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Abstract 
This article examines the quality of surface and deep water in generalized 
aquifers in the Tékés countries. A series of physico-chemical analyzes was 
carried out on the water resources of the area. The results of these 
analyzes were processed using a hydro-chemical method that uses the 
triangular Piper diagram and multivariate statistical methods including 
Standardized Principal Component Analysis (ACPN) and Ascending 
Hierarchical Classification (CHA). Piper's Triangular Diagram shows that 
the waters of the generalized aquifers of the Tékés countries are 
dominated by a single family. These are chlorinated sulphated calcium 
and magnesian waters, which are more important and representative 
overall. The Principal Component Analysis and the Ascending 
Hierarchical Classification indicate that the mineralization of the waters 
of the zone are divided into four classes and are controlled by two main 
phenomena: the water-rock contact and the mineralization which results 
in the hydrolysis of the minerals silicates for groundwater, 
pluviolessivage of soils. This study reveals that the waters of the Téké 
countries are not subject to anthropogenic pollution. Overall, the quality 
of groundwater and surface water is good for the supply of drinking 
water to the populations of this geographic area. 
Key words: Congo, Téké, aquifer, groundwater, surface water. 

INTRODUCTION 
In developing countries, the intensive use of natural resources and the increase in 

human activities have created serious problems due to a lack of environmental 

protection [1]. Water is the earth's most important resource. It is the condition of all life 

on our planet, a factor favoring or limiting all technological and social development, a 

potential source of well-being or unhappiness, an element which can trigger 
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international crises [2; 3; 4]. Good quality water is essential for human health and the 

health of living resources, and for safe recreational activities.   

       In the Republic of Congo, water resources have never been the subject of a 

comprehensive or systematic assessment. Some studies [5; 6; 7; 8; 9; 10] have only been 

undertaken very recently in large cities. Most of this work and study falls within the 

framework of improving the drinking water supply in these cities. There are few studies 

on the potential of aquifers.  

        The generalized aquifers of the Tékés countries constitute one of the most 

important water reserves in all the hydrological or hydrogeological systems of the 

Republic of Congo. In this region, these waters constitute the essential part of the 

drinking water resources. As such, they are faced with quantitative and qualitative 

constraints which depend on its natural environment (geological and pedological 

nature) from which it comes and also on the reactive substances that it could have 

encountered during the flow [11].  

         This work is concerned with the study of the physico-chemical quality of spring 

water, boreholes and wells in the Tékés countries, as well as the determination of the 

main chemical facies. It is important to know certain physicochemical parameters, 

which could be the cause of many problems because the poor quality of drinking water 

is a public health problem.  

MATERIALS AND METHODS 

General framework of the study  

The Tékés countries are located in the southern part of the Republic of Congo, between 

southern latitudes 3o00 ’and 4o00’ and longitudes 15o00’ and 16o00’E in figure (1). They 

are limited to the North by the Léfini River, to the East by the Congo River, to the South 

by the Congo River and by the Democratic Republic of Congo (DRC) through the ridges 

of the cataract plateaus, to the North-West by the Bouenza river (Lali) and to the west 

by the Ndouo (Niari) [12]. 
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Fig. 1: Presentation of the study area 

 
From a geological point of view, the Tékés countries are entirely made up of the Batékés 

sands and correspond to an immense plateau reaching 700 m in altitude, which extends 

to DR-Congo [13], subdivided into several small plateaus (Djambala, Koukouya, Mbé, 

etc.) by deep rivers such as Alima, Mpama, Léfini, Nkéni, etc. These deep rivers show a 

predominant orientation parallel to the NE-SW strike-slip faults. The soils of these 

countries are ferralitic soils leached in iron and clay, formed on a sandy-slightly clayey 

material, poor in base and high permeability [14]. The most remarkable characteristics 

of these soils are related to the types of organic matter and their distribution in the soil 

profile. Deep humus penetration is possible due to the loose and permeable nature of 

the parent material. They are covered by savannas which are dominated by 

Hymenocardiaacida, Annonaarenariasenegalensis, Ochnagilletii, Syzygiumguineense, 

Brideliaferruginea, Vitex spp and the herbaceous layer by Loudetiaspp. 

