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Abstract The continuous growth and development of popula-
tion need more fresh water for drinking, irrigation, and domes-
tic in arid countries like Egypt. Evaluation the quality of
groundwater is an essential study to ensure its suitability for
different purposes. In this study, 812 groundwater samples
were taken within the middle area of Upper Egypt (Sohag
Governorate) to assess the quality of groundwater for drinking
and irrigation purposes. Eleven water parameters were ana-
lyzed at each groundwater sample (Na*, K*, Ca**, Mg**,
HCO;~ SO4%, Fe**, Mn**, CI, electrical conductivity, and
pH) to exploit them in water quality evaluation. A classical
statistics were applied for the raw data to examine the distribu-
tion of physicochemical parameters in the investigated area.
The relationship between groundwater parameters was tested
using the correlation coefficient where a strong relationship
was found between several water parameters such as Ca®*
and Cl". Water quality index (WQI) is a mathematical model
used to transform many water parameters into a single indicator
value which represents the water quality level. Results of WQI
showed that 20% of groundwater samples are excellent, 75%
are good for drinking, and 7% are very poor water while only
1% of samples are unsuitable for drinking. To test the suitability
of groundwater for irrigation, three indices are used; they are
sodium adsorption ration (SAR), sodium percentage (Na%),
and permeability index (PI). For irrigation suitability, the study
proved that most sampling sites are suitable while less than 3%
are unsuitable for irrigation. The spatial distribution of the
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estimated values of WQI, SAR, Na%, PI, and each groundwa-
ter parameter was spatially modeled using GIS.

Keywords Groundwater - GIS - Spatial modeling - WQI -
SAR - PI

Introduction

Groundwater is used for domestic, industrial water supply, and
irrigation all over the world. Egypt is located within the arid zone
of north Africa where the freshwater quantity is limited and
mainly extracted from the river Nile (Ahmed and Ali 2011). It
supplies about 97% of the annual renewable water resources in
Egypt (Walaa 2014). The groundwater represents the second
source for the freshwater in the study area that is originating
mainly from the surface water bodies. Egypt relies heavily on
surface water from the Nile river, with an annual quota of
55.5 billion m® year " allocated according to the 1959 agreement
between Egypt and Sudan (Hassan and Rasheedy 2007).
Currently, the total annual water demands of all socio-
economic sectors in Egypt are estimated to be 76 billionm” year ',
while the total quantity of water from all sources is estimated as
65 billion m* yeaf1 (Walaa 2014; MaCalister et al. 2012; Farrag
2005). Therefore, surface Nile water is insufficient to meet all the
Egyptian’s demands due to increasing of the population, new
cities, and new projects. Also, the Grand Ethiopian
Renaissance Dam (GERD) constructed on the Blue Nile is
expected to increase the water crisis in Egypt. The GERD has
an active storage capacity of approximately 74 billion m® and the
energy reduction from High Aswan Dam is expected to reach
12% from the total annual energy output by the dam during the
filling of GERD, while the losses of water will reach to 22% of
the coming water to Egypt (Mulat and Moges 2014). So,
groundwater can partially help in providing some of the new
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projects by the significant amount of fresh water. Urbanization,
industrialization, and irrigation system in Egypt have affected the
availability and quality of groundwater due to its overexploita-
tion and improper waste disposal. Once the groundwater is con-
taminated, its quality cannot be restored by stopping the pollut-
ants from the source (Ramakrishnaiah et al. 2009). Therefore,
assessment of water quality is very important for decision mak-
ing and water organization.

Water quality index (WQI) measures the quality of water for
drinking and other purposes. It transfers several water parame-
ters to give only a single number to assess the overall water
quality at a certain location and time (Boateng et al. 2016;
Akter et al. 2016). WQI is a valuable and unique rating to
depict the overall water quality status in a single term that helps
for selecting proper treatment technique. It was used in several
studies to assess surface water quality (Ravikumar et al. 2013),
groundwater (Gebrehiwot et al. 2011; Rajankar et al. 2010),
and river’s bodies (Trivedi et al. 2009; Singh et al. 2008).

