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 اٌؼسثٟ : اٌٍّخض

 ثبظزخداَ ١ِبٖ اٌظسف اٌظحٟ اٌّؼبٌغخ ِٕر ػبَ  -اٌٛالؼخ شّبي شسق اٌمب٘سح، ِظس  -ر سٜٚ ِصزػخ عجً األطفس

. رُ صزاظخ األصس اٌج١ئٟ ٌٍٛػغ ا١ٌٙدزٚع١ٌٛٛعٟ ٌٙرا إٌٛع ِٓ ١ِبٖ اٌسٞ ػٍٝ عٛصح ا١ٌّبٖ اٌغٛف١خ خالي اٌفزسح 1915

و١ّ١بئ١خ ٌٍٛطٛي إٌٝ رم١١ُ ظ١ٍُ ٌّدٜ ِالءِزٙب اٌحب١ٌخ ٌٍسٞ ِٓ يعً  -ِٓ خالي اٌّؼب١٠س اٌف١صٚ 2020إٌٝ  2017ِٓ 

اظزداِخ إٔزبط اٌّحبط١ً. اٌٙدف اٌسئ١عٟ ٘ٛ إعساء رم١١ُ ِٛصٛق ثٗ ٚرؼص٠ص ِالئّخ ا١ٌّبٖ اٌغٛف١خ ٌٍسٞ ثٕبء  ػٍٝ 

ٟ اٌجحش اٌحبٌٟ، رُ فٟ ِٕطمخ صزاظخ عجً األطفس. ف 2020إٌٝ  2017اٌٛػغ ا١ٌٙدزٚع١ٌٛٛعٟ اٌج١ئٟ ؽٛاي اٌفزسح ِٓ 

ٌغٛصح ا١ٌّبٖ اٌغٛف١خ ٌٚزحد٠د اٌؼٛاًِ األوضس  اإلحظبئٟ ٌزحد٠د اٌزح١ًٍ اٌؼبٍِٟ ٌٍج١بٔبد اٌّّضٍخ SPSS رطج١ك ثسٔبِظ

ا ٚ اٌزٟ رزحىُ فٟ رطٛز ا١ٌّبٖ اٌغٛف١خ، ِغ اٌزسو١ص ثشىً خبص ػٍٝ اٌزٛش٠غ اٌّىبٟٔ ٌٍٍّٛصبد. وّب رُ رطج١ك  ر ص١س 

 ٌّؼسفخ ٔٛػ١خ ا١ٌّبٖ. ِخطؾ ثب٠جس اٌضالصٟ

 رٛػح االظزٕزبعبد فبػ١ٍخ إٌّٙغ١خ اٌّخزبزح ٌزم١١ُ ِالئّخ ا١ٌّبٖ اٌغٛف١خ ٌٍسٞ اػزّبصا ػٍٝ ِؼب١٠س اٌزىبًِ ٌٍزح١ًٍ

ٌٍسٞ فٟ ِٕطمخ  و١ّ١بئ١خ إٌٝ ِالئّخ ا١ٌّبٖ اٌغٛف١خ -١ٌٍّبٖ اٌغٛف١خ.  ح١ش رش١س ِؼظُ اٌّؼب١٠س اٌف١صٚ إٌٛػٟ اٌعبئد

اٌسغُ ِٓ يْ اٌّحبط١ً اٌحعبظخ غ١س ِٕبظجخ ثشىً ػبَ ٌٍصزاػخ ثعجت اٌّعز٠ٛبد اٌؼب١ٌخ ِٓ اٌزٛط١ً  اٌدزاظخ؛ ػٍٝ

يظٙس  ٔٛع ا١ٌّبٖ اٌّخزٍؾ. ٪ ِٓ ػ١ٕبد ا١ٌّبٖ اٌغٛف١خ رشى57.7ًاٌضالصٟ يْ  ثب٠جس اٌىٙسثبئٟ ٚاٌىٍٛز٠د. وّب يظٙس ِخطؾ

 َٛ ٟ٘ اٌؼٕبطس اٌسئ١ع١خ اٌزٟ رزحىُ فٟ اٌزجب٠ٓ ا١ٌٙدزٚو١ّ١بئٟ.اٌزح١ًٍ اٌؼبٍِٟ يْ ِحز٠ٛبد األ١ِٔٛب ٚإٌزساد ٚاٌظٛص٠

ِخطؾ  و١ّ١بئ١خ، -اٌسٞ ث١ّبٖ اٌظسف اٌظحٟ، عٛصح ا١ٌّبٖ اٌغٛف١خ، اٌّؼب١٠س اٌف١صٚ : اٌغجً األطفس،اٌّفزبح١خاٌىٍّبد 

 اٌزح١ًٍ اٌؼبٍِٟ اٌضالصٟ، ثب٠جس

 

ABSTRACT: 
Gabel El Asfer farm, which is located northeast of Cairo in Egypt, has been irrigated using 

treated sewage since 1915. The environmental impact of the hydrogeological status of this 

type of irrigation water on groundwater quality was studied through the period 2017 to 2020. 
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Focusing on the physicochemical quality parameters which are major ions, EC, TDS, SAR, 

RSC, TH, PI, MH, Na%, TH, KI, and CAI. To reach a sound evaluation of its current 

suitability for irrigation for sustainability of the crop production. The main objective is to 

perform a reliable assessment and enhancement the irrigation groundwater suitability based on 

the environmental hydrogeological situation throughout the period 2017 to 2020 at Gabal El 

Asfar study area.In the current research, the SPSS program of multivariate statistics was 

applied to determine the factor analysis for groundwater quality data and to identify the most 

influential factors that control the groundwater evolution, with a particular emphasis on the 

spatial distribution of the contaminants. Piper trilinear diagram was applied to determine the 

water type. 

