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ABSTRACT 

 
Egypt can be classified as an arid climate with 95% of its area as desert. A narrow strip of fertile land exists 

along the main stem of River Nile and within a relatively small delta in the north. It became the base for 
economic and social life of one of the most distinguished ancient civilization where agriculture was the main 
human activity. The goal of the present work is to study the impact of land reclamation projects on the 
groundwater chemistry in Sohag governorate. The hydrochemical characteristics, genesis and formation of 
groundwater mineralization as well as evaluation of surface and groundwaters for drinking and irrigation uses 
are discussed. The study includes chemical analysis of fifty fife water samples (13 surface waters, 37 shallow 
and deep groundwaters tapping the Pleistocene aquifer and 5 wells representing Eocene aquifer) were collected 
in June 2011. Most of the groundwater samples of the Pleistocene and Eocene aquifers lie in the fresh zone, 
while the brackish and saline water are less pronounced. There is a general direction of increasing water salinity 
from the northeast toward southeast. The higher values of water salinity is strictly confined to southeast of Dar 
El-Salam locality due to the leaching and dissolution process of Pliocene, Eocene and soil layers in addition to 
hight salinity content of soil, high evaporation rates, over-pumping activity and the lack of drainage system in 
the reclaimed areas. This reflects the impact of land reclamation projects on the groundwaters. The relatively 
high values of boron in the groundwater of the Pleistocene aquifer compared with the surface waters indicate the 
pollution from the excessive irrigation water where the groundwater of both aquifers is unconfined types. Both 
aquifers and surface water nearly have the same concentration of phosphate, indicating the recharge from the 
surface water to groundwater of these aquifers. The high values of NO3

- for both aquifers relative to surface 
water are referred to the excess amount of nitrogen fertilizers used in this cultivated area as well as seepage of 
irrigation canals and drains. The ion ratios, ion dominance, hypothetical salts combinations, Piper geochemical 
evolution diagram, Stuyfzand classification and Statistical analysis confirm that the surface water and excess 
irrigation water are the main sources of recharge for both aquifers. The groundwater samples of both aquifers 
have the same chemical evolution, thus suggesting the hydraulic connection between the two aquifers that 
occurred through the faults plain. In brief, most of the surface and groundwater samples in the study area are 
suitable for drinking and irrigation.  
 
Key words: Nile River; Chemical composition; River water; Irrigation canals;  groundwater; Subsurface  
                   drainage; Water resources;  Egypt.  
 
Introduction 
 

The chemistry of water is an important factor determining its use for domestic, irrigation or industrial 
purposes. The quality of groundwater is controlled by several factors, including climate, soil characteristics, 
manner of circulation of groundwater through the rock types, topography of the area, saline water intrusion in 
coastal areas, human activities on the ground, etc. Apart from these factors, the interaction between the river 
water and the adjacent groundwater and the mixing\ non-mixing of different types of groundwater may also play 
important roles in determining the quality of the groundwater. In this study, such a situation has been deduced 
by using multivariate statistical techniques such as factor and cluster analyses. Here, a qualitative study has been 
attempted to trace the interaction between the groundwater and adjacent river water by sampling the 
groundwater. The already available methods such as NETPATH software algorithm developed by the US 
Geological Survey, mainly trace the rock–water interaction and not the groundwater–river water inter-actions. 
This study also illustrates the usefulness of statistical analysis to improve the understanding of groundwater 
systems. 

The Egyptian government has devoted attention to develop the desert hinterland of Upper Egypt 
governorates in order to create job opportunities for the youth and to decrease or to prevent their migration to 
Cairo. This is achieved by reclamation of more desert lands, which needs more water resources. 
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2- Study area: 

 
The studied area is situated nearly along the eastern side of the Nile Valley, it covers that part of the Nile 

Valley on the reach extending from the southern edge of Qena Governorate at latitude 26̊  07` N to the northern 
edge of Assiut Governorate at latitude 26̊ 57` N. It is bound between longitudes 31˚ 20` and 32˚ 14` E (Fig. 
1.1). The length of the River Nile in the study area reaches 125 km. The water bearing formations in such area 
have a wide geographical distribution and differ greatly in their extension, potentialities and source of recharge. 
The flood plain of the Nile Valley represents an elongated groundwater aquifer. Since, at the present time, the 
precipitation is negligible, the Nile River and its canals may represent the only water source of replenishment.  

The water resources in the investigated area are surface water {Nile River, irrigation canals (East Naga 
Hammadi Canal which considered as the main irrigation canals and other irrigation canals), agricultural drain 
(Akhmim El-Rasesse drain)} and groundwater (Pleistocene and Eocene aquifers). The groundwater sources in 
such area have great advantages due to the low cost of production and high reliability during emergencies where 
the depth to water ranges from 5 to 180 m.  
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Fig. 1: Location map of the collected water samples in the study area. 
 

3-Sampling And Analtical Procedure 
 
3.1-Field measurements: 

 
For this study, Fifty Fife water samples (13 surface waters, 37 shallow and deep groundwaters tapping the 

Pleistocene, and 5 wells representing the Eocene aquifer) were collected in June 2011.  
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Location of the collected water samples in the study area (Longitude. and Latitude) was fixed using of the 

geographical position system (GPS). 
Samples for heavy metals and minor elements analysis were acidified to pH<2 by adding a few drops of 

ultra-pure nitric acid. Unstable parameters such as pH, temperature and electrical conductivity (EC) were 
measured in situ using portable meters (Orion model 290A and 130). 
 
3.2-Laboratory analyses: 

 
Chemical analysis was carried out for all the collected water samples to determine the concentrations of 

major constituents; Ca2+, Mg2+, Na+, K+, CO3
2-, HCO3

-, SO4
2-, Cl- and SiO2 as well as the minor constituents; 

B3+, PO4
3-, NO3

- and NH3, and soluble heavy metals;  (Fe3+, Pb2+, Co2+, Ni2+,Mo2+ ,Cu2+, Cd2+, Cr3+, Mn2+, Al3+ 
and Zn2+), according to the methods adopted by Rainwater and Thatcher (1960), Fishman and Friedman (1985) 
and American Society for Testing and Materials (ASTM), (2002), table (1).   

 
3.3-Office work: 

 
Collection of the geomorphological, geological and hydrogeological data of East Sohag governorate, Egypt 

from the previous works and internal reports. Use of topographic map (scale 1: 100,000) for preparation of the 
base map of the studied area. Preparing all the graphical representation and maps for the analytical results 
through using some computer programs such as surfer 8 for window, SPSS for window, NetPath for windows, 
Win, word and Excel 2007 for windows and WATEQ program. 

 
Results And Discussion 
 
4.1 Geology and hydrogeology: 

 
The geology of the study area is very important especially in the hydrochemistry of groundwater, it is 

lightly influenced by the type of rocks, surficial soils, and structures in the area. The Eocene plateau in Nile 
valley is effected by normal faults and drag folds (Yallouze and Knetsch, 1954; Abdel Kareem, 1972; Omara et 
al. 1970 and 1973; Mustafa, 1979; Mahranand El Haddad, 1992). They stated that the structural features are 
originally induced from tensional rather than compressional forces. Structurally, the River Nile is drained in 
central part and bound by two limestone plateaus on  both sides. The River Nile is occupied on both sides by 
low lying areas (floodplain), represented by agraben that created by upthrow of two plateaus. The latter gently 
dips about 3o due the central low part (Zaki 2001) and about 54 recorded surface fault planes.  

The faulting system influences greatly on the rate of precipitation-infiltration into the aquifer system and 
enhances the upward leakage from the underlying aquifers (saline) toward the Pleistocene aquifer. 

The groundwater in the studied area represents the essential water resource for the reclamation activities in 
the desert lands. In the last few years in the area of study, alots of wells are drilled in the reclaimed lands for 
irrigation purposes using modern techniques for irrigation (sprinkler, central pivot and drip). Some projects are 
constructed depending on the groundwater resources in the reclaimed areas. In the study area, two main aquifer 
units are encountered; as follows; 
 
4.2 -The Pleistocene aquifer:  

 
The Quaternary aquifer is composed mainly of Pleistocene sand and gravel with intercalation of clay lenses. 

In areas covered by the old cultivated land (flood plain) the upper bed (clay – silt layer) represent semi-
confining bed to the Pleistocene sand and gravel aquifer. In the low desert areas, the water bearing formation is 
made of Pleistocene sand and gravel and water exists under unconfining condition. The thickness of the aquifer 
varies from one locality to another with the average thickness of about 100 meters. The change in the aquifer 
thickness is related to the changes in the topography of the clay layers that form the base of the aquifer. The 
aquifer lithology and its thickness are related to the location in relation to the existence of the transverse 
channels that dissecting the adjacent limestone plateaus overlooking the flood plan in the area. This is observed 
and recorded in the results of the field investigation and shown graphically in the next part of the chapter. The 
aquifer is mainly composed of the sands of different sizes (fine, medium and coarse sands), silts, and gravels 
and intercalated by clays and shale. Sandy lenses incorporated in the upper part of the Pliocene clays are also 
considered as water bearing layers. The aquifer extends horizontally underneath the young alluvial plains of the 
Nile, and extends laterally into the bottom of the adjacent wadis (Attia 1974 and 1985; Barber et al., 1981 and 
Abdel Moneim, 1988 and 1992). 