There are many indices used to examine the quality of water
for irrigation; they are sodium adsorption ratio (SAR), sodium
percentage (Na%), and permeability index (PI) (Subramani
et al. 2005). SAR tests the excessive of sodium content relative
to the calcium and magnesium which reduces the soil perme-
ability and thus inhibits the supply of water needed for the
crops (Aly et al. 2015). The Na% in soil is considered imper-
ative for groundwater solubility for irrigation purpose because
it reduces the soil permeability after reacting and supports little
or no plant growth. PI is a significant parameter for the irriga-
tion water suitability and affects soil permeability.

GIS is a powerful tool to assess water quality parameters, to
figure water availability, to understand the natural environ-
ment, and to manage water resources (Singh and Khan
2011). Spatial analysis extension of GIS allows interpolation
of the groundwater quality parameters at unknown location
from known values to create a continuous surface which helps
us to understand the distribution of water quality parameters
of the study area (Shabbir and Ahmad 2015; Sumathi et al.
2008). There are various interpolation techniques such as in-
verse distance weighted (IDW), spline, trend surface analysis,
and kriging available in ArcGIS 10 (Johnston et al. 2001).

Ahmed (2007) used DRASTIC GIS-based model to assess
the vulnerability of contamination in the investigated area.
Ahmed and Ali (2011) used geochemical modeling
techniques and GIS to discuss the integrated role of
geochemical processes, agriculture, and urbanization in the
evaluation of groundwater composition and their impacts on
groundwater quality in Sohag Governorates. Tahlawi et al.
(2014) used several water quality indices to assess the suit-
ability of groundwater for different purposes. Their study was
applied on Assiut Governorate at the north of the investigated
area that has similar hydrogeological and aquifer structure.
Geochemical mobilization of heavy metals in water has been
studied by Melegy et al. (2014) as an important reason for

many diseases of Sohag Governorate. They collected 42
groundwater samples from the Quaternary aquifer and eight
samples from surface water of Sohag Governorate.

The objectives of this study were to (1) assess the ground-
water quality for drinking purposes using WQI, to (2) evaluate
the sampling sites for irrigation purposes, to (3) model the
spatial distribution of water parameters using GIS, and to (4)
find the locations of the most unsuitable water.

Materials and methods
Study area

This study is applied on a district in Upper Egypt at
Sohag Governorate as illustrated in Fig. 1. The area is
located between 26.907 N, 31.288 E and 26.59 N,
31.653 E. It is located at 400 km south of Cairo and
includes four main regions, from south to north,
ElMaragha, Tahta, and Tema regions and Gehayna region
at the south of Tahta. The Nile valley aquifer system is
assigned to the Quaternary and Late Tertiary and occupies
the Nile floodplain and desert fringes (Farrag 2005; El
Arabi 2012). The Quaternary aquifer system in the study
area is formed by the alluvial deposits of the Nile and
consists of two layers as given in Fig. 1b. The upper layer
is the clay-silt layer, which has low horizontal and vertical
permeability. This layer is laterally extensive, having the
greater thickness near the river channel and vanishing
near the valley fringes where it is overlain by desert
sands. The lower layer is the graded sand member which
forms the main aquifer having high horizontal and vertical
permeability. The lower boundary of the aquifer is imper-
vious due to the presence of extensive and thick deposits
of the Pliocene clays of very low permeability (Ahmed
and Ali 2011; Youssef et al. 2011; Farrag 2005). The
investigated subsurface lithologic well logs for the study
area indicated that the area is composed of six categories
which are clay, clay and sand, fine sand, coarse sand, sand
and gravel, and gravel (Ahmed 2009).

