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Abstract:  The increasing need for water in arid and semi-arid regions can be mitigated by adding desalinated water to 
underground water from deep aquifers. However, mixing desalinated water and groundwater can have profound 
effects on soils, which should be taken into account in water resources management. We carried out a small-scale 
study to examine the effect of adding desalinated water on inputs of salts and pollutants to the groundwater beneath 
agricultural areas in the central Arava Valley, Israel. A mixture of desalinated water and groundwater is found to 
cause salts, metals and pollutants from the unsaturated medium to leach into groundwater, compared to desalinated 
water or groundwater alone. Anions such as chlorides and nitrates, which are very soluble in water, barely accumulate 
in the soil while cations such as iron and phosphorus accumulate in very high concentrations. These results highlight 
the need for a thorough examination of the effects of introducing new water resources onto soils, and offers an 
experimental scheme to facilitate this need. 
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1. INTRODUCTION 

There is an increasing need to supply more water for a constantly growing population with ever-
growing living standards (Bouwer, 2000; Shaffer et al., 2012), which is expected to be exacerbated 
by foreseen global climate change and expansion of agriculture into more marginal areas in which 
irrigation is required (Vörösmarty et al., 2000). Nevertheless, the amount of water within the global 
hydrological cycle is eventually limited, and much of this water is seawater and wastewater 
unsuitable for irrigation. Hence, the only methods to increase water supply – even in non-arid 
countries and regions – are desalination of seawater and brackish water, and wastewater reclamation 
and reuse (Shannon et al., 2008). Seawater desalination probably has greater potential, and may be 
the only viable means for meeting water demands of some water-scarce regions (Elimelech and 
Phillip, 2011; Raveh and Ben-Gal, 2018). 

While water desalination technologies improve at an impressive rate (Elimelech and Phillip, 
2011; Goh and Ismail, 2017), the sustainable management of desalinated water in irrigation is not as 
developed (Shaffer et al., 2012). Introducing desalinated water into arid regions may imbalance 
local soil and groundwater chemistry, not only because desalinated water may carry foreign 
chemical elements, but also because desalinated water may affect the solubility and mobility of 
salts, metals and pollutants that have so far been stably stored in soils (Kurtzman and Scanlon, 
2011). Water used for irrigation seeps into the unsaturated aquifer and affects the quality of 
groundwater that moves from the unsaturated medium to the saturated zone of the aquifer beneath 
agricultural areas (de Paz and Ramos, 2004; Hadas et al., 1999). Therefore, desalinated water 
introduction needs to be done only after empirically examining its possible outcomes. Here, we 
demonstrate the use of a small-scale experimental scheme that predicts the potential outcomes of 
adding desalinated water to the local water system of a hyper-arid agricultural region that currently 
relies on groundwater. 

The central Arava Valley, Israel (Fig. 1), is situated in a hyper-arid climate: mean annual 
precipitation is below 50 mm, annual potential evaporation exceeds 3000 mm, and average yearly 
temperature is 25.8 °C. There are several rural settlements in the region, economically relying on 
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18 km2 of cultivated fields, both relying solely on groundwater from three aquifers (Yechieli et al., 
1992). Eighty percent of irrigation and drinking water comes from the upper aquifer of the Hatzeva 
and Arava formations, a shallow, young, phreatic aquifer that is readily renewable and hence highly 
sensitive to pollutions. The remainder 20% is drawn from deep aquifers, mainly the Lower 
Cretaceous sandstones of the Kurnub Group, a deep, confined, non-renewable fossil water aquifer. 
Smaller amounts of water are drawn from the Upper Cretaceous calcitic rocks of the Judea Group 
aquifer that lies above the Kurnub Group aquifer, which is a confined fossil aquifer. Water from 
different wells and aquifers is mixed before being distributed to the fields. In the past 30 years, the 
fill aquifer has been suffering from an increase in salinity (from 250 mg Cl L-1 to 450 mg Cl L-1) 
and nitrate concentrations due to intensive agricultural activity in areas located above the aquifer 
(Oren et al. 2004; Shalev et al. 2015), severely damaging the aquifer's water quality (El-Ashry et al., 
1985). 