The conclusions show the effectiveness of the selected methodology for the evaluation of the 

reliable groundwater irrigation suitability assessment based on the integration criteria for 

analyses of the prevailing groundwater quality. Most physiochemical parameters indicate that 

the groundwater in the study area is suitable for irrigation; although the sensitive crops are 

generally not suitable to be cultivated because of the higher levels of EC and Chloride. Piper 

Trilinear diagram revealed that 57.7 % of groundwater samples occupy Mixed water type. 

Factor Analysis showed that Ammonia,  Nitrate, and Sodium contents are the main majors 

that control the hydro-chemical variability. 

KEYWORDS: Gabel El Asfer Farm, Sewage Irrigation, Groundwater Quality, 

Physiochemical Parameters, Piper Trilinear, Factor Analysis 
 

1. INTRODUCTION 

Water resources in Egypt are becoming scarce. Surface-water resources originating from the 

Nile are now fully consumed. Egypt is facing increasing water needs because of rapidly 

growing population, urbanization and higher standards of living. Accordingly, agricultural 

policy emphasizes on expanding the food production and redistributing the population by 

establishing new communities where groundwater sources are being excessively withdrew 

more than its relevant aquifer potential. In Egypt, the concept of expansion of water reuse 

nowadays is becoming a big challenge for policy makers. As the situation is changing rapidly 

in the major cities of Egypt due to the installation of modern Wastewater Treatment Plants 

(WWTPs) that provide secondary treatment that offers an opportunity for water resources 

planners to overcome the gap between water supply and water demand. 

The oldest and most well-known formal reuse scheme of sewage is at Gabal El Asfar 

governmental farm located North-East of Cairo (RIGW/ IWACO,1992). Since the year 1915, 

about 3,000 feddans (1 feddan = 4200 m2) in the farm have been irrigated using treated 

sewage from an old Wastewater Treatment Plant that discharged its effluent into El Seil drain 

(RIGW/ IWACO,1992). In 1998, the new Gabel El Asfer Wastewater Treatment Plant 

(GAWWTP) has been constructed west of the farm with a capacity of 1.5 million m3/d which 

was increased in 2018 to 2.5 million m3/d. This secondary treated effluent is discharged into 

Gabel El Asfer Drain and is used by farmers for irrigation. As this procedure had been used 
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for decades in Gabel el Asfer Farm; the objective of this research is to investigate and evaluate 

groundwater quality, at the area from 2017 to 2020, whereupon its current suitability for 

irrigation can be determined. 

 

In 1990, the Research Institute for Groundwater (RIGW) selected Gabal el Asfar farm area to 

assess the impact of sewage effluent irrigation on groundwater quality (RIGW/ 

IWACO,1992). The main conclusions of that study in the Gabal el Asfar area concluded that 

irrigation with sewage effluent had a decreasing impact on the salinity of the groundwater and 

that reclamation of new areas within or adjacent to the farm would affect groundwater flow 

systems and subsequently groundwater quality (Farid, 1993; RIGW/IWACO,1992). 

In 1994, another study was performed to analyze and explain changes in groundwater quality 

between1991 and 1994. The study is executed within the framework of the Environmental 

Management Groundwater Resources project. The main conclusions of that study included 

that the eastern part of the area shallow groundwater showed a constant quality. It included 

also that deep groundwater in a production well just west of the Gabal el Asfar farm showed 

an increasing content of S04
-2

and Cl
-
, which was explained either by upcoming of brackish 

water from the deeper part of the aquifer or by horizontal displacement of brackish water from 

the eastern part of the area. Finally, it showed that both salinization and pollution by effluent 

water might cause limitations on water use west of the area (Rashed, 1995). 

In 2014, Effect of surface water system on groundwater composition was studied. The results 

showed that the groundwater salinity is controlled by dissolution of minerals and salts in the 

aquifers matrix along flow paths and mixing of chemically different waters (Gomaa, 2014). 

 

2. DATA COLLECTIONS AND METHODOLOGY 

Previous and recent data for quality of groundwater were collected from the database of 

RIGW, previous studies, and field investigation through field trips to the study area to survey 

the important hydrogeological parameters. 26 samples of groundwater, as shown in figure 

1,were collected to represent the recent situation at Gabel El Asfer area from 2017 to 2020. 

These years were chosen due to the availability of information that was transformed into 

processing data.  

