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Groundwater in Sohag Governorate is considered as the second source for 

freshwater used for domestic, agricultural and industrial uses. Groundwater 

resources of Sohag district are threatened by contaminants from agricultural and 

industrial activities. Groundwater chemical parameters are routinely used for 

characterizing and understanding the processes within hydro-chemical 

groundwater system. This study evaluates the quality of groundwater and its 

suitability for different purposes in Sohag district. To achieve this purpose, hydro-

geochemical classification and spatial distribution model of the Quaternary aquifer 

have been carried out. Groundwater samples were collected from thirteen  different 

stations and have been analyzed for figure physicochemical parameters (TDS, EC 

and pH) and concentration of major ions (Na
+
, K

+
, Ca

2+
, Mg

2+
, Cl

−
, HCO3

− 
and 

SO4
2−

). The distribution of the major ions is in the order of Ca
2+

>Mg
2+

>Na
+
>K

+
 and 

HCO3
-
>Cl

−
>SO4

2−
. Spatial distribution to both of major anions and cations in 

groundwater samples are demonstrating somewhat uncommon variety. Major ions 

in groundwater are within the permissible limits for drinking uses with the 

exception of bicarbonates HCO3
-
. The Sodium Absorption Ratio (SAR) and the 

Residual Sodium Carbonate (RSC) can indicate and evaluate groundwater 

suitability for irrigation. It is observed that, most of the water samples are plotted 

in C3-S1 field and display low Sodium Adsorption Ratio and high salinity hazard. 

The geochemistry of groundwater over investigated region is generally controlled 

by way of common natural geochemical processes such as rock water interaction, 

dissolution, and ion exchange. Furthermore, anthropogenic induced activities like 

over pumping aquifers, fertilizer influences and agricultural return flow slightly 

affected on groundwater quality of the Quaternary aquifer over study area. 

Keywords: Groundwater resources, hydro-geochemical classification, 

physicochemical parameters, Sohag district, Quaternary aquifer. 
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INTRODUCTION 

Much of rural area is dependent on the groundwater which is 

considered as one of the primary resources of clean water deliver, and it 

makes up about 20 % of the world’s fresh water supply. Egypt is situated 

in the dry zone of North Africa wherein the crisp water resources are 

constrained to the settled offer from the Nile and groundwater systems. 

Urbanization, agricultural expansion and growing population have set an 

overwhelming interest on water resources which is a severe problem 

especially in arid and semiarid regions where water resources are 

restricted. 

Generally, both of anthropogenic activities, and water rock interactions 

have great influence in many components which incorporate hydrologic 

gradient, residence time and the nature of the initial recharged water of 

groundwater (Kumar et al. 2012). 

Recently, Sohag Governorate development has increasing towards the 

desert area surrounding the old cultivated lands. Many development 

projects including new villages, wastewater disposal plants, industrial 

zones, new urban areas, further other projects have been established in the 

desert areas. This is in addition to the uncontrolled urbanization caused by 

the very high population density in the Nile Valley. Most of these projects 

depend principally on the existing groundwater aquifers as the main 

source for water. These projects formed a great effect on water demand 

and water quality evaluation which form a real challenge in the present 

and the future. 

Groundwater management and decision making should be started with 

the hydro-geochemical characterization. The groundwater quality is the 

resultant of all the processes and interactions that act on the water from 

the moment it condenses in the atmosphere to the time it is discharged by 

a well. Therefore, the importance of groundwater quality determination is 

to detect the suitability of water for a particular use. The problems of 

groundwater quality are very acute in areas that are densely populated and 

thickly industrialized and have shallow groundwater tube wells (Shivran 

et al. 2006). Groundwater can geochemically studied and providing a 

better understanding of possible changes in quality as development 

progress. Groundwater geochemistry is the determination factor for the 

suitability of groundwater for domestic and irrigation purposes 

(Satyanarayana et al. 2016). 



HYDROGEOCHEMICAL CHARACTERISTICS…                                  59 

 

Anthropogenic activities have the larger influence on the relative 

contributions for the variations of the natural causes and can also 

introduce the effects of contamination (Satyanarayana et al. 2016, 

Whittemore et al. 1989). Trends of contamination and its effects on an 

aquifer can be understood through the knowledge own about the natural 

baseline quality so that imposed environmental change can be estimated 

with an acceptable degree of confidence and safety (Edmunds et al. 

2003).Water quality control must be effective. The main aim of the this 

study is to evaluate the hydro-chemical characteristics of groundwater in 

Sohag district and to evaluate the major factors influencing groundwater 

quality of Quaternary aquifer situated at the region, also, to hold up its 

suitability for different purposes.  

Study area  

Sohag governorate is localized in the halfway between Cairo and Aswan. 

Sohag Governorate is separated by Nile River into two parts. The first 

part exists in the west of the Nile River (major investigated region) where 

most of the cultivation and urbanization are taken place due to the large 

extension of the flood plain and the second part exists in the east of the 

Nile River where the flood plain is narrow with limited extension. The 

studied area is located between longitudes 31° 32
'
and 31° 46' E and 

latitudes 26°32′ and 26
o
36' N (Fig. 1) and localized from east and west by 

the limestone plateau dissected by many drainage basins running mainly 

in the E–W directions. Follow these plateaus inwards, there are regions of 

low desert land than the regions of agricultural land which surrounding 

the Nile River (Redwan et al. 2016).The entire valley is principally 

utilized for agricultural activities except for regions involved by 

settlement. 

MATERIALS AND METHODS 

In this study, thirteen groundwater samples (Fig. 1) were collected and 

analyzed for their major and minor components to achieve the goal of the 

present study. Water samples which are collected from the field were 

analyzed for electrical conductivity (EC), pH, total dissolved solids 

(TDS), major cations like magnesium, sodium,, calcium potassium and 

anions like chloride, bicarbonate, sulphate and carbonate in the laboratory 

using the standard methods given by the American Public Health 

Association (APHA 1995). Sampling was achieved using pre-cleaned 

polyethylene containers. According to the World Health Organization, 

evaluation of drinking water quality was achieved (WHO, 1984).The 
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control of the quality of analytical data was carried out routinely using 

blanks, duplicates, standards and by checking ion balances 

(Srinivasamoorthy, K. et al. 2013). The ionic charges balance errors in the 

study district samples were within 5%.The groundwater samples which 

are collected from the Quaternary aquifer at Sohag district have hydro-

chemical parameters are shown in Table 1. 

Hydro – geologic setting 

The geological setting of the study area and its vicinities had been 

studied by many researchers such as: Wendorf and Said, 1967; Wendorf 

and schild, 1976; Said, 1975 and 1981; Issawi and McCauley, 1992; 

Mahran, 1993; Mousa et al., 1994; Omer, 1996 and Omer and Issawi, 

1998. In the study area, this sediment logical sequence is principally 

represented by the Lower Eocene limestone, Plio- Pleistocene sands, 

gravels, clays, and the recent sediments (Fig. 2a). Thebes Formation (thin 

bedded limestone with chert bands and flint nodules) is representing the 

rocks of the Lower Eocene which it formed the plateau bounding the Nile 

Valley on both sides. Sediments of the Post-Eocene (terraces in the Nile 

Valley) were described by Said (1981). He clarified that a great changes 

take place to the Nile River, since it’s down cutting in Late Miocene 

times. Five rivers succeeded one another in the valley. These are from 

oldest to youngest, the Eonile (Late Miocene), Paleonile (Late Pliocene), 

Proto-Pre, and Neo-Niles (Pleistocene).  

