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a b s t r a c t

Hydro-(major and trace elements: Cd, F and Sr), isotope (18O, 2H, 3H and 13C) geochemistry and radiogenic
carbon (14C) of dissolved inorganic carbon (DIC) were used to investigate the sources of groundwater con-
tamination and the hydrodynamic functioning of the multilayer aquifer system in the mining Gafsa basin
(Southwestern Tunisia). The groundwater of the study area is subject to intense exploitation to accommo-
date all the water demands of this arid area. The Gafsa basin contains a multi-layered aquifer with four
principal levels: Upper Zebbag (Cenomanian–Turonian), Abiod (Campanien–Maastrichian), Beglia
(Miocene) and Segui (Plio–Quaternary) Formations. The hydrogeology of this system is largely affected
by tectonics (Gafsa–Tebessa, Sehib, Negrine–Tozeur, Tabeddit and Metlaoui faults. . .). The groundwater
of these aquifers undergoes a significant decline in water level (�0.5 m y�1), increasing salinity (TDS
increase from 400 to 800–6000 mg l�1: generally, TDS increases from the mountainous regions towards
the discharge area) due to a long time of aridity, irregular rainfall and overexploitation (irrigation and
industrial activities). Groundwater pumped from the semi-confined Complex Terminal (C.T) aquifers (Cre-
taceous and Mio-Plio-Quaternary: MPQ) and from the confined Continental Intercalaire (C.I) aquifers is an
important production factor in irrigated oases agriculture and phosphate washing in Southwestern Tuni-
sia. A rise in the groundwater salinity has been observed as a consequence of increasing abstraction from
the aquifer during the last few decades. The salinization phenomena in the region are complex. Several
possible causes for salinization exist: (1) the upwelling of saline and ‘‘fossil’’ water from the underlying,
confined ‘‘C.I’’ aquifer; (2) as well as the backflow of agricultural drainage water; (3) phosphate and
domestic wastewater; (4) brine intrusion from the salt lake (Sebkha/Garaat); (5) evaporatemeteoric water
dams (El Khangua and El Oudeï); (6) reduced rainfall and (7) land and air alterations. The istopic study of
waters establishes that the deep groundwater is ‘‘fossil’’ water (6000–37,000 years) recharged probably
during the late Pleistocene and the early Holocene periods. The relatively recent water in the MPQ aquifer
is composed of mixed waters resulting presumably from upward leakage from the deeper groundwater.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Geochemical indicators constitute effective tools for solving var-
ious problems in hydrology, in particular in the arid and semi-arid
regions (Fontes, 1980; Clark and Fritz, 1997; Cook and Herczeg,
2000; Etcheverry, 2002). About 30% of land area on the Earth is arid
or semi-arid where potential evapotranspiration exceeds rainfall
(McKnight andHess, 2000). These areas, collectively called ‘‘the arid
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and/or semi-arid zone’’, constitute much of the Earth’s land
between latitudes 18� and 40� north and south of the equator and
include most of northern and southern Africa, the Middle East,
western USA and the southern areas of South America, most of
Australia, and large parts of central Asia and even parts of Europe
(NOAA, 2010). In arid/semi-arid countries, issues related to water
resources are of growing concern due to different environmental,
economic and social factors. Continuously increasing abstraction
of groundwater resources to meet rising industrial, agricultural,
domestic and touristic needs, coupled with severe drought periods
during the past decades leads to growing deficit of water. The draw-
down of piezometric levels, progressing degradation of water qual-
ity, extinction of the artesianism (drying of spring and disappear of
the Foggara ‘‘Mkayel, traditional system of irrigation’’) are the main
consequences of such intensive exploitation of MPQ aquifer
(2500 l s�1) (Hamed et al., 2010b, 2013a, 2013b, 2013c). But after
2011 the number of illegal wells has been increased; the quantity
of water discharge by exploitation is about 3200 l s�1. Due to exten-
sive pumping, agricultural and industrial activities, aquifers are at
risk of being contaminated (Choura, 2010; Hamed et al., 2012a,
2013a). Intensive application of pesticides and fertilisers, discharge
of wastewater, and industrial effluent and excessive groundwater
abstraction are just a few examples of activities that lead to ground-
water contamination. These activities have resulted in the deterio-
ration of water resources in various regions around the world
(Pandey et al., 1999; Al-Gamal, 2011; Hamed et al., 2012a,b). Aqui-
fers are valuable sources for water in the mining basin of Gafsa.
Therefore, a quick action should be taken to prevent aquifers from
contamination and to reduce the risk of contamination impact.
Groundwater contamination risk mapping can help planners and
decision-makers on proper land use and water resources manage-
ment. This will enable incorporation of groundwater protection
and health impact assessment in the analysis. Risk mapping is not
only a preventative measure but it also assist with mitigation pro-
cesses of groundwater contamination. In groundwater context, risk
can be defined as the probability that groundwater at a drinking
well becomes contaminated to an unacceptable level by activities
on the land surface (Morris and Foster, 1998). Risk can be reduced
by implementing a mitigation strategy with best management
practice. Best practice avoids high-risk areas when locating a site
of possible pollution potential. In this study, hydrogeologic, hydro-
chemical and isotopic data from the aquifer system will be inte-
grated and used to determine the main factors and mechanisms
controlling the chemistry of groundwaters in the study area (south-
western Tunisia) and to identify the origins of water bodies and
their migration pathways. The main issues that will be addressed
by this study include: (1) the relative importance of geologic and
hydrogeologic factors in controlling the groundwater circulation
within the aquifer system; (2) the geochemical effects and age of
leakage influencing groundwaters and (3) the appraisal of the value
of chemical and isotopic (2H, 18O, 3H, 13C and 14C) approaches to
delineate flowpaths and evaluate evolutionary processes.

2. Location and climate

From a geomorphologic point of view, Tunisia is characterized
by an absence of high mountains and a relatively limited geo-
graphic extension, allowing the integration of Saharan air streams
into the atmospheric circulation (Celle-Jeanton et al., 2001a). How-
ever, due to its position in the western Mediterranean, it represents
a climatic transition zone open to Atlantic andMediterranean influ-
ences (Kallel et al., 1997, 2000; Jedoui et al., 2001; Zouari et al.,
2003; Hamed, 2004; Dassi, 2009; Ben Moussa et al., 2010a,
2010b; Hamed et al., 2012a). Indeed, regional hydrometeorological
studies (Celle, 2000; Celle-Jeanton et al., 2001b) mention the

existence of two major trajectories for dominant air masses
(Fig. 1). These are: (i) the North Atlantic warm air masses that
circulate from the west over the Northern Africa and (ii) the
Mediterranean cool air masses that derive from the north. Quanti-
tatively, Mediterranean precipitation represents 66% of the total
rain amount. The main part of the regional aquifer recharge is
supplied by the Mediterranean events. The study area, which is
located in south western Tunisia, covers an area of 2500 km2 and
lies between the longitudes 6�300–7�000E and the latitudes
34�000–34�300N (Fig. 1). It corresponds to a synclinal structure lim-
ited in the North and in the East by the Gafsa Mountains, in the
South by the Northren Chott Range and in the West by the Algerian
territory.

According to UNESCO/FAO (1963), the study area has a temper-
ate Mediterranean climate, with moderately hot summers and cold
winters. It shows a mean annual rainfall of about 350 mm year�1

(data based on observations from 1964 to 2008, Hamed, 2009)
with a maximum amount of rainfall from November to January.
The maximum rainfall amounts are associated with the highest
elevations (Jebal Bouramli �1140 m) of the study area (Fig. 1).
Hamed (2009a) estimated an average annual precipitation of about
150–250 mm year�1 and a potential evapotranspiration of about
1680 mm year�1 (Yermani et al., 2002; Mokadem, 2012). The
annual average temperature for the study area is about 19 �C (data
from 1984 to 2013), with a maximum from July to August (29 �C)
and a minimum between December and January (�10 �C). The
drainage network is subdendritic to dendritic. It is composed of
the El Oudeï, El Khangua, El Karma, Zallez, Douaher, Berka, Jabba-
ria, Louza, Nabech, Tfal, Magroun, El Maleh and Bayeich non-peren-
nial rivers (locally known as wadis) which collect surface runoff
from the surrounding hills of Gafsa, the Metlaoui ranges and the
Algerian territories and the Tabeddit perennial wadi by the phos-
phate and the domestic wastewater. The surface water of these
wadis is carried to the large continental depression (locally known
as ‘‘Sebkha/Garaat’’ or ‘‘Chott’’) of Chott Djerid, south of the mining
Gafsa basin (Fig. 1).

3. Geology and hydrogeology

The study area takes part in the Southern Tunisian Atlas
consisting of fault-related fold belts caused by the Miocene and
Quaternary compressive stress due to Eurasian and African craton
collision (Outtani et al., 1995; Ahmadi, 2006). The study area rep-
resents a transitional zone between two structurally different
regions: in the South, the simple and monotonous Saharan Plat-
form, and, in the North, the Tunisian Atlas Mountain belt with its
major thrust faults, diapirs and old compression structures
(Zargouni, 1985; Outtani et al., 1995; Ahmadi et al., 2006, in
press). The zone of subsidence between the Atlas and the Saharan
bloc have given rise to the alignment of the Sebkhas and Chotts
where Holocene evaporitic deposits, such as gypcrete and calcrete,
accumulate. Adjacent to the Chotts and elsewhere, fine-grained
loess deposits have accumulated to form dune-like landforms
referred to as lunettes; these are late Quaternary/Holocene in age
(Coque, 1962).

The hydrostratigraphic units in the Gafsa region are shown in
Figs. 2a, 2b and 2c. These units consist of three main aquifer
systems, namely, from the bottom to the top, the Continental
Intercalaire (C.I), the Complex Terminal (C.T: Cretaceous and
Mio-Plio-Quaternary) and the shallow aquifers.

3.1. The Continental Intercalaire (C.I) aquifer

The C.I is present beneath an area of about 1,100,000 km2 and
constitutes one of the largest groundwater systems in the world.
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The geological formations which host the C.I aquifer are composed
by fluvio-deltaic continental deposits (Cornet, 1964; Castany, 1982;
M’Rabet, 1987; Mamou, 1990) producing intercalations of detrial
levels with horizons of clay silts and frequent gypsum layers. The
C.I aquifer is located within a succession of clastic sediment of
Mesozoic age, the thickness and lithology of which vary laterally
(UNESCO, 1972). The aquifer is continuous from north to south
from the Saharan Atlas to the Tassilis of the Hoggar (Algeria) and
west to east from western Algeria to the Libyan Desert through
southern Tunisia (Edmunds et al., 1997; Moulla et al., 2012;
Petersen et al., 2013). It can be found at depths of 800–2500 mwith
a thickness of around 300–1200 m.Most of the wells tapping the C.I
show strong artesian conditions (OSS, 2008). The groundwater of
the C.I is mainly paleogroundwater which dates back to the Pleisto-
cene and early Holocene under a cooler and humid climatic regime
(UNESCO, 1972). The C.I has its recharge source in the Algerian and
Tunisian Atlas Mountains (270 mm3 year�1) (Appelgren, 2002). It is
mainly confined and discharges in the Chotts (Fejej, Djerid, El
Gharssa, Garaat Douza and El Guettar) of Tunisia and in the Gabes
Gulf (Mediterranean Sea, Fig. 1) (Guendouz et al., 2003; OSS,
2003; Abidi, 2007; Bouri, 2008; Hamed et al., 2010b, 2013a,
2013b; Kamel, 2012). Recent recharge is observed at the periphery
of the Sahara basin (Edmunds et al., 1997). The water is geothermal
with temperatures between 45 and 70 �C. This geothermal water is
utilized mainly: in agriculture; to help irrigate oases, to heat and
irrigate greenhouses, for bathing purposes and in some cases for
watering of animals (El Guedri, 1999; Kamel, 2012; Jamel et al.,
2012). In the Gafsa region, the continental formations extend from
the Neocomian at the base to the Albian. The Lower Cretaceousmay
be divided into five main formations (Sidi Khalif, Melloussi, Boudi-
nar, Bouhedma and Sidi Aïch). Sidi Aïch Formation constitutes the
principal productive levels of the C.I aquifer in the study area. The
C.I is a very important water resource in Algeria, Tunisia and Libya.
Most of the water contained in the North-West Sahara Aquifer Sys-
tem (NWSAS) is non and/or low-renewable. Increasing water
extraction has resulted in a decrease in the groundwater pressure
in many places and a termination of natural oasis systems (OSS,
2003, 2008; Hamed et al., 2008, 2012b, 2013a; Mokadem, 2012;
Mokadem et al., 2012, 2014; Henchiri, 2014).

3.2. The Complex Terminal (C.T) aquifer

The aquifer system of C.T covers the major part of South Tunisia
and the northern Sahara in Algeria, Tunisia and Libya (approxi-
mately 250,000 km2, UNESCO, 1972). The term Complex Terminal
describes a multi-layer aquifer which consists of the Upper Creta-
ceous formations in the northern Saharan basin, i.e. the Upper and
Lower Senonian and sandy formations of the Eocene and the Mio-
Pliocene. The C.T formations are relatively heterogeneous and are
composed of three main aquifer horizons separated by semi-per-
meable to impermeable strata. The main productive levels are
located either in the carbonates levels of the Upper Cenomanian
Zebbag Formation and Upper Senonian Abiod/Berda Formation in
the mining region.

*Zebbag Formation (Cenomanian–Turonian): represented by
two distinct members: to the bottom, dolomite and chalky dolo-
mite with a thickness varying between 100 and 250 m and to the
top by intercalations of marls, clays, gypsum and thin levels of
limestone. The thickness of the superior member of this formation
varies between 200 and 400 m.

*Abiod/Berda Formation (Campanian–Maastrichtian): the Upper
Senonian is formed by a white fissured limestone, reaching a thick-
ness of 100–400 m. The lower Senonian starts by an intercalation
of limestone and gypsum and can reach a thickness of 500 m in
the North of the basin. The Upper Cretaceous aquifer is confined.
It is mainly drained through several springs near or in the ranges
with a flow varying between 0.5 and 15 l s�1. This reservoir is char-
acterized by fractured limestone locally suffering dissolution and
grading to karstic system, which is frequent in Gafsa basin
(Henchiri and Slim-S’Himi, 2006; Ahmadi, 2006; Hamed et al.,
2012a). Karst aquifers are known to be highly heterogeneous,
formed by a complex conduit system that is generally impossible
to locate. Moreover, the resources are very hard to exploit, with
permeability coefficients ranging from 10�8 to 10�1 m s�1, and
flow velocities ranging from a few centimeters a day to hundreds
of meters an hour (Redhaounia et al., 2012; Hamed et al., 2012b;
Inoubli, 2014). Note, however, that karst aquifers can be particu-
larly favorable for very high exploitation rates when adequate
wells are located close to springs, as is the case, for instance, at

Fig. 1. Simplified geologic, generalized hydrology and sampling map of the study area (South-western Tunisia).
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the karst spring in Tunisia (Shimi, 2000; Hamed and Dhahri, 2013;
Hamed et al., 2013c; Inoubli, 2014). Karstic rocks outcrop of Gafsa
mountainous areas contribute to the increase of biological richness
because they contain many local and microhabitats. In these lands
especially depressions are also the refuge areas of some endemic
and relict plants and their communities.

*Metlaoui Group (Eocene): The Eocene corresponds to a prolific
period for the development of nummulite carbonate platforms
along the continental margins of the Tethyan Ocean (Tlig et al.,
2011). In the Mediterranean basin, these carbonates compose
important reservoirs of: hydrocarbon (offshore Gabes Gulf of Tuni-
sia), phosphate (El Kef, Maknassy and Gafsa basins), gypsum
(Maknassy basin) and marle rock (Beja and kairouan basins). Con-
cerning the hydrogeological potentiality, it formed a good reservoir
of groundwater (quanlity and quantity) in NW Tunisia (Hamed,
2004, 2012; Hamed and Dhahri, 2013; Inoubli, 2014). But in the
SW Tunisia this potentiality is not good (Hamed, 2009). This is
due to the effect of several factors (tectonic, climatic,
sedimentological. . .).

3.3. The Mio–Plio–Quaternary (MPQ) aquifers

*The Miocene aquifer (Beglia Formation): formed by the conti-
nental material coarse sand with thin levels of red clays and sands,
which indicate clearly a humid paleoclimate and a paleogeography
dominated by perennial fluvial system. The thickness of sand
ranges from 50 to 400 m, the maximum thickness is observed in
the Berka region located in the south of Moulares region. The dis-
charge from the aquifer occurs by vertical percolation at the Seb-
kha surfaces, upwelling at natural springs and spring mounds,
and upwelling from water wells. Most of this discharge is concen-
trated on southern Tunisia around Chott Djerid in the South, where
natural upwelling occurs at a relatively constant rate throughout
the year (Coque, 1962; ERESS, 1972). The principal areas of
recharge are located in (i) Meridional Tunisian Atlas Mountains,
(ii) in Dahar uplands (Tunisia) and Tunisian Atlas strongly tecton-
ized where the Senonien fractured calcareous formations are out-
cropping (due to the presence of both primary and secondary
porosity and permeability of the carbonate rocks), by infiltration
(iii) from wadies (recent and fossil) flood waters downstream of

the southern Atlas and (iv) from the sub-vertical faults (Bed
dip � 80�) were we can observed the maximum of the compression
(example of Negrine–Tozeur fault in the Chebika area) (Fig. 2a).

*The Pliocene–Quaternary aquifer (Segui Formation): formed by
the heterogene material ‘‘clay, sand, conglomerates and pebbes’’.
This formation is considered as the footwall of quaternary
sequence and has been reached by several wells. Quaternary for-
mation is much thicker than 400 m at northern part of the basin
(Sidi Boubaker region) and formed by alternation of sands, clay
sands and sandy clays with two major gypsum intercalations to
the base and to the top of this series (Hamed, 2011; Hamed
et al., 2013a, 2013b). This facies is interpreted as the result of
important periods of aridification, probably interspersed with
other humid periods. These results were confirmed in SE Tunisia
(J. Haidoudi; belonging to the continuity of the northern Chott
ranges). In this last area, the effect of tectonic ‘‘70 < Bed
dip < 85�’’, geothermal ‘‘±90 �C’’ and climate are very important.
The climate change was confirmed in terrestrial and in marine
environment (Kallel et al., 1997, 2000; Jedoui et al., 2001; Hamed
et al., 2013c).

*The MPQ deposits contain a shallow aquifer, which is exploited
especially in irrigation use in mining Gafsa basin. This aquifer is
essentially recharged by the excess of irrigation water coming from
C.I and C.T deep aquifers, in oases area. Out of these agricultural
zones; the MPQ aquifers are recharged during the rare rainfall
events. The transmissivity of the Miocene aquifers (Beglia Forma-
tion) ranges from 18.7 � 10�4 to 54 � 10�4 m2 s�1 and
0.33 � 10�4 to 53 � 10�4 m2 s�1 concerning the PQ aquifer (Segui
Formation). The permeability varies between 2 � 10�4 and
6 � 10�4 m s�1 in Beglia Formation and it is between 8.5 � 10�6

and 13 � 10�5 m s�1 in Segui Formation (Kachouri, 1988; Coba,
1994; Mamou and Hlaimi, 1999; Abidi, 2007; Hamed, 2009;
DGRE, 2010; Mokadem et al., 2012, 2014). Probably, the increase
of soil organic matter content can improve soil structure and tex-
ture, which increases soil porosity (especially macro and microp-
ores: bacteriological activity) and permeability.

In the riverbeds, the C.T (Cretaceous and MPQ aquifers) gets
recharged by direct infiltration through floods descending from
the Gafsa and Metlaoui mountain ranges. In the central basin,
water ages dated by radiocarbon (14C) indicate paleogroundwater

Fig. 2a. Conceptual model of the groundwater system at Tamerza basin (western part of the study area).
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of Pleistocene and early Holocene age (6000–37,000 years),
whereas younger water ages, at the fringes of the basin where
C.T formations outcrop, are an indication of modern recharge
(Edmunds et al., 1997). However, present recharge is low due to
the arid to hyperarid conditions within the catchment and depends
mostly on infrequent storm events. The shallow aquifers are found
in the MPQ sediments and the alluvial fillings of the wadis, i.e. the
beds of ephemeral wadies. They are recharged by vertical percola-
tion from the confined C.T and by infiltration of excess irrigation
water, as well as water from flood events that descend in the wadis
from the surrounding mountains to the Chott Djerid (discharge
area). The flow direction of the shallow groundwater is generally
towards the Chott Djerid (N–S) (Hamed, 2009). But, in the Sidi
Ahmed Zaroug (east part of study area), an inversion of piezomet-
ric is observed caused by overexploitation of groundwater to the
industrial secteur of the complex CPG-GCT (Fig. 2c). In this part
of basin, a ‘‘fossil, geothermical and mediocre’’ groundwater and

an enrichment of H2S,
2H and Fluorure of C.I groundwater are

detected (CPG-GCT, 2009; Hamed et al., 2012a, 2012b). Groundwa-
ter abstraction from wells causes modifications in the piezometric
head distribution and increased the hydraulic gradients towards
the abstraction zone and so to let the aquifer supply the amount
of water pumped. In the same way, that may cause or accelerate
vertical migration of poor quality water from deeper aquifers
and/or may cause also, an inversion of piezometric (Hamed et al.,
2012a). The effect of pumping on the head distribution spreads
in all directions and not only in the direction of the flow as it would
be expected when comparing to surface water where with drawal
affects only the downstream section of the wady (Ben Dhia, 1987,
1990; Hamed et al., 2013c). But, after the Tunisian revolution
(2011–2014), the stopping of wasching the phosphate caused the
return of the initial stage like 1920 to 1980: upwelling of the
geothermal water, incressing of the artesianism of groundwater
in Sidi Ahmed Zarroug and the incressing of the number of springs.

