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Abstract— Groundwater of the Pliocene aquifer in Wadi El 

Natrun area represents the primary source of reliable water for 

drinking and agriculture uses. This research focuses on the study 

of the different sources of water in the study area and determines 

the origin and quality of this waterand also is interested in 

studying hydrogeochemical processes that affect them and the 

movement of water through the analysis and determine the 

activity of different elements, and also to changes in hypothetical 

salts with the direction of water flow in three sectors of the 

region and the statement of the most important geochemical 

processes that occur. Finally it is evaluated the suitability of the 

water for different purposes. 

The results show that, there is a zonation of chemical 

composition; this zonation is characterized by a change of 

cation species from dominantly Ca and Mg near the east to 

Na-dominated waters in the west. Mirroring this, anions 

change from HCO3 type to Cl and SO4 type.The ions 

displays two grades of metasomatism along flow path, first 

the stage of mineralization(HCO3>Cl>So4) at the east then 

the advanced stage of mineralization (Cl>SO4 >HCO3) at 

the west. According to the(W.H.O.2005), 45 % of tested 

groundwater samples are permissible for drinking.  Most 

groundwater samples of the Pliocene according to SAR 

andRSC are suitable for irrigation purposes under normal 

condition, but all surface water samples (lakes) are saline 

water,so it is not valid for drinking or irrigation purposes. 

Keywords—Water Resources, Pliocene Aquifer, Wadi El 

Natrun, Egypt. 

 

1- INTRODUCTION 

This research discusses the hydrogeo chemistry of 

groundwater in order to estimate the water quality variation, 

and to shed the light on the important indications about the 

history of various concentrations of major elements as well 

as groundwater recharge, discharge, and movement of 

groundwater in the study area. Water quality, hydro chemical 

coefficients and groundwater origin will be estimated. The 

hydro –geochemical characteristics are   investigated 

through the discussion of both geochemical composition 

and distribution andthe geo- chemical classification of 

groundwater, also, it can provide a useful insight into the 

probable processes governing groundwater chemistry (Lyon 

and Bird, 1995), and (Soulsby et al., 1998.).To achieve this 

goal, six surface water samples representing the  main lakes and  

thirty five  groundwater samples representing  productive water 

wells ( Pliocene aquifer )  were collected in November,  2015,  

(Figure 1).  

1.1 -Geomorphological  and geological setting  

Wadi El Natrun occupies a portion of the Western Nile 

Delta region (Figure 1). It lies between longitude 30º 04´ 

and 30º 30´ E and latitudes, 30º 16´ and 30º 30´ N.The 

study area covers an area of about67608Feddans or 281 

km2. (El- Abd, E. A, 2005).(Said, 1962), (Sanad, 1973),(El-

Ghazawi, 1982), and (Abdel-Baki, 1983) studied the 

geomorphology and geology of the study area. They 

concluded that the study area comprises three 

geomorphological units. The Alluvial plains (young and old 

alluvial plains) which are characterized by an average 

gradient of 0.l m/km. The elevation varies from +12 m to 

+14 m for the young alluvial plains, and between 60 m and 

20 m for the old alluvial plains. The lowest point in Wadi 

El-Natrun and Wadi El-Farigh depressions are -23m and -

4m respectively. The Structural plains (depressions, folded 

ridges and structural plateaux) which have an elevation 

ranges between 110 m at Gebal Hamza and 200 m at Abu 

Roash (the ridges bounding Wadi El-Farigh). The 

tablelands which are differentiated into Maryut tableland 

marginal tableland. The sedimentary succession in the study 

area ranges in age from Late Tertiary which is differentiated 

into Oligocene at 400 m, Miocene at 200 m and Pliocene at 

150 m to Quaternary at 300m. The study area also is 

affected by a number of faults having NW-SE and NE-SW 

trends. 

In subsurface, the measured thickness of the Lower 

Pliocene at Wadi El-Natrun reaches about 100m and 

composed essentially of dark pyretic clays. This clay is also 

encountered in the area between Wadi El-Natrun and Nile 

Delta, underlying the  Pleistocene deposits and overlying 

with unconformable surface the Middle and Lower 

Miocene succession.The Middle and Upper   Pliocene   
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strata, (Wadi El-Natrun formation) are largely restricted to 

the depression area; these are developed into gypseous 

clays and sands of typical brackish water origin. This 

portion of the Pliocene succession is differentiated into two 

series; Beni Salama Member at base and El-Muluk Member 

at top. The thickness of the Pliocene sediments in Wadi El 

Natrun varies from 240 m in the middle, 130 m in the 

northwest and 100 m in the southeast .The thickness of the 

Pliocene increases in the areas dominated by the graben-

like structure and decreases in the area-dominated by horst 

one (El Fayumy, 1964). 

1.2—Groundwater hydrology setting  

There are three main aquifers in the study area, namely; 

The Nilotic sand and gravel (Pleistoceneaquifer), Wadi El-

Natrun sand and clay (Pliocene aquifer) and El-

Moghraquartizitic sand (El-Sheikh, 2000) .The Pliocene 

sediments are mostly built up of clays underlying the 

Quaternary aquifer, and hence they represent the main 

aquiclude horizon in this area. Pliocene sediments in Wadi 

El Natrun are mainly affected by several faults which 

facilitate the connection between them and those of the 

Quaternary. These faults are trending NW-SE direction and 

bounding Wadi El Natrun from the east with downthrown 

side to the northeast. So the Quaternary aquifer is located in 

the front of the Pliocene one in the east. Also Wadi El 

Natrun is bounded from the south and west by clysmic 

NW-SE faults with downthrown side to the northeast. So 

the Miocene aquifer is located in the front of the Pliocene 

facilitating the hydraulic connection between them.  

The depth to water of the Pliocene aquifer varies from 

about20 m to 30 m outside wadi El Natrun and less than 10 

m to flowing in the surface inside Wadi El Natrun Figures 

(2 &3) .  The Groundwater flows from northeast and 

southeast to southwest and northwest i.e. to Wadi El 

Natrun. Also local cones of depressions spread in the west 

and groundwater movements are mainly attributed to the 

over exploitation of ground water to irrigate the newly 

reclaimed lands. The Pliocene aquifer in wadi El Natrun is 

mainly recharged from the Quaternary and Miocene 

aquifers through the hydraulic connection. The water of the 

latter aquifers is laterally flowing towards Wadi El Natrun 

depression, which acts as natural discharging area. The 

recharge to the Pliocene aquifer, which equals the 

permissible extraction rate under any condition of future 

reclamation, was estimated by TRIWACO model to be 

128040 m3/day (Diab et al, 2002).Pliocene aquiferat wadi 

El Natrun receives other recharge from the southern portion 

of the Nile Delta through Wadi El Farigh and southwest of 

Wadi El Natrun depression (Abdel Baki, 1983). 

