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ABSTRACT  
 

The goal of this paper is to identify the groundwater hydrochemical characteristics and to assess 
the groundwater quality for sustainable development at Ras El-Hekma area - Northwestern coast, 
Egypt. To achieve this goal, 48 water samples representing both the Pleistocene Oolitic limestone and 
Middle Miocene fissured limestone aquifers were collected as well as 2 water samples representing 
the Mediterranean Sea and rainwater in the study area. The hydrochemical characteristics, the 
geochemical classification and the geochemical evolution of groundwater as well as the groundwater 
contamination were identified in this study. Finally, the groundwater quality was evaluated for 
different purposes. The groundwater salinity in the study area ranges widely from fresh, brackish to 
saline water types due leaching and dissolution process of marine salts of the aquifer matrices and sea 
water intrusion due to overpumping. The presence of the hypothetical salt MgCl2 in the groundwater 
in the study area indicates that the groundwater may be affected by sea water intrusion. Also, the 
presence of the hypothetical salts (Na2SO4, MgSO4, CaSO4, Mg(HCO3)2, MgCl2) in both the 
Pleistocene Oolitic limestone and Middle Miocene fissured limestone coastal aquifers indicates that 
may be there is a connection between the two aquifers in the study area. The Piper's trilinear diagram 
suggests that the groundwater in the study area is of mixed origin of mineralization, where rainwater 
and sea water are the main sources of salts contribution. Also, the predominance of the hypothetical 
salt MgCl2 and the I-/Br- ratio values confirm that the Pleistocene Oolitic limestone aquifer is suffering 
from sea water intrusion at distances ranging from 1km to 3km from the shoreline. The majority of 
the groundwater samples in the study area vary from seriously to highly contaminated water due to 
leaching and dissolution processes of marine sediments as well as sea water intrusion due to 
overpumping. The majority of the groundwater samples (98%) in the study area are unsuitable for 
human drinking as they have total salinity ranges from 1125.7 to 27607.6mg/l, i.e., more than the safe 
limit of human drinking (1000mg/L) and also they are polluted by Al, Fe, Pb, Mn, Zn and As in 
different proportions. Also, the majority of the groundwater samples (90%) in the study area are 
unsuitable for irrigation under ordinary conditions.   
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Introduction 
 

Matrouh governorate is located in the far north-west extending from the kilometer 61 west 
Alexandria governorate until the Egyptian – Libyan border, 450km along the Mediterranean Coast 
length, extending south into the desert in depth 400km south of Siwa Oasis and the total area of 
166,563km2. Ras El-Hekma area belongs to Matrouh governorate and it extends along the 
Mediterranean coastal zone, between 200km west of Alexandria and 60km east of Mersa Matrouh. 
The study area covers about 300km2 (Fig.1). The area forms a headland which extends in a N-E 
direction for 17km into the Mediterranean Sea. The attitude of the study area slopes gently to the 
north, i.e., towards the Mediterranean Sea. It is bounded by longitudes 270 32\ and 270 55\ E and by 
latitudes 310 05\ and 310 15\ N.  

At present, the Northwestern coastal zone of Egypt, especially Ras El-Hekma area enjoys 
attention for future sustainable development, and this in turn depends principally on the occurrence 
and the continuity of the water resources. Therefore, studies on the groundwater in such region are 
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considered to be of prime importance. So, Ras El-Hekma area represents one of the main headlands 
along the southern Mediterranean coast and it became the center of much attention from the Egyptian 
government.  

In arid regions, the deterioration of fresh water resources in coastal regions threatens the 
sustainability of the fresh water supply and their economic development (Eissa et al., 2013). 
Noteworthy, Ras El-Hekma area is considered one of the areas that is suffering from the lack of fresh 
surface water and insufficient rainfall particularly in summer months. So, the groundwater is the only 
water resource in the investigated area for drinking and cultivation. The Egyptian government has put 
a strategy to develop the coastal areas in order to solve the problems of water deficiency. So, 
searching for groundwater is of great importance to face the expecting high-demand on water.  

The area is characterized by an arid climate, with hot and dry summer, moderate temperature 
(from 8oC in January to 29.8oC in August), and considerably short rainfall storms during winter 
season. The rainy season is from October until January (Atwa, 1979 and Raslan, 1995), where the 
average annual rainfall (1958 - 1993) is about 155mm/year and the annual evaporation rate is 
1.578mm (Ali et al., 2007). Most of the rainfall on the southern plateau is running on the surface, 
causing water runoff, where the annual runoff in the study area is about 2.12million m3 (Klaric et al., 
1999). 

There are many studies have been focused on Ras El-Hekma area, among them; Paver and 
Simpson (1943), Shotton (1944 and 1946), Abdel Samie (1957), Hammad (1966 and 1972), Sayed 
(1967), El Shamy (1968), Shata (1970), Misak (1974), Sewidan (1978), Atwa (1979), El-Fiky (1996), 
El Bohoty (2002), Soliman (2005), Soliman et al. (2007), Gomaa and Omar (2008), Yousif and 
Bubenzer (2011 and 2012), Soliman et al. (2013), Morad et al. (2014) and Eissa et al. (2016) are of 
particular interest. 

This study is focused on the chemistry of the water resources in Ras El-Hekma area, the origin 
of the groundwater and identification of pollutants and their resources as well as the evaluation of the 
groundwater quality for sustainable development. 
 
Aquifer system: 
 

Geomorphologically, the following units are distinguished from south to north (Yousif and 
Bubenzer, 2011), figure (2);  

1-The tableland (structural plateau) which extends generally in an east-west direction with a 
ground elevation varies between 100 and 135m above sea level and covers an area of about 96km2. It 
is located to the south of the study area at a distance ranges between 4 and 13km from the 
Mediterranean coast and it is composed mainly of fissured and jointed limestone. It slops gently in the 
northward direction (2m/km), so the surface runoff goes towards the north. Accordingly, the tableland 
is considered the main watershed area or the main surface water divide in the study area.  

2-The piedmont plain covers an area of about 185km2, and its surface is composed of elongated 
ridges and depressions. The coastal ridges are mainly composed of Oolitic limestone possessing 
different degrees of hardness as well as indurated surfaces. According to their hydrologic response, 
the ridges are distinguished into the northern near shore ridges (fore shore ridges) and the southern 
inland ridges. The former ridges are characterized by tidal inlets allowing the direct connection of sea 
water with the inland depression. The ridges act as water divides (local watershed area), where the 
surface water seeps towards the low hollows and depressions. The depressions are located between 
the elevated ridges and constitute the elongated shallow topographic depressions. The surface of these 
depressions slopes gently northward. Accordingly, the depressions are considered as collectors for 
surface water runoff. 

3-As part of the northwest coastal plain, the coastal plain occupies the northern narrow strip 
adjacent to the present Mediterranean shore line. The coastal plain of the study area extends for about 
43km and covers an area of 45km2. It slops from about 60m above sea level in the south down to the 
sea level or slightly below the sea level.  

Geologically, the following stratigraphic units can be distinguished from old to young (Yousif 
and Bubenzer, 2011), figure (3); 

1- The Tertiary deposits are represented by the Miocene and Pliocene sediments, these deposits 
are exposed in the southern parts of the study area (the tableland) and form the inland aquifers. 
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A) The Miocene sediments are represented by the Marmarica limestone formation. The 
Marmarica formation (Middle Miocene) has a platform features, and exhibits lateral and vertical 
facies changes. The Marmarica formation is built up of fissured and cavernous limestone, dolomitic 
limestone, and sandy limestone intercalated with clay and marl interbeds. The fractures of the Middle 
Miocene rocks are responsible for the occurrence of groundwater in the Middle Miocene rocks and 
also play the main role in the recharge of this aquifer. It is worth mentioning that, the Miocene 
sediments along the north littroral part of Egypt have a composite thickness of about 400m. 
 

 
Fig. 1: Location map of the study area 
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Fig. 2: The geomorphological map of Ras El-Hekma area (After Hammad, 1972) 

 

 
Fig. 3: The Geological map of Ras El-Hekma area (After CONOCO, 1986) 
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B) The Pliocene sediments are of limited distribution in the investigated area. Also, these 
sediments have limited exposures (local Pliocene exposures are recognized) in Ras El-Hekma area. In 
the subsurface, the Pliocene sediments are dominated by creamy limestone and calcareous sandstone 
with shale. In other words, the Pliocene rocks in the study area occur as a thin layer of clay, limestone 
and marl of low permeability and act as confining bed (Hammad, 1966 and Soliman, 2005). 

2- The Quaternary deposits include the Pleistocene and Holocene deposits. 
A) The Pleistocene deposits, are widely distributed in the study area mainly represented by 

Oolitic limestone, which constitutes the main bulk of the coastal aquifer. These cover the greater part 
of the coastal zone and are almost developed in the form of elongate ridges running parallel to the 
present coast.  

B) Holocene deposits are known along the present beach. The sand near the beach is highly 
polished and contains small quantities of line clayey and/or calcareous particles, while inland the sand 
contains a high amount of these fine materials.  

Hydrogeologically, the water resources in the study area are mainly derived from the 
atmospheric precipitation, surface runoff that is collected by means of valleys and tributaries, and 
man-made underground storage cisterns or galleries. Groundwater in the study area is essentially 
discharged from wells (shallow, deep and hand-dug wells) and shallow open trenches. The source of 
groundwater recharge is through precipitation or surface water that percolates downward. The 
groundwater in the study area occurs in two aquifers of Quaternary and Tertiary ages. These aquifers 
were discussed in recent literatures, with them; Yousif and Bubenzer (2012), and Morad (2014) are of 
interest. 