Fig. 2b. Conceptual model of the groundwater system at Berka basin (central part of the study area).

Fig. 2c. Conceptual model of the groundwater system at Sidi Ahmed Zaroug basin (eastern part of the study area).
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Among the damage observed actually on 2014 in this region is the
distruction of houses (increasing of the C.I piezometric level) near J.
Ben Younes affected by Tebessa–Gafsa faults.

The hydrodynamics of these aquifer systems are closely influ-
enced by tectonics (Zargouni, 1985; Dlala and Hfaiedh, 1993;
Ahmadi et al., 2006; Zouaghi et al., 2009; Hamed et al., 2010a,
2010b). Thus, the basin is controlled by the major NW–SE trending
fault system such as the Gafsa–Tebessa, Sehib, Negrine–Tozeur
faults (Bésbés, 1978; Zargouni, 1985; Ben Ayed, 1986; Ben Dhia,
1990; Boukadi et al., 1991; Chalbaoui and Ben Dhia, 2004) and
Tabeddit faults (Gouasmia, 2008; Hamed, 2009) as well as the
East–West fault system such as the Metlaoui faults (Addoum,
1995) (Fig. 1). The groundwater flow directions of the MPQ
aquifers follow generally the surface water flowing. In fact, they
are discharged into Chott El Gharsa salt lakes (Hamed, 2009). Con-
cerning the C.I aquifer, the Carbon-14 dating shows low activities
to the south of the basin and high activities to the north, which
suggest a general groundwater flow North–South toward Chott El
Gharsa (620 km2) and Chott Djerid (10,000 km2) depressions.
These continental depressions formed during Late Miocene–Early
Pleistocene time as a result of compression between the African
and European lithospheric plates (Swezey, 2003). The center of
the Chott El Gharsa lies at �20 to �30 m below sea level, whereas
altitude of Chott Djerid is 10–20 m above sea level (Swezey, 2003).
Chotts are considered to function as evaporation pumps. The spe-
cial surface distribution of evaporites and the distribution of sub-
surface sediments are often related to artesian sources in the
centers or at the edges of the basins and to the climate impact
on groundwater (Pouget, 1968; Schulz et al., 2002).

Tectonic activity, changes in facies and in thickness of sedimen-
tary deposits seem to play an important role in groundwater flow
and hydraulic continuity. Lithologic variability in the aquifer may
affect water chemistry and groundwater age distributions because
of its effect on rock/water interactions and directions of groundwa-
ter movement (Mamou, 1990; Edmunds et al., 1997). This is visible
in the Sidi Ahmed Zaroug region (estern part of the study area),
where thickening of the units and lithological changes had an
important influence on piezometry levels and chemical composi-
tion of groundwater (Fig. 2c).

4. Hydrochemistry study

4.1. Materials and methods

4.1.1. Sampling sites and sample collecting

Water samples for laboratory analyses were collected at the
humid season (December 2006). A total of 56 groundwater sam-
ples were collected from the (Cretaceous and MPQ) wells with
depths ranging between 20 and 800 m, 2 water samples were col-
lected from the dams (El Khangua and El Oudeï) and 3 groundwa-
ter samples from phosphate lavatories (Moulares, Redayef and
Metlaoui) (Fig. 1) (Yermani, 2000; Yermani et al., 2002; Abidi,
2007; Hamed, 2009; Hamed et al., 2010a). Prior to sampling, all
wells were purged in order to remove the stagnant portion and col-
lect representative water samples. Temperature, pH, and electrical
conductivity (EC) of the discharge water were measured in situ

using a Consort C535 multi-parameter analyzer. After that, sample
bottles were filled and kept in a refrigerator (4 �C) upon collection.
Cation and anion analyses were performed at the laboratory of
‘‘Water, Energy and Environmental: L3E’’ of the National Engineers
College of Sfax (Tunisia), using a Dionex DX 100 ion chromatograph
equipped with a CS12 and an AS14A-SC Ion Pac columns and an
AS-40 auto-sampler. The total alkalinity (as HCO3) was determined
by titration with 0.01 or 0.1 M HCl against methyl orange and
bromcresol green indicators (APHA, 1998). Strontium ion was

analyzed using an inductively coupled plasma-atomic emission
spectrometer (ICP-AES), Liberty 200AX-Varian on samples that
had been filtered through 0.45-Am filters and acidified to pH 2
using 16 N pure HNO3. Samples revealing relatively high salinity
(exceeding 3 g l�1) were diluted before analysis. The ionic balance
for all samples is within ±7%. Ten water samples were taken for
bacterial analysis and water quality parameter tests. These
water samples were taken in sterilized bottles for analysis at the
University Hospital of Sfax (UHS, 2011).

A limited number of water samples (35 boreholes) were
selected for carbon isotope analysis (14C and d13C). Radiocarbon
analyses were carried out at the laboratory of the National Engi-
neering College of Sfax (Radio-analysis and Environmental of Sfax),
Tunisia (Hamed, 2009), by scintillation counting on C6H6 synthes-
ised from BaCO3 stripped in the field from 150 l of water samples.
Results of 13C analyses are reported in ‰ versus PDB (American
Belemnitella from Pee Dee Belemnite, North California, USA)
(Coplen, 1996) standard and 14C abundances are expressed as per-
cent modern carbon (pmC) (Stuiver and Polach, 1977). The d13C
was measured at the laboratory of the IAEA, by converting the
DIC to CO2 with 100% phosphoric acid (H3PO4). Analytical uncer-
tainties are in the range of ±0.3 for d13C and between 1 and
1.5 pmc for 14C. Hydrogen and oxygen isotope analyses were per-
formed in the laboratory of the International Agency of Atomic
Energy (IAEA) in Vienna, by employing, respectively the standard
CO2 equilibration (Epstein and Mayeda, 1953) and the zinc reduc-
tion techniques (Coleman et al., 1982), followed by analysis on a
mass spectrometer. Oxygen and hydrogen isotopes analyses were
reported to d notation relative to Vienna-Standard Mean Oceanic
Water (VSMOW), where d = [(RS/RSMOW) � 1] � 1000; RS represents
either the 18O/16O or the 2H/1H ratio of the sample, and RSMOW is
18O/16O or the 2H/1H ratio of the SMOW. Typical precisions are
±0.1% and ±1.0% for oxygen-18 and deuterium, respectively. Tri-
tium (3H) analyses were performed in the laboratory of the IAEA
by electrolytic enrichment and liquid scintillation counting
method (Thatcher et al., 1977). Tritium contents were reported in
Tritium Unit (TU), in which one TU equals one tritium atom per
1018 hydrogen atoms.

4.2. Results and discussion

4.2.1. In situ measurements interpretation

In situ parameters such as pH, temperature, electric conductiv-
ity (EC) and total dissolved solids (TDS) together with analytical
data of the major ions in groundwater samples are represented
in Table 1. The groundwater pH values range from 5.52 to 8.1
and the temperature varies within a wide range of 15.8–39.1 �C,
indicating the combination effects of numerous factors, i.e. the
depth to groundwater, the residence time in the flow system
and/or the groundwater flow time from the recharge area. The EC
and the TDS range from 0.37 to 11.2 mS cm�1 and from 0.47 to
6.85 g l�1, respectively. Higher values of these parameters charac-
terize wells located in the southern parts of the basin (discharge
zones), especially in the Aguila, Berka and Tamerza, suggesting
both the insufficiency of recharge in these parts and the relatively
long-term water–rock interaction and the evaporation effect of El
Khangua and El Oudeï dams (Tamerza zone); also, the anthropo-
genic activities (agricultral and industrial). Generally, TDS
increases from the mountainous regions (the piedmont zone of
the Gafsa chain in the North of the study area) towards the dis-
charge area (southern part) (Fig. 3).

4.3. Factors controlling hydrochemical facies

Based on the contents of major cations (Ca2+, Mg2+, Na+ and K+)
and anions (Cl�, HCO3

�, NO3
� and SO4

2�), three hydrochemical facies
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could be identified including facies 1: Ca–Mg–HCO3 (predominant
water type in the carbonate-rock aquifers because calcite and
dolomite are abundant in these aquifers), facies 2: Ca–Mg–SO4

and facies 3: Na–Cl–NO3. Water types were defined by use of the
trilinear plotting technique (Piper, 1944); the trilinear diagrams
are shown in Fig. 4.

To study the saturation state of the waters with respect to halite
(NaCl), gypsum (CaSO4 H2O), anhydrite (CaSO4), calcite (CaCO3)
and dolomite CaMg(CO3)2 were performed using WATEQP

(Plummer et al., 1976; Appelo and Postma, 1993). Most of the water
sampled (85%) are saturated/undersatureted with respect to calcite
and dolomite (�0.2 6 SI(calcite) 6 1 and �0.6 6 SI(dolomite) 6 1,
Table 1). Carbonate dissolution may occur systematically for the
majority of groundwater samples. For groundwater samples, there
is an undersaturation state with halite (�7.4 6 SIhalite 6 �0.6),
gypsum and anhydrite (100%: �5.8 6 SI 6 0.6) (Table 1), indicating
possible dissolution of these minerals. These eventual dissolutions
were confirmed by strong positive relationships of Na versus Cl and

Table 1

In situ measurements and saturation indexes of groundwater.

No. Aquifer T (�C) pH EC (lS/cm) TDS (mg/L) Saturation Indexes (SI)

Halite Gypsum Anhydrite Calcite Dolomite

1 MPQ 19 7.75 2.35 2.35 �5.77 �0.48 �0.77 0.66 1.4
2 MPQ 17 7.33 3.51 2.6 �5.70 �0.42 �0.74 0.31 0.7
3 MPQ 18 7.56 4.2 3.85 �5.50 �0.35 �0.65 0.65 1.26
4 MPQ 18 7.80 4.99 3.84 �3.51 �0.17 �0.47 0.92 1.6
5 MPQ 18 7.84 2.94 2.28 �5.44 �0.44 �0.74 0.42 0.66
6 MPQ 17 8.10 5.25 6.85 �3.00 �0.09 �0.40 1.24 2.3
7 MPQ 18 6.20 1.585 1.56 �3.90 �0.07 �0.37 1.15 2.1
8 MPQ 20 8.01 1.95 2.01 �6.36 �0.42 �0.70 1.01 1.6
9 MPQ 22 8.03 7.2 5.38 �3.89 �0.11 �0.36 1.22 2.3

10 MPQ 21 8.04 3.23 2.4 �5.45 �0.53 �0.79 0.96 1.78
11 MPQ 21 8.00 2.95 2.4 �5.80 �0.40 �0.66 1.08 1.71
12 MPQ 22.3 8.01 2.8 2.3 �5.40 �0.47 �0.72 1.04 1.84
13 MPQ 21.2 7.45 2.458 2.45 �5.36 �0.56 �0.76 0.97 1.04
14 MPQ 22.6 6.10 2.35 1.479 �5.59 �0.85 �0.95 0.88 1.44
15 MPQ 23 7.90 1.825 1.152 �6.07 �0.91 �0.85 0.96 1.67
16 MPQ 22.2 6.87 1.785 2.254 �5.01 �0.44 �0.75 1.04 0.98
17 MPQ 21.4 7.01 1.94 2.15 �4.22 �0.64 �0.71 1.23 1.03
18 MPQ 19 7.11 2.53 2.14 �5.42 �0.20 �0.91 1.03 1.23
19 MPQ 20 7.00 1.94 2.25 �4.84 0.09 �0.84 0.98 1.02
20 MPQ 18.5 6.52 3.25 1.56 �4.04 �0.61 �0.80 �0.21 0.57
21 MPQ 20 7.04 370 3.8 �4.84 �0.44 �0.75 0.01 0.2
22 MPQ 19 8.20 889 3.53 �3.39 �0.40 �2.09 1.01 1.13
23 MPQ 19.4 5.80 1.23 4.76 �3.37 �0.32 �1.60 0.98 1.12
24 MPQ 18.7 5.52 783 3.49 �3.79 �0.78 �1.97 0.99 1.09
25 MPQ 21.8 5.90 1.17 2.67 �6.58 �0.89 �1.55 1.42 1
26 MPQ 22 7.72 1.59 1.34 �6.94 �0.56 �0.31 0.46 0.7
27 MPQ 18.4 7.90 599 2.3 �7.17 �0.55 �2.38 0.78 0.98
28 MPQ 16 7.30 1.71 1.12 �4.19 �1.09 �1.41 0.56 0.79
29 MPQ 20.8 5.90 1.5 1.04 �3.95 �0.20 �1.41 0.98 1.02
30 MPQ 19 7.80 1.18 2.78 �6.54 �0.26 �1.61 0.14 1.15
31 MPQ 17.2 6.00 591 3.47 �4.69 �0.46 �2.39 1.02 1.32
32 MPQ 20.9 6.10 5.65 4.85 �4.56 �0.22 �0.50 1.18 2.1
33 MPQ 19.2 7.42 3.55 2.6 �5.33 �0.48 �0.77 0.37 0.44
34 MPQ 18.7 6.30 660 512 �7.39 �0.66 �2.20 0.68 0.98
35 MPQ 20 7.50 11.2 1.6 �3.02 0.00 �1.13 0.96 1.03
36 MPQ 22 6.80 953 645 �4.54 �0.75 �1.67 0.78 1.01
37 MPQ 19 7.20 1.28 4.25 �3.86 �0.12 �0.41 0.70 1.21
38 MPQ 21.4 7.75 4.27 3.25 �4.41 �0.39 �0.68 0.68 1.59
39 MPQ 21.6 6.82 2.1 1.76 �6.09 �0.45 �0.72 0.80 1.09
40 MPQ 19.5 8.00 1.6 1.8 �7.24 �1.04 �1.32 0.49 0.95
41 MPQ 20 7.02 1.89 1.4 �6.23 �0.94 �1.41 0.78 1.45

42 Cret. 20.3 5.80 900 586 �7.40 �1.29 �1.56 1.76 1.67
43 Cret. 18.9 7.50 1.62 1.07 �6.09 �0.90 �1.40 0.96 0.99
44 Cret. 19.8 5.90 2.43 1.6 �5.90 �0.78 �1.06 1.06 1.07
45 Cret. 18.4 7.90 702 473 �7.20 �1.78 �2.07 1.03 1
46 Cret. 19.4 7.10 1.22 592 �6.80 �1.67 �1.95 1.74 0.87
47 Cret. 19.1 7.10 2.18 1.25 �6.30 �0.86 �1.14 0.76 1.01
48 Cret. 18.3 7.10 2.51 1.84 �6.47 �1.42 �1.71 1.06 1.04
49 Cret. 19 7.01 2.13 1.43 �5.54 �0.93 �1.65 1.32 1.08
50 Cret. 20 7.02 3.21 1.67 �5.32 �0.90 �3.77 0.89 1.32
51 Cret. 20.9 6.30 4.09 2.88 �4.98 �0.30 �5.85 1.29 1.41
52 Cret. 39.1 6.10 1.77 553 �5.28 �0.51 �0.77 1.32 0.92
53 Cret. 16.6 6.50 2.81 1.77 �6.27 �0.63 �0.97 0.95 1
54 Cret. 18 7.21 1.33 1.5 �5.43 �0.65 �0.64 0.81 1.22
55 Cret. 21 6.98 2.44 1.98 �4.57 �0.66 �1.04 1.03 0.78
56 Cret. 21 6.86 1.3 1.96 �4.17 �0.90 �0.99 0.90 1.02

57 Dam 15.8 6.80 1.28 1.82 �3.11 �0.87 �1.22 0.78 0.98
58 Dam 18.5 7.90 1.66 1.33 �4.17 �0.77 �1.02 0.69 1.01

59 Lav. 23.2 6.40 1.64 6.78 �0.57 0.03 0.10 1.54 1.01
60 Lav. 21 5.78 1.65 8.76 �1.34 0.09 0.13 1.68 1
61 Lav. 23 6.50 1.45 7.5 �1.00 0.33 0.57 1.89 1.22
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Ca versus SO4 as well as by the positive correlations between the SI
of the referred dissolved minerals and some of ions resulting from
each dissolution (Figs. 5 and 6). The plot of Ca versus SO4 shows that
most groundwater samples indicating obvious excess calcium
(Fig. 6a). This excess can be attributed to the release of the Ca cation
through the weathering of ancient silicate minerals such as plagio-
clase within the aquifer. In this region, plagioclase minerals are
representedmainly by anorthite (CaAlSi2O8), which can release cal-
cium through weathering (Hem, 1989). Another process that can
account for the excess of Ca is the reverse cation exchange, occur-
ring between groundwater and Ca-clayminerals, such as illite, sepi-
olite and montmorillonite, which are relatively abundant in the
MPQ aquifers. In fact, reverse cation-exchange process is confirmed
through the plot of (Na + K–Cl) versus [(Ca + Mg) � (HCO3 + SO4)],
in which the two members vary in inverse proportions (espacialy
for 95% of MPQ wells) (Fig. 7) (Mc Lean et al., 2000; Garcia et al.,
2001; Hamed et al., 2008). The geochemical and hydrologic
processes responsible for the various water types in the study area
are discussed in the following sections:

*Ca–Mg–HCO3 WATER: this water type is predominant in the
carbonate-rock aquifers (Lower and Upper Createcous), is generally
produced by dissolution of the carbonate minerals (calcite and
dolomite). The reaction of these minerals with water and carbon
dioxide can be written as follows:

CaCO3ðcalciteÞ þH2Oþ CO2 () Ca2þ þ 2HCO�
3 ð1Þ

CaMgðCO3Þ2ðdolomiteÞ þ 2H2Oþ 2CO2 () Ca2þ þMg2þ þ 4HCO�
3

ð2Þ

Ca2Mg5Si8O22ðOHÞ2 þ 14CO2 þ 22H2O () 2Ca2þ þ 5Mg2þ

þ 14HCO�
3 þ 8SiðOHÞ4 ð3Þ

Bicarbonate is the dominant anion and represented greater than
65% of the anion composition of the samples (Fig. 4). Calcium and
magnesium are the dominant cations, relative to sodium and
potassium, and represented greater than 60% of the cation

Fig. 3. Salinity map of the mining Gafsa basin (South-western Tunisia).

Water type 1 (Ca-Mg-HCO3)  Water t ype 2 (Ca-Mg-SO4)  Water type 3 (Na-Cl-NO3)   

Fig. 4. Piper diagram of the aquifers groundwaters in the study area.
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composition of these samples. The major ion composition of the
water in these samples can be classified as calcium–magnesium–
bicarbonate.

*Ca–Mg–SO4 WATER: the predominant water type in the center
part (Berka zone) of the study area is Ca–Mg–SO4. The predomi-
nance of sulfate over bicarbonate and the lack of agreement of
the Ca–Mg–SO4 water with the simple dolomite dissolution model
indicate that other processes are controlling the chemistry of this
water type. Two reactions can produce this type of water: (1) dedo-
lomitization, which involves dissolution reactions with carbonate
minerals and gypsum, and (2) sulfuric acid neutralization, which
involves dissolution of carbonate minerals with sulfuric acid gen-
erated by the oxidation of pyrite which comes from the phosphate
rock (Chaabani, 1995; Ounis et al., 2006; Felhi et al., 2008; Felhi,
2010; Aloui et al., 2012; Tlili et al., 2012). Dissolution of dolomite
causes increases in the concentration of magnesium in the water.
The overall reaction can be written as:

CaMgðCO3Þ2ðsÞðdolomiteÞ þ CaSO42H2OðsÞðgypsumÞ

þHþ CaCO3ðsÞðcalciteÞ þ Ca2þ þMg2þ þ SO2�
4

þHCO�
3 þ 2H2O ð4Þ

Dedolomitization is not the only process. An alternative model
involves dissolution of dolomite by sulfuric acid (H2SO4) produced
by the oxidation of pyrite (FeS2):

FeS2 þ 15=4O2 þ 7=2H2O FeðOHÞ3ðsÞ2H2SO4 ð5Þ

Fig. 5. Plots of Na+ versus Cl� (a) and (Na+ + Cl�) versus SI of halite (b).

