ranging from 3.97 to 7.03 mg / L. during the study
period, the results obtained show that certain wells, in
particular P1 (4.23 mg / L) and P4 (3.98 mg / L), are slightly
under oxygenated.

NO3
-, HPO4

3-, Cl- and Ca2+in groundwater

Nitrates are one of the main causes of degradation of
groundwater quality and mainly groundwater (Keeney, 1986).
Nitrates are present in the drinking water studied with levels
that do not exceed 71.5 mg /L. As for orthophosphates, the
maximum and minimum concentrations were determined
respectively in stations P1, P6, P7, P8 (0.01mg/L) and P2 and P11

(0.06 mg/ L). In addition, of the ions studied, only the
calciums have determined contents greater than 10 mg/L.
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Indeed, the minimum concentration of calcium ion in drinking
water is 15.2 mg/L (P4, P7 and P9).

Trace metallic elements (TME) studied in groundwater:
From the table, we note that we can classify these ETMs
analyzed into three groups. In the first we have the elements
whose levels determined in the drinking water of the city of
Tingréla are in the order of µg / L. In fact, these ETMs are
present in this groundwater but at concentrations below 0.001
mg / L. These include nickel (Ni), mercury (Hg) and lead (Pb),
the maximum concentrations of which are respectively 9.8 10-3

mg / L (P1), 510-4 mg / L (P2), 1.2 10-3 mg / L (P8). The second
group consists of arsenic, chromium, zinc and boron. The
levels of these determined trace elements do not exceed 1 mg /
L in the drinking water studied. Iron and manganese are part of
the latter group. Their presence in the drinking waters studied
is limited to concentrations greater than 1 mg/L.

Study of the correlation of the different parameters studied:
The correlation matrix gives correlation coefficients between
the different variables two by two. The analysis of this table
highlights the physical characteristics of peasant wells, in
particular the height of the coping is well correlated with the
static water level and the distance to the latrine well (HM, NS)
(r = 0.53; p˂0.05)), ((HM, DPL) (r = 0.5; p˂0.05)). In
addition, it highlights correlations between the physical
parameters of peasant wells and the physicochemical
parameters of drinking water (groundwater) in particular (Fe,
HM) (r=0.60 ; p˂0.05)), ((Fe, NS) (r=0.57 ; p˂0.05)), ((Hg,
NS) (r=0.56 ; p˂0.05)), ((SO4

2- , HM) (r=0.57 ; p˂0.05)),
((SO4

2-,NS) (r=0.47 ; p˂0.05)), ((O2, NS) (r=0.58 ; p˂0.05)). In
addition, it underlines correlations between the
physicochemical parameters of groundwater. Indeed, iron is in
association with mercury and pH ((Fe, Hg) (r = 0.79; p˂0.05)),
((Fe, pH) (r= 0.58; p ˂0.05)) nickel is with manganese ((Ni,
Mn) (p =)), nitrates and Chromium (NO3

-, Cr) (r = 0.53;
p˂0.05)). Also, the temperature of drinking water is very
strongly correlated with chromium ((Temp, Cr) (r = 0.49;
p˂0.05)), conductivity ((Temp, Cond) (r = 0, 50; p˂0.05)),
chloride ions ((Temp, Cl-) (r = 0.45; p˂0.05)). On the other
hand, orthophosphate ions are in association with arsenic
((HPO4

-, As) (r = 0.61; p˂0.05)), manganese ((HPO4
-, Mn) (r =

0.66 ; p˂0.05)), turbidity ((HPO4
-, Turb) (r = 0.59; p˂0.05))

and conductivity ((HPO4
-, Cond) (r = 0.47; p ˂0.05)). During

our study, we noted associations between calcium and arsenic
((Ca2+, As) (r = 0.60; p˂0.05)), chromium ((Ca2+, Cr) (r =
0.45; p˂0.05)), nickel ((Ca2+, Ni) (r = 0.66; p˂0.05)), chloride
ions ((Ca2+ Cl -) (r = 0, 59; p˂0.05)) and sulfates ((Ca2+, SO4

2-)
(r = 0.56; p˂0.05)).

