
 

 

 

Abstract— Gaza Coastal aquifer, the only water resource 

in Gaza Strip, has been exposed to over-exploitation, 

inappropriate sewage disposing, intensive agrochemicals use 

with invasions of seawater and Eocene saline water from 

adjacent aquifer. An integrative hydrochemical and statistical 

techniques (Hierarchical cluster analysis (HCA) and factor 

analysis (FA)) have been applied on existence ten 

physiochemical data of 84 samples collected in (2000/2001) 

using STATA, AquaChem, and Surfer softwares to: 1) Provide 

valuable insight into the salinization sources and the 

hydrochemical processes controlling the chemistry of 

groundwater. 2) Differentiate the influence of natural processes 

and man-made activities.  

Box plots show very wide range of variables reflecting 

large spatial variations in chemistry of highly saline aquifer. 

Based on WHO standards, only (15.5%) of the wells were 

suitable for drinking. Piper plot showed that the dominant 

water type was Na-Cl type followed by Ca–Cl type and Ca-

HCO3 type while Na-HCO3 was very limited. The recorded 

large diversity in water facies reveals the impact of multiple 

complex hydrochemical processes. 

HCA yielded three clusters. Cluster 1 is the highest in 

salinity, Na-Cl water type with abundance of sulfate and 

bicarbonate corresponding mainly to Eocene saline water 

invasion mixed with human inputs. Cluster 2 is the lowest in 

salinity, Na-Cl and Ca-Na-HCO3 water types, corresponding 

mainly to Eocene saline water invasion mixed with recent 

groundwater recharge by rainfall and limited water rock 

interactions and pollution. Cluster 3 is near in salinity to 

Cluster 2, characterized by high diversity of facies mostly of 
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Ca/Mg-Cl, Ca-HCO3 and Na-Cl, corresponding to sea water 

invasion, carbonate dissolution through rainfall and human 

inputs.  

Factor analysis yielded two factors accounting for 88% of 

the total variance. Factor 1 (59%) has strong positive loaded 

on Na+, Cl–, TDS and SO42-and moderate positive on Mg2. It 

is a salinization factor demonstrating the mixing contribution 

of natural saline water (Eocene saline water, and sea water 

invasions) with human inputs (municipal and farming inputs).  

Factor 2 measure the hardness and pollution which explained 

29% of the total variance and has high positive loadings for Ca 

and NO3- and negative moderate loading of pH.  The negative 

relationship between the NO3- and pH may reveal a 

denitrification process in a heavy polluted aquifer recharged by 

a limited oxygenated rainfall.  

Multivariate statistical analysis combined with 

hydrochemical analysis indicate that the main factors 

controlling groundwater chemistry were Eocene saline 

invasion, seawater invasion, sewage invasion and rainfall 

recharge and the main hydrochemical processes were base ion 

and reverse ion exchange processes with clay minerals (water 

rock interactions), nitrification, carbonate dissolution and a 

limited denitrification process. 

Keywords— Dendrogram, factor analysis, water facies. 

Eocene saline invasion, sea water invasion, human inputs, 

Denitrification.  

I. INTRODUCTION 

Globally, groundwater is the most vital resource for 

residential, farming and industrial uses in coastal regions 

(Güler, Kurt, Alpaslan, & Akbulut, 2012b; Huang, Sun, Zhang, 

Chen, & Liu, 2013b) especially in arid to semi-arid countries 

where fresh surface water is rare. Groundwater salinization has 

become a critical environmental and socioeconomic problem 
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(Abrol, Swaminathan, & Sinha, 1986; Ghassemi, Jakeman, & 

Nix, 1995) So, for groundwater quality protection, research on 

water hydrochemistry has been globally piloted (Yang, Li, Ma, 

Wang, & Delgado, 2016) to explore the main factors and 

processes that control the groundwater salinity.  

The spatial and temporal groundwater chemistry changes are 

mostly controlled by natural factors as interaction of water with 

soil and rock, hydrodynamic conditions, impact of adjacent 

aquifers and seawater invasion (Ledesma-Ruiz, Past??n-

Zapata, Parra, Harter, & Mahlknecht, 2015; Lentini et al., 

2009). Add to, human activities as groundwater 

overexploitation, improper sewage disposal, intensive farming 

activities, industry and urban expansion  (Aris, Abdullah, & 

Kim, 2007; Huang et al., 2013b; Lin, Abdullah, Praveena, 

Yahaya, & Musta, 2012). So, many researches have been 

discussed the factors controlling the chemistry of groundwaters 

in order to maintain sustainable groundwater management. 

Gaza coastal aquifer is the only source for all uses in Gaza 

Strip. The huge water demand with improper environmental 

management  in this rapid population growth area increased 

groundwater salinity problems (Aliewi et al., 2001; Heen, 

Tubail, & El-naeem, 2008; Mogheir, De Lima, & Singh, 2005; 

Nations & Programme, 2009; Avner Vengosh et al., 2005). 

Groundwater salinization have been discussed by many 

researchers and they believed that two main factors affecting 

the groundwater salinity with high saline contents; the natural 

flow of Eocene saline water and sea water invasion (Al-agha & 

El-nakhal, 2004; Ghabayen, McKee, & Kemblowski, 2006; A. 

