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Riassunto: L’Hodh el Chargui è una regione situata nel sud-est 
della Mauritania, a 1000 km dalla capitale Nouakchott, e risulta 
una delle zone più povere e remote del paese. É caratterizzata da 
severe condizioni climatiche ed ambientali con conflitti ed insi-
curezza alimentare sia nelle zone urbanizzate che in quelle rura-
li. L’agricoltura e la pastorizia costituiscono le principali attività 
economiche per la popolazione che dipende completamente dalle 
risorse naturali. A tal proposito è stato dedicato a questa area uno 
specifico studio dal titolo “Ridurre la vulnerabilità agro-pastorale 
e migliorare la resilienza in Hodh el Chargui”, nell’ambito del 
programma “Rafforzamento istituzionale in Mauritania verso la 
resilienza agricola e pastorale (RIMRAP)”, finanziato dall’Unione 
Europea. Gli obiettivi del progetto sono il rafforzamento della 
resilienza delle comunità dell’Hodh el Chargui e la riduzione 
della loro vulnerabilità alle crisi, garantendo l’accesso alle risorse 
naturali e la loro sostenibilità. Tra queste, la risorsa idrica risulta 
di fondamentale e strategica rilevanza per assicurare lo sviluppo 
delle attività agricole e pastorali, la sicurezza alimentare ed ade-
guate condizioni sanitarie.

Abstract: : The Hodh el Chargui, a region located in the south-east of 
the Mauritania at 1000 km to the capital city of Nouakchott, is one of 
the poorer and remoter areas of the country. It is characterised by hard 
and in rural environment. Farmers and agro-pastoralists are the main 
economic actors and completely depend on natural resources. A specific 
project entitled “Reducing Agro-pastoral Vulnerability and Improving 
Resilience in Hodh el Chargui”, funded by European Union, has been 
implemented in the Program “Institutional Strengthening in Maurita-
nia towards Agricultural and Pastoral Resilience (RIMRAP)”. The 
aims of the project are the strengthening of the resilience of Hodh el 
Chargui communities and the reduction of their vulnerability to crisis, 
assuring access to natural resources and their sustainable use. In par-
ticular, the water resource is fundamental to assure the development 
of the traditional agricultural and pastoral activities and guarantee 
proper health conditions.
The present study reports the results obtained from a census of the well 
in the Hodh el Chargui, their distribution in the region and the main 
features of groundwater resource. 

Parole chiave: acque sotterranee, accesso all’acqua, regioni aride, 
approccio partecipativo, Mauritania. 
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Il presente studio illustra i risultati di un censimento dei poz-
zi della regione dell’Hodh el Chargui, con particolare attenzione 
alla loro distribuzione sul territorio e alle principali caratteristi-
che della risorsa idrica sotterranea.

Introduction
In several Sub-Saharan African countries, environmental 

conditions are often vulnerable to several stresses (climate, 
population growth, human activities impact, conflicts 
and insecurity), which may produce heavy effects on their 
development and the use of natural resources. In those areas, 
actions for protecting water and soil against desertification 
are incentivised and encouraged from Authorities and policy 
makers.

The analysis of territorial frameworks would be useful 
in assessing such interventions and defining the impacts 
of actions and policies to ensure local food security, social 
development and sustainable natural resources management. 
This information should be shared among local 
administrations, scientific community and any organisation 
that operates on areas of interest (Bonetto et al. 2015; Lasagna 
et al. 2015, Perotti et al. 2016; Bonetto et al. 2017; Dan-badjo 
et al. 2017).

In these environments, the frequent drought periods, the 
ephemeral nature of surface water and the poorness of natural 
resources often generate severe consequence for rural and agro-
pastoral communities. In addition, the rural exodus of people 
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Fig. 1 - Geographic setting of the Hodh el Chargui region. Black line: boundaries of the Moughataas; red dots: Communes; black dots: villages with more than 300 inhabitants.
Fig. 1 - Mappa della regione dell’Hodh el Chargui. Le linee nere indicano il confine delle “Moughataas”, i punti rossi indicano i “Communes”, i punti neri  
rappresentano i villaggi con più di 300 abitanti. 

from the countryside threatens the traditional mechanisms 
of development, maintenance and conservation of this fragile 
equilibrium between the environment and rural populations 
(Tiepolo et al. 2019; Fonjong et al. 2005).