Samples were analyzed for pH and major ionic species in groundwater. The major cations are 

calcium (Ca
+2

), sodium (Na
+
), magnesium (Mg

+2
) and potassium (K

+
) while the most common 

anions are bicarbonate (HCO3
-
), sulphate (SO4

-2
), as well as chloride (Cl

-
). The Type of water 

concerning cations and anions are then described with Piper Trilinear Diagram which was 

plotted with Grapher 13 program. Samples were also analyzed for Nitrate (NO3
-
), Phosphate 

(PO4
 -3

), Ammonium(NH4
+
) and Iron (Fe

+3
).The results of the chemical constituents of the 

collected groundwater samples were compared to the available limits of FAO guidelines for 

irrigation water. 
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Then, physiochemical parameters related to groundwater quality were also investigated to 

assess suitability of groundwater for the purpose of irrigation. Spatial distribution maps were 

performed with the help of Surfer 9. Physiochemical parameters included Electric 

Conductivity (EC), Total Dissolved Solids (TDS), Sodium Adsorption Ratio (SAR), Residual 

Sodium Carbonate (RSC), Total Hardness (TH), Permeability Index (PI), Sodium Percentage 

(Na %), Magnesium Hazard (MH), Kelly‘s Index (KI), Chloro Alkaline Indices (CAI), and 

Chloride Toxicity (Cl
−
). 

Statistical analysis of hydro-chemical data was performed with Statistical Packages for Social 

Science (SSPS).The first step is defining the correlation matrix, which is used to account the 

degree of mutually shared variability between individual pairs of groundwater quality 

variables (Eltarabily, 2018). Thus, the Factor Analysis is applied to extract the most 

significant factors and to reduce the contribution of less important factors (Templ, M, 

2008).Pearson correlation matrix, Eigen values, Scree plot curve and Rotated Component 

Matrix were performed for Factor Analysis. Sixteen variables (pH, EC, TDS, Ca
+2

 Mg
+2

, Na
 +

, 

K, Cl
–
, SO4

-2
,NO3

-
,HCO3

-
,PO4

-3
, NH4

+
, Fe3

+
, SAR and PI) were selected for factor analysis 

calculations. 

 

3.HYDROGEOLOGY OF THE STUDY AREA 

3.1 Physical Setting of The Study Area  

The study area is located at north-east of Cairo in the eastern desert area at the fringes of the 

Nile Delta flood plain as shown in figure 1. The area extends between 31° 20'00"E and 31° 

25' 45" E longitude and 30° 10' 00"N and 30° 16' 25"N latitude. The area is dissected by 

Gabal El Asfar, Belbies and ElSeil drains. Ismailia Canal passes at north-east of the area. 

West of the farm there is Gabel El Asfer Wastewater treatment plant (GAWWTP) which is 

one of the biggest facilities in Africa and the Middle East (ADB, 2009). 

The Study area represents a part of the Suez-Cairo Foothills desert area (RIGW/IWACO, 

1992). The land surface has steep slopes at the east while it takes a gentle slope towards the 

west. Elevations ranges from 60 m+msl at the east to about 14 m+msl at the west where flood 

plain takes place.  

 

3.2 Hydrogeological Setting and Aquifer System 

The main aquifer system at the study area is the Nile Delta Aquifer which comprises the 

Quaternary alluvial deposits (RIGW,1989). The highly productive aquifer at the western parts 

of the study area consists of Quaternary graded sand and gravel as shown in figure 2, with 

some intercalation of clay lenses. The aquifer at Gabel El Asfer area is unconfined at most 

parts. The hydraulic conductivity of the main aquifer ranges from 70m/day at the Nile 

floodplain, at the west, to 40 m/day near the middle of the study area where unconfined 

limited aquifer exists. The storativity (or specific yield) of the phreatic part of the aquifer 

amounts to approximately 0.1-0.15.East of the study area, there is a low or non-productive 
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aquifer. Non-aquiferous igneous or metamorphic rocks are underlying the low productive and 

the semi-productive aquifers. 

 

The levels of the base in the study area are approximately from 0 m, at the east, to about -100 

m, at the west, relative to mean sea level (msl), sloping in the western direction (RIGW,1989). 

For Gabel El Asfer farm, in 2020, the main direction of the deep groundwater flow is mainly 

from east to west; while the flow direction in the south is towards the south-west. Maximum 

water level is about 26 meters above mean sea level (m+msl) at north-east of the study area. 

At the western parts, water level is about 10 m+msl as shown in figure 2. 

 
(a)                                                                     (b) 

 

 

 

 

 

 

Figure 1: (a) General Location of the Study Area. (b) Location of Groundwater Samples in the 

Area of Interest (2017-2020) 

  

4. RESULTS AND DISCUSSIONS 
4.1 PH and Salinity 

The descriptive statistics of the chemical constituents of the collected groundwater samples 

are presented in table 1. The pH values of groundwater samples reflect the neutral condition 

that ranged from 7.12 to 8 with an average value of 7.6. That is compatible with FAO 

guidelines for pH which range from 6.5 to 8.4 (FAO, 1994). 

Electrical Conductivity (EC) 

Electrical conductivity is ability of water to carry an electrical current; this ability mainly 

depends on presence of anion and cations in water and also depends on mobility, valence of 

ions and temperature (Meena, 2012).  EC is an indicator of the degree of mineralization of 

water. EC ranges from 0.38 to 4.26 mmoh/cm with an average value of 1.6 mmoh/cm as 

shown in table 1. EC in FAO guidelines should not exceed 3 mmoh/cm. According to the 
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relative tolerance of crop plants to groundwater salinity (Eltrabily, 2018) as shown in table 2, 

only about 15% of the analyzed groundwater samples were suitable for irrigation of class 1 

(sensitive crops). About 57.7% of the samples can be used to irrigate moderately sensitive 

crops (class2). 26.9% of the samples can be used to irrigate moderately tolerant crops (class3). 