J. Melloul & Collin, 2000; Avner Vengosh et al., 2005; 

Weinthal, Vengosh, Marei, Gutierrez, & Kloppmann, 2005; 

Yakirevich, Melloul, Sorek, Shaath, & Borisov, 1998). Some 

researchers revealed the impact of lack of sewer system, 

improper sewage disposing (using cesspits) and intensive use 

of agrochemicals (Baalousha, 2011; Ghabayen et al., 2006; 

Ibraheem & Saleh, 2007; Mushtaha & Mackay, n.d.; Qahman 

& Larabi, 2006; Basem Shomar, Abu-Fakher, & Yahya, 2010;) 

on the groundwater chemistry in the study area.  

These studies have been done using either hydrochemical 

and/or isotopic methods to identify the source of the high 

salinity in groundwater. In this research an integration between 

hydrochemical and multivariate statistical analysis (HCA and 

FA) have been applied 84 samples collected by Palestinian 

Water Authority (PWA) in (2000/2001) to determine the 

sources of salinity and to recognize the prevailing processes 

responsible for the different ions in the groundwater. STATA 

software has been used for multivariate statistical analysis 

(hierarchical cluster analysis (HCA) and factor analysis (FA)) 

as useful tool in analyzing ten physiochemical variables of 84 

samples and detecting the main factors that impact its chemical 

components (Cloutier, Lefebvre, Therrien, & Savard, 2008; 

Güler, Thyne, McCray, & Turner, 2002; Voutsis, Kelepertzis, 

Tziritis, & Kelepertsis, 2015; Wanda, Monjerezi, Mwatseteza, 

& Kazembe, 2011).  

The results of this study will be useful to explore in-depth the 

main factors controlling groundwater chemistry and will help 

us to improve groundwater management for maintainable 

development and to reveal the negative influences of human 

activities on the chemistry of groundwater.  

II. STUDY AREA DESCRIPTION 

Gaza Strip is located in the south-western coastal region of 

Palestine as shown in (Fig. 1). It is a typical very crowded small 

coastal area. Groundwater is the only resource of potable water 

in the region for all uses mainly for residential and agricultural 

purposes (PWA, 2015).The aquifer is undergoing a severe 

environmental problems as a result of intensive human 

activities and natural processes (Al-Agha, 1995; El-naeem, 

Heen, & Tubail, 2010; Shomar, Osenbruck, & Yahya, 2008; 

Avner Vengosh et al., 2005)that led to an immense irretrievable 

worsening in groundwater quality.  

The area is characterized by semi-arid Mediterranean Sea 

climate with a yearly limited rainfall range from (200 mm to 

400 mm) as the main source of recharge (Abu Maila, Y. , El-

Nahal, I. , and Al-Agha, 2004; Al-Agha, 1995; PWA, 2013; 

UN-ESCWA & BGR, 2013). The northern area receives double 

amount like the southern part.  Surface freshwater resource is 

neglected where Israel retained the natural flow of the three 

wadis that originate from the occupied areas. Unfortunately, 

these wadi after drying are used now for wastewater release and 

solid waste dumping(Al-Mahallawi, Mania, Hani, & Shahrour, 

2012; El-naeem et al., 2010; Rabah, 2013). 

 

Fig.1: Location map of Gaza Strip 

Gaza coastal aquifer is a shallow, phreatic with a natural dip 

and flow is towards the sea (Avner Vengosh et al., 2005) as 

shown in (Fig. 2). It varies in its thickness from 200 m close to 

the shoreline to a few meters at the eastern side while its width 

ranges from 7 km in the north to 20 km in the south (Al-agha & 

El-nakhal, 2004; Mercado, 1980). The aquifer material is 

consisted basically of Pliocene-Pleistocene calcareous sand-

stone, sand and sandy loam interbedded with clays layers and 

lenses (A. Melloul & Azmon, 1997). It overlies layers of chalks 

and limestone of Eocene age at the eastern side and thick layers 

of marls, marine shales, and clays (about 400- to 1000-m) of 

Miocene–Pliocene age (called Saqiya Group) to the middle and 

western side (Gattacceca et al., 2009; Mercado, 1980; A. 

Vengosh, Starinsky, Kolodny, & Chivas, 1991; Avner Vengosh 

et al., 2005). The Gaza coastal aquifer is recharged from two 

sources: direct rainfall and the lateral flow from the eastern 

Eocene aquifer (El-Nakhal, 1968; Yakirevich et al., 1998). 

In the study area, groundwater wells are highly dense and 



 

 

mostly with high rates of production above the recommended 

by (PWA) and often located near from the sea especially at the 

northern part of the region (El-naeem, 2007). Water abstraction 

wells are municipal (around 85 wells) and agriculture (around 

1800 wells) with an average of seven wells / km2 (A. J. Melloul 

& Collin, 2000).Close to the coast, the water balance deficit 

with over pumping resulted in water level declination and 

formation of two cone of depression that triggered seawater 

invasion and aquifer salinization (Al-dasht, 2012; El-naeem et 

al., 2010; Heen et al., 2008; Palestinian, Water, Authority, 

2014; PWA, 2014).  