 
(A) 
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(B) 

Fig.1:Location map of groundwater samples (A) and lakes (B) 

 

 
Fig.2:Depth to water contour map of Pliocene aquifer 
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Fig.3: Water level contour map of Pliocene aquifer 

 

2- MATERIAL AND METHODS 

Complete chemical analysis of thirty five groundwater 

samples and Six surface water samples collected from the 

study area, The analyses conducted both in the field include 

total dissolved solids (TDS), measurement of Ph, electrical 

conductivity (EC), and in the laboratory concentrations of 

Ca+2, Mg+2, Na+ and K+ as cations, CO3
-2, HCO3

-, SO4
-2 and 

Cl-as anions. Detailed Chemical analyses were carried out 

for the collected samples (Figure 1). Different methods 

were used for these analyses, ASTM, American Society for 

Testing and Material (2002), (Ca++, Mg++, CO3, HCO3, Cl) 

were measured volumetrically by titrimetric method. 

Sodium (Na+) and potassium (K+) were determined 

calorimetrically by means of Flame photometer. Sulphate 

(SO4) is determined calorimetrically by means of 

Ultraviolet spectrophotometer screening method at wave 

length (690, nm). Also, a Global Positioning System (GPS) 

Garment 12 was used for location and elevation readings. 

Tables (1 to 3 in appendix) include the concentration of 

major ions, salinity, total hardness, ions distribution, 

hydrochemical coefficients and hypothetical salt 

combinations for groundwater samples collected from the 

wells tapping the Pliocene aquifer in the study area.   

 

3- RESULTS AND DISCUSSION 

3.1 Hydrochemical characteristics 

Thirty five groundwater samplesfrom the Pliocene aquifer 

and six surface water samples (Lakes) figure (1.A&B) were 

collected for chemical analyses (tables1&2, App. 1) will be 

utilized to determine water quality ,the geochemical 

evolution along the groundwater flow path  and finally the 

suitabilityof these water for different purposes  

3.1.1 pH values:  

The pH value of water is related to its quality and affects, to 

a great extent, its suitability for different uses. The water 

pH is controlled by the amount of dissolved carbon dioxide 

(CO2), carbonates (CO3
2-) and bicarbonates (HCO3

-) 

(Domenico, P.A., and Schwartz, F.W., 1990). The 

hydrogen ion concentrations (pH) in ground water for 

groundwater ofthe Pliocene aquifer, variesbetween 7.32 in 

well no. 4,and 9.96 in well no. 23. While  surface water 

samples ,  the  pH  varies between  8.8 in  sample (no. 42)( 

El Gaar lake )  at the north west  and  9.1  in  sample (no. 

26)  ( Rozitta lake) at south east.The values of  pH  for all 

studied water samples of Pliocene  aquifer and lakes, reflect 

alkaline water  conditions, The variations of pH value are 

mostly due to the chemical composition of the aquifer 

rocks. 

3.1.2 Electric Coductivity (EC): 

For the  groundwater  of the  Pliocene  aquifer,  electric 

conductivityvaries between  0.472  m mohs/cm  in well no.( 

30) at the south  east  , and  10.660 m mohs/cm  in well no. 

39 (Clay Quarries) at the middle part of wadi El Natrun.For 
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surface water samples(lakes)in the study area ,  the  

electricconductivity  varies between  18.9 m mohs/cm  in 

sample  no. 29(Malahet Bani Salama) , and  192 m 

mohs/cm  in sample no. 22(El Hammra lake) 

3.1.3 Total Dissolved Solids (TDS): 

The salinity contents ranging from 300 mg/l in well no. 30  at the 

south east of Wadi El Natrun     to  6822 mg/l  in well no.39  (Clay 

Quarries) at the middle part of wadi el Natrun, the salinity increase 

from east to  west  in the direction of water flow. The groundwater 

of the Pliocene aquifer is mainly belongs to   brackish saline water. 

The surface water samples of the lakes is mainly belongs to   saline  

water with salinity contents ranging from 12096  mg/l in sample  

no.29 ( Malahet Bani Salama ) at south east to  122880mg/l  in 

sample no.22 (El Hamra lake) .(Figure4) 

 (A) 

 

 
 (B) 

Fig.4: Salinity distribution contour map of productive wells of the Pliocene aquifer (A) and lakes (B )atWadi-El Natrun 
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About 8% of tested samples have salinity content less than 500 

mg/l.    21 % of tested samples have salinity content ranging 

from 500-750 mg/l.  17 % of tested samples have contents 

ranging from 750-1000 mg/l.  54 % of tested samples have 

contents   more than 1000 mg/l.According to theWorld Health 

Organization (W.H.O.2005) the maximum permissible 

limits of TDS in drinking water is 1000 mg/l. It’s concluded 

that 45 % of tested samples are permissible, where 54% not 

permissible. 

3.1.4 Distribution of hydrochemical elements in ground 

and surface water: 

3.1.4.a- Major ions distribution in groundwater 

Regarding major cations, sodium is mostly predominant 

cation followed by calcium and magnesium. Sodium 

concentration ranges from 50 mg/l (well No. 31) to 2360 

mg/l (well No. 39). High sodium concentration is possibly 

due to leaching processes of clay and shale present in 

aquifer materials. Calcium concentration ranges from 12.8 

mg/l (well No. 1) to 114 mg/l (well No. 39). Magnesium 

concentration ranges from 2.43 mg/l (well No. 4) to 21.39 

mg// (well No. 33). Concerning major anions, chloride and 

sulphate are mostly predominantly over bicarbonate. 

Chloride concentration ranges between 40 mg/l (well No. 

31) and 3000 mg/l (well No. 39). High values of Cl- content 

is mainly attributed to dissolution of chloride–bearing 

deposits evaporates and clay minerals within the aquifer 

materials. .  Sulphate concentration ranges from 49 mg/l 

(well No. 31) to 1600 mg/l (well No. 6). High sulphate 

concentration reflects dissolution of terrestrial deposits of 

gypsiferous shale and gypsum in the aquifer materials.  

