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Abstract: Located on the Atlantic coast, the city of Pointe-Noire is the economic capital of the Republic of Congo. It enjoys 
strong industrial activity, particularly oil, with the presence of a refinery and onshore drilling in its surroundings. The steady 
growth of its population leads to an increase in its drinking water supply needs, produced mainly from the exploitation of its 
aquifer system. Thus, in view of the growth of its human activities, the interest of permanent monitoring of the quality of its 
groundwater is becoming more and more great. The present study aims to assess the physicochemical quality of the groundwater 
in the AQ2 aquifer of the Pointe-Noire region during the period from 2017 to 2020, and to understand the processes that are at the 
origin of the mineralization of these waters. To this end, we obtained from the water supply company, La Congolaise Des Eaux 
(LCDE) seventy-five (75) water analysis reports bulletins representing the average values of thirteen (13) physicochemical 
parameters in each of the 75 boreholes used for this study so as to homogeneously cover the entire city. The Piper diagram 
revealed that the waters are dominated by three types of facies: K-Na-Cl, Mg-Ca-SO4-Cl and Mg-Ca-HCO3. The presence of the 
K-Na-Cl facies is due to the high levels of chlorides and sodium in the water-rock. The Principal Component Analysis (PCA) 
indicates that the mineralization of these waters results in the hydrolysis of silicate minerals. The Ascending Hierarchical 
Classification (AHC) analysis made it possible to determine the parameters that categorize the different classes from 2017 to 
2020, these are TDS, EC and TH and to a lesser extent Ca2+, Mg2+, HCO3

-and TAC. Overall, the quality of the groundwater is 
good according to standards WHO, but in some cases requires specific treatment before supply. 

Keywords: Groundwater, AQ2 Aquifer, Hydrogeochemical Facies, Principal Component Analysis,  
Ascending Hierarchical Classification 

 

1. Introduction 

The Republic of the Congo, like the other countries of 
Central Africa, is facing water problems in certain localities 
(such as the Pointe-Noire region). The country is crossed by a 
large river and also contains significant groundwater [1]. 
However, there are the problems of controlling the resource 
and supplying the various consumers in the Pointe-Noire 
region. Indeed, groundwater (in this region) is subject to 
multiple constraints due to strong demographic growth and to 
inadequate or even lack of sanitation. Landfills, cemeteries, 

sewage systems, septic tanks, factory sewage as well as solid 
waste are the main sources of groundwater pollution in the 
urban sector. According to the drinking water supply company 
“La Congolaise Des Eaux (LCDE)”, the Pointe-Noire region 
has to day nearly 2000 private boreholes, and observations and 
surveys of groundwater on the ground indicate 
overexploitation of the aquifer AQ2 due to the proliferation of 
boreholes. Despite the importance of the economic and health 
interests at stake, the functioning of the aquifer in this zone 
poorly understood and the consequences of uncontrolled 
exploitation of deep boreholes have not been evaluated [1-6]. 



2 Frederic Balounta Ngoma et al.:  Physicochemical Characterization of Waters in Aquifer AQ2 of the  
Pointe-Noire Region: Application of Multivariate Statistical Analysis Methods 

It is therefore important to know and control the quality of this 
resource. The chemical composition of water from the natural 
environment is very variable. It depends on the geological 
nature of the soil from which it comes and also on the reactive 
substances that it might have encountered during the flow [7]. 
The intensive use of natural resources and the increase in 
human activities cause serious problems quality of 
groundwater [8, 9]. 

This study aims to assess the hydrochemistry quality of 
the waters of the AQ2 aquifer through private boreholes and 
those of the LCDE in the Pointe-Noire region. To achieve 
this objective, we obtained at the LCDE laboratory 
seventy-five (75) water bulletins representing the average 
values of thirteen (13) physicochemical parameters in each 
of the 75 boreholes which are used for this study, so as to 
homogeneously cover the entire Pointe-Noire, region during 
the period from 2017 to 2020. The data collected are 
processed using multivariate statistical methods such as 

Principal Component Analysis (PCA), Ascending 
Hierarchical Classification (AHC) groundwater facies was 
determined using Piper's diagram. 

2. Presentation of the Study Area 

2.1. Geographic Location 

The Pointe-Noire region is located on the Atlantic coast of 
Central Africa, at the southwestern end of the Republic of 
Congo, between meridians 11°30 and 12° East and the 
parallels 4°30 and 5° South. Its area of approximately 15660 
hectares is distributed over a radius of 15 kilometers (figure 1). 
Presenting a very preponderant geographical position to 
which it owes its most characteristic features, the studied 
region is an ideal zone of contact between the ocean and the 
continent where the effects of marine currents and the oceanic 
air mass are very characteristic [10, 11]. 

 

Figure 1. Geographical location boreholes in the study area. 

2.2. Climate Context 

The study region belongs to the tropical zone. It is also 
qualified as a zone with an equatorial climate of transition due 
to the successive influence of the tropical climate and the 
equatorial climate. The orographic configuration between the 
seafront and the Mayombe chain exerts an influence on the 
climate, in particular on precipitation [11-13]. The rainfall 
regime in the Pointe-Noire region makes it possible to 
highlight two main annual rainfall periods. These periods are 
characterized by two seasons: 

1) a rainy season that begins in October and ends in May, 
characterized by heavy rains. This period corresponds to 
groundwater recharge with peaks in february and 
november; 

2) a dry season which is between june and september. 
Precipitation in Pointe-Noire varies at different time scales 

(that is to say) sometimes the rainy season has the same 
duration as the dry season [11]. 