The western area of the aquifer is overlaid by comparatively 

highly hydraulic conductivity sand, calcareous sandstone, and 

sandy loam while the eastern side is overlaid by low permeable 

thick soils of loess (Avner Vengosh et al., 2005). Rainfall 

recharge mostly take place through the permeable cover of sand 

dunes at the central and western parts of the aquifer (El-Nakhal, 

1968). The aquifer thickness vary considerably from north to 

south where the western part of the north of Gaza Strip ranged 

between 180 to 200 m while it decrease in the central area to 

140-160m and in southern area to 100–120 m  (Al-dasht, 2012). 

 

 
Fig.2   A graphic hydrogeological cross-section of the Gaza 

Coastal Aquifer and the surrounding layer has been adopted 

after Mercado, Weinberger and others and. Melloul and Azmon 

(A. Melloul & Azmon, 1997; Mercado, 1980; Weinberger, 

Rosenthal, Ben-Zvi, & Zeitoun, 1994) . 

 

III. APPROACH, METHODOLOGY AND TOOLS 

A. Data collection and analysis 

 

The study has used existing data collected by (PWA) in 

(2000/2001) from 84 municipal wells for ten physiochemical 

water parameters. Data analysis has been done using 

STATA/SE 12 to: 1) Calculate (range, median and standard 

deviation) for ten physiochemical variables which are pH, TDS, 

EC, Na+, Mg2+, Ca2+, K+, Cl–, SO42-, HCO3-; and NO3-. 2) 

Apply multivariate statistical analysis (HCA and FA) to 

determine the sources of salinity and recognize the prevailing 

hydrochemical processes (Meyer, 1975; N. C. Mondal, Singh, 

Singh, & Saxena, 2010). The multivariate analysis used to 

simplify complex systems and rearrange huge datasets for 

getting significant information that may be useful for water 

chemistry assessing (Andrade & Stigter, 2009; Cloutier et al., 

2008). AquaChem 5 was used for drawing Piper diagram to 

determine the water types and the hydrogeochemical processes 

that affecting on. Moreover, Surfer 13 was used for drawing 

maps to display the spatial distribution of water types, clusters 

…etc. 

HCA has been used to classify data set according to their 

similarity within a cluster and dissimilarities between different 

clusters (Güler et al., 2002; Huang et al., 2013b; Wanda et al., 

2011).The properties of the clusters can be distinguish using 

statistics description and graphical representation (Ghesquière, 

Walter, Chesnaux, & Rouleau, 2015). FA with varimax rotated 

has been applied to attain the greatest in the variation of the 

factors (Ayenew, Fikre, Wisotzky, Demlie, & Wohnlich, 2009; 

Cloutier et al., 2008; Güler et al., 2002). This will increase the 

variances among the resulting factors so that the outputs reading 

can be done easily and we can extract optimum factors 

corresponding to the various natural and manmade actions that 

regulate the chemistry of groundwater (Cloutier et al., 2008; 

Güler, Kurt, Alpaslan, & Akbulut, 2012a; Huang, Sun, Zhang, 

Chen, & Liu, 2013a). The degree of linear relationship between 

every two variables was assessed by calculating the correlation 

coefficient. 

 

Data treatment  

 

All parameters except for pH are not normally distributed and 

have high skewness distribution. So, log transformation is 

applied to get normal one through decreasing their skewness, 

which is the precondition of HCA for ideal and confident 

outcomes interpretations (Davis & Sampson, 1986; Güler et al., 

2002). Standardization is applied to confirm that every 

parameter has same weight in the statistical analysis (Davis & 

Sampson, 1986; Güler et al., 2002). 

IV. RESULTS AND DISCUSSION 

A statistical summary of the physiochemical variables of the 

groundwater wells with maximum, minimum, average, and 

standard deviation values are shown in Table 1. 
 
 

 

A. Physico-chemical properties 
 

1) Physical properties 

 

Groundwater was approximately neutral to slightly alkaline 

with average pH 7.6, and ranges from of 6.31 to 9.6. Only two 

wells showed pH values above and below the WHO standards. 

This alkalinity was derived from the carbonate minerals 

dissolution in the form of bicarbonate (HCO3-). 

Electrical conductivity (EC) is a measure of a capability to 

transfer current and higher values means the enrichment of 

groundwater with dissolved solids. EC varied widely and 

ranged from 528 to 5170 µS/cm, with a median 1854µS/cm. 



 

 

Based on the EC classification by (N C Mondal, Singh, Saxena, 

& Prasad, 2008), (56%) of the wells were freshwater quality 

(EC < 1, 500 µS/cm), 26.2% brackish (1500 to 3000 µS/cm) 

and 17.8% saline (˃ 3000 µS/cm). Ec map (Fig. 3) clarifies that 

the fresh water wells were mostly located at the northern part of 

study area. This result revealed the direct impact of rainfall 

recharge on the groundwater chemistry in the northern part. The 

brackish and saline wells are scattered mainly between the 

eastern and western parts toward the southern area. This pattern 

may be attributed mainly to the impact of the Eocene saline 

water from the eastern side and seawater invasion from the 

western side in a very limited rainfall recharge area. Moreover, 

this pattern can be related to the influence of improper human 

activities as sewage disposing without treatment, common 

cesspits uses and intensive agrochemical uses.  

