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ABSTRACT 
The study of salinization of groundwater in the Quaternary 

aquifer of the eastern Nile Delta is highly complex due to the arid 
climate, the presence of evaporates and proximity to the sea . The 
Quaternary aquifer of the eastern Nile Delta is affected by salinization 
processes undoubtedly associated with intense groundwater 
exploitation for agriculture supply. The present research is an attempt 
to investigate the presence of the saltwater intrusion in this aquifer, 
using hydrochemical analyses and the behavior of certain minor ions 
that could help in the characterization process. The salinization has   
been characterized by jointly studying the content of a series of ionic 
relationships and various minor ions (B and Br). Boron content 
increases in more saline areas, since it is associated with the presence 
of evaporitic and/or marine influences. Bromine analysis enabled the 
identification of the principal processes that determine the salinity of 
the water along the coastal zone. The brackish groundwaters that are 
related to old raised beaches have a low Cl/Br ratio. Areas affected by 
marine intrusion had Cl/Br ratios similar to seawater and higher than 
in other areas along the coastal zone. 

In the eastern Nile Delta sector, groundwater salinization does 
not appear to be attributable to the intrusion of seawater, but there are 
dissolution processes of marine deposits.           

 

Keywords:Arid region; Salinization; Hydrogeochemical processes; 
Quaternary; Eastern Nile Delta; Egypt.  
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INTRODUCTION 
The groundwater reservoirs in the Nile Delta are the important 

source of water instead of direct irrigation from the River Nile, where 
greater demands for water with growing population in parallel with 
cultivation and industrial activities are increasingly needed. The 
studied area lies in the east of the Nile Delta and extends between 
longitudes 31o 30\ 00\\ and 32o 6\ 00\\ east and latitudes 30o 30\ and 
31o 31\ 48\\ north. The area is bounded from the west by the River 
Nile (Damietta branch), Suez canal from the east, and Mediterranean 
Sea and Lake Manzala from the North and Ismailia canal from the 
south. The area has two main canals (Baher Fakous and Baher Mwas) 
and two drains (Baher Baker and Baher Hadous) as shown in (Fig. 1). 
The climate is marked by warm winters, hot summer, moderate 
humidity and wind of intermediate speed. A lot of studies are made on 
this area and among the most important of them are: “Shata and El-
Fayoumy (1969), Farid, M. S. (1980), El-Dairy, M. D. (1980), 
Saluma, M. (1983), Nada, A. A (1984), RIGW/IWACO (1988) and 
Salem, W. M. (1996)”. 

The Quaternary aquifer in the study area is the main source of 
the groundwater. Excessive pumping from the aquifer causes 
problems such as water salinization. Most of wells became 
unemployed, especially in the northern part of the study area. 
Furthermore, farmers use drains water as standby for irrigation, hence 
affects badly on the groundwater quality, especially shallow 
groundwater. Therefore, the groundwater quality and the salinization 
processes of the Quaternary aquifer in the study area need to be 
revaluated. 

 

MATERIALS AND METHODS 
41 groundwater samples were collected from the study area and 

the measuring of chemical composition of major ions (Na+, K+, 
Ca2+, Mg2+, Cl-, SO42- and Br-) were made by Ion Chromatograph, 
(HCO3-) ion was measured immediately by titration method and (B-) 
by UV spectro-photometer. The sampling points were chosen of on 
the basis of topography and geology. Sampling techniques involved 
Pumping the groundwater for long time enough to ensure that 
representative aquifer's water is being attained. 
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Fig. (1) Location map of the study area. 