The hydrogeologic setting of Sohag area has been discussed by many 

researchers such as: Attia, 1974 ; Farrag, 1982 and 2005; Attia et al., 

1986; Abdel Moneim, 1999; Omer and Abdel Moneim, 1998; Diab et al., 

2002; Ali, 2005; Gomaa, 2006; Korany et al., 2006; Ahmed, 2007 and 

Abu ElMaged, 2008, Redwan et al. 2016. According to these studies, in 

Sohagarea each of the Nile River, irrigation canals and drains 

representing the surface water while both of Pleistocene sediments and 

Eocene fractured limestone representing the main water bearing. In the 

study area, the alluvial deposits of the Quaternary aquifer system 

composed of two layers having distinct hydraulic characteristics (Fig. 2b). 

The upper layer is composing from the clay–silt member, with low 

horizontal and vertical permeability. This upper layer is considered as a 

semi-confining layer to the underlying aquifer. The clay–silt member 

thickness showing lateral variation, thus it shows larger thickness near the 

river channel where as it shows thinning near the valley fringes where it is 

overlain by desert sands.  The lower layer which composing the graded 
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sand member forms the main aquifer which having high horizontal and 

vertical permeability. The presence of wide and thick deposits of the 

Pliocene clays of very low permeability leads to make the lower boundary 

of the aquifer impervious. The lateral boundaries along the sides of the 

Nile River valley are not impervious. The geometry, thickness and the 

width of the Quaternary aquifer differ from one locality to another (Attia, 

1974 and Farrag, 1982). Quaternary aquifer thickness is about 260 m 

along the Nile River whereas the thickness decreasing toward the Eocene 

plateau is taken place. 

 

 

Fig.1: Location map of the sampling points in Sohag District. 

The irrigation, draining canals and the rainfall are considered the main 

sources of aquifer' recharge (AbdelLatif and El Kashouty 2010). 

Generally, in the studied district, the flow of groundwater follows through 

two main directions, the first direction from the south to north following 

the land elevation, whereas the second direction is from the Nile River 

(the flood plain) to the desert fringe. The controlling of the local flow 
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takes place by the difference in the level of water in irrigation canals, 

drains and the water table. It is important to mention that Aswan High 

Dam construction has played an important role in the flow of groundwater 

in the area (Attia, 1974, Barber and Carre, 1981; and Abdel Moneim, 

1992). 

RESULTS AND DISCUSSION 

Groundwater chemistry 

It is a very important to understand the quality of the groundwater as it 

is the main factor which deciding its suitability for drinking, domestic, 

agricultural and urbanization activities (Selvakumar et al. 2017, 

Subramani et al. 2005, Satyanarayana et al. 2016, Nag and Das, 2017). 

Physical and chemical parameters including statistical measures such as 

minimum, maximum, and average, are given in Table 1. 

Electrical Conductivity (EC) 

The EC values of groundwater vary from 641.33 to1215.00 µS/cm 

with an average value of  876.90 µS/cm.  

Hydrogen Ion concentration (pH) 

The hydrogen ion concentration (pH value) of the groundwater ranges 

between 7.33 and 7.59, with an average value of 7.46. This refers to the 

alkalinity nature of the groundwater in the study area. 

Total Dissolved Salts (TDS) 

In the studied district, total dissolved salts (TDS values) ranges from 

434.20 to 810.00 mg/l with an average value of 585.73 mg/l. The most 

important role of TDS with respect to the quality of drinking water is its 

effect on taste. High concentrations of the total dissolved salts may cause 

the water to be salty or brackish taste, resulting in formation of a 

separated layer lead to decrease the efficiency of hot water heaters 

(Sawyer and McCarty, 1967, Orewole et al. 2007). 

According to Hem (1970), groundwater was classified into four types 

of total salinity depending upon the total dissolved salts values (TDS); 

freshwater (TDS <1000 mg/l); moderately saline water (TDS 3.000 

to10.000 mg/l); very saline water (TDS from 10,000-35,000 mg/l) and 

briny water (TDS >35.000 mg/l). Consequently, in the studied district, all 

the groundwater samples are fresh water (TDS <1000 mg/l). 
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Fig. 2 a- Regional geological map of Sohag Governorate (After The Egyptian 

Geological Survey and Mining Authority 1989), b- General hydrogeologic section of the 

Sohag district (after RIGW 1990). 
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The Quaternary aquifer has iso-salinity distribution map in the studied 

district (Fig.3), it is obvious that, there is one general direction of water 

salinity increase from northwest toward the southeast. 

Table1: Physical parameters and chemical composition of the thirteen 

analyzed samples. 

Sample pH EC 

(µS/cm) 

TDS 

(mg/l) 

Na+ 

(mg/l) 

Ca2+ 

(mg/l) 

Mg2+ 

(mg/l) 

K+ 

(mg/l) 

Cl- 

(mg/l) 

SO4
2- 

(mg/l) 

HCO3
2− 

(mg/l) 

SAR 

(meq/l) 

RSC 

(meq/l) 

1 7.39 674.05 456.62 37.83 59.29 21.88 3.47 49.16 37.18 236.21 1.07 -0.89 

2 7.33 1159.20 771.87 66.00 106.85 37.10 6.70 67.23 81.03 516.76 1.40 0.09 

3 7.50 913.50 610.73 71.00 66.00 40.39 6.10 47.52 36.18 404.50 1.70 0.01 

4 7.59 696.33 449.00 61.33 45.66 21.36 5.11 30.50 43.50 306.66 1.88 0.99 

5 7.50 755.10 503.00 72.71 66.16 27.14 5.74 42.30 65.45 367.50 1.90 0.49 

6 7.40 910.04 606.40 94.05 71.33 33.32 16.50 52.05 39.20 272.88 2.30 -1.83 

7 7.43 940.75 629.00 61.45 30.00 58.80 10.41 59.00 57.50 452.50 1.50 1.08 

8 7.49 996.00 668.25 56.70 47.50 63.30 8.12 65.25 24.00 452.50 1.27 -0.16 

9 7.52 1215.00 810.00 140.22 36.16 42.06 8.10 58.40 64.60 434.80 3.76 1.86 

10 7.50 651.80 434.20 31.20 77.12 29.57 4.78 31.00 33.80 320.40 0.77 -1.03 

11 7.54 994.13 663.75 114.48 33.33 51.81 6.47 61.63 39.00 374.91 2.89 0.22 

12 7.37 641.33 438.00 38.83 55.66 26.48 4.95 47.79 36.46 229.71 1.07 -1.19 

13 7.40 750.00 501.00 44.00 60.00 45.00 5.60 37.00 47.60 220.00 1.05 -0.93 

Max 7.59 1215.00 810.00 140.22 106.85 63.30 16.50 67.23 81.03 516.76 3.76 1.86 

Min 7.33 641.33 434.20 31.20 30.00 21.36 3.47 30.50 24.00 220.00 0.77 -1.83 

Average 7.46 876.90 585.73 70.75 59.46 38.86 7.47 49.77 47.37 355.07 1.74 -0.10 

 

Water Hardness (TH) 

Weathering of limestone, sedimentary rock and calcium bearing 

minerals such as calcite, gypsum and dolomite lead to naturally arising of 

the total hardness in most groundwater. The total hardness of water is 

described as the sum of calcium (Ca
2+

) and   magnesium (Mg
2+

) ions and 

can be calculated by the following equation: 

TH = Ca
2+

 * 2.497 + Mg
2+

 * 4.116. 