Principal component analysis: The factor extraction was
performed by the principal components method. 5 factors
whose eigen values are greater than 1. Were retained
according to the criterion of Kaiser (Kaiser, 1958). They
correspond to 81.986% of the total variance. From the first
factor, the percentage is not high, which implies that many
parameters must intervene in the structure of the data. The
factor 1 and 2 gives us 46.489 of the expressed variance,
which does not explain much of the information contained in
these data. However, with the first three factors including F1,
F2 and F3 we have 60.24 of the expressed variance which will
allow us to explain much of the information contained in these
data.

Normalized Varimax rotation was applied to these factors to
facilitate their interpretation. Table 5 presents the eigenvalues
of the five factors and their explained variances. Table 5 gives
us the contribution of the different variables to the
achievement of the different factors. Thus, the temperature, the
chloride ions, boron, iron and lead strongly contribute to the
achievement of the factor F1 26.811% of the cumulative
variance. As for the pH, the calcium ions and orthophosphates,
are correlated with the factor F2. Lead also contributes to the
F3 factor as well as conductivity. The factor F4 which
represents 11.355% of the cumulative variance is correlated
with the sulphate ions and the chromium. In the end, only lead
strongly contributes to the achievement of factor F5.

DISCUSSION

Our study showed that there were correlations between the
physical parameters of peasant wells and certain
physicochemical parameters of water. This suggests that the
physical aspect of peasant wells has a significant influence on
the quality of the groundwater studied. In fact, we noted an
association between the static water level, i.e. the depth of
peasant wells ((O2, NS) (r = 0.58; p˂0.05)) and the level of
dissolved oxygen present in groundwater. Oxygen is a
necessary element of groundwater, allowing it to maintain its
qualities. Dissolved O2 is involved in the natural self-
purification process of water, a process which consists in
oxidizing a certain load of organic pollution through micro-
organisms (Tardat-henry and Beaudry, 1992). In the absence
of this, degradation will take place in anaerobic condition and
there will be formation of undesirable compounds such as
methane, hydrogen sulphide, and light organic acids. Our
study shows that only wells P1 (4.23 mg / L) and P3 (3.98 mg /
L) do not meet the WHO standard which is 5 mg /L(OMS,
2000). the association of this drinking water quality parameter
with the depth of the wells ((O2, NS) (r = 0.58; p˂0.05)) shows
that the presence of O2 in groundwater is due to the dissolution
of oxygen in the air. This implies that the depth of peasant
wells has a significant influence on the oxygenation
mechanisms of drinking water. In addition, occasional
variations in the amount of dissolved oxygen for a region can
therefore indicate the location of sources of contamination
such as a large input of organic matter (Nielsen, 1991).

The temperature of the water is an important factor in organic
production. This is because it affects the physical and chemical
properties of it; in particular its density, its viscosity, the
solubility of its gases (especially that of oxygen) and the speed
of chemical and biochemical reactions (HCEFLCD, 2006). In
the study region, the results obtained show that the degree this
temperature does not exhibit large variations from one well to
another (Figure 2), with a minimum of 26.7 ° C (well P10) and
a maximum of 28.6 ° C (well P11). Associations have been
noted between this, conductivity and chloride ions. They
would reflect the fact that a high temperature would dissolve
inorganic salts containing chloride ions, thus acting on the
mineralization of the drinking waters studied (Miramond et al.,
2006). The pH of the drinking water studied is within the
range of values recommended by the WHO which is 6.85-
7.15(OMS, 2000). From the results obtained for this
groundwater quality parameter, it could be said that these
studied drinking waters are good for human consumption.
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Fig. Sampling stations