An example of critical area is represented by the Hodh 
el Chargui region of the Mauritania. This region occupies 
the south-eastern sector of the Mauritania and is located 
about 1000 km east of the capital city, Nouakchott. It has 
an extension of about 182700 km2 (17.7% of the total area 
of the country) and is divided in 7 administrative areas 
called “moughataas” (Amourj, Bassikonou, Djiguenni, 
Néma, Oualata, Timbedgha, N’Beikett Leouach). The 
lower territorial units are named “communes”. In the Hodh 
el Chargui 31 communes are present and each of them is 
composed of many villages (Figure 1).

The area is mainly rural, being occupied by small villages 
where both nomadic and settled people live. Principal 
activities are pastoralism and, only secondarily, agriculture. 

From a morphological point of view, the territory is 
characterised in the northeastern part by a plateau (Dhar 
Plateau), with maximum height of 420 m above sea level 
(a.s.l.). The western cliff of the plateau is a few tens of metres 
high and delimitates a large flat area with altitudes ranging 
between 150 and 250 m a.s.l. that corresponds to the liveliest 
and actively populated part of the region. 

The area is strongly interested by sand dunes, especially 
in the north of the region, where the aeolian deposits may 
reach thicknesses of more than 100 m. In the south of the 
region, the thickness of the surface deposits are lower and the 
deposits are mainly represented by fixed dunes extended in an 
ENE–WSW direction, that progressively leave place to the 
outcrops of rock basement (Bradley et al. 2015). 

The surface water resources of the region mainly consist of 
wadis, which dry-up and turn in sanded riverbeds during the 
dry season. On the contrary, in case of intense rainfall, they 
can be interested by enlargements of the riverbed and erosion 
of the banks. Some small lakes form in the rainy season in the 
depressed areas, but just few of them are perennial.

The climate is characterised by a long dry season (from 
October to June) and short humid season (from July to 
September) with precipitations that may sometimes be violent 
and catastrophic. 

Three types of physical environments are present: the 
arid desert in the northernmost part, the Sudano-Sahelian 
environment in a narrow sector to the south, close to the 
boundary with Mali, and the Sahelian one, covering the rest 
of the region. For this reason, rainfall decreases from south 
to north, ranging between 400 mm/year and 100 mm/year 
respectively. The temperatures have a high diurnal variability 
with a minimum of 12°C and a maximum of 46.6°C, but the 
average temperatures are rather high, equal to 30°C-32 °C, 
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Fig. 2 - Geological and tectonic framework 
of the Hodh el Chargui region . Supracrus-
tal rocks include sedimentary, volcanic, and 
metamorphic rocks equivalents.(Bradley et 
al. 2015).  

Fig. 2 - Schema geologico-strutturale 
della regione dell’ Hodh el Chargui  
(Mauritania). Le rocce sopracrostali in-
cudono rocce sedimentarie, vulcaniche 
e metamorfiche. (Bradley et al. 2015). 

with low annual variation (Bechis et al. 2018; Demarchi et al. 
2018; Caselle et al. 2020)

A specific project entitled “Reducing Agro-pastoral 
Vulnerability and Improving Resilience in Hodh el Chargui” 
has been implemented in the Program “Institutional 
Strengthening in Mauritania towards Agricultural and 
Pastoral Resilience (RIMRAP)”, funded by European Union. 
Specific attention has been paid to the groundwater resource: 
due to presence of ephemeral surface water and dry climate, 
it represents the primary resource for human and animal 
supply. The present paper aims to propose the results of the 
analysis of the water points distribution and water resource 
features in the Hodh el Chargui, in order to plan adequate 
actions to guarantee a sustainable access to irrigation and 
drinking water, reducing diseases and mortality and assuring 
food security.

Geological and hydrogeological framework
The studied area is located at the south-western corner of 

the Mauritania and, in particular, in the southern borders 
of the Taoudéni Basin, where 3 geological supergroups have 
been recognised (Bradley et al. 2015; Lahondere et al. 2005):
•	 the Adrar Supergroup (Upper Neoproterozoic – Upper 

Ordovician);
•	 the Dhar Supergroup (Ordovician Upper – Carboniferous);
•	 the Walata Supergroup (Upper Triassic-Cretaceous).