 
3. Geological aspect 

The eastern part of the Nile Delta slopes regionally in the 
northward direction. It is characterized by low relief and is bounded 
on the southern side by a moderately elevated plateau, and on the 
northern side by a landscape with flat plains of the Delta (Bayoumy, 
1971).The Damietta branch marks the western boundary whereas the 
eastern side is bounded by the Bitter Lake and Suez canal which runs 
through the Ismailia Master plain (El-Shazly, 1975). The region east 
of Nile Delta is essentially, occupied by Tertiary to Quaternary rocks 
with Mid-Tertiary basaltic flow. This succession has a maximum 
thickness of 500 m. It is composed - from south to north - of complex 
marly Limestone and shales grading into a typical shallow marine and 
continental environment and Deltaic deposits (Fayoumy, 1968). Farid, 
et al. (1988), also investigated that the eastern Delta aquifer belongs 
essentially to Quaternary which is Pleistocene aquifer. Its formation is 
fluviomarine deposits (Late Pleistocene) and Deltaic deposits (Early 
Pleistocene) (Fig. 2). 
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Fig. (2) Compiled geological map of the Eastern Nile Delta 

 

RESULTS AND DISCUSSION 
 

The major cations (Na+, K+, Ca2+ and Mg2+) and anions (Cl-, 
SO42- and HCO3-) are naturally highly variable in the groundwater 
due to local geological, climatic and geographical conditions. The 
minor ions (B and Br) can enable the identification of the principal 
processes that determine the salinity of the water along the coastal 
zone. The chemical analysis of the collected groundwater samples, 
including (pH, EC, TDS), major cations and major anions were 
carried out in the Central Laboratory for Environmental Isotope 
Hydrology, National Center for Nuclear Safety and Radiation Control 
using standard methods for the examination of water and wastewater, 
(1996). The results of these analyses are indicated in Table (3). The 
locations of the groundwater samples are shown in (Fig. 3). 
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Fig. (3): Location map of groundwater samples. 
 

1 Hydrochemical characteristics of the studied groundwater 
samples 

1.1 Total Dissolved Solid (TDS) 
The total dissolved solid values of the studied groundwater 

samples range from 391-14,552 mg/L (Fig. 4). This wide range of 
salinity reflects the presence of different possible sources of salinity 
that exist in the studied area and it may be due to: 

a. Leaching processes which accompany the intensive 
agriculture activities through irrigation, 

b. Dissolution processes of earth rocks and Marine deposits, 
c. Upconing of saline water from deep aquifer beneath the 

fresh one due to excessive pumping, and/or 
d. Salt water intrusion. 
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Fig. (4) Iso-salinity (TDS) contour map in mg/L for ground water 
samples 

 
TDS values of the studied samples were classified according to 

Chebotarev, (1955) into three main categories: 
1. 54% of the groundwater samples     → Fresh water        (TDS 

up to 1500 mg/L).                  
2. 24%                                                   → Brackish water   (TDS 

(1500-4000) mg/L).                
3. 22%                                                   → Saline water        (TDS 

> 4000 mg/L). 
                         

Iso-Salinity contour map of the groundwater samples show three 
groups (Fig. 5): 
 

* The first group: This group is present in the southern part near 
the Dameitta branch and Ismailia canal and represents the fresh water 
in the study which has salinity ranges from 391 to 1,440 mg/L with 
good natural drainage conditions. This area is characterized by 
groundwater table of 1 to 2 m below land surface and the salinity of 
the root zone is at an acceptable level for salt sensitive crops.  
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* The second group: This group is present in the middle part 
with salinity ranges from 1,616 to 3,559 mg/L. The increase of salinity 
could be attributed to dissolution and leaching of soil during irrigation 
processes. The average of groundwater table is from 0.5 to 1 m, and 
this group is acceptable for most salt sensitive crops. 

* The third group: This group is present in the northern part 
towards Manzala Lake of the study area and the depth of groundwater 
is from 0.0 to 0.5 m. It is found that samples have salinities ranges 
from 6,384 to 14,552 mg/L. The high salinity could be due to salt 
intrusion. 