  
Table 1 Statistical summary for the major hydro-chemical parameters 

Var 
Ob
s 

Mea
n 

Std. 
Dev. 

Min Max 
Mea
n 

Std. 
Dev
. 

Min Max 

WH
O 

% 
belo
w 
WHO 

NO3
- 84 1.68 1.33 0.33 6.13 104 82 

20.4
7 

379.
8 

45 21.5

% 

SO4
2- 84 2.68 2.95 0.28 

14.1
6 

129 141 13.5 
679.

7 

250 84.5

% 

HCO

3
- 

84 4.52 1.57 0.94 9.12 276 
95.

7 
57.5 

556.
5 

350 81% 

Cl 84 
10.0

5 
8.36 0.99 31.8 356 296 35.3 1127 

250 52.4

% 

K 84 
0.09

6 
0.08 0.02 0.54 3.7 3.1 0.75 21 

20 98.8
% 

Na 84 11.5 10.5 1.52 
43.1

5 
264 241 

35.0
6 

992.
5 

200 53.5

% 

Mg 84 2.75 1.5 0.66 8.21 33 
18.

5 
8.01 99.8 

150 100% 

Ca 84 4.16 2.29 0.85 11.3 83 46 17 
226.

1 

200 96.5

% 

TDS 84 1170 768 
230.

4 
3205     

100
0 

55% 

EC** 84 1854 
118

4 
528 5170     

150
0 

56% 

pH* 84 7.6 0.49 6.31 9.6     
6.5 - 

9.2 

97.6

% 

Bold numbers in mg/L and non-bold in meq/L    pH* no units    EC ** in µS/cm 

 

Similar to EC, total dissolved solid (TDS) showed a wide 

difference from 230 to 3205 mg/l with median 1170 mg/l. The 

highest values have been recorded in the southern and middle 

parts with values between 3000 to 3205 mg/L as in L/187, P/10, 

H/60 and G/49. The highest coastal value was 1425 mg/L 

(C/79A).  As a general the southeastern part was the highest in 

salinity while the northern inland part was the lowest due to the 

difference in rainfall recharge, aquifer thickness and storage 

capacity and the soil cover permeability (Al-dasht, 2012; El-

naeem et al., 2010). The wide variations in TDS and EC values 

revealed a significant difference in the hydrochemical processes 

in various portions of the study area with diversity in the types 

of groundwater (Askri, 2015a).  

 
Fig. 3   EC map showing areas of Fresh, brackish and saline 

water 

 

2) Chemical Properties 

 

The considerable variation of most of ions in groundwater 

revealed that the chemistry of groundwater was heterogeneous 

and suggested a diversity of natural and human activities are in 

action. Among anions, sodium ion has the widest variations in 

concentrations (35 to 992.5) mg/L with median 264 mg/L). The 

high concentration of sodium in groundwater attributed mainly 

to natural lateral movement of saline water from adjacent 

aquifer  (Ghabayen et al., 2006) and/or human source as sewage 

infiltration in urban area (Jabal & Abustan, 2015; Marghade, 

Malpe, & Zade, 2012). The low concentration of potassium 

which ranged from 0.75 to 21 mg/L attributed to its fixation 

easily by clay minerals and tendency to share in secondary 

minerals formation (Pazand, Hezarkhani, Ghanbari, & 

Aghavali, 2012) . Among the alkali earths, the concentration of 

Ca and Mg ranged from 17 to 226 and 8 to 99.8 mg/L, with an 

average of 83 and 33 mg/L, respectively. The order of plenty of 

major cations was Na ˃ Ca ˃Mg ˃ K 

Chloride was the widest in variation among the ions, ranges 

from 35.3 to 1127 mg/L with average of 356 mg/L. Sources of 

high Cl concentration are 1) Eocene saline water. 2) Seawater 

invasion 3) human activities as sewage disposal and intensive 

agrochemical practices (Ghabayen et al., 2006; A Vengosh & 

Rosenthal, 1994; Avner Vengosh & Ben-zvi, 1994; Avner 

Vengosh et al., 2005; Weinthal et al., 2005). 

Sulfate and bicarbonate concentrations vary from 13.5 to 680 

(average 129 mg/L) and 57.5 to 556.5 (with average 267 mg/L), 

respectively. The sulfate origin is mostly from the Eocene 

aquifer and the gypsum dissolution in the covering loess soil 



 

 

(Avner Vengosh et al., 2005)  and from farming lands fertilizers 

and the infiltrated sewage disposed improperly (Jabal & 

Abustan, 2015; Marghade et al., 2012). The nitrate is high in 

the study area and ranged from 20.5 to 380 (mean 104 

mg/L).The problem of nitrate is attributed mainly to 

inappropriate sewage disposing as using cesspits, animal wastes 

and excess use of fertilizers (Al-Agha, 1995; Mayla & Amr, 

2010; Shomar et al., 2008). The order of plenty of major anions 

was Cl ˃ HCO3- ˃ SO42- ˃ NO3-. 

