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ABSTRACT 
We conducted from March to June 2014 a study that focuses on the chemical characteristics of the wells water in the 

town of Abomey-Calavi. This work required sampling campaigns, and the statistical analyzes of the measurement 

results. Thus we found that the water studied is mainly acid. The most abundant ions in these waters are generally 

chlorides and sodium ions. These ions come from seawater intrusion, base exchange related to clay minerals that fix 

the calcium in the water after release of sodium and masses precipitating steam mainly original oceanic rich in Na+ 

and Cl- from the evaporation of sea water. The facies of studied waters is chlorinated potassic sodic. These water 

present an abundance of iron and nitrate which certainly come from surface (respectively, soil and wastewater). These 

high levels of iron and nitrate have disadvantages on the potability of water and justify the abandonment of certain 

drilling by the population.  

 

Thus do we see in the waters studied high levels of dissolved CO2. This demonstrates that the water circulate in open 

system relative to CO2. The pHeq = f (pHreal) diagram shows that these waters are all aggressive. The diagram ISD 

= f (ISC) indicates that the aquifer waters of the continental terminal of the town of Abomey-Calavi are relatively 

recent. They have a short residence time and a high circulation velocity. 

 

KEYWORDS: Groundwater, facies, residence time, velocity, open system. 

 

     INTRODUCTION
The poor quality of surface water has led most of the governments in the world to turn to the exploitation of 

groundwater but the control and the followed by the quality of the groundwater remains a challenge in poor countries. 

 

In Ivory Coast, in the view to improving the supply condition of drinking water of populations in general and rural 

communities in particular, the government has invested heavily in many localities equipment (towns, villages and 

camps) in drinking water points (boreholes or modern wells) (Oga et al, 2009). A total of 13,312 boreholes and wells 

are now in operation according to the assessment report and the evaluation of the national rural water program on May 

1999 (JICA, 2001; Oga et al, 2009). After the drilling of these borings and before delivery to the population, some 

physical and chemical analyzes are performed to ensure the potability of the water. Thereafter, analysis is no longer 

performed. Previous work indicates high levels of certain elements in the regions of Bongouanou, Toumodi dark in 

Côte d'Ivoire (Babut 1984; Oga et al, 2009). Other studies performed have shown that the prevalence of bicarbonate 
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ions (HCO3-) and chloride (Cl) in groundwater is a groundwater characterization of African pedestal regions 

(collectively, 1984 Cefigne, 1985 Biémi 1992; Soro 2002 Oga et al, 2009; Lasm et al, 2011). Facies perspective, the 

waters of the plinth have a bicarbonate facies which is different to groundwater Sedimentary Basin, which mostly 

have a facies chlorinated sodic potassic (Oga, 1998). 

 

In Benin, as part of the strengthening of the drinking water supply of the town population of Abomey, SEME and 

Cotonou the bigest city of the country, the General Directorate of Water (DG-Water) and the National Water Company 

of Benin (SONEB) have conducted extensive drilling in the town of Abomey-Calavi (Hounsinou et al, 2014). If 

populations have groundwater quantity, challenge remains as regards the quality. The abandonment of some borings 

by the population shows that the water quality from these wells in the study area is bad. The poor quality of drinking 

water is a public health problem (WHO, 1981; Edmunds, 1994; WHO, 2005; World Health Organization, 2006; Oga 

et al, 2009). This study aims to determine the chemical characteristics and the facies of groundwater of the continental 

terminal of the study area; to assess the relative age of these waters, their velocity in the aquifer and the origin of the 

mineralization of these waters. 

 

MATERIALS AND METHODS 
Presentation of the study area 

The town of Abomey-Calavi has seventy (70) villages and urban neighborhoods on nine (09) districts which are: 

Abomey-Calavi (center), Godomey, Akassato, Zinvié, OUEDO, Togba, Hêvié, Kpanroun and Glo-Djigbé. The town 

of Abomey-Calavi, located in the southern part of the Republic of Benin is limited to the north by the municipality of 

Zè, south by the Atlantic Ocean, to the east by the municipalities Sô-Ava and Cotonou and west by the municipalities 

of Tori-Bossito and Ouidah. It is the largest municipality in the Atlantic department and occupies over 20% of the 

area. It covers an area of 536km² representing 0.48% of the national area of Benin. The town of Abomey-Calavi is the 

edge of the largest water lagoon in Benin: Lake Nokoué. Indeed, with 20km Long (East-West) and 11km wide (North-