2.3. Geology of the Study Area 

The coastal sedimentary basin of Congo is a well-known 
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region thanks to drilling research for oil, potash and water. 
This basin is a part of large set of depression delimiting the 
western edge of the african continent from the Ivory Coast as 
far as Angola. It corresponds to a zone of subsidence coupled 
with sedimentary deposits of lake, marine, river and wind 
origins following a very low monocline structure slope (1%) 
and resting on the precambrian substratum flush with the 
Mayombe chain [14]. In the following, only the 
lithostratigraphic succession of formations necessary for 
understanding hydrogeology in the study area is described; it 
concerns the post-salt sedimentary deposits which have been 
described from numerous oil wells [1, 15]. The soils of the 
Pointe-Noire region are included in the ferralic arenosols and 
belonging to the arenosols group is explained by the presence 
over a depth of more than one meter of a sandy texture, less 
than 35% by volume of coarse fragments (0% at Pointe-Noire) 
and the absence diagnostic horizons other than ochric, yermic 
or albic or an argicou type horizon spodic beyond 50 cm or an 
argic or spodic type horizon beyond 2 m [16]. 

2.4. Hydrogeology of the Study Area 

Define According to the geological work of oil tankers, and 
referring to the work of [1, 3, 7], the Pointe-Noire region 
belongs to the coastal sedimentary basin, and includes an 
aquifer system composed of several superimposed aquifer 
layers with hydraulic continuity (figure 2) that can be 
successively established as follows: 

1) the free surface aquifer AQ-1 (unconfined) consisting 
mainly of fine sands with a variable proportion of silts 
and clays; 

2) the captive and artesian aquifer AQ-2 (confined) located 
in the Pointe-Noire region made up of poorly classified 
sands, sometimes silty, with clayey pastes; 

3) aquifer AQ-3 (confined) made up of poorly classified 
conglomeratic sands and with ferruginous concretions; 

4) aquifer AQ-4 (confined) corresponding to the dolomite 
unit of the calcaro-dolomitic series identified thanks to 
the loss of mud from exploration drilling. 

 

Figure 2. Schematic hydrogeological section of aquifer system of Pointe-Noire [10]. 

3. Data and Methods 

3.1. Sampling 

In order to achieve the objective of this study a total of 225 
samples of 75 boreholes in the AQ2 aquifer have been 
collected and analyzed by the laboratory of the drinking water 
company, LCDE in Pointe-Noire (23 LCDE boreholes and 52 
private boreholes). These samples have been collected from 
2017 to 2020. Thus, 75 water analysis reports representing the 
average values of 13 physicochemical parameters in each of 
the 75 boreholes are used for this study. 14 boreholes are used 
in the year 2017, 11 boreholes in the year 2018, 37 boreholes 
in the year 2019 and 13 boreholes in the year 2020. 

3.2. Hydrochemical Classification of Water 

The chemical parameters in major elements are represented 
in the Piper diagram which allows a representation of anions 
and cations on two specific triangles whose sides express the 

relative contents (%) of each of the major ions compared to the 
total of these ions (cations in left triangle and anions in right 
triangle). The position of a water analysis in these two 
triangles makes it possible to specify which are the dominant 
anions and cations. It is important to emphasize that this 
diagram does not reflect the overall mineralization of water, 
but only the distribution of dissolved ions. Each borehole has 
been assigned a label of different color and shape. 

3.3. Statistical Analysis 

All the data collected on the water of the study region have 
been subjected to statistical analysis. The multivariate 
statistic approach was carried out using the normalized 
principal component analysis (NPCA) and the ascending 
hierarchical classification (AHC). Statistical analysis was 
carried out on 75 boreholes and 13 variables: total dissolved 
solids (TDS), electrical conductivity (EC), temperature 
T(°C), complete alkalimetric content (TAC), total hardness 
(TH), hydrogen potential (pH) as well as sodium ions Na�, 
magnesium (Mg�� ), potassium ( K� ), calcium ( Ca�� ), 
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chloride (Cl
), bicarbonate HCO


 and sulphate (SO�

�
) using 
the XLSTAT 2020 software. This analysis makes it possible 
to synthesize and classify a large number of data in order to 
extract the main factors which are at the origin of the 

simultaneous evolution of variables and their reciprocal 
relationship [17]. It makes it possible to highlight the 
similarities between two or more chemical variables during 
their evolution. 

Table 1. Descriptive statistics of the physico chemical parameters of the AQ-2 waters expressed during the period 2017-2020. 