A) The Quaternary (the Pleistocene Oolitic limestone) aquifer in the study area is dominated 
along the coastal plain and dissected wadis. This aquifer is considered as one of the most important 
aquifers in the Northwestern coastal zone and has a wide distribution in the study area, from which 
appreciable quantities of groundwater are obtainable. The water in such aquifer exists in free water 
conditions (phreatic condition) and rests on the already existing main water table. It is composed of 
friable to medium hard limestone interbedded with sandstone and clay in the lower part, having great 
amounts of open pores of various shapes and volumes. However, it is characterized by a high degree 
of primary porosity, which permit direct infiltration and percolation of rainwater. The source of 
groundwater found in the Oolitic limestone ridges comes either from direct infiltration and 
percolation of annual rainfall on the Oolitic limestone ridges and/ or from the rainwater falling on the 
elevated tableland area that located to the south. Most of the groundwater of the Oolitic limestone 
ridges is abstracted by wells, especially in the coastal and inland ridges. On the other hand, the Oolitic 
limestone is recorded in the depression at the subsurface where it is covered by alluvial deposits. The 
depth to water ranges between 4.5m and 30.35m. At Ras El-Hekma area, the investigated aquifer is 
characterized by transmissivity (0.03m2/min) and  storativity (6.31 X 106), and it extends about 10km 
southward (Hassan et al., 1966). The permeability (K) for the Oolitic limestone aquifer in the study 
area shows K value of 1.2m/day (Saleh, 2000). Groundwater generally flows from south to north with 
the general slope of the ground surface (Morad et al., 2014). The Oolitic limestone aquifer overlies 
unconformably the middle Miocene strata which constitute the main bulk of the tableland (Taha, 
1973). 

B) The Tertiary (Middle Miocene fissured limestone) aquifer is developed as a secondary 
aquifer along the coastal area. This aquifer is forming the surface beds of the southern plateau. The 
Middle Miocene formations, which form the underlying rocks of the whole area, are composed of 
limestone, dolomite, marly, with clay intercalations. The groundwater in this aquifer occurs in the 
form of separated thin sheets accumulated at the contact with the impervious clays and depends on its 
supply by local rainfall, where the water in such aquifer exists in semi-confined conditions (semi-
confined water). The rainwater that percolates through the joints and fractures is the main source of 
recharge of this aquifer. Consequently, the main factor which plays an important role in the 
occurrence of groundwater in the Middle Miocene aquifer is the fractures which consider a secondary 
porosity in the water bearing formation (Soliman et al., 2007). Such aquifer groundwater has been 
influenced by the rise of the Mediterranean sea level (Ball, 1939). The depth to water ranges between 
19.9m and 120.39m. El- Bohoty (2002) studied the subsurface geology at Ras El-Hekma and he 
indicated that there are three fault zones, which have a general direction of almost N—S. The lateral 
and vertical facies changes affect the productivity of the aquifer, particularly along the coastal area. 
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However, the transmissivity of the Marmarica aquifer ranges between 10-4 and 10-2 m2/sec. (ACSAD, 
1990). In general, Saleh (2000) stated that, the middle Miocene (fractured limestone) attains the 
lowest permeability value (0.35 m/day), which is quite expected due to the fracturing nature of the 
building material. Groundwater generally flows from south to north with the general slope of the 
ground surface (Morad et al., 2014).  Also, Morad et al. (2014) concluded that, the higher the 
permeability value and the lower the depth to water surface the higher the potentiality or ability of 
aquifer recharge. In other words, the ability of aquifer recharge by local rainfall, especially for the 
exposed part of the rocks indicated that; the Pleistocene Oolitic limestone has a medium ability to 
recharge by local rainfall while, the Middle Miocene aquifer has a low ability to recharge by local 
rainfall. 
 
Material and Methods 
 

The current study started by surveying the water points in the area under investigation. The 
locations (longitudes and latitudes) of the collected water samples were recorded using Global 
Positioning System (GPS) model etrex 10 (German) and therefore were plotted using a software 
program to generate the map of the sampling locations (Fig.4).  

 

-  

Fig. 4: A map showing the Pleistocene and Miocene aquifers groundwater samples sites, the main 
geomorphological units and the geological structure in the study area 

 
Some parameters as depth to water, temperature TC, EC and pH were conducted in situ for the 

collected water samples because some of these parameters (EC and pH) are likely to change on transit 
(Hem, 1985). The water samples that representing the two aquifers in the area of study were collected 
in clean 500ml polyethylene bottles with all necessary precautions and were divided into three 
portions to analyze by the author in the hydrochemistry department laboratory of Desert Research 
Center; the first portion was taken in a special container (100ml) for the measurement of major 
cations and anions (Ca2+, Mg2+, Na+, K+, CO3

2-, HCO3
-, SO4

2- and Cl-) according to Rainwater and 
Thatcher (1960). The second portion was taken in other special container (100ml) for the 
measurements of minor constituents as boron (B3+), nitrate (NO3

-) and phosphate (PO4
3-) according to 

Fishman and Friedman (1985). Finally, the third one portion was acidified with nitric acid (1%) and 
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stored in pre-cleaned polyethylene bottles for the measurements of trace elements (Al, Fe, Mn, Mo, 
Ni, As, Cd, Co, Cr, Cu, Pb, V, Zn and Hg) according to the methods adopted by American society for 
testing and materials (ASTM, 2002). The obtained chemical data were expressed in milligram per 
liter (mg/L) or part per million (ppm). 
 
Results and Discussion 
 

The study of the groundwater chemistry and its relation to the prevailing environmental 
conditions is the target of the present paper. The chemical composition of groundwater is the 
combined result of the water constituents that passes through the groundwater reservoir and reacts 
with minerals existed in the aquifer matrices that may modify the water composition. The study of 
groundwater chemistry mainly based on the results of the chemical analysis was carried out for the 
collected water samples (50 water samples) in the study area (Table 1), to determine the 
hydrochemical characteristics of such groundwater and evaluate it for drinking and irrigation 
purposes. The chemistry of groundwater in the area of study is separately discussed in details for each 
of the investigated aquifers (the Pleistocene Oolitic limestone aquifer, which is represented by 
nineteen samples and the Miocene aquifer which is represented by twenty nine samples, Fig.4) under 
the following topics; 
- The hydrochemical characteristics of groundwater (the groundwater salinity and the hypothetical 

salts combinations). 
- Geochemical classification of groundwater using the trilinear plotting system (piper's diagram). 
- Geochemical evolution of groundwater using hydrochemical profiles. 
- The groundwater contamination.  
- The groundwater evaluation for different purposes. 
 

Hydrochemical characteristics of groundwater: 
 

To study the hydrochemical characteristics of groundwater in the study area, the focus is on the 
groundwater salinity (total dissolved solids) and the hypothetical salts combinations that characterize 
the groundwater in the study area. 
  
Water salinity (total dissolved solids): 
 

The total dissolved solids (TDS) are a measure of the total mass of ions dissolved in water. 
Different methods are used for water classification corresponding to its salinity value. According to 
Chebotarev (1955), the natural water is classified into three main categories of total salinity, fresh 
water (TDS up to 1500mg/L), brackish water (1500 – 5000mg/L) and saline water (TDS more than 
5000mg/L). The total dissolved solids could be used to understand the chemical maturation and water 
flow history of certain aquifer systems. 

A- The total dissolved solids (TDS) of the groundwater samples of the Pleistocene Oolitic 
limestone aquifer range from 1201.3mg/L to 9910.5mg/L with a mean value of 6446.5mg/L (Table 
1). Such groundwater salinity changes widely from fresh, brackish to saline water types. Where, 5% 
of the water samples are related to the fresh water type, 42% of the water samples are related to the 
brackish water type and the rest of the water samples (52%) are related to the saline water type 
(Fig.5). From the iso-salinity contour map of the Pleistocene Oolitic limestone aquifer groundwater 
samples (Fig.6),  It is clear that, the salinity increases from 4993mg/L at south to 9910mg/L at north 
direction. Consequently, the iso-salinity distribution follows the trend of the regional flow direction of 
groundwater where the general trend of the groundwater flow is from south to north direction.  

The relatively low water salinity of the Pleistocene Oolitic limestone aquifer groundwater 
samples at some localities to the north (samples Nos. 1, 2, 3, 4, 5, 6, 9 and 15) is attributed to the 
seepage of rainfall to the Pleistocene Oolitic limestone aquifer at these localities and consequently 
these samples were diluted. In other words, the relatively lower groundwater salinity is due to that 
these samples are receiving considerable recharge comes from annual precipitations on the fore shore 
ridge (Fig.5). Noteworthy to mention that, the coastal ridge (fore shore ridge) acts as water collecting 
area (local watershed area) where most of the rainwater infiltrates directly downwards contributing to 
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the groundwater body. This indicates that the Pleistocene Oolitic limestone aquifer is directly 
recharged from the rainfall.  

The relative high salinity of the Pleistocene Oolitic limestone aquifer groundwater samples at 
other localities of the study area may be attributed to the following factors;  

1) The leaching and dissolution processes of the aquifer matrix (limestone) during the 
groundwater flow from south to north.  

 

 
 

Fig. 5: Distribution of the Pleistocene aquifer groundwater salinity in the study area 
 

 
 

Fig. 6: The iso-salinity contour map of the Pleistocene aquifer groundwater 
 

E
l-H

ek
m

a G
u

lf



Curr. Sci. Int., 6(3): 589-622, 2017 
ISSN 2077-4435 

597 

2) The hydraulic connection with the underlying saline deposits. This is confirmed by Taha 
(1973) that said the Oolitic limestone aquifer overlies unconformable the middle Miocene strata 
which constitute the main bulk of the tableland. Also, Massoud et al. (2015) said that in the 
northwestern coast, the freshwater zone in the Ooliic aquifer overlies the saline water bodies into the 
fractured Miocene aquifer. 