Table 1. Physical characteristics of the different farmer wells studied

District Sampling points Curb height Static level (m) Well-latrine distance (m)

NIOUGONI P1 0 .50 2.4 14.50
TAMANIA P2 0.83 4.54 14.20
TENGRELA P3 0.80 3.5 29.62
MANIASSO P4 0.60 2.96 13.30
DRAGNANI P5 0.45 4.11 13.13
SAN P6 0.42 3.22 14.30
NEGUEPIE P7 0.50 2.75 13.70
ZANASSO P8 0.50 2.5 14.20
SOROBONO P9 0.46 1.4 14.10
TENGRELA P10 0.90 3.65 16.10
DANZOUROU P11 0.55 1.70 13.80

Table 2. Concentrations of nitrates (NO3
-), orthophosphates (HPO4

3-), chlorides (Cl-) and calcium (Ca2+) in groundwater

Station T°(C) pH O2 (mg/L) Turb Cond (µs/cm) NO3
-(mg/L) HPO4

-(mg/L) Cl-(mg/L) Ca2+

P1 28.5 7.18 4.23 0.10 179.3 27.4 0.015 4.70 15.24
P2 28.4 6.97 6.27 0.12 189 6.25 0.053 6.34 15.9
P3 27.8 7.1 6.30 0.10 180 15.63 0.033 5.62 15.4
P4 28.4 7.13 6.11 0.11 182 19.45 0.028 4.85 15.2
P5 28.4 6.86 3.98 0.10 174 33.22 0.023 4.78 15.6
P6 28.4 6.95 7.03 0.10 176 40.81 0.011 6.03 15.9
P7 28.4 7.00 5.75 0.09 179 32.41 0.065 4.70 15.2
P8 28.4 7.00 6.75 0.09 200 45.6 0.058 4.65 15.7
P9 27.9 6.85 6.53 0.14 192 71.4 0.037 4.84 15.2
P10 26.7 7.00 6.32 0.10 196 5.85 0.044 5.7 15.27
P11 28.6 7.00 6.01 0.12 194 6.4 0.067 5.62 16.02

Table 3. Concentrations of metallic trace elements in groundwater

Station As (mg/L) Cd (g/L) Cr (mg/L) Fe (mg/L) Hg (mg/L) Ni (mg/L) Pb (mg/L) Zn (mg/L) Mn (mg/L) B (mg/L)

P1 0.26 0.03 0.31 3.33 4.10
3־ 9.8.10

3־ 0.6.10
3־ 0.32 2.70 0.90

P2 0.28 ND 0.73 3.32 5.10
3־ 0.0103 0.1.10

3־ 0.30 3.11 0.78

P3 0.24 ND 0.36 3.30 3.2.10
3־ 5.4.10

3־ 0.9.10
3־ 0.37 2.65 0.84

P4 0.23 ND 0.51 3.27 4.9.10
3־ 7.8.10

3־ 1.1.10
3־ 0.34 3.23 0.91

P5 0.26 0.06 0.44 3.05 3.7.10
3־ 0.0102 0.6.10

3־ 0.40 3.05 0.96

P6 0.29 ND 0.58 2.98 0 9.1.10
3־ 0.1.10

3־ 0.35 2.45 1.00

P7 0,25 ND 0.65 3.21 2.6.10
3־ 8,3.10

4־ 0.9.10
3־ 0,23 2.78 0.98

P8 0.26 ND 0.67 3.09 3.1.10
3־ 3־8.7.10 1.2.10

3־ 0.28 2.73 0.97

P9 0.27 0.03 0.66 2.93 0.9.10
3־ 9.8.10

3־ 1.1.10
3־ 0.31 2.80 0.89

P10 0.30 ND 0.39 3.31 2.4.10
3־ 8.6.10

3־ 0.4.10
4־ 0.29 3.16 0.67

P11 0.32 ND 0.64 2.77 0 0.0104 0.7.10
4־ 0.32 3.23 1.00

Normes OMS 0.01 0.01 0.05 0.3 0.001 0.023 0.01 3 0.4 0.5
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Table 4. Correlation matrix