Where values of Ca
2+

and Mg
2+

 are in ppm. According to Hem (1970), 

the values of water hardness (in ppm)  classified  the groundwater into 

four types; soft (0 - 60 mg/L); moderately hard (61-120 mg/L); hard (121-

180 mg/L) and very hard (> 180 mg/l).The domestic uses of water should 

not contain more than 80 ppm as a total hardness. Limestone or gypsum 
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aquifers of groundwater may contain 200 to 300 ppm hardness or more. 

In the studied district, the total hardness values range from 201.93 to 419 

.50 mg/l with an average value of 299.67.Consequently, all groundwater 

samples of the studied district are hard water according with the TH 

classification. Special distribution of total hardness is given in figure 3-c. 

Sodium (Na
+
) and Potassium (K

+
) 

The concentration of sodium cation varies from31.20 mg/l to 

140.22mg/l, with an average70.751 mg/l. Also, the concentration of 

potassiumrangesfrom3.47mg/lto16.50mg/l with average value 7.47 mg/l. 

Generally, small concentrations of potassium ions may stand related in 

conformity with depletion by vegetation through the elevation of principal 

activities via the minimum using of potassium fertilizers in the previous 

years and after natural fertilization halting by silt as a result to Aswan 

High Dam' construction (Ahmed,2011). 

Calcium (Ca
2+

) 

Dissolution of carbonate minerals such as calcite, aragonite (CaCO3), 

and dolomite CaMg(CO3)2 of the country rocks leads to originally arising 

the calcium salts of the groundwater. In the studied district, a calcium 

concentration ranges from 30.00 mg/l to 106.85 mg/l with an average 

59.46 mg/l. All the groundwater samples have lower Ca
2+

 than 

permissible limits of 200 mg/l as per standards (WHO, 1984). Spatial 

distribution (Fig. 3-d)of the calcium cations in the groundwater of the 

studied district shows a general increase toward the northwestern 

direction in order to recharged and mixed with fertilizer-rich returned 

flow of irrigation water in order  to agriculture of old lands. 

 

Magnesium (Mg 
2+

)  

Magnesium concentrations in the studied district range from 21.36 

mg/l to 63.30 mg/l with an average 38.86mg/l. Dissolution of dolomite at 

the old agricultural lands leads to its higher magnesium content than that 

of the new reclaimed lands due to the following reaction: 

CaMg(CO3)2+2H2CO3Ca
2+

         Mg
2+

+4HCO3
-
 

The distribution map of the magnesium ions is conformable with the 

previous TDS map(Fig.3-b). 
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Chloride (Cl
-
) 

In the study district, Chloride concentrations have a range from30.50 

to 67.23 mg/l and average49.77C. Chlorides may get into groundwater 

from several sources such as rocks leaching, sediments containing 

chloride, industrial wastes and effluent wastewater which come from 

wastewater treatment plants which may carry high contents of sodium 

chloride. The distribution map of the chloride ions (Fig.3-h) shows a 

general increase toward the northwestern direction and decrease toward 

the southeastern. 

Bicarbonate (HCO3
-
) 

In the studied district, the bicarbonate ion concentrations of the 

groundwater are found in the range from 220.00 mg/l to516.76 mg/l. All 

the groundwater samples have higher HCO3
-
 than permissible limits of 

200 mg/l as per standards (WHO, 1984).The content of bicarbonate 

anions depends mainly on the carbon dioxide pressure, the pH value of 

solution and temperature. The content of bicarbonate anions increases 

with pH value more than 7. The solubility of calcium carbonate takes 

place in the presence of carbon dioxide in water which in turn leads to 

highly soluble bicarbonate formation. Bicarbonate concentration of more 

than 200 ppm is not uncommon in groundwater, and higher 

concentrations can occur where CO2 is produced in the aquifer. The 

distribution map of the bicarbonate anion shows a general increase toward 

the northern part where these anions are related to calcium and 

magnesium (Figs.3-d &3-e). 

Sulfate (SO4
2-

) 

In general, concentration of sulfate ions in most wells is not high. The 

concentrations of sulfate anions range is 24.00 - 81.03 mg/l. The 

distribution map of the sulfate anions (Fig. 3-j) shows a general 

conformable direction with the previous distribution maps of major ions, 

and it is conformable with the TDS and general flow direction of 

groundwater. 

Groundwater quality for drinking purposes 

 

Consistent with the World Health Organization (WHO, 1984), the 

maximum suitable concentration for the water used for drinking purposes 

is shown in Table 2. The comparison between the data of chemical 

analysis of water samples in the considered area and the WHO standards 



HYDROGEOCHEMICAL CHARACTERISTICS…                                  67 

 

indicates the suitability of groundwater for drinking and domestic uses 

except bicarbonate for all samples (Fig. 4). 

 

 
Figure 3.a: EC distribution map of groundwater in the study area 

 

 

 

 

 

 

 

 
Figure 3.b: TDS distribution map of groundwater in the study area. 
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Figure 3.c: TH distribution map of groundwater in the study area 

 

 

 

 

 

 

  

 

 
Figure 3.d: Calcium distribution map of groundwater in the study area. 
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Figure 3.e: Magnesium distribution map of groundwater in the study area 

 

 

 

 

 

 

 

 

 
Figure 3.f : Sodium  distribution map of groundwater in the study area 
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Figure 3.g: Potasium distribution map of groundwater in the study area  

 

 

 

 

 

 

 
Figure 3.h: Chloride distribution map of groundwater in the study area. 
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Figure 3.i: Bicarbonate distribution map of groundwater in the studyarea. 