Fig. 6. Plots of Ca2+ versus SO4
2� (a), (Ca2+ + SO4

2�) versus SI of anhydrite (b) and
(Ca2+ + SO4

2�) versus SI of gypsum (c).

Fig. 7. Plot of (Na+ + K+–Cl�) versus [(Ca2+ + Mg2+) � (HCO3
� + SO4

2�)] showing
reverse cation exchange process.
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The sulfuric acid reacts with dolomite:

CaMgðCO3Þ2ðsÞ þH2SO4 Ca2þ þMg2þ þ SO2�
4 þ 2HCO�

3

ð6Þ

Calcium and magnesium are the dominant cations, relative to
sodium and potassium, and represented greater than 70% of the
cation composition. The sulfate is the dominant anion for water
samples of this type and represents 49–88% of the major anion
composition. The major ion composition of the MPQ samples can
be classified as calcium–magnesium–sulfate water.

*Na–Cl–NO3 WATER: this water type predominates in the
discharge zones (El Guettar, Aguila-El Jar, Garaat Douza and
Berka) reflects the dominance of sodium and chloride; and the
influence of land use activities (excess of NO3) on groundwater
mineralization (agricultural regions, where flood irrigation is
applied). However, this water type is rare in other parts of the
study area.

4.4. Sources of the groundwater degradation

4.4.1. Agricultural activity

Agriculture can have a significant impact on the quality of
groundwater. Nitrate pollution of surface water is of high concern
as it may have negative impacts on water supply and ecosystems
(Rouabhia et al., 2004, 2008; Hamed, 2009; Ben Moussa et al.,
2010a; Darwish et al., 2011; Diédhiou, 2012; Hamed et al.,
2013a). Nitrate (NO3

�) is a familiar pollutant in groundwater. Large
amounts of nitrate in drinking water are a cause of fatigue,
nephropathy, circulatory problems, damage to the eyes, methemo-
globinemia (also known as blue baby syndrome) and a blood disor-
der primarily affecting infants under 6 months of age (Bengtsm
and Annadotter, 1989; Avery, 1999; Atabey, 2005). As nitrate
contamination is related to human, animal, or industrial waste
practices, excessive levels of nitrate in drinking water may indicate
the presence of other types of contaminants, which may cause
health problems. Therefore, nitrate concentration is an important
criterion of groundwater quality. Furthermore, nitrate is one of
the important parameters that can be traced easily and used for
assessment of contamination risks due to its low degree of attenu-
ation of the contaminant load in the soil matrix and water. In the
mining Gafsa basin unconfined aquifer, about 65% of samples have
nitrate concentration that exceeds the drinking water standards of
50 mg l�1 for the adults and 25 mg l�1 for the children (WHO,
2006). The average value of nitrate in the whole groundwater sam-
ples is 120 mg l�1. These high nitrate concentrations provide evi-
dence for the significance of the return flow waters contribution
in the recharge of the unconfined aquifer. Hamed (2009a) found
that nitrate concentrations in groundwater were highest in areas
where wastewaters were present in a Berka zone (perinial Tabed-
dit wady: 16.5 Mm3 year�1) and in Aguila-El Jar oasis. Indeed,
ammonium nitrate, liquid fertilizer and other commercial complex
nitrogen fertilizers are used in large scale in the agricultural
regions to enhance productivity due to rapid population increase
and development of technology, where flood irrigation is applied.
In these regions, NO3 contents are up to 300 mg l�1 (Figs. 2b and
2c). The excessive use of Ca(NO3)2 fertilizers is verified through
the well-defined relationship between NO3

� and Ca2+ (Fig. 8a).
Similarly, the well-defined relationships in the plots of NO3 versus
SO4 and Mg versus SO4 suggest that N and S are used in the study
area in the form of (NH4)2SO4, MgSO4 and superphosphate:
Ca(H2PO4)2 H2O + CaSO4) fertilizers (Figs. 8b and 8c), pesticides
(atrazine ‘‘C8H14ClN5’’, deethylatrazine, simazine, metolachlor,
and prometon were detected more frequently in the areas); and
also from organic matter of phosphate rock (Gi-Tak et al., 2004;
Bohike et al., 2007; Hamed, 2009; Hamed et al., 2013a, 2013b).

Aguila, El Jar-Lalla and Berka (discharge area: Figs. 2b and 2c)
are the regions that suggest the infiltration of effluents from septic
tank, wastewater and open dumping site. Even though ammonium
is not found in groundwater; bacterial population strongly sug-
gests the source of ammonium from surface contamination
sources. In addition, as per the reaction kinetics, NH4

+ undergoes
rapid oxidation to NO3

� in the presence of oxygen; hence, NH4
+

seems to be below detection limit in this aquifer. Under oxic con-
ditions, ammonium is readily oxidized to nitrate by the nitrifica-
tion process (NH4

+ + 2O2 = NO3
� + 2H+ + H2O) (Eq. (7)). Nitrate

also can be generated by aerobic decomposition of organic matter
‘‘phosphate sediments’’ (C106H263O110N16P + 138O2 = 106CO2 +
16NO3

� + HPO4
2� + 122H2O + 18H+) (Eq. (8)) (Belayouni, 1983;

Felhi et al., 2008). Groundwater affected by nitrification and
decomposition organic matter will show negative relationship
between pH and NO3 (Tables 2 and 3) due to acidic protons that
originate in these reactions (Hamed et al., 2013a).

Fig. 8. Plots of Ca2+ versus NO3
� (a), SO4

2� versus NO3
� (b) and Mg2+ versus SO4

2� (c).
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Table 2

Geochemical and isotopic data of groundwater.

No. Na (meq/
L)

Ca (meq/
L)

Mg (meq/
L)

HCO3 (meq/
L)

SO4 (meq/
L)

Cl (meq/
L)

NO3

(�10�3)
F
(�10�3)

Cd
(�10�3)

Sr
(�10�3)

Ion bal.
(%)

d18O (‰ versus
SMOW)

d2H (‰ versus
SMOW)

3H
(TU)

14C
(pcm)

13C
(PDB)

1 8.47 14.00 13.56 3.6 19.44 10.85 0.92 0.0003 0.0000 0.0440 �2.50 �8.28 �55.80 – – �6.32
2 10.00 15.00 15.78 4.37 21.96 10.99 0.98 0.0002 0.0000 0.0521 �5.32 �7.72 �50.60 – – –
3 13.47 17.25 13.56 4.00 25.02 12.97 0.12 0.0002 – 0.0542 �4.71 �7.80 �52.80 – 16.00 �6.07
4 22.00 26.00 11.83 4.00 28.95 23.01 0.01 0.0002 – 0.0549 �4.20 �8.00 �52.30 – – –
5 14.00 15.00 8.54 1.6 18.96 14.01 0.01 – – – �4.30 �7.72 �50.60 – – �5.04
6 23.91 28.25 16.02 4.34 34.94 23.97 1.45 – – – �4.52 �7.39 �46.10 – – –
7 25.65 29.75 15.61 5.24 36.6 26.79 1.6 – – – �2.54 �7.76 �51.20 – 44.2 –
8 5.21 16.00 4.52 3.6 16.32 4.93 0.3 – 0.0000 – �1.84 �7.77 �51.30 – 8.00 –
9 30.00 28.00 9.86 4.29 33.94 26.02 0.01 – 0.0001 – �3.95 �7.39 �46.10 – 10.00 �5.68
10 14.00 14.00 7.89 3.39 15.97 14.01 0.02 – – – �4.50 �7.73 �52.80 – – –
11 5.43 19.00 5.34 3.52 16.01 13.7 0.08 – – – �5.22 �7.94 �52.60 – 8.20 �4.98
12 15.21 16.00 6.98 3.77 16.84 14.43 0.14 – – – �4.87 �7.96 �54.60 – 3.00 �6.03
13 13.56 15.2 5.66 4.21 15.55 11.65 0.29 – – – �5.12 �6.06 �42.22 0.00 27.50 �7.80
14 11.47 9.87 4.44 3.98 9.81 8.88 0.65 – – – �6.36 �6.36 �43.01 0.20 48.00 �8.30
15 7.52 12.11 4.18 4.26 8.12 5.85 0.13 0.0003 0.0000 0.0196 �5.12 �5.35 �45.25 0.74 33.20 �7.60
16 7.44 15.36 5.22 3.21 18.04 10.12 0.98 – – – �4.55 – – – – –
17 11.02 17.01 6.41 4.01 21.11 11.52 1.02 – – – �5.12 – – – – –
18 10.04 22.04 4.33 3.21 29.81 21.23 1.22 – – – �6.15 – – – – –
19 9.82 27.01 6.83 5.11 37.43 19.51 1.54 – – – �5.73 – – – – –

20 17.91 10.75 6.41 3.11 16.01 12.97 0.08 0.0003 0.0002 0.0314 �4.62 �7.03 �45.40 – 59.00 �9.83
21 19.00 15.00 6.9 3.8 19.96 17.03 0.3 0.0003 0.0005 0.0489 �0.85 �7.83 �53.20 – 35.00 –
22 26.00 19.00 9.86 4.19 31.94 24.02 0.38 0.0003 0.0004 0.0597 3.60 – – – – –
23 21.08 24.5 9.45 4.42 30.26 26.22 0.07 0.0002 0.0002 0.0610 4.30 – – – – –
24 20.00 16.00 5.91 3.7 21.96 18.01 1.12 0.0002 0.0006 0.0517 1.20 – – – – –
25 5.00 15.00 3.94 3.00 13.02 5.01 1.03 0.0003 0.0004 0.0239 �6.22 – – – – –
26 3.00 11.00 4.93 2.39 14.97 1.97 0.6 0.0003 0.0004 0.0241 1.10 �8.29 �55.30 – 3.40 –
27 5.21 14.00 6.16 3.6 17.68 3.38 0.30 0.0004 0.0003 0.0386 �1.42 – – – – –
28 14.00 12.00 5.91 2.6 9.98 16.01 0.84 0.0003 0.0004 0.0152 �5.10 – – – – –
29 22.00 21.00 10.85 2.19 29.07 22.02 1.22 0.0003 0.0005 0.0296 �1.60 – – – – –
30 10.00 18.00 5.91 2.64 23.96 7.02 0.34 0.0003 0.0004 0.0465 �0.42 – – – – –
31 14.00 16.00 5.91 2.7 21.96 13.02 1.02 0.0002 0.0002 0.0497 2.10 – – – – –
32 21.08 21.25 9.2 4.42 30.36 24.11 1.33 0.0003 0.0006 0.0570 5.60 �6.82 �42.40 – 59.00 �8.63
33 17.00 14.00 5.91 3.29 17.97 15.03 0.83 0.0003 – 0.0584 �1.10 �7.12 �52.30 – 36.00 –
34 3.17 17.00 4.52 2.13 17.68 6.76 0.22 – – – 3.60 – – – – –
35 25.13 28.00 15.2 4.59 33.07 24.11 0.05 0.0002 – 0.0514 0.80 �7.73 �53.30 – 51.00 –
36 10.00 14.00 9.86 2.8 15.97 12.01 0.36 0.0003 0.0001 0.0228 2.80 �6.36 �41.30 – 75.30 –
37 24.52 30.5 12.82 5.24 36.41 26.79 1.63 0.0020 – 0.0147 �2.20 �7.33 �50.50 – 31.00 –
38 22.8 15.2 20.49 4.17 28.63 16.02 0.29 – – – 5.78 �7.90 �54.30 1.34 18.00 �11.30
39 9.01 15.9 3.87 2.7 15.28 4.82 0.27 – – – 4.87 �6.18 �38.48 0.50 67.20 �8.56
40a 1.39 5.4 4.12 2.34 6.89 2.00 0.36 – – – 6.24 �6.53 �43.30 2.40 39.40 �8.32
41 3.56 10.24 6.12 2.32 16.23 4.50 0.55 – – – 4.80 – – – – –

42 1.00 3.5 1.97 3.29 2.16 5.49 0.00 0.0020 – 0.0143 5.21 �6.74 �38.24 – 61.40 �8.18
43 7.00 12.00 7.39 4.7 11.89 8.51 0.21 0.0003 – 0.0269 6.74 �6.80 �36.80 – 28.60 �7.39
44 9.00 14.00 7.89 3.00 17.97 10.01 0.25 0.0000 – 0.0000 5.97 �6.33 �35.30 – 63.00 �7.80
45a 1.58 2.92 1.80 2.13 1.51 1.73 0.26 0.0008 – 0.0260 6.25 �6.94 �44.81 0.00 12.40 �4.30
46a 2.85 2.80 2.69 3.04 2.30 2.44 0.3 – – – 4.84 �6.77 �45.63 0.00 13.50 �5.60
47a 3.66 8.73 3.52 1.99 7.55 5.17 0.19 0.0003 – 0.0147 5.76 �6.10 �39.00 0.06 34.00 �7.50
48a 3.49 4.22 3.39 1.69 3.09 4.54 0.22 0.0003 – 0.0184 5.77 �6.10 �38.30 0.61 26.40 �6.80
49 4.89 14.32 3.21 2.32 16.00 8.89 0.23 – – – 6.29 – – – – –

50b 11.95 14.52 3.25 1.89 4.02 14.22 0.01 – – – 6.88 �7.13 �47.40 1.17 14.90 �6.66
51b 5.01 10.39 10.92 3.29 27.07 15.60 0.00 0.0003 – 0.0346 5.62 �6.93 �47.70 1.10 9.70 �12.00
52b 10.80 17.20 6.69 2.19 12.52 9.00 0.00 0.0004 – 0.0121 6.21 �5.46 �35.45 1.10 28.80 �9.30
53b 5.8 17.62 4.26 3.00 8.11 5.07 0.01 0.0003 – 0.0154 4.87 �7.43 �52.50 0.00 31.40 �7.50

4
2
8

Y
.
H
a
m
ed

et
a
l./Jo

u
rn
a
l
o
f
A
frica

n
E
a
rth

S
cien

ces
1
0
0
(2
0
1
4
)
4
1
8
–
4
3
6



4.4.2. Industrial activity

In the Gafsamining basin, soil contamination bymetals and dust
has become a widespread serious problem in many area of this
basin, including M’Dilla, Moulares, Redayef and Metlaoui cities.
Among these, phosphate mine activity is considered as one of the
most famous and dangerous anthropogenic activities in Tunisia
(contamination of soil, air, water, and degradation of land
resources) (Hamed, 2009, 2011). Dental fluorosis is an irreversible
condition caused by excessive ingestion of fluoride during the tooth
forming years (drinkable water, tea and alcohol consumption ‘‘70%
of the population in the study area’’, proteins deficiency, climatic
conditions, etc.). It is the first visible sign that a child has been over-
exposed to fluoride. Fluorosis is a considerable health problem
worldwide, which is afflicting millions of people in many areas of
the world, for example, East Africa (Nanyaro et al., 1984; Gaciri
and Davies, 1993; Gizaw, 1996), Turkey (Oruc, 2003), India
(Subba Rao and John Devadas, 2003; Gupta et al., 2005; Jacks
et al., 2005), southeastern Korea (Kim and Jeong, 2005) and Mor-
occo (Msefer and Hamza, 1999). According toWorld Health Organi-
zation (WHO, 2006), the limit value for fluoride is 1.5 mg l�1.
Similarly, the high fluoride concentration in groundwater has
now become one of the important toxicological and geo-environ-
mental issues in the most part of the arid and semi-arid areas in
the North of Africa and especially in Southern Tunisia (mining Gafsa
basin: El Guettar, M’Dilla, Metlaoui, Moulares, Redayef and Djerid
regions). The occurrence of the high-fluoride groundwater seriously
threatens the drinking water safety of the local inhabitants, and is
one of the important reasons for the scarcity of the fresh groundwa-
ter in the region. Due to the threat to human health, a series of stud-
ies in high-fluoride groundwater have been conducted to indicate
the high concentration of fluoride in groundwater, to improve the
management of the water resources, and to reduce the risk of the
fluorosis hazards in the some arid areas in Tunisia (Kamel et al.,
2008; Hamed, 2009; Tarki et al., 2010; Ben Moussa et al., 2010a,b;
Mokadem et al., 2012, 2014). In the study area, the fluoride concen-
tration (2 � 10�2–10�1mg l�1) was detected in 75% of the drinking-
water samples (Hamed and Ben Sâad, 2010; Ben Sâad, 2012) and
especially in M’Dilla–Moulares–Metlaoui zones (mining regions).

In the study area, cadmium (10�2–2 � 10�2 mg l�1) was
detected in 45% of the drinking-water samples located in the South
of study area and especially in M’Dilla–Moulares–Metlaoui zones
(mining regions). The high Cd concentration was observed in rela-
tively shallow boreholes near the discharge zones. Contamination
of drinking-water may occur as a result of the presence of cadmium
in phosphate sediments (apatite) (Friberg et al., 1986; Chaabani,
1995; Felhi, 2010; Tlili et al., 2012). Caused effects on fertility,
DNA degradation (mutation: decreased fidelity of DNA synthesis),
increased tumor of the prostate (cancer especially as the CPG-GCT
employee), resorption function of the proximal tubules, the first
symptom being an increase in the urinary excretion of low-molec-
ular-weight proteins, known as tubular proteinuria. Other possible
effects include aminoaciduria, glucosuria, osteomalacia and phos-
phaturia (especially for the women after monoposes: 65%), haema-
topoietic system and immune, respiratory, and nervous systems
(Sittig, 1985; Hamed and Ben Sâad, 2010). Cadmium is present also
in ambient air (atmospheric pollution), soil (polluted soil ‘‘this may
be due to strong adsorption of Cd by the surface soils which have
higher organic matter content’’ or irrigated with polluted
water ‘‘recycling water: phosphate wastewater and/or wastewater
treatment’’) and food in the form of particles in which cadmium
oxide is probably an important constituent. Use of contaminated
water in food preparation can result in contaminated food, because
high cooking temperatures do not affect the toxicity of most chem-
ical contaminants (Howari and Banat, 2001; Banat et al., 2005; Ben
Sâad, 2012). This contamination by Cd has also observed in marine
area in Gabes Gulf ‘‘Gabes and Sfax basins’’ (industrial coast, eastern
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border of the mining Gafsa basin) with different degrees, and
caused many health problem (Barhoumi et al., 2009).

Strontium (Sr), is especially dangerous to humans because it
tends to accumulate in calcium dependent bone marrow tissues.
This element is generally used as a tracer due to its geochemical
characteristics. Calcium (Ca) is readily absorbed by the body for
the building of bones. Since calcium and strontium are in the same
atomic group (A.RCa = 0.197 nm; A.RSr = 0.215 nm), they have sim-
ilar physical and chemical properties. The body, therefore, has a
hard time distinguishing between the two and strontium is
absorbed just as though it were calcium. The Sr values range from
1.4 � 10�2 to 6.1 � 10�2 mg l�1 with an averge 3.7 � 10�2 mg l�1.
These high concentrations provide evidence for the significance
of the phosphate contamination (interraction water-host rock:
recycling water in phosphate lavatories �0.2 mg l�1). Groundwa-
ters acquire Sr because of their interaction with Sr-bearing miner-
als such as celestite (SrSO4) associated with gypsum, carbonate and
clay minerals through adsorption and ion exchange reactions
accompanying calcium (Ca) ion (Morgan-Jones and Eggboro,
1981). Enrichment of Sr in some waters could be related to the
time of residence of MPQ groundwater (0.2–0.6 m year�1: ‘‘piston
flow’’ type transfer) (Hamed et al., 2008, 2010a), so that the ion
is a good environmental tracer (Brondi et al., 1983). The correlation
of SO4 versus Sr (Fig. 9) shows a positive relationship with the MPQ
groundwater and not with the Creataceous groundwater, which
indicates some Sr contribution from dissolution celestite (SrSO4)
associated with gypsum, and anhydrite (Faye et al., 2005). The
mobility of these trace elements depends not only on the total con-
centration in the soil, but also on soil proprieties (texture and
structure). This mobility is controlled by many others factors:
chemical and biochemical processes, such as precipitation,
dissolution, adsorption, oxidation–reduction, soil pH, exchange
with organic matter and mainly by the climate effect.

