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Abstract 

Multivariate statistical analysis including cluster analysis, 
factor analysis and correlation coefficient was applied to 
the groundwater samples to understand the groundwater 
condition in Wadi Bani Malik area. Water samples collected 
from the study area were analysed for physical parameters, 
major cations and major anions. The groundwater quality 
is not good in this area and the physicochemical 
parameters go beyond the acceptable limits of the 
Kingdom of Saudi Arabia and WHO drinking water 
standards. The water type in the study area was primarily 
NaCl. Correlation coefficients were determined among 
different parameters and then regression analysis was 
performed to realize the linear relationship between the 
best correlated parameters. Results of factor analysis 
specify that factor 1 is dominant and is responsible for 
45.5% of the total variance and is dominated by Cl-, Na+, 
Mg++ and K+. Ground water samples can be divided into 
four clusters. 

Keywords: statistical, sample, analysis, groundwater, 
parameter    

1. Introduction  

Groundwater remains the main source of water for 
drinking, industrial and irrigation purposes in many parts of 
the world. During the last few decades, the disposal of 
waste without any treatment on the earth makes 
groundwater vulnerable to contamination. Groundwater 
contamination problems have started to be discussed in 
countless studies due to the development in industries all 
over the world. The groundwater contamination is a 
significant risk for the population who uses contaminated 
water for any purpose (Nalbantcilar and Pinarkara, 2015; 
Tank and Chandel, 2010). 

The application of different multivariate statistical 
techniques, such as cluster analysis (CA), correlation 
analysis and factor analysis helps in the interpretation of 
complex data matrices to better understand the water 
quality and ecological status of the study area. Moreover, 

these methods help to identify the possible sources/factors 
that affect the water systems (Kalaivani and Krishnaveni, 
2015). Statistical analysis, such as the regression model can 
be applied to evaluate the quality of water and to 
determine the main controls and influential variables on 
the groundwater quality (Guezgouz et al., 2017). A study of 
correlation decreases the range of ambiguity related to 
decision-making. In order to analyse the quality of 
groundwater, and also in the future to evaluate its quality, 
qualitative analysis has been conducted followed by a 
correlation–regression study. Also, with least parameters, 
future forecast of the groundwater quality can be made. 
Cluster analysis has been performed to acquire the 
dendrogram displaying the groupings of different sampling 
locations (Priya and Arulraj, 2011).  

The goal of the present investigation is to study the 
assessment of groundwater chemical variations in Wadi 
Bani Malik area, Saudi Arabia and change in 
physicochemical parameters due to the impact of 
discharge of untreated sewage in the study area. 

2. Materials and Methods 

2.1 Location and geological setting of study area: 

The study area is positioned around 40km east side of 
Jeddah; one of the major urban centers in Saudi Arabia. It 
represents more than three million residents and 
population is increasing by 2.35% per year. The water 
depletion is approximately 200 liters per capita per day 
(Rehman and Cheema, 2016). About 70% of Jeddah region 
is not connected to sewerage pipelines; waste water 
collected in underground cesspools and then by truck 
tankers wastewater is transported to the Al Misk lake for 
more than 10 years. It was estimated that more than 800 
tankers vacant 40,000 cubic meters of waste water into the 
lake every day and the amount has expanded significantly 
(Elfeki et al., 2010; Ewea, 2010; Rehman et al., 2016a; 
Rehman et al., 2016b). 

There are seven main rock units in the study area and most 
of the rock units of the study area are cross-cutted by basic 
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dykes. Main rock units are sm (Madrakah formation), xgb 
(unassigned meta-gabbro and gabbro), kddi, kdqd (Dighbij 
complex of Kamil suite, diorite and quartz diorite), khtt 
(Hafnah complex of Kamil suite), gs (syenogranite of 

unassigned plutons), Quaternary deposits and mafic dykes 
as shown in Figure 1 (Moore and Al-Rehaili, 1989; Rehman 
et al., 2016c). 

 

Figure 1. Geological map of Al Misk Lake study area, Eastern Jeddah, Saudi Arabia

A groundwater well survey was directed in order to collect 
the field hydrogeological parameters and to identify the 
groundwater wells for geochemical analysis. Based on the 
survey, nineteen water wells were identified in the area. As 
there were no other wells, all the water wells were sampled 
for major ion analysis from Wadi Bani Malik area. Proper 
sampling techniques were applied for representative 
sample and data collection. The geochemical analysis was 
performed by following standard routines. The major 
anions include sulfate, carbonate, bicarbonate, chloride 
(SO4

--, CO3
--, HCO3

- and Cl-) and cations contain calcium, 
magnesium, sodium, potassium (Ca++, Mg++, Na+, K+). The 
analysis also includes pH, electrical conductivity, total 
dissolved solids and total hardness. 

