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ABSTRACT

Groundwater is an essential source for industrial, agricultural, and domestic water supply,
especially in arid regions. The paper aims to assess groundwater quality and evaluate its
suitability for drinking and irrigation uses in EI-Minia Governorate, Egypt, using geographic
information system (GIS) and hydrochemistry analysis. Twenty-seven groundwater samples
were collected and analyzed for Physico-chemical parameters, and the spatial distribution of
these parameters were mapped using GIS. 96 % of the collected groundwater samples are
suitable for drinking according to the World Health Organization (WHQO) and Egyptian water
standards, while 4 % of them are not, due to their high levels of salinity (>1,000 ppm of
dissolved solids). The quality of collected water for irrigation was assessed using salinity hazard,
sodium adsorption ratio (SAR), residual sodium carbonate (RSC), magnesium hazard (MH),
Kelly’s ratio (KR), sodium percentage (Na %), and Permeability Index (PI). All water samples
are suitable for irrigation according to EC and SAR, but 52 % of the samples are not safe for
irrigation when KR is considered. 74% of the wells are suitable for irrigation if Na% is
considered, and 78% for RSC, 55.5% for PI, but only 33 % for MH. Assessing the groundwater
quality in EI-Minia Governorate provides baseline information for policymakers and water
resource experts to develop proper management, utilization, and planning of water resources for
sustainable management.

Keywords: Groundwater quality, Hydrochemistry, GIS, Drinking and irrigation, El-Minia
Governorate, Egypt.

1. INTRODUCTION

Although Egypt's water resources are
limited by the Nile River, which has a fixed
quota of 55.5 Bm®/y according to the Nile
Water Agreement in 1959 [1], [2], it faces

industrial, commercial, and agricultural
activities and an increaseinthe amount of
sewage water on the Nile and canals led to
the deterioration of water quality [1]-[3].

rising levels of pollution. WHO/UNICEF [4]Reported that more than
The primary sources are discharging three million people die every year in the
domestic, industrial  wastewater, and world from water-related diseases and that
flashflood. Over the last years, an increase around 80% of the diseases and deaths
of pollutants resulting from the expansion of within  the developing countries are
Received:25 March, 2020, Accepted: 12 July , 2020 associated with water pollution. Protecting

such a limited amount of freshwater is
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essential to  preserve the nation’s
development [5]. The importance of
groundwater is increasing due to the
inadequacy of available surface water and
the increasing demand for irrigation and
drinking water. Groundwater for drinking is
used approximately by one-third of the
world’s population [6]. Hence, groundwater
has already become the primary source of
water supply for industrial, domestic, and
agricultural sectors of several countries.
Unfortunately, groundwater tends to be
poorly  managed, undervalued, and
inadequately protected [7]. In Egypt,the
interactions between surface water and
groundwater are the subject to increasing
pollution [8], [2]. Therefore, it is essential to
assess groundwater quality.

Analysis of water quality is considered to be
one of the most challenging aspects of
groundwater studies. The hydrochemical
analysis helps to classify certain those water
masses that are suitable for drinking and
irrigation purposes [9]. It represents the
basis of water quality analysis relating to
source, climate, geology, and use. It is
essential to investigate methods of reporting
analytical data and the geochemistry of
dissolved constituents [10]. Excessive
amounts of dissolved ions in irrigation water
influence  agricultural and  plant-soil
chemically and physically, therefore,
reducing productivity. These ions reduce the
osmotic pressure in the plant's structural
cells and try to prevent water from entering
the leaves and stems, thereby disrupting the
metabolism of the plant [11]. Groundwater
is rapidly becoming scarce, and its untested
contamination  restricts its use. Once
contaminated, remediation and cleaning
costs would be very costly [12]. Therefore,
the quality of groundwater needs to be
assessed regularly.

In the studied area, it has been calculated
that the discharge from drains to the Nile
river and Youssef canal is about 6 million
m?>/day [13]. The agricultural drainage water
contains the remains of pesticides and
chemical substances.  Municipal and
industrial wastes and the use of fertilizers

and pesticides for agriculture have
contributed to a continuous increase of
heavy metals in soils [14]. This research
aims to study the hydrochemical
characteristics of groundwater resources in
El-Minia Governorate and assess the
groundwater composition and its impact on
groundwater quality to help manage and
protect it.

Many powerful methods are available to
assess the water quality such as the principal
component analysis [15], neural network
model [16], Bayesian discrimination method
[17], entropy method [18], water pollution
index method [19], grey method [20],
statistical analysis method [21] and others.
Each has its characteristics, applicable
scope, and limitations. A statistical analysis
method is a vital tool in the analysis of
groundwater chemistry.