According to land use, the study area can be divided to
three regions, old agricultural region (located near the
Nile river and water canals), reclaimed region (located at
both sides of Nile valley with great extension at the west
area), and desert fringes at both sides of the study area as
illustrated in Fig. 1. Agriculture is the main activity of the
study area but in some locations, food and cement indus-
tries may be found. Most of the population in the inves-
tigated area has no sewage system. Wastewater is dis-
posed individually into the ground by digging a covered
hole in houses. The main wastewater disposal stations are
installed within the west regions of the research area.
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Fig. 1 a Location of the study area and sites of groundwater samples. b Hydrogeological section of the study area (Awad et al. 1995; Ahmed 2009)

To evaluate the groundwater quality in the study area, 812
groundwater samples were taken from the several purposes
wells, most of them for irrigation and drinking. Groundwater
wells have depths varying from 27 to 120 m. The groundwater
samples were collected and analyzed by the sector of ground-
water irrigation in Upper Egypt, belonged to Ministry of
Water Resources and Irrigation.

The groundwater samples were chemically analyzed to
check the quality of groundwater and sources of pollution with-
in the study area. The measurements of physiochemical

@ Springer

parameters pH and electrical conductivity (EC) were carried
out in the field using portable instruments. Eleven water param-
eters were measured for each groundwater sample; they are
sodium, potassium, calcium, magnesium, bicarbonates, sulfate,
iron, manganese, chloride, electrical conductivity, and pH.

Water quality index

WQI is used to evaluate the quality of groundwater for
drinking purposes (Rajankar et al. 2010; Kumar et al.
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2007). WQI can be calculated in this study to assign
groundwater quality using the 11 measured parameters
at each site. The groundwater limits were assigned
weights (wi) from 1 to 4 according to its impact degree
of this contamination on the human health. The first
step for WQI estimation is to estimate the relative
weight of each parameter, as given in Eq. (1) (Shabbir
and Ahmad 2015).
Wi

n
Wi
=1

L

where w; is the weight of each parameter, W; is its
relative weight, and »n is the number of groundwater
parameters. The next step is to estimate quality rating
scale (g;) of each parameter using Eq. (2) (Singh and
Khan 2011; Srinivas et al. 2011).

| VitVia
7= Si—Via

} x 100 (2)

where ¢; is the quality rating for the i water parameter,
V; is the measured value for the i parameter at a given
sampling site, and S; is the standard permissible value
for the i parameter assigned by WHO (Vasanthavigar
et al. 2010). V,; is the ideal value of i parameter in
pure water (i.e., 0 for all other parameters except the
parameter pH is 7). The overall water quality index can
be calculated by aggregating the quality rating with the
unit weight using Eq. (3).

WQI= 3 Wixg 3)

Water quality for irrigation purposes

The amount of mineral components in water affects the quality of
soil and plants and the suitability of groundwater for irrigation
purposes. Water quality for irrigation can be tested using SAR,
Eq. (4) (Wilcox and L.V. 1955); Na%, Eq. (5) (Ayers and Westcot
1985; Shabbir and Ahmad 2015); and PIL, Eq. (6) (Kumar et al.
2007), with concentrations expressed in milliequivalents of solute
per liter of solvent in the following three formulas.
+
SAR = Na 4)
(Ca**+Mg*") /2

(Na® + K*) x 100

Na% = 5

az (Ca®* + Mg +Na*™ +K7) (5)
Nat + /HCO;~ 100

Pl — ( a’ + 3 ) X (6)

(Ca** + Mg*" +Na")

Results and discussion
Spatial distribution of groundwater parameters

Statistical analysis of groundwater specifications was devel-
oped to evaluate the ranges of chemical parameters and ex-
plore their deviation from WHO standards as produced in
Table 1 (Organization WH 2011). The measurement unit of
all water parameters is milligrams per liter except EC in
microsiemens per centimeter and pH without unit. It is noticed
that the maximum value for all parameters of groundwater is
exceeding than the acceptable limits but the mean value of
calcium, magnesium, bicarbonates, chloride, and EC is greater
than the guideline values assigned by WHO.