Bicarbonate concentration ranges between 86 mg/l (well 

No. 32) and 320 mg/l (well No. 7). 

3.1.4.b-Major ions distribution in surface water (Lakes) 

Major cations in surface water samples (lakes), sodium is 

mostly predominant cation followed by calcium and 

magnesium,Sodium concentration ranges between    4350ppm 

in sample no.29(MalahetBenisalama)  to 44200 ppm in sample  

no. 22 (El Hammra lake) .High contents of sodium ion over 

the study area are due to active cation exchange and 

leaching processes of clays and salts present in aquifer 

material.calcium contents ranging from   70  ppm in sample  

no.29 (Malahet Beni Salama) at south east  to  300 ppm  in 

sample ( no. 22)(El Hammra lake) at east. The high values of 

calcium concentration is mainly comes from dissolution of 

sediments rich in calcium. This may be due to leaching and 

dissolution processes of gypsum bearing of aquifer material. 

Magnesium contents ranging from  70  ppm  in sample  no. 

29(Malahet Beni Salama ) at south east  to   200 ppm in 

sample no. 22  (El Hammra  lake )  at east. Potassium 

concentration ranges between 200   ppm   in sample no. 29 

(Malahet Beni Salama) to 540 ppm insample no. (26 Rozitta 

lake.  Concerning major anions, chloride and sulphate are 

mostly predominantly over bicarbonate,chloride 

concentration ranging from 5500 ppm in sample  no.29  

(Malahet Beni Salama ) to   54000ppm in  sample( no. 22 El 

Hammra lake).The presences of chloride ion with high 

concentration in groundwater reflect the presence of evaporite 

salts rich in chloride. Chloride concentration generally increases 

from east to west with the direction of water flow.Sulfate 

contents ranging from 1450 ppm (in sample no. 41 El Gaar 

lake) at north to   20900ppm (in sample no. 22 El 

Hamralake  ) in east ,the high increase in sulfate contents 

was recorded at the north west part of the study area. This 

reflects effect of downward seepage of sanitary and 

agricultural waste water rich with sulfates, and to local 

terrestrial source of sulfate as gypsum.Bicarbonate has 

concentration ranging from170 ppm in sample no. Rozitta  

to  500 ppm  in sample  no22.( El Hammra  lake).    The 

highest value was recorded in east portion of the study area. 

The highest concentrations of bicarbonate reflect dissolution of 

carbonate rich sediments as well as the effect of Quaternary 

aquifer recharge at the east of   the study area. 

The relation between salinity (TDS) and major ions were 

statistically illustrated (Figure 5). This diagram shows 

correlation between salinity contents and concentration of 

ions of groundwater of the Pliocene aquifer. Sodium, 

sulphate and chloride show high correlation coefficients 

(R2) with salinity contents, the values of correlation 

coefficients (R2) of these ions are 0.8966, 0.8939 and 

0.9464 respectively, this indicates that, the factors, which 

govern the distribution of salinity in the different localities, 

are the same factors controlling the distribution of sodium, 

sulphate and chloride. The factors controlling the 

distribution of such elements include upward leakage of of 

Miocene saline water and leaching processes of clay and 

lagonaal deposits present in aquifer materials. On the other 

hand, calcium and magnesium show low correlation 

coefficient (R2) with salinity compared with that of sodium, 

sulphate and chloride, it is 0.2864 and 0.2564 respectively. 

Bicarbonate shows no correlation with salinity, it displays 

correlation coefficient (R2) 0.0501. 
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3.2.-Ions dominance and water type of ground and surface  water in the study area: 

The cations and anions for the Pliocene aquifer are determined. 
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Fig.5: Salinity  –  major ions relationship in the groundwater of the Pliocene aquifer   
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The sequences of the ions represent the variation of 

chemical composition of water, which is mainly controlled 

by lithology from recharging to discharge area also affected 

by presence of the fault, cracks and different 

structures,(Hem, J. D., 1989).    

In this thesis water type defined by the following 

1- Schoellerʼs. 2- Piper  

3.2.1  According to Schoellerʼs diagram ( 1962): Firstly  for 

ground water:  

The majority of groundwater samples have Ion sequences 

ordering (Na+>Ca++>Mg++) , Cl-> SO4
--> HCO3 

--) - (HCO3
- > 

Cl-> SO4
--)  .Dominance of  sodium, calcium and magnesium 

(Na+, Ca++, Mg++)  as  cation,  chloride  and sulphate (Cl-, So4--) 

as anion in the majority of samples reflect the predominance of 

sodium and calcium (Na+, Ca++). The dominant salts are 

Sodium Colrid and Sodium Sulphate water types.From 

figures(6&7). The prevailing hypothetical salts combinations 

are NaCl and Na2SO4 water type followed by NaHCO3

.  

 
Fig.6: Sodium Chloride facies of groundwater Pliocene aquifer in Wadi El-Natrun 

 

 
Fig.7: Sodium Bicarbonates facies of groundwater Pliocene aquifer in Wadi El-Natrun 

 

Secondary for surface water: 

Ion sequences ordering of surface water samples have cations and anion sequence ordering (Na+>Ca++>Mg++) ,(Na+> Mg++>Ca++) and - 

(Cl-> SO4--> HCO3 --). 

Dominance of sodium, calcium and magnesium (Na+) as cation and chloride and sulphate (Cl-, So4--) as anion in the majority of samples 

reflect the predominance of sodium (Na+).   Dominant hypothetical salts are Sodium Chlorid and Sodium Sulphate water types 

(Figure8) 

 
Fig.8:Sodium Chloride facies of Surface water in Wadi El-Natrun  
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3.2.2  Classification of groundwater and surface water According to Piper (1953): 

The geochemical classification of groundwater is based on ion relationships, the most common are the tri linear diagram of (Piper ,1953). 

Piper's triangle diagram for groundwater wells consequently show that (Figure9), most groundwater samples and all surface 

watersamples   (Six samples)  lie  in the upper triangle and has secondary salinity properties, where SO4
-- + Cl->Na+ + K+.So, the 

hypothetical salts are Ca and Mg chlorides and sulphate. Few water samples (represent the eastern part )lies in the lower triangle and the 

primary alkalinity proportion where CO3-- + HCO3
-> Ca++ + Mg++ and the hypothetical salts are Na and K carbonate and bicarbonate. 