4.5. Microbial pollution

Table 3 shows the results of the microbiological analyses
arranged from the most contaminated wells to the least contami-
nated. Total coliforms, Escherichia coli, enterococci. and Clostridium

perfringens were monitored as evidence of fecal contamination.
Nine wells were positive for total coliforms and eight wells were
positive for E. coli by the membrane filtration method. All wells
were positive for both total coliform and E. coli by the Colilert Pres-
ence/Absence test kit. Seven wells tested positive for enterococci.
C. perfringens was not detected in any well. The high permeability
of Miocene Formation (sands), the alluvial deposits of phreatic
aquifers and the low depth of wells (under 5 m) would have
allowed for the transport of microorganism throughout the subsur-
face. Many existing on-site septic systems (Gafsa, Metlaoui, Moul-
ares and Redayef regions) were installed in areas of thin to absent
soils (recharge zone) (Figs. 2b and 2c). This study showed that
microbial contamination affects wells in the surrounding rural area

of mining Gafsa basin (Ben Sâad, 2012; Mokadem et al., 2012;
Hamed et al., 2013a).

Tunisia is one of the largest phosphate producers in the world
(more than 10 million tons per year since the early nineties). In
the mining Gafsa basin, the phosphorites formed during the
Paleocene/Eocene were found to be composed of apatite, calcite,
dolomite, clay minerals (illite, smectite, sepiolite and kaolinite),
quartz, opal-CT, and gypsum (occasionally) (Sassi, 1974; Chaabani,
1978; Tlig et al., 1987; Boujlel et al., 2008; Tlili et al., 2012). In Tuni-
sia, phosphorite deposits occur in several areas, such as the North–
South Axis (Nosa) and in the Gafsa–Metlaoui region. Gafsa basin is
one of the most geologically investigated areas in southern Tunisia.
Pollution of shallow aquifers by anthropogenic contaminants is
becoming one of the central problems in the management of water
resources. Fig. 10 shows the characteristic anthropogenic contami-
nants (nitrate, sulfate, chloride, phosphate wastewater of CPG) in
Quatemary and Tertiary aquifer systems in the area of Southwest-
ern Tunisia, (Hamed, 2009). The substantial contamination
observed in the Quatemary aquifers of this region is typical not only
for highly industrialized regions, but is becoming apparent also in
developing countries. Perhaps the high pollution is the one caused
by nitrate originating from agriculture and wastewater from
phosphate sector.

5. Isotopic study investigation

5.1. Oxygen-18 and deuterium data

The use of oxygen-18 and deuterium isotopes in hydrogeology
offers information on the origin and movement of groundwater.
It can offer an evaluation of physical processes that affect water
masses, such as evaporation and mixing (Geyh, 2000). Although,
the major constraint in the use of these isotopes is the availability
of long-term stable isotope records of local rainfall that is funda-
mental for understanding the relationship between isotopic
compositions of groundwater and precipitation input function. A
general estimate, however, can be derived from data and study
results from nearby areas. Data from the nearest Global Network
for Isotopes in Precipitation (GNIP) station number 7622500,
located at Sfax city, were used to establish the Local Meteoric
Water Line, that follows the linear regression and the Regional
Precipitation Mean Value for d18O and d2H (�4.59% and �23.30%,
respectively) (IAEA/WMO, 1999).

A representative set of groundwater samples was collected
during February 2005 (Hamed, 2009). Nine samples of isotopic

Table 3

Microbial analysis of some groundwater (Aguila and Berka regions).

Number wells Region Total coliform E. coli Enterococci C. perfringens

15 Aguila ± + � �

16 Aguila + + + �

17 Aguila + ± + �

18 Aguila + ± + �

19 Aguila + + � �

21 Berka + + + �

22 Berka + + + �

35 Berka + + + �

36 Berka + + + �

37 Berka + + � �

Fig. 9. Plot of Sr versus SO4.
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analysis refer to the studies of Yermani, 2000 (North Gafsa basin)
and Abidi, 2007 (Tamerza basin) (Table 2). A total of 37 samples
were collected from boreholes tapping the MPQ and Cretaceous
aquifers (70–800 m depth), shallow dug wells (5–50 m depth)
and 2 samples were also collected but from water dams (Fig. 1
and Table 2). The observed variation in stable isotope content in
deep Cretaceous wells ranges from �7.43‰ to �5.46‰ for d18O
and from �52.5‰ to �35.45‰ for d2H. The stable isotope compo-
sition of MPQ aquifers is represented by 26 samples and ranges
from �8.29‰ to �6.36‰ for the d18O and from �55.3‰ to
�41.3‰ for d2H (Table 2). This isotopically difference attests to
the heterogeneity of recharge modes and probably longer resi-
dence time in the aquifer (Gonfiantini et al., 1974; Fontes et al.,
1983; Zouari et al., 2003; Zuppi and Sacchi, 2004).

In Fig. 11, the d18O and d2H data of all groundwater samples
were plotted together with the Global Meteoric Water Line
‘‘defined by the annual average isotope compositions of precipita-
tion at locations around the globe’’ (GMWL: d2H = 8 d18O + 10)
(Craig, 1961; Rozanski et al., 1993) and the regional Meteoric Line
of the Sfax city SMWL (SMWL: d2H = 8 d18O + 13.5) (Maliki, 2000;
Celle et al., 2001), located at a distance of 150 km in Mediterranean
costal eastern study area (Fig. 1). Some MPQ samples (64.16%),
which plot mainly between the GMWL and the SMWL, indicating
that these aquifers have been recharged by rainfall derived from
a mixture of Oceanic and Mediterranean vapor masses (Fig. 1).
The MPQ groundwater group (Group A: about 33.3%), character-
ized by the most d18O/d2H-depleted contents. This indicated the
old origin of the CT groundwaters in relation to their recharge dur-
ing the paleoclimatic cooler regimes. Indeed, paleowater stable iso-
tope signatures in the mining Gafsa basin, like all low-latitude
semi-arid regions, are likely to be controlled more by precipitation
amount and intensity than temperatures as in higher-latitude tem-
perate regions (Clark and Fritz, 1997). These paleowaters are char-
acterized by an excess of deuterium of 10‰ in contrast to the
modern rainfall with a 2H excess of 15‰ representing the lower
humidity caused by primary evaporation in the vapor source as it
moves from the Atlantic region (Sadek and Abd El-Samie, 2001;
Edmunds et al., 2003; Andreoa et al., 2004). Moreover, the fact that
the CT groundwater lies well below the meteoric water lines also
indicates that the evolution of air masses was different to the pres-
ent-day with little or no primary evaporation and probably little
upcoming from its Atlantic Ocean source region which was isotopi-
cally enriched as a result of ice-cap formation (Andreoa et al.,

2004). On the other hand, the stable isotope results are also consis-
tent with the those of carbon-14 (ERESS, 1972; Gonfiantini et al.,
1974; Fontes et al., 1983; Mamou, 1990; Daoud, 1995; Guendouz
and Moulla, 1996; Guendouz et al., 1997; Zouari and Mamou,
1997; Jedoui et al., 2001; Yermani et al., 2002; OSS, 2003;
Edmunds et al., 2003; Zouari et al., 2005; Kamel et al., 2006;
Hamed et al., 2008, 2012b; Hamed, 2009; Mokadem et al., 2012),
which indicate that the main recharge of the C.T in Southern Tuni-
sia and Algeria occurred during the Late Pleistocene and the Early
Holocene periods. In North Africa, three major humid phases have
been identified: (1) the Early Würm pluvial (MIS 3) ‘‘70–40 ka
before present’’, (2) the Middle Würm pluvial (MIS 3) ‘‘32 to about
22 ka before present’’ and (3) the Late Würm pluvial (MIS 2)
‘‘18–11 ka before present’’ (Zuppi and Sacchi, 2004).

The second group (Group B: about 12.8%), constituted by the
deepest Cretaceous boreholes and by those located near the major
fault (Gafsa–Tebessa fault), was characterized by the more
depleted contents of d18O and d2H. Unusually, these samples (3
boreholes) are displaced to the left of both the GMWL and the
SMWL and two boreholes are located between the two lines, which
signify an enrichement of deuterium. Probably, that is due to an
exchange with the organic matter of the marine formation (Metla-
oui Group: phosphate sediment deposits during the Eocene period)
‘‘OM +Water = 2H + H2S’’ (Eq. (9)). This groundwater is inter-
preted as contemporaneous recharge at the high-altitude sur-
rounding mountains (Hamed, 2009; Hamed et al., 2010a). Also,
sulfate reduction can affect the isotopic composition of dissolved
sulfate in groundwater. Sulfate reduction is mediated by bacteria,
which reduce sulfate to sulfide and oxidize organic carbon to CO2

under anaerobic conditions. The sulfate-reduction reaction can be
written as ‘‘SO4

2� + Corganic + 2H2O, H2S+2HCO3’’ (Eq. (10)). If
the pH is greater than 7, HS� will predominate over H2S as the sul-
fide product. Bacterial sulfate reduction preferentially incorporates
32S into the sulfide product, causing the residual sulfate to be
enriched in the heavier isotope, 34S. Thus, as sulfate reduction
progresses, d34S of sulfide will be less than that of sulfate, and
d34S(sulfate) will increase relative to the original composition
(Garrels and Christ, 1990; Boujlel et al., 2008; Tlig et al., 2011;
Hamed et al., 2012b).

Between these two groups, we can be distinguisched another
group (Group C: about 48.8%). These points representing ground-
waters of these aquifers are located almost parallel to the GMWL
towards the paleoclimatic waters of the C.T aquifer suggesting an

Fig. 10. Simplified diagram showing the anthropogenic impact on groundwater quality in the mining Gafsa basin.
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existence of mixing of two different end-members or a direct infil-
tration of recent precipitation through the faults and/or fractures.
Southward of the Gafsa fault, the Miocene groundwater tends to
be more enriched in d18O and d2H and this suggests an evaporation
effect during recharge processes. This strongly supports the
hypothesis about a vertical leakage of C.I deeper groundwater to
the C.T aquifers (Fig. 2c). This process has been mentioned also
by the geophysical studies in the Gafsa basin especially in Sidi
Ahmed Zaroug basin (Zouaghi et al., 2009). Concerning the water
dams (5.1%), the stable isotope composition of these waters is rep-
resented by 2 samples and ranges from �2.22‰ to +1.64‰ for the
d18O and from �15.91‰ to +0.56‰ for d2H (Table 2). These waters
are characterized by more enriched stable isotope contents, which
could be explained by an evaporation effect. In these zones, the
water that largely fractionates in the surface and/or subsurface
(low depth) due to their long exposure to the atmosphere (recy-
cling by evaporation), especially after siltation with mud (clogging
of soil) and even the impact of arid climate in the study area (Abidi,
2007; Yermani, 2000; Yermani et al., 2002; Hamed, 2009; Hamed
et al., 2010a, 2013c; Hamed and Dhahri, 2013). The localization
of these two dams in the Tamerza basin and the others dams in
the Bir El Ater basin (Algerian territory in the west) has improved
the quantity of groundwater but the quality has deterioreted. This
has influenced even the quality and the rentability of the palms
‘‘Phoenix dactylifera’’ and the Olive ‘‘Olea europea L.’’ in the Tamerza
region (downstream of dams). But, it is not the case in the
upstream portion of the dams. Currently there is a scientific project
during realization (Khlifi, 2014), referred to find solutions to these
problems in Tamerza basin.

5.2. Radiogenic isotope of water molecule

Tritium (3H) is the only natural radioactive isotope of hydrogen.
3H, a short-lived isotope of hydrogen with a half-life of 12.32 years,
is a commonly used tracer for determining the age of groundwater
less than 50 years old (Lucas and Unterweger, 2000). Most of
tritium that was present in the atmosphere prior to thermonuclear
testing in the 1950s and 1960s was the result of natural production
in the stratosphere by the bombardment of nitrogen (14N) by neu-
trons in cosmic radiation in the upper atmosphere (Clark and Fritz,
1997; Solomon, 2000). Most of tritium is produced in the high
atmosphere (from 10 to 30 km of altitude) by the action of cosmic
particles (protons and neutrons) on 14N and 16O (Le Goff et al.,
2014). Incorporated directly into the water molecule in the global
hydrological system, tritium is the only direct tracer for groundwa-
ter dating (Cartwright and Morgenstern, 2012; Morgenstern and
Daughney, 2012). The natural background activity of 3H in

precipitation and surface water prior to 1951 varied between 2
and 10 TU (Von Buttlar and Libby, 1955; Thatcher, 1962; Roether,
1967; Plummer, 2005). The presence of tritium in water samples
is a reliable indicator of samples that contain at least a fraction
of post-1950s water (Plummer, 2005). From 1986 the Chernobyl
nuclear disaster, also known as the nuclear accident at Chernobyl
nuclear accident is rated at Level 7, the highest on the International
Nuclear Event Scale (INES) which took place April 26, 1986 in Cen-
tral Lenin, located at the time in the Ukrainian (antrophogenic
activities); Untel today, due to the radioactive decay, groundwater
derived from meteoric water that fell before the onset of atmo-
spheric testing of nuclear weapons would have contained less than
0.75 TU. More recently tritium is increasingly being applied to cal-
ibrate and validate three-dimensional groundwater flow and sol-
ute transport models of aquifer systems at the regional scale
(Orban et al., 2010; Zuber et al., 2011). Thus, if we consider the data
of the tritium contents in precipitation collected in the Tunisian
GNIP stations (Tunis-Carthage, no 6071500 and Sfax city, no
7622500) between 1968 and 2006 (IAEA/WMO, 2006), the 3H con-
tents in water from the study area, which vary from 0 to 8.23 TU
(Table 3), suggest two recharge periods (Fig. 12) and of course this
amount of 3H will subsequently detected on groundwater in the
study area. Waters with 3H contents below 2 TU likely represent
pre-nuclear recharge (during the periods 1950s and 1960s). How-
ever, waters with 3H contents between 2 and 6 TU originate either
from post-nuclear recharge, that infiltrated before nuclear weapon
tests, or from recharge occurring during the last two decades.
Waters with 3H contents under 6 TU represent the modern
recharge. These results are also confirmed in the Northeastern of
Tunisia, in Cap Bon basin (Ben Moussa et al., 2010b; Ben
Hamouda et al., 2011) and by others scientific researchs in North
Africa and in the word.

5.3. Radiogenic isotope of DIC

In the hydrologic cycle, the natural source of carbon-14 is the
atmosphere. The DIC in recharge water is assumed to be in equilib-
rium with the atmospheric reservoir of carbon-14 of approxi-
mately 100% modern carbon (pmC) or greater, and to have a
stable carbon isotopic composition in equilibrium with carbon
dioxide from soil zone respiration of plants and oxidation of
organic matter of approximately �21 to �25 per mil. Carbon-14
(14C) is a naturally-occurring radioactive isotope of carbon, and
was also produced by atmospheric thermo-nuclear testing during
the mid-twentieth century, similar to tritium (Thatcher, 1962;
Zuppi and Sacchi, 2004). 14C radioactivity is used for the study of
old hydrological systems in which groundwater residence times
extend to ca. 30 ka (Clark and Fritz, 1997). The interpretation of
radiocarbon data to obtain groundwater absolute ages is, however,
largely complicated by the potential mixing with younger and
older sources of carbon (carbon-14 originating from widespread
nuclear testing and from interaction of groundwater with carbon-
ate mineral, respectively) (Clark and Fritz, 1997; Edmunds and
Smedley, 2000). As water flows from the recharge area into the
confined groundwater system and becomes isolated from the
atmospheric source of carbon-14, the concentration of carbon-14,
which has a half-life of 5730 years, decreases in the confined
groundwater flow system by radioactive decay as a function of
time. Therefore, carbon-14 concentration is partially an indication
of the residence time of groundwater in an aquifer. The carbon-14
concentration of groundwater, however, can also be diluted with
‘‘radioactively dead’’ carbon derived from the dissolution of car-
bonate minerals and reduction of organic carbon in the aquifer,
which complicates the calculation of age and the speed of ground-
water and the results will be inefficient.

Fig. 11. d18O/d2H diagram.
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The 14C activities vary widely from 3.00 to 75.3 pmC. 21% ana-
lyzed samples show carbon-14 activities greater than 50 pmC.
These relatively high activities lend support to the existence of
an important fraction of organic 14C, likely in relation with the
infiltration of return flow waters, which largely affects the initial
14C contents. However, they corroborate the recent origin of the
shallow groundwaters in the study area. This evolution could be
explained by a larger participation of a depleted source of carbon
which could be organic matter in the deeper part of the aquifer
system (Le Gal La Salle et al., 1996), or by different recharge
regimes (paleo-recharge). The available chemical and isotopic data
allow construction of the conceptual models of groundwater
migration within the C.T aquifers. Such a models are presented in
Figs. 2a, 2b and 2c. In the mining Gafsa region the C.T groundwater
is mixed with the C.I water ascending/upwelling through the fault
system. This phenomenon is accelerating by the overexploitation
of the industrial sector of the complex CPG-GCT. Stratigraphic, tec-
tonic, hydraulic, climatic and anthropogenic conditions seem to be
important factors controlling the geochemical evolution and the
hydrodynamic of groundwater in the study area.

6. Conclusions

The decline of groundwater table was affected by extraction of
groundwater in mining Gafsa basin may be due to the changes in
the direction of groundwater flow in the basin that was caused
by overexploitation. Human activities in the basin played a key role
in the hydrological change of study area. Besides precipitation in
the basin decreased between 1950 and 2014, which was another
factor that led to water resources deficit and the decrease of
groundwater water level and the decrease of spring outflow or
even disappearance of springs/Foggara in the Southwestren
Tunisia.

Based on the stable isotopes of water molecule (d18O, d2H and
d3H) and radiogenic carbon activities in the DIC and d13C, it was
possible to identify various types of groundwater and mixing
process in the system: (i) an old palaeoclimatic groundwater. This
groundwater was likely recharged during the Late Pleistocene and
Early Holocene periods under a cooler climatic regime; (ii) a rela-
tively recent groundwater, that indicates the presence or the influ-
ence of modern water (less than 50 years) or possible
contamination of a groundwater sample with modern atmospheric
water vapor during sampling. This groundwater is interpreted as
contemporaneous recharge at the high-altitude surrounding
mountains; (iii) a mixing groundwater resulting from the
dominant upward leakage from the deep C.I artesian water table.
Tritium contents in these groundwaters provide evidence to the
presence of pre-1950 and post-1960 recharge periods. The

homogeneity of the isotopic composition of large aquifers may
reflect either very stable recharge conditions in time or very long
residence time of water during which diffusion processes occured
and smoothed any past fluctuations, as is the case in the great
regional North African aquifer ‘‘C.I’’ (Gonfiantini et al., 1974;
Hamed et al., 2012a, 2012b). The recharge of these aquifers in
SW Tunisia generally occurs through three major mechanisms:
(i) direct infiltration of rain and mining pollution (phosphate waste
water); (ii) lateral and/or vertical percolation from (wadies, faults,
fractures and dams) and (iii) upwelling from surrounding aquifers
(C.I/C.T) (Hamed et al., 2013b, 2013c).

Acknowledgements

The authors greatly appreciate constructive comments of the
anonymous reviewers and editorial handling. Also they gratefully
acknowledge the contributions of the staff members of Gafsa
Water Resources Division/Agriculture Ministry and the members
of CPG, for their help during field work. We also thank the technical
staff at the Laboratory of the International Agency of Atomic
Energy (IAEA) and the Laboratory of Water, Energy and Environ-
mental (L3E) and the Radio-Anlaysis Laboratory of the National
Engineering School of Sfax (ENIS-Tunisia) for their help and assis-
tance during Laboratory analyses.

References

Abidi, B., 2007. Caratérisation hydrogéologique, géochimique et isotopique des
systèmes aquifères du synclinal de Tamerza et de la plaine de Chott El Gharsa
(Sud Ouest Tunisien). Ph.D. Thesis, University of Sfax, p. 215.

Addoum, B., 1995. L’Atlas Saharien Sud-oriental: Cinématique des plis-
chevauchements et reconstitution du bassin du Sud-Est Constantinois
(confins algéro-tunisiens). Thèse Doc. ès-Sci. Univ. Paris XI Orsay.

Ahmadi, R., 2006. Utilisation des marqueurs morphologiques, sédimentologiques et
microstructuraux pour la validation des modèles cinématiques de plissement.
Application à l’Atlas méridional tunisien. Ph.D. thesis, University of Nantes,
France, p. 200.

Ahmadi, R., Ouali, J., Mercier, E., Mansy, J.L., 2006. The geomorphologic responses to
hinge migration in the fault-related folds in the southern Tunisian Atlas. J.
Struct. Geol. 28, 721–728.

Ahmadi, R., Eric, M., Ouali, J., 2013. Growth-strata geometry in fault-propagation
folds: a case study from the Gafsa basin, southern Tunisian Atlas. Swiss J.
Geosci. http://dx.doi.org/10.1007/s00015-013-0122-z (in press).