Panicummaximum and Parinariexcelsa forests which constitute the climatic forest stage 
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[15]. Its climate is of the subequatorial type characterized by the distribution of rains 

during the year, the main climatic factor, determines the alternation of seasons: a long 

rainy period from September to May; a small boreal dry season from January to 

February marking a slight slowdown in rains and a dry season from June to August [16].   

METHODS  

In order to achieve the objective, a total of 8 samples were collected, during the entire 

sampling period, and this in several types of structures (1 well, 3 sources and 4 

boreholes). Water sampling has always been carried out after complete renewal of the 

water column in order to guarantee the representativeness of the samples. The water 

intended for the chemical analyzes was taken in 1500 ml flasks. The physical and 

organoleptic parameters (temperature, pH and electrical conductivity) were measured 

in the field and chemical analyzes (Na+, Ca2+, Mg2+, K+, Cl-, SO42- and HCO3-, NO3-, Fe2+, 

Mn2+, Al3+, PO43-, Cd2+, Cu2+, NH4+, Pb2+, TH, TDS) were carried out at the GERSEN 

laboratory. For the study of the potability of water from the generalized aquifers of the 

Tékés countries, we will limit ourselves to the comparative study of the chemical 

element contents of groundwater with the standards of drinkability of the World Health 

Organization (WHO). 

DATA PROCESSING 

The results of the physico-chemical analyzes obtained were processed by multivariate 

statistical analysis and hydrochemical methods. The hydrochemical method required 

the use of the Piper diagram under the Diagrams software for the hydrochemical 

classification of water [17; 18; 19]. The statistical approach is based on the use of 

Principal Component Analysis (PCA) for the study of the phenomena at the origin of 

water mineralization and analysis in Ascending Hierarchical Classification (CHA) for the 

grouping of waters and the identification of the factors responsible for these groupings 

[20; 21]. The analyzes focused on 17 parameters: T°C, CE, pH, TDS, TH, Ca2+, Mg2+, K+,                     

Al3+, Mn2+, NO3-, Cl-, SO42-, PO43-, Fe2+, HCO3-, Cd2+, NH4+ , Pb2+, Cu2+ and Alkalinity. 

Statistical analyzes were carried out using XLSTAT 2011 and ADE-4 software for the 

spatial distribution of physicochemical parameters. The values of the parameters were 

compared to the standards of the World Health Organization [22].   
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RESULTS 

The results of chemical analyzes of surface and groundwater from the Tékés countries 

measured in the laboratory are shown in Table (1). Their analysis shows that the 

groundwater in the study area is moderately mineralized, with total mineralization 

varying between 114, 34 and 198.03 mg.L-1, for an average of 146.45 mg.L-1. The 

electrical conductivity of water varies between 7.55 μS/cm and 14.10 μS/cm, with an 

average of 9.28 μS/cm. The waters are acidic, with a pH that varies between 4.72 and 

5.88, for an average of 5.18. These waters have low levels of undesirable substances 

(NO3-, PO43-, Cu2+, Fe2+, etc.). 

Table (1): Results of chemical analyzes on surface and groundwater in Tékés 

countries (mg.L-1) 

Variable 

Normes 
O.M.S 

(2004) Minimum Maximum Moyenne 
Ecart-
type 

pH 6,5 - 9,00 4,72 5,88 5,18 0,34 

Température 12 – 30 26,13 26,93 26,60 0,25 

Conductivité électrique (CE) 300.0 7,55 14,10 9,28 2,17 

T.D.S (total de solide dissous) 500 8,73 11,70 10,24 1,03 

Calcium (Ca2+) 75.0 9,00 15,68 11,78 2,58 

Magnésium (Mg2+) 50 7,67 13,00 9,34 1,87 

Potassium (K+) 12 1,43 2,400 1,73 0,30 

Sodium (Na+) 150 0,12 0,35 0,26 0,09 

Aluminium (Al3+) 0,1 0,27 0,70 0,43 0,15 

Ammonium (NH4+) 0,5 0,03 0,42 0,16 0,17 

Cuivre (Cu2+) 1,00 0,32 0,60 0,52 0,09 

Fer (Fe2+) 0,2 0,02 0,06 0,04 0,02 
Plomb (Pb2+) 0,01 0,19 0,83 0,39 0,20 

Cadmium (Cd2+) - 0,02 0,03 0,02 0,01 

Manganèse (Mn2+) 0,5 0,02 0,08 0,05 0,02 

Bicarbonates (HCO3-) 200 4,87 12,91 8,59 2,64 

Chlorures (Cl-) 200 5,21 13,11 7,67 2,64 
Sulfates (SO42-) 250 3,80 7,79 5,01 1,47 