This study evaluates groundwater quality in
El-Minia governorate for drinking and
irrigation  uses.  Hydrochemistry  and
Geographic information system (GIS) is
used in the analysis, and it has played a main
role in offering an appropriate method to
integrate physicochemical data analysis of
the studied groundwater [22]. The kriging
technique is used to visualize the spatial
relationship between the sample points,
typically employed for spatial mapping
inconsistency [23]. The groundwater quality
has been evaluated according to the
Egyptian and World Health Organization
[24] standards for drinking water.

2. STUDY AREA

2.1 Location

The western plain of EI-Minia governorate
is the study area situated in central Egypt on
the west bank of the Nile and occupies a
prime location on the Nile River (Figure 1).
The study area covers about 1,600 Km? as
part of El-Minia Governorate. The study
area is distinguished by geographical
location as it is a passage to many water
sources: Nile River and Youssef, and
Ibrahimia canals.
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Fig.1.Geological formation of the study area.

2.2 Sources of surface and groundwater
pollution

El-Minia governorate’s primary potential
sources of surface and groundwater
pollution are from the agricultural,
municipal, and industrial sectors. The
discharge of agricultural drainage water
from drains into the Nile River and the
Youssef Canal is the primary source of
water pollution as agricultural drainage
water contains residues of pesticides and
chemical substances. In the study area, there
are 14 drains with branches that discharge
water into the Nile River and the Youssef
Canal. The volume of drainage water
discharge is 6 million m®day [13]. Another
pollution source is the sewage system in
most of the villages of the governorate.
Eight sewage stations discharge water into
the drains and into the Nile River or the
Youssef Canal, four sewage stations that
affect the study area with a capacity of
180,000 m®day. Also, industrial drainage
pollution has not been treated. One sugar
factory with a capacity of 4,500 m°®/day
discharges industrial drainage into the
Etleeder drain, then the EI-Mohit drain and
finally the Nile River [13].

2.3 Topography, climate, and Geology

The study area elevation ranges from 50
m above sea level in the south to 30 m at the
north of the studied area (Figure 2a). The
climate of the study area is tropical (hot and
mild are subjective). The main annual
temperature of the study area is about 12°C.
The highest temperature was recorded in
July with 40°C, while the lowest
temperature recorded in December was
around 29°C[25]. The study area is rainless
in summer and mild with rare precipitation
in winter. The average annual precipitation
is 14 mm/year and falls at any time in the
year except summer months (June, July, and
August) [25]. The total monthly rainfall in
winter and spring are about 2.2 mm and 1.4
mm, respectively, that becomes the total
monthly rainfall for the year is about 4.6
mm/year from 1975 to 2006 [26]. The study
area is hot and dry. Consequently, the
amount of evapotranspiration is high, about
1950 - 4000 mm/year [25].The annual
average evapotranspiration rate was 3759.5
mm/year from 1975 to 2006 [26]. The
evapotranspiration estimated in this model is
about 255.5 mm/year.

The Quaternary deposits cover the whole
Nile Delta aquifer since they extend to the
north and south directions while they are
limited from the east and west by the
Tertiary deposits [27]. They are considered
as a semi-confined aquifer, as shown in
Figure 3 [28]. The hydraulic conductivity
values of the upper aquifer (Holocene
sediments, silty clay) are 0.2 m/day, and the
hydraulic conductivity values of the lower
aquifer (quaternary aquifer, which is
formedbysand and gravel with clay
intercalations) are 20-75 m/day [29]. The
mean depth of the groundwater level ranges
between 30 and 127 m below the ground
surface (Figure 2b)
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Fig.2.The topography (a) and groundwater level (b) of the studied area.
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Fig.3. Hydrogeological section at the plain flood of
El-Minia modified from RIGW [30]

3. MATERIALS AND METHODS

Groundwater samples were collected from
27 pumping wells located from different
locations of the studied area (Figure 4)
during the spring season. The abstracted
groundwater from these wells is mainly used
for irrigation and drinking purposes. The
water samples were transferred into acid-
washed plastic bottles. The volume of each
sample was 1000 ml.

Samples were analyzed for the Physico-
chemical attributes like pH, electrical
conductivity (EC), total hardness (TH),
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dissolved silica, major cations (Ca’*, Mg?",
Na*, and K*), and major anions (CI', COs%,
HCO5 and SO,*"). The analyzed data were
compared with the WHO [24] and Egypt
drinking standards for drinking use. A
classification of the collected water samples
has been made according to the major anion
and cation distribution. The groundwater
quality for its suitability for irrigation was
defined with the help of different parameters
as adsorption ratio (SAR), residual sodium
carbonate (RSC), and Kelly index (KI),
sodium percentage (Na%), permeability
index (PI), and magnesium hazard (MH).
ArcGIS 10.1 software has been used,
applying the inverse distance weighted
interpolation technique to plot the spatial
distribution maps of the mentioned water-
quality parameters.
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Fig. 4. Map of the study area with water samples

locations.