The Adrar and Dhar Supergroups are mainly composed 
of calcareous and terrigenous sedimentary rocks: 
dolostones, sandstones, mudstones, siltstones, argilites, 
shales (Neoproterozoic and Paleozoic Supracrustal Rocks). 
These units are mainly present in the central sector of the 
investigated area (from Agoueinit to the border with Mali).

The Walata Supergroup is represented by intrusions of 
gabbro, diorite, dolerite, microgabbro (Mesozoic Intrusive 
Rocks) outcropping in the central-southern sector of the area 
(Mabrouk, Amourj, Hassi Etile, Oum Avnadech). In the 
Dhar plateau, located east to the Nema region, this sequence 
is sealed with angular discordance by Cretaceous-Tertiary 
sedimentary units mainly constituted by ferricretes and 

detritic lateritites (close to the city of Nema) and sandstones 
and clays with precipitation of iron oxides (in the eastern 
sector, up to the Mali boundary with a thickness of few 
metres up to 15 metres).

Quaternary deposits are represented by sand, gravel and 
heterogenous deposits of fluvio - lacustrine origin, distributed 
in particular in the central sector of the investigated area, 
which represents an endoreic basin crossed by streams and 
ephemeral lakes. The other sectors are mainly covered by 
aeolian deposits with dunes morphologies (Fig. 2).

Based on hydraulic and lithological properties of rocks and 
sediments, the geological succession of the study area can be 
divided into three different hydrogeological units (Friedel et 
al. 2015).

The hydrogeological unit made of Neoproterozoic-Silurian 
sediments and Jurassic intrusive rocks (dolerites) shows a low 
permeability (PC2, Figure 3), locally increased by the presence 
of fractures and filonian bodies. It is generally considered as 
an aquitard.

The hydrogeological unit of the Cambrian and Ordovician 
(CO1 and CO2, Figure 3) are mainly constituted by sandstones 
and coarser sedimentary rocks with higher secondary 
permeability and represents an aquifer.

Finally, the Mesozoic and Quaternary hydrogeological unit 
(JQ, Figure 3) mainly consists of deposits and rocks belonging 
to the Walata Supergroup. It is divided into two complexes: 
•	 the complex of sandstones (Jurassic and Cretaceous), 

particularly extended in the Dhar plateau and marked 
by a medium to high permeability just in case of low 
cementation or fractures. 

•	 the complex of the Quaternary deposits, mainly 
represented by coarse sediments of various origin with 
high primary permeability, except for local lenses of 
lacustrine sediments. Due to their high permeability, 
these sediments represent aquifers. The aeolian sediments 
are the most extended and thick (from 20 to 100 metres); 
deposits of other origin have a less continuous distribution 
and may form aquifers with local significance, i.e. alluvial 
deposits fed by ephemeral streams.
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Based on the Geological map reported in Figure 2 and the 
Hydrogeologic map of Mauritania (Friedel et al. 2015), water 
sources in the studied area are mainly distributed in the JQ 
unit (eastern area) and in the PC2 unit (western area) (Fig. 3).

The abundance of groundwater resources is highly 
dependent on recharge. In the investigated area, the recharge 
of the aquifers, which comes from the southern sectors 
(corresponding more or less to the moughataa of Amourj), is 
almost totally ensured by underground feeding, which can 
be very slow (Friedel et al. 2015). The faster local recharge, 
provided by rainfall, is very low due to the arid climate and 
evapotranspiration.

. Materials and Methods
The beginning of the research was dedicated to the collection 

of the existing geological and hydrogeological data of the 
region, particularly with regard to water drilling campaigns 
realised in the region. The main sources of information were 
represented by:
•	 HEFEM Hydrogeological Reports (2006-2009) - Support 

to Rural Municipalities for Securing Water Management 
carried out by the NRD-Desertification Research Unit 
of the University of Sassari, Italy during 2006 and 2007 
in the central area of Hodh el Chargui (Ghiglieri et al., 
Università di Sassari, unpublished data 2007; Ghiglieri 
and Carletti 2010).

•	 Official reports and thematic maps of the Second 
Institutional Strengthening Project of the Mining 
Sector of the Islamic Republic of Mauritania (PRISMAS 
II) carried out by the USGS on the entire Mauritania 
national territory during the 2000s (Friedel et al. 2008; 
Friedel et al. 2015; PRISM II).

