Impact of anthropogenic activities and climate changes on groundwater evolution and functioning through the study of geochemical tracer approach in coastal region: case of Grombalia phtreatic aquifer (NE of Tunisia)
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Abstract: 
In order to implement a strategy of sustainable groundwater management of Grombalia aquifer, a multi-tracer approach has been carried out in Grombalia aquifer system, basing in survey sampling, during November 2013. The geochemical data was used to characterize and classify water samples and studding the water–rock interaction. 
The study shows the poor management of Grombalia water resources causing in recent years a piezometric perturbation. As a consequence, a piezometric drawdown was recorded in aquifer upstream, and an increase of water level was unregistered in the central and downstream parts due to the strange agriculture irrigation activities and the climate change that is characterized by a strong inter-annual variability of precipitation. In addition, an increase in groundwater salinity was observed in the Grombalia. The water flow direction is from SSW to NNE. The water aquifer was characterized by Cl-SO4-Ca-Mg facies. 
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1. Introduction	

In coastal region, the intensive exploitation of groundwater resources is usually causing decrease in groundwater levels, degradation of water quality (Lachaal et al. 2010; 2011; Liu et al. 2013), and seawater intrusion in coastal areas (Dokou & Karatzas, 2012). Proper understanding of the groundwater system behavior and its assessment is essential in order to define a sustainable management plan which can cope with the future impact of the global change on water resources.

Grombalia aquifer (north east of Tunisia) is one of the typical examples of coastal aquifers in semi-arid regions which have been intensively exploited during the last few years (Ennabli, 1980; Ben Moussa et al. 2011; Tlili-Zrelli et al. 2013; Gaaloul et al. 2014). In fact, the piezometric levels are decreased and the water quality is relatively deteriorated. To solve this problem, the government have added the use of surface water resources from the North-West Tunisia (Oued Medjerda and Ichkeul basin), unless 1984. Then, a program of artificial groundwater recharge from surface water has been initialized in 1999 in order to reduce the piezometric depression. The aim of the paper is to study of the impact of anthropogenic activities and climate changes on groundwater evolution and functioning. 


2. Geology and hydrogeology

The study area covers the Grombalia plain (North east Tunisia) with 100 km2 between 625,000 and 655,000 north parallels and the 407,000 and 437,000 east meridians. It is bordered to the West by Bouchoucha, to the South by Hammamet plain, to the North by Gulf of Tunis, and to the East by Mediterranean Sea (Figs. 1 and 2). 

[image: ]
Fig. 1. Structural features of the Cap-Bon region (Adouani & Aissaoui, 2003)

The major geological outcrops in the study area are mainly Mio-Plio-Quaternary deposits. They are formed essentially by sandstone and marl deposits. The Pliocene outcrops in the Grombalia plain are in underlying position to the coastal and marine Quaternary deposits. 


[image: ]
Fig. 2. Hydrogeological 3D-model of the Grombalia aquifer

The study area is characterized by a Mediterranean semi-arid climate with an average annual precipitation of 502 mm (INM, 2005). The precipitation is characterized by strongly variability. The essential of precipitation (60%) is concentrated between November and March. The annual mean temperature in the region is about 18°C. 

3. Material and Methods

In this study we selected 27 piezometers and observed wells that cover the groundwater area during the period of November 2013. The static water levels are measured by piezometric probe. 28 Groundwater samples were collected in the same period from shallow and deep aquifers and surface water. These water samples were collected in clean polyethylene bottles. After sufficient time allowing the stabilization of the water electrical conductivity, the bottles were thoroughly rinsed 2–3 times with the sample water to be taken before the water was sampled. Temperature (T), electrical conductivity (EC), and pH were measured in situ. SO42- concentration was determined using the gravimetric method. Cl- was analyzed using titration (Mohr method). HCO3- and CO32- were measured by titration with sulphuric acid. Cations Ca2+, Na+, Mg2+ and K+ were analyzed by atomic absorption spectrometer. The piezometric and salinity distribution maps were drawn using the kriging interpolation method, Surfer.10 software and ARC Info 10.0 software package. 

4. Results and discussion

4.1. Piezometric behavior

The piezometric map of 1948 is the oldest existing data for the Grombalia aquifer (Fig. 2a). The map shows a piezometric level varying between 10 and 60 m. It shows a divergent flow from the aquifer boundary to the Oued el bay, the Sebkhat Soliman and to the sea. In the right, the water flow is from ESE to WNW directions and in the left is from the WSW to the ENE. 
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Fig. 2 Piezometric head of shallow Grombalia aquifer: (a) in 1948 (Castany, 1948), and (b) in November 2013.
The piezometric map of November 2013 was drawn basing on the interpolation of 27observation wells (Fig. 2b). The piezometric map shows a general water flow from the South-East to North-West. The comparison of the piezometric map of 1948 (Fig. 2a) and 2013 (Fig. 2b) shows the presence of two piezometric behaviors:
· A groundwater rise: a general rise is observed in the center aquifer (between Grombalia and Soliman towns). The increase of water level can be explained by the irrigation returns effect and the climate changes characterized by strongly variability of precipitation. The increase of water level in the central and downstream parts beyond 2 m depth from the surface creates many agricultural, environmental, and economic problems. These problems are related to the asphyxia of plants, trees and crops, accumulation of salts in the soil especially in irrigated areas and groundwater pollution by nitrates. In some area a whole fields of citrus (oranges, Clementine and lemons ...) are asphyxiated. 
· A piezometric drawdown: the excessive withdrawal of groundwater for irrigation in some area is causing secular declines in water levels throughout the region. According to DGRE data, the Grombalia groundwater system extraction increased from 53.8 Mm3yr-1 in 1980 (DGRE, 1980) to 104.6 Mm3yr-1 in 2010 (DGRE, 2010). The overexploitation was provoked a piezometric decrease. 

4.2. Groundwater salinization and nitrate contamination

 (
(a)
)The Grombalia aquifer water is characterized by pH values varying from 7.12 to 7.44 being in the range of natural waters standard. The EC is ranging from 2.41 to 7.2 mS/cm. The salinity of Grombalia aquifer water varies between 1.8 and 5.4 g L-1(Fig. 3a). The salinity distribution map of November 2013 revealed the presence of salinization gradient from South-East to North-West in the direction to the sea, corresponding to the main groundwater flow direction. In addition, a high salinity is observed in the aquifer center which coincides with the piezometric rise and groundwater management problem. According to the piper Diagram, the water aquifer is characterized by Cl-SO4-Ca-Mg facies. The Grombalia groundwater presents a very high nitrate concentration varying between 11.5 and 346 mg/l (Fig. 3b). The nitrate contaminated area coincides with the high salinity zone.
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Fig. 3 Spatial distribution of the salinity (a) and nitrate (b) in the Grombalia aquifer in November 2013.

4. Conclusion 

In this study, multi-tracer approach has been carried out to understand the hydrogeochemical functioning of coastal aquifer using the chemical analysis. As consequence of water resources management that is characterized by strong agriculture irrigation activities, a groundwater flow perturbation was recorded in the aquifer center, where a piezometric rise was unregistered. However, an increase in water salinity and nitrate pollution were observed in this area. The water aquifer is characterized by Cl-SO4-Ca-Mg facies. 
As a consequence, it seems necessary to implement a sustainable water management program in the region especially in the aquifer center. 
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