Parameter  
TDS 

mg/L 
T°C 

CE 

µs/cm 

TAC 

mg/Lcaco3 

TH 

mg/Lcaco3 

pH 

6.5-8.5 

���� 

mg/L 

���� 

mg/L 

��� 

mg/L 

�� 

mg/L 

����

 

mg/L 

���
�
 

mg/L 

��
 

mg/L 

2017 

Min 4 20 8 1 2 7 0 0 19 5 1 7 32 
Max 229 25.4 322.16 160 83.6 8 49.94 14.97 24.43 6.25 198.2 9.79 40.28 
Med 47.86 21.64 83.58 18.97 22 7.08 10.98 4.84 20.83 5.34 21.98 7.20 34.7 
SD 59.61 1.74 87.99 42.85 24.66 0.50 13.68 4.79 1.20 0.31 52.55 0.74 1.87 

2018 

Min 10 20.1 1.21 1.66 10 5.18 3.45 0.69 0.8 0.2 2.02 0.32 1.4 
Max 616 25.6 662 100.6 604.7 7 181.2 36.24 42.28 10.87 122.7 16.91 73.68 
Med 142.2 21.65 173.75 18.3 141.7 6.39 42.52 8.50 10 2.55 22.32 3.96 17.29 
SD 187.9 2.15 215.24 28.21 185.4 0.53 55.54 11.11 12.99 3.33 34.40 5.18 22.58 

2019 

Min 9 20 19 7.01 9.51 5.7 3.51 1.23 1.33 0.76 8.55 0.93 1.99 
Max 381 29.5 748 353.5 374.4 7.93 112.2 25.98 28 17.66 353.5 19.84 45.6 
Med 89.79 22.27 178.64 70.92 89.40 6.92 30.69 9.27 9.88 5.18 80.97 6.43 15.35 
SD 100.44 3.07 197.15 96.20 98.7 0.66 31.36 8.66 9.28 5.22 100.41 6.30 14.73 

2020 

Min 8 20 19 2.33 5.006 6.4 2.7 0.6 0.7 0.2 2.83 0.3 1.2 
Max 320 20 640 562.83 320 7.9 123.99 47.19 44.8 28.19 686.66 37.17 67.2 
Med 110.74 20 217.62 139.94 107.87 7.33 37.75 11.74 11.98 6.33 170.76 8.75 18.76 
SD 100.3 0.0 198.11 157.65 99.92 0.60 35.83 13.07 12.37 8 192.34 10.49 18.67 

Standards 
OMS 

 
500 
mg/L 

25°C 
300 
µs/cm 

- 
mg/Lcaco3 

300 
mg/Lcaco3 

6.5-8.5 
75 
mg/L 

30 
mg/L 

200 
mg/L 

12 
mg/L 

300 
mg/L 

150 
mg/L 

250 
mg/L 

SD: standard deviation; Med: Medium; Max: Maximum; Min: Minimum. 

Table 2. Bacteriological parameters of AQ-2 waters in the Pointe-Noire region. 

parameters 
years 

Totals Germs Total coliforms Fecal coliforms Escherichia Coli 

10 UCF/ml 0 UFC/100 ml 0 UFC/100 ml 0 UFC/100 ml 

2017 

Minimum 60 3 0 0 
Maximum 302 133 100 69 
Median 100 10 0 0 
Average 120.2 32.2 14.7 8.7 
standard deviation 74.8 44.4 31.1 21.4 

2018 

Minimum 1 0 0 0 
Maximum 100 40 1 0 
Médian 50 0 0 0 
Average 47.6 11 0.25 0 
standard deviation 32.9 17.5 0.5 0 

2019 

Minimum 7 0 0 0 
Maximum 100 10 1 0 
Médian 56 0 0 0 
Average 48.9 1.2 0.1 0 
standard deviation 25.5 3 0.3 0 

2020 

Minimum 12 0 0 0 
Maximum 160 10 1 0 
Médian 60 0 0 0 
Average 73.6 2 0.2 0 
standard deviation 65 4.5 0.4 0 

 Standards OMS 10 UCF/ml 0 UFC/100 ml 0 UFC/100 ml UFC/100 ml 

 

3.4. Physicochemical and Bacteriological Data of Borehole 

Water in the Pointe-Noire Region During the Period 

2017-2020 

One presents in this section the results of the 
physicochemical and bacteriological analyzes of the borehole 
water of the AQ-2 aquifer in the Pointe-Noire region. In fact, 

one has obtained 75 water analysis reports for which the 
descriptive statistics are shown in tables 1 and 2. These tables 
give the values of the bacteriological and physicochemical 
parameters of these waters. From these tables, one can 
conclude according to the standards required by WHO ([18]) 
that the quality of the analyzed water, is acceptable on the 
physicochemical point of view (table 1). For all the water 
bulletins analyzed, the pH value is within the acceptable limits 
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for drinking water (5.18-8). Poor hygienic conditions on the 
microbiological level are observed with the presence of total 
germs, total coliforms which are outside WHO standards 
(table 2). On the 75 boreholes, 32 boreholes do not comply 
with hygienic conditions and are infected with germs. The 
waters of LCDE boreholes (23 boreholes) does not contain 
germs, these waters are not muddy or cloudy despite the 
defective distribution network. However, there are puddles of 
water in some defective piping, favoring the presence of 
bacteria in the network. 