4. RESULTS AND DISCUSSIONS

4.1 Hydrogeochemical characteristics of
groundwater

Table 1 shows the results of the major
cations and anions of the collected
groundwater samples and the calculated
values of total hardness (TH), SAR, sodium
percentage (Na), RSC, KR, MH, and PI.
Table 2 shows a statistical analysis of the
Physico-chemical elements in groundwater
samples and the permissible limits of the
elements based on WHO [24] and Egyptian
water standards. The pH values range from
7.0 to 8.6, with an average of 7.60, which
indicates that the majority of the collected
samples are within the allowable limit. The
EC is a measure of water capacity to convey
electric current that is directly correlated
with salinity, and then the potential
suitability for irrigation. The measured
values range from 570 to 1990 puS/cm, with
an average of 1059 uS/cm (Table 2). About
7.5 % of the samples were above the
maximum allowable limit according to
WHO standards.

Table 1: Hydrogeochemistry of all samples in the study area.

no. pH EC TDS  Ca®* Mg¥ Na' K* HCO, Cl so*, TH SAR RSC KP MH PI
mg/L mg/L mg/L  mg/L  mg/L mg/L mg/L mg/L  mg/L mg/L mg/lL mg/L % % mg/L
1 7.68 1170  650.4 56 23 98 21 317 85.3 69 2345 238 051 091 4038 731
2 8.1 1170 555 24 39 65 3.2 292.8 49 82 220.4 19 039 064 7283 694
3 7.79 840 575.9 144 25.3 122 3.2 244 105 62 140.1 4.5 120 189 7434 90.1
4 7.61 1100 668.7 24 42.7 114 3.2 292.8 138 54 235.6 3.2 0.09 1.05 7458 739
5 8.6 1200 710 25.8 51.1 110 9.7 221.2 146.2 146 274.7 2.9 -1.87 087 7656 65.1
6 85 1140 7314 86.6 317 60 3.7 495 38.9 155 3467 14 118 038 3765 572
7 7.2 1990 1206.9 89 42 266 2.9 251 521 35 395.1 5.8 -3.78 146 43.77 69.9
8 7.69 990 617.2 65 32 80 3.2 214 125 98 2940 20 -237 059 4481 572
9 7.6 890 552.9 90 30 40 0.9 122 170 100 3482 0.9 -496 025 3548 36.3
10 7.69 1200 608.6 50 36 69 0.6 210 210 33 273.0 18 -202 055 5429 574
11 7.88 920 601 60 30 80 1 214 150 66 2733 21 -195 064 4520 59.9
12 7.59 1650 652.2 65 36 100 0.2 148 210 93 310.4 25 -3.78 0.70 47.74 56.0
13 7.76 570 354.6 16 24 55 0.6 144 90 25 138.7 2.0 -041 086 71.22 76.1
14 7.02 730 476.2 40 29 60 0.2 210 115 22 219.2 18 -094 060 5446 639
15 7.2 1270 793.6 24 48 152 0.6 317 198 54 2574 41 0.05 128 76.74 756
16 7.18 1020 701.4 8 24 160 0.4 361 90 58 118.7 6.4 354 293 8319 100.6
17 7.17 830 494.3 17 22 110 0.3 202 99 44 133.0 41 0.65 180 68.10 887
18 7 730 451.7 6.4 9.7 120 0.6 192 90 33 55.9 7.0 203 467 7143 1104
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19 74 1180 7751 48 19 199 0.3 405 105 42 90.2 9.1 484 480 86.72 1074
20 74 1200 686.4 16 38 130 0.4 317 120 65 196.3 4.0 127 144 7966 8238
21 724 790 508.9 9.6 19 118 0.3 217 80 65 1022 51 151 251 7655 978
22 7.3 920 609.2 11 24 136 0.2 317 69 52 1262 5.3 267 234 7825 971
23 7.2 720 434.4 27 29 66 0.4 144 99 69 186.8 2.1 -1.37 077 6392 66.7
24 78 1390 7152 56 34 100 0.2 364 99 62 279.7 26 0.37 078 5004 683
25 7.3 760 504.2 16 29 92 0.2 234 99 34 1593 3.2 065 126 7493 829
26 7.6 790 386.4 24 18 69 0.4 136 98 41 1340 26 -045 112 5530 79.1
27 7.8 1440  929.2 96 58 101 0.2 395 238 41 4784 2.0 -3.09 046 4991 497
Table 2: Statistical analysis of different elements of water samples of the study area.