3) Seawater intrusion, where the groundwater close to the coast in the Pleistocene Oolitic 
aquifer shows a relatively high salinity due to seawater intrusion (Atwia and Masoud, 2013) as a 
result of groundwater over exploitation in the northwestern coast (Eissa et al., 2015a; Embaby and 
Shanab, 2012). This is confirmed by Eissa et al., 2016 that stated that the groundwater levels in 
Pleistocene Oolitic limestone aquifer decrease from +6m in the south to – 4m above sea level (asl) at 
the coastal area. 

B- The total dissolved solids (TDS) of the groundwater samples of the Middle Miocene 
fissured limestone aquifer range from 723mg/L to 13110mg/L, with a mean value of 6437mg/L 
(Table 1). Such groundwater salinity changes from fresh, brackish, saline to high saline water types. 
Whereas, 14% of the water samples are related to fresh water type, 17% of the water samples are 
related to brackish water type and 55% of the water samples are related to the saline water category, 
while the rest of the water samples (14%) are related to the high saline water type (Fig.7). 

 

 
 

Fig. 7: Distribution of the Miocene aquifer groundwater salinity in the study area 
 

From the iso-salinity contour map of the middle Miocene aquifer groundwater samples (Fig.8). 
It is clear that, the salinity increase from 6869mg/L at south to 13110mg/L at north direction. 
Consequently, the iso-salinity distribution follows the trend of the regional flow direction of 
groundwater where the general trend of the groundwater flow is from the south to north direction.  

Also from Fig. (8), it is shown that there is a groundwater salinity increase towards the 
northeastern direction. In general, the wells which were drilled in the foot slopes of the ridges or 
above the ridges have low total dissolved solids (3445 - 9084 mg/L), if compared with the other wells 
which were drilled in the depressions that have total dissolved solids range from 4210 to 13110mg/L. 
This is due to that the ridge acts as local watershed area where most of the rainwater infiltrates 
directly downwards across fissures contributing to the groundwater body, consequently this causes 
the lowering of the groundwater salinity. 
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Fig. 8: The iso-salinity contour map of the Miocene aquifer groundwater 
 

Where the tableland is mainly a fractural limestone, therefore; a large amount of the rainfall 
water is expected to infiltrate through the fractures and recharge the Middle Miocenec aquifer. This 
indicates that the Middle Miocene aquifer is indirectly recharged from the local rainfall. While the 
elongate depressions act as collecting basins for the surface runoff water from both the ridge and the 
tableland, i.e., the depressions receive the water that produced from the leaching and dissolution 
processes for the tableland and ridges, consequently this causes the raising of the groundwater 
salinity. Towards the shoreline, the ground elevation of the depressions is generally near to sea level, 
therefore these depressions become inundated with sea water. This indicates that the geomorphologic 
setting has a direct impact on the groundwater salinity in the study area. 

 The relative low salinity of the Middle Miocene aquifer groundwater samples (44, 45, 46 and 
48) at east of the study area means that these groundwater wells were received considerable amounts 
of rainfall and runoff water by seepage processes across the fractures. This is confirmed by this fact, 
the monoclinal structure leads to the occurrences of cracking and fracturing of the Middle Miocene 
rocks. These fractures are responsible for the occurrence of groundwater in the Middle Miocene rocks 
and also play the main role in the recharge of this aquifer. 

The high groundwater salinity of the middle Miocene aquifer groundwater samples at other 
localities of the study area may be attributed to some factors as; 

1) Overpuming leads to an increase in water salinity as a result of salt water intrusion. This is 
confirmed by Yousif and Bubenzer (2012) that said Ras El-Hekma area represents a headland 
extending into the Mediterranean sea, which mean that there is a high possibility for saltwater 
intrusion from the sea. Also, they said the main factors which plays the important role in the 
occurrence of the groundwater in the Middle Miocene aquifer is the fractures, which are considered 
as secondary porosity in the water-bearing formation. On the other hand, Taha (1973) stated that the 
rise of sea level allowed the rise of the saline water body that resulted in the deterioration of the 
groundwater accumulated during the past wet periods.  

2) The leaching and dissolution processes of the aquifer matrix (limestone) during the 
groundwater flow from south to north lead to the increase in water salinity. In other words, the feed in 
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source from the southern watershed is generally brackish, and saline water as a result of dissolution of 
salts from the Miocene fissured limestone by moving groundwater. 

3) The salt marches present at the eastern side of the study area and appear in the lowland. 
They resulted most probably from the inundated of seawater intrusion and / or groundwater seepage 
of the surrounding dunes and the ridge. 

 
Table 1: The concentrations of the major ions in the study area as ppm 

Sample 
No. 

EC PH TDS Ca+2 Mg+2 Na+ K+ CO3
-2 HCO3

- SO4
-2 Cl- 

Pleistocene aquifer 
1 6830 8.4 4105.8 137.10 241.03 1020.41 92.96 0.00 303.17 494.02 1968.68 
2 5420 8.5 3067.5 78.83 148.87 832.07 37.97 0.00 246.87 500.00 1346.32 
3 5220 8.2 2917.2 94.81 168.66 720.00 51.78 0.00 303.17 400.02 1330.30 
4 3110 8.7 1732.5 65.29 114.79 418.76 25.10 12.78 242.54 245.98 728.55 
5 2210 8.6 1201.3 58.15 109.40 244.82 16.92 34.08 285.85 95.00 500.00 
6 2802 8.7 1534.9 62.84 131.80 314.70 25.05 21.30 268.52 180.00 664.90 
7 17000 8.1 9852.0 344.61 490.62 2700.00 65.39 0.00 229.54 786.70 5349.93 
8 16050 8.5 9315.4 150.40 272.53 2814.00 76.61 12.78 255.53 1644.45 4216.84 
9 6590 8.7 4090.4 60.38 137.38 1220.00 61.94 34.08 437.43 630.30 1727.64 

10 8390 8.7 4993.1 139.74 133.93 1536.75 52.24 34.08 242.54 582.44 2392.63 
11 13080 8.6 7408.0 219.31 207.51 2201.04 64.07 29.82 264.19 664.14 3890.01 
12 13240 8.6 7529.3 185.09 366.63 1982.00 114.00 51.12 498.07 911.45 3670.00 
13 15750 8.5 8781.8 293.28 529.79 2300.00 133.00 34.08 775.25 400.00 4704.00 
14 12450 8.5 7242.9 187.54 328.89 2024.00 74.18 42.60 584.69 1074.40 3219.00 
15 6970 8.7 3891.1 97.97 216.59 1026.00 38.87 42.60 541.38 184.40 2014.00 
16 15230 8.4 8956.8 223.55 431.46 2367.00 68.14 38.34 363.80 1185.40 4461.00 
17 15910 8.4 8945.9 134.10 405.31 2676.00 64.03 38.34 311.83 940.20 4532.00 
18 17920 8.4 9163.4 33.39 44.49 2941.00 130.00 17.04 186.23 154.32 5750.00 
19 17750 8.1 9910.5 259.21 472.28 2780.00 86.10 21.30 389.79 346.70 5750.00 

Miocene aquifer 
20 12110 7.9 6869 236 263 1900 73 0 142.92 1100 3225 
21 54700 8.3 27608 541 1038 8110 211 9 207.89 3853 13741 
22 22110 7.9 13110 290 482 3710 108 1 219.15 1968 6442 
23 5810 8.7 3445 91 131 1020 33 21 251.20 370 1654 
24 13340 8.4 7190 231 316 2028 47 13 212.22 826 3623 
25 12730 8.3 7100 214 246 2087 55 9 229.54 987 3387 
26 1431 8.3 8105 265 259 2370 68 4 242.54 1096 3922 
27 10140 8.1 6215 217 205 1814 50 0 194.90 851 2980 
28 14790 8.4 8561 244 249 2555 92 13 212.22 1203 4098 
29 12310 8.3 6946 150 189 2191 53 30 342.15 801 3360 
30 10560 8.3 5851 140 174 1831 47 21 433.10 531 2889 
31 7410 8.7 4210 92 116 1302 40 38 394.12 432 1992 
32 8280 8.5 4987 107 134 1592 48 47 350.81 504 2379 
33 17760 8.3 10338 309 362 2985 81 9 186.23 1206 5293 
34 9410 8.5 5776 157 178 1700 60 13 212.22 678 2884 
35 14460 8.3 8320 168 168 2655 76 9 147.25 1061 4110 
36 12420 8.6 6931 211 212 2050 52 26 207.89 13 3543 
37 13060 8.4 7309 209 216 2172 53 26 225.21 776 3745 
38 16420 8.3 9084 235 244 2600 72 13 242.54 823 4977 
39 13810 8.4 8198 176 191 2559 70 34 259.86 1018 4020 
40 8750 8.7 5099 88 83 1653 42 26 298.84 507 2551 
41 8380 8.6 4741 107 104 1471 41 38 350.81 461 2343 
42 12920 8.5 7271 143 161 2291 69 17 181.90 819 3680 
43 17160 8.4 10048 269 320 2995 79 17 121.27 1141 5167 
44 4540 9.2 2697 40 62 866 31 34 73.63 245 1383 
45 1209 9.0 723 11 13 234 29 17 255.53 47 244 
46 2132 9.0 1234 13 13 420 16 30 285.85 107 492 
47 15210 8.3 8762 261 285 2656 58 21 277.18 880 4461 
48 1864 8.8 1126 21 22 372 12 26 372.47 109 380 

Rainwater  
49 340 8.5 178.19 31.57 5.19 25.00 7.59 8.52 121.27 11.37 28.31 

Sea water 
50 79100 8.4 41713 438.60 1517 13400 431.1 0.00 207.00 3492.70 22330 

 
The hypothetical salts combinations 
 

Hypothetically, the ions of the strong acids (Cl- and SO4
2-) form chemical combinations with 

alkalis (Na+ + K+) and the rest of the acid radical's combine with the alkaline earth's (Ca2+ and Mg2+). 
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If the cations of alkalis and alkaline earth's are in surplus in the water, they will combine with the 
weak acids (CO3

2- and HCO3
-). The combination between major anions and cations reveals the 

formation of one group of hypothetical salts combination for both the rainwater and sea water 
individually, and four groups and five groups of hypothetical salts combinations for Pleistocene 
Oolitic limestone aquifer and Middle Miocene fissured limestone aquifer, respectively (Table 2). 
 