Al-Gamal, S.A., 2011. An assessment of recharge possibility to North-Western
Sahara Aquifer System (NWSAS) using environmental isotopes. J. Hydrol. 398,
184–190.

Aloui, T., Dasgupta, P., Chaabani, F., 2012. Facies pattern of the Sidi Aïch Formation:
reconstruction of Barremian paleogeography of Central North Africa. J. Afr.
Earth Sc. 71–72 (2012), 18–42.

Andreoa, B., Linana, C., Carrascob, F., Jiménez de Cisnerosb, C., Caballerob, F.,
Mudryc, J., 2004. Influence of rainfall quantity on the isotopic composition (18O
and 2H) of water in mountainous areas. Application for groundwater research in
the Yunquera-Nieves karst aquifers (S Spain). Appl. Geochem. 19, 561–574.

APHA, 1998. Standard Methods for the Examination of Water and Wastewater,
20th ed. APHA-AWWA-WET, Washington, DC.

Appelgren, B., 2002. Scope of the international workshop on transboundary aquifers
in the African Region. In: Proceedings of the International Workshop Tripoli,
Libya, 2–4 June.

Appelo, C.A.J., Postma, D., 1993. Geochemistry, Groundwater and Pollution.
Balkema, Rotterdam.

Atabey, E., 2005. Tibi Jeoloji (medical geology). In: Atebey, E. (Ed.), Publications of
Chamber of Geology Engineers of Turky. TMMOB, Ankara.

Avery, A., 1999. Infantile methemoglobinemia: reexamining the role of drinking
water nitrates, Children Health Review. Environ. Health Perspect. 107 (7), 583–
586.

Banat, K.M., Howari, F.M., Al-Hamad, A.A., 2005. Heavy metals in urban soil of
central Jordan: should we worry about their environmental risks. Environ. Res.
97, 258–273.

Barhoumi, S., Messaoudi, I., Deli, T., Saïd, K., Kerkeni, A., 2009. Cadmium
bioaccumulation in three benthic fish species, Salaria basilisca, Zosterisessor
ophiocephalus and Solea vulgariscollected from the Gulf of Gabes in Tunisia. J.
Environ. Sci. 21 (7), 980–984.

Belayouni, H., 1983. Etude de la matière organique dans la série phosphatée du
bassin de Gafsa-Métaloui (Tunisie). Application à la compréhension des
mécanismes de la phosphatogenés. Thèse de Doct.Es-Sciences, Univ. d’Oréléan.

Ben Ayed, N., 1986. Évolution tectonique de l’avant-pays de la chaîne alpine de
Tunisie du début du Mésozoïque à l’Actuel. Thèse d’État, université Paris-11.

Fig. 12. Tritium contents in precipitation in Tunisian GNIP stations.

Y. Hamed et al. / Journal of African Earth Sciences 100 (2014) 418–436 433

https://www.researchgate.net/publication/38042084_Cadmium_bioaccumulation_in_three_benthic_fish_species_Salaria_basilisca_Zosterisessor_ophiocephalus_and_Solea_vulgaris_collected_from_the_Gulf_of_Gabes_in_Tunisia_J_Environ_Sci?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/38042084_Cadmium_bioaccumulation_in_three_benthic_fish_species_Salaria_basilisca_Zosterisessor_ophiocephalus_and_Solea_vulgaris_collected_from_the_Gulf_of_Gabes_in_Tunisia_J_Environ_Sci?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/38042084_Cadmium_bioaccumulation_in_three_benthic_fish_species_Salaria_basilisca_Zosterisessor_ophiocephalus_and_Solea_vulgaris_collected_from_the_Gulf_of_Gabes_in_Tunisia_J_Environ_Sci?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/38042084_Cadmium_bioaccumulation_in_three_benthic_fish_species_Salaria_basilisca_Zosterisessor_ophiocephalus_and_Solea_vulgaris_collected_from_the_Gulf_of_Gabes_in_Tunisia_J_Environ_Sci?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257588810_Facies_pattern_of_the_Sidi_Aich_Formation_Reconstruction_of_Barremian_paleogeography_of_Central_North_Africa?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257588810_Facies_pattern_of_the_Sidi_Aich_Formation_Reconstruction_of_Barremian_paleogeography_of_Central_North_Africa?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257588810_Facies_pattern_of_the_Sidi_Aich_Formation_Reconstruction_of_Barremian_paleogeography_of_Central_North_Africa?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/236902867_Growth-strata_geometry_in_fault-propagation_folds_A_case_study_from_the_Gafsa_basin_southern_Tunisian_Atlas?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/236902867_Growth-strata_geometry_in_fault-propagation_folds_A_case_study_from_the_Gafsa_basin_southern_Tunisian_Atlas?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248337089_Influence_of_rainfall_quantity_on_the_isotopic_composition_18O_and_2H_of_water_in_mountainous_areas_Application_for_groundwater_research_in_the_Yunquera-Nieves_karst_aquifers_S_Spain?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248337089_Influence_of_rainfall_quantity_on_the_isotopic_composition_18O_and_2H_of_water_in_mountainous_areas_Application_for_groundwater_research_in_the_Yunquera-Nieves_karst_aquifers_S_Spain?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248337089_Influence_of_rainfall_quantity_on_the_isotopic_composition_18O_and_2H_of_water_in_mountainous_areas_Application_for_groundwater_research_in_the_Yunquera-Nieves_karst_aquifers_S_Spain?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248337089_Influence_of_rainfall_quantity_on_the_isotopic_composition_18O_and_2H_of_water_in_mountainous_areas_Application_for_groundwater_research_in_the_Yunquera-Nieves_karst_aquifers_S_Spain?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/215958807_An_assessment_of_recharge_possibility_to_North-Western_Sahara_Aquifer_System_NWSAS_using_environmental_isotopes?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/215958807_An_assessment_of_recharge_possibility_to_North-Western_Sahara_Aquifer_System_NWSAS_using_environmental_isotopes?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/215958807_An_assessment_of_recharge_possibility_to_North-Western_Sahara_Aquifer_System_NWSAS_using_environmental_isotopes?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/8139262_Heavy_metals_in_urban_soils_of_central_Jordan_should_we_worry_about_their_environmental_risks_Environ_Res?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/8139262_Heavy_metals_in_urban_soils_of_central_Jordan_should_we_worry_about_their_environmental_risks_Environ_Res?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/8139262_Heavy_metals_in_urban_soils_of_central_Jordan_should_we_worry_about_their_environmental_risks_Environ_Res?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248336560_Geochemistry_and_14C_dating_of_groundwaters_from_Jurassic_aquifers_of_North_Aquitaine_Basin_France?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/286281998_Geochemistry_Groundwater_and_Pollution?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/286281998_Geochemistry_Groundwater_and_Pollution?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/278817827_The_geomorphologic_responses_to_hinge_migration_in_the_fault-related_folds_in_the_Southern_tunisian_Atlas?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/278817827_The_geomorphologic_responses_to_hinge_migration_in_the_fault-related_folds_in_the_Southern_tunisian_Atlas?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/278817827_The_geomorphologic_responses_to_hinge_migration_in_the_fault-related_folds_in_the_Southern_tunisian_Atlas?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/25305332_APHA_Standard_Methods_for_the_Examination_of_Water_and_Wastewater?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/25305332_APHA_Standard_Methods_for_the_Examination_of_Water_and_Wastewater?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/298293992_Infantile_methemoglobinemia_Reexamining_the_role_of_drinking_water_nitrates?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/298293992_Infantile_methemoglobinemia_Reexamining_the_role_of_drinking_water_nitrates?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/298293992_Infantile_methemoglobinemia_Reexamining_the_role_of_drinking_water_nitrates?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/256632222_Groundwater_evolution_of_the_Continental_Intercalaire_aquifer_of_Southern_Tunisia_and_a_part_of_Southern_Algeria_Use_of_geochemical_and_isotopic_indicators?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/271564597_WITHDRAWN_Groundwater_recharge_areas_of_the_Continental_Intercalaire_aquifer-hydrogeochemical_and_environmental_isotopes_Southern_Tunisia_and_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==


Ben Dhia, H., 1987. The geothermal gradient map of central Tunisia, comparison
with structural, gravimetric and petroleum data. Tectonophysics 142, 99–109.

Ben Dhia, H., 1990. Application of chemical geothermometers to some Tunisian hot
springs. Geothermics 19, 15–23.

Ben Hamouda, M.F., Tarhouni, J., Leduc, Ch., Zouari, K., 2011. Understanding the
origin of salinization of the Plio-quaternary eastern coastal aquifer of Cap Bon
(Tunisia) using geochemical and isotope investigations. Environ. Earth Sci. 63
(5), 889–901.

Ben Moussa, A., Bel Haj Salem, S., Zouari, K., Jlassi, F., 2010a. Hydrochemical and
isotopic investigation of the groundwater composition of an alluvial aquifer,
Cap Bon Peninsula, Tunisia. Carbonates Evaporites 25, 161–176. http://
dx.doi.org/10.1007/s13146-010-0020-7.

Ben Moussa, A., Bel Haj Salem, S., Zouari, K., Marc, V., Jlassi, F., 2010b. Investigation
of groundwater mineralization in the Hammamet–Nabeul unconfined aquifer,
north-eastern Tunisia: geochemical and isotopic approach. Environ. Earth Sci.
http://dx.doi.org/10.1007/s12665-010-0616-1.

Ben Sâad, A., 2012. Etude toxicologique des eaux souterraines de la region de Berka
(bassin minier de Moularés). Sud Ouest Tunisien. Master Pro-Faculté de
Médicine de Sfax. 150p.

Bengtsm, G., Annadotter, H., 1989. Nitrate reduction in a groundwater microcosm
determined by 15N gas chromatograph mass spectrometry. Appl. Environ.
Microbiol. 55 (11), 2861–2870.

Bésbés, M., 1978. Etude hydrogéologique du bassin de Moularès-Redayef (Modèle
mathématique). Ecole des Mines; 41p.

Bohike, J.K., Smith, R.L., Hannon, J.E., 2007. Isotopic analysis of N and O in nitrite and
383 nitrate by sequential selective bacterial reduction to N2O. Anal. Chem. 79
(384), 5888–5895.

Boujlel, B., Hamed, H., Slimene, F., Ben Ali, R., Belhammami, K., Hamed, Y., Ben Dhia,
H., 2008. Evolution of research activities of Gafsa Phosphate Company. In: 22nd
Colloquim of African Geology and 13th Conference of Geological Society of
Africa Hammamet, Tunisia, 2008, pp. 4–6.

Boukadi, N., Zarai, N., Ben Ouezdou, H., Zargouni, F., Chaouachi, A., Lâatar, E., 1991.
Carte géologique de la Tunisie, Feuille de Oum Laâraïs (N� 59). Echelle 1/
100,000. Edt. Service géologique, ONM.

Bouri, S., 2008. Les ressources en eaux thérmo-minérales en Tunisie: Connaissance
du gisement, gestion et protection. Mémoire d’habilitation à diriger des
recherches. Fac. Sci. de Sfax, 145p.

Brondi, M., Fidelibus, M.D., Gragnani, R., Tulipano, L., 1983. Hydrochemical study
and distribution of some trace elements in the most important coastal springs
and groundwater of the Apulian region (southern Italy). Geol. Appl. Idrogeol. 17
(2), 65–80.

Cartwright, I., Morgenstern, U., 2012. Constraining groundwater recharge and the
rate of geochemical processes using tritium and major ion geochemistry: ovens
catchment, southeast Australia. J. Hydrol. 475, 137–149.

Castany, G., 1982. Bassin sédimentaire du Sahara septentrional (Algérie-Tunisie)-
Aquifères du Continental Intercalaire et du Complexe Terminal. Bulletin Bureau
Recherches Géologiques Minières (BRGM). Série 2, vol. 3, pp. 127–147.

Celle, H., 2000. Caractérisation des précipitations sur le pourtour de la Méditerranée
occidentale: Approche isotopique et chimique. Thèse de 3éme cycle Univ
Avignon Pays Vaucluse, p. 222.

Celle, H., Zouari, K., Travi, Y., Daoud, A., 2001. Caractérisation isotopique des pluies
en Tunisie Essai de typologie dans la région de Sfax. C.R. Acad. Sci. Paris 6, 625–
631.

Celle-Jeanton, H., Travi, Y., Blavoux, B., 2001a. Isotopic typology of the precipitation
in the Western Mediterranean region at three different time scales. Geophys.
Res. Lett. 28 (7), 1215–1218.

Celle-Jeanton, H., Zouari, K., Travi, Y., Daoud, A., 2001b. Caractérisation isotopique
des pluies en Tunisie. Essai de typologie dans la région de Sfax. C.R. Acad. Sci.
Paris 333, 625–631.

Chaabani, F., 1978. Les phosphorites de la coupe-type de Foum Sélja (Métlaoui,
Tunisie), Thése de 3éme cycle, Université Louis Pasteur de Strasbourg, 131pp.

Chaabani, F., 1995. Dynamique de la partie orientale du bassin de Gafsa au Crétacé
et au Paléogène: Etude minéralogique et géochimique de la série phosphatée
Eocène, Tunisie méridionale. Thèse Doc. Etat. Univ. Tunis II. Tunisie.

Chalbaoui, M., Ben Dhia, H., 2004. Principales caractéristiques des réservoirs du
Sud-Ouest tunisien. C. R. Geosci. 336, 1191–1198.

Choura, A., 2010. Exploitation of Groundwater in Gafsa Basin (Internal Report). DRE
Gafsa.

Clark, I.D., Fritz, P., 1997. Environmental Isotopes in Hydrogeology. Lewis
Publishers, New York, p. 328.

Coba, M., 1994. Avant projet des barrages de stockage d’eaux en nappe souterraine
dans la région de Tamerza. Ministère de l’Agriculture, Direction EGTH, Tunis. pp.
100.

Coleman, M.L., Shepherd, T.J., Durham, J.J., Rouse, J.E., Moore, G.R., 1982. Reduction
of water with zinc for hydrogen isotope analysis. Anal. Chem. 54, 993–995.

Cook, P., Herczeg, A.L. (Eds.), 2000. Environmental Tracers in Subsurface Hydrology.
Kluwer, New York.

Coplen, T.B., 1996. New guidelines for reporting stable hydrogen, carbon, and
oxygen isotope-ratio data. Geochim. Cosmochim. Acta 60, 3359–3360.

Coque, R., 1962. La Tunisie présaharienne: étude géomorphologique. Armond Colin,
Paris.

Cornet, A., 1964. Introduction à l’hydrogéologie saharienne. Revue de
Géographique. Phys. Géol. Dynam. (Part 2) VI 1, 5–72.

CPG-GCT, 2009. Tunisian Phosphate Industry. <http://www.gct.com.tn/francais/
secteur.htm>.

Craig, H., 1961. Isotopic variations in meteoric water. Science 133, 1702–1703.

Daoud, D., 1995. Caractérisation géochimique et isotopique des eaux souterraines et
estimation du taux d’évaporation dans le bassin du Chott Chergui (zone semi-
aride), Algérie. Ph.D. Thesis, University of Paris-Sud, Orsay, p. 256.

Darwish, T., Atallah, T., Francis, R., Saab, C., Jomaa, I., Shaaban, A., Sakka, H., Zdruli, P.,
2011. Observations on soil and groundwater contamination with nitrate: a case
study from Lebanon-East Mediterranean. Agric. Water Manage. 99 (1), 74–84.

Dassi, L., 2009. Use of chloride mass balance and tritium data for estimation of
groundwater recharge and renewal rate in an unconfined aquifer from North
Africa: a case study from Tunisia. Environ. Earth Sci. http://dx.doi.org/10.1007/
s12665-009-0223-1.

DGRE (Direction Générale des Ressources en Eau), 2010. Annuaire de l’exploitation
des nappes de la Tunisie. DGRE, Tunis, Tunisie.

Diédhiou, M., 2012. Tracing groundwater nitrate sources in the Dakar suburban
area: an isotopic multi-tracer approach. Hydrol. Process. 26, 760–770.

Dlala, M., Hfaiedh, M., 1993. Le séisme du 7 Novembre à Métlaoui (Tunisie
méridionale): une tectonique active en compression. C.R. Acad. Sci. Paris 317
(II), 1297–1307.

Edmunds, W.M., Smedley, P.L., 2000. Residence time indicators in groundwater: the
East Midlands Triassic sandstone aquifer. Appl. Geochem. 15, 737–752.

Edmunds, W.M., Shand, P., Guendouz, A.H., Moulla, A.S., Mamou, A., Zouari, K., 1997.
Recharge Characteristics and Groundwater Quality of the Grand Erg Oriental
Basin. BGS, London, UK.

Edmunds, W.M., Guendouz, A., Mamou, A., Moulla, A., Shand, P., Zouari, K., 2003.
Groundwater evolution in the Continental Intercalaire aquifer of southern
Algeria and Tunisia: trace element and isotopic indicators. Appl. Geochem. 18,
805–822.

El Guedri, M., 1999. Assessment of scaling and corrosion problems in the Kebili
geothermal field, Tunisia. Report 1. In: Geothermal Training in Iceland 1999,
UNU G.T.P. Iceland. pp. 1–40.

Epstein, S., Mayeda, T.K., 1953. Variations of 18O content of waters from natural
sources. Geochim. Cosmochim. Acta 4, 213–224.

ERESS, 1972. Etude des ressources en eau du Sahara Septentrional [Study of Water
Resources of the Septentrional Sahara]. UNESCO, Paris.

Etcheverry, D., 2002. Valorisation des méthodes isotopiques pour les questions
pratiques liées aux eaux souterraines [Evaluation of Isotopic Methods for
Groundwater Investigation]. Office fédéral des eaux et de la géologie, Lausanne,
Switzerland.

Faye, S., Maloszewskib, P., Stichlerb, W., Trimbornb, P., Fayea, S.C., Gaye, C.B., 2005.
Groundwater salinization in the Saloum (Senegal) delta aquifer: minor
elements and isotopic indicators. Sci. Total Environ. 343, 243–259.

Felhi, M., 2010. Les niveaux intercalaires de la serie yprésienne du bassin Gafsa-
Métlaoui: Apports de la minéralogie des argiles et de la géochimie de la matière
organique résiduelle à la reconstitution paléoenvironnementale. Ph.D. Thesis,
University of Sfax, p. 170.

Felhi, M., Tlili, A., Montacer, M., 2008. Geochemistry, petrography and spectroscopy
of organic matter of clay-associated Kerogen of Ypresian series: Gafsa-Metlaoui
Phosphatic Basin, Tunisia. Resour. Geol. 58(4), 428–436(9).

Fontes, J.C., 1980. Environmental isotopes in groundwater hydrology. In: Fritz, P.,
Fontes, J.C. (Eds.), Handbook of Environmental Isotope Geochemistry. Elsevier,
Amsterdam, pp. 75–140.

Fontes, J.C., Coque, R., Dever, L., Filly, A., Mamou, A., 1983. Paléohydrologie isotopique
de l’wadi el Akarit (Sud Tunsien) au Pléistocène Supérieur et à l’Holocène
[Isotopic Paleohydrology of Wadi el Akarit (Southern Tunisia) during the Late
Pleistocene and Holocene]. Palaeolgeogr. Palaeoclimatol. Palaeoecol. 43, 41–61.

Friberg, L., Elinder, C.G., Kjellstrom, T., Nordberg, G.F., 1986. Cadmium and Health: A
Toxicological and Epidemiological Appraisal. Effects and Response, vol. II. CRC
Press, Boca Raton, Florida.

Gaciri, S.J., Davies, T.C., 1993. The occurrence and geochemistry of fluoride in some
natural waters in Kenya. J. Hydrol. 143, 395–412.

Garcia, M.G., Del Hidalgo, M., Blesa, M.A., 2001. Geochemistry of groundwater in the
alluvial plain of Tucuman province. Argent Hydrogeol. J. 9, 597–610.

Garrels, R.M., Christ, C.L., 1990. Solutions, minerals and equilibria. In: Carbonate
Equilibria. Jones and Bartlett Publishers, Boston, pp. 77–131.

Geyh, M.A., 2000. An overview of 14C analysis in the study of groundwater.
Radiocarbon 42 (1), 99–114.

Gi-Tak, C., Kangjoo, K., Seong, T., Kyoung, H., Soon, O., Byoung, Y., Hyoung, S., Chul,
W., 2004. Hydrogeochemistry of alluvial groundwaters in an agricultural area:
an implication for groundwater contamination susceptibility. Chemosphere 55,
369–378.

Gizaw, B., 1996. The origin of high bicarbonate and fluoride concentration in waters
of the main Ethiopian Rift valley. J. Afr. Earth Sc. 22, 391–402.