Figure 3.a shows the spatial distribution of relative tolerance of crop plants according to EC 

(mmoh/cm). 

 
Figure 2: Groundwater Levels and Flow Directions Under the Prevailing Hydrogeological 

Setting at the Study Area, 2020 

 

Total Dissolved Solids (TDS) 

Total dissolved solids (TDS), is defined as the concentration of all dissolved minerals in the 

water (FAO, 1994). TDS average value of 500 mg/l is considered the desirable limit and 2000 

mg/l as the maximum permissible limits for irrigation (FAO, 1994 &Jain, 2003).TDS in the 

study area varies from 245to 2726 mg/l with an average value of about 1060 mg/l as shown in 

table 1.The groundwater samples were classified according to TDS (Eltrabily, 2018) and 

results are listed in table 3. Most of the samples (69.2%) are permissible for irrigation use 

with TDS range from 525 to 1400 mg/l.  7.7% are classified "Good" while 15.4% are 

"Doubtful".  There were only two groundwater samples that were classified as ―Unsuitable‖ 

for irrigation with TDS more than 2100 mg/l with a percentage of 7.7%. Figure 3.b shows the 

Spatial distribution of TDS (mg/l). 
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4.2 Major Ions and Piper-Trilinear Diagram 

The Spatial distribution of the concentrations of the most common cations (Ca
+2

 Mg
+2

, Na
 +

 

and K
+
) and the most common anions (Cl

–
, SO4

-2
, and HCO3

-
) in groundwater in the study 

area are shown in figures 4 and 5 respectively. 

 

Table 1: Summary of Statistics of The Chemical Constituents and Quality Parameters 

Groundwater Samples 2017/2020 

 

  Unit Min. Max. Avg. 

Std. 

deviation 

FAO 

limits 

PH  7.120 8.010 7.613 0.214 6.5-8.4 

EC m moh/cm 0.383 4.260 1.596 0.974 3 

TDS mg/l 245.000 2726.000 1059.654 600.305 2000 

 
 

    

 

Ca
2+

 mg/l 
22.000 329.300 127.123 89.387 

 

Mg
2+

 mg/l 
11.080 41.990 25.654 9.045 

 

Na
+
 mg/l 

18.000 650.000 169.796 135.313 
 

K
+
 mg/l 

3.000 35.000 13.535 7.355 
 

Cl
 -
 mg/l 

28.600 521.500 182.955 122.832 
350 

SO4 
2 -

 mg/l 
19.000 1211.200 268.734 281.197 

 

HCO3
-
 mg/l 

115.900 610.000 353.390 147.525 
520 

 

 

    

 

SAR  0.438 9.030 3.344 1.901 9 

KR  0.123 1.663 0.799 0.332  

Na% % 15.771 63.329 44.008 10.485  

MH % 6.423 51.471 30.847 13.987  

TH mg/l as CaCo3 7.533 53.978 24.655 10.780  

PI % 55.6 99.7 83.3 10.3  

CAI  -3.979 0.809 -0.595 0.784  

CR  0.536 4.698 2.098 1.062  

 
 

    

 

NO3
-
 mg/l 

0.200 32.000 9.625 8.742 
30 

PO4 
3-

 mg/l 
0.200 0.360 0.238 0.057 

 

NH4+ mg/l 0.200 1.900 0.651 0.486  

Fe
3+

 mg/l 0.006 0.338 0.076 0.092 5 

The Type of water concerning cations and anions are then described with Piper Trilinear 

Diagram. In 1944, Arthur M. Piper, proposed an effective graphic procedure to segregate 

relevant analytical data to understand the sources of the dissolved constituents in water (Piper, 

1944). This procedure was born under the statement that most natural waters contain cations 
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and anions in chemical equilibrium. Figure 6 shows that for cations, and anions most of the 

samples are in the zone of No Dominant type. 

It can be seen also from the diamond that 57.7 % of groundwater samples occupy the category 

no. 9 which is characterized as a mixed type of water (where neither cations nor anions exceed 

50%); while 23.7 % of samples is Magnesium bicarbonate type. Characterization of 

groundwater on the basis of Piper diagram is shown in table 4. 