(A)                                                                     (B) 

 
Fig.9:  Piper triangle diagram for groundwater samples (A) and lakes (B) of the Pliocene aquifer. 

 

3.3-Hydrochemical coefficient ratios 

The relationship between the different major ions ratios is 

helpful in detecting the previous hydrochemical processes 

affecting water quality. The hydrochemical coefficients are 

used as a tool for detecting the origin of groundwater and 

helped in discovering the previous hydrochemical processes 

affecting water quality such as leaching, mixing and ion 

exchange.  

The hydrochemical coefficients (rNa/rCl, rSO4/rCl,rCa/rMg) 

and (rHCO3/rCl)  revealed good information about the origin of 

groundwater and helped in detecting the hydrochemical 

processes affecting water quality. The values of rNa/rCl for the 

analyzed water samples range between 1.02 and 2.86 in 

groundwater and between 1.03 and 1.54 in the lakes. These 

values indicate predominance of sodium over chloride 

reflecting meteoric water origin. The increase in the 

concentration of Na+ ion than Cl- inthese water samples is 

mainly attributed to the dissolution of sodium bearing silicates. 

The values of hydrochemical coefficient rSO4/rCl range 

between 0.39 and 1.26 between 0.11 and 0.29 in the lakes. High 

value of this coefficient is mainly due to the dissolution 

processes of local terrestrial sulphate minerals present in aquifer 

materials. The hydrochemical coefficient rCa/rMg shows high 

values varying from 0.70 to 12.85, between 0.78 and 1.25 in the 

lakes.which is more related to rainwater value (3.08) than 

normal sea water (0.21). This confirms the meteoric water 

origin of groundwater of the Pliocene aquifer in the study 

area.The value of the hydrochemical coefficient 

(rHCO3/rCl) in the groundwater varies between 0.04 (well 

No. 39) at the west of the study area to 1.5 (well No.2) at 

east with an average of 0.48 in ground water wells. The 

majority of samples have value more than unity which 

indicates predominance of bicarbonate over chloride and 

leaching process of carbonate bearing minerals as well as 

precipitation of chloride  minerals at the east and vice 

versa at the west where the chloride salts are the dominant  

The value of the Hydrochemical coefficient (rHCO3/rCl) in 

the surface water samples varies between 0.006  at sample 

No.22 (El Hammra lake) at the east  of the study area  to 0.2 

at sample No. 41 ( El Gaar lake) at north  with an average of 

0.01 in  surface water samples, where the chloride salts are 

the dominant. More confirmation of this concept is the 

occurrence of NaCl, Na2SO4, MgSO4, CaSO4, Mg(HCO3)2 

and Ca(HCO3)2 in groundwater .The presence of marine 

salts of NaCl, Na2SO4 and MgSO4 and CaSO4 is mainly due 

to the flushing of salt water by fresh water through local 

heavy infiltration of rainwater in the past pluvial times and 

the long –term contact time between rock matrix and 
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groundwater also, due to the dissolution of these salts 

encountered in the Quaternary and Pliocene water bearing 

sediments, return flow of irrigation water and salt water 

encroachment as a result of over pumping specially at the  

middle and western portion. 

3.4- Water/ Rocks interaction         

Water/ Rocks interaction focuses on the interactions that 

occur between groundwater and the solid phases comprising 

the unsaturated and saturated zone, these solids phase 

consist of inorganic material (minerals and amorphous 

compounds) and organic materials. Solid are important to 

the geochemistry of the system because they are the primary 

sources and sinks of dissolved constituents. The primary 

water rocks interaction described in this work are 

adsorption /desorption and mineral precipitation / 

dissolution process (Deutsch, W. J. 1997).,(Fattah K.,M. 

2012), (Fattah and Abdelrazak, 2014) 

3.4.1-Adsorption /desorption 

Adsorption is the removal of a dissolved species from 

solution by its attachment to the surface of a solid, 

desorption is the release of the species back into the 

solution. Adsorption /desorption will be discussed in term 

of ion exchange which primary impact the major cation in 

solution. Adsorption /desorption will be discussed through  

  a-Hypothetical salts   b- Cation Exchangeprocess c- 

The cation exchange index 

3.4.1.a- Hypothetical salts combinations 

Hypothetically, ions of strong acids (Cl- and SO4
2-) form 

chemical combination with alkali (Na+ and K+) and the rest 

of acid radicals combine with alkaline earths (Ca2+ and 

Mg2+). If the cations of alkali and alkaline earths are surplus 

in groundwater, they well combine with anions of the weak 

acids (CO3
2- and HCO3

-).  

The hypothetical salts assemblages of groundwater of Pliocene 

aquifer have the following assemblage:  

Assemblage I: 

NaCl, Na2SO4, NaHCO3, Mg(HCO3)2 and 

Ca(HCO3)2 

(Wells no. 

1,2,3,4,5,6,7,9,11,14,15,18,20,21,23,24,27,31,33,35)                                               

(57.5% of the total samples). 

Assemblage II: NaCl, Na2SO4, MgSO4, Mg(HCO3)2, 

Ca(HCO3)2 

(Wells no.12,19,30,34)                (11.5% of the total 

samples). 

Assemblage III: NaCl, Na2SO4, MgSO4, CaSO4, 

Ca(HCO3)2                                   

(Wells no.10,13,16,17,28,32,36,38,39,40)      (31% of the 

total samples). 

Most groundwater samples of the Piocene aquifer are 

characterized by the following assemblages of salt 

combination.      Assemblages I (three bicarbonate salts) and 

II (two bicarbonate salts) reflects the effect of pure rain 

water or fresh surface water on groundwater and also reflect 

recent recharge (from Quaternary aquifer ).         

Assemblage III (three sulphate salts), and assemblage 

II(two sulphate salts)   (42% of the total groundwater 

samples) reflect the effects of leaching and dissolution of 

evaporation deposits and represent intermediate stages of 

chemical development. Regarding hypothetical salt 

combinations of surface water (Lakes) in the study area, all 

surface water samples have the following assemblage: 

NaCl, Na2SO4, MgSO4, CaSO4, Ca(HCO₃)₂.(100% of the 

total surface water samples). Three sulphate salts, reflect the 

effects of leaching and dissolution of evaporation deposits 

and represent intermediate stages of chemical development. 