4. Results and Discussion 

4.1. Annual Distribution of Cations and Anions in meq/L 

The composition relating to a cation or anion is expressed as 
a percentage of meq/l of the total of the cations or anions 
(figure 3). The order of predominance of cations and anions 
expressed as a percentage of meq/l, based on the average 
calculated over all the holes, is respectively: 

for 2017: Na� > Ca�� > Mg�� > K�; Cl
 > 	 HCO


 > 	 SO�

�
; 

for 2018: Ca�� > Mg�� > Na� > K�; Cl
 > HCO


 > 	 SO�

�
; 

for 2019:Ca�� > Mg�� > Na� > K�; HCO


 > Cl
 > SO�

�
; 

for 2020:Ca�� > Mg�� > Na� > K�; HCO


 > Cl
 > SO�

�
. 

From figure 3, one notices in 2017 an excess of Na� + K� cations compared with Ca�� + Mg�� cations unlike in 2018, 
2019 and 2020 where one observes an excess of Ca�� + Mg�� cations compared with Na� + K� cations. 

 

Figure 3. Average composition in% meq /l of major cations and anions in water from AQ2. 

4.2. Piper Diagram 

The representation of the concentrations of the major 
elements contents in the Piper diagram (figure 4(a) to 4(d)) 
obtained using the Diagram software [19], allows to have a 
global idea of the different types of water encountered in the 
AQ2 aquifer. Several facies are identified. 

For the waters in the year 2017, figure 4(a) presents in 
general three facies: the K-Na-Cl facies in 8 boreholes (57.15% 
of the total boreholes) followed by the Mg-Ca-SO�-Cl facies in 
3 boreholes (35.71% of the total boreholes) and finally the 
Mg-Ca- HCO
  facies with 1 borehole (7.14% of the total 
boreholes). Thus, the waters of 2017 (figure 4(a)) are 
predominantly K-Na-Cl facies. Indeed, by observing the Piper 

diagram (figure 4(a)), we see the predominance of Na�, Ca�� 
and Mg��. The dominant anions are Cl
. 

For the waters in the year 2018, figure 4(b) shows a single 
Mg-Ca-SO�-Cl facies within 8 boreholes or 72.73% of the 
total boreholes. One sees the predominance of Ca�� and 
Mg��  in two boreholes and no borehole shows dominant 
cations. The dominant anions are Cl
, HCO



. 
For the waters in the year 2019, figure 4(c) shows two 

Mg-Ca-HCO
facies within 20 boreholes, or 54.05% of the 
total boreholes followed by the Mg-Ca-SO�-Cl facies with 3 
boreholes, or 8.11% of the total drilling. It can be seen that the 
Mg-Ca-HCO
 facies predominate in the 2019 waters (figure 
4(c)). However, we observe the predominance of calcium 
Ca��. The dominant anions are HCO



. 
For the waters in the year 2020, figure 4(d) shows two 
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Mg-Ca-HCO
	facies in 10 boreholes, or 76.92% of the total 
boreholes, followed by the Mg-Ca- SO� -Cl facies in one 
borehole either 7.69% of the total drillings. However, we 

observe the predominance of calcium Ca�� . The dominant 
anions are HCO



. 

 

Figure 4. Chemical facies of the waters of the AQ2 boreholes from 2017 to 2020. 

4.3. PCA Results for the Years 2017, 2018, 2019 and 2020 

Statistical results obtained using PCA are shown in tables 3 to 14, and in figures 5((a) to (d)). 
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Figure 5. ACP for the years 2017, 2018, 2019 and 2020. 

The results of the year 2017 campaign are shown in tables 3; 
4 and 5 as well as in figure 5(a). Table 3 shows the eigenvalues 
and the variances for each variable. Factor F1, with variance 
of 44.03%, is the most important of all, followed by factor F2, 
with 29.9% of variance. These two factors reflect most of the 
information sought and make it possible to represent the cloud 
of points in a significant way because the cumulative variance 
of these factors is 73.93%. 

Table 3. Eigenvalues for the year 2017. 

 
F1 F2 

Eigenvalue 5.72 3.89 
Total variance (%) 44.03 29.90 
Cumulative (%) of variance 44.03 73.93 

Table 4. Correlation between variables and factors for the year 2017. 

 
F1 F2 

TDS 0.81 0.30 
T°C 0.58 -0.18 
EC 0.87 0.25 
TAC 0.70 -0.11 
TH 0.84 -0.08 
pH 0.70 0.14 
Ca�� 0.88 0.27 
Mg�� 0.90 0.27 
Na� -0.15 0.97 
K� -0.15 0.98 
HCO



 0,.0 -0.11 
SO�

�
 -0.37 0.80 
Cl
 -0.14 0.98 
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Table 4 gives coefficients of correlation which explain the 
contribution of the different variables in the definition of the 
main factors. Thus, each factor is defined by a number of 
essential variables in the mechanism of water mineralization. 
This table shows that the most important factor F1 is defined 
by TDS (r=0.81), EC (r=0.87), TAC (r=0.7), TH (r=0.84), pH 
(r=0.7),Ca��(r=0.88),Mg�� (r=0.9) and HCO



 (r=0.69). The 
factor F2 is defined by sodium Na� (r=0.97), K� (r=0.97), 
SO�

�
 (r=0.8) and Cl
 (r=0.97). 
Table 5 reveals weak and negative, weak, strong and 

positive correlations between variables. Thus, the pH (r=0.59), 
Ca��  (r=0.98), Mg��  (r=0.95) shows a strong correlation 
with EC. There is a strong correlation between Ca�� (r=0.6), 
Mg��  (r=0.73) and pH. In addition, there is also a strong 
correlation between Ca�� and Mg�� (r=0.94), Na� and K� 
(r=1), Na� and SO�

�
 (r=0.86), Na� and Cl
 (r=1), K� and 
Cl
  (r=1), K�  and SO�

�
  (r=0.86), Cl
	and SO�
�
  (r=0.86). 