In the study area, the main recharge source is the infiltration from the excess water application for 
agriculture, seepage from the irrigation canals and from sewerage system. Connate water that formulated during 
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the rainstorm ears in the desert areas forms other means of groundwater source in the study area (Omer and 
Abdel Moneim, 2001). It is important to mention that the continuous irrigation system which has been applied 
after the construction of the Aswan High Dam plays an important role in the increase of aquifer recharge from 
the excess irrigation water. Furthermore, percolating water into the groundwater table contains concentrated 
salts due to evaporation of irrigation water and due to water use with high dissolved salts in reclaimed areas in 
eastern and western Nile floodplain (Soltan 1998).  

Groundwater flow in Sohag in general, and in the study area in particular follows two main directions. The 
first flow direction is from the south to north following the land topography and the second direction is from the 
River Nile (the flood plan to the desert areas). Local flow is controlled by the difference in the level of water in 
irrigation canals, drains and the water table. It is important to mention that the construction of Aswan High Dam 
has played an important role in the groundwater flow in the area. (see Attia, 1974; Barber and Carre, 1981; and 
Abdel Moneim, 1992). Before the construction of the Aswan High Dam, and during the flood seasons, water 
used to seep from the river towards the cultivated lands Evaluation of the Aquifer Potentiality and Land 
Suitability for Development in the Desert area Surrounding Sohag governorate, Egypt; Using Geographic 
Information Systems and the River Nile was acting as a recharge sources to the aquifer and in the period of low 
river (seasons of no flooding) the flow is reversed. After the construction of the dam and regulating the river 
discharges downstream of Aswan, the water levels in the Nile are generally lower than the groundwater levels at 
all the year round except in areas located upstream of the main barrages. Therefore, the groundwater now seeps 
to the River Nile (i.e. the river is acting as a drain). 
 
4.3- The Eocene fissured limestone aquifer:      

 
The Eocene plateau bound the Nile Valley from the eastern and western sides. The Eocene fissured 

carbonate rocks (Lower Eocene) are exposed along the two sides and extended in subsurface underlying the 
Quaternary and Pliocene aquifers. The Lower Eocene sequence is built up of the following two formations; 
Thebes Formation and Drunka Formation. 
 
4.3.A- Thebes Formation 

 
The stratigraphic succession of the Thebes Formation is confined to the fine, thinly banded limestone with 

chert bands and nodules. It conformably overlies the Esna shale and underlies the Drunka Formation. The 
Thebes Formation forms the foot of the limestone scarp at the southern part of the area. It is found clearly at 
west and southwest of Sohag (Ahmed, 1980). The exposed part of this formation decreases gradually towards 
the north due to the regional gentle dip of strata and it completely disappears near the village of El-Sheikh Eisa. 

4.3.B.- Drunka Formation 
The Drunka Formation is lithologically composed of medium to thick bedded limestone which are highly 

bioturbated in some horizons. Generallly the limestone is snow white in the fresh surface, while in weathered 
surface it become  grayish white to pinkish white. Drunka Formation covers more than 90% at the area northeast 
of Sohag (Mostafa, 1979). It has the form of massive to bedded limestone. So that it can not considers as a water 
bearing formation except in some fissured localities, some springs are recorded, such as, Bir El-Ain spring, Bir 
El-Ain pool and Edel El-Afia pool which as located in wadi Bir El-Ain. 
 
Table 1: The chemical analyses of the surface and groundwater samples in the study area 

Sample 
No. pH TDS Ca2+ Mg2+ Na+ K+ CO3

2- HCO3
- SO4

2- Cl- SiO2 NO3
- NH3 B3+ TOC Stuyfza

nd Code 
SURFACE WATER 
Nile River 
1 7.63 194 19.21 18.01 18 12.51 0.00 111.65 42 28.15 0.081 4.23 0.00 <0.02 7.50 + 
2 8.12 248 22.79 22.55 34 3.52 0.00 117.11 70 36.14 0.285 6.31 0.00 <0.02 7.92 + 
3 7.83 233 26.81 20.78 26 3.91 0.00 147.62 50 32.16 0.08 9.52 0.00 <0.02 8.60 + 
Irrigation canalss 
4 7.68 206 24.44 22.58 16 2.74 0.00 119.56 58 22.24 0.14 5.63 0.00 <0.02 5.17 + 
5 7.86 244 30.46 23.83 22 3.52 0.00 124.47 78 24.14 0.144 46.17 0.80 <0.02 11.37 + 
6 7.91 283 29.22 26.43 36 3.91 0.00 135.42 74 46.14 0.086 65.17 4.60 <0.02 8.53 + 
7 8.16 218 26.45 19.33 26 3.52 0.00 134.20 38 38.41 0.148 56.84 5.90 <0.02 5.17 + 
8 7.85 241 24.71 28.60 22 3.52 0.00 140.91 60 32.23 0.326 36.95 0.38 <0.02 9.30 + 
Drains 
9 7.73 3712 124.81 237.95 810 21.50 0.00 194.59 1220 1200.2 0.09 53.34 38.40 0.966 13.96 + 
10 7.77 2343 115.21 117.81 536 16.42 0.00 194.59 640 820.12 0.098 45.18 31.90 0.514 1.94 + 
11 7.66 440 18.62 26.80 106 4.69 0.00 228.14 98 72.12 0.343 127.23 23.40 <0.02 12.41 + 
12 7.89 341 38.42 31.00 38 5.08 0.00 187.88 78 56.13 0.306 125.56 19.20 <0.02 12.92 + 
13 7.57 452 38.43 48.99 56 5.08 0.00 234.85 114 72.15 0.662 136.34 32.80 <0.02 12.41 + 
GROUNDWATER 
The Quaternary aquifer 
14 8.10 3744 76.85 62.99 1144 7.04 0.00 322.08 1258 1034.16 0.404 5.25 0.03 1.577 8.79 + 
15 8.16 3349 238.62 167.80 710 7.82 0.00 369.05 880 1159.78 0.527 8.75 0.05 0.949 9.82 + 
16 7.95 2078 182.43 159.80 366 8.21 0.00 93.94 258 1056.12 0.495 40.25 0.23 0.353 14.99 - 
17 7.74 3452 315.45 143.13 698 0.59 0.00 201.30 850 1344.21 0.61 62.95 0.36 0.377 14.99 + 
18 7.66 1754 163.46 76.18 356 8.99 0.00 357.30 440 530.62 0.598 7.00 0.04 0.571 14.22 + 
19 8.18 471 26.67 20.78 106 10.56 0.00 134.20 120 120.23 0.299 22.75 0.13 0.594 17.06 + 
20 7.76 1449 171.32 46.17 262 30.10 0.00 254.98 500 312.31 0.694 26.25 0.15 7.610 14.99 + 
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21 7.76 1132 102.61 73.87 174 13.29 0.00 248.27 428 216.11 0.578 28.00 0.16 0.272 15.51 + 
22 7.60 1236 142.28 94.84 150 10.95 0.00 305.80 468 216.34 0.422 12.25 0.07 0.149 13.44 + 
23 7.75 1493 155.84 57.71 262 12.51 0.00 241.56 500 384.23 0.081 5.25 0.03 0.291 12.92 + 
24 7.69 719 117.83 41.55 76 10.56 0.00 297.70 220 103.43 0.09 15.75 0.09 0.047 13.96 + 
25 7.48 3700 134.44 206.45 864 9.77 0.00 194.59 1300 1088.62 0.082 75.51 4.30 0.642 8.79 + 
26 7.54 2619 96.45 138.64 650 2.35 0.00 402.60 450 1080.34 0.084 12.25 0.07 0.530 8.27 + 
27 7.86 3585 67.23 216.95 988 12.51 0.00 355.63 538 1584.12 0.128 14.00 0.08 0.386 6.98 + 
28 7.49 5528 272.71 196.72 1380 23.85 0.00 187.88 1200 2360.95 0.123 65.72 2.09 0.580 7.75 + 
29 7.36 3632 288.23 291.61 634 17.98 0.00 127.49 560 1776.23 0.093 48.15 1.15 0.290 5.82 - 
30 7.93 619 63.19 44.15 88 3.52 0.00 247.63 184 112.91 0.076 10.50 0.06 <0.02 16.54 + 
31 7.93 536 28.83 38.67 110 2.74 0.00 220.18 156 88.91 0.078 15.75 0.09 <0.02 12.41 + 
32 7.70 2669 192.17 163.30 508 16.42 0.00 134.20 930 792.17 0.079 26.25 0.15 0.300 6.20 + 
33 7.61 3013 211.25 216.95 558 10.56 0.00 295.24 860 1008.32 0.107 19.25 0.11 0.547 6.46 + 
34 7.78 1326 106.44 69.26 252 5.08 0.00 221.43 350 432.31 0.291 10.50 0.06 0.193 16.54 + 