Table 2: The hypothetical salts combinations for rainwater, sea water, and Pleistocene Oolitic limestone and 

Middle Miocene fissured limestone aquifers groundwater in Ras El-Hekma area 
Assemblages Hypothetical salts combinations    % 

Rainwater 
         I NaCl, Na2SO4, NaHCO3, Mg(HCO3)2, Ca(HCO3)2    

Sea water 
         V NaCl, MgCl2, MgSO4, CaSO4, Ca(HCO3)2    

Pleistocene Oolitic limestone aquifer groundwater 
         II NaCl, Na2SO4, MgSO4, Mg(HCO3)2, Ca(HCO3)2     5 
        III NaCl, Na2SO4, MgSO4, CaSO4, Ca(HCO3)2     5 
        IV NaCl, MgCl2, MgSO4, Mg(HCO3)2, Ca(HCO3)2    53 
         V NaCl, MgCl2, MgSO4, CaSO4, Ca(HCO3)2    37 

Middle Miocene fissured limestone aquifer groundwater 
         I NaCl, Na2SO4, NaHCO3, Mg(HCO3)2, Ca(HCO3)2    10 
         II NaCl, Na2SO4, MgSO4, Mg(HCO3)2, Ca(HCO3)2    17 
        III NaCl, Na2SO4, MgSO4, CaSO4, Ca(HCO3)2    10 
        IV NaCl, MgCl2, MgSO4, Mg(HCO3)2, Ca(HCO3)2     7 
         V NaCl, MgCl2, MgSO4, CaSO4, Ca(HCO3)2    56 

 
The majority of groundwater samples (90%) of the Pleistocene Oolitic limestone aquifer in the 

study area are characterized by the assemblages (IV and V) combinations regardless of their total 
salinities. These salts assemblages IV and V (two chloride salts) reflect the effect of sea water 
intrusion. This is manifested by the presence of MgCl2 salt in both the Pleistocene Oolitic limestone 
aquifer groundwater and sea water samples. In addition to, the effect of leaching and dissolution 
processes of marine salts of the marine depositional environment of Oolitic limestone and also the 
catchment area in the southern area through surface and subsurface runoff water. 

Most of the groundwater samples (63%) of the middle Miocene aquifer in the study area are 
characterized by the assemblages (IV and V) combinations regardless of their total salinities. These 
salts assemblages IV and V (two chloride salts) reflect the effect of marine salts combinations (marine 
facies groundwater) from the aquifer matrices and a catchment area through surface and subsurface 
runoff water. I.e., this is attributed to the marine depositional environment of the Middle Miocene and 
also the catchment area in the southern part of the study area. In addition to the sea water intrusion at 
some wells that have groundwater levels below the sea water level. 

10% and 27% of the Pleistocene Oolitic limestone aquifer and Middle Miocene fissured 
limestone aquifer groundwater samples, respectively, are characterized by assemblages (II and III) 
combinations regardless of their total salinities. These salts assemblages II and III (two and three 
sulfate salts, and also one and two bicarbonate salts, respectively) reflect the effect of leaching and 
dissolution processes of terrestrial salts (meteoric water) by local precipitation, while the SO4 salt 
characterizes groundwater affected by evaporate deposits. 

The rest of groundwater samples (10%) of the Middle Miocene aquifer in the study area are 
characterized by the assemblage (I) combination regardless of their total salinities. This salt 
assemblage (three bicarbonate salts) reflects the effect of leaching and dissolution processes of 
terrestrial salts (mteoric water) and also reflects the dilution effect of rainwater on the aquifer 
groundwater by seepage of rainwater into the groundwater where the monoclonal structure leads to 
the occurrences of cracking and fracturing of the Middle Miocene rocks. These fractures are 
responsible for the occurrence of groundwater in the Middle Miocene rocks and also play the main 
role in the recharge of this aquifer. 

Assemblages (I and II) represent an earlier stage of chemical development than that of 
assemblage (III). Also, assemblages I and II (three and two bicarbonate salts) reflect the dilution 
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effect of rainwater on the groundwater, while an assemblage (III) characterizes groundwater affected 
by the evaporate deposits.  

The presence of the hypothetical salts assemblages (II, III, IV and V) in both the Pleistocene 
Oolitic limestone and Middle Miocene fissured limestone aquifers indicates that may be there is a 
connection between the two aquifers in the study area at some wells. 
  
Geochemical classification of groundwater using trilinear plotting system (piper's trilinear 
diagram, 1944): 
 

Water of the Mediterranean coastal zone is classified under the exogenesis type ranging 
between two main sources; 

-The precipitation water (meteoric water). 
-The sea water. 

The trilinear diagram permits the cation and anion compositions of many samples to be 
represented on a single graph in which major groupings or trends in the data can discriminate 
visually. 

1) By plotting of piper's trilinear diagram for the Pleistocene aquifer groundwater samples 
(Fig.9), it is clear that; the groundwater samples of such aquifer in Ras El-Hekma area lies within the 
sub-areas (7) and (9) regardless of salinity and sample localities. The majority of groundwater 
samples (95%) lie in the sub-area (7) that is dominated by alkalies and strong acids (Primary salinity) 
and close to the sea water sample (S). While the rest of groundwater samples (5%) occupy the sub-
area (9) where no one cation-anion pair exceeds 50 percent, which is more influenced by direct 
recharge (rainfall). Therefore, the groundwater samples that located in the sub-area (7) demonstrate 
marine conditions, where the marine deposits of the aquifer matrix predominance and sea water 
intrusion has a direct contribution to the groundwater chemistry. While the groundwater samples that 
located within the sub-area (9) are affected by rainwater replenishment. Noteworthy to mention that, 
few groundwater samples of the Pleistocene Oolitic limestone aquifer (10%) in the study area 
(samples Nos. 8 and 9)  are located in the sub-areas 7 and 9, and have the hypothetical salts 
combinations assemblages (II and III) due to the effect of direct rainfall that infiltrate to the 
groundwater.   

2) By plotting the chemical data for the groundwater samples of the Middle Miocene fissured 
limestone aquifer in Ras El-Hekma area on the trilinear diagram (Fig.10), it is clear that; all the 
groundwater samples (100%) are located within the sub-area (7) in the diamond shaped field. This 
indicates non-carbonate alkali (primary salinity) that exceeds 50 percent and chemical properties are 
dominated by alkalies and strong acids. This is due to the leaching and dissolution processes of 
marine deposits of the aquifer matrix (marine environments), in addition to the sea water intrusion at 
some localities due to the overpumping. 

Some groundwater samples (37%) of the Middle Miocene fissured limestone aquifer in the 
study area have the hypothetical salts assemblages (I, II and III) due to the effect of the direct rainfall 
that infiltrate through the fractures. Where, monoclinal structure leads to the occurrences of cracking 
and fracturing of the Middle Miocene rocks. These fractures are responsible for the occurrence of 
groundwater in the Middle Miocene rocks and also play the main role in the recharge of this aquifer.  

Few groundwater samples (samples Nos. 45, 46 and 48) of the Middle Miocene aquifer (10%) 
display less mineralization, indicating an uncontaminated recharge source. In other words, these 
groundwater samples are less mineralization water (pure meteoric water, less advanced mineralized 
water) and did not undergo any evolution processes, where the metasomatic sequence did not reach 
the final sequence of more advanced stage (Cl- > SO4

2- > HCO3
-). 

The mineralization of cations and anions in the brackish and saline water is from mixed 
sources. The meteoric origin (rainfall) of both the Pleistocene and Middle Miocene aquifer 
groundwater in the study area is affected by continental and marine conditions. The leaching and 
dissolution process of terrestrial and marine salts in the aquifer matrices play important roles in water 
mineralization. 
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Fig. 9: Trilinear diagram of the Pleistocene aquifer groundwater samples 

 

 
 

Fig. 10: Trilinear diagram of the Miocene aquifer groundwater samples 
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In conclusion, the piper's trilinear diagram suggests that the groundwater in the study area is of 
mixed origin of mineralization, where rainwater and sea water are the main sources of salts 
contribution.  
 
Geochemical evolution of groundwater using hydrochemical profiles: 
 

The geochemical properties of groundwater, generally, depend on the origin of water recharge 
(meteoric water, paleo-water or sea water) and on the subsurface geochemical processes within the 
aquifer system (dissolution, mixing, ion exchange, oxidation-reduction, precipitation, hydrolysis…. 
etc.). These factors control the water quality during its movement from the recharge to the discharge 
areas. The scale of these changes is dependent on the chemical and physical properties of the 
surrounding rocks, the degree of diagenesis in sediments (dolomitization, recrystallization, 
concentration … etc.), the water temperature, the groundwater velocity and climatic changes. 

In this item of this study, an attempt is made to answer the question of how groundwater in the 
area of study acquired its present chemical composition through its down-gradient movement, and 
what changes may occur in it, this can be done by studying the spatial variation in groundwater 
chemistry.  