Elements Min Max Mean WHO limit Egypt limit

pH 7.0 8.6 7.60 8.5 7-85

Electrical Conductivity (EC) (uS/cm) 570 1990 1059 1,500 -

Total Dissolved Solids (TDS) (mg/l) 355 1207 628 1,000 500

Calcium (Ca?*) (mg/l) 5 96 38 75 75

Magnesium (Mg?") (mg/l) 10 58 31 30 50

Sodium (Na*) (mg/l) 40 266 106 200 200

Potassium (K*) (mg/l) 0.2 9.7 1.45 10 -

Bicarbonate (HCO3) (mg/l) 122 495 258 100 -

Chloride (CI') (mg/l) 39 521 135 200 200

Sulfate (SO4%) (mg/l) 155 146 58 200 400

Total Hardness (TH) (ma/l) 56 478 223 600 500

Sodium Adsorption Ratio (SAR) (meg/l) 0.93 9.12 3.45 - -

Sodium percentage (Na %) 20.20 82.76 51.34 - -

RSC -4.96 4.84 -0.22 - -

Magnesium hazard (MH %) 35.43 86.70 62.48 - -

Permeability Index (P1 %) 30 99.60 65.50 - -

Kelley Index (KI %) 0.25 4.80 1.39 - -

According to Hem [31], 96 % of the studied
groundwater samples are freshwater with
TDS less than 1,000 mg/L (Table 3),
whereas 4 % are slightly saline. Figure 5
shows the spatial distribution of the TDS. It
shows that the low TDS describes the
southern part due to its connection to the
irrigation system, while the higher TDS
describes the northern part due to mineral
dissolution and lack of recharge.

Table 3: Water classification according to Hem [31].

No. of % of
Water type TDS (mg/L) Samples  Samples
Freshwater < 1,000 26 96 %
Slightly 1,000 — 3,000 1 4%
saline
Moderately 5 55, 10 000 - -
saline
Very saline 10,000 — 35,000 - -
Brine > 35,000 - -

According to the TH-based groundwater
classification [32] (Table 4), approximately
18 % of the groundwater samples are in the
very hard zone, 48 % of the groundwater
samples are in the hard zone, 30 % of the
groundwater samples can be classified as
moderately hard, and 4 % of the
groundwater samples are in the soft zone.
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Fig. 5. TSD distribution map for the study area.

Table 4: Water classification according to TH.

TH Classification No. of % of
(mg/l) Samples Samples
<75 Soft 1 4%
75-150 Moderate hard 8 30 %
150-300 Hard 13 48 %
> 300 Very hard 5 18 %

Figures 6 and 7 show the spatial distribution
of the major cations (Ca?*, Mg*, Na*, K*)
and major anions (HCOs, CI, SO/%),
respectively. Approximately 15 % of
groundwater samples are above the
maximum permissible calcium limit of 75
mg/L. The magnesium concentration ranges
from 10 to 58 mg/L, which shows that
approximately 45 % of the samples surpass
the allowable WHO Ilimit of 50 mg/L.
Magnesium-bearing minerals in rocks are
the main sources of Mg," in natural water,
while the animal, domestic and industrial
waste is the secondary source. About 4 % of

the sodium concentration exceeds the
allowable limit of 200 mg/L, as per the
WHO standard.

According to the WHO, all groundwater
samples for potassium are within the
allowable limit of 10 mg/L. Bicarbonate
content is higher than the allowable limit of
100 mg/L, according to the WHO standard.
Groundwater passes through soil and
becomes charged with CO; during
infiltration, saturating with respect to calcite.
Chloride in drinking water originates from
industrial effluents, natural sources, urban
runoff containing dissolved salts, sewage ,
and saline intrusion [33]. About 15 % of the
groundwater samples for chloride ion
concentration exceed the permissible limit
of 200 mg/L as per the WHO standard. And
about 96 % of the groundwater samples can
be considered suitable for all crops, and the
remaining 4 % are suitable for high,
medium, and low salt-tolerant plants.

Sulfate is naturally found in water because

of gypsum leaching and other common
metals.
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4.2 Groundwater quality evaluation for
drinking and domestic uses

Drinking water should be free from the
specific taste, colour, excessive amounts of
dissolved salts, and turbidity [34].
According to the drinking water standards of

the WHO [24] and Egyptian [35], 96% of
groundwater samples are suitable for
drinking, whereas 4% are not suitable due to
their high salinity. Hardness is an important
parameter in groundwater assessment for
domestic and industrial uses. According to
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the hardness (TH), approximately 66% of
the samples are in hard to very hard water,
representing such waters as unsuitable for
domestic and industrial purposes, whereas
the remaining 34% are suitable.