The presence of three types of sulphate salts with high 

concentrations which reflects the effect of old marine salt 

pollution (marine facies groundwater type) with possible 

contribution of cation exchange phenomena resulting from 

the presence of the clay intercalated with   aquifer in the 

study area. 

3.4.1.b- Cation Exchange process 

 Cation Exchange process is a type of adsorption 

/desorption phenomenon that applied principle to material 

with a porous lattice containing fixed charge. Clay minerals 

are the most common ion exchangers in the soil and aquifer 

environments. The fixed charge on clay minerals is a result 

of substitution of Al3+ for Si4+ in the tetrahederal clay lattice 

sites and Fe2+ and Mg2+ for Al3+ in the octahederal lattic 

sites, the presence of the lower charged cation in the 

structure results in a net negative charge on the surface of 

the clay this evident that, the groundwater types affected by 

leaching and dissolution of terrestrial salts (assemblages of 

hypothetical salts combination I,2,3 and 4), are possibly 

accompanied by cation exchange process. This process is 

related to clay minerals assemblage, dominated by kaolinite, 

palygorskite, chlorite, vermiculite and illite (hydrous mica) 

as well as amorphous inorganic materials .As measured in 

the laboratory. The cation exchange process leads to an 

increase or a decrease in the water salinity, temporary 

hardness (equation 1) and permanent hardness (equation 2) 

as follows: 
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Several indices are used for the identification of water that 

have undergone cation exchange processes (Matthess, G., 

1982),(Appelo CAJ and Postma D.2005):.  

The alkali number is expressed as 100(Na+K)/(Cl, me/l), an 

increase or decrease of the alkali number is mainly 

attributed to cation exchange that takes place under three 

conditions as follows: 

a- Up to alkali number 100, alkalis in their halogens in 

solution replace Ca and Mg on the surface of clay minerals 

in aquifer matrix. 

b-From 100 to 120 alkaline earths (Ca and Mg) in their 

sulfates and part of their carbonate in solution replace 

alkalis on the surface of clay minerals in aquifer matrix. 

c- Above 120, alkaline earths (Ca and Mg) in their 

carbonate in solution replace alkalis on the surface of clay 

minerals in aquifer matrix. 

From tables (1 in appendix I), most groundwater samples 

(94%) of the Pliocene aquifer display an alkali number 

above 120 also most of groundwater types have the 

assemblages of salt combination I and II which reflect the 

effect of leaching and dissolution of terrestrial salts 

(continental facies groundwater) with some contribution of 

cation exchange process, forming hypothetical salt 

combination as follows: 

Assemplage I   NaCl, Na2SO4, NaHCO3, Mg HCO3, 

Ca(HCO3)2   

Assemplage II   NaCl, Na2SO4, MgSO4, Mg HCO3, 

Ca(HCO3)2   

    In this case, alkaline earths (Ca2+ and Mg2+) in their 

carbonate in solution replace alkalis on the surface of clay 

minerals in aquifer matrix. As a result of cation exchange 

process, the increase of Na+ concentration and decrease in 

Ca2+ and Mg2+ concentration in solution and appearance of 

NaHCO3 salt. This is in agreement with the following 

cation exchange equation (1): 

 
 

The absence of both NaHCO3 and Mg (HCO3)2 and 

appearance of Na2SO4   and MgSO4 salts in some 

groundwater samples, may be result from cation exchange 

after simple dissolution of Ca(Mg)SO4 salts from the 

aquifer matrices or the sourrounding area and the 

catchements areas  through heavy local precipitation in the 

past times that leads to the replacement of NaHCO3 and 

Mg(HCO3)2 salts by Na2SO4 and Mg(HCO3)2 salts and 

according to the following reactions: 

 

 
 

On the other hand, minor groundwater samples (6%) of the 

Pliocene aquifer have an alkali number that ranges from 100 

to 120. These groundwater types are related to the salt 

combination assemblages I and 2 which reflect the effect of 

leaching and dissolution of terrestrial salts (continental 

facies groundwater) combination I and II as follows: 

Assemplage I   NaCl, Na2SO4, NaHCO3, Mg HCO3, 

Ca(HCO3)2   

Assemplage II   NaCl, Na2SO4, MgSO4, Mg HCO3, 

Ca(HCO3)2   

 In this case, alkaline earths (Ca2+ and Mg2+) in 

their sulfates and part of their carbonate in solution, replace 

alkalis on the surface of clay minerals in aquifer matrix. 

This leads to appearance of Na2SO4 and disappearing of 

CaSO4 As a result of cation exchange process. , the increase 

of Na+ concentration and decrease in Ca2+ and Mg2+ 

concentration in solution, lead to a slight decrease in salts 

causing temporary hardness in form Ca (HCO3)2 which is in 

equilibrium with PCO2 and permanent hardness in the form 

of both CaSO4 and MgSO4, while causing a slight increase 

in water salinity but no change in pH and HCO3- content 

because each mole of Ca2+ or Mg2+ adsorbed is replaced by 

2 moles of Na+. The loss of Ca2+ and Mg2+ decreases the 

degree of water saturation with respect to both carbonate 

and gypsum minerals, leading to ion activity products (IAP) 

of carbonate and gypsum minerals became less than that of 

the solubility product constant  (KSP), (Freeze, R.A. and 

Cherry, G.E. 1979).  .. This is supported by the finding that 

groundwater samples are unsaturated with respect to 

gypsum (sulphates minerals). This case is quite coincident 

with the following cation exchange equations (1 and 2):  

 

 
                                                   

The disappearance of both NaHCO3 and Mg (HCO3)2 salts 

in the groundwater samples are due to the same already 

mentioned reasons.  

3.4.1.c-The Cation exchange index 
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For further elucidation of the data, the cation exchange 

index is employed where cation exchange index = rCl – 

r(Na+K)/ rCl 

This ratio has either negative or positive values. The 

negative value means that, alkaline earths (Ca and Mg) in 

water replace alkalis (Na+ + K+) on the surface of clay 

minerals in aquifer and vice versa in case of positive value, 

Glynn PD, Plummer LN (2005)  . 

All groundwater samples of the Pliocene aquifer have 

negative values of cations exchange index, regardless of 

water salinity. (tables 1 to 3, in appendix I). This means that 

alkaline earths (Ca and Mg) in water replace alkalis (Na+ 

and K+) on the surface of clay minerals in aquifer matrices.  