 

 

 

 

 

 

 

 

 
Figure 3.j: Sulphate distribution map of groundwater in the study area. 
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Table.2: The maximum permissible concentrations for drinking water 

according to the WHO, (1984); and the related measurements 

in the studied district 

 

 

 

Fig.4: Ion concentrations in the available groundwater samples from the studied district, 

showing their relations with the WHO, 1984 standards 

 

 

Element Unit 

Maximum 

permissible 

Concentration 

Concentration range for the 

studied samples 

Ph  6.5-8.5 7.46- 7.59 

EC μmhos/cm 1500 641.33-1215 

TDS ppm 1000 434.20-810 

TH mg/l 

(CaCO3) 500 201.93-419.50 

Na
+
 ppm 200 31.20-140.22 

Ca
++

 ppm 200 30.00-106.85 

Mg
++

 ppm 150 21.36-63.30 

K
+
 ppm 10 3.47-16.50 

Cl
-
 ppm 250 30.50-67.23 

SO4
--
 ppm 400 24.00-81.03 

HCO3
-
 ppm 200 220.00-516.76 
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The groundwater quality for irrigation purposes 

Groundwater quality is very important in any appraisal of salinity or 

alkalinity conditions in an irrigated area. Sodium Absorption Ratio (SAR) 

and Residual Sodium Carbonate (RSC) are used to determine the 

suitability of groundwater for irrigation (Satyanarayana et al. 2016). 

Sodium Absorption Ratio (SAR) 

 An approximation of the SAR for the groundwater in the studied 

district can calculate by the following formula: 

. ’ 

where Na
+
, Mg

2+
, and Ca

2+
 are in epm. According to Wilcox L.V. 

(1955), SAR values of the groundwater samples less than 10 are 

considered excellent, from 10 to 18 are good, from 18 to 26 are fair and 

more than 26 are unsuitable for irrigation scheme(Satyanarayana et al. 

2016).In Sohag district, all groundwater samples collected fall within 

excellent scale(Table 1). 

Residual Sodium Carbonate (RSC) 

Harmful effects to both of the carbonate and the bicarbonate anions on 

the ground water quality for agricultural activities, residual sodium 

carbonate have been utilized (Satyanarayana et al. 2016).  RSC is 

determined by the formula: 

RSC= (CO3
2-

+HCO3
-
) - (Ca

2+
+Mg

2+
) 

RSC classification for irrigation scheme depends on ionic 

concentrations in meq/l(Wilcox L.V., 1955).The water samples having 

more than 2.5 meq/l are unsuitable for irrigation. The RSC values vary 

from -1.83to 1.86. It is noticed that all water samples exist in the safe 

class for irrigation (non hazard to low hazard). 

Irrigation water graph classification representing 16 classes which 

refer to SAR value as analyst for Sodium hazards (S) and EC as analyst of 

salinity hazards (C) has been developed by the United States Salinity 

Laboratory (USSL) (Richards, 1954). 
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 Salinity areas are classified as C-1, C-2, C-3 and C-4; and termed as 

low (EC ≤ 250 μS/cm), intermediate (EC = 250-750 μS/cm), high (EC = 

750-2250 μS/cm) and very high (EC >2,250 μS/cm)according to the total 

concentration of irrigation water soluble salts (Richards 

1954).Salinization is considered as outstanding amongst the most adverse 

natural effects related with irrigation. Saline soil can be developed under 

the high salt concentrations and a high concentration of sodium ions result 

in alkaline soil formation. Choice of crop and the harmfully affects of 

crop fertilization mainly depending on the saline conditions and gives up 

soils difficult to work on (Satyanarayana et al. 2016).  

 Irrigation water which has un reasonable solutes are primitive issue in 

arid district where the maximum evaporation occur resulting in water 

loss. Salinity issues encountered in irrigated districts is particularly thanks 

to poor drainage system. This leads to arising of the water table near to 

the plants root zone, which in turn leads to the sodium cations aggregation 

through the capillary rise and thus arriving to the soil solution (Richards 

1954, Satyanarayana et al. 2016). 

 Sodium adsorption ratio (SAR) can suggest the absolute and relative 

concentration of cations which lead to the sodium or alkali hazard in most 

groundwater used for irrigation. Irrigation water is classified into four 

classes depend on sodium adsorption ratio (SAR) as:S-1 (<10), S-2 (10-

18), S-3 (18-26) and S-4 (>26). There is a significant relationship between 

SAR values of irrigation water and the extent to which sodium is 

adsorbed by the soil. Cation exchange between water and soil due to both 

of high sodium and low calcium in water and is obligated for saturated 

sodium in an irrigated area. This can harm the soil structure by scattering 

of sodium ions in the clay particles (Satyanarayana et al. 2016). The 

calculated SAR values range from 0.77 to 3.76. Plotting the groundwater 

samples on USSL diagram (Fig.5), shows that five of samples fall in C2-

S1 field. Eight samples fall in C3-S1 field. It is noticed that, the greater 

part of the samples is plotted in C3-S1 field demonstrating low Sodium 

Adsorption Ratio and high salinity hazard (Fig.5). 

Groundwater classification 

Hydro-chemical is a function of solution kinetics; interactions between 

the water and the rocks, geology and sources of contamination used for 

clarification of the variation of the chemical composition of water 

quantities. The proper method to classify and correlate the types of water 

based on ionic composition is suggested by Piper (1944). 
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Fig.5: Groundwater samples by using US salinity diagram 

Dispersion of the different cations (Ca
2+

, Mg
2 +

, K
+
and Na

+
) and anions 

(HCO3
-
, Cl

-
andSO4

2-
) constituents in the groundwater samples can be 

illustrated by Piper’s diagram (Fig. 6), which indicates both of the origin 

of groundwater and the source of their dissolved salts in addition to 

interpret different processes affecting on the quality of the groundwater. 

Mixing various sources of water or expansion pathways can also be 

illuminated by this diagram (Freeze and Cherry, 1979; Karmegam et al., 

2011, Redwan et al. 2016). Plotting the groundwater samples on the 

Piper’s diagram demonstrates that ultimate of groundwater samples are of 

Mg-HCO3 and Ca-HCO3 type (Fig. 6). Variation of the hydro-chemical 

and distribution facies of groundwater throughout the study district shows 

that 77 percent samples exist as magnesium-calcium facies; which 

designated by sufficient recharge coming from fresh water and water with 

changeable hardness (SarathPrasanth et al. 2012,Handa, 1979). 

Hydro-geochemical processes identification  

Significant part of the total dissolved solids which exist in groundwater 

called major ions. Major ions concentrations within groundwater are 

regarding to processes of the hydro-geochemical that occurred along the 

aquifer system. Hydro-geochemical processes appear when the 

groundwater moves toward equilibrium in the concentration of the major 

ions. Contributing ions in the groundwater for the different sources can be 

recognized by using the Gibbs diagram (Gibbs, 1970, Nag and Das, 
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2017). Gibbs plot diagram has three distinct areas: precipitation 

dominance, rock dominance and evaporation dominance. Both ratio of 

Na
+
/ (Na

+
+Ca

2+
) for cations and Cl

-
/ (Cl

-
+HCO3

-
) for anions of water 

samples have been existed separately against the respective Total 

dissolved salts on the Gibbs plot diagram. Both types had been indicated 

the dominance of the rocks in the control of the constituent ions of the 

groundwater (Fig.7a and b). 

 

Fig. 6:Cations and Anions of the study district by usingPiper Trilinear diagram 

Chemical interaction between both of the aquifer rock forming 

minerals and the groundwater is the main mechanism in contributing ions 

to the groundwater which suggested by using Gibbs plot diagram (Gibbs, 

1970, Nag and Das, 2017). 