Sodium salts are found in all food and drinking water. No
firm conclusions can be drawn about the possible association
between sodium in drinking water and the occurrence of hy-
pertension. However, concentrations more than 200 mg/1 as
assigned by WHO may give rise to unacceptable taste. The
concentration of sodium within the study area begins from
10 mg/l as the smallest value to 1254 mg/l as the greatest
value. There are 200 sites of groundwater in which sodium
is exceeding than the WHO limits. Most of these sites are
located within the reclaimed and desert regions at the west
of the investigated area. High concentration of sodium may
be attributed to ion exchange and leaching of sodium salts
such as halite during the movement of groundwater through
sediments. Also, lack of sewage system has increased the
concentration of sodium in groundwater within the old culti-
vated lands. Spatial distribution of sodium in the study area is
developed using ArcGIS 10 and illustrated in Fig. 2a.

Potassium concentration varies from 0.2 to 53 mg/l with an
average value of 4 mg/l, while the WHO limit is 12 mg/l. The
application zone can be expressed as low potassium

Table 1  Statistics of groundwater parameters and WHO guidelines
(Organization WH 2011)

Parameter Min Max Mean St.Dv. WHO value
Na* 10 1254 155.1 131.6 200
K* 0.2 53 4.1 33 12
Ca** 1.6 806 96.8 98 75
Mg 48 330.5 55.3 43 30
HCO;~ 415 1120 258.1 131.9 120
SO,* 140 810 146.8 106.1 250
Fe?* 000 3.0 0.134 035 0.3
Mn?* 000 35 0.137 039 0.5
cr 119 2579 320 3744 250
EC 330 17,010 2477 2340 2000
pH 5.69 10.17 7.84 0.37 8.5
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concentrations as there are only 12 sampling stations (1.5% of
the total samples) increasing than 12 mg/l, while only one
water sample is higher than 50 mg/l. Spatial distribution of
potassium using ArcGIS is presented in Fig. 2b. Values greater
than 12 mg/1 are not noticed at the predicted map of K* as its
number of sampling sites is sparse.

Calcium is one of the most abundant substances in the fresh
water. Dissolve Ca** and Mg®" in water are the two most
common minerals that make water hardness. The minimum
concentration of calcium in the study area is 1.6 mg/l while the
maximum value is 806 mg/l. The WHO limit is 75 mg/l; there
are 46% of the sampling sites exceeding than the permissible
level. The great concentration of calcium was found in the
west zone of the study area and the most north of the area.
The source of calcium in groundwater is the dissolution of
carbonate minerals such as calcite and dolomite (Ca
Mg(CO3),) of the limestone rocks. Spatial distribution using
IDW method is applied to develop the allocation of calcium in
the investigated area and given in Fig. 2c.

[Na)
10 - 50

Magnesium is directly related to hardness. Magnesium
content in this study is ranging from 4.8 mg/l to 330 mg/l
and average value 55 mg/l. There are only 35 measured values
exceeding the WHO limit (150 mg/l). High concentration of
Mg?* is belonging to soluble from rocks such as dolomite both
in the west fringe and old lands of Nile valley. Spatial distri-
bution of Mg?* is illustrated in Fig. 2d.