Nitrates (NO3-) 50 0,17 1,52 0,50 0,43 

Phosphates (PO43-) 5 0,07 0,28 0,19 0,08 

Dureté (TH) 150 5,00 11,33 8,26 2,32 

Alcalinité 100 29,00 58,33 40,21 12,21 

 

Results of chemical parameters Major 

Cations: The calcium contents are very low and vary from 8.3 to 15.70 mg/L in the 

boreholes (average 12.07 mg/L) and from 9.3 to 12.3 mg/L (average 10.96 mg/L) at 

watercourse level. The magnesium contents are between 5.4 to 10 mg/L (average 8.27 

mg/L) for boreholes and 7.7 to 13 mg/L (average 9.56 mg/L) for courses of water. As 
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for sodium, the levels are between 0.1 and 0.20 mg/L for the boreholes (average 0.15 

mg/L) and from 0.2 to 0.4 mg/L (average 0.33 mg/L) for watercourses. The potassium 

data are also between 1.10 and 1.80 mg/L for the boreholes (average 1.55 mg/L) and 

from 1.40 to 2 mg/L (average 1.76 mg/L) for watercourses.  

Anions: Nitrates do not play a significant role in the mineralization of the water table of 

generalized aquifers in the Tékés countries (contents between 0.10 and 0.50 mg/L with 

an average of 0.30 mg/L for boreholes and 0.20 to 0.40 mg/L (average 0.33 mg/L) for 

watercourses. Their variability is not significant in the study area. The average chloride 

content of the boreholes is 6.70 mg/L (minimum = 4.5, maximum = 9.3 mg/L). For 

watercourses, this content varies between 5.20 and 6.00 mg/L (average 5.7 mg/L). It is 

one of the major elements of the environment which determines the chemical facies of 

water in the whole of this region. Sulphates are also present. Their content varies 

between 3.80 and 5.00 mg/L in streams (average 4.43 mg/L) then between 4.00 and 

6.90 mg/L (average 4.92 mg/L) for boreholes. Anions in the waters of generalized 

aquifers. Its content varies in boreholes between 4.9 and 11.10 (average 7.82 mg/L) 

then between 6.20 and 8.60 (average 7.16 mg/L) for rivers.   

Trace metallic elements: The trace metallic elements studied are aluminum, copper, 

total iron, lead, manganese and cadmium. The waters are rich in lead with levels varying 

from 0.19 to 0.83 mg/L (average 0.39 mg/L). The manganese, copper, total iron and 

cadmium contents are found in negligible concentrations within the water table in all 

the hydrological and hydrogeological systems of this area (table 1). The aluminum 

contents are higher than the WHO standard (0.27 to 0.70 mg/L with an average of 0.43 

mg/ L).  

Other parameters studied: Total hardness (THT), total dissolved solid (TDS), 

alkalinity (CaCO3) and nutrient salts (phosphates (PO43-), ammonium (NH4+)) are also 

taken into account in this study. The alkalinity contents, total dissolved solid, are well 

below the WHO standard (table 1). The phosphate contents are very low in the waters 

of this aquifer (0.07 to 0.28 mg/L with an average of 0.19 mg/L). The water has 

ammonium levels which are also below the WHO standard, between 0.03 to 0.42 mg/L 

in all the measurement points. The waters are very soft with a total hardness of 5.00 to 

11.33 ° F.  

Chemical facies of the water tested  
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The Piper diagram in figure (2), used, makes it possible to represent the chemical facies 

of a set of water samples. It is composed of two triangles making it possible to represent 

the cationic facies and the anionic facies and of a diamond synthesizing the global facies. 

This Piper diagram highlights the facies of two categories of water, including: surface 

water and groundwater. The report of the results of the analyzes of these waters on the 

triangular Piper diagram in figure (2), highlights the impact of the lithological facies on 

the quality of the water and also makes it possible to estimate the percentages of 

chemical elements and their classification. 

