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Abstract

L

A geochemical and isotopic techniques were undertaken to characterize groundwater in Northeast Tunisia.
Hydrogeochemical investigations demonstrated that groundwater can be classified into different water facies. The
Ras Djebel-RafRaf aquifer showed a (Ca-CI-SO,) and (Na-CI-NO,) water type. Data inferred from '*O and deuterium
isotopes in groundwater samples indicated recharge with modern rainfall. Water characterized by lower 3'®0 and
0?H values is interpreted as recharged by non-evaporated rainfall originating from Mediterranean air masses from
Mediterranean air masses at higher altitude. However, water with relatively enriched 80 and 6°H contents is thought
to reflect the occurrence of an evaporation process related to the long-term practice of flood irrigation.
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Introduction

The region of Bizerte (Figure 1) is situated in boundary Northen of
Tunisia. It forms with the Cap Blanc the most advanced point of Africa.
It is exposed to humid winds from the northwest and West, and receives
an average rainfall of 570 mm/year [1], This coastal occupies an area of
50 Km? It is limited by Djebels bouchoucha, Touchela and Bab Banzart
in NW, Djebels Ennadour and Demna in South, the Mediterranean Sea
in the North and NE.

This zone is influenced by a sub-humid Mediterranean climate. The
annual temperature is around 18° C. The ETP, about 1197 mm/year. This
basin is drained by many wadis. The use of water is essential since the
Ras Djebel is an agricultural region by excellence, in Fact the major part
of population practise agricultural activities.

In result, this aquifer undergoes increased anthropic pressure
through overexploitation and construction of two dams at Wadi Beni
Ata and Wadi Shaab Eddoud.

Geology Setting

From a geologic standpoint, the main geologic features of this study
area are [2,3].

(a) Upper Cretaceous, represented by the lower senonian and the
lower campanian which is divided into two distinct entities: the marls
senonian and the calcareous marl campanian.

(b) Lower Paleocene, represented by grey marls.
(c) Eocene, formed by limestone.

(d) Mio-Pliocene, formed by continental materials: Marls, clays,
conglomerates, gypsum and sands.

(e) Quaternary, represented by the villafranchian, formed essentially
by limestone.

Materials and Methods

For the evaluation of groundwater quality, 50 water samples were
collected from the shallow aquifer of Ras Djebel plain during October
(Figure 1), the groundwater samples were analysed for chemical and
isotopic composition.

Measurement of temperature, electrical conductivity and pH were

measured in the field. Major elements (SO, CI, NO,, Ca**, Mg*, Na*
and K*) were analysed at the laboratory of National Center for Nuclear
Sciences and Technologies. These elements are expressed in mg/L.
Salinity was analyzed by evaporating a specified volume of water sample
in a graduated capsule for 24 h in an incubator at 105°C.

The dry residue concentration was determined by subtracting the
final mass from the initial mass of the sample that was placed in the
incubator. Ca’* and Mg** were measured by Liquid Ion Chromatography
while K* and Na* were measured by flame photometer.

The results of chemical analyses of the investigated groundwater
samples are presented in Table 1.

Results and Discussion

Hydrochemistry

Physical-chemical parameters: The overall chemical characteristics
of groundwater are presented in Table 1. The pH values range from
6, 88 to 8, 3 with an average value of 7, 3. The temperature values are
between 20, 2°C and 25°C. The values measured on the surface water are
influenced by the surface air temperatures.

The total dissolved solids and the Electrical Conductivity (EC)
values range from 1, 03 g/L to 12, 96 and 0, 2 to 0, 7 uS/cm. The spatial
distribution maps (Figure 2) shows that salinity increase in the direction
of groundwater flow. The Electrical Conductivity (EC) is well correlated
with the total dissolved solids (TDS).

The factor of correlation is in the order of 1.