Geo-chemical affinities of groundwater indications can be introduced 

by the equilines diagram (Fig. 8)for the different ions. (Ca
2+

 + Mg
2+

) 

versus HCO3
-
 scatter diagram (Fig. 8) was concluded by Atta and Tyagi 

(1996) where the ionic concentrations fall above the 1:1 equiline, this 

means that the groundwater composition result from carbonate 

weathering, while those falling along the equiline are due to the 

weathering to both of the silicate and the carbonate rocks.  Most of the 

quaternary groundwater samples are falling along the 1:1 equiline as 
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clarified   by   Fig.8, which indicating the silicate and carbonate 

weathering occurrence. ( Ca
2+

+ Mg
2
) concentrations against HCO3

-

plotting(Fig. 8) shows that water samples majority have excess of  Ca
2+

 + 

Mg
2+

/HCO3 ratio (<1) which can be used to present fresh recharge or the 

groundwater meteoric nature which in turn suggested that only nine 

samples show meteoric nature. 

Most of the water samples in the studied district (61.54%) lying below 

the 1:1 equiline with few along the equiline and above as showing 

byCa
2+
Mg+

2+
verses HCO3 

-
SO4+

2-
 diagram . This suggests that carbonate 

weathering is not the main source of groundwater constituent ions 

(Dehnavi et al., 2011). By drowning of Ca
2+
Mg+

2+
vs. HCO3

-
SO4+

2 
is 

expected to fall near to the 1:1 equiline if the dissolution reactions of 

calcite, dolomite, and gypsum are dominant in along groundwater system. 

The common ratio of both of Na
+
K+

+
with total cations (TC) is 0.33 and 

that of Ca
2+
Mg+

2+
 with TC is 0.67 which indicated that the predominance

of alkaline earth over the alkalis metal ions could be concerning to 

carbonate rocks weathering and severe aridity (Al-Amry 2008), ion 

exchange at auspicious lithology (Al-Bassam et al. 1997),and to some 

extent lack of recent recharge. 

Average ratio to both of HCO3
-
+ SO4

2 -
 with total anions (TA) is 0. 82 

and that of Cl
-
 with TA is 0.18, indicating the dominance to both of 

bicarbonate and sulfate ions. Most important supply regarding of HCO3
-
 

ions into groundwater typically comes from the carbonate rocks 

dissolution. 

Excess of HCO3
-
+ SO4

2-
lead to shift the points to the right of the 

equiline which due to Ion exchange reactions proceeding (Fisher and 

Mulican, 1997; Senthilkumar and Elango, 2013, Satyanarayana et al. 

2016).  Points will shift toward the left side of the equiline as a result of 

reverse ion exchange reactions if the reins wide spread extra of 

Ca
2+
Mg+

2+
over HCO3

-
+ SO4

2 -
ions. In the study district, the plot of 

Ca
2+
Mg+

2+
vs. HCO3 

-
+ SO4

2-
displays that some of the values fall above 

the equiline (Fig. 7) proposing that ion exchange/reverse ion exchange 

reactions had been existed. In the studied district, generally the molar 

ratios of Na
+
/Cl

-
 for the groundwater samples are from 0.77 to 2.40. 
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Fig.7: The mechanisms controlling groundwater quality shown by Gibbs diagram, (A)  

for cations and (B) for anions. 

Silicate (exists in the Qena Formation) weathering is the major process 

enrich sodium cations in groundwater due to the molar ratio greater than 

the unit (Stallard and Edmond, 1983; Senthilkumar and Elango, 2013), 

which is prevalent in this region in most of the water samples collected 

(except samples No. 1, 8, and 11).  Ca
2+
Mg/

2+
 ratio equals one means 

dolomite dissolution, whereasCa
2+
Mg/

2+
 ratio is higher than one will

indicate the contribution of calcite (Maya and Loucks, 1995).  

 

 Silicate minerals dissolution is result in higher Ca
2+
Mg/

 +2
molar ratio 

than 2 (Satyanarayana et al. 2016).   In the study area the Dissolution of 

calcite from the nearby limestone plateau occur in the rainy seasons due 

to about53.85% of the groundwater samples have a Ca
2+
Mg/

+2
 molar ratio

between 1 and 2 while 46.15% of the samples elucidate Ca
2+
Mg/

+2
molar 

ratio to be >2, which proves the silicate minerals dissolution originate 

A 

A 
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from the Qena Formation that is mainly consist of silicate rocks (Redwan 

and Abdel Moneim; 2015). 

 

  

  

 
 

  

 

 

 

Groundwater was analyzed for major elements ionic' concentrations to 

obtaining the relative abundances and ionic affinity. Most water samples 

have Ca
2+

 + Mg
2+

concentrations greater than alkalis. of Ca
2+

 and 

Mg
2+

cations concentration have the predominance over Na
+
 and K

+
 

cations concentration and influences of Na
+
 with Ca

+ 
concentration, 

individually are suggestive of ion-exchange reactions (SubbaRao et al. 

2012). 

Fig.8: Equilines diagrams showing the correlation of major ions in the 

study district and distinguishing the entire Quaternary aquifer processes  
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CONCLUSIONS 

The current study gives critical facts about groundwater quality in 

Sohag district. Groundwater samples had been gathered and investigated 

according to distinctive physico-chemical parameters. The groundwater 

quality has been assessed for drinking and irrigation activities using a 

variety of suited hydro-chemical parameters. Spatial distribution of major 

anions and cations in groundwater samples were shown demonstrating 

somewhat uncommon variety.  The predominant hydro-geochemical 

facies were Mg-HCO3 and Ca-HCO3 in general, which associated to 

sufficient recharge from fresh water and water with transient hardness. 

Major ions in groundwater are within the permissible limits for drinking 

with the exception of bicarbonates HCO3
-
. The suitability of groundwater 

for irrigation is evaluated via Sodium Absorption Ratio (SAR) and 

Residual Sodium Carbonate (RSC). It is concluded that, the most of the 

samples is plotted in C3-S1 field demonstrating low Sodium Adsorption 

Ratio and high salinity hazard. It is indicated that the hydrochemistry of 

these groups have been influenced by the rock dominance, including 

carbonate and silicate rocks weathering. The plot of Ca
2+
Mg+

2+
vs. HCO3

-

+ SO4
2- 

suggests that a part of the values fall above the equiline 

appearance that ion exchange/reverse ion exchange reaction occurred. 

The geochemistry of groundwater over investigated region is generally 

controlled by way of common natural geochemical processes such as rock 

water interaction, dissolution, and ion exchange. Furthermore 

Anthropogenic induced activities like over pumping aquifers, fertilizer 

influences and agricultural return flow slightly affected on groundwater 

quality of the Quaternary aquifer over study area. 

References 

Abdel Latif, A. and El Kashouty, M., 2010. Groundwater investigation in Awlad 

Salameh, Southern Sohag, Upper  Egypt. Earth Sci. Res. J. V. 14, No. 1, 

pp.63-75. 