 
Cont. Table 1: 

Sample 
No. pH TDS Ca2+ Mg2+ Na+ K+ CO3

2

- HCO3
- SO4

2- Cl- SiO2 NO3
- NH3 B3+ TOC Stuyfza

nd Code 
35 7.96 1142 57.62 102.64 212 7.82 0.00 294.70 305 310.36 0.124 52.13 7.35 0.210 9.30 + 
36 7.78 2053 90.03 162.13 416 8.99 0.00 271.56 640 600.27 0.112 5.25 0.03 0.331 23.26 + 
37 7.75 2133 144.16 163.30 356 12.51 0.00 241.56 520 816.34 0.092 1.75 0.01 0.331 2.58 + 
38 7.70 1999 144.21 154.60 336 18.76 0.00 390.80 640 510.25 0.099 3.50 0.02 0.462 13.70 + 
39 7.85 926 72.23 48.48 186 9.77 0.00 328.79 180 264.54 0.081 74.18 13.71 0.127 3.62 + 
40 7.84 1128 48.11 104.98 210 6.25 0.00 280.60 308 310.23 0.079 5.25 0.03 0.234 10.34 + 
41 7.92 494 49.44 27.70 100 7.04 0.00 395.89 40 72.16 0.663 7.00 0.04 <0.02 13.96 + 
42 8.18 276 22.79 19.15 56 2.74 0.00 129.30 26 84.21 0.426 36.75 0.21 <0.02 10.34 + 
43 7.94 1020 67.24 71.15 218 7.82 0.00 543.51 230 154.34 0.552 8.75 0.05 <0.02 13.96 + 
44 8.01 760 66.93 43.14 154 4.69 0.00 230.89 156 220.60 0.581 21.00 0.12 <0.02 12.92 + 
45 7.83 1087 48.16 58.32 278 0.59 0.00 462.99 240 230.62 0.639 19.25 0.11 <0.02 14.47 + 
46 7.92 687 62.83 41.82 148 4.69 0.00 363.12 30 218.21 0.614 10.50 0.06 <0.02 12.92 + 
47 7.93 819 56.76 62.49 174 0.59 0.00 416.15 90 227.32 0.657 7.00 0.04 <0.02 16.54 + 
48 8.11 698 70.32 48.53 128 0.59 0.00 311.17 116 178.62 0.72 10.50 0.06 <0.02 12.41 + 
49 8.06 567 42.44 38.52 114 5.08 0.00 322.08 126 80.41 0.525 14.00 0.08 <0.02 12.92 + 
50 7.97 1199 76.81 62.99 268 3.91 0.00 253.20 258 402.62 0.824 22.75 0.13 <0.02 15.51 + 
GROUNDWATER 
The Eocene aquifer 
51 7.78 2194 68.23 96.50 580 8.99 0.00 187.88 386 960.75 0.079 56.17 0.67 0.276 9.56 + 
52 7.93 1202 52.61 64.70 308 4.69 0.00 275.11 140 494.66 0.126 39.14 0.45 0.183 0.26 + 
53 7.74 1473 86.43 118.97 280 4.69 0.00 167.75 260 639.37 0.11 37.15 0.34 0.109 19.38 + 
54 7.13 1673 96.32 122.47 288 55.90 0.00 429.44 350 545.34 0.566 51.23 0.78 0.206 6.20 + 
55 7.46 817 72.27 46.17 146 4.69 0.00 208.01 186 258.34 0.281 48.13 0.49 <0.02 6.72 + 
Rain and Sea waters 
Sample No. pH TDS Ca2+ Mg2+ Na+ K+ CO3

2- HCO3
- SO4

2- Cl- 
Rain water  30 7.1 0.6 23 0.00 0.00 14.5 6.4 5.5 
Sea water  41106 520 1700 12250 474 0.00 207 3125 22830 

 
5- Ground Water Chemistry: 

 
5.1-Water salinity: 

 
According to Chebotarev (1955), the natural water is classified into three main categories of total salinity; 

fresh water (TDS up to 1500mg/l, μ=0.01-0.03); brackish water (1500 to 5000mg/l, μ=0.03-0.1) and saline 
water (TDS more than 5000mg/l, μ more than 0.1). 

For the surface water, the water salinity for the Nile River and irrigation canals ranges from 163 to 
213mg/l and 192 to 243 mg/l , with a mean value of 192mg/l and 217mg/l respectively, while the drains water 
salinity ranges from 339 to 3632mg/l, with a mean value of 1577mg/l, i.e., the surface water lies in the fresh 
water zone, except 40% of the drains water samples lies in brackish water, table (2).    

For the Pleistocene and Eocene aquifers, most of the groundwater samples of the Pleistocene and Eocene 
aquifers lie in the fresh zone, table (2). The fresh water type in the Pleistocene and Eocene aquifers is due the 
Eocene rocks and flushing for the water bearing formation in case of the Eocene aquifer. The presence of 
brackish and saline water types in the Pleistocene aquifer is due to the flushing of the Pliocene marine deposits 
intercalated with the Pleistocene matrix, carbonate materials that were transported from limestone plateau by 
weathering as well as over pumping activities, while in the Eocene aquifer; the presence of the brackish water 
type is due to marine depositional environments. 

From the iso-salinity distribution map of the Pleistocene aquifer (Fig.2), it is obvious that, there is one 
general direction of water salinity increase from northeast toward the southeast to the Plateau along the study 
area, i.e., there is a recharge from the East Naga-Hammadi canal and Akhmim El-Rasesse drain to the 
groundwater of the Pleistocene aquifer in the northeast direction. The higher values of water salinity are strictly 
confined to southeast of Dar El-Salam locality due to the leaching and dissolution process of Pliocene, Eocene 
and soil layers in addition to high salinity content of soil, high evaporation rates, over-pumping activity and the 
lack of drainage system in the reclaimed areas. lack of Nile irrigation water as well as the closest of the aquifer 
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to the  boundary of plateau Gomaa A.A. (2006). This reflects the impact of land reclamation projects on the 
groundwater. 

The faulting system influences greatly on the rate of precipitation-infiltration into the aquifer system and 
enhances the upward leakage from the underlying aquifers (saline) toward the Pleistocene aquifer. 
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Fig. 2: Iso-salinity contour map of the Pleistocene alluvium aquifer at Sohag area. 
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Table 2: Frequency distribution of water salinity according to ionic strength for both Pleistocene and Eocene  
               aquifer. 
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Table 2: Frequency distribution of water salinity categories among studies samples. 

Water 
 Type 

Total 
samples 

Fresh water (%) 
TDS<1500mg/l 
(μ=0.01-0.03) 

Brackish water (%) 
TDS=1500-5000mg/l 
(μ=0.03-0.1) 

Saline water (%) 
TDS=>5000mg/l 
(μ=>0.1) 

Whole aquifer (mg/l) 

Range Mean 

Surface water 
Nile 3 100% 0.00 0.00 163-213 192 
Canals 5 100% 0.00 0.00 192-243 217 
Drains 5 60% 40% 0.00 339-3632 1577 
Groundwater 
Pleistocene 37 59% 38% 3% 294-1233 773 
Eocene 5 60% 40% 0.00 809-2081 1411 

 
5.2-Impact of land reclamation projects on the groundwater chemistry. 
 
5.2.1-The Boron content: 

 
The concentrations of boron in the Nile and canals waters are <0.02mg/l while in drain waters it ranges 

from <0.02 - 0.97 (mean 0.3mg/l). In groundwater samples of the Pleistocene and Eocene aquifers it varies 
between <0.02 – 7.6 (mean 0.95mg/l) and <0.02 - 0.28 (mean 0.19mg/l), respectively. The relatively high 
content of boron in the groundwater of both aquifers compared with the surface waters indicates pollution from 
the excessive irrigation water as well as the Pleistocene aquifer is shallow zone in this position and the low 
concentration at the other wells is due to weak effect of irrigation water, where the aquifer is deep zone. This 
reflects the impact of land reclamation projects on the groundwater chemistry in east Sohag area where the 
majority of the Pleistocene aquifer is semi-confined and in some localities unconfined type, table (3).  
 