Sulfate exists in natural water in a concentration ranging
from a few to several thousands of milligrams per liter. Excess
sodium sulfate should not be present in drinking water as they
cause cathartic action. The value of sulfate in this research was
found in the range of 14 to 810 mg/l with average value
147 mg/1. Fifteen percent of water samples are exceeding than
the permissible level assigned by WHO (250 mg/l). Spatial
distribution of sulfate is formed using ArcGIS 10 and showed
in Fig. 2f, where significant values are located in the west of
the scanning zone. Higher values of sulfates in groundwater at
the newly reclaimed lands may be due to the dissolution of
gypsum and potassium sulfates added to the soil as fertilizers.
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Iron is an essential element in human nutrition. Taste of
water is not usually noticeable at iron concentrations below

Table 2  Correlation coefficient between groundwater parameters

0.3 mg/l; also, laundry and sanitary ware will stain at iron
concentrations above 0.3 mg/l (Vasudevan et al. 2009). Iron

Parameter Na K Ca Mg HCO; SO, Fe Mn Cl EC pH Temp
Na 1

K 0.11 1

Ca 0.37 0.24 1

Mg 0.30 0.22 0.76 1

HCO; —-0.04 0.09 —-0.07 0.00 1

SO, 0.52 0.21 0.49 0.47 0.03 1

Fe —0.01 0.38 0.17 0.13 0.06 0.07 1

Mn —0.05 0.41 0.01 —0.03 0.00 0.00 0.36 1

Cl 0.72 0.17 0.84 0.76 —0.26 0.46 0.10 —0.04 1

EC 0.67 0.15 0.71 0.66 —0.18 0.51 0.04 —0.08 0.85 1

pH —-0.10 —0.06 -0.25 —-0.20 —-0.10 —-0.13 0.03 0.03 -0.19 —-0.19 1

Temp 0.08 0.01 —-0.07 —0.04 —-0.19 —-0.01 0.01 0.02 0.03 0.05 —0.08 1.00
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Table 3  Weight and relative weight of each parameter used for WQI
determination

Parameter WHO standard Weight Relative weight
Na* 200 3 0.0625
K* 12 2 0.0625
Ca** 75 3 0.09375
Mg 30 2 0.0625
HCO;~ 120 2 0.0625
SO, 250 4 0.125
Fe** 0.3 4 0.125
Mn** 0.5 4 0.125
cr 250 3 0.09375
EC 2000 3 0.09375
pH 8.5 3 0.09375
Sum 32 1

concentrations in the study area are ranging between 0.001
and 3 mg/l. Significant concentrations are located at many
batches within the subject zone as given in the spatial distri-
bution of Fe in Fig. 3a.

Manganese is an essential element for many living organ-
isms, including human, but adverse health effects can be
caused by inadequate intake or overexposure.
Concentrations below 0.05 mg/1 are usually acceptable to con-
sumers (Organization WH 2004). The minimum measured
value of Mn** was 0.001 mg/I while maximum value was
3.5 mg/l with an average of 0.137 mg/l. Also, the spatial
distribution of Mn?* is given in Fig. 3b. The Pleistocene de-
posits beneath the cultivated floodplain of the Nile were con-
taining abundant ferromagnesian minerals representing the
source of Fe and Mn in the groundwater (Melegy et al. 2014).

Chloride concentration of the groundwater samples is vary-
ing from 11.9 to 2578.7 mg/I. Chloride is an important param-
eter in assessing groundwater quality where the higher con-
centration of chloride indicates a higher grade of organic pol-
lutants (Singh and Khan 2011). Three quarters of Egyptian
villages do not have sewage systems according to the latest
survey made by the Central Agency for Public Mobilization
and Statistics (CAPMAS), reported in September 2016
(Ahramonline 2016). The poor sewage system in Egypt con-
tributes to groundwater contamination. Therefore, high values

Table 4 Results of WQI and its percentage

WQIrange Type of water Sample no.  Sample %
<50 Excellent water 162 19.95
50-100.1 Good water 368 45.32
100-200.1  Poor water 216 26.60
200-300.1  Very poor water 57 7.02
>300 Unsuitable water for drinking 9 1.11
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Fig. 4 Locations of unsuitable groundwater for drinking or irrigation
according to quality indices

of Chloride may be due to contamination from sewage and
fertilizer systems. Spatial distribution of CI is given in
Fig. 3c. High concentrations of chloride are found in the new-
ly reclaimed regions where the new wastewater disposal sta-
tions were installed.