South), the Nokoué lake has a water low surface of 160km2 and is the largest lake Benin lagoon and most important 

of point of view of its development because of its proximity to the city of Cotonou (Dovonou, 2012). The Lake Nokoué 

significantly influences the groundwater pollution close to him (Hounsinou, 2012). 
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Figure 1: Location of the town of Abomey - Calavi in Benin 
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Material and methods 

Material 

It was carried out a total of 45 specimens from 45 boreholes for physical and chemical analysis .The geographical 

coordinates of drilling were obtained using a GPS (Garmin). We used the 1/200000 scale maps published in 1992 by 

the National Geographic Institute (IGN). 

 

The physical and chemical analysis were conducted in Applied Hydrology Laboratory (LHA) at the University of 

Abomey and the Department of Hygiene and Basic Sanitation (DHAB). 

 

Dosage 

The physical parameters (temperature, pH, electrical conductivity and turbidity) were measured in situ. The chemical 

parameters were measured in the laboratory. The storage of water samples was performed in a cold room at 4 ° C, 

protected from light. The parameters measured in the laboratory are: TDS, color, hardness, alkalinity, calcium, 

magnesium, sodium, potassium, total iron, ammonium, bicarbonate, chloride, sulfate, nitrate, nitrite and phosphate. 

Depending on the parameters to be measured, methods for analyzing water samples are conductivity, 

spectrophotometry and pH-metry ... The material used is composed of the pH / Oximeter, Conductivity meter, 

colorimeter HACH DR 890 spectrophotometer NOVA 60 and the ion chromatograph. 

 

Determination of facies 

The typology of water exclusively through the determination of facies hydro. As part of this study, we used the PIPER 

diagram of the computer program "diagramme 2" (Smiler, 2007) of  Hydrogeology Laboratory of Avignon (France). 

The elements are considered Ca2+; Mg2+; (Na+ + K+) for cations and (HCO3
- + CO3

2-); (Cl- + NO3
-) and SO4

2- for 

anions. 

 

The PIPER diagram (1953) has three areas: 

 A parallelogram divided into 4 parts used to determine the name of the facies on the same basis as 

STRATLER characteristics formulas; 

 Two triangles, a left, a right in which it is put respectively representative points of cations and anions. 

 

The projection in the parallelogram of the points placed in the anions and cations triangles, class solution facies 

following the predominant ions. 

 

H2CO3-CO2 system 

The principle of H2CO3-CO2 system is based on the calculation of the following variables: CO2 partial pressure (Pco2) 

and dissolved CO2, the equilibrium pH and water saturation indices relative to carbonates (calcite, dolomite). The 

values of the saturation indices relative to calcite (ISC) and dolomite (ISD) and the values of the partial pressure of 

CO2 (pCO2) and dissolved CO2 were calculated using the software "diagramme 2". The equilibrium pH was calculated 

from the real pH values and ISC values. 

 

The characterization of water by this method makes use of ISD / ISC diagram and the diagram pH equilibrium - pH 

real. The diagram pH equilibrium - pH real defines two domains, the domain of encrusting waters and that of 

aggressive water. The diagram ISD / ISC provides information on water relative age (residence time), the permeability 

of the aquifer and the speed of water flow (Figure 2). 

 

 If ISC> 0, the waters are supersaturated compared to the calcite. These waters can be considered "very old", 

because, only very prolonged contact between the water and the aquifer can justify the presence of carbonates 

precipitated in groundwater. Indeed, in contact with the dissolved CO2 and carbonic acid H2CO3, the minerals 

rich in iron and magnesium favor the development of purely secondary carbonates and may increase the 

water saturation indices secondary carbonates (ISC and ISD) to zero and positive values. The waters 

characterized by ISC positive values are non-aggressive water flowing very slowly into the aquifer (Lasm et 

al, 2011). 

 When ISC <0, the waters are undersaturated compared to carbonates (calcite). In this case, the waters are 

generally rich in dissolved CO2 and very aggressive with great circulation velocity. These waters can be 

considered "recent" in the aquifer because they are constantly recharge by infiltration water (Lasm et al, 

2011). 
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The diagram ISD= f (ISC) allows to highlight: 

 The alignment Representative points of the water according to their proportion in carbonates; 

 The Grouping samples into families according to the water residence time; 

 The Permeability of the aquifer; 

 The water velocity. 