Under the RIMRAP project, carried out in the period 2016-
2018, an on-site survey was conducted with a participative 
approach involving people in the villages with at least 300 
inhabitants (about 265 villages), in order to collect local 
information covering the entire region. A specific questionnaire 
was developed, including social, economic, climate and natural 

Fig. 3 - Detail of the Hydro-
geological Map of Mauritania 
for the studied area (Friedel et 
al 2015).

Fig. 3 - Dettaglio della car-
ta idrogeologica della Mau-
ritania (Friedel et al. 2015) 
relativo all’area di studio.

resources information (Caselle et al. 2020). A more specific set 
of questions was directed to investigate water availability and 
the features of water wells for a capillary reconstruction of the 
hydrogeological characteristics of the region. The collected 
information allows to integrate the available literature data 
on the wells of the region. Finally, some physical-chemical 
parameters (pH, Electrical Conductivity and temperature) 
were measured in situ with field instruments. The equipment 
for field measurements consisted in:

•	 handheld GPS instruments to locate points on a Landsat 
map through ArcPad;

•	 conductimeter (Hanna Instruments HI99300) to 
measure the water Electrical Conductivity (EC) [μS/cm-1] 
in the field;

•	 freatimeter to measure the groundwater table depth in 
the wells.

USGS Landsat imagery and Digital Elevation Models 
(DEMs) of the region were used and integrated in order 
to obtain a cartographic base for the visualisation and 
interpretation of the collected data. 

Results and discussion
In the RIMRAP project, 105 water points distributed in 

the studied area were censed. Three types of water points 
were recognised:

•	 modern wells: hand dug wells with concrete walls;
•	 traditional wells: hand dug wells without casing (wall 

made of natural stones or other natural materials);
•	 drilled wells: mostly pump-equipped.

The most widely type of water source is the modern well 
(45%), followed by the drilled wells (28%) and the traditional 
well (27%). Most of them are used for domestic (drinking or 
washing water), livestock or agriculture uses at the same time. 

Many of the communities have more than one water well in 
the neighbourhood. The distances between wells and villages 
range between 0 and 3000 metres; the average distance is 
about 350 metres. However, the absence of a controlled and 
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Fig. 4 - Distribution of water points identi-
fied by the HEFEM, PRISM II and RIMRAP  
projects. 

Fig. 4 - Ubicazione dei punti acqua censiti 
nei progetti HEFEM, PRISM II e RIMRAP.  

scientific-based management and organisation of the number 
of wells, often affects their activity status.

Most of the 105 water points identified are functioning. 
Some traditional (38%) and modern wells (34%) resulted 
abandoned and just few boreholes (28%) were not operative 
due to pump that was not working.

For most of the considered wells, the survey identified 
the existence of a season when wells get dry. Among the 
105 identified wells, 83 have a dry-out period. This period 
is between April and August, i.e. in correspondence of the 
end of the long dry season. This phenomenon may be due 
to several reasons, e.g. the excessive water extraction, the 
long drought periods or the short distance and interference 
between the wells. Among the points that have a perennial 
flow, almost half are drilled wells. Therefore, drilled wells 
equipped with pump are a type of infrastructure that can 
guarantee continuity in water supply. They are randomly 
distributed in the area and are located both in the eastern 
and western areas of the region where Friedel et al. (2015) 
identified, respectively, the JQ and PC2 units.

With regard to the main physical-chemical features of the 
censed water points, the water temperature is particularly 
high due to the hot and arid climate, whereas the EC values 
range between 15 and 2798 μ μS cm-1 (Table 1).

Surface structures to protect the water point are sometimes 
present; however, groundwater may have a rather high 
vulnerability to external agents coming from the ground 
(runoff water, rain or waste water) and air (objects, powder, 
etc.). In addition, the lack of water storage infrastructure 
(water tower and ground tank) is a strong criticality and can 
be a major problem for human and animal supply, especially 
in the dry season.

The RIMRAP project data were then integrated with the 
water points identified both by the PRISMAS II project 
(Friedel et al. 2015; PRISM II) (1040 water points widespread 

Temperature [°C] Electrical Conductivity 
[ μS cm-1]

Average value 31.8 697

Maximum 37.8 2798

Minimum 25.9 15

Tab. 1 - Temperature and EC parameters (average, minimum and maximum values) 
collected during the water point census promoted by the RIMRAP project.