 
 
 

 
 

Fig. (5) Classification of the study area into three groups (1, 2 and 
3) 
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Table (3) Chemical composition of groundwaters of the eastern 
Nile Delta 
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1.2 Major Ions Distribution 
The minimum, maximum and mean concentration of (Na+ + 

K+), Mg2+, Ca2+, Cl-, SO42-, and HCO3- ions values of the 
groundwater samples are shown in Table (4). Iso-contour maps show 
the major ion distributions in the study area (Fig. 6). Consistence 
exists between distributed pattern of different ions and that of TDS. 
The increase of solute content in the samples of the second group 
relative to the first one is mainly due to the dissolution and leaching 
mineralization of rocks occurring in this area and extensive use of 
fertilizers. But the third group has concentrations that could be due to 
the effect of dissolution of marine deposits and evaporate salts or the 
seawater intrusion from Mediterranean Sea. 
Table (4) the minimum, maximum and mean concentration values 
of the major ions of the groundwater samples. 

 

 
1.3 Minor Ions Distribution 

a. Boron 
Boron compounds are used in manufacture of glass, soaps and 

detergents and as flame retardants. The general population obtains the 
greatest amount of boron through food intake, as it is naturally found 
in many edible plants. Boron is found naturally in groundwater; but its 
presence in surface water is frequently consequence of a discharge of 
treated sewage effluent, in which it arises from use some detergents 
into surface water. Boron is found in very different geological 
environments, associated with the presence of volcanic rocks, 
geothermal processes and material deposited in very saline 
environmental (Leeman and Sisson, 1996). Because boron it is highly 
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soluble, it tends to concentrate in environments that have a limited 
circulation, in evaporates or brines of marine or continental origin 
(Uhlman, 1991). For this reason, the dissolution of evaporate rocks 
has been considered to be a possible source of boron (Harder, 1974; 
Rose et al., 2000). The relatively high concentration of boron in 
seawater leads it to be considered as an indicator of marine intrusion, 
though in some cases the elevated boron – with respect to the 
theoretical mixing between fresh and seawater – has been related to 
other sources. Such sources include anthropogenic pollution of 
groundwater (Uhlman, 1991; Mirecki and Parks, 1994; Leenhouts, et 
al. 1998; Vengosh, et al. 1994) and of surface waters (Neal, et al. 
1998) and/or deep flows (Gimenez and Morell 1991). 

The concentrations of boron in the groundwater samples range 
between 0.0 to 1.7 mg/L (Fig. 7) and these values are quite distinct 
compared to the boron content of the seawater, where seawater has 
boron concentration of 5.3 mg/L (Martos, F. 2001). The relatively 
high concentration of boron in seawater leads it to be considered as an 
indicator of marine intrusion. Consequently, no marine intrusion in the 
studied area.  
 

b. Bromide 
Bromide is basically important for the study of saline waters and 

brines, since its concentration allows the degree of evaporation of 
seawater to be known, as bromine accumulates in the residual brine 
(Sanders, 1991; Richter and Kritler, 1993). Its distribution in 
groundwater is related to the presence of evaporates and an analysis of 
the Cl/Br ratio can be used to indicate the degree of development of 
brines, (Edmunds, 1996 and Whittemore, 1995).This ratio has also 
been used to identify different saline flows and their relative 
contribution (Dror, et al. 1999). Also to distinguish between natural 
and anthropogenic causes of salinization (Andreasen and Fleck, 1997) 
and to identify the genesis of deep saline waters (Stober and Bucher, 
1999). In respect, Davis, et al. (1998) extensively revised the use of 
the Cl/Br ratio in groundwater studies.  

The concentrations of bromine ranges in the first group of the 
groundwater samples between 0.47 to 6.5 mg/L, while with the second 
group from 2.5 to 18 mg/L. Third group shows a jump with Boron that 
ranges between 49 to 120 mg/L (Fig. 7), reflecting dissolution of 
evaporitic seawater, as bromine accumulates in the residual brine. 
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Fig. (6) Distribution of the major ions of the groundwater samples 
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Fig. (7) Distribution of the minor ions of the groundwater samples 
 
 

1.4 Hydrochemical Formula and Water Type 
The hydrochemical formula are arranged in order from the 

highest ion percent to the lowest one, while the highest concentration 
of the anions and cations gives the water type of the sample. 
According to the classification of groundwater samples into three 
groups: The sum of the first group samples gives bicarbonate-sodium 
water type and this group can be represented by average 
hydrochemical formula as follow: 