In the directions from south to north or from west to east, there are considerable variations in 
the dissolved chemical species from locality to another. This means that each locality has its own 
peculiarities in building up its water, chemical composition due to variations in water occurrence and 
rock properties as follows; 

1- Along the south-north direction (along the Middle Miocene fissured limestone and 
Pleistocene Oolitic limestone aquifers), Fig.11. As previously mentioned regionally, water flow 
moves northward from the main recharge area (tableland acts as the main recharge area or watershed 
area) to the discharge areas (piedmont and coastal plains which are working as discharge areas or 
water collectors), passing through different rock types.  

Where, the northward slope of the tableland surface and the development of hard crust on the 
top of the weathered surface favor the surface water runoff to be directed either to the depressions of 
the piedmont plain or the drainage water that goes directly to the Mediterranean Sea, while the rest of 
the rainwater infiltrates through joints to feed the limestone aquifers (Yousif and Bubenzer, 2011). 

The main changes in groundwater chemistry during its movement from south to north along the 
Middle Miocene fissured limestone and Pleistocene Oolitic limestone aquifers are well illustrated by 
the following hydrochemical profile (Fig.11) which is directed from south to north, and it passes 
through 6 wells along the two aquifers. The Middle Miocene fissured limestone aquifer dominates the 
southern part of the profile from the roadway to the northern boundary of the northern depression 
while the Pleistocene Oolitic limestone aquifer extends northward from the northern boundary of the 
northern depression to the shore line, i.e., it occupies the fore shore ridge area. 

The profile shows the rapidly increasing water salinity from south to north direction along the 
Middle Miocene aquifer while it reaches its maximum value (10048mg/L at well No.43), then the 
salinity decreases rapidly northward along the Pleistocene aquifer towards the coastal plain. 

The expected water salinity distribution follows the same trend of the regional flow direction of 
groundwater from south to north, i.e., the water salinity increases from south to north during the 
Miocene aquifer. On the other side, the water salinity decreases from south to north during the 
Pleistocene aquifer; this may be due to the seepage of direct rainfall during the joints to feed the 
limestone aquifers and causes dilution of the groundwater salinity.    

The high water salinity in both the Middle Miocene and Pleistocene aquifers (wells Nos. 36, 
35, 43 and 13) during the profile is due to the leaching and dissolution processes of marine sediments 
of the aquifer matrices and catchment area, and the effect of sea water intrusion due to overpumping, 
this is confirmed by the presence of the hypothetical salts IV and V that contain MgCl2 salt. 

There is a superiority for Cl- over Na+ in most groundwater samples (67%) of the profile and 
vice versa in case of (33%) of the groundwater samples (Table 3). This is due to the leaching and 
dissolution processes of marine salts as well as marine salts contamination in the former, and the 
leaching and dissolution processes of terrestrial salts (meteoric conditions) in the latter.  

So, it can be concluded that; the presence of MgCl2 salt in the groundwater of the Middle 
Miocene and Pleistocene aquifers along the profile reflects the effect of leaching and dissolution 
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processes of marine sediments. The presence of calcium and magnesium sulfate salts are due to the 
effect of gypsum deposits in the aquifer matrices and catchment area. The presence of Na2SO4 salts in 
groundwater samples Nos. (32 and 35) of the Middle Miocene aquifer and also, the presence of 
Mg(HCO3)2 salts in groundwater of the Middle Miocene aquifer (sample No. 32) and the Pleistocene 
aquifer (sample No. 14), respectively; is due to the specific locations of samples Nos. (32 and 35) of 
the Middle Miocene aquifer, where these samples are located at the southern and northern depressions 
which act as collectors for the surface water runoff, and in turn the water seepage to the groundwater 
and occurred what is called leaching and dissolution processes of the terrestrial salts (meteoric 
conditions). In other word, the presence of Mg(HCO3)2 salts at samples No.14 of the Pleistocene 
aquifer is due to that this water sample is located at the fore shore ridge, therefore, the rainfall 
infiltrates to recharge the groundwater and also occurred what is called leaching and dissolution 
processes of terrestrial salts (meteoric conditions). 

The ratio of rCa/rMg is less than unity in all groundwater samples of Middle Miocene and 
Pleistocene aquifer during the profile. This means that Mg exceeds Ca. Thus, Mg minerals dominate 
in all localities of different aquifers in the study area. 

The (I-/Br-) ratio is of particular importance since both iodide and bromide ions characterize the 
chemistry of water having marine contamination. The standard concentration of I- and Br- in 
Mediterranean Sea water is 0.6 and 167mg/L, respectively, while the (I-/Br-) ratio is 0.004 (Hem, 
1985). Comparing these standard concentrations with the (I-/Br-) ratios of the Pleistocene and 
Miocene aquifers groundwater samples (Table 3), it was found that; the (I-/Br-) ratio of the 
Pleistocene aquifer groundwater samples Nos.13 and 14 during this profile are (0.01), i.e., more than 
that of the sea water ratio (0.004), this may be due to sea water intrusion. While (I-/Br-) ratio of the 
Miocene aquifer groundwater samples during this profile ranges from 0.003 to 0.004, this may be due 
to leaching and dissolution processes of marine salts of the aquifer matrix and catchment area. 

The heterogeneity of the hypothetical salts combinations (II, III, IV and V) along this 
hydrochemical profile in Middle Miocene and Pleistocene aquifers indicates that the factors affecting 
groundwater quality are different; this heterogeneity is due to the feeding by fresh water from the 
direct rainfall and sea water intrusion. The homogeneity of the hypothetical salts combination (V) in 
some groundwater samples representing both the two aquifers indicates that may be there is a 
connection between the Middle Miocene and Pleistocene aquifers in some localities in the study area. 

2- Along the west-east direction (along the Pleistocene Oolitic limestone aquifer), Fig.(12). 
This profile is directed in west-east direction along the Pleistocene Oolitic limestone aquifer, and 
passes through 10 wells, showing irregular pattern characterized by non-conspicuous trend of increase 
or decrease of water salinity and ion concentrations. This feature is, however, expected since there is 
no flow direction of groundwater from east to west or from west to east direction, where the general 
flow direction of groundwater is from south to north direction. The groundwater of this aquifer is 
recharged by surface and subsurface runoff water as well the direct rainfall. 

Further examination of Fig. (12), it reveals that TDS and ion concentrations increased 
markedly eastward (from brackish to saline) and then decreased rapidly in the same direction as 
showed at the two samples Nos. (6 and 5). After this, the salinity is increased to reach 8945.9mg/L at 
sample No.17, and then abruptly decreased to reach 3891mg/L at sample No.15 and then increased 
other once to reach 8782mg/L at sample No.13. 

The total water mineralization as well as the ionic composition of the majority of the 
groundwater samples (except HCO3

- concentration) along this profile is obviously high but decreases 
at groundwater samples Nos. 9, 6, 5 and 15. The high values of total water salinity and ionic 
composition are due to the leaching and dissolution processes of the marine salts of the aquifer matrix 
and the catchment area or may be due to sea water intrusion due to overpumping. While, the low 
values of total water salinity and ionic composition are due to the infiltration of the rainfall across the 
joints to recharge the groundwater where the ridges act as local watershed areas. 

There is a superiority for Cl- ions over Na+ ions in the majority of the groundwater samples 
(90%) during the profile and vice versa in case of (10%) of the groundwater samples. This is due to 
the leaching and dissolution processes of marine salts in the former and terrestrial salts (meteoric 
conditions) in the latter. 
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The presence of MgCl2 salt in 90% of the groundwater samples along the profile reflects the 
leaching and dissolution processes of marine sediments of the aquifer matrix and the catchment area 
or may be due to the sea water intrusion.  

The presence of magnesium sulfate salts at sample No.9 is due to the effect of gypsum deposits 
in the aquifer matrices and catchment area. While, the presence of Mg(HCO3)2 salts in the 
groundwater samples Nos. (5,6,9,17 and 18) along the profile is mainly due to that these water 
samples are located close to the fore shore ridge, therefore, the rainfall infiltrates to recharge these 
groundwater samples and hence, occurred what is called leaching and dissolution processes of 
terrestrial salts (meteoric conditions). 

The ratio rCa/rMg less than unity in all groundwater samples along the profile (Table 3). This 
means that the Mg ions exceed the Ca ions, thus Mg minerals dominate all localities of the concerned 
aquifer in the study area. 

50% of the groundwater samples of the Pleistocene aquifer along the profile have I-/Br- ratio 
values range from 0.005 (well No.15) to 0.02 (well No.18), table (3), i.e., more than the I-/Br- ratio 
value of the sea water (0.004), while 20% of the groundwater samples have I-/Br- ratio values equal to 
that of the sea water. The rest of the groundwater samples (30%) have I-/Br- ratio values range from 
0.001 to 0.002, i.e., less than that of the sea water. Thus, the majority of the groundwater samples of 
the Pleistocene aquifer during the profile are suffering from sea water intrusion. 

In general, from the predominance of MgCl2 salt and the I-/Br- ratio values, it can be concluded 
that; the Pleistocene Oolitic limestone aquifer groundwater is suffering from sea water intrusion at 
distances ranging from 1km at well No.15 to 3km at well No.18 from the shoreline. 

The heterogeneity of the hypothetical salts combinations (II, IV and V) for the groundwater 
samples during the profile indicates that the factors affecting groundwater quality are different; this 
heterogeneity is due to the feeding by fresh water from runoff and the direct effect of rainfall as well 
as the sea water intrusion. 

The rCl-/(rCO3
2- + rHCO3

-) ratio is useful to separate a trend of salinization and areas of sea 
water intrusion, Eweida (1992), Simpson (1946) and Todd (1959) categorized groundwater according 
to this ratio as follows; 
• Normal good groundwater (less than one). 
• Slightly contaminated groundwater (more than one and less than two). 
• Moderately contaminated groundwater (2 - 6). 
• Seriously contaminated groundwater (6 – 15). 
• Highly contaminated groundwater (more than fifteen). 