Combination of cation exchange index, alkali number and 

hypothetical salts data reveals that, most groundwater of the 

Pliocene  aquifer (continental facies groundwater) are 

characterized by an alkali number above 100, negative 

values of cation exchange index and terrestrial salts (I and II 

assemplages). This case is quite coincident with the 

following cation exchange equations (1 and 2):  

 

 
  

The disappearance of both NaHCO3 and Mg (HCO3)2 salts 

in the groundwater samples are due to the same already 

mentioned reasons.  

In brief, one can conclude that in most cases, cation 

exchange phenomenon in the Pliocene aquifer is playing an 

important role in the hydrogochemistry of the study area 

and in the relation of water rocks interaction. 

 

3.5.- Spatial variation in groundwater chemistry: 

Spatial variation in groundwater using toexplain 

geochemicalevolution, geochemical variation and water-

rock interaction of the local groundwater in the study area 

through the Pliocene aquifer.Geochemical profiles was 

performed for three groundwater paths (South, Centre and 

North path 1 (A-A\), path 2(B-B\) and path 3 (C-C\) 

Figure(10) 

3.5.1. Along the east–west in southern part ;(Profile A – 

A\ cross section) 

This profile passes through Three productive wells 

(33,27,37) representing the Pliocene  aquifer (Figure11). 

This hydrochemical profile is developed along the Pliocene 

aquifer in the study area from east to west direction, where 

the general flow of groundwater is in the same direction. 

From this profile (Figure11) the following points could 

be concluded: 

1-The total dissolved salts (TDS) increase in the west 

direction in the same direction of groundwater flow to reach 

their maximum values at well No. 37 (1280 mg/l) in middle 

part of study area. 

2- The behavior of different ions concentration is 

developed along the profile where there is increasing in 

each of Na, Ca and Cl, in west direction while the content 

of each of Mg, SO4 and HCO3 decrease in the same 

direction.  

3- There is superiority of Na+ over Cl⁻ in all 

groundwater sample, indicating leaching and dissolution of 

terrestrial salts.  

4-Carbonate contents represent about 24 % from TDS 

at the east part (well 33) while it reach to about 5% from 

TDS at the west. 

5- The assemblage I of salt combination  KCL, NaCl, 

Na2SO4, NaHCO₃ ,Mg(HCO3)2  and Ca(HCO3)2 is dominant 

in ground water samples in the east direction, while the 

assemblage II of salt combination  KCl, NaCl, Na2SO4, 

MgSo4, CaSO4, Ca(HCO3)2(Well NO.37)is dominant in 

ground water samples in the west direction. 

6- The ions displays two grades of metasomatism along this 

profile, first the stage of mineralization ( HCO3>Cl>So4)  

at wells No. ( 33 , 27) then  the advanced stage of 

mineralization  (Cl>SO4 >HCO3) at well no 37. These 

agree with the general gradient of chemical evolution of 

groundwater. 
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( A) 

 
(B) 

 
Fig.10:  Profiles selected along the groundwater wells (A) and lakes (B) 

 

3.5.2-Along the east – west in middle part ;  (Profile B – 

B\ cross section)  

This profile passes through three wells (2,21,39) (Figure12). 

The total salinity of the groundwater along this profile is 

(410 mg/l  at well No.2)  then increases to( 1206 mg/l  at 

well No21) then increases in the west   direction to reach  

their maximum value at well NO.39 (6822 mg/l). 

Bicarbonate content represents 35 % from TDS at (well 
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No.2) then gradually decreases to  9 % from TDS at(well 

No.21)  then it decreases to 4% from Tds at well No 39/.  

While the concentration of SO4 and Cl are generally 

increase in the west direction along this profile. Concerning 

the metasomatic change of water chemistry in horizontal 

direction, it is clear that the groundwater of the Pliocene  

aquifer in this profile has change in groundwater 

composition, one can notice that KCl, Mg(HCO3)2, 

Na2SO4and NaHCO3 salts has changed behavior between 

increasing in well no 2 and decreasing in well 39 , this 

behavior may relate to recharge from the Quaternary aquifer 

in well no. 2  while  NaCl  increases in west direction in 

well no. 39 this agree with the general gradient of chemical 

evolution of groundwater. The assemblage of salts 

combination (I) KCl, NaCl, Na2SO4 NaHCO3,Mg(HCO3)2 

and Ca(HCO3)2 is the dominant in groundwater samples at 

wells No (2,21). The assemblage of salts combination (II) 

KCl,NaCl, Na₂So₄  MgSO4, CaSO4 and Ca(HCO3)2.at well 

No39. The ions displays two grades of metasomatism along 

this profile, the first grade is a less advanced stage of 

mineralization (HCO3 > SO4 > Cl) at east part and the 

second grade is a more advanced stage of m ineralization( 

Cl> SO4> HCO₃) at west part. These agree with the general 

gradient of chemical evolution of groundwater. 

 
Fig.11: Hydrochemical cross section A - A' 
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Fig.12: Hydrochemical cross section B - B' 

 

 
Fig.13: Hydrochemical cross section C - C' 

 

3.5.3.Along the east – west  in nortern part ;(Profile C – 

C\ cross section) 

This profile passes through three productive wells (5,9,12) 

representing the Pliocene aquifer (Figure13). This 

hydrochemical profile is developed along the  Pliocene  

aquifer in the study area from east  to  west direction, where 

the general flow of groundwater is in the same direction. 