4.3 Water quality evaluation for

irrigation purposes

In order to evaluate the groundwater quality
for irrigation purposes, EC, percentage
sodium (Na %), SAR, RSC, KR, MH, and
Pl parameters have been determined. EC
values show that all groundwater samples
are suitable for irrigation, with 15% good

and 85% permissible (Table 5).
Table 5: Water classes for use in irrigation according
to according to EC.

4.3.2. Sodium Adsorption Ratio (SAR)

The sodium hazard of irrigation water is
estimated by SAR can be calculated using
the following equation Karanth[37] :

Na*

Ccatt +Mg++ (2)
\I 2

All concentrations are in meg/L.

The groundwater classes in the study area
according to SAR are presented in (Table 7).
The SAR values of all samples fall below 10
in the low-sodium level (S1), an excellent
irrigation level.

SAR =

Table 7: Groundwater classes according to SAR.

Level SAR Hazard No. of % of
Samples ~ Samples

S1 <10 Excellent 27 100 %

S2 10-18 Good - -

S3 18 -26 Doubtful - -

S4 > 26 Unsuitable - -

Salinity

No. of % of
Level (EC) Hazard

(uS/em) Samples  Samples

C1 < 250 Excellent - -
Cc2 250-750 Good 4 15%
C3 750-2,250  Permissible 23 85 %
c4 2’25(;)0_ >0 Doubtful - -
C5 > 5,000 Unsuitable - -

4.3.1 Sodium percentage (Na %o)

The sodium percentage (Na %) can be
calculated using the following equation
Raghunath [36].

(Na* + K*) x 100

Na % = 1
@% = Car + Mgt + Na* + K°) @)

where all ionic concentrations are in milli-
equivalents per liter (meg/L).

The distribution of groundwater and
classification of the irrigation water based
on the soluble sodium percentage are
presented in (Table 6). It is observed that
approximately 74% of the samples are good
to permissible for irrigation; 26% of the
samples are doubtful and unsuitable.

Table 6: Water classes according to Na%.

Sodium No. of % of
(%) Water Class Samples Samples
<20 Excellent — —

20— 40 Good 8 30 %

40-60 Permissible 12 44 %

60 — 80 Doubtful 5 19 %
> 80 Unsuitable 2 7%

4.3.3 Residual sodium carbonate (RSC)

To measure the impacts of Bicarbonate
and carbonate and, RSC has been
determined by the following equation [36]:

RSC = (HCO3 + C0Z™) — (Ca** + Mg?*)  (3)

All ionic concentration is in meg/L.

The high value of RSC in water results an
increase in the absorption of sodium in the
soil. Water samples with RSC values greater
than 5 meg/L are harmful to plant growth,
whereas those above 2.5 meg/L are not
suitable for irrigation purposes. Table 8
shows the water classes according to the
RSC. The RSC value for all samples is less
than 2.5. About 78% of the samples are less
than 1.25, suitable for irrigation, while 22%
of the samples are doubtful and unsuitable.

Table 8:Water classes for use in irrigation according

to RSC.
RSC No. of % of
(meg/L) Water class Hazard Samples  Samples
<1.25 Good Low 21 78 %
1.25-2.5 Doubtful Medium 6 22 %

>2.50 Unsuitable  High - —
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4.3.4 Kelly’s ratio

Kelly’s ratio (KR) has been calculated
using the following equation [38]:

Kelley's ratio = — 4

eeysratlo—m ()

All the concentrations are in meg/L.

KR ratio greater than one considered as unfit
for irrigation. Table 9 shows the water
classes according to the KR. KR varies from
0.25 to 4.80, with an average of 1.39, 48%
of the samples with KR value < 1, indicating
the water is suitable for irrigation, and 52%
is unsuitable for irrigation (Table 9).

Table 9:Water classes according to K.

Water No. of % of
Kl

class Samples Samples
>1 Moderate 14 52 %
<1 Good 13 48 %

4.3.5 Magnesium hazards (MH)

The MH of irrigation water can be
calculated using the following equation [39]:

Mg++
" @+ Mg
All ionic concentrations are in meg/L.

MH x 100 (5)

MH values greater than 50 meg/L are not
suitable for irrigation [40]. Table 10 shows
the water types according to the MH.
Approximately 67% of the samples exceed
the magnesium ratio of 50 and are therefore
not suitable for irrigation.

Table 10: Water classes according to the MH.

All concentrations are in meg/L.

According to the PI classification, there are
three water classes as Classes I, Il and Il as
shown in Table 11. PI values range from 36
to 110. 55.5% of the samples are good for
irrigation, while 44.5% show a low quality
for irrigation.