Abdel Moneim, A.A., 1992. Numerical simulation and groundwater 

management of the Sohag aquifer The Nile Valley, Upper Egypt. Ph.D. 

Thesis, University of Strathclyde, lasgow, Scotland, UK. 

Abdel Moneim, A.A., 1999. Geoelectrical and hydrogeological investigations of 

groundwater resources on the area to the west of the cultivated land at 

Sohag, Upper Egypt. Egyptian Journal of Geology, V 43/2, pp. 253- 268. 

Abu El-Magd, S.A., 2008. Evaluation of the aquifer potentiality and land 

suitability for development in the desert area surrounding Sohag 



HYDROGEOCHEMICAL CHARACTERISTICS…                                  81 

 

Governorate, Egypt; using geographic information systems. M. Sc. 

Thesis, Geol. Dept., Fac. Sci., Sohag Univ., Egypt. 

Ahmed , A.A. andFawzi, A. , 2011. Meandering and bank erosion of the River 

Nile and its environmental impact on the area between Sohag and El-

Minia, Egypt.Arab J Geosci (2011) 4:1–11. Doi : 10.1007/s12517-009-

0048-y 

Ahmed, A. A., 2009. Using lithologic modeling techniques for aquifer 

characterization and groundwater flow modeling of the Sohag area, Egypt. 

Hydrogeology Journal (2009) 17: 1189–1201. Doi : 10.1007/s10040-009-

0461-z 

Ahmed, A.A., 2007. Using Contamination and Pesticide DRASTIC GIS-based 

models for vulnerability Assessment of Quaternary aquifer at Sohag, 

Egypt. Fifth International Conference on the Geology of Africa, 23–24 

Oct, 2007. 

Ahmed, A.A., 2011. Hydrochemical evolution and variation of groundwater and 

its environmental impact at Sohag, Egypt.  Arab J Geosci 4:339–352. 

Al-Amry, A. S., 2008. Hydrogeochemistry and groundwater quality assessment 

in an arid region: a case study from Al Salameh Area, Shabwah, Yemen. 

The 3
rd

 International Conference on Water Resources and Arid 

Environments - The 1
st
 Arab Water Forum. 

Al-Bassam, A. M., Hussein, T. and Sharaf, M. A., 1997. Hydrochemical 

evaluation of the Umm-er-Radhuma Aquifer system, Saudi Arabia, 

Hydrochemistry (Proceedings of the Rabat Symposium,  April 1997) 

IAHS Publ. no. 244. 

Ali, M.H., 2005. Geochemical characteristics of the surfacial Nile basin 

sediments and their environmental relevance, Sohag area, Egypt. M. Sc. 

Thesis, Fac. Sci., South Valley University, Egypt 

APHA, 1995.Standard methods for the examination of water and waste 

waters.19
th
 ed. American Public Health Association, Washington,  DC. 

Arumugam, K.  and  Elangovan, K., 2009.  Hydrochemical characteristics and 

groundwater quality assessment in Tirupur Region, Coimbatore District, 

Tamil Nadu, India. Environ Geol (2009) 58:1509–1520.                       

Doi: 10.1007/s00254-008-1652-y 

Arunprakash, M., Giridharan, L. and Krishnamurthy, R.R., 20142014.Impact of 

urbanization in groundwater of south Chennai City, Tamil Nadu, India. 



82  Ahmed K. Alezabawy, Awad A. Omran, Mohamed Z. Rashad and 

Abdel Razek A. Hodhod
 

Environ Earth Sci (2014)71: 947.      https://doi: org/10.1007/s12665-013-

2496-7 

Attia, F.A., 1974. Parameter and characteristics of the groundwater reservoir in 

Upper Egypt.M.Sc.Thesis, Fac. Eng., Cairo Univ., Egypt. 

Attia, F.A., Allam, M.N.  andAmer, M.A., 1986. A hydrologic budget analysis 

for the Nile Valley in Egypt. J. Groundwater. 24(4):453–459. 

Barber, W. and Carr, D.P., 1981.Water management capabilities of the alluvial 

aquifer system of the Nile Valley, Upper Egypt. Technical Report No. 11, 

Water Master Plan, Ministry of Irrigation, Cairo 

Barick, S.R.  and Ratha, B.K., 2014.   Hydro-chemical Analysis and Evaluation 

of Groundwater Quality of Hial Area, Bolangir District, Odisha, India. 

Journal of Geosciences and Geomatics, vol. 2, no. 5A (2014): 22-28.    

Doi: 10.12691/jgg-2-5A-5. 

Datta, P.S. and Tyagi, S.K. 1996. Major ion chemistry of groundwater in Delhi 

area: chemical weathering processes and groundwater flow regime. J 

GeolSoc India 47:179–188. 

Dehnavi, A.G., RaminSarikhani, R. and Nagaraju, D., 2011.Hydro geochemical 

and rock water interaction studies in East of Kurdistan, N-W of Iran. Int. 

J. Environ. Sci. Res. 1 (1), 16-22. 

Diab, M. Sh., El Shayeb, H. M., Abdel Moneim, A. A., Said, M. M. and Zaki, S. 

R., 2002. Evaluation of water resources and land suitability for 

development in the Southern part of Sohag, Upper Egypt.Annals Geol. 

Surv. Egypt. V. XXV,  pp.487- 512. 

Edmunds, W. M., Shand, P., Hart, P., , Ward, R. S., 2003. The natural (baseline) 

quality of groundwater: A UK pilot study. Science of the Total 

Environment, 310, 25–35. 

Egyptian Geological Survey and Mining Authority (EGSMA) ,1989.  Geological 

Map of Upper Egypt. 

Farrag, A.A., 1982. Hydrogeological studies on the Quaternary water -bearing 

sediments in the area between Assiut and Aswan. M. Sc. Thesis. Geol. 

Dept., Assiut Univ., Egypt. 

Farrag, A.A., 2005.The hydraulic and hydrogeological impacts of the Nile 

system on the groundwater in Upper Egypt. Ass. Univ. Bull. Environ. 

Res. Vol. 8 No. 1. 



HYDROGEOCHEMICAL CHARACTERISTICS…                                  83 

 

Fisher, R.S., Mulican, W.F., 1997. Hydrochemical evolution of sodium-sulphate 

and sodium-chloride groundwater beneath the Northern Chihuahuan 

desert, Trans-Pecos, Texas, USA. Hydrogeol. J. 5, 4e16. 

Freeze, R. A. and  Cherry, J. A. ,1979. Groundwater. New Jersey: Prentice-Hall 

Gibbs, R.J., 1970: Mechanism controlling world water chemistry. 

Science17:1088–1090 

Gomaa, A. A. A., 2006. Hydrogeological and geophysical assessment of the 

reclaimed area in Sohag, Nile Valley, Egypt. Ph.D. Fac. of Science, Ain 

Shams University, 273 p. 

Handa, B.K., 1979. Groundwater pollution in India.  In: Proceedings of National 

Symposium on Hydrology. IAHS, Publication University of Roorkee, 

India, pp. 34–49 

Hem, J.D., 1970. Study and interpretation of the chemical characteristics of 

natural water, (2nd ed.): U.S. Geological Survey Water-Supply Paper No. 