From this profile the following points could be 

concluded: 

-The total dissolved salts (TDS) are increased from (691 

mg/l ) at well NO. 5  at east  to reach their maximum values 

at well No.9  ( 3712mg/l)  then it decreases o(2432 mg/l at 

well no. (12) in west direction. Bicarbonate contents 

represent about 33 % from TDS at eastern part (Well No. 5) 

then it decreases to 5% at Well No. (9)  thenit increases to 

7% at well no.12 in west direction. The concentration of 

sulphate and chloride are generally increase groundwater 

flow direction along this profile follow the geochemical 

evolution system reported by(Burdon1958),(Back, W. and 

Hanshaw, B. B. 1979): this suggestion is agreement with 

the fact that there is recharge and groundwater flow from 

east to west direction. Concerning the metasomatic change 

of water chemistry in horizontal direction[21] Glynn PD, 

Plummer LN (2005), it is clear that the groundwater of the 

Pliocene  aquifer in this profile has change in groundwater 

composition, one can notice that NaCl, increased towards 

west  direction, while KCl, Na2SO4,NaHCO3 Ca(HCO3)2 

and Mg(HCO3)2 salts decrease in the same direction. The 
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assemblage of salts combination(I)  KCL, Nacl, Na2SO4, 

NaHCO3 , Mg (HCO3)2 andCa(HCO3)2is the dominant in 

groundwater samples in east direction well no (5,9) .while 

the assemblage of salt combination (II) KCL, Nacl, 

Na2SO4,MgSO4, Mg(HCO3)2  and Ca(HCO3)2 is dominant in 

groundwater samples in the west direction well no( 12). The 

ions displays different grades of metasomatism along this 

profile, the first grade is a less advanced stage of 

mineralization (HCO3 > Cl>SO4 )  at the  east  point  well ( 

NO. 5).The second behavior is (Cl > SO4> HCO3 ) at wells 

no (9,12) These indicated that evolution degree reaches the 

maximum.  

3.6- Evaluation of groundwater: 

3.6.1- Evaluation of groundwater for drinking. 

According to the World Health Organization 

(W.H.O.2005) the maximum permissible limits of TDS in 

drinking water is 1000 mg/l. It’s concluded that 45 % of 

tested groundwater samples are permissible, while 55 % not 

permissible 

3.6.2- .Evaluation of groundwater for irrigation  

3.6.2.a-According to U.S. Salinity Laboratory Staff (1954): 

Groundwater samples collected from the Pliocene aquifer in 

the study area were evaluated according to U.S. Salinity 

Laboratory Staff (1954)based on the Sodium Adsorption Ratio 

(SAR), and the specific conductance (Figure14). The 

recommended classification of water for irrigation according 

SAR ranges are shown in (Table 3 in App.). SAR = Na+/[ 

(Ca++ + Mg++)/2]1/2  .Where, the concentrations of these 

cations are expressed in epm. According to the U.S. Salinity 

Laboratory diagram Fig(14). As recorded above, it clears that: 

24 % of groundwater samples of the Pliocene aquifer fall in the 

good water class (C2-S1) and class (C2-S1)   which good for 

soils of medium permeability for most plants. 51% fail in the 

moderate water class (class (C2-S2) and class (C3-S2) which 

Good with coarse grained permeability soils, unsatisfactory 

for highly clayey soils with low leaching and Satisfactory 

for plants, having a moderate salts tolerance on soils of 

moderate permeability with leaching. 20% fail in the 

intermediate and 6% fail in bad water class Suitable only 

with good drainage and satisfactory for salt tolerant crops 

on soils of good permeability with special leaching. 

 
Fig.14: Water classification for irrigation (according to US Salinity Lab. 1954 

3.6.2.b- Evaluation of groundwater according to Residual 

Sodium Carbonate (RSC): 

When the sum of carbonate and bicarbonate is in excess of 

calcium and magnesium, there is almost complete precipitation 

of the latter (Eaton, 1950). This can cause an increase in the 

proportionate amount of sodium, and so, the effect on the soil is 

high. The term Residual Sodium Carbonate is defined as follows: 

RSC = (CO3
-- + HCO3

--) – (Ca++ + Mg++)inepm.(Richards 

,1954) stated that, water having more than 2.5epm RSC is not 

suitable for irrigation, water containing (1.25-2.5 epm) RSC is 
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marginal, and water have less than 1.25epm RSC is probably 

safe. According to the calculated RSC of the Pliocene 

groundwater samples, (Appendix1, table 3), 48.5% of 

groundwater samples safe for irrigation purposes, 28.5 % of 

groundwater samples are marginal and this water is suitable for 

irrigation in this area under normal condition. and 23% from the 

samples is not suitable for irrigation according to( RSC).  

 

3- CONCLUSIONS 

Using geological, hydrological and hydrogeochemical 

knowledge's a clear understanding of the origin of 

hydrogeology, hydrogeochemistry and water resources 

patterns in the Pliocene aquifer at Wadi El Natrun area.Depth 

to water of the Pliocene aquifer varies from about 20 m to 30 m outside wadi 

El Natrun  and  less than 10 m to flowing in the surface inside Wadi El 

Natrun .  The Groundwater flows from northeast and southeast  to  southwest 

and northwest i.e. to Wadi El Natrun..The groundwater flow, 

recharge and geochemical evolution in the study area are 

complex and effected by the geological sequence, there is a 

zonation of chemical composition,. This zonation is 

Characterized by a change of cation species from 

dominantly Ca and Mg near the east to Na-dominated 

waters in the west. Mirroring this, anions change from 

HCO3 type to Cl and SO4 type. From spatial variation in 

groundwater chemistry,the assemblage (I) of  hypothetical 

salt combination  KCL, NaCl, Na2SO4, NaHCO₃ 

,Mg(HCO3)2  and Ca(HCO3)2 is dominant in ground water 

samples in the east direction, while the assemblage (II) of 

hypothetical salt combination  KCl, NaCl, Na2SO4, MgSo4, 

CaSO4, Ca(HCO3)2  is dominant in ground water samples 

in the west direction. The ions displays two grades of 

metasomatism along this profile, first the stage of 

mineralization ( HCO3>Cl>So4) at wells No. ( 33 , 27) at 

the east then  the advanced stage of mineralization  

(Cl>SO4 >HCO3) at well No.(37) at the west. These agree 

with the general gradient of chemical evolution of 

groundwater.The regional geochemical variation in the 

study area from east to west is principally controlled by 

heterogeneity of aquifer composition complex of 

groundwater flow patterns beside the geochemical evolution 

processes (leaching, dissolution and precipitation) along 

groundwater flow path.According to the World Health 

Organization (W.H.O.2005) the maximum permissible 

limits of TDS in drinking water is 1000 mg/l. It’s concluded 

that 45 % of tested groundwater samples are permissible, while 

55% are not permissible, most of groundwater samples 

according to SAR (45.5%) of the sample are excellent, 17% 

are good, 13.5% are fair and 24% are poor for irrigation 

which reflects suitability of most groundwater in the study 

area for irrigation purposes under normal condition. 