 

  

 
Figure 2: Diagram ISD / ISC of groundwater in the San Pedro region in Ivory Coast (Lasm et al, 2011). 

 

Origin of mineralization 

Abomey-Calavi is a coastal town. So we suspect among other a marine mineralization of groundwater in the study 

area. 

 

The identification of the origin of the mineralization of groundwater requires a multidisciplinary approach. In 

particular, the detection of marine intrusion requires a multidisciplinary approach. Several authors (Demirel Z. 2004; 

A Elachheb, 2003; Gemail K. et al, 2004; S. Grassi et al, 2004; Kafri U. et al, 1979; Lebbe L. et al 1989; Paine JG 

2003; Pulido- Beef P. 2004; Spechler RM 1994; Trabelsi R. et al, 2005; Wilson SR et al, 2006; Kouzana L. et al, 

2007), by analytical methods, geophysical and modeling, have studied the phenomenon for locate the position of the 

interface between fresh water and sea water. Other studies [D.M. Allen et al, 2005; E. Farber et al, 2004; S. Grassi et 

al, 2004; P. Hudak F 2000; FS Martos et al 2001; Pulido-Le Boeuf P. et al, 2003; Trabelsi R. et al, 2005; Vengosh 

A.et al, 1994; Kouzana L et al, 2007) defined the processes and chemical reactions that characterize the mineralization 

and which would thus be responsible for the enrichment or depletion of groundwater chemical elements. 

 

For this study, the search for the origin of the mineralization of underground waters will be through with the study of 

the diagram Na + = f (Cl) and the IEB. 

 

When the content ratio of Na+ / Cl- remains relatively constant around 1 ± 0.5, this suggests a single origin for these 

species (Lasm et al, 2011). However, some samples may show a Na+ / Cl- moving away from the unity. Groundwater 

whose ratios are <1 correspond generally to the waters affected by the contribution of precipitation (recent recharge). 

When the Na+ / Cl- ratios> 1 this can be explained by an excess of sodium due to ion exchange between water and 

minerals such clay. After drawing the diagram Na + = f (Cl), when the coefficient of determination (R2 = O. 9 or 1) 

this means that Na+ and Cl- have a marine or brackish origin. 
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The index of base exchange (IEB) of each water sample was used to characterize the reactions of ionic exchange 

between the groundwater and the aquifer. The IEB was defined by Schoeller (1934) (Bouziane and Labadi, 2009). It 

is given by the following expression: 

 

IEB = [rCl-- r (Na++ K+)] / rCl- 

 

Where IEB represent the index of base exchange and is whithout unit; rCl- is the milliequivalent concentration of 

chloride ions, r (Na++ K+) is the milliequivalent concentration of the sum of sodium and potassium ions. 

 

This index defines the direction of the ion exchange between the water and the surrounding ground (Bouziane and 

Labadi, 2009; Ahoussi, 2008). So if IEB = 0 then there is no exchange, if IEB <0 then Ca2+ and Mg2+ are exchanged 

by Na+ and K+ and if IEB> 0 then Na+ and K+ are exchanged by Ca2+ and Mg2+. 

 

RESULTS 
The groundwater temperature values of the town of Abomey-Calavi are between 23.1 ° C (Adjagbo) and 30.6 ° C 

(Tokpa-Zongo) on a range of 7.5 ° C. The depth of drilling is between 3O.91 and 103.21m. The slightly alkaline water 

(pH  7.0) represent approximately 6.66%; those more or less acidic (pH  7.0) represent 91.11% of the studied 

boreholes. Of these, four water points (8.88%) indicate a neutral or near neutral pH (6.5   pH  7.0). 

 

The studied water are generally characterized by low mineralization leading to electrical conductivities values ranging 

from 48 to 315 μS.cm--1. The slightly mineralized water (conductivity  100 μS.cm-1) represent 84.44%; moderately 

mineralized water (100 μS.cm-1  conductivity  200 μS.cm-1) represent 11.11% of the studied boreholes and those 

with a fairly strong mineralization (200 μS.cm-1  conductivity  333 μS.cm-1) represent 4.44%. 