Tab. 1 - Valori medi, minimi e massimi di temperatura e conducibilità elet-
trolitica misurati nei pozzi censiti durante il progetto RIMRAP.

in the entire Hodh el Chargui) and the HEFEM project 
described above that cover a more limited area inside the 
Hodh el Chargui (450 water points). All information about 
water points distribution and features was analysed and 
reported in synthetic maps. Figure 4 reports the distribution 
of all water points identified.

The depth of the water points ranges between 120 metres 
and few metres. The minor depths (<20m) were observed 
in the western and central sectors of the investigated area. 
In this sector, the aquifer appears more superficial and the 
groundwater is hosted in sediments of reduced thickness or in 
fractured rocks which guarantee more significant flows in the 
first tens of metres of depth. On the contrary, in the eastern 
area (the Dhar plateau), most water points have depths higher 
than 50 metres (Fig. 5).

Information about the static level of groundwater table at 
water points coming from the different projects can only be 
partially compared and integrated due to the differences in the 
seasons and period of measuring, type of aquifers monitored, 
scale of analysis and local morphology. However, the general 
trend is similar, suggesting two different hydrogeological 
units in the eastern and western sectors of the studied area 
with different groundwater flow direction, as reported by 
Friedel et al. (2015) (Figure 3) .
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Most of the groundwater table depths are lower than 
40 metres below ground level with a prevalence of wells 
characterised by groundwater table depths lower than 10 m 
below ground surface. However, the eastern sector (Bassiknou, 
Fassala) of the Dhar Plateau, characterised by Jurassic and 
Cretaceous sedimentary rocks and Quaternary deposits, 
shows groundwater table depth deeper than 40 metres, with 
less favourable conditions for groundwater extraction. The 
values are in general inhomogeneous and the geological 
variability is probably the cause of this unpredictability. 
The Quaternary deposits show differences as regard to the 
lateral continuity and thickness. Therefore, the aquifer can 
not form a continuous layer with uniform water static level 

Fig. 5 - Depth of wells from RIMRAP and 
PRISM II projects. 

Fig. 6 - Groundwater table depht in wells from 
RIMRAP and PRISM II projects.   

Fig. 5 - Profondità di pozzi censiti nei pro-
getti RIMRAP e PRISM II.    

Fig. 6 - Soggiacenza misurata in pozzi cen-
siti nei progetti RIMRAP e PRISM II.     

and productivity. At the same time, the hard rocks of the 
bedrock are characterised by a heterogeneous degree and a 
network of fractures, and the circulation and extraction of 
water is conditioned by very local patterns. Consequently, it 
is possible that two adjacent wells intercept different aquifers, 
or different sectors of the same aquifer, showing different 
groundwater table depth (Figure 6).

 With regard to the EC, data show a prevalence of low 
values, below 1000 μS cm-1, with just a few dozen points that 
present EC higher than 5000 μS cm-1 (Fig. 7). In particular, 
in the eastern sector (Dhar plateau) the values are very low, 
below 100 μS cm-1, with minimum anomalous values of few 
tens of μS cm-1, typical of rainwater. In the western and central 
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Fig. 7 - EC values measured in wells from RIM-
RAP and PRISM II projects. 

Fig. 7 - Valori di EC misurati in pozzi cen-
siti nei progetti RIMRAP e PRISM II. 

sectors EC shows values between 1000 and 2500 μS cm-1. 
Based on the collected data and the integration with previous 
studies, local salinity problems are evident, especially in the 
central sector (Touil, Noual, Timbedra, Beribave, Walata) 
where there are various points that show EC values between 
5000 and 15000 μS cm-1. In general, it has been observed 
that in the Dhar Plateau (eastern sector) the wells are deeper 
and EC values are lower, whereas opposite conditions (shallow 
wells and higher EC value) are present in the lowland (western 
sector). Similar statement can be also applied concerning the 
groundwater table depth and EC values distribution. As 
observed in Figure 6 and 7, higher EC values (up to 2300 
μS/cm-1) are mainly associated to the wells with lower 
groundwater table depth (< 30m) which characterise the 
western sector; the wells with deeper groundwater table depth 
(> 30m), which are located in the eastern sector, show lower 
EC values (< 700 μS/cm-1) (Fig. 8). Due to the difference in 
the EC value between the eastern and western sectors, which 

correspond to different hydrogeological units according to 
Friedel et al. 2015, it can be supposed a relationship between 
salinity, hydrogeological units and the arid environment. In 
particular, salinity problems were observed in correspondence 
of lower groundwater table depth, in association to arid 
conditions. No direct correlation with population density or 
transhumance corridor were observed. 