According to the calculated RSC of the Pliocene groundwater 

samples, (Appendix1, table 3), 48.5% of groundwater samples 

safe for irrigation purposes, 28.5 % of groundwater samples 

are marginal and this water is suitable for irrigation in this area 

under normal condition, while 24% from the samples is not 

suitable for irrigation according to( RSC).  All surface water 

samples are saline water( lakes) so it is not valid for different 

purposes ,because of the high saline (TDS) content, so surface 

water in the study area is not available for drinking or irrigation 

purposes. 
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Appendix (1) , Table (1) : Chemical analyses of groundwater samples of the Pliocene aquifer  

 
 
 
 
 
 

Anions (ppm) Cations (ppm) PH TDS EC 
mmohs 

Sample 
No. 

CO3 HCO3 SO4 Cl Ca Mg Na K 
 

8 205 200 261 12.8 10.7 290 40 8.36 1050 1.64 1 

0 145 90 55 16 4.84 102 8 8.32 410 0.64 2 

32 170 90 135 40 12.15 143 13 8.25 602 0.94 3 

0 260 95 140 40 2.43 180 7 7.32 688 1.07 4 

16 215 135 110 32 4.86 165 12 7.75 691 1.08 5 

8 309 1400 1750 32 9.72 1850 38 7.8 5344 8.35 6 

12 320 130 180 24 9.72 252 19 8.28 896 1.4 7 

28 176 644 1600 24 7.29 1390 3 8.23 3712 5.8 9 

0 160 670 1230 64 9.72 1061 44 8.03 3187 4.98 10 

12 160 400 414 32 9.72 450 26 8.31 1542 2.41 11 

12 168 623 770 56 17.01 757 28 8.04 2432 3.8 12 

4 108 470 573 64 7.92 540 25 8.18 1792 2.8 13 

0 220 616 1100 40 2.43 1020 36 7.59 3072 4.8 14 

0 210 650 1258 32 7.29 1134 37 7.94 3315 5.18 15 

0 150 756 644 64 4.96 742 20 7.99 2259 3.53 16 

0 145 900 1027 72 17.01 1020 28 7.8 3200 5 17 

8 96 340 347 16 4.86 394 15 8.23 1216 1.9 18 

0 240 300 550 64 9.72 487 20 7.55 1613 2.52 19 

12 220 152 145 32 4.86 200 14 7.5 768 1.2 20 

16 100 380 296 16 9.72 380 13 7.48 1206 1.88 21 

10 170 110 95 24 14.58 122 3 7.56 531 0.83 23 

36 250 110 160 32 9.72 175 86 7.5 848 1.32 24 

0 210 95 115 16 2.43 147 50 7.48 627 0.98 27 

0 100 383 590 48 14.58 502 32 7.55 1664 2.66 28 

0 100 61 50 32 4.86 51 6 7.5 302 0.47 30 

6 130 36 40 16 2.43 70 7 7.55 313 0.49 31 

0 86 272 150 51.2 21.39 123 64 7.5 763 0.12 32 

0 249 90 90 16 16.52 130 27 7.48 621 0.97 33 

0 111 200 300 32 19.44 250 17 7.55 930 0.14 34 

0 160 60 60 16 7.8 94 7 7.56 414 0.64 35 

0 150 128 250 62.4 3.4 195 12 7.5 800 0.12 36 

10 100 310 410 128 10.7 271 36 7.55 1280 2.00 37 

0 102 540 673 64.1 14.6 621 20 7.5 2022 3.16 38 

0 227 1100 3000 144 6.8 2360 32 7.48 6822 10.6 39 

0 
 

110 360 831 96 11.66 

 
 
 
 

617 7 

 
 
 

7.55 2650 4.14 40 
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Appendix (1) 

Table (2) : Chemical analuses of surface water (Lakes) at Wadi El natrun 

 

 
Anions (ppm) Cations (ppm) PH TDS EC 

mmohs 
Sample 

No. 
CO3 HCO3 SO4 Cl Ca Mg Na K 

 

68 400 7600 9100 200 90 9080 540 9 27070 42.3 ElBaida 
(8) 

36 500 20900 54000 300 200 44200 500 9 12288
0 

192 ElHamm
ra(22) 

60 170 4500 16800 250 170 12300 450 9 34816 54.4 Rozitta 
(26) 

16 260 9000 34650 300 120 31900 400 9 85120 133 Um 
Richa(25
) 

0 205 2200 5500 90 70 4350 200 9 12096 18.9 Beni 
Salama(
29) 

16 316 1450 9888 200 120 6600 300 9 18048 28.2 ElGaar 
(41) 

  
Appendix (1) 

Table.3: Residual Sodium Carbonate (RSC) and Sodium adsorption ratio (SAR): 

SAR RSC EC(mmos/cm) TDS(PPm) Well NO. 

14.47 1.84 1.640 1050 W1 

5.73 1.18 0.640 410 W2 

5.08 0.86 0.940 602 W3 

7.46 2.06 1.075 688 W4 

7.96 2.05 1.080 691 W5 

73.44* 2.67** 8.350 5344 W6 

10.96 2.26 1.400 896 W7 

63.71* 1.09 5.800 3712 W9 

32.65* 1.38 4.980 3187 W10 

17.86 0.22 2.410 1542 W11 

22.72 1.05 3.800 2432 W12 

26.3* 1.9 2.800 1792 W13 

41.46* 1.39 4.800 3072 W14 

47.72* 1.24 5.180 3315 W15 

24.02 1.14 3.530 2259 W16 

28.05* 2.62** 5.000 3200 W17 

22.12 0.37 1.900 1216 W18 

14.97 0.17 2.520 1613 W19 

8.87 2.01 1.200 768 W20 

18.48  0.58 1.885 1206 W21 

4.84 0.39 0.830 531 W23 

7.18 0.88 1.325 848 W24 

9.47 2.44 0.980 627 W27 
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16.27 1.95 2.660 1664 W28 

2.22 0.36 0.472 302 W30* 

2.07 1.33 0.490 313 W31 

3.64 2.92** 1.192 763 W32 

3.29 2.64** 0.970 621 W33 

3.74 1.38  1.453 930 W34 

3.61 1.18 0.647 414 W35 

6.50 0.94 1.250 800 W36 

6.18 5.31** 2.000 1280 W37 

18.19 2.74** 3.160 2022 W38 

52.09* 4.04** 10.660 6822 W39 

15.81 3.96** 4.140 2650 W40 
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