Box plot and water suitability for drinking 

  

Box plot clarifies that among cations, Na+, Ca2+ and Mg2+ 

are dominant and among anions Cl– and HCO3- are dominant 

where the general order of ions abundance is Na+  > Cl– > 

HCO3- > Ca2+ >  Mg2+ > SO42- > NO3-> K+ as shown in 

(Fig. 4). It is pure long extends of some boxes of ions indicating 

large areal differences may be due to the impact of various 

hydrochemical processes on the groundwater chemistry. The 

highest extend for sodium and chloride ions reveals highly 

saline groundwater and may point to the possibility of a high 

rate of seawater water invasion (N. C. Mondal et al., 2010) or 

saline invasion from adjacent saline aquifer. Such rapid 

salinization may be also attributed to land use and manmade 

contamination (Jabal & Abustan, 2015; Marghade et al., 2012; 

Srinivasamoorthy, Vasanthavigar, Vijayaraghavan, 

Sarathidasan, & Gopinath, 2013). 

  

 
Fig. 3   Box plot diagram of the major ions 

Comparing the chemical composition of groundwater with 

the World Health Organization standards (WHO, 2011) for 

drinking water quality, highlighting that physiochemical 

parameters of 13 wells (15.5%) from 84 wells are still within 

the recommended standards for drinking. The percentages of 

wells below WHO standards for the ten parameters are shown 

in the box plot (Fig. 4) and (table 1). 

 

B. Multivariate statistical analysis  

 

Statistical analysis tool based on the (HCA) and (FA) is an 

important and useful methods to understand major water types 

and evaluate the major factors affecting and regulating the 

chemistry of the groundwater in the Gaza Strip aquifer.  

 

1) Hierarchical cluster analysis (HCA) 

Dendrogram 

 

The results of the HCA of the 84 water samples for 10 

variables using Ward’s method with Euclidean distance as the 

similarity measurement between wells is shown in the 

Dendrogram (Fig. 5). Large or small number of groups could 

be selected based on selection phenon line linkage distance 

(Ghesquière et al., 2015; H. Wang, Jiang, Wan, Han, & Guo, 

2015). After choosing a phenon line with a link distance of 10, 

HCA yielded three clusters. These clusters can be arranged as 

C1; C3; C2 based on decreasing in TDS and other chemical 

contents. 

It is found that the height of the phenon line that link between 

C 2 and C3 is (18), indicating that groundwater wells in C2 are 

considerably hydrochemically distinguish from the 

groundwater samples of the C3. The linkage distance between 

C1 and the previous two C1 and C2 is high (62), indicating a 

high geochemically difference between them. These wide 

variations between C1 with C2 and C3 reflects wide variation 

in prevailing hydrochemical processes in this study area. 

 
Fig.  5   Dendrogram for the wells, showing the three clusters 

Clusters mapping  

 

Clusters map has been drawn with different colored symbols 

(circle and triangle,) as shown in (Fig.6) to recognize the 

location of the wells of each cluster. Consequently we can join 

between their chemistry and the type of manmade activities 

and/or natural actions prevailing in that locations which can 

influence on the clusters hydrochemistry.  

Cluster 1 represent the highest mineralization area of 52% 

saline water type and 48% brackish. TDS (3205 to 1292 mg/L) 

and EC (5170 to 2132 µsiemens/cm) and ions median values 

were the highest as shown in the histogram (Fig. 7). It located 

mostly in the south and the middle governorates of the study 

area toward the eastern and inland parts. This cluster is located 

in a limited rainfall areas and impacted by Eocene saline water, 

sea water invasion and sewage infiltration (lack of sewer system 



 

 

areas as in khan younis). The highest level of nitrate pollution 

in this cluster reflects the significant impact of human activities. 

Cluster 2 represent the lowest mineralization area of fresh 

water type. The values of TDS (from 854 to 230 mg/L), EC 

(from 1376 to 593 µsiemens/cm) and ions median are the 

lowest. Its location is inland (more toward the north) far from 

the impact of eastern Eocene saline water and the western sea 

water invasion. The less impact of sources of salinization with 

a better conditions of rainfall recharge reflected in the lowest 

salinization conditions.   

 
Fig. 6     Spatial distribution of the three clusters after HCA 

 
Fig. 7   Histogram representation of median values of ions in 

meq/L and EC (µ siemens/cm) and TDS (mg/L) for the three 

clusters 

The majority of Cluster 3 (73%) are fresh water type while 

27% of the wells are brackish.  This cluster is more similar in 

salinity to cluster 2 with middle values of TDS (1425 – 330 

mg/L) and EC (2222 –528 µsiemens/cm).Its location is at the 

northern area scattered between western (mostly), inland and 

eastern sides. So, its quality is impacted by natural processes of 

direct rainfall in a sandy dunes soil areas, limited sea water 

intrusion from the west and Eocene saline water for a few wells 

toward the east. Add to the various human activities as the 

infiltration of poor treated wastewater from Beit Lahia lake and 

agricultural activities  (El-naeem, Heen, & Tubail, 2009) 

The relative abundance of ions as shown in (table 2), 

histogram (Fig. 7) and pie diagrams (Fig. 8) showed that Na/Cl 

ratio was ˃ 1in Cluster 1 and Cluster 2 in similarity to Eocene 

saline water (Na/Cl =1 to 1.8) and the leaching of loess soil 

(Na/Cl ˃1) (Vengosh et al, 2005) while cluster 3 showed a 

Na/Cl ratio ˂1 as a result of the influences of sea water invasion 

and sewage and farming inputs. 