Table 11:Water classes according to PI.

Water Water No. of % of

quality class Samples Samples
<75 Class | Good 15 55.5 %
=75 Class Il Moderate - -
>75 Class Il Poor 12 445 %

MH Water No. of % of
(meg/L) class Samples Samples
<50 Good 9 33%
>50 unsuitable 18 67 %

4.3.6 Permeability Index (PI)

The permeability index (Pl) can be
calculated by the following equation [41]:

Na* + ,/HCO3

= x 100 6
(Ca%* + Mg?* + Nat) ©)

PI

5. FACTOR ANALYSIS

The factor analysis produced three
significant factors, which represented 89.4%
of the total variance (Table 12). These
factors have been reported as the major
drivers of groundwater chemistry: F1 has an
eigenvalue of 4.71 and 42.82% of the
variance. It includes TDS, EC, TH, Mg, Cl,
and Ca with loading values of 0.806, 0.798,
0.755, 0.644, 0.534 and 0.518. F1 has strong
EC, TDS, and TH loads, moderate Ca, Mg,
and CI loads. F2 has an eigenvalue of 2.42
and 21.97% of the variance. Includes pH,
Na, SO4, and K with loading values of
0.606, 0.545, 0.365, and 0.354. While F3
has an eigenvalue of 1,268 and 11,526% of
the variance, it includes HCOj3; with a

loading value of 0.499.
Table 12:Factor analysis.

Parameters F1 F2 F3

pH 0.151 0.606 0.069
EC 0.798 0.059 0.003
TDS 0.806 0.139 0.001
Ca 0.518 0.034 0.047
Mg 0.644  0.055 0.000
Na 0.145 0.545 0.079
K 0.165 0.354 0.065
HCO; 0.144  0.043 0.499
Cl 0.534 0.162 0.154
SO, 0.050 0.365 0.328
TH 0.755 0.056 0.023
Eigenvalue 4710 2417 1.268

Variability (%)
Cumulative %

42819 21973 11.526
42.819 64.792 89.400
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6. CONCLUSIONS

Hydrochemical analysis is applied to
evaluate the groundwater quality in El-
Minia Governorate, Egypt. The groundwater
salinity of the investigated area ranges from
fresh to moderately saline, and the spatial
distribution of TDS shows an increase
toward the central west of the study area.

According to the WHO and the Egyptian
water standard, the majority of the samples
have salinity less than 1000 ppm, which is
suitable for drinking. Irrigation quality
parameters were evaluated to assess the
groundwater  suitability for irrigation.
Among these parameters, EC and SAR
reveal that all collected groundwater
samples are suitable for irrigation purposes.
RSC indicated that 78 % of the samples are
suitable for irrigation, and 74 % and 55.5 %
are suitable according to Na% and PI,
respectively. MH indicates that 67% is
unsuitable, and 33% of samples are suitable
for irrigation. Most of the groundwater
parameters within the acceptable limits of
the WHO and Egyptian standards for
irrigation uses. The results confirm that the
use of GIS and hydrochemical analysis
provides a powerful tool for assessing the
quality of groundwater in the studied area.

REFERENCES

[1] MWRI, Water Security for All, Ministry of
Water Resources and Irrigation in Egypt,
2018.

[2] El-Rawy, M., Abdalla, F., ElI Alfy, M.
Water Resources in Egypt. In The Geology
of Egypt; Hamimi, Z., El-Barkooky, A.,
Martinez Frias, J., Fritz, H., Abd El-
Rahman, Y., Eds.; Regional Geology
Reviews, Springer  Nature:  Cham,
Switzerland, p. 687-711, 2020.

[3] Awad, A., Eldeeb, H., and ElI-Rawy, M.,
Assessment of surface water and
groundwater interaction using field
measurements: A case study of Dairut
City, Assuit, Egypt, Journal of Engineering
Science and Technology, Vol. (15), p. 406-
425, 2020.

[4] WHO, and UNICEF, Joint Monitoring
Programme for Water Supply and
Sanitation, Water for life: making it

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

-31-

happen, World Health Organization, 2005.
https://apps.who.int/iris/handle/10665/432
24.

EEAA, Environmental action plan,
Egyptian Environmental Affairs Agency,
1999.

Nickson, R. T., McArthur, J. M., Shrestha,
B., Kyaw-Myint T. O., and Lowry D.,
Arsenic and other drinking water quality
issues, Muzaffargarh District, Pakistan,
Applied Geochemistry, Vol. (20), p. 55-68,
2005.