To mitigate this ongoing problem, Israel Water Authority formulated a plan to supply 
desalinated water to the Arava, which is planned to be mixed with water from local wells and stored 
in existing and planned reservoirs. The implementation of this solution in the Arava is expected to 
have relatively limited effects on yield and profitability (Kaner et al., 2017). However, as 
experience from other regions suggests (de Paz and Ramos, 2004; Hadas et al., 1999; Kurtzman and 
Scanlon, 2011), a mixture of desalinated and local water that will be used for irrigation is likely to 
change the composition of the surplus water that permeates the unsaturated medium under 
agricultural areas and the salt inputs to the saturated medium. This possibility was not considered in 
previous models for the Arava (Kaner et al., 2017), and therefore is required to obtain a balanced 
picture of the feasibility and sustainability of this solution. 

We carried out a study to provide: (1) preliminary information as to the possible outcomes of 
introducing desalinated water to the central Arava Valley irrigation water system, and (2) 
recommendations for how this introduction can be implemented in an educated manner that 
mitigates possible changes to groundwater and soil chemistry. Although this is a small-scale short-
term localized study, it addresses a broad and complex issue of which our theoretical knowledge is 
limited. Therefore, it can serve both as an example for the kinds of experiments that can be used to 
increase general theoretical knowledge and as a guideline for similar studies elsewhere. The study 
was conducted in the agricultural areas of Idan settlement (Fig. 1), which are representative of the 
Arava agricultural areas. It focused on how the introduction of desalinated water affects the 
composition of water seeping through the non-saturated medium and on the input of salts and 
various pollutants into the saturated medium. We examined how the composition of shallow water 
beneath agricultural areas may be influenced by a partial or complete transition to irrigation using a 
mixture of desalinated and aquifer water, in order to give an initial indication of what composition 
changes in groundwater beneath agricultural areas are expected. 

2. MATERIALS AND METHODS 

2.1 Soil samples and chemical analyses 

Study sites were selected based on existing data of chloride concentrations and on state and 
processes within the unsaturated medium, mostly from existing boreholes and from the Israel Water 
Authority (Ronen-Eliraz et al., 2017; Shalev et al., 2015; Yechieli et al., 1992). Undisturbed soil 
cores were extracted by drilling (using Geo-Probe) in four sites near Idan 2a and Idan 3a boreholes 
(Fig. 1). At each site, three cores were obtained: one was sent for soil analysis, and the other two 
were preserved for the experiments. Each core was divided into several samples of equal weights, 
one for each part of the study. Pebbles and stones were removed from all samples in order to have 
uniform texture from each horizon. Chlorides, nitrates and TOC were measured, so the most nitrate-
rich horizon from each drilling could be taken for further analyses, including pesticides and metals. 
These horizons were at depths of 4, 1.5, 5 and 2 m for drillings K-A1, KA-2, KA-3 and KA-4, 
respectively. 
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Figure 1. Map of the study area: Boreholes K-A1 and K-A2 are near Idan 2a,  
boreholes K-A3 and K-A4 are near Idan 3a. 

2.2 Batch experiment 

Batch experiment is an experimental set-up that consists of placing a fixed amount of soil in an 
Erlenmeyer flask containing a volume of water. Each sample was thoroughly shaken in a rotator 
with different types of water, until it reached a chemical equilibrium. The three water types were 
desalinated water sampled directly from the desalination plant (EC = 0.9 mS), groundwater sampled 
from the irrigation lines (3 mS) and a mixture of 65% desalinated water and 35% groundwater 
(1.6 mS). The difference between initial and final solute concentrations in the water indicate 
chemical equilibria under the studied water type (Cucarella and Renman, 2009). This equilibrium 
represents the final state of the soil after many years of irrigation using the same type of water.  