 
Fig. 2: Classification of surface and deep waters of the Teke countries from the 

Piper Diagram 
 
In the Tékés countries, the waters are therefore characterized by a predominance of 

chloride ions over bicarbonate and sulphate ions. Magnesium (Mg2+) is the most 

important cation, followed by calcium (Ca2+) in figure 3. Through these representations, 

the surface and groundwater of the Tékés countries present a chlorinated and sulphated 

calcium and magnesian facies.  

Wilcox classification  

The Wilcox classification is a graphical representation of the percentage of sodium (% 

Na) as a function of electrical conductivity. This makes it possible to determine the risk 

of water salinity because the increased load of Na+ has a negative influence on the 
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environment. It defines five classes of water: excellent, good, admissible, poor and bad 

[23]. 

    
(      )    

(                )
 

 

According to this Wilcox diagram in figure 4, it can be seen that all the water (surface 

and groundwater) of the generalized aquifers of the Tékés countries are of excellent 

quality for drinking water consumption, with a percentage of sodium included. Between 

0 and 10% for the entire observation period. 

 
 

Fig. 4: Wilcox diagram 

 

We can therefore see that the results obtained using the two methods are very similar.                           

It can be said that the water is safe to use for the irrigation of most crops on all the soils 

of the study area.  

Principal Component Analysis (PCA)  

The eigenvalues of the factors are presented in Table (2). The first three factors 

represent 69.92% of the expressed variance in Table (2). These factors combine the 
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maximum of the expressed variance and are sufficient to accurately reflect the 

information sought.  The correlation matrix between the different variables is presented 

in Table (4).  

 
Table (2): Specific values of the PCA 

  F1 F2 F3 F4 F5 F6 F7 
Valeur  propre 7,305 4,740 3,337 2,533 2,113 1,360 0,612 
Variabilité (%) 33,205 21,544 15,169 11,514 9,606 6,180 2,782 
% cumulé 33,205 54,749 69,918 81,432 91,038 97,218 100,000 

  

The classification of water points according to their resemblance in the context of 

environmental monitoring of the water points studied is given in figure 5. This 

dendrogram highlights two groupings of the studied water points. The first grouping 

takes into account surface and groundwater (C2 and C4) and the second also contains 

surface and groundwater (C1 and C3). For monitoring water quality, it is important to 

choose a monitoring point in each group. Thus, two water points are necessary (a well 

and a stream).  

 

Fig. 5: Dendrogram for the classification of water points. 

Table (3) shows the classification of the physicochemical parameters by class. It should 

be noted that class C3 is the first grouping with eleven (11) parameters. The second 

grouping is class C1 which contains eight (08) parameters. Finally, the third grouping 

(C2 and C4) respectively contains an element from each of the classes. 

Table (3): Classification of parameters by class 

Classe C1 C2 C3 C4 

Paramètres 
pH ; CE ; TDS ; Ca2+ ; HCO3-

 ; Cl- ; SO42- et TH 
T°C 

K+ ; Na+ ; Al3+ ; NH4+ ; Cu2+ ; 
Fe2+ ; Pb2+ ; Cd2+ ; Mn2+ ; 

NO3- et PO43- 
Alc 

C
2
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2746
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8746

10746

12746

14746

D
is

si
m

il
a

ri
té

 

  

Dendrogram 



Journal of Global Biosciences             Vol. 10(5), 2021 pp. 8669-8684 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    8678 

Table (4) shows the multiple correlation matrix for surface and deep waters of generalized aquifers in the Tékés countries. Highly 

significant correlations (over 80%) are noted between: pH and calcium; temperature and manganese; ammonium and iron, cadmium; 

iron and chloride. 

Table (4): Correlation matrix between variables 

Variables pH T°C CE TDS Ca2+ Mg2+ K+ Na+ Al3+ NH4
+ Cu2+ Fe2+ Pb2+ Cd2+ Mn2+ HCO3

- Cl- SO4
2- NO3

- PO4
3- TH Alc. 