Foster, S., Chilton, J., Nijsten, G-J., and
Richts, A., Groundwater - a global focus
on the ‘local resource’, Current Opinion in
Environmental Sustainability, Vol. (5), p.
685-695, 2013.

El-Rawy, M., Ismail, E., Abdalla, O.,
Assessment of groundwater quality using
GIS, hydrogeochemistry, and factor
statistical analysis in Qena Governorate,
Egypt, Desalination and Water Treatment,
p.14-29, 2019.

Sadashivaiah, C., Ramakrishnaiah, C. R.,
and Ranganna, G., Hydrochemical analysis
and evaluation of groundwater quality in
Tumkur Taluk, Karnataka State, India,
International Journal of Environmental
Research and Public Health, Vol. (5), p.
158-164, 2008.

Nagaraju, A., Kumar, K. S., and Thejaswi,
A., Assessment of groundwater quality for
irrigation: a case study from Bandalamottu
lead mining area, Guntur District, Andhra
Pradesh, South India, Appl Water Sci, Vol.
(4), p. 385-396, 2014.

Yesilnacar, M. I., and Gulluoglu, M. S.,
Hydrochemical characteristics and the
effects of irrigation on groundwater quality
in Harran Plain, GAP Project, Turkey,
Environmental Geology, Vol. (54), p. 183-
196, 2008.

Thangarajan, M., and
S, Groundwater Assessment, Modeling,
and Management (Boca Raton: CRC
Press, 20 Jul 2016), accessed 02 Jun 2020,
Routledge Handbooks Online.

MWRI, Data bank in Excel sheets,
Ministry of Water Resources and
Irrigation, 2018.

Alloway, B. J., and D. C. Ayres. Chemical
Principles of Environmental
Pollution,London: Blackie Academic &
Professional, 1993.

Gangopadhyay, S., Das Gupta, A,
Nachabe M. H., Evaluation of ground

Vijay, P.


https://apps.who.int/iris/handle/10665/43224
https://apps.who.int/iris/handle/10665/43224
https://sciprofiles.com/profile/65038
https://www.routledgehandbooks.com/author/M._Thangarajan
https://www.routledgehandbooks.com/author/Vijay%20P._Singh
https://www.routledgehandbooks.com/author/Vijay%20P._Singh
https://www.routledgehandbooks.com/doi/10.1201/9781315369044
https://www.routledgehandbooks.com/doi/10.1201/9781315369044

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Vol. 40, No. 2. July 2021

water monitoring network by principal
component analysis, Groundwater, Vol.
(39), p. 181-191, 2001.

Wu, Q., Zhang, Z.L., and Ma, J. F., A new
practical methodology of the coal floor
water bursting evaluating I -The master
controlling index system construction,
Journal of china coal society, Vol. 32, p.
42-47, 2007.

Chen, H. J., X. B. L., A. H. Liu, Studies of
water source determination method of
mine water inrush based on Bayes’ multi-
group stepwise discriminant analysis
theory. Rock and Soil Mechanics, Vol.
(30), p. 3655-3659, 2009.

Chun-rong, J. I. A., and Jun, Z., Based on
fuzzy weight matter element to evaluate
the water quality of Jialing River in
Nanchong, China. Procedia Environmental
Sciences, Vol. (11), p. 631-636, 2011

Liu, Y., Zheng, B. H., Fu, Q., Luo, Y. P,
& Wang, M., Application of water
pollution index in water quality assessment
of rivers, Environmental Monitoring in
China, Vol. (29.3), p. 49-55, 2013.

Zhang, X-H., A study on the water
environmental quality assessment of
Fenjiang River in Yaan city of Sichuan
Province in China, leri Procedia, Vol. (9),
p. 102-109, 2014.

Fathi, H., EI-Rawy, M., GIS-based
evaluation of water quality index for
groundwater resources nearby wastewater
treatment  plants, Egypt, Pollution
Research, Vol. (37), p.105-116, 2018.
Omran, E. E., Ghallab, A., Selmy, S., and
Gad, A., Evaluation and mapping water
wells suitability for irrigation using GIS in
Darb El-Arbaein, South Western Desert,
Egypt, International Journal of Water
Resources and Arid Environments, Vol.
(3), p. 63-76, 2014.

Nayak, T. R., Gupta, S. K., Galkate, R.,
GIS based mapping of groundwater
fluctuations in Bina basin, Aquatic
Procedia, Vol. (4), p. 1469-1476, 2015.
WHO, Guidelines for drinking-water
quality, 4th ed., Recommendations. World
Health Organization, Geneva, p. 1-4, 2011.
EGEC, Preparation of the general plan for
drinking water and sanitation in El-Minia
Governorate, Engineering House of
Expertise, 2005.