Gonfiantini, R., Conrad,G., Fontes, J.C., Sauzy,G., Payne, B.R., 1974. Etude isotopiquede
la nappe du Continental Intercalaire et ses relations avec les autres nappes du
Sahara Septentrional [Isotopic studyof theContinental Intercalaireaquifer and its
relations with the other aquifers of the Septentrional Sahara]. In: Isotope
Techniques in Groundwater Hydrology, vol. I. IAEASM-182/25, IAEA, Vienna,
pp. 227–241.

Gouasmia, M., 2008. Etude géophysique des potentialités hydrauliques au SW de la
région de Gafsa. Ph.D. Thesis, University of Tunis II, Tunis, 2008. p. 200.

Guendouz, A., Moulla, A.S., 1996. Drainance de la nappe profonde du Continental
Intercalaire vers les aquifères superficiels à Ourgala: arguments isotopiques.
Colloque International sur l’utilisation des techniques isotopiques dans les
domaines des ressources en eau et en sol, Mahdia (Tunisie).

Guendouz, A., Moulla, A.S., Edmunds, W., Shand, P., Poole, J., Zouari, K., Mamou, A.,
1997. Paleoclimatic information contained in groundwater of the Grand Erg
Oriental, N. Africa. In: Proceeding Symposium. IAEA, Vienna, p. 349.

434 Y. Hamed et al. / Journal of African Earth Sciences 100 (2014) 418–436

https://www.researchgate.net/publication/256756870_Constraining_groundwater_recharge_and_the_rate_of_geochemical_processes_using_tritium_and_major_ion_geochemistry_Ovens_catchment_southeast_Australia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/256756870_Constraining_groundwater_recharge_and_the_rate_of_geochemical_processes_using_tritium_and_major_ion_geochemistry_Ovens_catchment_southeast_Australia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/256756870_Constraining_groundwater_recharge_and_the_rate_of_geochemical_processes_using_tritium_and_major_ion_geochemistry_Ovens_catchment_southeast_Australia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/229902947_Geochemistry_Petrography_and_Spectroscopy_of_Organic_Matter_of_Clay-Associated_Kerogen_of_Ypresian_Series_Gafsa-Metlaoui_Phosphatic_Basin_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/229902947_Geochemistry_Petrography_and_Spectroscopy_of_Organic_Matter_of_Clay-Associated_Kerogen_of_Ypresian_Series_Gafsa-Metlaoui_Phosphatic_Basin_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/229902947_Geochemistry_Petrography_and_Spectroscopy_of_Organic_Matter_of_Clay-Associated_Kerogen_of_Ypresian_Series_Gafsa-Metlaoui_Phosphatic_Basin_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/8682960_Hydrogeochemistry_of_Alluvial_Groundwaters_in_an_Agricultural_Area_An_Implication_for_Groundwater_Contamination_Susceptibility?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/8682960_Hydrogeochemistry_of_Alluvial_Groundwaters_in_an_Agricultural_Area_An_Implication_for_Groundwater_Contamination_Susceptibility?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/8682960_Hydrogeochemistry_of_Alluvial_Groundwaters_in_an_Agricultural_Area_An_Implication_for_Groundwater_Contamination_Susceptibility?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/8682960_Hydrogeochemistry_of_Alluvial_Groundwaters_in_an_Agricultural_Area_An_Implication_for_Groundwater_Contamination_Susceptibility?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248548237_Principales_caracteristiques_des_reservoirs_du_Sud-Ouest_tunisien?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248548237_Principales_caracteristiques_des_reservoirs_du_Sud-Ouest_tunisien?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225744842_Use_of_chloride_mass_balance_and_tritium_data_for_estimation_of_groundwater_recharge_and_renewal_rate_in_an_unconfined_aquifer_from_North_Africa_A_case_study_from_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225744842_Use_of_chloride_mass_balance_and_tritium_data_for_estimation_of_groundwater_recharge_and_renewal_rate_in_an_unconfined_aquifer_from_North_Africa_A_case_study_from_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225744842_Use_of_chloride_mass_balance_and_tritium_data_for_estimation_of_groundwater_recharge_and_renewal_rate_in_an_unconfined_aquifer_from_North_Africa_A_case_study_from_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225744842_Use_of_chloride_mass_balance_and_tritium_data_for_estimation_of_groundwater_recharge_and_renewal_rate_in_an_unconfined_aquifer_from_North_Africa_A_case_study_from_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/228585398_An_Overview_of_1_4C_Analysis_in_the_Study_of_Groundwater?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/228585398_An_Overview_of_1_4C_Analysis_in_the_Study_of_Groundwater?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/223732781_Residence_time_indicators_in_groundwater_the_East_Midlands_Triassic_sandstone_aquifer_Appl_Geochem?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/223732781_Residence_time_indicators_in_groundwater_the_East_Midlands_Triassic_sandstone_aquifer_Appl_Geochem?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/231174645_Reduction_of_water_with_zinc_for_hydrogen_isotope_analysis_Anal_Chem_54_993-995?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/231174645_Reduction_of_water_with_zinc_for_hydrogen_isotope_analysis_Anal_Chem_54_993-995?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/null?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/null?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/null?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225655720_Understanding_the_origin_of_salinization_of_the_Plio-quaternary_eastern_coastal_aquifer_of_Cap_Bon_Tunisia_using_geochemical_and_isotope_investigations?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225655720_Understanding_the_origin_of_salinization_of_the_Plio-quaternary_eastern_coastal_aquifer_of_Cap_Bon_Tunisia_using_geochemical_and_isotope_investigations?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225655720_Understanding_the_origin_of_salinization_of_the_Plio-quaternary_eastern_coastal_aquifer_of_Cap_Bon_Tunisia_using_geochemical_and_isotope_investigations?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225655720_Understanding_the_origin_of_salinization_of_the_Plio-quaternary_eastern_coastal_aquifer_of_Cap_Bon_Tunisia_using_geochemical_and_isotope_investigations?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/236586105_Isotopic_typology_of_the_precipitation_in_the_Western_Mediterranean_Region_at_three_different_time_scales?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/236586105_Isotopic_typology_of_the_precipitation_in_the_Western_Mediterranean_Region_at_three_different_time_scales?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/236586105_Isotopic_typology_of_the_precipitation_in_the_Western_Mediterranean_Region_at_three_different_time_scales?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/223044523_The_occurrence_and_geochemistry_of_fluoride_in_some_natural_waters_of_Kenya_J_Hydrol?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/223044523_The_occurrence_and_geochemistry_of_fluoride_in_some_natural_waters_of_Kenya_J_Hydrol?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226853953_Geochemistry_of_Groundwater_in_the_Alluvial_Plain_of_Tucuman_Province_Argentina?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226853953_Geochemistry_of_Groundwater_in_the_Alluvial_Plain_of_Tucuman_Province_Argentina?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248522891_Application_of_chemical_geothermometers_to_some_Tunisian_hot_springs?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248522891_Application_of_chemical_geothermometers_to_some_Tunisian_hot_springs?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/286271949_Caracterisation_isotopique_des_pluies_en_Tunisie_Essaie_de_typologie_dans_la_region_de_Sfax?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/286271949_Caracterisation_isotopique_des_pluies_en_Tunisie_Essaie_de_typologie_dans_la_region_de_Sfax?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/286271949_Caracterisation_isotopique_des_pluies_en_Tunisie_Essaie_de_typologie_dans_la_region_de_Sfax?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/255947823_Environmental_isotopes_in_groundwater_hydrology?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/255947823_Environmental_isotopes_in_groundwater_hydrology?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/255947823_Environmental_isotopes_in_groundwater_hydrology?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/223638679_Variation_of_O18_Content_of_Waters_From_Natural_Sources?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/223638679_Variation_of_O18_Content_of_Waters_From_Natural_Sources?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/240378924_The_geothermal_gradient_map_of_Central_Tunisia_Comparison_with_structural_gravimetric_and_petroleum_data?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/240378924_The_geothermal_gradient_map_of_Central_Tunisia_Comparison_with_structural_gravimetric_and_petroleum_data?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/238001431_Observations_on_soil_and_groundwater_contamination_with_nitrate_A_case_study_from_Lebanon-East_Mediterranean?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/238001431_Observations_on_soil_and_groundwater_contamination_with_nitrate_A_case_study_from_Lebanon-East_Mediterranean?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/238001431_Observations_on_soil_and_groundwater_contamination_with_nitrate_A_case_study_from_Lebanon-East_Mediterranean?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/null?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/null?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/null?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226634618_Hydrochemical_and_isotopic_investigation_of_the_groundwater_composition_of_an_alluvial_aquifer_Cap_Bon_Peninsula_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226634618_Hydrochemical_and_isotopic_investigation_of_the_groundwater_composition_of_an_alluvial_aquifer_Cap_Bon_Peninsula_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226634618_Hydrochemical_and_isotopic_investigation_of_the_groundwater_composition_of_an_alluvial_aquifer_Cap_Bon_Peninsula_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226634618_Hydrochemical_and_isotopic_investigation_of_the_groundwater_composition_of_an_alluvial_aquifer_Cap_Bon_Peninsula_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/284318298_Introduction_a_l'hydrogeologie_saharienne?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/284318298_Introduction_a_l'hydrogeologie_saharienne?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/289384336_Les_ressources_en_eaux_thermo-minerales_en_Tunisie_Connaissance_du_gisement_gestion_et_protection?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/289384336_Les_ressources_en_eaux_thermo-minerales_en_Tunisie_Connaissance_du_gisement_gestion_et_protection?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/289384336_Les_ressources_en_eaux_thermo-minerales_en_Tunisie_Connaissance_du_gisement_gestion_et_protection?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/289384192_Etude_geophysique_des_potentialites_hydrauliques_au_SW_de_la_region_de_Gafsa?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/289384192_Etude_geophysique_des_potentialites_hydrauliques_au_SW_de_la_region_de_Gafsa?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/291825009_Hydrogeochemical_study_and_distribution_of_some_trace_elements_in_the_most_important_coastal_springs_and_groundwaters_of_the_Apulian_region_southern_Italy?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/291825009_Hydrogeochemical_study_and_distribution_of_some_trace_elements_in_the_most_important_coastal_springs_and_groundwaters_of_the_Apulian_region_southern_Italy?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/291825009_Hydrogeochemical_study_and_distribution_of_some_trace_elements_in_the_most_important_coastal_springs_and_groundwaters_of_the_Apulian_region_southern_Italy?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/291825009_Hydrogeochemical_study_and_distribution_of_some_trace_elements_in_the_most_important_coastal_springs_and_groundwaters_of_the_Apulian_region_southern_Italy?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225336063_Investigation_of_groundwater_mineralization_in_the_Hammamet-Nabeul_unconfined_aquifer_north-eastern_Tunisia_Geochemical_and_isotopic_approach?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225336063_Investigation_of_groundwater_mineralization_in_the_Hammamet-Nabeul_unconfined_aquifer_north-eastern_Tunisia_Geochemical_and_isotopic_approach?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225336063_Investigation_of_groundwater_mineralization_in_the_Hammamet-Nabeul_unconfined_aquifer_north-eastern_Tunisia_Geochemical_and_isotopic_approach?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225336063_Investigation_of_groundwater_mineralization_in_the_Hammamet-Nabeul_unconfined_aquifer_north-eastern_Tunisia_Geochemical_and_isotopic_approach?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/277441976_Letter_to_the_Editor_New_Iupac_Guidelines_for_the_Reporting_of_Stable_Hydrogen_Carbon_and_Oxygen_Isotope-Ratio_Data?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/277441976_Letter_to_the_Editor_New_Iupac_Guidelines_for_the_Reporting_of_Stable_Hydrogen_Carbon_and_Oxygen_Isotope-Ratio_Data?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/255947737_Environmental_Tracers_in_Subsurface_Hydrology?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/255947737_Environmental_Tracers_in_Subsurface_Hydrology?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/246560813_Isotopic_variations_in_meteoric_waters_Science?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/201169434_Environmental_Isotopes_in_Hydrogeology_Lewis?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/201169434_Environmental_Isotopes_in_Hydrogeology_Lewis?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/236516191_Cadmium_and_Health_A_Toxicological_and_Epidemiological_Appraisal_Vol_1-Exposure_Dose_and_Metabolism?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/236516191_Cadmium_and_Health_A_Toxicological_and_Epidemiological_Appraisal_Vol_1-Exposure_Dose_and_Metabolism?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/236516191_Cadmium_and_Health_A_Toxicological_and_Epidemiological_Appraisal_Vol_1-Exposure_Dose_and_Metabolism?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/268799717_Groundwater_evolution_in_the_Continental_Intercalaire_aquifer_of_southern_Algeria_and_Tunisia_trace_element_and_isotopic_indicators?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/268799717_Groundwater_evolution_in_the_Continental_Intercalaire_aquifer_of_southern_Algeria_and_Tunisia_trace_element_and_isotopic_indicators?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/268799717_Groundwater_evolution_in_the_Continental_Intercalaire_aquifer_of_southern_Algeria_and_Tunisia_trace_element_and_isotopic_indicators?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/268799717_Groundwater_evolution_in_the_Continental_Intercalaire_aquifer_of_southern_Algeria_and_Tunisia_trace_element_and_isotopic_indicators?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/284664870_Tunisie_presaharienne_Etude_geomorphologique?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/284664870_Tunisie_presaharienne_Etude_geomorphologique?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==


Guendouz, A., Moulla, A.S., Remini, B., Michelot, J.L., 2003. Hydrochemical and
isotopic behaviour of a Saharan phreatic aquifer suffering severe natural and
anthropic constraints (case of Oued-Souf region, Algeria). J. Hydrol. 14, 955–
968.

Gupta, S.K., Deshpande, R.D., Agarwal, M., Raval, B.R., 2005. Origin of high fluoride in
groundwater in the North Gujarat-Cambay region, India. Hydrogeol. J. 3, 596–
605.

Hamed, Y., 2004. Caractérisation hydrogéologique, hydrochimique et isotopique des
eaux souterraines de la région du Kef (Nord Ouest Tunisien). Mémoire DEA.
Faculté de Sciences de Sfax, 180p.

Hamed, Y., 2009. Caractérisation hydrogéologique, hydrochimique et isotopique du
systéme aquifére de Moularés-Tamerza. Ph.D. Thesis, University of Sfax, p. 280.

Hamed, Y., 2011. The hydrogeochemical characterization of groundwater in Gafsa-
Sidi Boubaker region (Southwestern Tunisia). Arab. J. Geosci. http://dx.doi.org/
10.1007/s12517-011-0393-5.

Hamed, Y., 2012. Monthly isotopes (d18O and dD) variations of meteoric waters in El
Kef region, Northwestern Tunisia: Implications for changes of moisture sources.
In: International colloque ‘‘Earth and water’’ Annaba-Algeria, 20–22 November.

Hamed, Y., Ben Sâad, A., 2010. Effet de la pollution industrielle sur les ressources
hydriques dans le bassin minier de Gafsa Sud (Sud Ouest Tunisien). La 2ème

édition du congrès international ‘‘eaux, déchets et environnements-union des
pays de la méditerranée – El Jadida, Maroc.

Hamed, Y., Dhahri, F., 2013. Hydro-geochemical and isotopic composition of
groundwater and meteoric water, with emphasis on sources of salinity, in the
aquifer system in Northwestern Tunisia. J. Afr. Earth Sci. http://dx.doi.org/
10.1016/j.jafrearsci.2013.02.004.

Hamed, Y., Dassi, L., Ahmadi, R., Ben Dhia, H., 2008. Geochemical and isotopic study
of the multilayer aquifer system in the Moulares-Redayef basin, southern
Tunisia. Hydrol. Sci. J. Sci. Hydrol. 53 (5).

Hamed, Y., Zairi, M., Ali, W., Ben Dhia, H., 2010a. Estimation of residence times and
recharge area of groundwater in the Moulares Mining Basin by using carbon
and oxygen isotopes (South Western Tunisia). J. Environ. Protect. 1, 466–474,
http://dx.doi.org/10.4236.

Hamed, Y., Dassi, L., Ahmadi, R., Gouasmia, M., 2010b. La guerre de l’« or bleu » dans
les régions Méditerranéennes (Afrique du Nord)-la Tunisie exemple typique. In:
5th International Conference onWater Resources in Mediterranean Basin ‘‘Lille-
France 26–28 may.

Hamed, Y., Mokadem, N., Ben Dhia, H., 2012a. Hydrochemical changes induced by
overexploitation of groundwater in North Africa: a case study of south Gafsa
basin (SW Tunisa). In: International colloque ‘‘Earth and water’’ Annaba-Algeria.
20–22 November.

Hamed, Y., Abdeslam, D., Al-Gamal, S.A., Bouri, S., Ben Dhia, H., 2012b. Groundwater
Recharge Areas of the Continental Intercalaire Aquifer-Hydrogeochemical and
Environmental Isotopes: Case of Southern Tunisia and Algeria. Watmed6
Sousse-September 2012.

Hamed, Y., Awad, S., Ben Sâad, A., 2013a. Nitrate contamination in groundwater in
the Sidi Aïch-Gafsa Oasis region, Southern Tunisia. Environ. Earth Sci.. http://
dx.doi.org/10.1007/s12665-013-2445-5.

Hamed, Y., Ahmadi, R., Hadji, R., Mokadem, N., Ben Dhia, H., Ali, W., 2013b.
Groundwater evolution of the Continental Intercalaire aquifer of Southern
Tunisia and a part of Southern Algeria: use of geochemical and isotopic
indicators. Desalin. Water Treat. J. http://dx.doi.org/10.1080/19443994.2013.
806221.

Hamed, Y., Hadj, R., Mokadem, N., 2013c. The Continental Intercalaire groundwater
salinization in Southern Tunisia. In: 3rd International Symposium, Geoscience
in the Service of Sustainable Development, 18–19 November, Tebessa-Algeria.

Hem, J.D., 1989. Study and Interpretation of the Chemical Characteristics of Natural
Water, third ed. US Geological Survey, Water-Supply Paper, 2254. p. 89.

Henchiri, M., 2014. Depositional morphotypes and implications of the Quaternary
travertine and tufa deposits from along Gafsa Fault: Jebel El Mida, southwestern
Tunisia. J. Afr. Earth Sc. 90 (2014), 9–24.

Henchiri, M., Slim-S’Himi, N., 2006. Silicification of sulphate evaporites and their
carbonate replacements in Eocene marine sediments, Tunisia: two diagenic
trends. Sedimentology 53, 1135–1159.

Howari, F.M., Banat, K.M., 2001. Assessment of Fe, Zn, Cd, Hg and Pb in the Jordan
and Yarmouk river sediments in relation to their physicochemical properties
and sequential extraction characterization. Water Air Soil Pollut. 132 (1–2), 43–
59.

IAEA/WMO, 1999. Global Network of Isotopes in Precipitation. The GNIP Database,
Station 7622500. <http://isohis.iaea.org>.

IAEA/WMO, 2006. Global Network of Isotopes in Precipitation. The GNIP Database.
<http://www.iaea.org/water>.

Inoubli, A., 2014. Hydrogeological and Hydrochemical of Karst Aquifer in Sra
Ouertane Basin-El Kef Region (NW Tunisia). Research Master. Faculty of
Sciences of Bizerte-Tunisia, 120p.

Jacks, G., Bhattacharya, P., Chaudhary, V., Singh, K.P., 2005. Controls on the genesis
of high fluoride groundwaters in India. Appl. Geochem. 20, 221–228.

Jamel, I., Hamed, Y., Mokadem, N., Ahmadi, R., Hadji, R., Ben Dhia, H., 2012. Les
processus de salinisation des eaux géothermales du Continental Intercalaire des
aquifères d’El Hamma-Gabès –Sud Tunisien). A scientific oral presentations at
the Watmed6 (Sousse-Tunisia).

Jedoui, Y., Kallel, K., Labeyrie, L., Reyss, J.L., Montacer, M., Michel Fontugne, M., 2001.
Variabilité climatique rapide lors du dernier Interglaciaire (stade isotopique
marin 5e), enregistrée dans les sédiments littoraux du Sud-Est tunisien. Abrupt
climatic variability of the Last Interglacial (marine isotopic 5e substage)
recorded in the coastal sediments of southeastern Tunisia. Comptes Rendus

de l’Académie des Sciences – Series IIA – Earth and Planetary. Science 333 (11),
733–740.

Kachouri, N., 1988. Contribution à l’étude hydrogéologique du bassin de Moulares-
Tamerza, thèse doctorat de 3éme cycle, université de Bordeaux III, France, 1988,
136p.