5.2.2- Nitrate content: 

 
The concentration of nitrate in the Nile, canals and drain waters ranges from 4.23 – 9.52 (mean 6.76mg/l), 

5.63 – 65.17 (mean 40.22mg/l) and 45.18 – 136.34 (mean 95.6mg/l), respectively, while nitrate concentration in 
groundwater samples of the Pleistocene and Eocene aquifers are 1.75- 75.51 with a mean of 23.31mg/l and 
37.15-56.17 with a mean of 46.45mg/l, respectively, table (6).  The high content of NO3

- for the Pleistocene 
aquifer relative to surface water is attributed to the excess amount of nitrogen fertilizers used in the cultivated 
area as well as seepage of irrigation canals and drains. In agricultural canals and drains water, high NO3

- 
concentrations are detected, reflecting the excess amount of nitrogen fertilizers used. Actually, canals and 
wastewater high in nitrate are adequate for crops where the maximum permissible concentration limit of nitrate 
ions is 45 mg/l. On the other hand, the high nitrate concentration in groundwater are more than the acceptable 
level of pollution (> 45mg/l) in 16 and 60% of the Pleistocene and Eocene aquifers samples, respectively, i.e., 
these samples are polluted as well as the Pleistocene aquifer is shallow zone in this position. The rest of the 
groundwater samples (84 and 40% of those aquifers samples, respectively), have concentrations less than the 
acceptable level of pollution. This reflects the impact of land reclamation projects on the groundwater chemistry 
in east Sohag area where the majority of the Pleistocene aquifer is semi-confined and in some localities 
unconfined type and the low concentration at these wells is due to weak effect of irrigation water, where the 
aquifer is deep zone table (3). 
 
5.2.3-Ammonia content: 

 
The concentration of ammonia in the Nile is N.D, where canals and drains waters ranges from 0.00 – 5.9 

(2.34mg/l) and 19.2 – 38.4 (mean 29.14mg/l), respectively, while ammonia concentration in groundwater 
samples of the Pleistocene and Eocene aquifers are 0.01 – 13.71 with a mean of 0.85mg/l and 0.34 - 0.78 with a 
mean of 0.55mg/l, respectively, table (3). Therefore, both aquifers have nearly the same concentration of 
ammonia.  The high content of NH3

 for both aquifers relative to surface water is attributed to the excess amount 
of nitrogen fertilizers used in the cultivated area as well as seepage of irrigation canals and drains. In agricultural 
canals and drains water, high NH3 concentrations are detected, reflecting the excess amount of nitrogen 
fertilizers used. Actually, canals and wastewater high in nitrate are adequate for crops where the maximum 
permissible concentration limit of ammonia ions is 0.5mg/l. On the other hand, the high nitrate concentration in 
groundwater are more than the acceptable level of pollution (> 0.5mg/l) in 14% and 40% of the Pleistocene and 
Eocene aquifers samples, respectively, i.e., these samples are polluted as well as the Pleistocene aquifer is 
shallow zone in this position. The rest of the groundwater samples (86% and 60% of those aquifers samples, 
respectively), have concentrations less than the acceptable level of pollution. This reflects the impact of land 
reclamation projects on the groundwater chemistry in Sohag area where the majority of the Pleistocene aquifer 
is semi-confined and in some localities unconfined type and the low concentration at these wells is due to weak 
effect of irrigation water, where the aquifer is deep zone table (3). 
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5.2.4-The Total organic carbon: 

 
The concentrations of total organic carbon in the Nile, canals and drain waters range from 7.5 – 8.6 (mean 

8.02mg/l), 5.17 – 11.37 (mean 8.01mg/l) and 1.94 – 13.96 (mean 9.93mg/l), respectively, while its concentration 
in groundwater samples of the Pleistocene and Eocene aquifers vary between 2.58 – 23.3 (mean 12.08mg/l) and 
0.26 – 19.38 (mean 8.82mg/l), respectively. The relatively high content of TOC in the groundwater of both 
aquifers compared with the surface waters indicates pollution from the excessive irrigation water as well as the 
Pleistocene aquifer is shallow zone in this position and the low concentration at the other wells is due to weak 
effect of irrigation water, where the aquifer is deep zone. This reflects the impact of land reclamation projects on 
the groundwater chemistry in east Sohag area where the majority of the Pleistocene aquifer is semi-confined and 
in some localities unconfined type, table (3).  

 
Table 3: Average of some minor element concentrations (mg/l) in the surface and groundwater of both aquifers in the study area. 

Minor elements Groundwater Surface water 
Pleistocene aquifer Eocene aquifer Nile water Canals Drains 

Boron 0.95 0.19 <0.02 <0.02 0.3 
Nitrate 23.31 46.45 6.76 40.22 95.6 
Ammonia 1.16 0.55 N.D 1.75 29.04 
Total organic 
carbon 12.08 8.82 8.02 8.01 9.93 

 
5.3-The hydrochemical coefficients (ion ratios): 

 
5.3.1- Sodium/chloride ratio (rNa+/rCl-): 

 
For surface water, the rNa+/rCl- ratios are more than unity for all samples. The rNa+/rCl- ratio ranges from 

1.35 to 1.48, 1.10 to 1.48 and 1.04 to 2.31 for Nile, canals and drains water, respectively. The increasing ratio in 
surface water may be attributed to the cation exchange process. 

Comparing the rNa+/rCl- ratio of groundwater of both aquifers with those of Nile and sea waters (>2 and 
<1, respectively), it is clear that, the sources of recharge for the Pleistocene alluvium aquifer is direct from 
canals and drains this reflects the meteoric water origin and the Eocene limestone aquifer is direct from sea 
water. This reflects the marine water origin, table (4). 

Most of the groundwater samples (70%) of the Pleistocene aquifer have values of rNa+/rCl- ratio more than 
unity (table 7). This reflects meteoric water recharge. Starinsky et. al. (1983) concluded that the increasing in 
Na+ ions may be theoretically originated by dissolution of sodium bearing silicates from country rocks.  

On the other hand, the rest of water samples (30% and 100%) of the Pleistocene and Eocene aquifer, 
respectively have values of rNa+/rCl- ratio less than unity. The decrease in Na+ ion concentration may be 
attributed to the adsorption of sodium ions on the fine argillaceous sediments and mixing with marine water rich 
in chloride ions (Starinsky, et. al., 1983) as a result of the over pumping activities beside the effect of marine 
deposits of Eocene aquifer, table (4). 
 
5.3.2- Sulfate/Chloride ratio (rSO4

2-/rCl-):        
 
 -For surface water, the rSO4

2-/rCl- ratio range from 1.1 to 1.43, 0.73 to 2.39 and 0.58 to 1.17 for Nile, 
canals and drains water, respectively. The high ratio in water is attributed to the cation exchange, leaching and 
dissolution of sulfate minerals from the return of irrigation water, table (7). 

-All groundwater samples of Eocene aquifer and 22% of the Pleistocene aquifer have rSO4
2-/rCl- ratio more 

than unity, i.e., SO4
2- > Cl-, indicating leaching and dissolution of sulfate minerals. The rest of samples (75%) of 

Pleistocene aquifer have rSO4
2-/rCl- ratio less than unity, i.e., Cl- > SO4

2-, reflecting the impact of marine 
deposits on both aquifers. 

  On the other hand, all Pleistocene and Eocene aquifer samples more than that of sea water (0.1), table (7). 
This indicates the dissolution of a local terrestrial source of sulfate such as gypsum, (CaSO4.2H2O), epsomite 
(MgSO4.7H2O), glauberite (Na2SO4.10H2O) and anhydrite (CaSO4). 

From the calculated non-cyclic sulfate (NCS= Cl/7.2 – SO4 mg/l), it is clear that, the negative values of 
NCS characterize all groundwater samples of the Pleistocene aquifer and Eocene aquifer groundwater samples, 
indicating the non-cyclic sulfate origin. This means that the principal source of SO4

2- ion is a terrestrial source. 
On the other hand, the positive values of NCS are recorded in sample No.46 of the Pleistocene aquifer which 
has value 0.31mg/l. This indicates that SO4

2- does not play any considerable role in water mineralization, i.e., 
the source of SO4

2- is a result of marine conditions. In general, the reported values of NCS increase as the water 
salinity increases in the water samples of the two aquifers table (4). 
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5.3.3- Calcium/magnesium ratio (rCa2+/rMg2+): 

 
For groundwater samples, 84% of the Pleistocene and all Eocene aquifers samples, respectively, have 

rCa2+/rMg2+ ratio nearly closer to unity, i.e., Mg2+ is nearly similar to Ca2+ , table (7). This can be attributed to 
the groundwater flowing entirely through dolomite terrain of the aquifer matrices (Meisler and Becher, 1967). 
On the other hand, about 16% of the Pleistocene aquifer have rCa2+/rMg2+ ratio more than unity and less than 
four. This means that Ca2+ exceeds Mg2+, indicating that groundwater is likely flowed in dolomitic-limestone 
terrain within the aquifer matrices (Meisler and Becher, 1967) as well as the groundwater is recharged mainly 
from the surface water, where calcium ions exceed the magnesium ones in the surface water samples. The rest 
of samples (84 and 100% of the Pleistocene and Eocene aquifers, respectively) have rCa2+/rMg2+ ratio less than 
unity, table (4).This means that Ca2+ exceeds Mg2+, indicating the precipitation of Ca2+ ions as calcium carbonate 
or sulfate in the pore spaces of rocks due to the long distance of water flow path (Hem, 1989). 