One of the most important water parameters is pH which
measures the degree of alkalinity or acidity of the groundwa-
ter. The pH scale is logarithmic and runs from 0 to 14. As the
pH decreases than 3.5, water becomes more acidic. There is
no value less than the lower permissible limit (3.5), so acidity
of water is not encountered within the study area. In this study,
pH is distributed from 5.7 least value and extending to 10.17
as the greatest measured value while mean value is 7.8. Values
of pH above 8.5 are often caused by high bicarbonate (HCO?
7). High carbonates cause calcium and magnesium ions to
form insoluble minerals, leaving sodium as the dominant ion
in solution. There are 30 locations at which pH is increasing
than WHO limit. Inspection the values of carbonates at these
sites proved that the minimum value of carbonates is 146 mg/1
that increases the WHO limit. Spatial distribution of pH is

Table 5 SAR values for sampling sites and water quality ranges for
each class

SAR (meq/l) Water quality No. of samples Sample %
0-6 Good 719 88.55
69 Doubtful 64 7.88
>9 Unsuitable 29 3.57
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Table 6 Values of sodium percentage for sampling sites and water
quality ranges for each class

Na% Water quality No. of samples Sample %
<20 Excellent 67 8.25
2040 Good 111 13.67
40-60 Permissible 280 34.48
60-80 Doubtful 340 41.87
>80 Unsuitable 14 1.72

created using ArcGIS as given in Fig. 3d. From this figure, we
notice that high level of pH is located at the west of the inves-
tigated zone.

EC is a measure of water capacity to convey electric cur-
rent. It signifies the amount of total dissolved salts. The EC
values in the study area vary between 330 to 17,000 puS/cm
with an average value of 2477 uS/cm. High EC values were
observed for half of sampling sites which indicate the pres-
ence of high amount of dissolved inorganic substances in
these locations.

Spatial distribution of EC was provided and given in
Fig. 3e, showing that high concentrations are located in the
west and south of the investigated zone.

The correlation coefficient was scanned between the
groundwater parameters to investigate the degree of correla-
tion between them that was given in Table 2. A strong corre-
lation (> 0.8) is found between Ca* and CI~ while moderate
correlation is noticed between several water specifications
such as between Ca®* and Mg?*, and CI” and Mg**. From this
analysis, we can conclude that the sources of Ca, Mg, and Cl
are the same. Spatial distribution of the three elements as
given in Figs. 2c, d and 3¢ proved that the distribution of them
occupied the same regions. The source of Ca and Mg in
groundwater is the dissolution of carbonate minerals such as
calcite and dolomite. Also, dissolution of gypsum from fertil-
izer system enriches the groundwater with calcium.

WQI results and evaluation

For WQI estimation, three steps were established. In the first
step, each of the 11 parameters has been assigned a weight (w;)
based on their known effects on primary health as given in
Table 3. Weighted values are appointed for each water

Table 7  Values of permeability index for sampling sites and water
quality ranges for each class

PI (meq/l) Water quality No. of samples Sample %
>75% Good 152 18.72
25-75% Suitable 632 77.83
<25% Unsuitable 28 345

parameter ranging from 2 to 4. The greatest weight (4) was
selected to water parameters such as chloride and sulfate due
to their major importance in water quality assessment.
Bicarbonate was given the smallest weight (2) as it plays an
insignificant role in the water quality assessment. In the sec-
ond step, the relative weight (W;) of each parameter is com-
puted using Eq. (1).