1473, 363 p. 

Issawi, B. and McCauley ,J.F., 1992. The Cenozoic rivers of Egypt: the Nile 

problem. In: Freidman, R. and Adams, B. (Eds) The Followers of Hours: 

Studies dedicated to Michael Allen Hoffman 1944–1990. Oxbow 

Monograph 20:121–138 

Karmegam, U., Chidambaram, S., Sasidhar, P., Ramesh, R., Manikandan, S., 

Paramaguru, P., Dheivanayagi, V. and Akila, P., 2010. Hydrogeochemical 

studies in and around Kalpakkam, Kanchipuram District, Tamil Nadu; 

Proceedings of International Recent Trends in Water Research 

Hydrochemical and Hydrological Perspectives, pp. 131–146. 

Korany, E. A., Omran, A.A., and Abdel-Aal, A. A., 2006.Hydrogeochemical 

approach for the assessment of the recharge routes of groundwater in the 

Quaternary aquifer, Nile Valley of Sohag area, Egypt, Proc. of the 7
th
 Int. 

Conf. on Geochemistry, Alexandria, September (2006). 

Kumar, S.K., Chandrasekar, N., Seralathan, P., Godson, P.S. and Magesh, N.S., 

2012.Hydrogeochemical study of shallow carbonate aquifers, 

Rameswaram Island, India. Environ Monitor Assess 184:4127–4138 

Mahran, T.M., 1993. Sedimentology of Upper Pliocene-Pleistocene sediments of 

the Nile Valley area: a model around Aulad Toq Sharq environs, SE of 

Sohag, Egypt. Bull. Fac. Sci., Assiut Univ., Egypt, V. 22, No. 2-F, p. 1–25 



84  Ahmed K. Alezabawy, Awad A. Omran, Mohamed Z. Rashad and 

Abdel Razek A. Hodhod
 

Maya, A.L. and Loucks, M.D., 1995. Solute and isotopic geo-chemistry and 

groundwater flow in the Central Wasatch Range, Utah. J. Hydrol. 172, 31-

59. 

Mousa, S., Attia, F. A. and AbuelFetouh, A. M., 1994.Geoelectrical and 

hydrogeological study on the Quaternary Aquifer in the Nile Valley 

between Asyut and Sohag Governorate, Egyptian Journal of Geology, V. 

38, No. 1, pp.1-20. 

Nag, S.K. and Das, S., 2017.Assessment of groundwater quality from Bankura I 

and II Blocks, Bankura District, West Bengal, India. Appl Water Sci 7: 

2787.  https://doi.org/10.1007/s13201-017-0530-8 

Omer, A.A. and Abdel Moneim, A.A, 1998. Influence of the Nile basin deposits 

on the groundwater chemistry at Sohag area, Nile Valley Upper Egypt. 

36th Ann. Meeting.Met.Geol.Soc. (abstract).V.36, 17 p. 

Omer, A.A. and Issawi, B., 1998.Lithostratigraphical, mineralogical and 

geochemical studies on the Neogene and Quaternary Nile basin deposits, 

Qena-Assiut stretch, Egypt. The 4 th International Conference on Geology 

of the Arab World, Cairo. (Abstract). 

Omer, A.A., 1996. Geological, mineralogical and geochemical studies on the 

Neogene and Quaternary Nile basin deposits, Qena-Assiut stretch, Egypt. 

Ph. D. Thesis, Geology Department, Sohag Faculty of Science, South 

Valley University 

Orewole M. O.,  Makinde O. W.,  Adekalu K. O.,  Shittu  K. A., 2007. Chemical 

examination of piped water supply of ile-ife in southwest Nigeria.Iranian 

Journal of Environmental Health Science & Engineering, Vol. 4, No., 

2007, pp. 51-56. http://www.bioline.org.br/request?se07008 

Piper, A.M., 1944. A graphical procedure in the geochemical interpretation of 

water analysis. Trans Am Geophys Union 25: 914-923. 

Redwan, M. and Moneim, A., 2015. Factors controlling groundwater 

hydrogeochemistry in the area west of Tahta, Sohag, Upper Egypt. 

Journal of African Earth Sciences. 118. 10.1016/J. of African 

Science.2015.10.002. 

Redwan, M., Abdel Moneim, A. A. and Abo Amra, M., 2016.Effect of water–

rock interaction processes on the hydrogeochemistry of groundwater west 

of Sohag area, Egypt. Arab J Geosci (2016) 9: 111.                                 

Doi 10.1007/s12517-015-2042-x 

https://doi.org/10.1007/s13201-017-0530-8
http://www.bioline.org.br/request?se07008


HYDROGEOCHEMICAL CHARACTERISTICS…                                  85 

 

Richards, L.A., Salinity Laboratory US, 1954. Diagnosis and improvement of 

saline and alkaline soils. US Department of Agriculture hand book, 

Washington, DC p 60. 

RIGW Research Institute of Groundwater, 1990. Hydrogeological maps of 

Egypt, scale 1:100, 000. Water Research Center, Ministry of Public 

Works and Water Resources, Egypt 

Said,  R., 1981. The geological evaluation of the River Nile, Springer Verlag, 

NewYork, 151 p. 

Said, R., 1975. The geological evolution of the River Nile In: Problems in 

prehistory of Northern Africa and the Levant. Wendorf, F. & Marks, A.F. 

(eds). Southern Methodist University press. Dallas, Texas, pp. 1-44. 

SarathPrasanth , S. V. ,  Magesh, N. S., Jitheshlal , K. V. ,Chandrasekar , N. and 

Gangadhar, K., 2012. Evaluation of groundwater quality and its suitability 

for drinking and agricultural use in the coastal stretch of Alappuzha 

District, Kerala, India.Appl Water Sci (2012) 2:165–175.                       

Doi 10.1007/s13201-012-0042-5  

Sarikhani, R.,  Dehnavi, A. Gh., Ahmadnejad, Z. andKalantari, N., 2015.  

Hydrochemical characteristics and groundwater quality assessment in 

Bushehr Province, SW Iran. Environ Earth Sci (2015) 74:6265–6281.  

Doi: 10.1007/s12665-015-4651-9 

 

Satyanarayana, E., Ratnakar, D. and Muralidhar, M., 2016. Major Ion Chemistry 

of Groundwater and Surface Water in Parts of Mulugu-Venkatapur 

Mandal, Warangal District, Telangana State, India.Hydrol Current Res 7: 

253. Doi:10.4172/2157-7587.1000253. 

Sawyer, C.N. and McCarty, P.L., 1967. Chemistry for sanitary engineers, 

2
nd

edition, McGraw-Hill Series in Sanitary Science and Water Resources 

Engineering, McGraw-Hill, Toronto. 

Selvakumar S., Ramkumar K., Chandrasekar N., Magesh N. S. and Kaliraj S. 

(2017): Groundwater quality and its suitability for drinking and 

irrigational use in the Southern Tiruchirappalli district, Tamil Nadu, India. 