 Generally, all groundwater samples of the Pleistocene and Eocene aquifers, respectively have values of this 
ratio more than that of sea water (0.18) and less than that of rain water (table 7). This can be explained on basis 
of the presence of some carbonate and gypsum minerals within the aquifer matrices, leading to CO2-CaCO3 and 
CO2-CaMgCO3 interaction or gypsum dissolution. 

 
Table 4: Ranges and mean values of hydrochemical ratios of the different aquifers in the study area. 

Aquifer 
type 

Fresh water Brackish water saline water Aquifer as a total Rain 
water 

Nile 
water 

Sea 
water 

Range Mean Range Mean Range Mean Range Mean Mean Mean Mean 
rNa+/rCl- 
Pleistocene 0.95-2.25 1.37 0.52-1.76 0.98 0.95 0.95 0.52-2.25 1.2 0.64 2.54 0.85 Eocene 0.68-0.98 0.88 0.68-0.96 0.84  0.68-0.98 0.88 
rSO4

2-/rCl- 
Pleistocene 0.1-1.6 0.82 0.18-0.93 0.57 0.38 0.38 0.1-1.6 0.72 0.86 1.07 0.1 Eocene 0.21-0.53 0.36 0.3-0.47 0.39  0.21-0.53 0.36 
NCS 
Pleistocene -456.62-0.31 -201.2 -1148.8-(-111.32) -586.67 -872.09 -872.09 -1148.8-0.31 -372.3 -5.64 -18.98 45.8 Eocene -171.2-(-71.3) -127.02 -274.26-(-252.28) -263.27  -274.26-(-71.3) -180.67 
rCa2+/rMg2+ 
Pleistocene 0.19-2.25 0.82 0.19-1.34 0.68 0.84 0.84 0.19-2.25 0.82 7.18 1.4 0.185  Eocene 0.43-0.95 0.60 0.44-0.95 0.65  0.43-0.95 0.60 

 
5.4-Hypothetical Salt Combinations:  

 
Six main groups of salt combinations are distinguished in surface and groundwater samples as follows 

(table 5):  
Regarding hypothetical salt combination in the Nile River, irrigation canals waters, one main assemblage is 

detected (II), (table 5). The presence of Na2SO4 salt in this assemblage is true indication of dissolution of 
terrestrial salts from continental deposits. The presence of Mg(HCO3)2 and Ca(HCO3)2 salts indicates possible 
contamination of a meteoric water. Therefore, such water acquires its chemical composition from leaching and 
dissolution of terrestrial salts contents.  

In agricultural drain water, three main assemblage (I, II an III) is recorded, (table 5). 60% of the samples 
have the assemblage II and III (two and three sulphate salts) characterizes the agricultural drain which is 
affected by leaching and dissolution of sulphate minerals from aquifers matrices and returned irrigation water. 

In the groundwater, six main groups of salt combinations are distinguished (table 5). With regard to the 
groundwater samples of the Pleistocene aquifer (11%, 38% and 22%), respectively, are characterized by the 
assemblage of hypothetical salt combinations (I, II and III) that resemble the water of the Nile, canals and drains 
{NaHCO3 and Mg(HCO3)2} and {Ca(HCO3)2}with some contribution of cation exchange process. This 
confirms that the recharging process is mainly from surface water and the Pleistocene aquifer is hydraulically 
connected to each other. Also, most of water samples of Pleistocene aquifer (70%), table (5), are characterized 
by the assemblage of hypothetical salt combinations (I, II and III), regardless of their total salinities. This 
reflects the effect of leaching and dissolution of terrestrial salts (continental facies groundwater) with some 
contribution of cation exchange process as well as downward infiltration of the excess irrigation water of 
cultivated soils and seepage of irrigation canals and drains, where the majority of the Pleistocene aquifer is 
semi-confined and in some localities unconfined type This leads to the increase of water salinity. 

On the other hand, the groundwater samples of the Pleistocene and Eocene aquifers (5% and 40%, 
respectively), are characterized by the assemblage of hypothetical salt combination (IV), regardless of their total 
salinities. This assemblage (IV) includes two chloride and two bicarbonate salts, reflecting the effect of both 
terrestrial and marine salts (mixed facies groundwater).  

The rest of the samples {(22% and 2%) and (60% and 0%)} of the Pleistocene and Eocene aquifers, 
respectively, are characterized by the assemblage of hypothetical salt combination (V and VI), regardless of 
their total salinities. This assemblage (V and VI) contains two and three chloride salts, two and one sulfate salts 
and one bicarbonate salt, reflecting the effect of marine salt contamination (marine facies groundwater) with 
some contribution of cation exchange process.  
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Assemblages (I and II) represent an earlier and less advanced stages of chemical development than that of 

assemblage (III). Also, assemblages I and II (three and two bicarbonate salts, respectively) reflect the dilution 
effect of surface system (Nile water and its canals) on the groundwater, while assemblage (III) characterizes 
groundwater affected by leaching and dissolution of terrestrial salts. 

Aggradations (to progress by steps) in chemical development is noticed in groundwater dominated by salt 
assemblages I and II (earlier and less stages of chemical development), where three and two bicarbonate salts 
exist then that dominated by assemblages IV, V and VI (more advanced stage of chemical development), where 
two and three chloride salts are found. Assemblage IV (MgCl2 and MgCa(HCO3)2 salts) is considered as a 
transitional stage between continental and marine facies of groundwater. This indicates meteoric water origin 
influenced either by leaching of terrestrial salts or marine salts in these aquifers. 
 
Table 5: Assemblages of the hypothetical salt combinations of the surface water and different aquifers in the study area 

Assemblages of the hypothetical salt combinations 
Surface water Groundwater   
Nile 
River Canals Drains Pleistocene 

aquifer 
Eocene 
aquifer 

I-NaCl, Na2SO4, NaHCO3, Mg(HCO3)2 and Ca(HCO3)2 - - 20% 11% - 
II-NaCl, Na2SO4, MgSO4, Mg(HCO3)2 and Ca(HCO3)2 100% 100% 40% 38% - 
III-NaCl, Na2SO4, MgSO4, CaSO4 and Ca(HCO3)2 - - 40% 22% - 
IV- NaCl, MgCl2, MgSO4, Mg(HCO3)2 and Ca(HCO3)2 - - - 5% 40% 
V- NaCl, MgCl2, MgSO4, CaSO4  and Ca(HCO3)2 - - - 22% 60% 
VI- NaCl, MgCl2, CaCl2, CaSO4  and Ca(HCO3)2 - - - 2% - 

 
5.5- Geochemical classification based on ion relationships: 
 
5.5.1- Piper’s tri-linear diagram (1953): 

 
Piper graphical representation indicate that all the samples not fall in one zone (Fig. 3) indicate a different 

chemical signature and this show that a different types of water in the study area. To construct the Piper 
diagram, the relative abundance of cations with the %meq/L of Na++K+, Ca2+, and Mg2+ is first plotted on the 
cation triangle. The relative abundance of Cl-, SO42-, and HCO3-+CO32- is then plotted on the anion triangle. 
The two data points on the cation and anion triangles are then combined into the quadrilateral field that shows 
the overall chemical property of the water sample (Figure 3). Based on the general pattern of the plotted data on 
the diamond-shaped field, three groups are differentiated as follows: 

Sub area (7): includes 54% and 40% of the Pleistocene and Eocene aquifer, respectively and most of the 
drains water samples (60%), where the chemical character is dominated by primary salinity that is characterized 
by alkalies and strong acids. The existence of drainage water samples in the same area together with the 
groundwater samples indicates the interaction between drainage water and groundwater where noncarbonate 
alkali (primary salinity) exceeds 50 percent, that is, chemical properties of the groundwater are dominated by 
alkalies and strong acids. 

Sub area (9): includes 46% and 60% of the Pleistocene and Eocene aquifer, respectively, while 33% and 
40% of the Nile River and irrigation canals water samples respectively where no one of the cation-anion pairs 
exceeds 50%. This group represents the fresh water and fairly fresh groundwater of the Pleistocene aquifer 
which is more affected by the surface irrigation water where no one cation-anion pair exceeds 50 percent. 

 Sub area (5): includes 67%, 60% and 40% of the Nile River, irrigation canals and drains water samples 
respectively, where carbonate hardness (secondary alkalinity) exceeds 50 percent, that is, chemical properties of 
the groundwater are dominated by alkaline earths and weak acids. 
 
5.5-2-Stuyfzand classification (1986):  

 
The quality of groundwater in the study area reflects the geochemical processes to which it has been 

subjected and throws light on the recharge and the flow processes. In the area of study, the groundwater quality 
has been classified according to the method of Stuyfzand (1986 and 1989). In this method, the determination of 
the chloride, the total hardness, main cations and anions and the sum of (Na+, K+ and Mg2+) deficit or surplus 
compared to (Ca2+ + Mg2+) are taken as diagnostic criteria. 