pH 1,00                      

T°C -0,24 1,00                     

CE -0,43 0,45 1,00                    

TDS -0,20 0,14 -0,30 1,00                   

Ca2+ 0,83 0,02 -0,17 -0,48 1,00                  

Mg2+ -0,17 0,05 0,51 0,25 -0,37 1,00                 

K+ 0,07 -0,37 0,28 -0,01 0,00 0,70 1,00                

Na+ -0,39 0,60 0,24 0,39 -0,20 0,21 -0,19 1,00               

Al3+ -0,26 0,24 0,76 -0,32 0,05 0,41 0,62 -0,06 1,00              
NH4

+ -0,14 0,34 0,51 0,04 -0,11 0,50 0,51 -0,23 0,77 1,00             

Cu2+ 0,23 -0,24 -0,61 -0,02 0,06 -0,21 -0,36 0,20 -0,75 -0,73 1,00            

Fe2+ 0,19 0,05 0,40 -0,37 0,21 0,27 0,47 -0,63 0,69 0,85 -0,65 1,00           

Pb2+ 0,43 -0,38 -0,40 -0,49 0,52 -0,32 -0,04 0,02 -0,31 -0,65 0,73 -0,38 1,00          

Cd2+ -0,62 0,45 0,62 0,19 -0,60 0,59 0,28 0,10 0,60 0,81 -0,54 0,50 -0,74 1,00         

Mn2+ -0,38 0,90 0,64 0,20 -0,21 0,34 -0,11 0,43 0,45 0,63 -0,49 0,31 -0,67 0,76 1,00        
HCO3

- -0,05 -0,45 -0,43 0,13 -0,26 -0,41 -0,18 -0,72 -0,24 0,06 -0,20 0,21 -0,36 0,00 -0,31 1,00       

Cl- 0,17 -0,24 0,24 -0,54 0,26 0,05 0,50 -0,76 0,67 0,66 -0,54 0,90 -0,12 0,29 -0,02 0,33 1,00      

SO4
2- 0,67 -0,21 -0,43 0,07 0,67 -0,10 0,44 -0,22 0,12 0,13 -0,05 0,21 0,31 -0,38 -0,31 -0,05 0,31 1,00     

NO3
- -0,24 0,71 0,24 -0,18 -0,10 -0,20 -0,60 0,10 0,02 0,28 -0,01 0,21 -0,29 0,45 0,67 0,00 0,02 -0,48 1,00    

PO4
3- -0,10 0,54 0,61 -0,01 0,25 0,17 0,08 0,64 0,43 0,05 -0,39 -0,12 -0,08 0,02 0,44 -0,68 -0,24 0,04 -0,10 1,00   

TH -0,07 0,45 0,19 0,41 -0,33 0,56 0,08 0,04 0,10 0,65 -0,17 0,40 -0,62 0,71 0,67 0,00 0,05 -0,17 0,50 -0,20 1,00  

Alc. -0,33 -0,26 -0,05 -0,13 -0,10 -0,24 -0,08 0,43 -0,14 -0,69 0,35 -0,71 0,55 -0,45 -0,45 -0,29 -0,43 -0,14 -0,43 0,30 -0,81 1,00 
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Good correlations (± 60%) between several elements: pH and sulfate; Electrical 

conductivity and cadmium, manganese, aluminum, phosphates; Calcium and sulfate; 

Magnesium and potassium; Potassium and aluminum; Sodium and phosphates; 

Aluminum and ammonium, iron, chlorine; Ammonium and manganese, chloride, 

hardness; Copper and lead; Cadmium and hardness; Manganese and nitrate, hardness; 

Aluminum and cadmium; Temperature and sodium; Cadmium and manganese, 

hardness.  

 Weak correlations (± 50%) between: Temperature and phosphates; Electrical 

conductivity and magnesium, ammonium; Calcium and lead; Magnesium and 

ammonium, cadmium, hardness; Potassium and ammonium, chlorine; Sodium and 

phosphates; Iron and cadmium; Lead and alkalinity; Nitrate and hardness. Furthermore, 

an anti-correlation is observed between electrical conductivity and copper; calcium and 

cadmium; potassium and nitrate; sodium and iron, bicarbonate, chlorine; aluminum and 

copper; ammonium and copper, lead, alkalinity; copper and iron; iron and alkalinity; 

lead and cadmium, manganese and hardness; bicarbonate and phosphates; hardness 

and alkalinity. 

DISCUSSION  

The results of laboratory analyzes of surface and deep water from generalized aquifers 

in the Tékés countries show similar characteristics to the waters of the Congolese basin 

basin studied by [10]. This work was carried out in the region of the central basin which 

is subject to the same climatic conditions as that of the Batéké plateaus.  