 

Table 2   The relative abundance of cations and anions in the 

three clusters 

Cluster Relative abundance of sulfate related to the other ions  

Cluster (1) Na+ > Cl– > SO4
2- > HCO3

− > Ca2+ > Mg2+ > NO3
- > K+ 

Cluster (2) Na+ >Cl– > HCO3
−−> Ca2+ >  Mg2+ > SO4

2- > NO3
- > K+ 

Cluster (3) Cl– >Na+ > Ca2+ > HCO3
−> Mg2+ > NO3

- > SO4
2- > K+ 

Total Na+ > Cl– > HCO3
−> Ca2+ >  Mg2+ > SO4

2- > NO3
- > K+  

 

 
Fig. 8   .Pie diagram of median values of major ions for the three 

clusters and the total wells. 

The excess of SO42- in cluster 1 than other clusters resulted 

from a mixing origin from Eocene saline water and human 

inputs. NO3- is higher in C3 as a result of human activities in 

this area. Pie diagram clarify that the nitrate pollution was the 

highest as percentage in cluster (3). This result means that 

nitrate pollution impacted significantly the groundwater salinity 

at the north more than the other parts of the study area.  This 

situation corresponding to the presence of wide areas of 

permeable sand dunes soil impacted by the diversity of human 

inputs as the infiltration of poor treated wastewater from Beit 

Lahia lake and intensive farming inputs  (El-naeem et al., 2009). 

The abundance of HCO3− in cluster 2 and cluster 3 



 

 

corresponding to the carbonate dissolution and the Eocene 

saline invasion.   

  

C. Hydrochemical facies 

1) Piper diagram 

 

All three clusters are plotted on a Piper diagram and 

Chadha’s plot to determine the chemical differences and 

identify their water types for understanding the main factors 

that controlling water chemistry in the study area. Piper 

diagram can be divided into 6 areas as shown in (Fig. 9).  Based 

on the Piper trilinear plot, the dominant water types and their 

relative abundance were in the following order: Na-Cl (60% of 

wells) > Ca/Mg-Cl (21.5 %) > Ca-HCO3 (14.9%) ˃Na-HCO3 

(3.6%). 

Cluster 1 is the highest in salinity, Na-Cl water type with 

abundance of sulfate and bicarbonate corresponding mainly to 

Eocene saline water invasion mixed with human inputs. Cluster 

2 is the lowest in salinity, Na-Cl and Ca-Na-HCO3 water types, 

corresponding mainly to Eocene saline water invasion mixed 

with recent groundwater recharge by rainfall and limited water 

rock interactions (Cary et al., 2015). and pollution. Cluster 3 is 

near in salinity to Cluster 2, characterized by high diversity of 

facies mostly of Ca/Mg-Cl, Ca-HCO3 and Na-Cl, 

corresponding to sea water invasion, carbonate dissolution 

through rainfall and human inputs.  

. 

 
Fig. 9   Piper plot of the three clusters  

The three clusters show wide diversity in hydrochemical 

facies (29 type) as shown in (Fig. 10). This reflects a large 

spatial variability in hydrochemical processes in the study area. 

In cluster 3, 19 water facies were recorded with the dominance 

of the two types Ca-Na-HCO3-Cl and Na-Ca-Cl-HCO3. This 

mixed ionic type between the ions of freshwater Ca and HCO3 

with ions of saline water Na and Cl suggested two 

hydrochemical processes in action. The first is reverse ion 

exchange process where Ca ions released from the Aquifer 

material and exchanged by Na from the limited invaded sea 

water (Na-Cl water) and the second related to freshening with 

rainfall recharge in this area. So, this sensitive area impacted by 

multiple complex hydrochemical processes; 1) seawater 

invasion for the wells close to coastline. 2) Human activities of 

sewage infiltration and farming inputs 3)water rock interaction 

in a rainy area at the north. 4) Eocene saline water for the wells 

at the eastern side. 

Wells of cluster (1) are highly mineralized where 9 water 

facies were recorded, all of them are Na-Cl and its varieties like 

Na-Cl-HCO3, Na-Cl-SO4 and Na-Ca-Cl. This result reflects 

highly saline water that impacted by Eocene saline water from 

eastern side, improper sewage disposal as cesspits in Khan 

Younis and farming activities. In cluster (2) which located 

mostly inland 10 water types were recorded with dominant 

types of  Na-Cl-HCO3, Na-Mg-HCO3-Cl and Na-Mg-Ca-

HCO3-Cl reflecting mixing conditions of salinization indicated 

by Na-Cl-HCO3 and freshening indicated by Na-Mg-HCO3-Cl 

and Na-Mg-Ca-HCO3-Cl  

 
Fig. 10   Water types of the three Clusters 

 

2) Modified Piper diagram  

 

The water facies classification is also recognized using 

modified Piper diagram proposed by Chadha (1999). The 

chemical data was calculated as milliequivalent percentages, 

and drawn as a relation between (Ca + Mg) - (Na + K) for 

cations, and (HCO3- (Cl + SO4) as shown in (Fig. 11). Four 

hydrochemical processes proposed by (Chadha 1999) are 

indicated in the Chadha’s plot. 