Kallel, N., Paterne, M., Duplessy, J.C., Vergnaud-Grazzini, C., Pujol, C., Labeyrie, L.,
Arnold, M., Fontugne, M., Pierre, C., 1997. Enhanced rainfall in the
Mediterranean region during the last sapropel event. Oceanol. Acta 20 (5),
697–712.

Kallel, N., Duplessy, J.-C., Labeyrie, L., Fontugne, M., Paterne, M., Montacer, M., 2000.
Mediterranean pluvial periods and sapropel formation during the last
200,000 years. Palaeogeogr. Palaeoclimatol. Palaoecol. 157, 45–58.

Kamel, S., 2012. Application of selected geothermometers to Continental
Intercalaire thermal water in southern Tunisia. Geothermics 41, 63–73.

Kamel, S., Dassi, L., Zouari, K., 2006. Approche hydrogéologique et hydrochimique
des échanges hydrodynamiques entre aquifères profond et superficiel du basin
du Djérid, Tunisie (Hydrogeological and hydrochemical approach of
hydrodynamic exchanges between deep and shallow aquifers in the Djerid
basin Tunisia). J. Hydrol. Sci. 51, 713–730.

Kamel, S., Younes, H., Chkir, N., Zouari, K., 2008. The hydrogeochemical
characterization of ground waters in Tunisian Chott’s region. Environ. Geol.
54, 843–854.

Khlifi, F., 2014. Climate Impact on Water Resources in Djerid Basin (SW Tunisia).
Master, Sciences Faculty of Gabes, 140p.

Kim, K., Jeong, Y.G., 2005. Factors influencing natural occurrence of fluoride-rich
groundwaters: a case study in the southeastern part of the Korean Peninsula.
Chemosphere 58, 1399–1408.

Le Gal La Salle, C., Marlin, Ch., Savoye, S., Fontes, J.C.H., 1996. Geochemistry and 14C
dating of groundwaters from Jurassic aquifers of North Aquitaine Basin
(France). Appl. Geochem. 11, 433–445.

Le Goff, P., Fromm, M., Vichot, L., Badot, P.-M., Guétat, P., 2014. Isotopic fractionation
of tritium in biological systems. Environ. Int. 65 (2014), 116–126.

Lucas, Unterweger, 2000. Comprehensive review and critical evaluation of the half
of tritium. J. Res. Natl. Inst. Stand. Life Technol. 105 (4), 541–549.

Maliki, M.A., 2000. Etude hydrogéologique, hydrochimique et isotopique du
système aquifère de Sfax (Tunisie) [Hydrogeology, Hydrochemistry and
Isotopic Study of the Aquifer System of Sfax, Tunisia]. Ph.D. Thesis, University
of Tunis II, Tunisia, 184p.

Mamou, A., 1990. Caractéristiques, evaluation, gestion des ressources en eau du Sud
Tunisien [Characterisation, Evaluation and Management of the Water Resources
of Southern Tunisia]. Ph.D. Thesis, University of Paris South, France, 159p.

Mamou, A., Hlaimi, A., 1999. Les nappes phréatiques de la Nefzaoua [Phreatic
groundwater in the Nefzawa oases]. Direction Générale des Ressources en Eau.
Ministère de l’Agriculture, Tunis.

Mc Lean, W., Jankowski, J., Lavitt, N., 2000. Groundwater quality and sustainability
in alluvial aquifer, Australia. In: Sililoo, E.t. (Ed.), Groundwater, Past
Achievement and Future Challenges. Bolkema, Rotterdamm, pp. 567–573.

McKnight, T.L., Hess, D., 2000. Climate Zones and Types: Mediterranean Climate
(Csa, Csb). In: Physical Geography: A Landscape Appreciation. Upper Saddle
River, NJ, Prentice Hall, pp. 221–223.

Mokadem, N., 2012. Hydrodynamic and Mineralization of Deep Groundwater in El
Guettar-Gafsa Basin ‘‘SW Tunisa’’. Master-Faculty of Sciences of Bizerte-Tunisia,
145p.

Mokadem, N., Hamed, Y., Ben Sâad, A., Gargouri, I., 2012. Atmospheric pollution in
North Africa (Ecosystems-Atmosphere interactions): a case study in the mining
basin of El Guettar-M’Dilla (Southwestern Tunisia). Arab. J. Geosci. http://
dx.doi.org/10.1007/s12517-013-0852-2.

Mokadem, N., Demdoum, A., Hamed, Y., Hadji, R., Bouri, S., 2014. Hydrogeochemical
Characteristics and Evolution of Groundwater at Gafsa Basin, Central Tunisia,
Water Forum, 24–26 March, Sousse-Tunisia.

Morgan-Jones, M., Eggboro, M.D., 1981. The hydrogeochemical of the Jurassic
limestones in Gloucestershire, England. Q. J. Eng. Geol. Hydrogeol. (Lond.) 14,
25–29.

Morgenstern, U., Daughney, C.J., 2012. Groundwater age for identification of
impacts of land-use intensification and natural hydrochemical evolution on
groundwater quality – the National Groundwater Monitoring Programme of
New Zealand. J. Hydrol. 456–457, 79–93.

Morris, B., Foster, S., 1998. Cryptosporidium contamination hazard assessment and
riskmanagement for British groundwater sources.Water Sci. Technol. 41, 67–77.

Moulla, A.S., Guendouz, A., Cherchali, M.E.-H., Chaid, Z., Ouarezki, S., 2012. Updated
geochemical and isotopic data from the Continental Intercalaire aquifer in the
Great Occidental Erg sub-basin (south-western Algeria). Quatern. Int. 257
(2012), 64–73.

M’Rabet, A., 1987. Stratigraphie, sédimentation et diagenèse carbonatée des Séries
du Crétacé inférieur de Tunisie centrale. Thése Doctorat Etat Univ Paris XI,
Orsay, p. 540.

Msefer, S., Hamza, M., 1999. La fluorose dentaire au Maroc = Dental fluorosis in
Marrocco, vol. 6(46), (12 ref.) Espérance médicale, pp. 17–20.

Nanyaro, J.T., Aswathanarayana, U., Mungure, J.S., 1984. A geochemical model for
the abnormal fluoride concentrations in waters in parts of Northern Tanzania. J.
Afr. Earth Sci. 2 (2), 129–140.

NOAA, 2010. JetStream: Online School for Weather, January 2010. <http://www.
srh.noaa.gov/jetstream/global/climate_max.htm>.

Orban, P., Brouyere, S., Batlle-Aguilar, J., Couturier, J., Goderniaux, P., Leroy, M.,
Maloszewski, P., Dassargues, A., 2010. Regional transport modelling for nitrate
trend assessment and forecasting in a chalk aquifer. J. Contam.Hydrol. 118, 79–93.

Y. Hamed et al. / Journal of African Earth Sciences 100 (2014) 418–436 435

https://www.researchgate.net/publication/46413512_Regional_transport_modelling_for_nitrate_trend_assessment_and_forecasting_in_a_chalk_aquifer?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/46413512_Regional_transport_modelling_for_nitrate_trend_assessment_and_forecasting_in_a_chalk_aquifer?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/46413512_Regional_transport_modelling_for_nitrate_trend_assessment_and_forecasting_in_a_chalk_aquifer?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257785567_The_hydrogeochemical_characterization_of_groundwater_in_Gafsa-Sidi_Boubaker_region_Southwestern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257785567_The_hydrogeochemical_characterization_of_groundwater_in_Gafsa-Sidi_Boubaker_region_Southwestern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257785567_The_hydrogeochemical_characterization_of_groundwater_in_Gafsa-Sidi_Boubaker_region_Southwestern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225841984_Hydrochemical_and_isotopic_behaviour_of_a_Saharan_phreatic_aquifer_suffering_severe_natural_and_anthropic_constraints_case_of_Oued-Souf_Region_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225841984_Hydrochemical_and_isotopic_behaviour_of_a_Saharan_phreatic_aquifer_suffering_severe_natural_and_anthropic_constraints_case_of_Oued-Souf_Region_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225841984_Hydrochemical_and_isotopic_behaviour_of_a_Saharan_phreatic_aquifer_suffering_severe_natural_and_anthropic_constraints_case_of_Oued-Souf_Region_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225841984_Hydrochemical_and_isotopic_behaviour_of_a_Saharan_phreatic_aquifer_suffering_severe_natural_and_anthropic_constraints_case_of_Oued-Souf_Region_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/223293429_Mediterranean_pluvial_periods_and_sapropel_formation_over_the_last_200_000_years?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/223293429_Mediterranean_pluvial_periods_and_sapropel_formation_over_the_last_200_000_years?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/223293429_Mediterranean_pluvial_periods_and_sapropel_formation_over_the_last_200_000_years?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/251636518_Updated_geochemical_and_isotopic_data_from_the_Continental_Intercalaire_aquifer_in_the_Great_Occidental_Erg_sub-basin_south-western_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/251636518_Updated_geochemical_and_isotopic_data_from_the_Continental_Intercalaire_aquifer_in_the_Great_Occidental_Erg_sub-basin_south-western_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/251636518_Updated_geochemical_and_isotopic_data_from_the_Continental_Intercalaire_aquifer_in_the_Great_Occidental_Erg_sub-basin_south-western_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/251636518_Updated_geochemical_and_isotopic_data_from_the_Continental_Intercalaire_aquifer_in_the_Great_Occidental_Erg_sub-basin_south-western_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/277157107_Enhanced_rainfall_in_the_Mediterranean_region_during_the_last_Sapropel_Event?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/277157107_Enhanced_rainfall_in_the_Mediterranean_region_during_the_last_Sapropel_Event?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/277157107_Enhanced_rainfall_in_the_Mediterranean_region_during_the_last_Sapropel_Event?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/277157107_Enhanced_rainfall_in_the_Mediterranean_region_during_the_last_Sapropel_Event?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/245378468_The_hydrogeochemistry_of_the_Jurassic_limestones_in_Gloucestershire_England?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/245378468_The_hydrogeochemistry_of_the_Jurassic_limestones_in_Gloucestershire_England?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/245378468_The_hydrogeochemistry_of_the_Jurassic_limestones_in_Gloucestershire_England?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248160614_A_geochemical_model_for_the_abnormal_fluoride_concentrations_in_waters_in_parts_of_northern_Tanzania?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248160614_A_geochemical_model_for_the_abnormal_fluoride_concentrations_in_waters_in_parts_of_northern_Tanzania?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248160614_A_geochemical_model_for_the_abnormal_fluoride_concentrations_in_waters_in_parts_of_northern_Tanzania?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/279571591_Cryptosporidium_Contamination_Hazard_Assessment_And_Risk_Management_For_British_Groundwater_Sources?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/279571591_Cryptosporidium_Contamination_Hazard_Assessment_And_Risk_Management_For_British_Groundwater_Sources?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/227331558_Origin_of_high_fluoride_in_groundwater_in_the_North_Gujarat-Cambay_region_India_Hydrogeol_J?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/227331558_Origin_of_high_fluoride_in_groundwater_in_the_North_Gujarat-Cambay_region_India_Hydrogeol_J?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/227331558_Origin_of_high_fluoride_in_groundwater_in_the_North_Gujarat-Cambay_region_India_Hydrogeol_J?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226854334_The_hydro_geochemical_characterization_of_ground_waters_in_Tunisian_Chott's_region?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226854334_The_hydro_geochemical_characterization_of_ground_waters_in_Tunisian_Chott's_region?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226854334_The_hydro_geochemical_characterization_of_ground_waters_in_Tunisian_Chott's_region?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257188979_Application_of_selected_geothermometers_to_Continental_Intercalaire_thermal_water_in_southern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257188979_Application_of_selected_geothermometers_to_Continental_Intercalaire_thermal_water_in_southern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/263739067_Estimation_of_Residence_Times_and_Recharge_Area_of_Groundwater_in_the_Moulares_Mining_Basin_by_Using_Carbon_and_Oxygen_Isotopes_South_Western_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/263739067_Estimation_of_Residence_Times_and_Recharge_Area_of_Groundwater_in_the_Moulares_Mining_Basin_by_Using_Carbon_and_Oxygen_Isotopes_South_Western_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/263739067_Estimation_of_Residence_Times_and_Recharge_Area_of_Groundwater_in_the_Moulares_Mining_Basin_by_Using_Carbon_and_Oxygen_Isotopes_South_Western_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/263739067_Estimation_of_Residence_Times_and_Recharge_Area_of_Groundwater_in_the_Moulares_Mining_Basin_by_Using_Carbon_and_Oxygen_Isotopes_South_Western_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/258698764_Depositional_morphotypes_and_implications_of_the_Quaternary_travertine_and_tufa_deposits_from_along_Gafsa_Fault_Jebel_El_Mida_southwestern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/258698764_Depositional_morphotypes_and_implications_of_the_Quaternary_travertine_and_tufa_deposits_from_along_Gafsa_Fault_Jebel_El_Mida_southwestern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/258698764_Depositional_morphotypes_and_implications_of_the_Quaternary_travertine_and_tufa_deposits_from_along_Gafsa_Fault_Jebel_El_Mida_southwestern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248336560_Geochemistry_and_14C_dating_of_groundwaters_from_Jurassic_aquifers_of_North_Aquitaine_Basin_France?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248336560_Geochemistry_and_14C_dating_of_groundwaters_from_Jurassic_aquifers_of_North_Aquitaine_Basin_France?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248336560_Geochemistry_and_14C_dating_of_groundwaters_from_Jurassic_aquifers_of_North_Aquitaine_Basin_France?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/229724139_Silicification_of_sulphate_evaporites_and_their_carbonate_replacements_in_Eocene_marine_sediments_Tunisia_Two_diagenetic_trends?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/229724139_Silicification_of_sulphate_evaporites_and_their_carbonate_replacements_in_Eocene_marine_sediments_Tunisia_Two_diagenetic_trends?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/229724139_Silicification_of_sulphate_evaporites_and_their_carbonate_replacements_in_Eocene_marine_sediments_Tunisia_Two_diagenetic_trends?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225220691_Assessment_of_Fe_Zn_Cd_Hg_and_Pb_in_the_Jordan_and_Yarmouk_River_Sediments_in_Relation_to_Their_Physicochemical_Properties_and_Sequential_Extraction_Characterization?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225220691_Assessment_of_Fe_Zn_Cd_Hg_and_Pb_in_the_Jordan_and_Yarmouk_River_Sediments_in_Relation_to_Their_Physicochemical_Properties_and_Sequential_Extraction_Characterization?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225220691_Assessment_of_Fe_Zn_Cd_Hg_and_Pb_in_the_Jordan_and_Yarmouk_River_Sediments_in_Relation_to_Their_Physicochemical_Properties_and_Sequential_Extraction_Characterization?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225220691_Assessment_of_Fe_Zn_Cd_Hg_and_Pb_in_the_Jordan_and_Yarmouk_River_Sediments_in_Relation_to_Their_Physicochemical_Properties_and_Sequential_Extraction_Characterization?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/8045266_Factors_influencing_natural_occurrence_of_fluoride-rich_groundwaters_A_case_study_in_the_southeastern_part_of_the_Korean_Peninsula?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/8045266_Factors_influencing_natural_occurrence_of_fluoride-rich_groundwaters_A_case_study_in_the_southeastern_part_of_the_Korean_Peninsula?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/8045266_Factors_influencing_natural_occurrence_of_fluoride-rich_groundwaters_A_case_study_in_the_southeastern_part_of_the_Korean_Peninsula?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/259998469_Isotopic_fractionation_of_tritium_in_biological_systems?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/259998469_Isotopic_fractionation_of_tritium_in_biological_systems?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/233237774_Geochemical_and_isotopic_study_of_the_multilayer_aquifer_system_in_the_Moulares-Redayef_basin_southern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/233237774_Geochemical_and_isotopic_study_of_the_multilayer_aquifer_system_in_the_Moulares-Redayef_basin_southern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/233237774_Geochemical_and_isotopic_study_of_the_multilayer_aquifer_system_in_the_Moulares-Redayef_basin_southern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/289380663_Caracterisation_hydrogeologique_hydrochimique_et_isotopique_du_systeme_aquifere_de_Moulares-Tamerza?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/289380663_Caracterisation_hydrogeologique_hydrochimique_et_isotopique_du_systeme_aquifere_de_Moulares-Tamerza?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257793709_Nitrate_contamination_in_groundwater_in_the_Sidi_A_ch-Gafsa_oases_region_Southern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257793709_Nitrate_contamination_in_groundwater_in_the_Sidi_A_ch-Gafsa_oases_region_Southern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257793709_Nitrate_contamination_in_groundwater_in_the_Sidi_A_ch-Gafsa_oases_region_Southern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/223541978_Controls_on_the_genesis_of_some_high-fluoride_groundwater_in_India_Appl_Geochem?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/223541978_Controls_on_the_genesis_of_some_high-fluoride_groundwater_in_India_Appl_Geochem?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257785766_Atmospheric_pollution_in_North_Africa_ecosystems-atmosphere_interactions_A_case_study_in_the_mining_basin_of_El_Guettar-M'Dilla_southwestern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257785766_Atmospheric_pollution_in_North_Africa_ecosystems-atmosphere_interactions_A_case_study_in_the_mining_basin_of_El_Guettar-M'Dilla_southwestern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257785766_Atmospheric_pollution_in_North_Africa_ecosystems-atmosphere_interactions_A_case_study_in_the_mining_basin_of_El_Guettar-M'Dilla_southwestern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257785766_Atmospheric_pollution_in_North_Africa_ecosystems-atmosphere_interactions_A_case_study_in_the_mining_basin_of_El_Guettar-M'Dilla_southwestern_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/286201044_Study_and_Interpretation_of_the_Chemical_Characteristics_of_Natural_Water?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/286201044_Study_and_Interpretation_of_the_Chemical_Characteristics_of_Natural_Water?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/256632222_Groundwater_evolution_of_the_Continental_Intercalaire_aquifer_of_Southern_Tunisia_and_a_part_of_Southern_Algeria_Use_of_geochemical_and_isotopic_indicators?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/256632222_Groundwater_evolution_of_the_Continental_Intercalaire_aquifer_of_Southern_Tunisia_and_a_part_of_Southern_Algeria_Use_of_geochemical_and_isotopic_indicators?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/256632222_Groundwater_evolution_of_the_Continental_Intercalaire_aquifer_of_Southern_Tunisia_and_a_part_of_Southern_Algeria_Use_of_geochemical_and_isotopic_indicators?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/256632222_Groundwater_evolution_of_the_Continental_Intercalaire_aquifer_of_Southern_Tunisia_and_a_part_of_Southern_Algeria_Use_of_geochemical_and_isotopic_indicators?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/256632222_Groundwater_evolution_of_the_Continental_Intercalaire_aquifer_of_Southern_Tunisia_and_a_part_of_Southern_Algeria_Use_of_geochemical_and_isotopic_indicators?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/271564597_WITHDRAWN_Groundwater_recharge_areas_of_the_Continental_Intercalaire_aquifer-hydrogeochemical_and_environmental_isotopes_Southern_Tunisia_and_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/271564597_WITHDRAWN_Groundwater_recharge_areas_of_the_Continental_Intercalaire_aquifer-hydrogeochemical_and_environmental_isotopes_Southern_Tunisia_and_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/271564597_WITHDRAWN_Groundwater_recharge_areas_of_the_Continental_Intercalaire_aquifer-hydrogeochemical_and_environmental_isotopes_Southern_Tunisia_and_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/271564597_WITHDRAWN_Groundwater_recharge_areas_of_the_Continental_Intercalaire_aquifer-hydrogeochemical_and_environmental_isotopes_Southern_Tunisia_and_Algeria?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==


Oruc, N., 2003. Problems of High Fluoride Waters in Turkey (Hydrogeology and
Health Aspects). The Short Course on Medical Geology-Health and
Environment. Canberra, Australia.

OSS, 2003. Système aquifère du Sahara Septentrional. Gestion commune d’un bassin
transfrontière. Synthesis Report, Tunis, Tunisia, 12pp (in French).

OSS, 2008. The North-Western Sahara Aquifer System: Concerted Management of
Transboundary Water Basin. Sahara and Sahel Observatory, 48pp.

Ounis, A., Lavanchy, J.C., Pfeifer, H.R., Chaabani, F., 2006. Etude Minéralogique et
géochimique de la série phosphatée principale dans la partie occidentale du
bassin de Gafsa-Métlaoui. 16ème journée des sciences Biologique et
Environnement, 4–7 November Tunisie.

Outtani, F., Addoum, B., Mercier, E., de Lamotte, D.F., Andrieux, J., 1995. Geometry
and kinematics of the South Atlas Front, Algeria and Tunisia. Tectonophysics
249, 233–248.

Pandey, A., Benjamin, S., Soccol, C.R., Nigam, P., Krieger, N., Soccol, V.T., 1999. The
realm of lipases in biotechnology. Biotechnol. Appl. Biochem. 29, 119–131.