Table 2: Relative Tolerance of Crop Plants to Groundwater Salinity 

Classes of crops  

No. of 

Sample

s  

Samples   

% Remarks 

Class1, Sensitive crops                          

(EC < 0.95 m mhos/cm) 4 15%   

Class 2, Moderately Sensitive crops 

(EC =0.95–1.9  m mhos/cm) 15 57.70%   

Class 3, Moderately tolerant crops    

(EC =1.9–4.5  m mhos/cm) 7 26.90% 

Field crops: Groundnut, rice, 

safflower  

Vegetables: Beet 

Class 4, Salt tolerant crops                   

(EC = 4.5–7.7 m mhos/cm) 0   

Field crops: Sunflower, oats, 

soybean 

Fruits: Olive, peach 

Class 5, Very Salt tolerant crops           

(EC =7.7–12.2 m mhos/cm) 0   

Field crops: Cotton, sugar 

beet, sorghum, wheat 

Class 6, Generally too saline crops      

(EC >12.2 m mhos/cm) 0   

Field crops: Barley (grains) 

Forages: Tall wheat grass 

                   Classification source: (Eltrabily, 2018) 

 

Table 3: Classification of The Collected Groundwater Samples Based on Salinity 

TDS Categories 

TDS Range 

(mg/l) 

No. Of 

Samples Samples % 

Class 1 Excellent <175  0  0 

Class2   Good 175-525 2 7.70% 

Class3   Permissible 525-1400 18 69.20% 

Class2   Doubtful 1400-2100 4 15.4% 

Class2   Unsuitable > 2100 2 7.70% 

                             Classification source :(Eltrabily, 2018) 

 

4.3 Physiochemical Quality Irrigation Parameters 

Sodium Adsorption Ratio (SAR) 

Sodium concentration is an important factor in classifying water for irrigation because it is a 

measure of alkali/sodium hazard to crops, because sodium reacts with soils and reduces its 

permeability which makes cultivation difficult (El Tahlawi, 2014). 

 SAR in the study area varies from about 0.44 to 9 with an average value of about 3.34 which 

is compatible with FAO guidelines (SAR=9) as shown in table 1.  
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According to SAR calculations and characterizations (Todd, 1980), it is obtained that all 

groundwater samples (100%) are categorized low SAR values (up to 10) which is an excellent 

water class as shown in table 5.  

Residual Sodium Carbonate (RSC) 

The hazardous effect of CO3 and HCO3 on the quality of water for agricultural was calculated 

through RSC. The classification of RSC considers wells that have RSC <1.25 are safe for 

irrigation, while it is considered unsuitable if it is greater than 2.5 (Ramesh, 2011). According 

to RSC calculations in the study area, it is obtained that all groundwater samples (100%) are 

in the category of low RSC values <1.25 which is safe for irrigation as shown in table 5. 

 

(a)                                                                      (b) 

Figure 3: Spatial Distribution of Crop Classes According to EC (a),and TDS (b) in (2017-2020) 

Total Hardness (TH) 

Total Hardness is defined as water that is rich in Calcium (Ca
+2

) and/or Magnesium (Mg
+2

) 

(Todd, 1980). According to TH calculations in the study area, TH varies from 7.5 to 54 mg/l 

as CaCo3 with an average value of about 10.8 mg/l as listed in table 1. All groundwater 

samples (100%) are in soft water zone where TH less than 75 mg/l, as CaCo3 as shown in 

table 5. 

Permeability Index (PI) 

Soil permeability is affected by the long-term use of irrigation water (El Tahlawi, 2014). PI 

was classified into three categories (Doneen, 1964) as shown in table 1. According to PI 

calculations in the study area, PI varies from about 55.6% to 99.7 % with an average value of 

about 83.3 %. It is obtained that most of groundwater samples (91%) are in the category of 

Class-I > 75% which is categorized as ―Good‖ for irrigation as shown in table 5. 

Percent of Sodium (Na %) 
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Excess sodium in water produces the undesirable effects of changing soil properties and 

reducing soil permeability (Subba, 2006). Na % was classified into five categories (Ragunath, 

1987). Na% in the study area varies from about 15.8 to 63.3% with an average value of about 

44% as shown in table 1. The majority of the groundwater samples (80.77 %) have sodium 

between 40% and 60% which is in the permissible range as shown in table 5. 

Magnesium Hazard (MH) 

More Mg
+2

 present in waters affects the soil quality; converting it towards alkaline and 

decreases crop yield (Ramesh, 2011 & Narsimha, 2013). MH % in the study area varies from 

about 6.4 to51.5% with an average value of about 30.8% as shown in table 1. MH values 

>50% is considered harmful and unsuitable for irrigation purposes (Szabolcs, 1964). 

According to MH calculations, it is obtained that most of groundwater samples in the study 

are (96%) are less than 50 % which means that they are suitable for irrigation as shown in 

table 5. 

 

 

Figure 4: Spatial Distribution of Major Cations (Ca
2+

, Na
+
, K

+
and Mg

2+
) in (2017-2020) 
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Kelley Ratio 

Kelly‘s ratio (KR) or Kelly‘s index (KI) of more than 1 indicates an excess level of sodium in 

waters (Kelley, 1940). Therefore, water with a KI less than 1 is suitable for irrigation, while 

those with greater ratio are unsuitable (Narsimha, 2013& El Tahlawi, 2014). KI in the study 

area varies from about 0.12 to 1.66 with an average value of about 0.8 as shown in table 1. 