Based on the data base of the water samples (table 1), they are classified according to a modified version of 
the Stuyfzand classification (1989). 
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Fig. 3: Piper’s diagram showing the chemical composition of water samples in the study area. 

   
A formula is applied in order to differentiate between fresh water and salt water intrusion. 

 
       [Na+ + K+ + Mg2+] corrected = [Na+ + K+ + Mg2+] measured – (1.063) Cl- 

 
Where the factor 1.063 equals (Na+ + K+ + Mg2+) / Cl-, in me/l, for the Mediterranean sea water.   
During sea water intrusion, Na+, K+ and Mg2+ are adsorbed, while some Ca2+ is desorbed and becomes in 

solution. During fresh water intrusion, the Ca2+ is adsorbed to the exchange sites and the others are expelled. 
Na+, K+ and Mg2+ are not always adsorbed or desorbed simultaneously during salt water or fresh water intrusion, 
respectively, Laeven (1991). These deviations from the empirical ion exchange reactions are quantitatively 
insufficient to influence the sign of [Na+ + K+ + Mg2+] corrected, Stuyfzand (1989). In some cases, [Na+ + K+ + 
Mg2+] parameter cannot be applied, especially when ions are added or removed from groundwater by processes 
other than adsorption or desorption, e.g., de-mineralization, table (6) which is used to indicate either fresh water 
or salt water intrusion. 
 
Table 6: Subdivision of subtypes into classes according to [Na+ + K+ + Mg2+] corrected for sea salt 

Class Code Condition (me/l) 
[Na+ + K+ + Mg2+] deficit - [Na+ + K+ + Mg2+]corr.< -√Cl/2  
[Na+ + K+ + Mg2+] equilibrium 0 - √Cl/2 ≤ [Na+ + K+ + Mg2+] corr. ≤ √Cl/2  
[Na+ + K+ + Mg2+] surplus + [Na+ + K+ + Mg2+] corr. > √Cl/2 

 
Where the code signs denotes; 
(-)       often points at a (former) salt water intrusion (somewhere). 
(0)       mostly indicates sufficient flushing water or stagnant condition. 
(+)       often points at a (former) freshwater intrusion (somewhere). 
 
It is assumed that all Cl ions originate from the sea, this fractionation of the major constituents of sea water 

upon spraying can be neglected, and that chloride behaves conservatively. The class boundaries at ± √(Cl/2) are 
compromise between the expected errors in chemical analysis, Stuyfzand (1986). 

This classification method can be used for tracing fresh water or salt water intrusion, due to cation 
exchange. All surface water samples (Nile River and its canals and drains), 100% and 95% of water samples of 
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the Eocene and Pleistocene aquifers, respectively, display a surplus of [Na+ + K+ + Mg2+] which points to fresh 
water flushing of both aquifers, while 5% of water samples of the Pleistocene aquifer display a deficit of [Na+ + 
K+ + Mg2+] which points to salt water intrusion, where Nile River and its canals and drains waters, and also the 
aquifers have the water classes of code (+), Fig.(4). Therefore, canals waters and, return flow water after 
irrigation represent the main recharge to both aquifers which lie on the western and eastern portions of Nile 
River. This is confirmed by the water salinity distribution, Fig.(2). 
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Fig. 4: Areal distribution of the groundwater classes of the Pleistocene and Eocene aquifers in East Sohag area  
            (According to Stuyfzand, 1986) 
 
5.5.3-Hydrochemical profile:  

 
The profile Fig.(5), is directed from Southeast to Northeast direction and starts from Dar El-salam sample 

No. 14 to Akhmim city sample No. 50 passing through 11 wells along the Pleistocene aquifer showing an 
irregular pattern characterized by non conspicuous trend for increase or decrease of water salinity (the 
fluctuation of salinity) and ions concentration. 

Generally, the hydrochemical properties along this profile reveal that TDS show irregular patern of 
decreasing form brackish water at Dar El-Salam samples No. 14 to fresh water at Akhmim city sample No. 50. 
The high TDS in Dar El-Salam area is due to over pumping, leaching and dissolution processes for the aquifer 
matrix and irrecharge due to insufficient surface water system. The irregularity in the content of the chemical 
species along the profile reflects the absence of branches of irrigation canal to the aquifer. The ions dominance 
change follows a sequence from (Cl- > SO4

2-> HCO3
-) wells Nos.  50 and 14 at Akhmim city and Dar El-Salam 

respectively, whrere the ion dominance change between these two well number (HCO3
->SO4

2->Cl-, HCO3
- >Cl-

>SO4
2-, Cl->HCO3

->SO4
2- to SO4

2->Cl->HCO3
-) due to leaching and dissolution processes. The profile is 

hydrochemically developed in this aquifer along southeast-northeast direction (Fig. 5), where the general flow 
of groundwater is in the same direction of hydrochemical evolution of such profile. The discussion of this 
profile could be outlined in the following main points: 

 -NaCl salts appear in all groundwater samples along the profile. It ranges between 22% and 67%.  
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-NaHCO3 and MgHCO3 salts appear only at groundwater samples No. 41, 43, 45 and 49 which reflect the 

recharge from surface water. 
-MgSO4 salt disappears in groundwater samples No. 16, 41, 43, 45 and 49 which reflect the recharge from 

surface water and it appears in the rest samples along this profile. It ranges between 1% and 36%. 
-MgCl2 salt disappears in all groundwater samples except for samples No. 15, 16, 17, 26, 27, 28, 29, 32, 33, 

34 and 37. This is due to leaching of Pliocene deposits. It ranges between 2% and 36%.  
-Ca(HCO3)2  salt ranges between 3% and 39% which increases toward southeast at sample No. 24. 
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Fig. 5 : Hydrochemical profile in SE-NE direction. 

 
6- Statistical analysis 
 
6.1-Pearson Correlation Coefficients 

 
The close inspection of correlation matrix was useful because it can point out associations between 

variables that can show the overall coherence of the data set and indicate the participation of the individual 
chemical parameters in several influence factors, a fact which commonly occurred in hydrochemistry (Helena et 
al., 2000). The Pearson correlation coefficient matrix is given in the Table (7). The variables having coefficient 
value (r) >0.5 are considered significant. Inspection of the table reveals that TDS is positively related with 
SO42-, Cl-, Ca2+, Mg2+, Na+ and Sr. EC is positively related with TDS, SO42-, Cl-, Ca2+, Mg2+, Na+ and Sr. The 
same matrix gives the maximum variance as shown in the principal component analysis-factor 1. This further 
substantiates the significance of the analysis. HCO3-, K+, TOC, NH4+, Al3+ shows no correlation either positive 
or negative with any variable. Cl- is positively related to Na+, Ca2+, Mg2+ and Sr. SO42- is positively related with 
Cl-, Ca2+, Mg2+, Na+ and Sr. Na+ associates itself with Sr. Ca2+ is positively related with Mg2+, Na+ and Sr. 
Mg2+ is positively related with Na+ and Sr. NO3- is positively related with NH4+ and Al3+. This is the sole case 
in the present Pearson matrix. Finally Fe2+ shows positive relation with Al3+. The variation in relationship 
indicates the complexity of the quality of groundwater. And further depicts the effect of rock – water interaction. 
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Table 7: Pearson Correlation. 

 EC TDS HC
O3 

SO4 Cl Ca Mg K Na NO3 TOC NH4 Fe Al Sr 

EC 1.000               
TDS 0.986 1.000              
HCO3
2- 

0.064 0.098 1.000             

SO4
2- 0.867 0.915 0.067 1.000            

Cl- 0.974 0.964 0 0.784 1.000           
Ca2+ 0.759 0.774 0.026 0.7 1 1.000          
Mg2+ 0.84 0.867 0.069 0.757 1 0.729 1.000         
K+ 0.393 0.378 0.129 0.378 0 0.361 0.399 1.000        
Na+ 0.965 0.971 0.126 0.882 1 0.632 0.76 0.304 1.000       
NO3

- 0.034 0.015 -0.291 -0.004 0 -0.027 0.01 0.057 0.017 1.000      
TOC -0.155 -0.154 0.164 -0.081 0 -0.019 -0.131 -0.175 -0.173 -0.137 1.000     
NH4

+ 0.039 0.05 -0.136 0.123 0 -0.099 0.086 0.1 0.052 0.667 -0.112 1.000    
Fe2+ -0.228 -0.232 -0.271 -0.159 0 -0.073 -0.171 0.119 -0.274 0.278 0.025 0.115 1.000   
Al3+ -0.27 -0.288 -0.242 -0.248 0 -0.22 -0.263 -0.063 -0.283 0.506 -0.096 0.333 0.715 1.000  
Sr 0.833 0.796 -0.092 0.718 1 0.782 0.74 0.469 0.712 0.064 0.035 0.035 -0.11 -0.245 1.000 

 
6.2-Factor Analysis: 

 
Factor analysis offers a powerful means of detecting such similarities among the variables or samples. The 

purpose of factor analysis is to interpret the structure within the variance–covariance matrix of a multivariate 
data collection. The technique which it uses is extraction of the eigen values and eigen vectors from the matrix 
of correlations or covariances. Thus, factor analysis is a multivariate technique designed to analyses the 
interrelationships within a set of variables or objects. 