Petersen, J.O., Deschamps, P., Hamelin, B., Goncalves, J., Michelot, J.L., Zouari, K.,
2013. Water–rock interaction and residence time of groundwater inferred by
234U/238U disequilibria in the Tunisian Continental Intercalaire aquifer system.
Proc. Earth Planet. Sci. 7, 685–688.

Piper, A.M., 1944. A graphic procedure in the geochemical interpretation of water-
analyses. Trans. Am. Geophys. Union 25, 914–923.

Plummer, L.N., 2005. Dating of young groundwater. In: Aggarwal, P.K., Gat, J.R.,
Froehlich, K.F.O. (Eds.), Isotopes in theWater Cycle: Past, Present and Future of a
Developing Science. IAEA, Vienna, Springer, Netherlands, p. p. 381.

Plummer, L.N., Jones, B.F., Truesdell, A.H., 1976. WATEQF, A FORTRAN IV version of
WATEQ: A Computer Program for Calculating Chemical Equilibrium of Natural
Waters. US Geol Surv Water Resour Invest Rep 76, 61pp.

Pouget, M., 1968. Contribution à l’étude des croutes et encroutements gypseux de la
nappe dans le sud Tunisien. Cah. ORSTOM.Sér.Pédo.vol.VI.no. 3–4.

Redhaounia, B., Rezgui, A., Gabtni, H., Bédir, M., 2012. Identification et
caractérisation géologique, géophysique et hydrogéologique des micro-
aquifères de montagnes et des réservoirs fracturés de la région de Amdoun
(Tunisie Nord). Forum de l’eau 3, Jerba 26-27-28 Mars.

Roether, W., 1967. Estimating the tritium input to groundwater from wine samples:
groundwater and direct run-off contribution to Central European surface
waters. In: Isotopes in Hydrology. IAEA, Vienna, pp. 73–79.

Rouabhia, A., Baali, F., Kherici, N., Djabri, L., 2004. Vulnérabilité et risque de
pollution des eaux souterraines de la nappe des sables miocènes de la plaine
d’El MA EL Abiod (Algérie), Revue Sécheresse, vol. 15(4).

Rouabhia, A., Baali, F., Fehdi, Ch., Kherici, N., Djabri, L., 2008a. Hydrochemical and
isotopic investigation of a sandstone aquifer groundwater in a semi arid region,
El Ma El Abiod, Algeria. J. Environ. Geol. (Springer). Environ. Geol. 254. http://
dx.doi.org/10.1007/s00254-008-1451-5.

Rozanski, K., Araguàs, L., Gonfiantini, R., 1993. Isotopic patterns in modern global
precipitation. In: Continental Isotope Indicators of Climate. American
Geophysical Union (Monograph).

Sadek, M.A., Abd El-Samie, S.G., 2001. Pollution vulnerability of the Quaternary
aquifer near Cairo, Egypt, as indicated by isotopes and hydrochemistry.
Hydrogeol. J. 9, 273–281.

Sassi, S., 1974. La sedimentation phosphatee au paleocene dans le sud et le Centre-
Ouest de la Tunisie. These de doctorat Es-Sciences, Universite Paris sud, Orsay,
224pp.

Schulz, E., Abichou, A., Chkir, N., Hachicha, T., Pomel, S., Salzman, U., Zouari, K., 2002.
Sebkhas as ecological archives and the vegetation and landscape history of
southeastern Tunisia during the last two millennia. J. Afr. Earth Sc. 34, 223–229.

Shimi, A., 2000. Geophysical and Hydrogeology Study of Deep Aquifer of Sra
Ouertane Area (NW Tunisia). DEA, Faculty of Sciences of Tunis II, Tunisia, 145p.

Sittig, M., 1985. Handbook of Toxic and Hazardous Chemicals and Carcinogens,
second ed. Noyes Publications, New Jersey, 950p.

Solomon, D.K., 2000. 3H and 3He. In: Cook, P.G., Herczeg, A.L. (Eds.), Environmental
Tracers in Subsurface Hydrology, vol. 529. Kluwer, Boston, pp. 397–424
(Chapter 13).

Stuiver, M., Polach, H., 1977. Reporting of 14C data. Radiocarbon 19, 355–363.
Subba Rao, N., John Devadas, D., 2003. Fluoride incidence in groundwater in an area

of peninsular India. Environ. Geol. 45, 243–251.
Swezey, C.S., 2003. The role of climate in the creation and destruction of continental

stratigraphic records: an example from the northern margin of the Sahara
Desert. Climate controls on stratigraphy. SEPM Spec. Publ. 77, 207–225.

Tarki, M., Dassi, L., Hamed, Y., Jedoui, Y., 2010. Geochemical and isotopic
composition of groundwater in the Complex Terminal aquifer in
southwestern Tunisia, with emphasis on the mixing by vertical leakage.
Environ. Earth Sci. http://dx.doi.org/10.1007/s12665-010-0820-z.

Thatcher, L.L., 1962. The distribution of tritium fallout in precipitation over North
America. Int. Assoc. Sci. Hydrol. VII 2, 48–58.

Thatcher, L.L., Janzer, V.J., Edwards, R.W., 1977. Methods for determination
radioactive substances in water and fluvial sediments. In: Techniques of
Water Resources Investigations. U.S. Geological Survey Washington, pp. 79–81.

Tlig, S., Sassi, A., Belayouni, H., Michel, D., 1987. Distribution de l’uranium, du
Thorium, du Zirconium, du hafnium et des terres rares (TR) dans des grains de
phosphates sedimentaires. Chem. Geol. 62, 209–221.

Tlig, S., Sahli, S., Er-Raioui, L., Alouani, R., Mzoughi, M., 2011. Depositional
environment controls on petroleum potential of the Eocene in the North of
Tunisia. J. Petrol. Sci. Eng. 71 (2010), 91–105.

Tlili, A., Saidi, R., Fourati, A., Ammar, N., Jamoussi, F., 2012. Mineralogical study and
properties of natural and flux calcined porcelanite from Gafsa–Metlaoui basin
compared to diatomaceous filtration aids. Appl. Clay Sci. 62–63, 47–57.

UHS ‘‘University Hospital of Sfax’’, 2011. Bacteriological Analysis of Some
Groundwater in Mining Gafsa Basin. Internal Report.

UNESCO, 1972. Etude des ressources en eau du Sahara Septentrional. Projet ERESS.
Nappe du Complexe Terminal. Tech Rep 6:44.

UNESCO/FAO, 1963. Carte bioclimatique de la Zone Méditerrané [Bioclimatic Map of
the Mediterranean Zone]. UNESCO, New York, FAO, Rome.

Von Buttlar, H., Libby, W.F., 1955. Natural distribution of cosmic-rayproduced
tritium. J. Inorg. Nucl. Chem. 1, 75–91.

WHO, 2006. World Health Organization. Guidelines for Drinking Water Quality,
third ed. Incorporating First Addendum. <http://www.who.int/
water_sanitation_health/dwq/gdwq3rev/en/index.html>.

Yermani, M., 2000. Etude hydrogéologique, hydrochimique et isotopique du bassin
de Gafsa Nord. Doc. Thesis, Tunis II University, Tunis, Tunisia, 175p.

Yermani, M., Chkir, N., Zouari, K., Michelot, J.L., Moumni, L., 2002. Environmental
tracers as indicators of water fluxes through the unsaturated zone in semiarid
regions: the case of Gafsa Plain (southern Tunisia). J. Environ. Hydrol. 17, 31.

Zargouni, F., 1985. Tectonique de l’Atlas Méridional de Tunisie: évolution
géométrique et cinématique des structures en zone de cisaillement. Rev. Sci.
Terre 3, 304.

Zouaghi, T., Bedir, M., Abdallah, H., Inoubli, M.H., 2009. Seismic sequence
stratigraphy, basin and hydrocarbon implications structuring, of Creataceous
deposits (Albian-Maastrichtian) in central Tunisia. Cretac. Res. 30 (2009), 1–21.

Zouari, K., Mamou, A., 1997. Les systèmes aquifères du Sud tunisien:
Caractéristiques hydrochimiques et isotopiques, conditions de recharge et
optimisation de la gestion. Actes du congrès International, Marrakech
, pp. 41–44.

Zouari, K., Chkir, N., Ouda, B., 2003. Palaeoclimatic Variation in Meknassi Basin
(Central Tunisia) during Holocene Period using Multidisciplinary Approaches.
IAEA, Vienna, pp. 80–28.

Zouari, K., Trabelsi, R., Abid, K., 2005. Chemical and Isotopic Composition of Rain
Water of the Station of Sfax, Tunisia. Workshop on Chemical and Isotopic
Composition of Rain Water of Some Arab Countries, Beruit, Lebanon, 25–26
December.

Zuber, A., Kania, J., Rozanski, K., Purtschert, R., 2011. On some methodological
problems in the use of environmental tracers to estimate hydrogeologic
parameters and to calibrate flow and transport models. Hydrogeol. J. 19, 53–69.

Zuppi, G.M., Sacchi, E., 2004. Hydrogeology as a climate recorder: Sahara-Sahel
(North Africa) and the Po Plain (Northern Italy). Global Planet. Change 40,
79–91.

436 Y. Hamed et al. / Journal of African Earth Sciences 100 (2014) 418–436

https://www.researchgate.net/publication/255948296_Methods_for_Determination_of_Inorganic_Substances_in_Water_and_Fluvial_Sediments_Third_Edition?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/255948296_Methods_for_Determination_of_Inorganic_Substances_in_Water_and_Fluvial_Sediments_Third_Edition?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/255948296_Methods_for_Determination_of_Inorganic_Substances_in_Water_and_Fluvial_Sediments_Third_Edition?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225659800_Hydrochemical_and_isotopic_investigation_of_a_sandstone_aquifer_groundwater_in_a_semi_arid_region_El_Ma_El_Abiod_Algeria_Environ_Geol?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225659800_Hydrochemical_and_isotopic_investigation_of_a_sandstone_aquifer_groundwater_in_a_semi_arid_region_El_Ma_El_Abiod_Algeria_Environ_Geol?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225659800_Hydrochemical_and_isotopic_investigation_of_a_sandstone_aquifer_groundwater_in_a_semi_arid_region_El_Ma_El_Abiod_Algeria_Environ_Geol?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225659800_Hydrochemical_and_isotopic_investigation_of_a_sandstone_aquifer_groundwater_in_a_semi_arid_region_El_Ma_El_Abiod_Algeria_Environ_Geol?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/236485681_Estimating_the_Tritium_Input_to_Groundwater_From_Wine_Samples_Groundwater_and_Direct_Run-Off_Contribution_to_Central_European_Surface_Waters?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/236485681_Estimating_the_Tritium_Input_to_Groundwater_From_Wine_Samples_Groundwater_and_Direct_Run-Off_Contribution_to_Central_European_Surface_Waters?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/236485681_Estimating_the_Tritium_Input_to_Groundwater_From_Wine_Samples_Groundwater_and_Direct_Run-Off_Contribution_to_Central_European_Surface_Waters?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225572354_Pollution_vulnerability_of_the_Quaternary_aquifer_near_Cairo_Egypt_as_indicated_by_isotopes_and_hydrochemistry?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225572354_Pollution_vulnerability_of_the_Quaternary_aquifer_near_Cairo_Egypt_as_indicated_by_isotopes_and_hydrochemistry?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225572354_Pollution_vulnerability_of_the_Quaternary_aquifer_near_Cairo_Egypt_as_indicated_by_isotopes_and_hydrochemistry?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226976895_Fluoride_incidence_in_groundwater_in_an_area_of_Peninsular_India_Environ_Geol?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226976895_Fluoride_incidence_in_groundwater_in_an_area_of_Peninsular_India_Environ_Geol?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/222140143_Hydrogeology_as_a_climate_recorder_Sahara-Sahel_North_Africa_and_the_Po_Plain_Northern_Italy?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/222140143_Hydrogeology_as_a_climate_recorder_Sahara-Sahel_North_Africa_and_the_Po_Plain_Northern_Italy?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/222140143_Hydrogeology_as_a_climate_recorder_Sahara-Sahel_North_Africa_and_the_Po_Plain_Northern_Italy?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/229405070_Depositional_environment_controls_on_petroleum_potential_of_the_Eocene_in_the_North_of_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/229405070_Depositional_environment_controls_on_petroleum_potential_of_the_Eocene_in_the_North_of_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/229405070_Depositional_environment_controls_on_petroleum_potential_of_the_Eocene_in_the_North_of_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248358178_Distribution_de_l'uranium_du_thorium_du_zirconium_du_hafnium_et_des_terres_rares_TR_dans_des_grains_de_phosphates_sedimentaires?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248358178_Distribution_de_l'uranium_du_thorium_du_zirconium_du_hafnium_et_des_terres_rares_TR_dans_des_grains_de_phosphates_sedimentaires?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248358178_Distribution_de_l'uranium_du_thorium_du_zirconium_du_hafnium_et_des_terres_rares_TR_dans_des_grains_de_phosphates_sedimentaires?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/222316541_Geometry_and_kinematics_of_the_South_Atlas_Front_Algeria_and_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/222316541_Geometry_and_kinematics_of_the_South_Atlas_Front_Algeria_and_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/222316541_Geometry_and_kinematics_of_the_South_Atlas_Front_Algeria_and_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225819083_Geochemical_and_isotopic_composition_of_groundwater_in_the_Complex_Terminal_aquifer_in_southwestern_Tunisia_with_emphasis_on_the_mixing_by_vertical_leakage?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225819083_Geochemical_and_isotopic_composition_of_groundwater_in_the_Complex_Terminal_aquifer_in_southwestern_Tunisia_with_emphasis_on_the_mixing_by_vertical_leakage?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225819083_Geochemical_and_isotopic_composition_of_groundwater_in_the_Complex_Terminal_aquifer_in_southwestern_Tunisia_with_emphasis_on_the_mixing_by_vertical_leakage?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/225819083_Geochemical_and_isotopic_composition_of_groundwater_in_the_Complex_Terminal_aquifer_in_southwestern_Tunisia_with_emphasis_on_the_mixing_by_vertical_leakage?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/32999068_Contribution_a_l'etude_des_croutes_et_encroutements_gypseux_de_nappe_dans_le_Sud_Tunisien?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/32999068_Contribution_a_l'etude_des_croutes_et_encroutements_gypseux_de_nappe_dans_le_Sud_Tunisien?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248952625_The_Distribution_of_Tritium_Fallout_in_Precipitation_Over_North_America?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248952625_The_Distribution_of_Tritium_Fallout_in_Precipitation_Over_North_America?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226491123_On_some_methodological_problems_in_the_use_of_environmental_tracers_to_estimate_hydrogeologic_parameters_and_to_calibrate_flow_and_transport_models?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226491123_On_some_methodological_problems_in_the_use_of_environmental_tracers_to_estimate_hydrogeologic_parameters_and_to_calibrate_flow_and_transport_models?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/226491123_On_some_methodological_problems_in_the_use_of_environmental_tracers_to_estimate_hydrogeologic_parameters_and_to_calibrate_flow_and_transport_models?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/244957129_A_Graphic_Procedure_in_the_Geochemical_Interpretation_of_Water-Analyses?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/244957129_A_Graphic_Procedure_in_the_Geochemical_Interpretation_of_Water-Analyses?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/222117257_Natural_distribution_of_cosmic-ray_produced_tritium_II?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/222117257_Natural_distribution_of_cosmic-ray_produced_tritium_II?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257026163_Mineralogical_study_and_properties_of_natural_and_flux_calcined_porcelanite_from_Gafsa-Metlaoui_basin_compared_to_diatomaceous_filtration_aids?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257026163_Mineralogical_study_and_properties_of_natural_and_flux_calcined_porcelanite_from_Gafsa-Metlaoui_basin_compared_to_diatomaceous_filtration_aids?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/257026163_Mineralogical_study_and_properties_of_natural_and_flux_calcined_porcelanite_from_Gafsa-Metlaoui_basin_compared_to_diatomaceous_filtration_aids?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/277474800_The_role_of_climate_in_the_creation_and_destruction_of_continental_stratigraphic_records_An_example_from_the_northern_margin_of_the_Sahara_Desert?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/277474800_The_role_of_climate_in_the_creation_and_destruction_of_continental_stratigraphic_records_An_example_from_the_northern_margin_of_the_Sahara_Desert?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/277474800_The_role_of_climate_in_the_creation_and_destruction_of_continental_stratigraphic_records_An_example_from_the_northern_margin_of_the_Sahara_Desert?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248573283_Seismic_sequence_stratigraphy_basin_structuring_and_hydrocarbon_implications_of_Cretaceous_deposits_Albian-Maastrichtian_in_central_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248573283_Seismic_sequence_stratigraphy_basin_structuring_and_hydrocarbon_implications_of_Cretaceous_deposits_Albian-Maastrichtian_in_central_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/248573283_Seismic_sequence_stratigraphy_basin_structuring_and_hydrocarbon_implications_of_Cretaceous_deposits_Albian-Maastrichtian_in_central_Tunisia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/222960921_Sebkhas_as_ecological_archives_and_the_vegetation_and_landscape_history_of_southeastern_Tunisia_during_the_last_two_millennia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/222960921_Sebkhas_as_ecological_archives_and_the_vegetation_and_landscape_history_of_southeastern_Tunisia_during_the_last_two_millennia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/222960921_Sebkhas_as_ecological_archives_and_the_vegetation_and_landscape_history_of_southeastern_Tunisia_during_the_last_two_millennia?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/288014502_Bioclimatic_map_of_the_Mediterranean_zone?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/288014502_Bioclimatic_map_of_the_Mediterranean_zone?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/37899087_New_WHO_World_Health_Organization_guidelines_for_drinking_water_quality?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/37899087_New_WHO_World_Health_Organization_guidelines_for_drinking_water_quality?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/37899087_New_WHO_World_Health_Organization_guidelines_for_drinking_water_quality?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/285767934_Tectonique_de_l'Atlas_Meridional_de_Tunisie_evolution_geometrique_et_cinematique_des_structures_en_zone_de_cisaillement?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/285767934_Tectonique_de_l'Atlas_Meridional_de_Tunisie_evolution_geometrique_et_cinematique_des_structures_en_zone_de_cisaillement?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/285767934_Tectonique_de_l'Atlas_Meridional_de_Tunisie_evolution_geometrique_et_cinematique_des_structures_en_zone_de_cisaillement?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/34082046_La_sedimentation_phosphatee_au_Paleocene_dans_le_Sud_et_le_Centre_Ouest_de_la_Tunisie?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/34082046_La_sedimentation_phosphatee_au_Paleocene_dans_le_Sud_et_le_Centre_Ouest_de_la_Tunisie?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/34082046_La_sedimentation_phosphatee_au_Paleocene_dans_le_Sud_et_le_Centre_Ouest_de_la_Tunisie?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/253012840_Isotopes_in_the_Water_Cycle_Past_Present_and_Future_of_a_Developing_Science?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/253012840_Isotopes_in_the_Water_Cycle_Past_Present_and_Future_of_a_Developing_Science?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/253012840_Isotopes_in_the_Water_Cycle_Past_Present_and_Future_of_a_Developing_Science?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/301052258_HANDBOOK_OF_TOXIC_AND_HAZARDOUS_CHEMICALS_AND_CARCINOGENS_1991_-_Third_Edition?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/301052258_HANDBOOK_OF_TOXIC_AND_HAZARDOUS_CHEMICALS_AND_CARCINOGENS_1991_-_Third_Edition?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/284420529_WATEQF_a_FORTRAN_IV_version_of_WATEQ_a_computer_program_for_calculating_chemical_equilibria_on_natural_waters?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/284420529_WATEQF_a_FORTRAN_IV_version_of_WATEQ_a_computer_program_for_calculating_chemical_equilibria_on_natural_waters?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/284420529_WATEQF_a_FORTRAN_IV_version_of_WATEQ_a_computer_program_for_calculating_chemical_equilibria_on_natural_waters?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/297394587_The_realm_of_microbial_lipases_in_biotechnology?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/297394587_The_realm_of_microbial_lipases_in_biotechnology?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/45351741_Systeme_Aquifere_du_Sahara_septentrional_Gestion_commune_d'un_bassin_transfrontiere?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==
https://www.researchgate.net/publication/45351741_Systeme_Aquifere_du_Sahara_septentrional_Gestion_commune_d'un_bassin_transfrontiere?el=1_x_8&enrichId=rgreq-dac6f869-bc31-494a-a7ca-62bca53959fb&enrichSource=Y292ZXJQYWdlOzI2NDg2MzE4NDtBUzoxOTU1OTk5NzU2MjA2MzJAMTQyMzY0NjA3NjcxNQ==