According to KI calculations, it is obtained that most of groundwater samples (85 %) have 

KI<1 which is suitable for irrigation as shown in table 5. Chloro Alkaline Indices (CAI) 

To know the ion exchange between the groundwater and its surroundings during residence or 

travelling in the aquifer, CAI can be measured; negative value of CAI indicates that there is 

exchange between sodium and potassium in water with calcium and magnesium in the rocks 

by a type of base-exchange reactions; while the positive value of CAI represents the absence 

of base-exchange reactions and existence of cation-anion exchange type of reactions 

(Schoeller,1967). According to CAI calculations, it is obtained that most of the groundwater 

samples (96%) have negative values which indicates that there are base-exchange reactions as 

shown in table 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 5: Spatial Distribution of Major Anions (HCO3
-
, SO4

2-
, and Cl

-
) in (2017-2020) 
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Figure 6:Water Type of Groundwater Relevant to The Quaternary Aquifer at The Study Area  

(Piper Trilinear Diagram) in (2017-2020) 

 

Table4:Water Type of Groundwater of Gabel El Asfer Farm in (2017-2020) 

(The Basis of Piper Diagram) 

 

 

 

 

 

 
 

 

 
                                    Classification source :(Piper, 1944) 

 

Chloride Toxicity 

Chlorides are necessary for plant growth, though in high concentrations they can inhibit plant 

growth, and can be highly toxic to some plant species (Zaman, 2018). Cl
-
 concentrations in the 

study area varies from 28.6 to 521.5 mg/l with an average value of about 183 mg/l as shown in 

table 1. It is noticed that only about 19% of groundwater samples have (Cl
-
) anion 

concentrations less than 70 mg/l which is safe for all plants; while 68.5 % have Cl
-
 

concentrations range of 141-350 mg/l which usually show slight to substantial injury on plants 

(Ludwick , 1990). 

Water type according to Diamond 

No. of 

samples 

Samples 

% 

Magnesium bicarbonate type  6 23.1% 

Calcium–chloride type  1 3.8% 
Sodium–chloride type  4 15.4% 

 Sodium–bicarbonate type  0 0% 
 Mixed type (No cation–anion 

exceeds 50%) 15 57.7% 

https://link.springer.com/chapter/10.1007/978-3-319-96190-3_5#CR9
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Table 5: Classification of the Groundwater Parameters to Evaluate Its Suitability 

for Irrigation in (2017-2020)  

Parameter Category 

No. of 

Samples 

Samples 

% 

Sodium 

Adsorption 

Ratio (SAR) 

Excellent   (up to 10) 26 100% 

Good           (10--18) 0 0 

Fair              (18--26) 0 0 

Poor             (>26) 0 0 

Residual 

Sodium 

Carbonate 

(RSC) meq/l 

Good               <1.25 26 100% 

Doubtful       1.25-2.5 0 0 

Unsuitable   > 2.5 0 0 

Hardness, 

mg/l, as 

CaCo3  

 Soft                        (0 -75)  26 100% 

 Moderately           (75-150)  0 0 

 Hard                     (150-300) 0 0 

 Very Hard           (Over 300)  0 0 

Permeability 

Index (PI) 

Class-I              >75% 24 91% 

Class-II             25-75 % 2 8% 

Unsuitable  <25%  0 0 

Na% 

 Excellent         0-20  1 3.85 

 Good                20-40  3 11.54 

Permissible  40-60  21 80.77 

 Doubtful       60-80  1 3.85 

 Unsuitable   >80  0 0.00 

Magnesium 

Hazard 

(MH)  

Unsuitable > 50 % 1 4% 

Suitable       < 50 %  25 96% 

Kelley's 

Index (KI) 

Unsuitable >=1 4 15% 

Suitable      <1 22 85% 

Chloro-

Alkaline 

Indices 

(CAI) 

 Base exchange Reactions (-ve) 25 96% 

Cation-anion exchange (+ve) 1 4% 

Chloride  

(Cl-) (mg/l) 

Generally safe for all plants   (<70) 5 19.20% 

Sensitive plants usually show slight to 

moderate injury (70-140)             8 30.80% 

Moderately tolerant plants usually 

show slight to substantial injury              

                                            (141-350)                                                       10 38.50% 

Can cause severe problems (350) 3 11.50% 

Sources: El Tahlawi, 2014, SAR& TH (Todd, 1980), RSC (Ramesh, 2011),PI (Doneen, 

1964),Na% (Ragunath, 1987), MH Szabolcs(1964), KI (Narsimha, 2013), CAI 

(Schoeller,1967), Cl
- 
(Zaman,2018). 
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4.4 Nitrate, Phosphate, Ammonium and Iron  

Nitrate (NO3
-
)in groundwater ranged from 0.2 to 32mg/l with an average value of 9.625 mg/l. 

Most of NO3
- 

concentrations are within the FAO guideline, which is 30 mg/l, except for 

limited areas in the middle of the study area as shown in figure 7. Phosphate (PO4
 3-

) ranges 

from 0.2 to 0.36 mg/l with an average value of 0.238 mg/l; while Ammonium (NH4
+
) ranged 

from 0.2 to 1.9 mg/l with an average value of 0.651 mg/l as listed in table 1. Both PO4
 3-

 and 

NH4
+
do not have exact thresholds in FAO guidelines; however, their concentrations in the 

study area are generally lower than the standard guidelines of Saudi Arabia, Jordan, Kuwait, 

Iran and, Italy. Iron (Fe
3+

) concentrations ranged from 0.006 to 0.338 mg/l with an average 

value of 0.076 mg/l which is lower than the FAO guidelines which is 5 mg/l. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Spatial Distribution of Nitrate (NO3
-
) in Gabel El Asfer Area in (2017-2020) 

 

4.5 Statistical Assessment with Factor Analysis 

Factor analysis, a multivariate statistical method produces the general relationship between 

measured variables by rearrange them in a technique that better explains the structure of the 

underlying system that produced the data (Liu, 2003). 