In all the Principal component analysis generated four significant factors (Table 8). These factors explain 
78.68 % of variance. Each factor consists of variable with eigen value more than 1. The factors are given in 
descending order depending upon the variance. The factor having highest variance is assigned number 1 
position and with least variance is given the fourth place. The first eigen value is 7.15 which accounts for 
47.66% of the total variance and this constitutes the first and main factor, is characterized by very high loadings 
of EC, TDS, SO42-, Cl-, Ca2+, Mg2+, Na+  and Sr. It includes high values of EC, TDS, Ca, Mg, K, Na, SO4, 
and Cl with positive loadings. It is attributed to evaporation, dissolution, and agricultural impact. Factor 1 is 
called lithogenic and anthropogenic sources.  

This factor reveals that the EC and TDS in the study area are mainly due to Na and CI, which suggest that 
both mixing and water-rock interaction are responsible for the salinity of groundwater this case is true as the 
area consist of alluvium, total hardness variability in the groundwater of the area. It is well known that the TH is 
connected to Ca2+ and Mg2+ content of the water. The present of SO42- explains the signature of livestock 
excrement to the groundwater. Finally the Sr2+ may be due to dissolution of lithogenic materials. The second 
eigen value is 2.48 which accounts for 16.52% of the total variance and this constitutes the second factor, is 
characterized by very high loadings of NO3-, NH4+, Fe3+ and Al3+. The higher loading of ammonia and nitrate 
indicates pollution of groundwater by domestic waste water infiltrating from the irrigation canals and drains 
systems. Iron and aluminum loading may be due to dissolution of lithogenic materials with positive loading. The 
third eigen value is 1.18 which accounts for 7.83% of the total variance and this constitutes the third factor, 
which characterized by very high loadings of Fe3+ and low loadings of TOC. The iron loading may be due to 
dissolution of lithogenic materials with positive loading and the low loading of TOC can be endorsed to 
agricultural sources such as fertilizers, industrial, human and animal waste. The fourth eigen value is 1.03 which 
accounts for 6.85% of the total variance and this constitutes the fourth factor, which characterized by medium 
loadings of HCO3-, TOC and NH4+, the bicarbonate may be an indicator of the hydrochemical effect of leakage 
from irrigation canals. The TOC and ammonia may be indicate pollution of groundwater by domestic waste 
water infiltrating from the irrigation canals and drains systems. 

In conclusion, The first two factors which explain most of the total variance of the data, could be considered 
as representative of the factor model. The four factors seem to control the groundwater chemistry in the study 
area, and are positively correlated with the overall mineralization of groundwater. 
 
6.3-Cluster Analysis: 

 
Cluster analysis is a type of Multivariate statistical method. It is technique used as a form of categorization i

n grouping data based on the similarity to several  variables.(Sparks, 2000).  
Hence the similarity between groups of samples can be obtained by Hierarchial cluster analysis (Vega et.al., 

1998). In order to classify the objects of the system into categories or clusters based on their nearness or 
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similarity (Panda, et. al., 2006). Agglomerative hierarchical clusters are formed sequentially, by starting with the 
most similar pair of objects and forming higher cluster step by step. 

 
Table 8: Varimax rotated R-mode factor loading matrix 

Variable Factor 1 Factor 2 Factor 3 Factor 4 
EC 0.980 0.00 0.00 0.00 
TDS 0.987 0.00 0.00 0.00 
HCO3

- 0.00 0.00 0.00 0.625 
SO4

2- 0.896 0.00 0.00 0.00 
Cl- 0.958 0.00 0.00 0.00 
Ca2+ 0.819 0.00 0.00 0.00 
Mg2+ 0.890 0.00 0.00 0.00 
K+ 0.453 0.00 0.00 0.00 
Na+ 0.933 0.00 0.00 0.00 
NO3

- 0.00 0.822 0.00 0.00 
TOC 0.00 0.00 0.423 0.619 
NH4

+ 0.00 0.681 0.00 0.404 
Fe3+ 0.00 0.633 0.627 0.00 
Al3+ 0.00 0.765 0.00 0.00 
Sr2+ 0.859 0.00 0.00 0.00 

 
One of the main purposes of cluster analysis in this study is to identify samples affected by recharge from 

irrigation canals and drains. To detect spatial similarity among groups, cluster analysis (CA) was applied on 42 
groundwater samples and 13 surface water samples. The Ward`s method (Willet, 1987) was applied (Linkaged). 
This method using squared Euclidean distance as a measure of similarity possesses a small space distorting 
effect. between groups. This method using square Euclidian distance and synthesized in dendrogram (Fig. 6). 
Cluster analysis for water samples has successfully extracted three clusters:  Cluster 1, represents the affected 
ground water samples of Pleistocene (42, 30, 49, 41, 19, 31, 21, 22, 35, 50, 40, 43, 47, 46, 48, 44, 24, 39 and 45) 
and Eocene aquifer samples (52 and 55) by recharge from the irrigation canals (Sample Nos. 4, 5, 6, 7 and 8) 
and drains (Sample Nos. 12, 11 and 13), where the TDS ranges between (294 and 1236mg/l, with an average 
value of 803mg/l) and (809 and 1055mg/l, with an average value of 932mg/l). This is confirmed by the 
following ion dominance; HCO3>SO4 or Cl /Na>Mg>Ca for the Pleistocene aquifer samples and 
Cl>HCO3>SO4 /Na>Mg>Ca for the Eocene aquifer samples. Cluster 2,  represent the affected ground water 
samples of Pleistocene (36, 38, 37, 18, 23, 34, 20, 16, 32, 26, 33 and 15) and Eocene aquifer samples (53 and 
54) by recharge from the drains (Sample No. 12), where the TDS ranges between (1325 and 3013mg/l, with an 
average value of 2056mg/l) and (1433 and 2081mg/l, with an average value of 1727mg/l). This is confirmed by 
the following ion dominance; for the Pleistocene and Eocene aquifer samples and Cl>SO4>HCO3 -Na>Mg>Ca. 
Cluster 3, represent the affected ground water samples of Pleistocene aquifer (Sample Nos. 27, 29, 25, 14, 17 
and 28) by recharge from the drains water (Sample No. 9), where the TDS ranges between 3457 and 5276mg/l, 
with an average value of 4014mg/l. This is confirmed by the following ion dominance; Cl>SO4>HCO3 
/Na>Mg>Ca. 

In conclusion, the cluster analysis seems to confirms factor analysis of the groundwater chemistry in the 
study area. 

 
6.4- Mixing proportions of four initial waters: 

 
In Netpath program, mixing of two or more initial waters is modeled to show hydrogeochemical processes 

taking place due to mixing and migration of waters from two or more sources of recharging groundwater 
aquifer. The prevailing minerals in the formations, through which the migrating water passes and interacts, were 
used in the model. Ground-and surface-water chemistry cannot be dealt with separately where surface and 
subsurface flow systems interact. 

The NETPATHXL program has been used to calculate the mixing ratio at the final water between four 
initial waters. The first initial water is sample No. 1 which represents the Nile River. The second initial sample 
No. 4 which represents the irrigation canals. The third initial sample No. 13 which represents drains. The fourth 
initial sample which represent the Pleistocene aquifer that has no leakage from the surface water. The final 
water is the sample which we need to estimate the mixing ratio between the four initial waters in it.  The results 
are tabulate in table (9). 

The contribution of recent recharge from surface water to the Pleistocene aquifer in the study area varies 
largely (0.0% to 94%, avg. 20.72%) and a really controlled by the lithological and structural elements which 
either facilitate the recharge or act as a barrier against it. 

It is obvious that, the mixing ratios between the surface and groundwater have been calculated. the mixing 
ratio in the final Pleistocene aquifer groundwater (Wells Nos. 19, 35, 39, 40 and 45) is quite high. This again a 
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clear indication of the vital importance for the contribution of surface water (River Nile, drains and canals)  
leakage for the Pleistocene aquifer groundwater system. 
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Fig. 6: Dendrogram of the cluster analysis. 
 
Table 9: Mixing ratios for the study area, calculated using NetpathXL. 