- - 2- + 2+HCO3  > Cl  > SO4  / Na  > Ca  > Mg2+

The sum of the second group samples gives chloride-sodium 
water type and this can be represented by average hydrochemical 
formula as follow: 

- - 2- +Cl  > HCO3  > SO4  / Na  > Mg2+ 2+> Ca
The third group includes wells of chloride-sodium water type; 

this can be represented by average hydrochemical formula as follow: 
- 2- - +Cl  > SO4  > HCO3  / Na  > Mg2+ 2+> Ca

 The variation in chloride percentage value in both 
hydrochemical formulas of the second and third groups relative to that 
of Na, Mg and Ca ions reflect the leaching process and beginning of 
salt water interface in the second group and major contribution of salt 
water intrusion in the third group.  
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1.5 Graphical Presentation of Hydrochemical Data 
 

1. Bar Graph       
The Hydrochemical Data and Hypothetical Salt Combinations 

can be presented graphically by Bar Graph. The salt combinations can 
be detected hypothetically by using Bar graph (Collins, 1923). It is 
presented as a vertical bar having the total concentration of anions and 
cations expressed as the percentage of equivalent part per million 
(epm %), the left side shows the cations (Na+, Mg2+ 2+ and Ca ) and the 
right side shows the anions (Cl- 2- -, SO  and HCO4 3 ). The hypothetical 
combination between cations and anions for each sample to form salts 
depend mainly on the dominance ions and the chemical affinity of 
these ions to combine with each other according to Palmer method 
(Palmer, 1911). 

The hypothetical salt combinations of the three groups of the 
groundwater samples in the studied area as shown in (Fig. 8) are: 
*Group 1: KCl, NaCl, Na SO , NaHCO Mg(HCO ) , Ca(HCO )2 4 3, 3 2 3 2    
(Meteoric water) 
*Group2:  KCl, NaCl, Na SO , NaHCO Mg(HCO ) , Ca(HCO )2 4 3, 3 2 3 2    
(Low-salinity meteoric water) 
*Group3:  KCl, NaCl, MgCl , CaCl , CaSO , Ca(HCO )2 2 4 3 2                   
(Marine water) 

• In the first group, 54 % of the groundwater samples represent 
fresh water with sodium-bicarbonate water type (meteoric 
water type). 

• In the second group, 24 % of the groundwater samples 
represent low salinity meteoric water with Mg(HCO )3 2 and 
Ca(HCO )3 2 salts which can be attributed to dissolution of 
calcite and dolomite deposits. 

• In the third group, 22 % of the groundwater samples contain 
MgCl2 and CaCl  salts that refer marine origin. 2
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Fig. (8) The hypothetical salt of groundwater samples 
 

2. Sulin Diagram: 
Sulin diagram (Sulin, 1948) represents the genesis of water (Fig. 

9). The points which lie in the lower quadrant in both the two triangles 
represent the meteoric water genesis. The lower triangle represents 
NaHCO3 water type where the ratio (rNa+ + rK+) - rCl- / SO42- >1, 
as with most of samples of first and second groups. While the upper 
triangle represents Na2SO4 water type where the ratio (rNa+ + rK+) - 
rCl- / SO42- <1, that with the rest of the first groundwater group 
samples (1, 2, 11, 12, 13 and 41) and samples (33 and 37) from the 
second group. 

The points lie in the upper quadrant, which represent marine 
water genesis. The lower triangle represents MgCl2 water type where 
the ratio rCl- - (rNa+ + rK+) / Mg2+ <1, this appears with sample (40) 
from the second group and samples (24 and 27) from the third group. 
While the upper triangle represents CaCl2 water type where the ratio 
rCl- - (rNa+ + rK+) / Mg2+ >1, as appears with the rest of the third 
group samples. 
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Fig. (9) Sulin diagram of groundwater samples 
 
 

2 Analysis of salinization processes in the Quaternary aquifer of 
the study area 

According to the hypothetical salt classification of the 
groundwater samples in the study area, there are three types. The 
triangular diagram of the three ions (SO4-Cl-HCO3) (Fig. 10) shows 
that the first group is surrounding the fresh water (Nile) and the 
second group shows more salinization while the third group coincides 
with the Mediterranean Sea point (seawater) (Salem, W. 1996).  