The first step of factor analysis is the correlation matrix. Data of 26 samples during the period 

from 2017 to 2020 has been used to build Pearson correlation matrix between the groundwater 

quality parameters as in table 6. The perfect correlation coefficient (r) ranges from 0.99 to 1.0, 

the strong correlation coefficient ranges from 0.80 to 0.98, Moderate correlation coefficients 

of r range between 0.5and 0.8, and finally a weak correlation coefficient is considered when r 

< 0.5 (Eltarabily, 2018). Negative values as well could indicate weak, moderate or strong 

inverse relationships between parameters. 
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Pearson correlation matrix shows a perfect relationship between EC and TDS (0.99) and a 

strong relationship between EC and Ca
2+

(0.87), EC and Na
+
 (0.92), EC and Cl

-
 (0.92), EC and 

SO4
2-

 (0.96), EC and HCO3
-
 (0.84), EC and NH4

+
 (0.89) and EC and SAR (0.87). It shows 

also a strong relationship between TDS and Ca
2+ 

(0.87), TDS and Na
+
 (0.92), TDS and Cl

-
 

(0.91), TDS and SO4
2+

 (0.96), TDS and HCO3
-
 (0.84), and TDS and SAR (0.85).A strong 

relationship was found also between Ca
2+

and Na
+
 (0.81), Ca

2+
and Cl

-
 (0.88), Ca

2+
and SO4

2-
 

(0.86), Ca
2+

and HCO3
-
 (0.88), Na

+ 
and Cl

-
 (0.88), Na

+ 
and SO4

2-
 (0.91), Na

+ 
and HCO3

-
 

(0.81), Na
+ 

and NH4
+
 (0.93), Na

+
 and SAR (0.96), Cl

-
 and SO4

2-
 (0.89), Cl

- 
and HCO3

-
 (0.83), 

SO4
2- 

and NH4
+
 (0.85), SO4

2- 
and SAR (0.81) and NH4

+
and SAR (0.94). The correlations 

between the rest of variables are moderate, weak and negative. 

 

Scree Plot and Eigenvalue 

Scree plot is a graphical representation of the incremental variance accounted by each factor 

as shown in figure 8. Results indicate that four factors are responsible for the variance as they 

have Eigen values > 1 of the sixteenth parameters as shown in figure 8. Subsequently, the 

rotated component matrix is calculated to extract the factors which have the greatest amount 

of common variance. The larger Eigen value, the higher variance of the factor obtained. Each 

factor explains a portion of the remaining variance until a point of Eigen value of 1 is reached 

where it can be said that the factors no longer contribute to the model (Eltarabily, 2018).  

 

Factor Analysis 

In this study, Kaiser‘s varimax rotation scheme was employed (Kaiser, 1958). It revealed that 

four factors with Eigen values exceeding 1.0 are accounted for about 90.5% of the total 

variance. According to Liu, 2003, the terms are strong positive loadings when factor loading is 

over (0.75), moderate positive loadings when factor loading is between (0.75–0.5) and weak 

positive loadings when factor loading is between (0.5–0.3). 

From the Rotated Component Matrix (table 7) and the calculation of Eigen values, it is found 

that F1 is accounted for 37.5% of the variance. it is showing a strong positive relation with 

NH4 (0.887), that means Ammonia is the major process controlling the hydro-chemical 

variability. The relationship between F1 and other variables are; SAR (0.849), NO3 (0.847), 

Na (0.797), and PO4 (0.797). It also has moderate positive relation with EC (0.771), Cl (.696) 

and SO4 (.672). F2 explains about 25.3% of the total variance. It is considered strongly 

positive related with HCO3 (0.943), Mg (0.782) and TDS (0.769). F2 has moderate positive 

relation with Ca (0.732), EC (0.624) and SO4 (0.608). F3 explains about 14.5% of the total 

variance. It has a strong loading of K (0.883). Finally, F4 accounted for about 13.2% of the 

total variance with moderate positive relation with Ca (0.607) and TDS (0.552). 
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5. CONCLUSIONS 

- The assessment of groundwater suitability for irrigation, is needed and become imperative 

based on an integration between: 1) The effective Physio-chemical characteristics; 2) Defining 

groundwater type by Piper diagram; 3) FAO as guidelines to compare the selected parameters 

within the desirable limits for irrigation purposes; 4) Define the mutual correlation among 

those parameters, through the results which were obtained from applying Pearson correlation 

matrix between parameters to assign their weights; and applying SPSS program of 

multivariate statistics to determine the factor analysis for groundwater quality data ; and 5) 

Use of  Surfer 9 program as a helpful tool for construction theme maps.  

 

- Data of 26 wells during the period from 2017 to 2020 has been investigated and compared to 

FAO guidelines for irrigation water. It is revealed that groundwater in most of the study area 

is within the permissible limits of FAO guidelines relative to pH, EC, TDS, SAR, Cl-, HCO3, 

NO3, and Iron. 