According to this classification and the results data of the two aquifers (Table 3), it can be 
concluded that, the rCl-/( rCO3

2- + rHCO3
-) ratio of the Middle Miocene and Pleistocene aquifers 

groundwater samples follows the change in salinity magnitude of the current samples during the two 
profiles indicating marine contamination. Where, most of the Middle Miocene aquifer groundwater 
samples (75%) along the profile (Fig.11) are considered as highly contaminated groundwater as they 
have rCl-/(rCO3

2- + rHCO3
-) ratio more than fifteen. While, 25% and 100% of the Middle Miocene 

and Pleistocene aquifers groundwater samples, respectively, during the profile are considered as 
seriously contaminated groundwater as they have rCl-/(rCO3

2- + rHCO3
-) ratio ranges from 6 – 15.  

On the other hand, 50% of the Pleistocene Oolitic limestone aquifer groundwater samples 
along the profile (Fig.12) are considered as highly contaminated groundwater as they have rCl-

/(rCO3
2- + rHCO3

-) ratio more than fifteen. While, 10% of the Pleistocene aquifer groundwater 
samples during the profile are considered as seriously contaminated groundwater as they have rCl-

/(rCO3
2- + rHCO3

-) ratio ranges from 6 – 15. The rest of the groundwater samples (40%) of the 
Pleistocene aquifer are considered as moderately contaminated groundwater as they have rCl-/(rCO3

2- 
+ rHCO3

-) ratio ranges from 2-6.  
In conclusion, the majority of the groundwater samples in the study area vary from seriously to 

highly contaminated water, this may be due to leaching and dissolution processes of marine sediments 
and sea water intrusion due to overpumping. 
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Fig. 11: Hydrochemical profile of both the Pleistocene Oolitic limestone and Miocene fissured 

limestone aquifers groundwater samples in South - North direction at the study area 
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Fig. 12. Hydrochemical profile of the Pleistocene Oolitic limestone aquifer groundwater samples in 

west-east direction at the study area. 
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The groundwater contamination: 
 

In addition to the contamination of groundwater due to sea water intrusion in the study area, the 
groundwater suffers also from another type of pollutants, namely trace and heavy elements such as 
aluminum, iron, lead, manganese and arsenic as well as zinc. For tracing the hydrochemical 
conditions of the groundwater from the bearing aquifers, the collected groundwater samples have 
been analyzed for minor, trace and heavy metal concentrations. Groundwater in its natural state tends 
to be relatively free from contaminants in most areas, because it is a widely used source of drinking 
water for human, animals as well as for irrigation. Pollution of groundwater can be a very serious 
problem, where the trace metals are probably the most harmful and insidious pollutants because of 
their non-biodegradable nature and their potential to cause adverse effects on human beings at certain 
levels of exposure and absorption. The behavior of metals in groundwater depends on source and 
many bio- and geochemical processes that control macro chemical and trace element conditions 
(Stuyfzand, 1991; Stuyfzand, 1992 and Drever, 1998). The major controls are pH and Eh, dissolution 
and equilibrium solubility control, sorption, precipitation, uptake by vegetation and release through 
mineralization (Stuyfzand, 1992, and Levin and Gosk, 2008). Groundwater contamination occurs 
when groundwater comes in contact with naturally occurring contaminants or with contaminants 
introduced into the environment by anthropogenic activities. Naturally occurring substances found 
locally in soil and rocks that can affect groundwater include aluminum (Al), iron (Fe), manganese 
(Mn), arsenic (As), zinc (Zn), molybdenum (Mo), nickel (Ni), cadmium (Cd), cobalt (Co), chromium 
(Cr), copper (Cu), lead (Pb), vanadium (V) and mercury (Hg) as well as Boron (B). Also, applied 
correctly, pesticides and fertilizer have minimal impact on groundwater quality include nitrate (NO3

-) 
and phosphate (PO4

3-). The concentrations of the previous constituents were investigated in shallow 
and deep groundwater of different aquifers (Pleistocene Oolitic limestone and Middle Miocene 
fissured limestone aquifers) in the study area and compared with permissible limits that have been 
adopted by WHO, 2011. The obtained results (Table 4) showed that the concentrations of both NO3

- 
and PO4

3- as well as Mo, Ni, Cd, Cr, Cu and Hg constituents were observed within their respective 
safe limits, which should be considered as the monitoring and control targets . 

As in the table (4), Zn and Mn had the minimum variable coefficient value in the groundwater 
at the Pleistocene and Middle Miocene aquifers, respectively. While, Al, Fe and Pb had the maximum 
range ability in the groundwater at the two concerned aquifers in the study area. The concentration 
orders of trace elements were different from each other in the two aquifers, and for the entire study 
area, where the concentrations of trace elements in the Pleistocene aquifer groundwater samples were 
found in the order of Al > Fe > Pb > Mn > As > Zn (Table 4), while in the Middle Miocene aquifer 
groundwater samples the heavy metals were found in the order of  Fe > Al  > Zn > Pb >As > Mn 
(Table 4). 

In addition to the heavy metal pollutants that existed in the groundwater in the study area at 
concentrations more than the safe limit for human drinking, the boron as minor constituent can also 
cause pollution for the groundwater if it existed with concentration more than the safe limit for human 
drinking. 
 
Aluminum (Al): 
 

It was observed that the concentration of Al in groundwater in the study area varies from 
0.1092 – 8.923mg/l and 0.0506 - 9.073mg/l with average values of 2.45mg/l and 2.27mg/l for the 
Pleistocene and Miocene aquifers, respectively (Table 4). Majority of the Pleistocene and Miocene 
aquifers groundwater samples (79% and 62%), respectively, showed concentrations of aluminum 
more than the provisional guideline value of 0.2mg/l prescribed by WHO (2011), figures (13 and 14). 
Aluminum is an extremely abundant metal in the earth’s crust and is often found in the form of 
silicates such as feldspar (KAlSi3O8). Aluminum can be selectively leached from rock and soil to 
enter any water source. Aluminum concentrations in groundwater wells at neutral pH generally fall 
below 0.1mg/L (Brusewitz, 1984). In general; the watersheds in Ras El-Hekma area are composed of 
limestone, sandy limestone, marl, with clay stones and shales intercalations. These rocks and 
sediments can be considered as sources of aluminum in groundwater, which can be resulted from both 
weathering and /or leaching processes. Because of aluminum competes with calcium for absorption, 
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increased amounts of dietary aluminum may contribute to the reduced skeletal mineralization 
(osteopenia) observed in preterm infants and infants with growth retardation. In very high doses, 
aluminum can cause neurotoxicity, and is associated with altered function of the blood–brain barrier. 
 

Table 3: The hydrochemical raios of the groundwater in the study area 

Sample No. rNa+/rCl‾ rCa2+/rMg2+ rSO4
2-/rCl- rI-/rBr- rCl-/r(CO3

-2 + HCO3
-) 

The Pleistocene aquifer 
1 0.80 0.35 0.19 0.005 11.17 
2 0.95 0.32 0.27 0.002 9.38 
3 0.83 0.34 0.22 0.005 7.55 
4 0.89 0.35 0.25 0.01 4.67 
5 0.76 0.32 0.14 0.01 2.42 
6 0.73 0.29 0.20 0.002 3.67 
7 0.78 0.43 0.11 0.001 40.10 
8 1.03 0.33 0.29 0.001 25.77 
9 1.09 0.27 0.27 0.001 5.87 

10 0.87 0.63 0.16 0.003 14.96 
11 0.87 0.64 0.13 0.004 20.60 
12 0.83 0.31 0.18 0.002 10.49 
13 0.75 0.34 0.06 0.01 9.59 
14 0.97 0.35 0.25 0.01 8.25 
15 0.79 0.27 0.07 0.02 5.52 
16 0.82 0.31 0.20 0.004 17.37 
17 0.91 0.20 0.15 0.01 20.00 
18 0.79 0.05 0.02 0.005 44.80 
19 0.75 0.33 0.04 0.004 22.85 

The Miocene aquifer 
20 0.91 0.54 0.25 0.002 38.83 
21 0.91 0.32 0.21 0.002 104.98 
22 0.89 0.36 0.23 0.003 50.20 
23 0.95 0.42 0.16 0.001 9.67 
24 0.86 0.44 0.17 0.001 26.18 
25 0.95 0.53 0.22 0.004 23.60 
26 0.93 0.62 0.21 0.003 26.86 
27 0.94 0.64 0.21 0.02 26.31 
28 0.96 0.59 0.22 0.01 29.61 
29 1.01 0.48 0.18 0.01 14.35 
30 0.98 0.49 0.14 0.003 10.43 
31 1.01 0.48 0.16 0.004 7.26 
32 1.03 0.48 0.16 0.003 9.17 
33 0.87 0.52 0.17 0.003 44.75 
34 0.91 0.54 0.17 0.01 20.83 
35 1.00 0.61 0.19 0.003 42.97 
36 0.89 0.60 0.15 0.003 23.46 
37 0.89 0.58 0.15 0.01 23.24 
38 0.81 0.58 0.12 0.01 31.89 
39 0.98 0.56 0.19 0.004 21.02 
40 1.00 0.65 0.15 0.03 12.51 
41 0.97 0.63 0.15 0.01 9.40 
42 0.96 0.54 0.16 0.004 29.24 
43 0.89 0.51 0.16 0.004 57.02 
44 0.97 0.40 0.13 0.01 16.65 
45 1.48 0.54 0.14 0.01 1.45 
46 1.32 0.62 0.16 0.01 2.44 
47 0.92 0.56 0.15 0.01 23.95 
48 1.51 0.59 0.21 0.03 1.54 