The Chadha’s plot shows that the majority of the wells fall in 

the saline zone where Na-Cl type (59.5%), Ca–Cl type (21.5%), 

Ca-HCO3 type (16.6%) and only two wells are of Na-HCO3 

type. The Ca-Cl water type mostly located close to the coast and 

attributed to reverse ion exchange process due to sea water 

invasion. 

After comparing Piper and Chadha´s diagrams, it is found 

that the relative abundance of water types was the same in both 

methods as following 

Na-Cl ˃ Ca/Mg-Cl ˃ Ca-HCO3 ˃ Na-HCO3 water types 



 

 

 
Fig11 Modified Piper diagram (Chadha’s plot) 

D. Factor analysis for contribution assessment  

 

Factor matrix with varimax rotated has been applied to attain 

the greatest in the variation of the factors (Ayenew et al., 2009; 

Cloutier et al., 2008; Güler et al., 2002). This will increase the 

variances among the resulting factors so that the outputs reading 

can be done easily. 

FA with Varimax rotation has been applied on chemical data 

of 84 sampled wells for 10 variables (TDS, Na+, K+ , Mg2+, 

Ca2+  Cl–, SO42-, HCO3−, NO3- and pH) to reduce the data to 

a smaller number of factors and to deduce the underlying 

natural and/or manmade processes that control the hydro-

chemical composition of Gaza aquifer, The extracted two 

independent factors and the percentage of variances clarified by 

the factors are shown in (Table 3).  

Table 3: Percentage of Variance explained by various factors 

and Rotated factor loadings and unique variances 

F Var Differ. Pr.% Cum.% Var. F1 F2 Uniq. 

F1 4.25 2.18 59 59 TDS 0.91 0.33 0.03 

F2 2.06 1.26 29 88 HCO3− 0.41 0.13 0.37 

F3 0.80 0.63 11 99 NO3
- 0.35 0.75 0.28 

F4 0.17 0.01 2 101 SO4
2- 0.86 0.2 0.11 

F5 0.16 0.13 2 104 K 0.21 0.45 0.61 

F6 0.03 . 1 104 Na 0.97 -0.03 0.03 

     
Ca 0.22 0.86 0.19 

     
Mg 0.63 0.23 0.37 

     
Cl 0.96 0.17 0.01 

     
pH 0.16 -0.56 0.52 

(Bold values indicating significant loadings) 

The drawing of scree plot was useful for identifying the 

number of significant factors through (eigenvalue > 1). 

Significant factors can be observed from break of the slope 

where the steep slope displays the biggest factors as shown in 

(Fig. 12). 
 

 

Fig.12 Scree plot of the FA performed on groundwater 

physiochemical parameters. 

Scatter plot and histogram representation for the two factorial 

loadings is shown in (Fig.13) and (Fig. 14). It is found that the 

loadings of F1 and F2 explain 88% of the total variance F1 

explains 59% and F2 29%. The variables of F1 are either strong 

positive as Na+ (0.97), Cl– (0.96), TDS (0.91) and SO42- (0.86) 

and moderate positive as Mg2+ (0.63) and weak as HCO3− 

(0.41) and NO3- (0.35). This result indicate that most of the 

variables are positively correlated with factor (1). F1 is a mixed 

factor demonstrating the contribution of saline invasion 

(Eocene saline water, sewage and sea water invasions), human 

inputs (municipal inputs and farming inputs) and carbonate 

dissolution through water-soil and water-rock interactions.  

F2 represent 29% of the total variance and its loadings are 

positive for Ca (0.86) and NO3- (0.75) and negative moderate 

to positive low loadings of pH (-0.56) and K (0.45). These 

variables could be responsible on the water pollution and 

calcium enrichment in this area. The conjunction of Ca with 

NO3- reflects a significant similarity in source and/or the 

impact of acidic medium of NO3- triggered the dissolution of 

carbonate and release of Ca in groundwater. Add to the reverse 

ion exchange which has been recorded with sewage (Na rich) 

invasion that exchanged by Ca from aquifer material during 

sewage infiltration and percolation to groundwater. The 

presence of K with NO3- in this factor reveal the implication of 

farming inputs in the groundwater pollution in this area.  

The negative relationship between the high positive loading 

for the NO3- (0.75) and the negative moderate loading for pH 

(-0.56)  may offer insight into the significance of the 

denitrification process (Moussa, Zouari, Valles, & Jlassi, 2012) 

due to the heavy polluted aquifer and limited recharge with 

oxygenated rainfall.  