HM NS Nbu DPL As Cd Cr Fe Zn Mn B Hg Ni Pb pH Turb Cond Cl- SO4
2- O2 Temp HPO4

- NO3
- Ca2+

HM 1.00 0.53 0.86 0.50 0.10 0.4 -0.2 0.60 -0.10 0.40 -0.88 0.37 0.06 -0.28 0.29 0.02 0.31 -0.64 0.57 0.21 0.22 0.57 -0.24 -0.06

NS 1.00 0.50 0.19 -0.13 0.018 -0.2 0.57 0.29 0.15 -0.45 0.56 0.30 -0.58 -0.04 -0.35 -0.33 -0.19 0.47 0.58 -0.18 0.055 0.03 0.18

Nbu 1.00 0.66 0.27 -0.44 -0.28 0.39 0.16 0.058 -0.71 0.04 0.04 -0.52 0.20 0.03 0.10 -0.57 0.81 0.19 0.33 0.52 -0.25 0.17

DPL 1.00 -0.28 -0.23 -0.45 0.32 0.31 -0.31 -0.31 0.06 -0.27 0.11 0.33 -0.15 -0.13 -0.35 0.25 -0.01 0.17 0.10 -0.26 -0.13

As 1.00 -0.15 0.25 -0.52 -0.11 0.23 -0.09 -0.64 0.44 -0.55 -0.36 0.29 0.44 -0.18 0.55 0.03 0.21 0.61 -0.10 0.60

Cd 1.00 -0.32 -0.16 0.49 0.00 0.16 0.12 0.29 0.04 -0.38 0.14 -0.38 0.14 -0.46 -0.50 -0.78 -0,22 0.16 -0.19

Cr 1.00 -0.46 -0.48 0.09 0.31 -0.24 0.29 0.05 -0.51 0.36 0.40 0.38 0.16 0.34 0.49 0.22 0.69 0.45

Fe 1,00 -0.14 0.01 -0.62 0.79 -0.33 -0.12 0.58 -0.39 -0.19 -0.31 0.03 0.09 -0.14 -0.21 -0.21 -0.50

Zn 1,00 -0.01 0.09 0.05 0.28 -0.16 -0.06 0.11 -0.48 0.09 0.14 -0.07 -0.34 0.03 -0.11 0.20

Mn 1.00 -0.33 0.28 0.56 -0.00 -0.03 0.32 0.33 -0.14 0.09 0.09 -0.22 0.66 -0.22 0.05

B 1.00 -0.36 0.09 0.29 -0.12 -0.14 -0.32 0.80 -0.40 0.11 -0.12 -0.41 0.10 0.30

Hg 1.00 0.06 0.07 0.42 -0.23 -0.18 0.07 -0.19 0.13 -0.39 -0.15 -0.01 -0.31

Ni 1.00 -0.40 -0.38 0.31 0.017 0.35 0.34 0.21 -0.39 0.62 0.10 0.66

Pb 1.00 0.14 0.02 0.24 0.09 -0.77 -0.27 0.03 -0.27 0.02 -0.49

pH 1.00 -0.36 -0.12 0.08 -0.09 -0.05 -0.06 -0.17 -0.67 -0.29

Turb 1.00 0.28 -0.00 0.21 -0.50 0.18 0.59 0.43 0.07

Con
d

1.00 -0.34 0.08 -0.03 0.50 0.47 0.12 0.16

Tem
p

1.00 -0.22 0.14 -0.24 -0.23 0.19 0.40

Cl-

1.00 0.39 0.45 0.60
0.03
4

0.59

SO4
2-

1.00 0.29 -0.00 0.03 0.52

O2 1.00 0.15 0.30 0.21

HPO
4

- 1.00 -0.8 0.41

NO3
-

1.00 0.15

Ca2+
1.00
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Table 5. Eigenvalues and factor variance

own value % variance
Individual Cumulative Individual Cumulative

F1 5.362 5.362 26.811 26.811
F2 3.935 9.298 19.678 46.489
F3 2.750 12.047 13.750 60.24
F4 2.271 14.319 11.355 71.6
F5 2.078 16.397 10.391 81.986