Sea water 0.93 0.18 0.12 0.004 185.75 
Rainwater 1.36 3.69 0.30 0.13 0.35 

 
Iron (Fe): 
 

It was observed that the concentration of Fe in groundwater in the study area varies from 
0.0231 - 7.2mg/l and 0.0332 - 14.77mg/l with average values of 1.7mg/l and 3.25mg/l for the 
Pleistocene and Miocene aquifers, respectively (Table 4). While, 63% and 69% of the Pleistocene and 
Miocene aquifers groundwater samples, respectively, have concentration of iron exceeds the 
provisional guideline value of 0.3mg/l prescribed by WHO (2011), figures (15 and 16). Iron and 
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manganese are often found together in anaerobic groundwater. Both are derived from natural water-
rock processes rather than land use activities (Rosen, 2001). Concentrations of iron in groundwater of 
greater than 0.2mg/L can encrust pumps and cause staining of White ware and carpets. Iron is an 
essential element in the human body and is found in groundwater all over the world; higher 
concentrations of iron cause bad taste, discoloration, staining, turbidity, esthetic and operational 
problem in water supply systems (Dart, 1974; Vigneshwaran and Vishwanathan, 1995). Also, the 
presence of iron in groundwater at concentrations more than the safe limit cause kidney failure. The 
higher concentration of Fe in groundwater may be due to the weathering effect. Yousif et al. (2016) 
investigated the exposures of Miocene rocks through microfacies analysis (investigation of thin 
sections under microscope) at El-Dabaʼa area and they stated that the limestone of Miocene rocks 
contains detrital grains of iron oxides. 
    

 
 
Fig. 13: Aluminum concentration distribution map of the Pleistocene Oolitic limestone aquifer 

groundwater samples 
 

Lead (Pb): 
 

It was observed that the concentration of Pb in groundwater in the study area varies from 0.007 
– 0.0749mg/L and 0.0157 – 0.2695mg/L with average values of 0.03mg/l and 0.07629mg/l for the 
Pleistocene and Miocene aquifers, respectively (Table 4). While, 38% and 34% of the Pleistocene and 
Miocene aquifers groundwater samples, respectively, have concentration of lead exceeds the 
provisional guideline value of 0.01mg/l (figs. 17 and 18) prescribed by WHO (2011). Lead is an 
element, which is extensively used and is one of the most widespread metal in the environment 
largely due to human activities. On a global basis, about a quarter of total production of lead is from 
lead scrap. Other sources of lead in the environment include smelting and refining of lead, burning of 
lead based petroleum fuels containing lead additives. Noteworthy mentioning that, lead enters the 
human body system through three major pathways: inhalation, ingestion and skin contact. Inhaling 
lead based gasoline or petrol can lead to poisoning if the gasoline has tetraethyl lead and tetramethyl 
lead. Toxic concentration can accumulate in the marrow, where the red blood cell formation 
(haematopoiesis) occurs. Lead affects at least five stages in the formation of haem part of the 
haemoglobin (Alloway and Ayres, 1997).This inhibition of haem synthesis results into anaemia. 
Kidney damage also occurs because of exposure to lead. Lead poisoning may induce behavioral 
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abnormalities, including learning difficulties. Therefore, lead is a dangerous element because it is 
harmful even in small amount. 
 
Zinc (Zn): 
 

In this study, it was observed that the concentration of zinc in Miocene aquifer groundwater 
varies from 0.087 – 0.7017mg/L with an average value of 0.26mg/l. On the other hand; in the 
Pleistocene aquifer, there are only two groundwater samples Nos. 13 and 18 have Zn concentration 
more than the maximum allowable limit (Table 4). While, 11% and 41% of the Pleistocene and 
Miocene aquifer groundwater samples, respectively, have concentrations of zinc exceeds the 
provisional guideline value of 0.05mg/l (figs. 19 and 20) prescribed by WHO (2011). The 
concentration of zinc in the study area shows a wide variation in the contents. In the few locations, 
higher concentrations of Zn were observed, generally, the agriculture irrigation return contributes 
higher concentrations of Zn to groundwater. Nevertheless, higher concentrations of zinc can be toxic 
to the organism, zinc pollution is often associated with mining and smelting. Zinc is one of the 
important trace elements that play a vital role in the physiological and metabolic process of many 
organisms. Zinc could come from the schistose rocks with sulfide seams (Khan et al. 2013). Sun et al. 
(2013a) found that Zn and Fe had close correlation, and as we all know, Fe is mainly from natural 
weathering processes, usually abundant on the earth and selected as the normalizing element due to 
its conservative nature during digenesis; thus, higher concentration may have only geologic 
contributions. 

 

 
Fig. 14: Aluminum concentration distribution map of the Miocene fissured limestone aquifer 

groundwater samples 
 
Manganese (Mn): 
 

In the present study, the concentration of manganese ranged from 0.0037 to 1.287mg/L and 
0.0039 to 0.6082mg/L, with mean values of 0.124mg/L and 0.115mg/L for the groundwater of the 
Pleistocene and Miocene aquifers, respectively (Table 4). About 16% and 7% only of groundwater 
samples of the Pleistocene and Miocene aquifers, respectively (figs. 21 and 22), exceed the health-
based value (0.4mg/L) that prescribed by WHO, 2011. Manganese is an essential trace nutrient in all 
forms of life. Manganese occurs naturally in groundwater, and it can cause staining to White ware at 
concentrations, and affect human health at concentrations of greater than 0.4mg/L. It usually occurs 
together with iron and is widely distributed in soil, sedimentary rocks and water. Manganese associate 
with complex sulphide minerals present in sedimentary rocks. Manganese is regarded as one of the 
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least toxic elements but its excess amount in the human body may cause growth retardation, fever; 
fatigue and eye blindness, and may affect reproduction. 
 

 
Fig. 15: The Fe concentration distribution map of the Pleistocene Oolitic limestone aquifer 

groundwater sample 
 

 
 
Fig. 16: The Fe concentration distribution map of the Miocene fissured limestone aquifer groundwater sample 

samples 
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Fig. 17: The Pb concentration distribution map of the Pleistocene Oolitic limestone aquifer groundwater 

samples 
 

 
 
Fig. 18: The Pb concentration distribution map of the Miocene fissured limestone aquifer 

groundwater samples 
 

Arsenic (As): 
 

It was observed that the concentration of As in groundwater in the study area varies from 
0.004521-0.0235mg/L and 0.004316-0.01912mg/L with average values of 0.0113mg/l and 
0.0087mg/l for the Pleistocene and Miocene aquifers, respectively (Table 4). About 16% and 11% of 
the groundwater samples of the Pleistocene and Miocene aquifers, respectively, (figs. 23 and 24) 
shown concentrations of arsenic more than the provisional guideline value of 0.01mg/l prescribed by 
WHO (2011). In water, it is mostly present as arsenate (+5). Arsenic is one of the most hazardous 
trace metal found in drinking water and it is being both toxic and carcinogenic. The high 
concentration of the two trace elements (As and Fe) must be due to the presence of arsenic and iron 
bearing minerals and their continuous interaction with pure water. Long term intake of arsenic may 
give rise to skin lesions at concentration 50mg/L.  
 
Boron (B): 
 

The boron concentration in the groundwater samples of the Pleistocene and Miocene aquifers 
has ranged from 0.6858 – 8.318mg/L and 0.521 – 4.857mg/L with average values of 2.55mg/l and 
2.67mg/l, respectively (Table 4). About 26% and 62% of the groundwater samples of the Pleistocene 
and Miocene aquifers, respectively (figs. 25 and 26), shown concentrations of boron more than the 
provisional guideline value of 2.4mg/l prescribed by WHO (2011). Naturally occurring boron is 
present in groundwater primarily as a result of leaching from rocks and soils containing borates and 
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borosilicates. Elevated levels of boron are common in groundwater and appear to be mostly due to 
natural processes such as the breakdown of boron minerals in the basement rock. The higher 
concentration of boron in the coastal groundwater of the study area may be  due to the geological 
formations of marine origin.  Concentrations that can affect human health of above 1.4mg/L. Intakes 
of more than 0.5grams per day for 50 days cause minor digestive and other problems suggestive of 
toxicity (Nielsen and Forrest, 1997). 
 

 
 
Fig. 19: The Zn concentration distribution map of the Pleistocene Oolitic limestone aquifer 

groundwater samples 
 

 
 
Fig. 20: The Zn concentration distribution map of the Miocene fissured limestone aquifer 

groundwater samples 
 

 
 
Fig. 21: The Mn concentration distribution map of the Pleistocene Oolitic limestone aquifer 

groundwater samples 
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Fig. 22: The Mn concentration distribution map of the Miocene fissured limestone aquifer 

groundwater samples 
 

 
 
Fig. 23: The As concentration distribution map of the Pleistocene Oolitic limestone aquifer 

groundwater samples 
 

 
Fig. 24: The As concentration distribution map of the Miocene fissured limestone aquifer 

groundwater samples 
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Fig. 25: The B concentration distribution map of the Pleistocene Oolitic limestone aquifer 

groundwater samples 
 

 
 
Fig. 26: The B concentration distribution map of the Miocene fissured limestone aquifer groundwater 

samples 
 

In general, the majority of the Pleistocene and Miocene aquifers groundwater samples (79% 
and 62%), respectively, are contaminated by Al, Fe, Pb, Mn, Zn and As as well as B in different 
proportions. 
 