Sample No. Irrigation canals% No. (4) Drains% No. (13) Pleistocene aquifer% 
15 12.74 57.1 30.16 
17 11.87 20.22 67.91 
18 62.95 17.66 19.39 
19 94.09 1.41 4.5 
26 65.69 27.6 6.71 
27 49.88 13.13 36.99 
32 37.1 52.59 10.31 
33 0 16.35 83.65 
34 71.91 10.74 17.35 
35 78.73 15.31 5.96 
36 50.91 45.59 3.5 
37 34.92 60.59 4.49 
39 85.79 2.64 11.57 
40 76.77 20.14 3.09 
45 84.33 11.93 3.74 
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7-Evaluation of surface and groundwaters quality for different purposes: 
 
7.1-Evaluation of surface and groundwaters quality for drinking purposes:      

 
Applying the water quality guidelines for human drinking uses (Higher committee for water, 2007), it is 

clear that;    
A-All Nile River and its irrigation canals waters and 60% of agricultural drains samples are suitable for 

drinking, since they have water salinity and concentrations of major ions less than that of the permissible limits 
(1000mg/l). Likewise, most groundwater samples of the Pleistocene and Eocene aquifers (62% and 80%, 
respectively), are unsuitable for drinking since they have water salinity and concentrations of major ions higher 
than that of the permissible limits. In contrast, the rest of the groundwater samples of Eocene and Pleistocene 
aquifers (38% and 20%, respectively), are suitable for drinking because they have water salinity and 
concentrations of major ions less than that of the permissible limits (1000mg/l). 

B- All Nile River samples are suitable for drinking water for all trace elements (B3+ ,Fe3+, Pb2+, Co2+, 
Ni2+,Mo2+ ,Cu2+, Cd2+, Cr3+, Mn2+, Al3+ and Zn2+), while all samples of irrigation canals are suitable for drinking 
water for all trace elements except 80% and 80% for Fe3+ and Al3+ respectively. But for drains samples are 
suitable for drinking water for all trace elements except 40%, 60%, 20% and 40% for Fe3+,Pb2+, Al3+ and B3+ 
respectively and groundwater samples of both aquifer are suitable for drinking water for all trace elements 
except 24%, 16%, 46%, 14%, 16% and 24% for the trace elements Fe3+, Mn2+, pb2+, Mo2+, Al3+ and B3+ 
respectively for the Pleistocene aquifer, while 20%, 20%, 20%, 20% and 60% for the trace elements Fe3+, Mn2+, 
Al3+ Mo2+ and Pb2+respectively for the Eocene aquifer, so they must be treated by available techniques before 
use for drinking.   
 
7.2-Evaluation of surface and groundwaters for Suitability for Irrigation Use: 

 
The water quality evaluation in the area of study is carried out to determine their suitability for agricultural 

purposes. In order to classify the groundwater samples for irrigation uses the U.S. Salinity Laboratory staff 
classification (Richards, 1954) has been used for the surface and groundwaters samples in the study area (Fig.7), 
it suggests that all Nile River and its canals water are represented by (East Naga-Hammadi canal which 
considers the main irrigation canals and other irrigation canals are of good water class for irrigation (C2-S1), 
while the study reveals that  Agriculture drains are represented mainly by (Akhmim El-Rasesse drain) have 60% 
of the samples are good water for irrigation (C2-S1 and C3-S1) and 40% of the samples are intermediate water for 
irrigation (C4-S3) table (10). 

2-For Pleistocene aquifer, 46% of the groundwater samples are good water for irrigation (C2-S1, C3-S1 and 
C4-S1), while 35% of the samples are moderate water for irrigation (C3-S2 and C4-S2) and 8% of the samples are 
intermediate water for irrigation (C4-S3). On the other hand, the rest of the groundwater samples (11%) are 
unsuitable for irrigation (C4-S4), table (10). 

3-For the Eocene aquifer, 20% of the groundwater samples are good for irrigation (C3-S1), while 60% of the 
samples are moderate for irrigation (C3-S2 and C4-S2) and 20% of the samples are intermediate for irrigation 
(C4-S3)., table (10).   

In conclusion, 100% of the surface waters and, most of the groundwater samples (90%) are suitable for 
irrigation under ordinary conditions while the rest of groundwater samples (10%) are suitable for irrigation 
under special conditions. 

 Infact, the water suitability is associated with soil properties and crop type. Therefore, at least some, if not 
all, groundwaters in the study area can be need management strategies. 
 
Table 10: Evaluation of the surface and groundwaters in the study area for irrigation according to Richard’s (1954) 

Grade of classification Nile River Irrigation canals Drains Pleistocene 
aquifer 

Eocene 
aquifer 

Good water class 100% 100% 60% 46% 20% 
Moderate water class 0% 0% 0% 35% 60% 
Intermediate water class 0% 0% 40% 8% 20% 
Bad water class 0% 0% 0% 11% 0% 
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Fig. 7: U.S. Lab. Classification of irrigation water of the surface and groundwater in Sohag area. 

 
8-Conclusion: 

 
This study illustrates that the River Nile and its aquifer as the main sources of drinking and irrigation water 

in Egypt is facing serious pollutant problems. In addition to this study Monitoring the groundwater properties 
and quality for providing sustainable development in the study area. Many factors are controlling groundwater 
composition in Sohag area including leaching, dissolution and precipitation of salts and minerals, ion exchange, 
human activities represented by agriculture and urbanization as well as climate and the poor drainage 
conditions. These factors work together to change the hydrochemical properties of groundwater and its relative 
concentration of major ions.              

There are two aquifers detected in Sohag governorate; Pleistocene and Eocene aquifers. The aquifers  is 
recharged from the dominated surface water in the irrigation canals, the percolation of the return flow after 
irrigation and probably from upwared flow from deeper aquifers. Most of the groundwater samples of the 
Pleistocene and Eocene aquifers lie in the fresh zone, while the brackish and saline water is less pronounced. 
The fresh water type in the Pleistocene and Eocene aquifers is due to the continental origin of the water bearing 
formation in case of the Pleistocene aquifer and flushing for the water bearing formation in case of the Eocene 
aquifer.  

The presence of brackish water type in the Pleistocene aquifer is due to the Pliocene marine deposits 
intercalated, carbonate materials that was transported from the limestone plateau by weathering as well as over-
pumping activities especially at southeast Dar El-Salam locality, while in the Eocene aquifer; the presence of the 
brackish water type is due to marine deposits.  

There is a general direction of water salinity increase from the northeast toward southeast in all the study 
area, i.e., there is recharge from the irrigation canals and drains to the groundwater of the Pleistocene aquifer. 
The higher values of water salinity is strictly confined to southwest of Dar El-Salam locality due to over-
pumping activity. This reflects the impact of land reclamation projects on the groundwater quality.  

 
A methodology has been used to facilitate the proper characterization of the hydrochemistry of surface and 

groundwater. The methodology is based on the combined use of factor and cluster analyses. Cluster analysis 
indicated a vital importance, contribution of surface water (drains and canals) on the Pleistocene aquifer 
groundwater system. The cluster analysis seems to confirms factor analysis of the groundwater chemistry in the 
study area. 

The relatively high values of boron in the groundwater of both aquifers compared with the surface waters, 
attributed to agricultural activity especially fertilizers and pesticides. Both aquifers and surface water nearly 
have the same concentration of phosphate, indicating the recharge from the surface water to groundwater of 
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these aquifers. The high values of NO3

- for both aquifers relative to surface water is referred to the excess 
amount of nitrogen fertilizer used in this cultivated area as well as seepage of irrigation canals and drains. 

From ion ratios, ion dominance, hypothetical salts combinations and statistical analysis; the surface water 
(irrigation canals and drains) and downward infiltration of the excess irrigation water of cultivated soils are the 
main sources of recharge for the Pleistocene and Eocene aquifers. This is confirmed by the appearance of the 
three or two bicarbonate salts [NaHCO3, Mg(HCO3)2 and Ca(HCO3)2] in the irrigation canals and drains water 
and, in groundwater samples of both aquifers.  

In addition, the similarity in chemical composition of the surface water, most of groundwater of the 
Pleistocene aquifer and some groundwaters of the Eocene aquifer reflects a meteoric water origin and the 
recharge of fresh water to both aquifers.  This may suggest that, the two aquifers are hydraulically connected.  

Based on Piper, Hydrochemical profile, Stuyfzand classification and statistical analysis constructed in this 
work, it is obvious that;  54% of the Pleistocene aquifer and 40% of the Eocene aquifer and 60% of drains water 
samples are dominated by alkalis and strong acids (primary salinity), which reflects the impact of marine 
environment. On the other hand, 40% of the irrigation canals water and, 46% and 60% of the groundwater 
samples of Eocene and Pleistocene aquifer, respectively are dominated by alkaline earths and weak acid 
(secondary alkalinity), this reflects the effect of recharge for the Eocene and Pleistocene aquifer from meteoric 
water (Irrigation canals) more than that of Eocene aquifer. 

The groundwater samples of both aquifers have the similarity chemical evolution which may confirm the 
hydraulic connection between the two aquifers that caused by through the faults plain. The Stuyfzand 
classification indicates that return flow water after irrigation and drains represent the main recharge to both 
aquifers, where groundwater of both aquifers and, irrigation canals and drains waters have a water class of code 
(+). 

The majority of the surface and groundwater samples in the study area are suitable for drinking. All surface 
waters and, the majority of groundwaters samples are suitable for irrigation under the ordinary conditions while 
the rest of groundwater samples are suitable for irrigation under special conditions. 
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