There are also negative correlations between variables with 
very low values (table 5). Based on the critical correlation 
coefficient r = 0.64 [20], sodium and potassium are strongly 
correlated with chloride (r=1), which explains the presence of 
salt in groundwater. The space of the variables of the factorial 
design F1-F2 (figure 5(a)) shows that this design expresses 
73.93% of the cumulative variance. The elements which 
define the factor F1 (44.03%) come from a considerable 
duration of due to following water-rock contact. These 
elements come from the hydrolysis of silicate minerals present 
in the rocks which constitute the bedrock of the aquifers that 
shelter the waters of this multilayer system [4]. Indeed, 
hydrolysis being a slow process, the factor F1 accounts for the 
conditions of acquisition of water composition chemism. The 
factor F2 (29.9%) highlights the underground exchanges 
between the waters of this environment and the waters of the 
ocean. 

Table 5. Correlation matrix (Pearson (n)) for the year 2017. 

Variables TDS T°C EC TAC TH pH ���� ���� ��� �� ����

 ���

�
 ��
 

TDS 1             
T°C 0.21 1            
EC 0.98 0.29 1           
TAC 0.28 0.61 0.36 1          
TH 0.43 0.76 0.54 0.76 1         
pH 0.55 0.18 0.59 0.37 0.55 1        
Ca�� 0.98 0.34 0.98 0.39 0.56 0.60 1       
Mg�� 0.91 0.32 0.95 0.42 0.68 0.73 0.94 1      
Na� 0.09 -0.18 0.06 -0.13 -0.15 0.03 0.08 0.09 1     
K� 0.10 -0.18 0.06 -0.13 -0.15 0.03 0.08 0.09 1 1    
HCO



 0.27 0.61 0.36 1.00 0.76 0.36 0.39 0.41 -0.13 -0.13 1   
SO�

�
 -0.20 -0.17 -0.23 -0.12 -0.20 -0.27 -0.19 -0.22 0.86 0.86 -0.12 1  
Cl
 0.11 -0.18 0.08 -0.13 -0.15 0.04 0.10 0.11 1 1 -0.13 0.86 1 

 

Table 6. Eigenvalues for the year 2018. 

 
F1 F2 

Eigenvalue 10.09 1.52 
Total variance (%) 77.59 11.68 
Cumulative (%) of variance 77.59 89.27 

Table 7. Correlation between variables and factors for the year 2018. 

 
F1 F2 

TDS 0.998 0.036 
T°C 0.616 -0.356 
EC 0.262 0.859 
TAC 0.911 -0.272 
TH 0.997 0.047 
pH 0.162 0.698 
Ca�� 0.997 0.047 
Mg�� 0.997 0.047 
Na� 0.996 0.057 
K� 0.997 0.048 
HCO



 0.911 -0.272 
SO�

�
 0.997 0.048 
Cl
 0.997 0.047 

The results of the PCA in 2018 are presented in tables 6; 7 
and 8 as well as in figure 5(b). The analysis of these results 
makes it possible to observe the eigenvalues and the variances 
for each factor as well as the cumulative variances (table 6). 
The analysis of the factorial plane F1-F2 (figure 5(b)) 

highlights the general trends. Indeed, the factor F1 has a 
variance of 77.59%, the most important. Then comes the 
factor F2 with 11.68% of variance. The cumulative variance is 
89.27% for the two factors (table 6). 

Table 7 gives the contribution of the different variables in 
the definition of the main factors. This table shows that the 
factor F1, is defined by TDS (r=0.99), T°C (r=0.62), TAC 
(r=0.91), TH (r=0.99), Ca��  (r=0.99), Mg��  (r=0.99) and 
HCO



  (r=0,91), K�  (r=0.99), Na�  (r=0.99),SO�
�
  (r=0,99) 

and Cl
 (r=0.99). The factor F2 is defined by EC (r = 0.86), 
pH (r = 0.69). 

The relationship link between all variables and coefficients 
of correlation between these different variables are given by 
the correlation matrix (table 8). Table 8 shows that TDS is 
strongly correlated with the following variables TH (r=1), 
Ca��  (r=1), Mg��  (r=1), Na�  (r=1), K�  (r=1), HCO



 
(r=0.89), SO�

�
  (r=1) and Cl
  (r=1). Hardness (TH) is 
strongly correlated with the following elements: Ca�� (r=1), 
Mg��  (r=1), Na�  (r=1), K�  (r=1), HCO



  (r=0.88), SO�
�
 

(r=1), K� (r=1). Based on the critical correlation coefficient 
r=0,64 [7], we can note a strong correlation between Na�and 
Cl
  (r=1), K�  and Cl
  (r=1), Ca�� and Mg��  (r=1), 
Ca�� and Na�  (r=1), Ca��  and K�  (r=1), Ca��  and HCO



 
(r=0.88), Ca�� and SO�

�
  (r=1), Ca��  and Cl
  (r=1). The 
strong correlation between Na�and Cl
  (r=1), K�	and Cl
 
(r=1) shows the likely saline intrusion into groundwater in the 
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Pointe-Noire region. This principal component analysis 
applied to groundwater of the aquifer AQ2 allows one to say 
that the mineralization of groundwater is controlled by 
anthropogenic and possible atmospheric. AQ2 aquifer, where 
ionic exchanges, alteration of primary minerals or dissolution 

of secondary minerals, seem to play an insignificant role in the 
mineralization of groundwater [4]. Calcium, magnesium and 
bicarbonates could, in this context, be the best indicators of 
water-rock interaction. 