Major ion chemistry:
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N°éch pH Cond sec Ca Mg Na K SO, Cl NO, HCO,
1 7.2 2.41 1567 220 40.32 328.9 8.19 324.52 479.25 23.3 351.54
2 6.9 5.37 3491 368 86.64 749.8 9.75 845.24 955.7 70.59 423.46
3 71 2.4 1560 180 32.88 280.6 28.47 333.26 323.1 97.4 572.26
4 7.2 2.15 1398 200 324 230 8.59 349.32 323.15 152.1 353.4
5 7.3 2.46 1599 142 62.16 331.2 8.97 467.31 370.23 86 523.9
6 7.7 2.4 1560 106 65.52 354.2 15.6 402.26 388.57 144.4 416.64
7 71 2.49 1619 156 48.48 299 30.81 354.42 455.79 90.87 407.34
8 8 2.92 1898 201 66.48 386.4 9.75 573.34 556.17 19.11 391.84
9 7.1 3.82 2483 137 104.64 616.4 7.02 492.12 753 40.17 701.84
10 7.5 4.04 2626 196 47.76 464.6 31.98 534.34 657.9 29.15 502.2
1" 7.2 1.66 1079 89 28.32 149.5 72.15 202.16 238.48 49.92 221.34
12 7.2 3.56 2314 114 59.76 595.7 24.57 464.89 648.78 21.35 513.98
13 7 6.7 4355 319 67.44 1299.5 85.8 986.48 1567.7 41.24 544.36
14 7 5.37 3491 401 104.64 832.6 93.6 854.89 1327.5 12.68 564.82
15 7.2 2.93 1905 222 26.64 503.7 3.51 452.14 670.24 45.24 550.56
16 7.2 2.81 1827 260 30.96 411.7 2.34 335.22 660.9 47.58 412.3
17 7 3.36 2184 252 30.96 496.8 6.24 521.76 608.74 15.11 626.2
18 71 3.22 2093 178 66.72 397.9 31.98 254.72 632.97 48.26 574.12
19 7 3.25 2113 270 138.72 328.9 38.22 443.93 733.48 57.82 515.84
20 71 3.3 2145 250 104.88 368 23.79 459.82 806.07 54.21 493.52
21 6.9 2.97 1931 205 86.88 393.3 17.16 304.88 744.33 34.42 512.74
22 7 3.31 2152 263 119.04 3427 7.41 350.4 843.33 53.24 550.56
23 7.3 1.44 936 66 39.36 138 18.33 160.01 147.61 73.22 288.3
24 7.2 3.4 2210 240 47.52 446.2 13.26 526.93 560.96 60.16 600.78
25 6.9 7.09 4609 542 207.84 984.4 8.19 987.69 1742.3 99.94 485.46
26 7 4.03 2620 277 124.08 517.5 3.12 499.09 971.78 99.84 512.12
27 71 3.66 2379 315 0.48 471.5 3.9 466.06 561.69 82.49 396.18
28 71 3.6 2340 322 14.16 427.8 15.99 380.74 691.25 22.72 458.18
29 7.1 5 3250 357 58.32 611.8 27.3 550.1 1046 77.03 522.66
30 7.1 3.55 2308 338 24 577.3 19.11 282.92 1019.3 83.07 556.14
31 71 4.17 2711 318 62.64 738.3 16.38 599.52 1118.6 47.97 515.22
32 6.9 3.94 2561 386 14.64 489.9 8.19 629.57 821.75 46.12 434.62
33 7.2 2.94 1911 200 15.6 411.7 30.42 386.99 550.79 17.36 408.58
34 7 3.75 2438 480 10.8 397.9 6.24 275.25 1145.7 45.14 521.42
35 7.2 3.56 2314 354 17.28 473.8 7.8 393.06 724.18 43.58 535.06
36 7.6 3.22 2098 282 19.92 473.8 5.46 408.41 803.41 16.58 480.5
37 71 2.78 1807 251 73.44 202.4 9.75 297.5 398.4 59.48 442.68
38 71 3.6 2340 205 81.6 395.6 13.65 339.69 579.64 61.23 555.52
39 7.3 2.31 1502 136 45.6 273.7 13.65 169.04 368.54 17.55 391.84
40 7.8 0.27 174 50 7.68 6.9 8.19 53.45 425 1.41 65.1
41 7.4 2.98 1937 244 98.64 404.8 7.02 429.47 671.63 7.51 559.24
42 8.3 0.99 607 83 204 92 24.96 130.58 147.25 46.51 132.06
43 7.3 2.28 1482 113 15.36 292.1 9.36 235.8 252.96 45.05 499.72
44 71 3.46 2249 282 119.04 3427 16.38 623.95 540.14 11.31 532.58
45 7.4 4.43 2880 208 139.44 719.9 17.16 744.19 1025.3 16.58 516.46
46 7.5 3.42 2223 222 13.44 427.8 24.18 514.97 668.82 32.08 301.32
47 7.3 4.2 2730 300 42.72 625.6 31.59 570.49 933.48 92.63 420.36
48 71 6.3 4095 253 74.88 1016.6 56.94 328.8 1674.2 40.07 603.26
49 7.2 4.79 3114 228 28.08 901.6 64.35 274.27 1041.3 58.79 539.4
50 7.4 1.56 1014 111 15.12 142.6 107.64 152.75 163.99 126.95 272.18