Appl Water Sci (2017) 7:411–420. Doi: 10.1007/s13201-014-0256-9 

Senthilkumar, M. and Elango, L., 2013.Geochemical processes controlling the 

groundwater quality in lower Palar river basin, southern India. J. Earth 

Syst. Sci. 122,419-432. 

Shivran, H.S., Dinesh,K.D. and Singh, R.V., 2006. Improvement of water 

quality though biological gentrification. J Environ Sci Eng 48: 57-60 



86  Ahmed K. Alezabawy, Awad A. Omran, Mohamed Z. Rashad and 

Abdel Razek A. Hodhod
 

Srinivasamoorthy, K.,  Gopinath, M., Chidambaram, S. , Vasanthavigar and M., 

Sarma, V.S. , 2013.  Hydrochemical characterization and quality appraisal 

of groundwater from Pungar sub basin, Tamilnadu, India. Journal of King 

Saud University–Science (2013). 

http://dx.doi.org/10.1016/j.jksus.2013.08.001 
 

Stallard, R.F. and Edmond, J.M., 1983. Geochemistry of the Amazon: 2. The 

influence ofgeology and weathering environment on the dissolved load. J. 

Geophys. Res. 88,  9671-9688. 

SubbaRao, N., Surya Rao, P., Venktram Reddy, G., Nagamani, M., Vidyasagar 

and Satyanarayana, N.L.V.V., 2012. Chemical characteristics of 

groundwater and assessment of groundwater quality in Varaha River 

Basin, Visakhapatnam District, Andhra Pradesh, India. Environ. Monit. 

Assess. 184, 5189e5214. 

Subramani, T., Elango, L. and Damodarasamy, S. R., 2005.  Groundwater 

quality and its suitability for drinking and agricultural use: Chithar River 

Basin, Tamil Nadu, India. Environmental Geology, 47, 1099–1110. 

Thomas, K. B., Francis, O., Samuel, O.A. andOsei, A., 2016. Groundwater 

quality assessment using statistical approach and water quality index in 

Ejisu-Juaben Municipality, Ghana.  Environ Earth Sci (2016) 75: 489          

Doi: 10.1007/s12665-015-5105-0 

U.S. Salinity Laboratory Staff, 1954.  Diagnosis and improvement of saline and 

alkalis soils, US Dept Agric Handbook, 60, 160 

Wendorf, F. and Said, R., 1967. Paleolithic remains in Upper Egypt. Nature, 

v.215, pp.244-247. 

Wendorf, F. and Schild, R., 1976. Prehistory of the Nile Valley: Academic 

Press, New York and London, 404p. 

Whittemore, D.O., Greggor, K.M.M. and Marotz, G.A., 1989.  Effects of 

variations in recharge on groundwater  quality.  J. Hydrol 106:131–145 

WHO, 1984. Guidelines for drinking water quality. Vol.1; recommendations. 

World Health Organization, Geneva, Switzerland, 8 p. 

Wilcox, L.V., 1955. Classification and use of irrigation water.US Department of 

Agriculture, Circular 969, Washington, DC. 

__________________________ 

 

http://dx.doi.org/10.1016/j.jksus.2013.08.001


HYDROGEOCHEMICAL CHARACTERISTICS…                                  87 

 

اج سىه منطقة في الجىفية المياه جىدة و ائيةيكيمىالهيذروجي الخصائص تقييم

 مصر،  سىهاج بمحافظة

 **هذهذانشاصقعثذ،***سشادكًصيحًذ،**عًشاٌانخانكعثذعىض،*انعضتاوًٌالكأحًذ

 يصش،انماهشج،حهىاٌعٍُ99711حهىاٌجايعح،انعهىوكهُح،انجُىنىجُالسى*

 يصش،أسُىط79597،أسُىطجايعح،انعهىوكهُح،انجُىنىجُالسى**

 يصش،أسُىط79597،أسُىطجايعح،انهُذسحكهُح،وانفهضاخانتعذٍَلسى***

 

فٍانًستخذيحانعزتحنهًُاِانخاٍَانًصذسسىهاديحافظحفٍانجىفُحانًُاِتعتثش

سىهاديحافظحفٍانجىفُحانًُاِيىاسد.وانصُاعُحوانضساعُحانًُضنُحغشاضالا

وانصُاعُحانضساعُحالأَشطحيٍتانًهىحاخيهذدج انكًُُائُحخصائضانتستخذو.

انجىفُحانًائُحهعًهُاخنانكًُُائُحخصائضنتحذَذسوتٍُُتشكمانجىفُحنهًُاِ

وفهًها فٍانًختهفحنلأغشاضويلاءيتهاانجىفُحانًُاِجىدجانذساسحهزِتمُى.

سىهاديُطمح انهُذسوكًُُائٍانتصُُفعًمتى،انغشضهزاونتحمُك.

عُُاخجًعتى.انشتاعٍانجىفُحانًُاِنخضاٌانًكاٍَانتىصَعوًَىردانجُىنىجٍ

خصائضانأجميٍتحهُههاوتىيختهفحيحطحعششجحلاثيٍانجىفُحانًُاِيٍ

 Na)انشئُسُحالأَىَاخوتشكُض(pHوEC،TDS)انكًُُائُحوانفُضَائُح
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 انتىصَعَ. ظهش

غُشتُىعًاانجىفُحانًُاِعُُاخفٍانشئُسُحوانكاتُىَاخالأَُىَاخميٍنكانًكاٍَ

انًسًىحانحذودضًٍهٍانجىفُحانًُاِفٍانشئُسُحالأَىَاخ.ياحذإنًيأنىف

ثُكشتىَاخانتاستخُاءانششبلاستخذاياختها
-
ايتصاصيعذلتمُُىَشُش.HCO3

SAR)انصىدَىو RSC)انًتثمُحانصىدَىووكشتىَاخ( انًُاِيلاءيحيذيإنً(

نهشٌانجىفُح C3-S1ُطاقانفٍتىلثعهاتىانًُاِعُُاخيعظىأٌوَلاحظ.

عانُحيهىححويخاطشانًُخفضحانصىدَىوايتضاصَسثحوعشض فٍانتحكىَتى.

انثحجانجىفُحانًُاِجُىكًُُاء انطثُعُحانعًهُاخطشَكعٍعاوتشكمتًُطمح

رنكعهًوعلاوج.الأَىَاخوتثادل،انزوتاٌ،انصخشٌانًاءتفاعميخمانًشتشكح

نيخمالإَساٌَسثثهاانتٍالأَشطحفإٌ، انجائش وتأحُش،انجىفُحهًُاِانسحة

انجىفُحانًُاِجىدجعهًطفُفتشكمأحشلذانضساعٍانعائذوتذفك،الأسًذج

 .انذساسحيُطمحفًانشتاعٍانًُاِنخضاٌ

،كًُُائًجُىانهُذسوانتصُُف،انجىفُحانًُاِيىاسد:المفتاحية الكلمات

.انشتاعٍانجىفٍانًُاِخضاٌ،سىهاديُطمح،كًُُائُحانفُضَىًعايلاخان  