The distribution of the samples points over the plot is heightened 
with the proportion of Cl- that considered to be a conservative tracer 
of the seawater intrusion process. So salinization can be determined 
by ion ratios especially that bring out an increase in the percentage of 
Cl-. 
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Fig. (10) Triangular diagram of SO4-Cl-HCO3 for the 
groundwater samples 

 
2.1 Ion Ratios of major ions 

Table (5), include ion ratios expressed as epm, such as rNa+/rCl-
, rMg2+/rCl-, rCa2+/rSO42-, rCa2+/ rMg2+, and rCl-/rHCO3- for 
groundwater samples, fresh water and seawater, which are useful 
criteria used to detect the salinization sources in the analyzed water 
samples. 
 

+ -a- rNa /rCl  Ratio: 
The variation in rNa+/rCl- ratio is used for differentiating 

between fresh and saline water. The values of this ratio are always 
higher than unity in fresh and meteoric water, while that is less than 
unity is marine water. The first and the second group samples - except 
sample (40) - have rNa+/rCl- ratio exceeding unity indicating fresh 
water origin. Shift toward sodium refers to natural ion exchange, 
where Na-clay reacts with calcium and/or magnesium and releases 
sodium (Natural softening). The third group has rNa+/rCl- ratio less 
than unity and may be referred to the salt water intrusion. Figure (11) 
represents the relationship between Na+ and Cl- Concentrations. The 
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samples in general have concentrations of Na+ related to the influence 
of seawater, but there are some deficits can be appreciated with 
respect to the mixing of fresh and seawater in the more saline waters. 
 

--b- rSO / rCl- Ratio: 4
The relation between SO42- and Cl- is represented by (Fig. 11) 

indicates that the saline water adapts roughly to the mixing process 
identified by dilution line. The third group shows a rSO4--/ rCl- ratio 
quite similar to that of seawater, although slightly enriched in SO42-. 
Most of the rest samples show significant enrichment in SO42- with 
respect to the Cl- concentration. 
 
c- rMg2+ - / rCl  Ratio: 

This ratio represents a relative relationship between the less 
abundance ion (Mg2+) and the conservative ion (Cl-) and is helpful in 
studying the modification of groundwater composition due to seawater 
intrusion and/or leaching action of different salts such as carbonate 
rocks and dolomite. Fresh water mostly has values of rMg2+/rCl- > 
0.5 (Custodio and Bruggeman 1987). About 34 % of groundwater 
samples have rMg2+/rCl- higher than 0.5, while the rest of the second 
group (except sample 18) and the third group samples have 
rMg2+/rCl- less than 0.5. This reflects the leaching action of earth 
salts and higher 
 

2+d- rCa / rCl- Ratio: 
The relationship between the concentrations of Ca2+ and Cl- 

(Fig. 11) shows a significant increase in Ca2+ with respect to Cl- 
concentration. Slight lack of Ca2+ reflects the fresh water charging 
while excess of Ca2+ with the saline samples away the mixing line 
between seawater and fresh water reflects ionic exchange processes. 
 

2+e- rCa / rMg2+ Ratio: 
This ratio is useful in studying water from limestone and 

dolomite and help in tracing seawater contamination (Meisler, et al. 
1967). Calcium is the predominant cation in the Nile water, which is 
produced from dissolution of calcite carbonate rocks and dolomite 
containing mainly both Ca2+ and Mg2+ ions. Base Exchange process 
of Mg2+ ion against Na+ or Ca2+ is another source of magnesium 
ion. Hem, (1985) suggests that a low Ca2+/ Mg2+ ratio may indicate 
salt water intrusion.  
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It is noticed that the Ca2+/ Mg2+ ratio is more than unity for 68 % of 
the groundwater samples have values exceed unity (Ca2+ > Mg2+) 
which occur when the dissolution of calcite, gypsum and anhydrite is 
greater than dolomite. About 32 % of the analyzed groundwater 
samples indicating that the dissolution of Mg2+ 2+exceeds Ca . Figure 
(11) shows the relation between Ca2+ and Mg2+ for the studied 
groundwater samples. The saline samples show that no mixing with 
seawater and confirming dissolution processes earth rocks. 
 