A simple Matlab program was developed to estimate WQI
at each sampling site and the classical statistics of the result is
summarized and sorted into five classes (Sadat-Noori et al.
2014) as presented in Table 4. The first class is the excellent
water with WQI less than 50, while the worst class (V) means
that water is unsuitable for drinking (WQI is greater than 300).
Calculations of WQI showed that 20% of the sampling sites
are excellent water and healthy for drinking. Also, more than
45% of the tested water are good water for drinking, while
33% of the sampling sites are poor to very poor water. There
are only nine sites of the sampling water at where groundwater
is unsuitable for drinking. The spatial distribution of WQI is
developed and illustrated in Fig. 3f, while the nine sites of
unsuitable groundwater for drinking are presented in Fig. 4.
From this figure, we can see that unsuitable water is existing
within the southwest zone of the investigated area.

Assessment of groundwater for irrigation

To explore the conditions of groundwater for irrigation pur-
poses, three quality indices were estimated for each sampling
site using Eqgs. (4), (5), and (6). The results of SAR, Na%, and
PI are classified and tabulated in Tables 5, 6, and 7, respec-
tively. According to the results, most of the groundwater sites
are suitable and good for irrigation. There are 3.6% of the
sampling data unsuitable for irrigation according to SAR, 14
samples are unsuitable according to Na%, while 28 samples
are unsuitable for irrigation corresponding to PI. These sites
are illustrated in Fig. 4.

f

Fig.5 Wastewater ponds in El-Dair station with bio-solids (Youssef'et al.
2011)
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From Fig. 4, we note that poor groundwater is located
between two wastewater stations, Tahta and El-Dair, at the
southwest of the investigated area. The raw wastewater at
the two stations is accumulating on the ground surface
forming large uncontrolled ponds as shown in Fig. 5
(Youssefetal. 2011). Also, no buffer zones are created around
these wastewater ponds, and farmers have illegally irrigated
their crops using this wastewater. Also, the region is located at
the newly reclaimed lands which consist of a thick layer of
sandy and gravelly sediments covered with a thin layer of
recent wadi deposits (sandy gravel) (El-Haddad and El-
Shater 1988; Ibrahim et al. 2010). The sediments have a high
vertical permeability that facilitates the infiltration of pollut-
ants downward and reach to the groundwater.

Conclusion

In the present research, an attempt was carried out to evaluate
and to outline the groundwater quality in the north part of
Sohag Governorate, Egypt. The predominant cation trend in
the study area is Na* > Ca*? > Mg** > K*; they are 115 + 131,
70 £97, 65 + 43, and 5.3 £ 3.3 mg/l, respectively, while, the
abundance of the major anions is in the following order: CI” >
HCO; > SO, with values of 239 + 132, 169 + 374, and
119 £+ 106 mg/l, respectively.

Spatial distribution of each groundwater parameter was
developed and showed that high concentrations are located
in the west and southwest zones of the surveyed field.
Evaluation of groundwater quality for using WQI showed that
almost 65% of the sampling sites are good water while the rest
of water ranges between poor to very poor water for drinking.
There are only nine water samples unsuitable for drinking
purposes. Assessment of groundwater for irrigation purposes
enhanced the first part of this study. As the estimated values of
SAR, Na%, and PI proved that the sampling water is suitable
for agriculture purpose, only less than 3% of sampling sites
are unsuitable for agriculture. These sites are concentrated also
within the southwest zone of the investigated area.

The plateau bounding the Nile valley on the west side con-
sists of the lower Eocene rocks (thin-bedded limestone with
chert bands and flint nodules) that increases the concentration
of several salts in groundwater at the west regions. Also, the
four sites of wastewater disposal designated within west re-
gions increase the contaminations in the groundwater. At the
Nile valley (old agricultural lands), lack of sewage system
especially at villages regions has also negative impacts on
the quality of groundwater, also the bedrocks of the
Quaternary aquifer enrichment the water with some salts.

We can generally say that groundwater in the study area at
the time of investigation is valid for drinking and irrigation
except the hot spot located in the southwest zone. At this area,
groundwater is severely contaminated due to the wastewater

@ Springer

disposal stations of Tahta and El-Dair. Also, the natural of the
unconfined aquifer in this contaminated region enhanced the
infiltration of pollutants to groundwater.
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