2.3 Column experiment 

Column experiments are often used for water soil interface studies to identify the time it takes to 
release adsorbed materials depending on the type of water passing through the medium, and not to 
simulate equilibrium (e.g., Goren et al., 2012; Russek and Sivan, 2010). This method has been used 
to identify effects of agricultural practices on water composition (Turkeltaub et al., 2015; for 
previous applications in the Arava see Ronen-Eliraz et al., 2017 and Shalev et al., 2015). The 
experiment was performed only on drilling K-A4, in which thickness of the various layers was most 
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representative, and included all three water types used in the batch experiment as well as on 
distilled water. Eight custom-made glass columns (two replicates for each water type), 20 cm long 
with a 4 cm internal diameter, were filled with undisturbed cores from the drill. Each soil horizon 
was inserted in equal quantity (total of 170 ml soil) to each column and in the same order and 
proportion as in the soil section. 1,200 ml of water were poured to each column from above and 
allowed to flow downwards. Water exiting from the bottom of each column was sampled after 
accumulation below the column (i.e., after it flowed through the soil samples), when the cumulative 
water passing through the column reached predetermined volumes. 

3. RESULTS AND DISCUSSION 

Soil chemical analyses indicate that all samples, regardless of site and horizon, had relatively 
high concentrations of nitrate (24–161 mg kg-1; Fig. 2a), whereas cations, such as iron, zinc, 
phosphorus and magnesium, were very high (commonly above 500 mg kg-1; Fig. 2a). This is most 
probably because highly soluble anions are washed and transported relatively easily in the 
percolating water in clay- and silt-rich soils, while the cations sink and adhere to the negative 
charge of clay particles. High concentrations of phosphorus and iron may be due to fertilization, but 
since we have not examined their natural concentration in these soils, their source cannot be 
determined. 

One might expect desalinated water to release more salts in the batch experiment, because it has 
the highest solubility potential, but, in practice, mixture water released more salts than desalinated 
water and (in cores K-A3 and K-A4) groundwater (Fig. 2b). This is probably because mixture water 
does not behave in a linear manner, but is able to release elements that water with higher or lower 
salinity cannot release. It should be noted, nonetheless, that the desalinated water used in this 
experiment have TDS concentration rates higher than usually expected from desalinated water. 

Most chemical changes throughout the column experiment took place within the first 180 ml that 
exit the column, the mixture solution showing lower concentration of sulfates, chlorides and nitrates 
then the concentration in the groundwater that passed the column (Fig. 3a). Nitrates showed the 
highest differences with 160 mg L-l and 350 mg L-l in equilibrium state in mixture water and 
groundwater, respectively. Differences between mixture water and groundwater were less 
significant for chlorides and sulfates (Fig. 3b). Most of the salts were released to the ground at the 
beginning of the leaching process, and after a short period of time the concentration of salts was 
significantly reduced (Fig. 3c). Here too, mixture water released more salts, even after the other 
types of water no longer release salts. 

 

Figure 2. (a) Potassium, Magnesium, Aluminum and Nitrate concentration (mg/kg) in the four drillings. 
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Figure 2. (b) Main ions concentration (mg/l) in three types of water used for the batch experiment. 

 

 

 

Figure 3. (a) Concentrations of sulfate, nitrate and chloride released in well water,(b) mixture of well water and 
desalinatedwater and(c) the addition of chlorides in four types of water. 

4. CONCLUSIONS 

The addition of desalinated water to the local irrigation water system is expected to release more 
subsurface elements into the groundwater beneath agricultural areas. However, since the 
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concentration of salts in the mixture water is significantly lower than the concentration of the salts 
in groundwater, the long-term negative effect is expected to be small. We therefore expect that 
adding desalinated water will be overall beneficial to the shallow aquifer and improve the quality of 
groundwater beneath agricultural areas in the long run. Although diluted desalinated water releases 
salts and pollutants from the subsurface soil to the saturated subsurface over time, the water is 
expected to reduce the salt and nitrate inputs that currently percolate into the groundwater as their 
concentration in mixture water is lower than in natural groundwater. As we demonstrated here, 
relatively simple and small-scale experiments can provide valuable information about the possible 
effects of mixing desalinated water with local groundwater on water quality. Moreover, the 
experimental scheme presented here can easily be used to examine which water mixture will 
minimize the release of substances that may salinize the groundwater beneath agricultural areas. 
Such information is highly important for sustainable water management in cases like the one we 
present here. 
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