Table 1: Geochemical data for the studied aquifer.

*Chloride and sodium

Concentrations of sodium and chlorides vary respectively between
6, 9 to 1299, 5 mg/L and 42, 5 to 1742 mg/L. For both Na* and CI,
the highest concentration levels characterize the wells situated on the
border of the sea (P13, P25 and P48). The spatial distribution of chloride
and sodium concentrations illustrate a similar evolution to that salinity:
they both increase in the direction of groundwater flow.

*Calcium

Ca’* concentrations ranged between 50 and 542 mg/L. The most
elevated value was measured in well P25, while lowest level was
recorded in well P40. The water of this coastal aquifer is moderately rich
in calcium. The mostly analyzed waters are pure, which is in conformity
with pH values of these waters. Calcium and pH have an influence on
water aggressiveness [4].
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Ech RDJ1 RDJ2 RDJ3 RDJ5 RDJ6 RDJ8 RDJ9 RDJ10 RDJ11 RDJ12 RDJ13 RDJ14 RDJ15 RDJ16 RDJ17 RDJ18 RDJ21 RDJ23 RDJ24 RDJ26

&H  -27,7 | -26,7 | -276|-30,8 -30,1 -32,8 -311 -251  -311  -316 | -26,7 -243 -272  -270 -257 -282  -234  -318  -285 -26,6

5%0 | 44 -36 -45 50 -46 | 59 -50 -40 -49 50 -44 -40 -45 -41 | -41 | 42 | 42 | 53 | 48 -4,

Table 2: Isotopic data for the studied aquifer.

Figure 1: Geological map of RafRaf-Ras Djebel plain.

Figure 2: Map of salinity.
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*Magnesium

Mg* concentrations in Ras Djebel-RafRaf aquifer fluctuated
between 0, 48 and 207 mg/L. The highest values were recorded for well
P25, whereas the lower one was recorded for well P40.

*Potassium

K* concentrations are relatively low compared to the concentrations
of other cations which values vary between 2, 34 and 107, 64.

*Sulfates

The sulphates concentrations of the water in the Ras Djebel-
RafRaf aquifer varied between 53, 45 and 987, 69 mg/L. The highest
concentrations were measured for well P25 and P13 while the lowest
value is characterized by well P40.

*Nitrates

NO," concentrations varied between 7, 51 and 144, 4 mg/L. The
highest concentration was measured for well P6 while the lowest value
was characterized by well P41.

Forty two percent of groundwater samples taken during this
study, show nitrate concentrations exceeding the maximum European
admissible nitrate concentration limit in drinking water (50 mg/L).

The examination of nitrate distribution map (Figure 3) reveals
that high nitrate concentrations appear to be related to the fertilizer
application and long term flood irrigation practises, highlighting the
significant contribution of the return flow of irrigation waters to the
degradation of groundwater [5-8].