f- rCa2+ 2-/rSO  Ratio: 4
Sulphate, in general, is the result of direct dissolution of gypsum (or 
anhydrite) or the neutralization of acid waters by limestone or 
dolomite. In the latter case, magnesium may be prominent. If sulphate 
> Calcium, calcium has been removed from solution, most likely by 
the precipitation of calcite or by ion exchange reactions. Figure (11) 
shows the relation between Ca2+ 2-  and SO4 for groundwater samples 
and no seawater intrusion in the northern part of the studied area. 
About 39 % of the groundwater samples have the rCa2+ 2/rSO4  values 
less than unity that refers dissolution of gypsum deposits or intensive 
use of fertilizer source. The rest of the samples have rCa2+ 2-/rSO4 >1 
indicating that the dissolution of Ca2+ source as calcite is greater than 
solubility of sulphate compound as gypsum. 

 
2+g- r(Ca + Mg2+ -) /r HCO  Ratio: 3

2+ The relation between (Ca +Mg2+ -) and HCO3  is shown in (Fig. 11). 
It is clearly noted that the third group of the groundwater samples has 
Ca2++Mg2+ - more abundant than HCO3  and may be attributed to the 
high salinity of these samples with dissolution of evaporate rocks and 
brine. 
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Table (5) Major Ion ratios of groundwater samples 
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Fig. (11) Relation between the major ions for the groundwater 
samples, (m): mixing line between fresh and seawater 
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2.2 Ion Ratios of minor ions 
The studying of salinization of groundwater in the Quaternary 

aquifer of the study area is complicated due to the arid climate, the 
presence of evaporites and proximity to the Sea. The salinization has 
been characterized by jointly studying the content of various minor 
ions (B and Br) and a series of ionic relationships. Table (3) includes 
the concentrations of minor ions B and Br for the groundwater 
samples of the study area and the fresh water and seawater (Martos, F. 
2001). 

Boron content increases in more saline areas, since it is 
associated with the presence of evaporitic and/or marine influences. 
Bromide analysis enables the identification of the principal processes 
that determine the salinity of the water along the coastal zone as the 
presence of the Quaternary marine sediments and present day marine 
intrusion. The brackish groundwater that is related to old raised 
beaches shoes low Cl/B ratio and areas affected by marine intrusion 
had Cl/B ratios similar to seawater than in the other areas along the 
coastal zone. 

The processes that contribute in the salinization of the studied 
groundwater samples can be more classified by considering Br and Cl 
together, since they have different affinities in the evaporation of 
seawater, Cl being prone to form salts. The Cl/Br ratio can vary over 
several orders of magnitude and so it is widely used to study of the 
processes of evaporation and salinization of water because it has a 
conservative behavior and is not affected by water-rock interactions 
(Edmunds, 1996; Davis et al., 1998; Whittemore, 1995). A plot of Cl 
against the Cl/Br ratio indicates no mixing with seawater, where the 
Cl/Br ratios of the groundwater samples of the studied area are ranged 
between 35.4 and 105.9. These values are lower than that of seawater 
(315) and referrers to old raised beaches as shown in (Fig. 12) that 
also shows increasing of Cl more than the Cl/Br for the third 
groundwater group. 