 

- Piper Trilinear diagram, which is performed by Grapher 13 program, was used to recognize 

the type of water concerning cations and anions. It showed that for cations and anions, most of 

the samples are in the zone of No Dominant type. It is revealed also that 57.7  % of 

groundwater samples occupy Mixed water type.  

 

- Eleven elements‘ criteria were selected to evaluate groundwater quality and its suitability for 

irrigation purposes. Those elements are EC, TDS, Na%, SAR, RSC, Cl-, KI, PI, TH, MH, and 

CAI.  According to EC classification and Chloride levels, groundwater in most parts of the 

study area is not suitable for irrigating sensitive crops especially those that are fresh eaten; 

while it is suitable for moderately, salt, very salt, and saline tolerant crops. 

 

- TDS classification shows that about 92% of samples have TDS < 2000 mg/l which is a 

permissible limit according to FAO guidelines. Spatial distribution maps of EC and TDS 

helped in determining safe and risky zones as well. Results of the rest of the parameters 

especially, SAR and RSC indicate that groundwater in the study area is suitable for irrigation. 

 

- Nitrate, Phosphate, Ammonium, and Iron concentrations in groundwater are within the 

permissible limits for irrigation except for limited areas in the middle of the study area where 

Nitrate slightly exceeded the FAO limit (30 mg/l). 

 

-Correlation matrix, Scree plot, and Eigenvalue were performed for Factor Analysis for 

sixteen variables, using SPSS program, to produce a general mutual effective relationship 

between measured variables and their loadings for the sound evaluation of the irrigation 
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suitability. Accordingly, it is shown that Ammonium, Nitrate, and Sodium contents are the 

major physic-chemical parameters that control the hydro-chemical variability of groundwater. 

 

6. RECOMMENDATIONS 

 

- It is recommended the reassessment of the groundwater irrigation suitability according to the 

environmental hydrogeology which may be encountered due to the increase of human activity.  

 

- It is imperative to global the environmental hydrochemical through the physio-chemical 

parameters to enhance and inquiry all the possible pollution that may affect the groundwater 

irrigation suitability. 



420 
 

Table 6: Pearson Correlation Matrix between Groundwater Quality Parameters in 2017-2020 

Parameter PH EC TDS Ca
2+

 Mg
2+

 Na
+
 K

+
 Cl

-
 SO4

-2
 HCO3

-
 PO4

-3
 NH4

+
 Fe

+3
 SAR PI 

PH 1.00                             

EC -0.24 1.00                           

TDS -0.25 0.99 1.00                         

Ca
2+

 -0.07 0.87 0.87 1.00                       

Mg
2+

 -0.23 0.09 0.10 -0.26 1.00                     

Na
+
 -0.13 0.92 0.92 0.81 0.19 1.00                   

K
+
 0.03 0.67 0.66 0.59 0.19 0.66 1.00                 

Cl
-
 -0.20 0.92 0.91 0.91 -0.08 0.88 0.61 1.00               

SO4
-2

 -0.23 0.96 0.96 0.86 0.07 0.91 0.62 0.89 1.00             

HCO3
-
 -0.04 0.84 0.84 0.88 -0.11 0.81 0.64 0.83 0.77 1.00           

NO3
-
 -0.02 0.49 0.46 0.56 -0.09 0.40 0.51 0.60 0.38 0.48           

PO4
-3

 -0.28 0.42 0.12 0.15 0.18 0.46 -0.25 0.53 0.38 -0.01 1.00         

NH4
+
 -0.63 0.89 0.53 0.49 0.68 0.93 0.20 0.67 0.85 0.23 0.58 1.00       

Fe
+3

 0.13 -0.45 -0.43 -0.39 0.09 -0.31 -0.36 -0.40 -0.44 -0.41 -0.17 -0.33 1.00     

SAR -0.10 0.87 0.85 0.68 0.30 0.96 0.64 0.80 0.81 0.76 0.51 0.94 -0.31 1.00   

PI 0.30 -0.18 -0.21 -0.26 -0.01 -0.03 -0.06 -0.27 -0.22 0.10 -0.20 -0.47 0.09 0.09 1.00 

  

             

    

    

Perfect positive 

correlation     

Strong positive 

correlation         
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Figure 8:Scree Plot Curve to Determine the Factors Responsible for The Variance and 

 Have Eigen Values >1 

Table 7: Rotated Component Matrix Showing the Four Factors Responsible for The 

Variance and Their Loadings Related to Groundwater Parameters in 2017-2020 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F1 

(37 F2 F3 F4 

PH -.776 -.178 .498 .079 

EC .711 .624 .133 .262 

TDS .276 .769 .090 .552 

Ca++ .238 .732 -.117 .607 

Mg++ .448  .782 .315 .189 

Na+ .797 .439 .315 .259 

K+ .026 .165 .881 -.234 

Cl - .696 .252 .193 .319 

SO4 - - .672 .608 .325 .187 

HCO3- .082 .943 -.005 -.194 

NO3- .847 .409 .220 .056 

PO4 3- .797 -.152 -.185 .186 

NH4+   .887 .253 .174 .190 

Fe3+ -.240 -.015 -.821 -.209 

SAR .849 .299 .365 .202 

PI -.263 -.058 .002 -.932 

 Strong    Moderate  

 Positive    Positive 

 Loading   Loading 
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