          The same is true for surface and deep water in the city of Brazzaville and its 

surroundings [7]. The acidity of the waters is one of the characteristic features of the 

surface and deep waters of the Republic of the Congo and particularly in the Tékés 

countries. The waters of the generalized aquifers of the Tékés countries have low 

temperatures which vary between 26.13 and 26.93°C. These temperatures, which 

correspond to seasonal variations in ambient atmospheric temperatures, fall within the 

range of values defined by [9; 10] in groundwater in the Pointe-Noire region. These 

waters are aggressive, with an average pH of 5.18. This acidity of the surface and deep 

waters of the generalized aquifers of the Tékés countries has been observed in several 

regions of the coastal sedimentary basin. These are the Mayombe region [7; 24], the 
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Brazzaville region [1; 25]. These waters are very weakly mineralized, with an average 

electrical conductivity of 9.28 μS / cm. 

           [1], does the presence in water of CO2 from soils facilitate the hydrolysis of silicate 

minerals and the formation of HCO3- ions. It is this phenomenon that explains the 

abundance of bicarbonates in the waters of this system. Indeed, the hydrolysis of silicate 

minerals present in rocks constitutes the main mechanism of ion production in 

groundwater in the study area. 

           This phenomenon was demonstrated in this study by the results of various 

multivariate statistical analyzes. Principal Component Analysis (PCA) results reveal 

highly significant correlations between pH and calcium; temperature and manganese; 

ammonium and iron, cadmium; iron and chloride. These correlations reflect the 

influence of each parameter in the mineralization of surface and deep water in this 

geographic space. These correlations reflect the mineralization or the phenomenon of 

hydrolysis of minerals [26; 27]. Thus, this Principal Component analysis applied to 

surface and deep waters of generalized aquifers in the Tékés countries, it appears that 

the pole of global mineralization of groundwater is controlled by possibly atmospheric 

inputs of a varied nature in a simple hydrogeological context, where exchanges ionic, 

the alteration of primary minerals or the dissolution of secondary minerals, would seem 

to play an insignificant role in the mineralization of these waters. Calcium and 

magnesium could, in this context, be the best indicators of water-rock interaction. On a 

limited number of data and moreover on relatively light water in a context of 

anthropogenic pressure, the PCA has limited reliability and hardly gives indications on 

the secondary mechanisms linked to the water-rock interaction.  

           The weak correlations obtained between the residence time indicators and the 

metals (iron and manganese, etc.) confirm that the oxidation-reduction and leaching of 

ferromagnesian silicates therefore seem to be the probable sources of minerals and 

metals in surface and deep waters of the generalized aquifers of the tékés countries. 

Through the different geological formations of these aquifers, we clearly perceive that 

the mineralization of groundwater is intimately linked to the nature of the rocks which 

are dominant in this zone. 
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CONCLUSION 

The study of the physico-chemical characteristics of the water resources of the Téké 

countries in the Republic of Congo was carried out thanks to the combination of 

hydrochemical methods and multivariate statistical analysis. This study highlights the 

different physicochemical characteristics of the water and notes that the waters of the 

basin are of low to medium mineralization. The classification of the chemical elements 

obtained from the triangular Piper diagram makes it possible to highlight the 

predominance of global chemical facies chlorinated and sulphated, calcium and 

magnesian in the groundwater and surface water of the Tékés countries. The graphic 

representation in the factorial space of the statistical units revealed four (4) water 

classes. Class 1 groups together eight elements (pH; CE; TDS; Ca2+; HCO3-; Cl-; SO42- and 

TH). Classes 2 and 4 are each represented by an element (T ° C and Alc). Class 3 groups 

together eleven elements (K+; Na+; Al3+; NH4+; Cu2+; Fe2+; Pb2+; Cd2+; Mn2+; NO3- and PO43-

).The Normalized Principal Component Analysis (ACPN) and the Ascending Hierarchical 

Classification (CHA) indicate that the mineralization of the waters of the Tékés 

countries is controlled by two major phenomena. This is the mineralization-residence 

time which results in the dissolution of rocks, and the influence of climatic activities (it 

was necessary to explain and discuss these results using bibliographical references 

before the conclusion). This work will provide a database for monitoring the physico-

chemical quality of groundwater in the Tékés countries, but deserve to be 

supplemented by other investigations, in particular an isotopic study and the estimation 

of water residence.  
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