Table 6. Factor weights of variables

F1 F2 F3 F4 F5
HS -0.93 -0.16 0.19 -0.03 -0.19
NS -0.70 0.02 -0.61 0.21 -0.13
NbU -0.89 -0.26 0.03 -0.14 0.29
DPL -0.55 0.30 0.11 -0.22 0.45
pH -0.35 0.57 0.22 0.18 0.04
T° 0.61 0.1 -0.43 0.4 -0.03
Cond -0.05 -0.49 0.69 0.06 -0.29
Turb 0.18 -0.52 0.14 -0.51 -0.26
O2 0.15 0.38 -0.56 -0.32 -0.39
Ca2+ -0.06 0.67 0.42 -0.31 -0.23
NO3

- -0.3 0.26 0.07 -0.09 0.13
HPO4

- 0.33 0.74 -0.07 0.23 0.25
SO4

2- -0.27 -0.19 -0.31 0.79 0.09
Cl- 0.61 -0.64 -0.20 0.08 0.32
As -0.01 -0.87 0.05 -0.12 0.18
Cd 0.38 0.22 -0.5 -0.61 -0.26
Cr 0.40 -0.58 0.13 0.51 -0.16
Fe 0.72 0.56 0.03 0.15 -0.25
Zn -0.06 0.12 -0.65 -0.51 0.18
Mn -0.18 -0.36 -0.04 -0.06 -0.76
B 0.84 0.11 -0.25 0.30 0.28
Hg -0.41 0.53 -0.24 0.19 0.63
Ni 0.05 -0.58 -0.60 -0.03 -0.38
Pb 0.44 0.47 0.52 -0.03 -0.22

The factorial design F1-F2 expresses the total variance of the scatter plot, but the factor 1 is the most
important, because it expresses on its own. The grouping of the variables in the correlation circle in the
factorial plane (F1, F2) allows us to distinguish two classes.
Class 1: pH, Hg, DPL, NO3

- Class 2 : Mn, Cond, Ni, Turb, Cr In the factorial plane (F1, F3) there are 4 classes
Class 1: Fe, DPL, pH, NO3

- Class 2 : SO4
2-, Hg, Cl- Class 3 : Turb, Cr, HPO4

- Class 4 : Cd, O2, Ni, Zn

Figure 2. Projection of variables in the factor plane F1 and F2
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In fact, in addition, this water quality parameter is correlated
with iron. This indicates that it could exist in several oxidation
states including Fe2+ and Fe3+. In addition, the pH plays an
important role in the adsorption of metals. Indeed, an alkaline
pH favors the reactions of precipitation and complexation of
hydroxides, thus reducing the concentrations of ETM in the
aqueous phase (Thorton, 1996). Stations with a pH varying
between 7.04 and 7.89 systematically induce an increase in the
adsorption rate of trace elements in surface sediments. But the
trapping of trace elements is not necessarily definitive. The
risks of remobilization, bioavailability and therefore toxicity
are to be feared. They constitute, in fact, a permanent danger
for the entire aquatic ecosystem when the physico-chemical
conditions allow it (François et al., 2002), in particular in the
trophic chain (Fadil et al., 26). In addition, the results obtained
for calcium and magnesium in the groundwater studied show
that the determined contents do not exceed 20 mg / L.
However, the magnesium contents in the groundwater studied
exceed the WHO guideline value of 0.4 mg / L (OMS, 2000).
These compounds (magnesium and calcium) are thought to
come from the hydrolysis of silicate minerals present in the
soil (Matini et al., 2009). The total hardness of water Tht is
related mainly to the amount of calcium and magnesium
(Matini et al., 2009) in the water. Thus, according to the
classification of Durfor and Becker (Dufor, 1964)the drinking
waters studied are sweet.