Saturation Index

Water saturation states for minerals as anhydrite (SI anh), gypsum
(SI gyp), aragonite (arg) and calcite (cal) were computed. If the SI is <0,
dissolution is considered as the dominant process for the related mineral
and when is >0, precipitation of mineral is likely to be occurring in the
system [9].

The majority of samples are supersaturated towards aragonite from
which the carbonates are precipitated. This supersaturation of water
towards these carbonates minerals such as aragonite and calcite shows
that the possibility of dissolution of these minerals by the waters is not
possible and that cannot contribute to the acquisition of mineralization
[10]. In addition, the majority of samples of this groundwater are under
saturated towards gypsum.

Piper diagram

The piper diagram [3] (Figure 4) was determined to precisely
recognize the different groundwater facies. Nitrate concentration was
taken into account when plotting this diagram because of its relative
abundance in the groundwater.

The data represented in this groundwater samples are classified into
two major groups: (Ca-Cl-SO,) and (Na-CI-NO,) water type.

Relationships between TDS and major elements

Plots of various major elements as a function of TDS value
were drawn to determine the contributing elements to groundwater
mineralization and the major hydrogeochemical process. Shows that CI,
SO,” and Na* are well correlated with TDS presenting very close values
of 1 (respectively: 0, 88; 0, 67 and 0,87). In result chlorides, sulphates
and sodium are the main contributors to groundwater mineralization.

However, the contents of calcium and bicarbonate participate
significantly is not determining role in the acquisition of mineralization.
In addition to TDS, the correlation matrix established between sulphates
and CI ion (Figure 5A) shows that the majority of points are situated
above the line (1:1). The increase of Cl in comparison to sulphates
proves that the Cl has probably two origins: It is linked to a marine
intrusion or dissolution of the halite. This hypothesis is confirmed by the
relation between the Cl" and Na* ions (Figure 5B).

The relationship between Ca** and Cl ions (Figure 5C) shows
excess of Cl against Ca*", which demonstrates a process of precipitation
of gypsum (CaSO,, 2H,0) or anhydrite (CaSO,). Besides, the effect of
precipitation is felt in the relationship between the SO,* and Ca** ions
(Figure 5D) where the sulphate deficiency is related to the ion exchange.

Isotopic composition of groundwater

Isotope geochemistry techniques are valuable tools in investigating
many problems in hydrology and evaluating hydrogeological and hydro
chemical controlling mechanisms in any groundwater system [11,12].

They provide significant insights into water origin, recharge
circumstances (time and location), water flow directions and residence
times [11].

*Stable isotope of water (80, §*H):

Stable isotopes (8'*O, §°’H) have conservative proprieties and provide
information on the groundwater recharge process (Table 2) [13]. They
can offer an evaluation of physical process that affects water masses,
such as evaporation and mixing [14].

The isotopic compositions of the groundwater samples from the
Grombalia shallow aquifer range from -5, 3%o to -3, 6%o for §'°0 and
from -31%o to -24, 3%o for §*°H.

The correlation diagram of §'*0/8°H (Figure 6) shows the position
of all samples relative to the Global Meteoric Water Line (GMWL:
6?H=850+10) [15] and the Local Meteoric Water Line of the Tunis-
Carthage (LMWL: §°H= 88"*0+12, 4) [16,17].

Nevertheless, these groundwater samples (Figure 6A) can be further
divided into two groups:

. The first group, which is placed below the GMWL is probably
the consequence of the infiltration of an evaporated component likely
deriving from the return flow of irrigation water.

. The second group, placed between the GMWL and the
LMWL, shows that the precipitation ensuring the recharge of aquifer
from a mixture of oceanic and Mediterranean vapour masses.

The plot of chloride versus 6O (Figure 6B) indicates the different
processes responsible for the variation of groundwater salinity.

Some water samples show a correlation between these two elements.
It is probable that the dissolution mechanism takes precedence over
evaporation in the acquisition of the mineralization.