 (Avner Vengosh et al., 2005) considered the human 

contamination in Gaza Strip has negligible effect on the 

groundwater salinity in spite of 78.5% of the wells are nitrate 

polluted and the highest level reached to 380 mg/l in 

(2000/2001). Factor analysis revealed that there is a significant 

contribution of nitrate pollution in groundwater salinity in Gaza 

coastal aquifer. This result is confirmed also by significant 

positive correlation (0.57) between TDS and NO3- as will be 

discussed later in correlation matrix in the second part of this 

research. The highest TDS values were recorded under areas 

influenced by sewage infiltration in Khan Younis as well (l/87) 



 

 

where its TDS is 2800 mg/L and NO3- is 302 mg/L.  

 

 

Fig.13 Scatter plot of loadings for the two identified factors  

 

Fig. 14   Histogram representation for variables loading on 

the two factors 

 

V. CONCLUSION  

The integrating hydrochemical and multivariate statistical 

analysis (HCA and FA) have been carried out to contribute 

towards a better and deep understanding of groundwater 

salinization sources and hydrochemical processes controlling 

the groundwater chemistry in Gaza coastal aquifer. This is 

essential for forecasting long-term variations in quality of 

groundwater and to take the right management decisions for 

maintain sustainable groundwater production.  

Box plots show very wide range of variables reflecting large 

spatial variations in chemistry of highly saline aquifer. Based 

on WHO standards, only (15.5%) of the wells were suitable for 

drinking. Piper plot showed that the dominant water type was 

Na-Cl type followed by Ca–Cl type and Ca-HCO3 type while 

Na-HCO3 was very limited. The recorded large diversity in 

water facies reveals the impact of multiple complex 

hydrochemical processes. 

HCA yielded three clusters. The three clusters can be 

arranged as C1; C3; C2 based on decreasing in TDS and other 

chemical contents. Ions relative abundance of the three clusters 

were; C1 (Na+  > Cl– > SO42- > HCO3− ˃ Ca2+ > Mg2+ > 

NO3- > K+; median TDS: 2093 mg/L) and C2 (Na+  >Cl– > 

HCO3−> Ca2+ >  Mg2+ > SO42- > NO3- > K+; median TDS: 

562 mg/L) while C3 (Ions relative abundance: Cl– > Na+  > 

Ca2+ > HCO3−> Mg2+ > NO3- > SO42- > K+; median TDS: 

817 mg/L). 

Cluster 1 is the highest in salinity. Based on EC the saline 

water type was represented by (53.6%) while the brackish was 

(46.4%). The dominant facies was Na-Cl with abundance of 

sulfate and bicarbonate corresponding mainly to Eocene saline 

water invasion mixed with human inputs. Cluster 2 is the lowest 

in salinity. Based on EC all the wells are fresh water type. The 

dominant facies were Na-Cl and Ca-Na-HCO3, combined with 

a low mineralization correspond to recent groundwater recharge 

by rainfall and water rock interactions in a slightly polluted 

area. Cluster 3 is near in salinity to Cluster 2. According to EC 

values, (75.7%) were fresh water type and (24.3%) were 

brackish. This cluster characterized by high diversity of facies 

mostly of Ca/Mg-Cl, Ca-HCO3 and Na-Cl, corresponding to 

sea water invasion, carbonate dissolution and human inputs. 

Wells of cluster 2 which show weakly mineralized water, are 

generally located in a more rainy areas away from Eocene saline 

invasion and heavy load of sewage disposal. In contrast, wells 

of cluster 1, which show highly mineralized water, are located 

mostly at the eastern side of the study area and inland under 

improper sewage disposal as cesspits in khan younis area. 

Furthermore, the moderately mineralized wells of cluster (3) are 

located mostly at the north a little toward the coastline that may 

influenced by limited seawater invasion in this area. 

Factor analysis yielded two factors accounting for 88% of the 

total variance. Factor 1 (59%) has strong positive loaded on by 

Na+ (0.97), Cl– (0.96), TDS (0.91) and SO42- (0.86) and 

moderate positive by Mg2+ (0.63) and weak by HCO3 (0.41) 

and NO3- (0.35). This result indicate that most of the variables 

are positively correlated with factor (1). Factor 1 is a mixed 

factor demonstrating the contribution of natural saline invasion 

(Eocene saline water, and sea water invasions) with human 

inputs (municipal inputs and farming inputs) and carbonate 

dissolution through water-soil and water-rock interactions.  

Factor 2 represented by 29% of the total variance and has 

high positive loadings for Ca (0.86) and NO3- (0.75) and 

negative moderate to positive low loadings of pH (-0.56) and K 

(0.45). These high loadings attributed to the significant mixing 

influence of salinization (reverse ion exchange) process due to 

sea water invasion and human inputs on groundwater 

chemistry. 78.5% of the wells are nitrate polluted and the 

highest level reached to 380 mg/l. This high percentage of 

pollution with high concentrations significantly influenced on 

the salinity of groundwater. This result is confirmed by 

significant positive correlation between TDS and NO3- as will 

be shown in the paper 2.  

The negative relationship between the high positive loading 

for the NO3- (0.75) and the negative moderate loading for pH 

(-0.56)  may offer insight into the significance of the 

denitrification process due to the heavy polluted aquifer and 

limited recharge with oxygenated rainfall.  

The results of this study revealed that a multisource of 



 

 

salinization and pollution and multi complex hydrochemical 

processes have impacted and controlled the groundwater 

chemistry in this area.  
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