 

Sodium is the most abundant cation in groundwater in this region. These levels range from 2.88 mg L-1 to 534.24 mg 

L-1. Calcium is the third most abundant major cation in groundwater in this region with values ranging from 1.20 mgL-

1 to 36.87mg.L-1. The magnesium ion contents are generally low and vary from 0.22mg.L-1 to 5.83mg.L-1. Mg2+   Ca2 

+  (K+ +Na+) for virtually all the water in the region. 

 

The Fe2+/3+ are present in the waters of the region with concentrations ranging from 0mg.L-1 to 1.54mg.L-1. Overall, it 

should be noted that for 17.77% of the sampled drilling, iron concentrations is higher than the WHO standard that is 

0.20mg.L-1. 

 

The anions predominant in most of the waters of the town of Abomey-Calavi are chlorides with contents of between 

0.17mg.L-1 and 35.45mg.L-1 and are well below the WHO standard (250mg. L-1). The carbonates contents in the 

groundwater of the study region vary from 0.09mg.L-1 to 1 372.10mg.L-1. Nitrates are less abundant in the waters of 

the study area. Nitrate concentrations vary from 0mg.L-1 to 97.23mg.L-1. In 2.22% of the studied water has nitrate 

levels that far exceed the guideline value recommended by WHO (50mg.L-1). Sulphate levels vary between 0 mg L-1 

and 125.06 mg L-1 and are acceptable for human consumption. 

 

We then noticed that several wells in the study area have levels of iron and nitrates well above the WHO standard. 

 

Chemical facies water 

The Chemical facies of the water in the town of Abomey-Calavi are indicated on the Piper diagram (Figure 3). 

The chlorinated facies concerns 93.33% of the water in the region. There are two variants: the chlorinated sodic 

potassic waters overwhelmingly and chlorinated sulfated magnesia waters. 

The facies bicarbonate calcium and magnesium concerns 6.66% of samples.  

The bicarbonated sodic potassic facies of a drilling in GLO-DJIGBE is a singular case. 
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Figure 3: Piper diagram of drilling water in the town of Abomey-Calavi. 

 

H2CO3-CO2 groundwater system 

The CO2 concentrations and pCO2 of the borings of the region respectively vary from 0.602mg.L-1 to 1039.51 mg.L-1 

and from 0.00043 to 0.74251 atm. In the town of Abomey-Calavi, the majority of groundwater is rich in dissolved 

CO2. 

 

All the studied drilling water has a subsaturation both compared to the calcite (ISC <0) and dolomite (ISD <0). The 

waters of the town of Abomey-Calavi were divided into three groups according to the values of the ISD. 

 

On the graph ISD = f (ISC) (Figure 4), the points representing the water samples are aligned along a line on which it 

is possible to adjust a regression line equation: ISD = 0.91 × ISC - 0.51. The coefficient of determination (R2 = 0.98) 

indicates that the statistical test is satisfactory. 

 

Note that if CO2 levels are high and the values of ISC and ISD are low, the groundwater is relatively young. 
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The groundwater of Abomey-Calavi is class into three different categories according to their velocity. These are the 

families of slow water flow, fast and very fast (Figure 4). 

 

Family 1 (-4 <ISD <- 0.5) 

This family includes two water samples representing 4.44% of the samples. These waters have a sub-saturation both 

compared to the calcite and dolomite, and they have an average content of dissolved CO2 equal to 14.42 mg L-1. These 

values reflect a low aggressivity of waters compared to the rocks. They water are old with long residence time and 

therefore a slow flow in aquifers that contain them. These borings groundwater are in the district of Godomey. 

 

Family 2 (-7 <ISD <- 4) 

This family includes seven water samples with important CO2 levels increasingly and therefore characterized by 

greater aggressiveness than the family 1. 

 

The waters of family 2 represent 15.55% of the studied waters. The average content of dissolved CO2 is 19.98 mg L-

1. These waters are more aggressive than that of the family 1 and they have lower values of saturation indices 

compared to secondary carbonates. These waters are young with a mean residence time and a rapid flow speed. The 

aquifers of these waters are characterized by a moderately permeability. 

 

Family 3 (ISD <- 7) 

The waters of the Family 3 account for 80% of groundwater. The average content of dissolved CO2 waters of this 

family is the highest with averaging 126.12 mg L-1. These waters are very aggressive because of their high content 

of dissolved CO2 and their very low saturation indice compared to secondary carbonates. These waters are young with 

a short residence time and have a very rapid velocity of circulation in certainly very permeable aquifers. 