[26]

[27]

[28]

EMA Authority, Data bank in Excel
sheets. Egyptian Meteorological Authority,
2006-1975.

USGS, World Geologic Maps, United

States  Geological  Survey,  2020.
https://certmapper.cr.usgs.gov/data/apps/w
orld-maps/

Diab, M. S., Dahab, K., and El Fakharany,
M., Impacts of the paleohydrological
conditions on the groundwater quality in
the northern part of Nile Delta, The
geological society of Egypt, J Geol B, Vol.
(4112), p. 779-795, 1997.

[29] RIGW, Final Technical Report for the Nile

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Valley Regional Model, National Water
Research Center, Cairo, Egypt, 2001.
RIGW, Hydrogeological map for the Nile
Delta area, Scale 1: 500,000, Research
Institute for groundwater, El Kanter El
Khairia, Egypt, 1992.

Hem, J. D., Study and interpretation of the
chemical characteristics of natural water.
Department of the Interior, US Geological
Survey, Vol. (2254), 1985.

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

WHO, Guidelines for drinking-water
quality, World Health Organization,
Geneva, Vol. (1), 2004.

Ismail, E., and ElI-Rawy, M., Assessment
of groundwater quality in West Sohag,
Egypt, Desalination and Water Treatment,
Vol. (123), p. 101-108, 2018.

EHCW, Egyptian, Standards for Drinking
and Domestic Water According to the Act
27/1978 in Regulating of the Public Water
Supplies, Egyptian Higher Committee of
Water, Egyptian, 1995.

Raghunath, H. M., Groundwater, Wiley
Eastern Ltd, New Delhi, India, 1987.
Karanth, K. R., Ground water assessment:
development and management, Tata
McGraw-Hill Education, 1987.

[38] Kelly, W.P., Alkali Soils: Their Formation,

Properties and Reclamation, Reinhold

Publisher, New York, 1951.

[39] Szabolcs, I., Darab, C., The Influence of

Irrigation Water of High Sodium
Carbonate Content of Soils, Paper
Presented at the Proceedings of 8th
International Congress of ISSS, Trans,
Vol. 11, 1964.

[40] Paliwal, K.V., Irrigation with Saline Water,

-32-

Monogram No. 2, New Series, IARI, New
Delhi, 1972, p. 198.


https://www.semanticscholar.org/author/El-Sayed-Ewis-Omran/46233091
https://www.semanticscholar.org/author/Salman-Abdallah-Hassan-Selmy/88794395
https://www.semanticscholar.org/author/Salman-Abdallah-Hassan-Selmy/88794395

Vol. 40, No. 2. July 2021

[41] Doneen, L. D., Water Quality for
Agriculture, Department of Irrigation,
University of California, Davis, 1964, p.
48.

-33-



Vol. 39, No. 1. January 2020

Leal) dddlaa A g )llg qupdd) QLY Adgad) oliall Aaidla (50 anils

traad) Gadlal)

b Aaals i) cldasinyls dells deluall 8 aladiay) pabel ol clalaey age siae & Adsall bl
&b s ol pahey lelaadin) auiis Ad el olall saga anii 8 duball gl dpudyll Calaa) Juam Alall) 3halid)
VY aan S cuhall oda b Aaagls pael) oLl sty (GIS) dhial) clesbed) sl aladiuly ¢ jae i) dlailas
i alasinly cildaall s3] SIS asl) e s Adkbasly Al leladae Jias Jal e Adead) slall e A
daliie uledd By COpll dalls lman & 3 Al ol clie e 97T 0l a8l copelils LAdhiall cilagleal
Olsise gl G iy pill dalla ye Lie 7§ iy dgpad) obull 335 juleay (WHO) Ludladl daall
oabiaial dausiy cAagll) jlalie alasiuly gl pahed slull sasm ani Liad 2L (Gsalll 8 e3n Vov s e ) daglll
assall dus ¢ Kelly (KR) duwss ¢ (MH) assaniaall jhads ((RSC) dgiall aggall clig S5 ¢ (SAR) s suall
ool e ol Luulic lgran & ) ddsal) sluall Gilie penily milill cjelal Eum L (P) 20 450 5 ((Na%)
13 @l dlie HUY) e ZVE L) e KRAT 25013) o)l Al sl cilial) (e 7 0Y (K15 « SAR EC
Basa auli gy . MH Als b o)1l dallin Lais /Y'Y (SIPl Als 3 % 00.0 5 RSC s & % YA Na 7 il
alasinds Aalud) 53y skl ALl ajlsall e lds lubuadl aalyd dpulal Glogles Ll ddilas 8 Ldsal) oLl

el Siasal) 30 Lgdaglais s A5l )5l

-34-