Conclusion

Based on hydrogeological characteristics the aquifer of Ras Djebel
Northest Tunisia can be classified into two groups: Ca-Cl-SO, and Na-
CI-NO, water type. The acquisition of mineralization mainly through
natural mineralization mechanisms such as the ion exchange and the
geology of groundwater. Nevertheless, anthropogenic process related to
agricultural practices also plays an important role in the salinization of
groundwater.
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Figure 3: Map of salinity.

Figure 4: Piper diagram.
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Figure 5: Relationship between sulphates, Sodium, and chlorides.

Figure 6: Isotope composition of groundwater.

References

1.

Balti M (1986) Notes sur I'exploitation de la nappe phréatique du Ras Djebel
Rapport interne DGRE. réf 3/27, p: 19.

Burrollet PF (1951) Etude géologique des basins Mio-Pliocéne du Nord Est de
la Tunisie. Ann Mines et Géol, n°7, 82p+ annexes.

Piper AM (1944) A graphic procedure in the geochemical interpretation of water
analyses. Transactions, American Geophysical Union 25: 914-923.

15.
16.

Gilbert JR (1990) L'agressivité des eaux de surface en région tropicale, ses
conséquences sur le réseau de distribution. TSM, I'eau. 85éme année, N°3,
pp: 47-86.

Charfi S, Zouari K, Feki S, Mami E (2012) Study of variation of groundwater
quality in a coastal aquifer in North eastern Tunisia using multivariate factor
analyses. Quaternary International 302: 199-209.

Hadas A, Sagiv B, Haruvy N (1999) Agricultural practices, soil fertility
management modes and resultant nitrogen leaching rates under semi-arid
conditions. Agricultural Water Management 42: 81-95.

Oenema O, Boers PCM, Van Erott MM, Fraters B, Vander Meer HG, et al.
(1998) Leaching of nitrate from agriculture to groundwater: the effect of policies
and measures in the Netherlands. Environmental Pollution 102: 471-478.

Rouvier H (1977) Géologie de I'extréme Nord Tunisien: Tectonique et
paléogéographique superposes a 'extrémité de la chaine Maghrébine. Thése
de 3éme cycle, Univ Paris VI, 2: 898.

Freeze RA, Cherry JA (1979) Groundwater. Prentice Hall Inc., Englewood
Cliffs, NJ, USA, p: 604.

.Ben Hamouda MF (2008) Approche hydrogéochimique et isotopique des

systémes aquiferes de CapBon, Cas des nappes de la cote orientale et d’El
Haouaria, Tunisie. Thése en sciences agronomiques de I'INAT.

.Clark |, Fritz P (1997) Environmental isotopes in Hydrogeology. Lewis

Publishers, New York, USA.

. Tijani MN, Loehnert EP, Uma KO (1996) Origin of saline groundwater’s in the

Ogoja area, lower Benue trough, Nigeria. Journal of African Earth Sciences
23: 237-252.

Gat JR (1971) Comments on the stable isotope method in the regional
groundwater investigation. Water Resources Research 7: 980-993.

.Geyh MA (2000) An Overview of “C Analysis in the Study of Groundwater.

Radiocarbon 42: 99-114.
Craig H (1961) Isotopic variation in meteoric water. Science 133: 1702-1703.

Singh B, Singh Y, Sekhon GS (1995) Fertilizer-N uses efficiency and nitrate
pollution of groundwater in developing countries. Journal of Contaminant
Hydrology 20: 167-184.

. Zouari K, Aranyossy JF, Mamou A, Fontes JC (1985) Etude isotopique et

géochimique des mouvements et de I'évolution des solutions de la zone aérée
des sols sous climat semi-aride (sud tunisien).