Table 8. Correlation matrix (Pearson (n)) for the year 2018. 

Variables TDS T°C EC TAC TH pH ���� ���� ��� �� ����

 ���

�
 ��
 

TDS 1             
T°C 0.59 1            
EC 0.31 0.02 1           
TAC 0.89 0.52 0.12 1          
TH 1 0.59 0.32 0.88 1         
pH 0.15 0.15 0.36 0.12 0.16 1        
Ca�� 1 0.59 0.32 0.88 1 0.16 1       
Mg�� 1 0.59 0.32 0.88 1 0.16 1 1      
Na� 1 0.58 0.33 0.88 1 0.16 1 1 1     
K� 1 0.59 0.32 0.88 1 0.16 1 1 1 1    
HCO



 0.89 0.52 0.12 1 0.88 0.16 0.88 0.88 0.88 0.88 1   
SO�

�
 1 0.59 0.32 0.88 1 0.16 1 1 1 1 0.88 1  
Cl
 1 0.59 0.32 0.88 1 0.16 1 1 1 1 0.88 1 1 

 

Table 9. Eigenvalues for the year 2019. 

 
F1 F2 F3 

Eigenvalue 9.39 1.73 1.20 
Total variance (%) 72.21 13.30 9.26 
Cumulative (%) of variance 72.21 85.50 94.76 

Table 10. Correlation between variables and factors for the year 2019. 

 
F1 F2 F3 

TDS 0.97 0.16 -0.18 
T°C 0.04 0.71 0.50 
EC 0.97 0.17 -0.17 
TAC 0.95 0.25 -0.16 
TH 0.97 0.16 -0.17 
pH 0.32 0.22 0.80 
Ca�� 0.99 0.04 -0.11 
Mg�� 0.94 -0.32 0.10 
Na� 0.96 -0.25 0.07 
K� 0.69 -0.62 0.31 
HCO



 0.95 0.27 -0.10 
SO�

�
 0.78 -0.55 0.24 
Cl¯ 0.90 0.32 0.01 

The PCA results for the year 2019 are presented in tables 9, 
10 and 11 as well as in figure 5(c). The analysis of these results 
makes it possible to observe the eigenvalues and the variances 
expressed for each factor as well as the cumulative variances 
(table 9). The analysis of the factorial plane F1-F2 (figure 5(c)) 
highlights the general trends. Indeed, the factor F1, has a 
variance of 72.21%, the most important of all, then come the 
factors F2 and F3, with respectively 13.30% and 9.26% of the 
variance. These three factors reflect most of the information 
sought and make it possible to represent the scatter plot 
significantly because the cumulative variance of these factors 
is 94.76%. 

The contribution of the different variables in the definition 
of the main factors is given in Table 10. This table shows that 
the most important factor F1 is defined by TDS (r=0.97), CE 
(r=0.97), TAC (r=0.95), TH (r=0.97), Ca�� (r=0.99), Mg�� 
(r=0.94) and HCO



  (r=0.95), Na�  (r=0.96), and Cl
 
(r=0.89). The ions K� (r=0.69), SO�

�
 (r=0.78) are correlated 
with factor F1 with a lesser degree. Factor F2 is defined by T 
(°C) (r = 0.71) and factor F3 is defined by pH (r = 0.80). 

Table 11. Correlation matrix (Pearson (n)) for the year 2019. 

Variables TDS T°C EC TAC TH pH ���� ���� ��� �� ����

 ���

�
 Cl¯ 

TDS 1             

T°C 0.04 1            

EC 1.00 0.05 1           

TAC 0.98 0.14 0.98 1          

TH 1.00 0.05 1.00 0.98 1         

pH 0.23 0.35 0.23 0.23 0.23 1        

Ca�� 0.99 0.01 0.99 0.97 0.99 0.25 1       

Mg�� 0.83 -0.10 0.83 0.79 0.83 0.28 0.90 1      

Na� 0.87 -0.08 0.87 0.84 0.87 0.28 0.93 0.99 1     

K� 0.50 -0.19 0.50 0.46 0.51 0.27 0.62 0.89 0.84 1    

HCO


 0.97 0.17 0.97 0.99 0.97 0.28 0.96 0.79 0.83 0.47 1   

SO�
�
 0.61 -0.18 0.61 0.57 0.62 0.26 0.72 0.95 0.91 0.97 0.57 1  

Cl¯ 0.90 0.21 0.91 0.92 0.90 0.39 0.89 0.73 0.77 0.42 0.96 0.52 1 
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Significant links existing between the various parameters 

are given by the correlation matrix (table 11). Based on the 
critical correlation coefficient r = 0.64 [20], CE is strongly 
correlated with TH (r = 1). Note that EC describes inorganic 
salts present in solution in water. As for the total hardness 
(TH) of water, it is mainly related to the amount of Ca�� and 
Mg�� (table 11). Thus, EC has on the one hand a strong 
correlation with the anions Ca�� (r=0.98), Mg�� (r=0.83), 
Na� (r=0.87) and on the other hand with HCO