Figure (12) shows the relation between the concentrations of Br 
and Cl, which appears that no mixing between seawater and 
freshwater. This means that no seawater intrusion. Also the relatively 
high concentration of boron in seawater leads it to be considered as an 
indicator of marine intrusion. The concentrations of B in the study 
area show lower values than that of seawater and the relationship 
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between B and Cl concentrations shows no mixing with seawater (Fig. 
12). 
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Fig. (12) Relationship between the (major – minor) and (minor-
minor) ions concentrations of the groundwater samples, (m) 
mixing line between freshwater and seawater, (SW) seawater 
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Conclusion 
The origin of salinization in the waters of the Quaternary 

aquifer of the eastern Nile delta is highly complex, given the 
arid climate of the area, the presence of evaporates, and its 
proximity to the Sea. The salt water may have intruded into the 
aquifer during past and remained trapped. So, the groundwater 
pumping would not cause the direct intrusion of the seawater but 
rather a rise in the saline level. The study of the TDS and the major 
ions indicated that there are three groups of the groundwaters. 
Increase of TDS in the second group than the first group reflects 
leaching of ground layers with the recycling pumping of the 
groundwater. The third group in the north part of the study area - 
with high salinity - reflects salt water intrusion. The salinization of 
the waters is studied by the major ions relationships alongside 
(B and Br). Boron increases in concentration in areas 

where the waters are more saline. The coastal zone is the 
most complex as a consequence of the water flow across the 
Quaternary aquifer, in which the salinity is closely related to the 
presence of evaporite salts that arise from the Quaternary raised 
beaches. These marine materials, which may include residual 
brines, extend at depth throughout the delta. 

This multiparametric study, involving major and minor ions, 
and comparing the hydrochemical data with those corresponding to 
the seawater-fresh-water mixing, provides a useful tool to determine 
the hydrochemical features affecting to the aquifer. 
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التحليل الهيدروآيميائي لعمليات التملح في الخزان الجوفي الرباعي في منطقة 
  مصر-شرق الدلتا

  
يد بدوي هيثم عبدالحميد الس- مني عباس أحمد-  سوسن جمال عبد السميع-محمد فتحي الشحات

  

 - هيئة الطاقة الذرية المصرية-المرآز القومي للأمان النووي واالرقابة الإشعاعية
   مصر-القاهرة

  
  

تمت دراسة تملح مياه  الخѧزان الجѧوفي الربѧاعي فѧي منطقѧة شѧرق الѧدلتا وقѧد أجريѧت                       
+Na+, K ( التحاليل الكيميائيѧة للأيونѧات الѧشائعة    2+, Ca  , Mg2+ - 2- -, HCO, Cl , SO4 3( 

وللوصѧول إلѧي هѧذه المѧصادر تѧم      . لمعرفѧة مѧصادر وعمليѧات الѧتملح    ) B, Br(والغيѧر شѧائعة   
 عينة مياه جوفية ممثلة لمنطقة الدراسة وتم تقسيمها تبعا لدرجة ملوحتها إلي ثѧلاث               41تجميع  

 .مجموعات
ملوحة المجموعة الأولي التѧي تقѧع فѧي الجنѧوب والجنѧوب الغربѧي والمجموعѧة الثانيѧة                   

في شرق ووسط  منطقة الدراسة آانت نتيجة إذابة الميѧاه لأمѧلاح التربѧة مѧع الѧسحب                   التي تقع   
أمѧѧا المجموعѧѧة الثالثѧѧة التѧѧي تقѧѧع شѧѧمال منطقѧѧة الدراسѧѧة فهѧѧي عاليѧѧة     . المتكѧѧرر للميѧѧاه الجوفيѧѧة 

و تѧѧم دراسѧѧة العلاقѧѧات بѧѧين   . الملوحѧѧة ممѧѧا يѧѧدل علѧѧي وجѧѧود تѧѧداخل مѧѧصدرآخرعالي الѧѧتملح     
  . شائعة مع المقارنة بمياه البحر ومعرفة نسبة الخلط  معهاالأيونات الشائعة والغير 

أوضحت هذه الدراسة السبب في ملوحة المياه الجوفية في المنطقة الشمالية إلي وجѧود              
أملاح بحرقديمة متبخرة ونتيجѧة الѧسحب الجѧائر للميѧاه الجوفيѧة أدي إلѧي ذوبѧان هѧذه الأمѧلاح                      

    .ولا يوجد تداخل لمياه البحرالحديثة
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 

 