Hydrol Current Res, an open access journal
ISSN: 2157-7587

Volume 8 + Issue 2 + 1000273


https://books.google.co.in/books/about/A_Graphic_Procedure_in_the_Geochemical_I.html?id=FH-TGwAACAAJ&redir_esc=y
https://books.google.co.in/books/about/A_Graphic_Procedure_in_the_Geochemical_I.html?id=FH-TGwAACAAJ&redir_esc=y
http://agris.fao.org/agris-search/search.do?recordID=US201500216900
http://agris.fao.org/agris-search/search.do?recordID=US201500216900
http://agris.fao.org/agris-search/search.do?recordID=US201500216900
https://www.researchgate.net/publication/223690163_Agricultural_practices_soil_fertility_management_modes_and_resultant_nitrogen_leaching_rates_under_semi-arid_conditions
https://www.researchgate.net/publication/223690163_Agricultural_practices_soil_fertility_management_modes_and_resultant_nitrogen_leaching_rates_under_semi-arid_conditions
https://www.researchgate.net/publication/223690163_Agricultural_practices_soil_fertility_management_modes_and_resultant_nitrogen_leaching_rates_under_semi-arid_conditions
http://library.wur.nl/WebQuery/wurpubs/315159
http://library.wur.nl/WebQuery/wurpubs/315159
http://library.wur.nl/WebQuery/wurpubs/315159
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjoqJ_-wsfTAhUGQ48KHbaxD2EQFggrMAE&url=https%3A%2F%2Fbooks.google.es%2Fbooks%2Fabout%2FGroundwater.html%3Fid%3DfeVOAAAAMAAJ&usg=AFQjCNF5c25ChpJLXluDpiEu7PTuK8_bsA
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjoqJ_-wsfTAhUGQ48KHbaxD2EQFggrMAE&url=https%3A%2F%2Fbooks.google.es%2Fbooks%2Fabout%2FGroundwater.html%3Fid%3DfeVOAAAAMAAJ&usg=AFQjCNF5c25ChpJLXluDpiEu7PTuK8_bsA
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwjK8deZw8fTAhVFQY8KHRMeA-kQFggvMAI&url=https%3A%2F%2Fwww.crcpress.com%2FEnvironmental-Isotopes-in-Hydrogeology%2FClark-Fritz%2Fp%2Fbook%2F9781566702492&usg=AFQjCNHK_yl1B_Igvr9n9IDkKsT4odMETA&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwjK8deZw8fTAhVFQY8KHRMeA-kQFggvMAI&url=https%3A%2F%2Fwww.crcpress.com%2FEnvironmental-Isotopes-in-Hydrogeology%2FClark-Fritz%2Fp%2Fbook%2F9781566702492&usg=AFQjCNHK_yl1B_Igvr9n9IDkKsT4odMETA&cad=rja
https://www.researchgate.net/publication/222895807_Origin_of_saline_groundwaters_in_the_Ogoja_area_Lower_Benue_Trough_Nigeria
https://www.researchgate.net/publication/222895807_Origin_of_saline_groundwaters_in_the_Ogoja_area_Lower_Benue_Trough_Nigeria
https://www.researchgate.net/publication/222895807_Origin_of_saline_groundwaters_in_the_Ogoja_area_Lower_Benue_Trough_Nigeria
http://adsabs.harvard.edu/abs/1971WRR.....7..980G
http://adsabs.harvard.edu/abs/1971WRR.....7..980G
https://www.cambridge.org/core/journals/radiocarbon/article/an-overview-of-14c-analysis-in-the-study-of-groundwater/A0491CB52AC851926B833419F5E9D493
https://www.cambridge.org/core/journals/radiocarbon/article/an-overview-of-14c-analysis-in-the-study-of-groundwater/A0491CB52AC851926B833419F5E9D493
http://science.sciencemag.org/content/133/3465/1702.long
http://adsabs.harvard.edu/abs/1995JCHyd..20..167S
http://adsabs.harvard.edu/abs/1995JCHyd..20..167S
http://adsabs.harvard.edu/abs/1995JCHyd..20..167S

	Title
	Corresponding Author
	Abstract
	Keywords:
	Introduction
	Geology Setting
	Materials and Methods
	Results and Discussion
	Hydrochemistry
	Major ion chemistry:
	Saturation Index
	Piper diagram
	Relationships between TDS and major elements
	Isotopic composition of groundwater

	Conclusion
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 5
	Figure 6
	References