 (r=0.97), 
Cl
 (r=0,91). The elements which define the factor F1 come 
from a long duration of dissolution due to the water-rock 
contact. Its elements come from the hydrolysis of minerals 
present in the bedrock of the aquifers. Hydrolysis being a 
slow process, the factor F1 therefore expresses the 
phenomenon of mineralization residence time. The grouping 
of the majority of variables supported by mineralization 
around this axis shows the influence of hydrolysis alteration 
in the dissolution of ions. 

Table 12. Eigenvalues for the year 2020. 

 
F1 F2 

Eigenvalue 10.63 1.25 

Total variance (%) 81.81 9.64 

Cumulative (%) of variance 81.81 91.45 

The PCA results for the year 2020 are shown in tables 12, 13 
and 14 and in figure 5(d). The analysis of these results also makes 
it possible to observe the eigenvalues and the variances for each 
factor as well as the cumulative variance (table 12). The analysis 
of the factorial plane F1-F2 (figure 5(d)) highlights the general 
trends. The factor F1, has a variance of 81.81%, then comes the 
factor F2 with 9.64% of variance. These two factors reflect most 
of the information sought and make it possible to represent the 
cloud of points in a significant way because the cumulative 

variance of these factors is 91.45%. 
The contribution of the different variables in the definition 

of the main factors is given in table 13. This table shows that 
the most important factor F1 is defined by TDS (r=0.93), CE 
(r=0.94), TAC (r=0.97), TH (r=0.94), pH (r=0.67), Ca�� 
(r=0.99), Mg��  (r=0.98), HCO



  (r=0.97), Na�  (r=0.99), 
Cl
 (r=0.99), K� (r=0.93) and SO�

�
 (r=0.93). The factor F2 
is defined by temperature T°C (r=0.92). 

Table 13. Correlation between variables and factors for the year 2020. 

 
F1 F2 

TDS 0.93 0.15 
T°C -0.07 0.92 
EC 0.94 0.14 
TAC 0.97 -0.07 
TH 0.94 0.14 
pH 0.67 0.49 
Ca�� 0.99 0.05 
Mg�� 0.98 -0.11 
Na� 0.99 -0.08 
K� 0.93 -0.21 
HCO



 0.97 -0.07 
SO�

�
 0.93 -0.20 
Cl
 1 -0.04 

Significant links existing between the various parameters 
are given by the correlation matrix (table 14). These links 
reflect the different correlations that exist between the 
variables studied. Based on the critical correlation coefficient 
r=0.64 [20], EC is strongly correlated with TH (r = 1). On the 
one hand, the EC shows a correlation with the ions Ca�� 
(r=0.98), Mg�� (r=0.87), Na� (r=0.91), K� (r=0.76) and on 
the other hand with HCO



  (r=0.87), Cl
  (r=0.93), SO�
�
 

(r=0.77). The ions SO�
�
  have a good correlation with TH 

(r=0.78). This shows that the SO�
�
 ions would come from 

gypsum formation [2, 21]. 

Table 14. Correlation matrix (Pearson (n)) for the year 2020. 

Variables TDS T°C EC TAC TH pH ���� ���� ��� �� ����

 ���

�
 ��
 

TDS 1             

T°C 0 1            

EC 1.00 0 1           

TAC 0.85 -0.11 0.87 1          

TH 1 0.01 1 0.87 1         

pH 0.65 0.26 0.64 0.64 0.64 1        

Ca�� 0.98 -0.04 0.98 0.93 0.98 0.64 1       

Mg�� 0.86 -0.12 0.88 0.97 0.88 0.59 0.95 1      

Na� 0.89 -0.10 0.91 0.96 0.91 0.61 0.97 1 1     

K� 0.74 -0.16 0.76 0.93 0.76 0.52 0.86 0.98 0.96 1    

HCO


 0.85 -0.11 0.87 1 0.87 0.64 0.93 0.97 0.96 0.93 1   

SO�
�
 0.76 -0.16 0.78 0.93 0.78 0.54 0.88 0.98 0.97 1 0.92 1  

Cl
 0.92 -0.09 0.94 0.96 0.94 0.62 0.98 0.99 1 0.94 0.96 0.95 1 

 

4.4. AHC for the Years 2017, 2018, 2019 and 2020 

The results obtained using AHC are shown in figure 6((a) to 
(d)) and figure 7((a) to (d)). The 2017 campaign results are 
reported in figures 6(a) and 7(a), 2018 results are reported in 

figures 6(b) and 7(b), 2019 results are reported in figures 6(c) 
and 7(c) finally the results for 2020 are shown in figures 6(d) 
and 7(d). Except the year 2018 which have 3 classes the years 
2017, 2019 and 2020 have 2 classes. 
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Figure 6. Dendrograms for the years 2017, 2018, 2019 and 2020. 