For human use, no WHO health-based guideline value 
was established; however, a value of 2500 μS cm-1 at 20°C is 
indicated in WHO Directive (WHO 2006; WHO 2017), as 
a suggested limit. For animals, a generally higher salt content 
is accepted, with a maximum values between 5000 et 10000 
μS cm-1, depending on the type of animal. 

The majority of water wells present discharge values lower 
than 10 m3/h. Those wells with discharge higher than 20 m3/h 
are mostly associated to modern and drilled wells, but the 
general distribution of the values does not appear related either 
to the typology or to the depth of the water point (Fig. 9).

Fig. 8 - EC value vs groundwater table depth. The lower EC 
values (< 700 μs/cm-1) are always in association with higher 
groundwater table depth (> 30 m) (red square), whereas in cor-
respondence of lower groundwater table depth (< 30 m) the EC 
range from low to very high values (up to 2300 μs/cm-1). The 
green line represents the distribution curve of the EC values in 
relation to different groundwater table depht.

Fig. 8 - Relazione tra valori di EC e livello piezometrico. 
I valori più bassi di CE si registrano in corrispondenza ai 
pozzi caratterizzati da livello piezometrico più profondo 
(>30m) (rettangolo rosso), mentre in corrispondenza a li-
velli piezometrici più superficiali si osservano valori di EC 
da bassi a molto alti (fino a 2300 μs/cm-1). La linea verde 
rappresenta la distribuzione dei valori di EC in relazione 
alle differenti profondità della superficie piezometrica.
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Conclusion
The availability of water resources in the Hodh el Chargui 

mainly depends on the groundwater due to the absence of 
perennial surface water.

Despite the environmental, climatic and logistic features 
of the investigated area, a quite abundant existing data and 
new information have been collected about the groundwater 
resources of the region. Most of the censed water points are 
traditional wells which are not able to give continuity on water 
supply. From a geographical point of view, clear differences 
in groundwater table depth can be recognised between the 
eastern and the western parts of the region. This situation is 
coherent with the hydrogeological conceptual model proposed 
by Friedel et al 2015. The higher depths registered in the 
eastern area correspond to aquifers hosted in the Jurassic 
dolerites and Cretaceous sandstones of the Dhar plateau 
(Mesozoic hydrogeological unit). The low groundwater table 
depth and the inhomogeneous distribution of the measure in 
the western area confirm the existence of multiple aquifers 
within the recent aeolian and alluvial deposits (Quaternary 
hydrogeological unit), with a higher geological variability. 
As a consequence, in the Dhar plateau (eastern sector of the 
investigated area) the high groundwater table depth requires 
economic efforts in order to drill deep wells that need pumps 
and constant maintenance.

Moreover, the available information indicates a general 
low productivity of the wells and an inhomogeneity in the 
discharge values. The situation becomes more critical in 
particularly for the dry season, when many wells get dry. 
Only drilled wells equipped with pumps ensure a high and 
continuous discharge over time. Therefore, the withdrawn 
groundwater may be insufficient for the needs of the 
population, agriculture and livestock.

Fig. 9 - Discharge value in wells from RIM-
RAP and PRISM II projects.   

Fig. 9 - Valori di portata registrati in pozzi 
censiti nei progetti RIMRAP e PRISM II.      

The EC values provide important information about the 
salinity and, consequently, the drinkability of groundwater or 
use for other purposes. 

Even if the majority of the surveyed wells show values 
lower than 2500 μS cm-1, the maximum value registered in 
the area is very high, up to 15000 μS cm-1 (i.e. not acceptable 
values, not even for animals). These anomalously high values 
are randomly present in the whole region and no direct 
correlation with population density or transhumance corridor 
were observed. The absence of a clear distribution probably 
is due to the poor lateral continuity of the water bodies, 
Anyway, in general, it has been observed that in the Dhar 
Plateau (eastern sector) the wells are deeper and EC values 
are lower, whereas opposite conditions (shallow wells and 
higher EC value) are present in the lowland (western sector). 
Therefore, it can be supposed a relationship between salinity 
the presence of different hydrogeological unitsand the depths 
of wells and grounwater table depth, hydrogeological units 
and arid environment.

Lastly, the frequent absence of infrastructures to protect the 
water points makes them more vulnerable to contamination 
from external agents. 
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