Sulphate, orthophosphate and chloride ions are mineral
constituents which can alter the quality of drinking water when
their concentrations exceed the guide value. The contents of
these elements determined are all lower than the WHO
standards (OMS, 2000). Sulphates correlate with arsenic,
suggesting that their presence in water is due to the dissolution
of sulphurous minerals such as pyrite. In addition, we noted an
association between sulfates and calcium ions which would
come from gypsum formations. Chloride ions can be linked to
human waste, in particular urine and certain cleaning products
(Matini et al., 2009)(Matini et al., 2009). A significant
correlation was observed between chloride ions and
orthophosphates. The natural concentration of orthophosphates
in groundwater varies between 0.02 and 0.04 mg / L (Chery,
2000). Also, the concentrations observed in the drinking
waters of the Tamania P2 (0.053 mg / L), Neguepié P7 (0.065
mg / l), Zanasso P8 (0.058 mg / L), Tengrela P10 (0.044 mg / L)
and Danzourou P11 (0.067) districts mg / L) could come from
domestic wastewater, animal droppings and fertilizers (Chery,
2000). Chromium, which is one of the toxic substances, can be
found in the water table because of human activities such as
household waste buried underground without a perimeter of
protection (Desbordes, 2001)[30]. Chromium has two
oxidation states (+ III and + IV), the most mobile, the most
soluble and therefore the most toxic form of which is hexa
valent chromium (Jordana et al., 2004). The WHO guideline
value for chromium in drinking water is 0.05 g / mL(OMS,
2000). Concentrations above the guideline value in drinking
water can lead to skin rashes, gastric ulcers, weakened immune
system, and even lung cancer (CIRC, 1980). The chromium
content in drinking water of drinking water in Tamania P2

(0.73 mg / L), Maniasso P4 (0.51 mg / L), San P6 (0.58 mg /
L), Neguepié P7 (0.65 mg / L), Zanasso P8 (0.67 mg / L),
Sorobono P9 (0.66 mg / L) and Danzourou P11 (0.64 mg / L)
are above the guideline value of WHO (0.05 mg / L)(OMS,
2000). Associations of chromium and nitrates seem to show
possible anthropogenic sources. Since nitrate contamination

originates from the surface of the soil, it is logical to believe
that the concentrations in the groundwater will be higher for
the shallow depths of the peasant wells covered by our study
which do not exceed 5 m (NS ˂ 5m). However, the nitrate
concentrations in the drinking water studied are not very high.
Indeed, only the groundwater (drinking water) of the Sorobono
district ((P9 (71.4 mg / L)) has nitrate contents higher than the
WHO guideline value (50 mg/ L)(OMS, 2000). This finding
could be due to the absence of significant vegetation cover in
this grassy savannah region of northern Côte d'Ivoire and the
absence of strong agricultural activities in the study area. On
the other hand, the presence of nitrates in the groundwater
studied suggests the presence of anthropogenic sources of
pollution due in particular to the aging of the protection
installations of peasant wells, to domestic wastewater and to
latrines which makes it possible to confirm the correlation
between the latter mentioned and nitrate levels in groundwater.
The presence of the metallic trace elements studied in
groundwater is due in particular to the geochemical
characteristics specific to the study area. In addition, there are
significant correlations between the metallic trace elements.
Indeed, associations have been noted between mercury-iron
and nickel-manganese. This confirms that the presence of
these MTE in the drinking water studied is due to the
geochemical characteristics specific to the different stations. In
fact, the water flowing over the walls of peasant wells causes
the minerals present there to dissolve (Miramond et al., 2006 ;
Yapi, 2015).