 

Figure 7. Median values of the 13 physicochemical parameters. 

Analyzes of groundwater in Pointe-Noire region show that 
these waters are weakly mineralized, with an EC average of 
180.5 µS/cm (2017 to 2020). However, its present a 
respectively low and medium mineralization with the 
exception of a few boreholes. The waters are acidic, with a pH 
which varies from 5.18 to 8, with an average of 7 from 2017 to 
2020. This average of pH is in agreement with that obtained 
by [4] which is 6.51 on the waters subsurface of the 
sedimentary basin of Congo. The acidity of the waters is one 
of the characteristic features of the waters of the Pointe-Noire 
region. It would be linked either to the presence in high 

quantity of CO� in the soil. This acidity comes mainly from 
the decomposition of organic matter, with the production of 
CO�  in the first layers of the soil [22]. The groundwater 
temperatures of the AQ2 groundwater vary between 20°C and 
29.5°C. With an average of 23°C between 2017 and 2020. 

Excessive pumping in order to satisfy different uses is the 
basis of the saline and brackish water intrusion into the 
groundwater. This phenomenon is highlighted by multivariate 
analysis (PCA) which reveals the very high correlation 
between chloride and sodium in AQ2 waters from 2017 to 
2020. This event is further justified by the high levels of 
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chlorides and sodium in waters, hence the chlorinated facies 
found in most of the groundwaters of the Pointe-Noire region. 
The Piper diagrams show that these waters are dominated by 
three types of facies: K-Na-Cl, Mg-Ca-SO� -Cl and finally 
Mg-Ca-HCO
. These results are consistent with those found in 
[2] (two main chemical facies dominate the waters of AQ2: 
K-Na-HCO
 (36.36%) and Mg-Ca-HCO
 (27.27%)) and in [6] 
(Who obtained three facies: Mg-Ca-SO� -Cl, Mg-Ca-HCO
 
and K-Na-HCO
). The presence of the K-Na-Cl facies is due 
to the high levels of chlorides and sodium or following 
water-rock contact. The dominant cations in the waters of 
AQ2 are Ca��, Na� and Mg�� and the dominant anions are: 
Cl
 and HCO



. 
The different dendrograms (figure 6(a) to (d)) resulting 

from the ascending hierarchical classification (AHC) 
highlight several main classes of boreholes. 

In the year 2017, one obtains two classes thus, the class 1 
composed of five boreholes, is linked to the other class 2 
composed of 9 boreholes at a high distance (100). On the other 
hand, in class 2018 one obtains three classes. The class 1 
composed of one borehole, and class 2 composed of six 
boreholes are linked to class 3 composed of four boreholes at a 
high distance (100). 

In the year 2019, two classes are obtained. The class 1 
consisting of seventeen boreholes is linked to class 2 
consisting of twenty boreholes at a high distance (100). 

In the year 2020 one obtains two classes, class 1 composed 
of nine boreholes is linked to class 2 composed of four 
boreholes at a high distance (100). These results indicate that 
boreholes are geochemically distincts from one to another. To 
describe the characteristics of each class of boreholes, figure 
7((a) to (d)) presents the median values of the 13 
physicochemical parameters used in the ascending 
hierarchical classification from 2017 to 2020. The parameters 
that categorize all classes from 2017 to 2020 are: TDS, EC, 
TAC and TH, and to a lesser extent, the Ca��, Mg��, HCO



. 
The EC and TDS parameters represent the mineralization of 
these waters. Descriptive statistics indicate that all classes of 
each year are geochemically distinct. 

5. Conclusion 

The study of the hydrochemical characteristics of water 
resources in the Pointe-Noire region is carried out using the 
methods of multivariate statistical analysis. This study 
highlights the different physicochemical characteristics of the 
waters of this region. From a physical point of view, the 
temperature of these waters varies between 20 and 29.5°C, pH 
varies between 5.18 and 8 pH units, which indicates that these 
waters are acidic. Classification of the results of chemical 
analyzes obtained from the triangular Piper diagram identifies 
three groups of water: K-Na-Cl waters, Mg-Ca-SO�-Cl waters 
and Mg-Ca-HCO
waters. Indeed, the dominant cations in the 
waters of Pointe-Noire are Ca�� , Na�  and Mg��  and the 
dominant anions are: Cl
 and HCO



. 
The Principal Component Analysis indicates that the 

mineralization of these waters is controlled by the 
phenomenon of mineralization-residence time or hydrolysis of 

groundwater. Thus, the strong correlation between Na�and 
Cl
 (r=1), K�and Cl
(r=1) shows the phenomenon of saline 
intrusion into groundwater in the Pointe-Noire region. On the 
other hand, the Ascending Hierarchical Classification makes it 
possible to highlight the parameters that categorize all the 
classes from 2017 to 2020 (TDS, EC, TAC and TH, and to a 
lesser extent the Ca��, Mg��, HCO



). Descriptive statistics 
indicate that all classes of each year are geochemically distinct 
groups of samples. 

This work completes several previous studies [1-6, 23] 
providing a database for monitoring the physicochemical and 
bacterial quality of groundwater in the Pointe-Noire region. 
However, they deserve to be supplemented by other 
investigations, in particular studies of the chemical parameters 
of pollution, heavy metals as well as pesticides. 
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