The groundwater evaluation for different purposes: 
 

Understanding the groundwater quality is important as it the main factor determining its 
suitability for different purposes, and this can be discussed as follows; 
 
Evaluation of groundwater for human drinking: 
 

The evaluation of water for drinking is based on the total dissolved solids (TDS) and the 
concentration of trace elements. This was done using water quality guidelines of the World Health 
Organization (WHO, 2011). So, by applying these guidelines, it is clear that; 

According to the total water salinity (Table 1), the majority of the groundwater samples (98%) 
in the study area are unsuitable for drinking as they have total salinity (1125.7-27607mg/L) more than 
the permissible limit (1000mg/L) that presented by  WHO, 2011.     

According to the concentration of trace elements, most of the groundwater samples in the study 
area (79% of the Pleistocene aquifer and 62% of the Miocene aquifer groundwater samples) are 
unsuitable for human drinking as they have Al, Fe, Pb, Mn, Zn and As concentrations more than the 
permissible limits that described by WHO, 2011. 
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Table 4: The concentration of trace and minor constituents in the concerned aquifers groundwater samples in the study area as ppm 
Sample No. Al Fe Pb Mn Zn As B 

The Pleistocene Oolitic limestone aquifer 
1 0.1092 0.2166 0.007 0.0037 <0.07 0.0235 1.969 
2 1.713 0.9848 0.0205 0.0316 <0.07 0.01208 1.524 
3 5.149 2.968 0.0096 0.1014 <0.07 0.01508 1.71 
4 0.661 0.38 <0.006 0.0149 <0.07 0.01275 0.7751 
5 0.361 0.2211 <0.006 0.006 <0.07 0.01138 0.9606 
6 0.3833 0.2167 <0.006 0.0066 <0.07 0.01036 0.8476 
7 0.306 0.1665 <0.006 0.0048 <0.07 0.01138 0.8356 
8 3.503 2.736 0.0467 0.0725 <0.07 0.0129 3.84 
9 8.923 5.274 0.039 0.2071 <0.07 0.004521 8.318 

10 <0.04 0.0231 <0.006 <0.002 <0.07 ND 3.11 
11 <0.04 0.0708 <0.006 <0.002 <0.07 0.01118 3.206 
12 0.686 1.291 <0.006 0.0536 <0.07 0.01176 2.143 
13 5.202 2.554 0.065 0.3969 0.2221 0.00708 1.425 
14 2.135 1.337 0.0073 0.5139 <0.07 0.01234 7.596 
15 1.44 1.158 0.0078 0.0675 <0.07 0.004898 0.6858 
16 1.109 1.276 <0.006 0.4564 <0.07 0.008069 2.265 
17 <0.04 0.1456 <0.006 0.0055 <0.07 0.01185 1.974 
18 5.022 7.2 0.0381 0.1617 0.1291 ND 1.977 
19 2.42 4.144 0.0749 1.287 <0.07 ND 3.377 

The Middle Miocene fissured limestone aquifer 
20 0.8766 0.9175 <0.006 0.0372 <0.07 0.09581 1.851 
21 5.231 3.61 0.0183 0.0745 <0.07 0.06818 4.123 
22 0.6673 0.5171 0.0895 0.0153 <0.07 0.06149 3.041 
23 0.1003 0.3606 <0.006 0.0364 0.1426 ND 1.569 
24 0.0586 0.0447 <0.006 <0.002 0.1022 0.06177 2.35 
25 5.029 9.002 0.0095 0.3576 <0.07 0.04316 2.498 
26 7.211 14.77 0.2695 0.6082 0.5712 0.05334 2.185 
27 7.18 9.772 0.1025 0.3297 0.1978 0.1051 1.906 
28 5.054 7.112 0.1517 0.2604 0.3359 0.06091 2.643 
29 1.766 3.772 0.0157 0.1738 <0.07 0.1083 3.475 
30 2.448 2.21 0.0245 0.0722 0.087 ND 2.82 
31 0.0506 0.2945 <0.006 0.0099 0.1374 0.07544 2.193 
32 0.5684 1.97 0.0082 0.107 0.2661 0.1818 3.082 
33 0.0795 4.761 <0.006 0.0316 <0.07 0.05393 3.486 
34 2.208 3.706 0.0127 0.0768 <0.07 0.1912 3.178 
35 0.6912 1.934 <0.006 0.0273 <0.07 0.1234 2.999 
36 <0.04 0.0604 <0.006 <0.002 <0.07 0.04782 2.735 
37 0.1633 0.1203 <0.006 0.0046 <0.07 0.05102 3.056 
38 3.531 2.939 0.0092 0.0699 <0.07 0.05363 4.106 
39 1.47 3.161 0.0194 0.055 0.144 0.09869 4.857 
40 1.241 2.358 0.0092 0.0268 0.1342 0.05538 2.786 
41 0.0661 0.0587 <0.006 <0.002 <0.07 ND 2.94 
42 <0.04 0.183 <0.006 0.0069 <0.07 0.1083 3.963 
43 0.0602 0.3703 <0.006 0.0039 <0.07 ND 3.692 
44 <0.04 0.0332 <0.006 0.0047 <0.07 0.1531 1.244 
45 <0.04 <0.01 <0.006 <0.002 <0.07 0.06964 0.521 
46 0.418 0.0218 0.0073 0.007 <0.07 0.1092 0.7759 
47 1.71 5.784 0.0197 0.2498 0.7017 0.1071 2.28 
48 9.073 11.09 0.0521 0.2373 0.2446 0.04404 1.103 

Rainwater 0.1017 0.0956 <0.006 0.0082 <0.07 0.008503 0.1479 
Sea water 0.0754 0.0926 <0.006 0.003 <0.07 0.01072 4.174 

 
Evaluation of groundwater for irrigation purposes:  
 

By applying the US Salinity Laboratory staff classification (1954) for the groundwater samples 
in the study area (Fig. 27), it can be concluded that; 

The majority of the groundwater samples (90%) in the study area (85% of the Pleistocene 
aquifer and 93% of the Miocene aquifer groundwater samples) are located out of the scale and in the 
bad water class, they are unsuitable for irrigation under ordinary conditions but they can be used 
under special conditions of drainage and with certain crop types. On the other hand, the rest of the 
Pleistocene aquifer groundwater samples (15%) are suitable for irrigation of plants having good to 
moderate salts tolerance and soils of medium to moderate permeability with leaching for most plants. 
Also, 7% of the Miocene aquifer groundwater samples are suitable for irrigation under ordinary 
conditions, but requires special soil management and good drainage. 
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Fig. 27: U.S. Salinity Laboratory Staff diagram for the Pleistocene and Miocene aquifers 

groundwater samples in Ras El-Hekma area  
 
Conclusion and recommendations: 
 

The groundwater in the study area occurs in two forms; free water table in the Oolitic limestone 
aquifer, which directly recharged from the seasonal rainfall, and semi-confined aquifer of the 
Miocene fractured rocks that indirectly recharged through the natural groundwater movement from 
south to north. 

The groundwater salinity in the study area ranges widely from fresh, brackish to saline water 
types due to leaching and dissolution of the marine sediments and sea water intrusion due to 
overpumping. 

The presence of the hypothetical salts assemblages (Na2SO4, MgSO4, CaSO4, Mg(HCO3)2, 
MgCl2) in both the Oolitic limestone and the Middle Miocene aquifers indicates that may be there is a 
connection between the two aquifers in the study area at some wells. 

The Piper's trilinear diagram suggests that the study area is of mixed origins of mineralization, 
where rain water and sea water are the main sources of salts contributions. This stands in agreement 
with the hydrochemical coefficients and hypothetical salts combinations (Na2SO4, MgSO4, CaSO4, 
Mg(HCO3)2, MgCl2). 
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The homogeneity of the hypothetical salts combination (V) in some groundwater samples 
representing both the two aquifers indicates that may be there is a connection between the Middle 
Miocene and Pleistocene aquifers in some localities at the study area. 

Also, the predominance of the hypothetical salt MgCl2 and the I-/Br- ratio values confirm that 
the Pleistocene Oolitic limestone aquifer groundwater is suffering from seawater intrusion at 
distances ranging from 1km to 3km from the shoreline. 

The majority of the groundwater samples in the study area vary from seriously to highly 
contaminated water, this may be due to leaching and dissolution of marine sediments and sea water 
intrusion. 

The majority of the Pleistocene aquifer and Miocene aquifer groundwater samples (79% and 
62%), respectively, are contaminated by Al, Fe, Pb, Mn, Zn and As as well as B in different 
proportions.  

A major environmental concern is the depletion of groundwater as a result of overuse in 
agricultural developments, causing salinity and sea water penetration into the coastal aquifers. This 
was necessary to meet the water requirements of the ever increasing population growth, and the huge 
demands from agricultural and domestic. When toxic substances enter the water bodies, they get 
dissolved or lie suspended in water or get deposited on the bed. This results in the pollution of water 
whereby the quality of the groundwater deteriorates, affecting aquatic ecosystems. Pollutants can also 
seep down and affect the groundwater deposits. I.e., contamination of groundwater in the study area 
caused by saltwater intrusion and also because of the presence of trace constituents at concentrations 
more than the permissible limits, which in turn effects on the groundwater in the study area. In 
general, the coastal areas along the Northeastern coast of Egypt are of great environmental, economic, 
social and cultural relevance. Therefore, the implementation of sustainable monitoring and protection 
actions is fundamental for their preservation and for assuring the future use of these resources. 

There are recommendations were suggested to avoid the water pollution and water salinization 
in the study area as follows:- 

1- As the surface rainfall is running towards the depression, coastal plain, or to the sea. So, many 
cisterns and reservoirs must be constructed in the future to collect a large amount of surface 
water. 
2- The groundwater in the study area must be treated and desalinated before using for human 
drinking purpose. 
3- The depth to water in future drilling should not exceed the sea level to avoid seawater 
intrusion and increasing salinity of groundwater (Yousif and Bubenzer, 2011). 
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