 
Figure 4: Diagram ISC / ISD of the drilling waters of the town of Abomey. 
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Table 1: Proportion of studied groundwater by drilling families in comparison with some bibliographic data. 

 

 Proportion of studied groundwater by  drilling families 

 

Study area of 

groundwater 

(ISD <- 0.5) 

Old waters, very 

long residence 

time, water with 

slow velocity or 

zero. 

(-7 <ISD 

<- 4) 

Recent waters, 

long residence 

time, fast speed 

circulation of 

water 

(-7 <ISD 

<- 4) 

Recent waters, 

mean residence 

time, fast speed 

circulation of 

water 

(ISD 

<- 7) 

Recent water, 

very low 

residence time,  

very fast speed 

circulation of 

water 

Tisalé (Ivory Coast) 

(plinth area) (Oga et al, 

2009) 

 

Minority 

 

 

Majority 

 

Very Minority 

 

- 

San-Pedro in Ivory 

Coast (plinth area) 

(Lasm et al, 2011) 

 

Very Minority 

 

Majority 

 

Very Minority 

 

 
- 

District of 

Abomey in Benin 

(Sedimentary Basin) 

(this study) 

 

 

 

- 

 

 

Very Minority 

 

 

Very Minority 

 

 

Majority 

 

This comparative study shows that groundwater sedimentary basins, are more recent, have a shorter residence time in 

aquifers and higher circulation velocity than the groundwater of plinth areas. 

 

The water aggressiveness can be demonstrated using the diagram "pHeq -pH real." The projection of groundwater in 

this diagram (Figure 5) shows that all the points are located in the area of aggressive water.   
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Figure 5: Diagram pH eq -pH real of water boreholes of Abomey-Calavi. 

 

Origins and mineralization processes of groundwater 
On the graph Na+ f = (Cl-) (Figure 6), the points representing the water samples are aligned along a line on which it is 

possible to adjust a regression line equation: Na+ = 0.6699 × Cl- + 0.1409. The coefficient of determination (R2 = 1) 

indicates that the statistical test is satisfactory. This suggests these species are marine or brackish origin. 
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Figure 6: Diagram Na+ = f (Cl-) of drilling waters of Abomey-Calavi. 

 

 

Characterization of ion exchange between the groundwater and the aquifer 

The water base exchange index ranges from -3.69 to 0.37 (Figure 7). No null index was recorded on all the studied 

waters. Negative values represent 86.66% of the indices determined and positive values represent only 13.34%. 

The predominance of negative values of the IEB indicates a base exchange related to clay minerals that fix the calcium 

in the water after release of sodium. 
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Figure 7: Change of IEB in drilling water of Abomey-Calavi. 

 

DISCUSSIONS 
91.11% of water wells studied are acid (4.25   pH  6.64). This acidity of deep drilling water is probably linked to 

the ground and confirms the results we obtained previously in this county at the traditional shallow wells (Hounsinou, 

2015) .It shows that the pH of groundwater don't depends to the depth of drilling. The drilling water representing the 

remaining 8.99% have a slightly basic pH (7.28    pH  7.67). There are 3 holes located in the districts of Topka-

Zoungo and Godomey. These three wells are located on or close to old landfills, not yet stabilized. It is the pollution 

of groundwater by leachate landfills which led these singular slightly basic pH values of these three water wells. 

Indeed, during the acid fermentation phase of anaerobic decomposition of waste, young leachates are rich in volatile 

organic compounds. During this phase, the pH values are generally lower than 4 (Tchobanoglous et al, 1993). As they 

age of the landfill, leachate is depleted of volatile organic compounds. This will then cause a rise pH to 7 or above 

(Kjeldsen et al, 2002). 

 

Chloride ions are the most important anions in the studied drilling. The most important cations that combine with the 

chlorides are sodium and potassium. The chemical facies mainly found in the waters of drilling studied is the facies 

chlorinated sodic potassic. This confirms the results of Oga in 1998 which found in Ivory Coast that groundwater of 

sedimentary basin mainly present a chlorinated sodic potassic facies. As against other studies have shown that plinth 

area, the most encountered facies in groundwater is the facies bicarbonate (Oga, 2009; Lasm, 2011). 

 

The abundance of sodium ions in the groundwater in the study area is brackish or marine origin. Three reasons for 

this abundance of sodium and chloride ions. 