From our results, we retain that the MTEs studied, arsenic,
chromium, mercury, manganese and boron have levels higher
than the WHO guide values for drinking water(OMS, 2000).
The presence of a metallic trace element such as arsenic,
which is a carcinogenic compound including skin cancer for its
non-threshold effects, must be a major concern for the
population living in our study area. Indeed, this carcinogenic
compound is present in all the drinking waters studied and
these determined levels are much higher than the WHO
guideline value of 0.01 mg /L (10 µg / L)(OMS, 2000).

Factor analysis: Factor analysis shows that the factor F3

determines the mineralization of groundwater. Indeed, this
factor is strongly correlated with conductivity. Also, is it in
association with orthophosphate ions and temperature. A high
temperature promotes the dissolution of minerals, thus causing
the presence of major ions in groundwater, in particular
orthophosphate ions. Factors F1 and F4 highlight possible
sources of anthropogenic pollution of the drinking water
studied. Indeed, these factors are in association with chromium
which is not a natural element. The factor F4 suggests that the
presence of sulphate ions in groundwater is not due only to the
dissolution of sulphurous minerals or gypsum formations but
could come from anthropogenic sources including domestic
wastewater. As for the factors F1 highlights due to human
rejections. In fact, during this study, the farmer wells studied
are very close to the latrines. In fact, latrine well distances are
less than those recommended by the WHO, which is 15
m(OMS, 2000).

The analysis of the factorial plane (F1, F2) reveals two classes
of parameters. In the first class we have a grouping between
the well-latrine distance (DPL), the pH, the mercury and
nitrates contents of groundwater.

11567 Asian Journal of Science and Technology, Vol. 12, Issue, 03, pp, 11561-11569, March, 2021



Fig. 3. Projection of variables in the factor plane F1 and F2

This grouping highlights the influence of latrines on water
quality parameters, especially pH. Also these anarchic
installations are not unrelated to the presence of nitrates in the
drinking water studied. Chromium is part of class 2 of
parameters. This class summarizes the influence of
anthropogenic activities on the quality of drinking water
(groundwater) studied. They act in particular on the
conductivity and turbidity of the water. Inorganic salts
containing nickel and magnesium could be responsible for the
turbidity and conductivity of the drinking waters studied. From
the study of the second factorial plane (F1, F3) we have
retained 4 classes of parameters. Classes 1 and 4 would
confirm the existence of the different pollution vectors
highlighted during the analysis of the factorial plane F1 and F2.
In addition, we have classes 2 and 4 which respectively group
together the parameters SO4

-, Hg, Cl- and Cd, O2, Ni, Zn. Class
2 could highlight the presence of mercury salts in the
groundwater studied. In addition, the zinc and cadmium in the
waters studied have anthropogenic sources, in particular
domestic wastewater containing detergents. The grouping of
these parameters with dissolved oxygen shows that domestic
water has a significant influence on the quality of drinking
water (groundwater) which is the subject of our study.
Phosphates: Detergents, animal droppings, fertilizers (Chery,
2000). Unpolluted groundwater contains between 12 and 15
mg / L of chlorides (Taouil, 2012). Phosphorus in groundwater
varies between 0.02 and 0.04 mg /L.

CONCLUSION

At the end this study, we note the presence of ionic
compounds in groundwater such as nitrates, ortho phosphates,
calcium. The levels determined for these compounds are all
below WHO standards for potability. Furthermore, the results
of this study show the presence of trace metal elements
including arsenic, cadmium, mercury and lead in the drinking
water studied. In addition, some FTEs with arsenic have
determined levels above WHO standards. Therefore, the
consumption of these drinking waters from the town of
Tingréla could pose health risks to the population living in the
study area. In addition, the study of the correlation between the
different parameters studied and the Main Component

Analysis revealed different sources of groundwater
pollution. Apart from a pollution of natural origin due in
particular to the geochemical characteristics of the different
stations we have highlighted latrines, domestic wastewater
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