 The navy intrusion. 

 The diagram Na+ = f (Cl-) suggests the origin of a common source of these ions and an identical mechanism 

of mineralization. The natural phenomenon promoting groundwater salinity is certainly marine influence. 

This interpretation is consistent with the proximity of the sea and the high rainfall in the study area. Indeed, 

the town of Abomey-Calavi is a coastal town, there is steam masses precipitating essentially, oceanic origin, 

rich in Na+ and Cl- from the evaporation of sea water. The waters rich rain Na+ and Cl- reach underground 

aquifers by infiltration. 

 A base exchange related to clay minerals that fix the calcium in the water of the web after release of sodium 

(Figure 7). 

 

The drilling water of the town of Abomey-Calavi are weakly mineralize. This mineralization is independent of the 

depth of drilling and confirms the results obtained in this district in traditional shallow wells (Bossou, 2002; Dégbé 

2004; Hounsinou, 2015). 
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We denote high levels of iron and nitrate exceeding WHO standards in the waters of some wells. This testifies to the 

pollution of groundwater by leachate. 

 

The CO2 plays a significant role in the dissolution of the rocks as shown in the following equation and the equilibrium 

constant K: 

 

CO2 + H2O + CaCO3             ⇌          (Ca2+ + 2 HCO3
-) 

K  =  (HCO3-)2  (Ca2+) 

(CO2) 

 

We see that for a given water, if the calcium hardness and alkalinity are fixed, there is only one value of CO2 to 

maintain balance and this value is called CO2 "balancing" 

 If, in water, the CO2 available is less than the equilibrium value, the equilibrium is moved to the left, there 

is precipitation of CaCO3 and the water is encrusting. This leads to deposits in the containers and pipes, 

especially at high temperatures because the solubility of gases decreases with increasing temperature. The 

encrusting waters are often, the hard water with alkaline and the CO2 balancing relatively strong and difficult 

to achieve. 

 If, in water, the free CO2 available is greater than that equilibrium value: the balance of the equation moves 

to the right. The limestone is attack and the water is aggressive. This is usually the case of freshwater with 

low alkalinity and the value of CO2 balancing is low. 

 

The aggressive or encrusting of water is related to her alkalinity, to her calcic hardness and her CO2 content and thus 

its pH. 

 

All the wells waters of the town of Abomey-Calavi have a pH above pHeq and so are all aggressive. Indeed, in the 

waters studied, the CO2 values are generally higher than the values observed in groundwater plinth by Biémi 1992 

Savané in 1997, Oga in 2009 Goné in 2001, Soro in 2002 and in 2011 Lasm. 

 

A high concentration of CO2 in the water causes the dissolution of the rocks over the years; an increase of calcium 

saturation index (ISC) and dolomite (ISD). Thus, for groundwater, if the CO2 values are high while the ISC and ISD 

values are low, the water is relatively young. A comparative study (Table 1) shows that the groundwater of the 

sedimentary basin of Abomey-Calavi are relatively younger, have a lower residence time in the aquifer and higher 

circulation velocity than the groundwater in plinth region. Indeed, we note the existence in plinth region, a very old 

groundwater that is not found in the groundwater of the studied sedimentary basin. Reciprocally, we note the existence 

in the groundwater of the sedimentary basin studied recent groundwater, with fast traffic speeds that are not found in 

the groundwater of the base areas. 

 

The calculation in the aquifer studied 14C levels by the "diagramme 2" software revealed relatively high and variable 

values (50 to 100 cfm), characteristic of recent water recharge. This confirms the high velocity of these waters. 

 

CONCLUSION 
In the district of Abomey-Calavi, the groundwater has a slightly acid pH and some borings water are rich in Fe2+ and 

NO3
-. Cl- and Na+ are abundant in these waters because of the seawater intrusion, the base exchange related to clay 

minerals that fix the calcium in the water after release of Na+ and steam masses of precipitating origin primarily ocean 

rich in Na+ and Cl-. The studied groundwater has a chlorinated sodic potassic facies for the majority of the sampled 

waters. They are aggressive and undersaturated with respect to calcite and dolomite. The abundance of dissolved CO2 

in the waters of the town of Abomey-Calavi suggests a large infiltration of precipitation water. The diagram ISD / ISC 

indicates that the studied water has a low residence time in the aquifer with a high circulation velocity. 
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