2.2. Statistical Analysis 

2.2.1 Cluster Analysis 

The main goal for cluster analysis is to find subgroups 
within larger group and to create profile for further action 
such as marketing and medical intervention (Guezgouz 
et al., 2017). Clustering is one of the main data mining 
technique (examining for patterns of concern in a specific 
representation form) and targets at combining the data 
objects into significant clusters or classes such that the 
resemblance of objects within classes is maximized, and 
the resemblance of objects from different classes is 
minimized (Zimek, 2009). It leads off with regard to each 
element as a separate cluster and then combines them into 
larger clusters. Precisely, in each specific step of clustering, 
it determines the most faithful pair of clusters and then 
chains them into a new parent cluster. The outcomes of 

clustering can be presented with a tree structure design 
called dendrogram. The dendrogram generated in cluster 
analysis delivers a beneficial graphical tool in deciding the 
number of clusters which describe the fundamental 
process that contributes to spatial variation (Kalaivani and 
Krishnaveni, 2015; Liu et al., 2012). 

2.2.2 Correlation Coefficient Analysis 

Correlation coefficient analysis is a useful technique to find 
out the connection between numerical variables. It can be 
obtained from the correlation analysis of the ionic 
concentration of water between different physiochemical 
parameters. It can be applied to understand the 
geochemical processed in the groundwater. Correlation 
analysis measures the closeness and the point of linear 
association between independent and dependent 
variables. The closeness and degree of linear relationship 
between independent and dependent variables can be 
measured from correlation analysis (Jabal et al., 2014; 
Kalaivani and Krishnaveni, 2015; Ketata et al., 2011; Pazand 
et al., 2012; Singh et al., 2012; Srinivasamoorthy et al., 
2012). The measure of interdependence of two or more 
variables is called the correlation coefficient (r) and is 
usually used to measure and find a relation amongst the 
variables. Between the two variables the relationship will 
be considered as well and perfectly associated with a 
positive or negative linear correlation respectively, when 
the value of r≅ +1 or -1. There will be no correlation 
between the two variables when r≅ 0. Therefore, variables 
with the positive correlation mean that they have a 
common source, whereas variables with negative 
correlation specify different sources. Variables will be 
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strongly correlated if the value of r >0.7 or -0.7 and shows 
moderate correlation when the values ranges from 0.5 to 
0.7 or -0.5 to -0.7 (Jabal et al., 2014; Pazand et al., 2012). 
The correlation between sodium and chloride is normally 
used to recognise the mechanism of salinity in arid and 
semiarid regions (Jabal et al., 2014). 

2.2.3 Regression Analysis 

It is a statistical tool used to examine the relationships 
between variables. Generally, the researcher seeks to 
determine the causal effect of one variable upon another 
(Sykes, 1993). Regression analysis can be efficiently used 
for stating the association of different parameters of 
ground water. Once the regression model for a special area 
is generated, then in the future the model can be applied 
for the qualitative analysis of the water (Joarder et al., 
2008; Priya and Arulraj, 2011).  

2.2.4 Factor Analysis: 

Factor analysis technique employed to ease the huge data 
sets off high complexity by defining a small number of 
variables that explain the ultimate variance in all of the 
original variables (Lin et al., 2012). Factor analysis is a 
beneficial tool for revealing the prospective information 
buried in the data set comprising hydrochemical processes 
controlling the groundwater chemistry and environmental 

data. It permits both the classification of groups of data set 
and hydrochemical facies examination and also the 
interpretation of their source (Dragon, 2008; Kalaivani and 
Krishnaveni, 2015; Sun and Gui, 2015). In factor analysis 
technique components extraction has been acquired with 
eigenvalue greater than one by using varimax rotation 
method. Eigenvalue is a measure of the related variance of 
the principal component (Dehghanzadeh et al., 2014). 

3. Results and discussion: 

3.1 Groundwater chemistry and water quality 

Qualitative analysis for physicochemical parameters of the 
groundwater samples are presented in Table 1, which 
explain the different ions with their units, minimum, 
maximum, average and standard deviation (SD) values. The 
results show that most of the samples are high in total 
dissolved solids, chloride and sodium. The values were also 
compared with the maximum allowed concentration of 
different ions in Kingdom of Saudi Arabia and standards of 
the World Health Organization (Environment, 2011; Jabal 
et al., 2014; WHO, 2011). According to the maximum 
allowed concentration standard limits, groundwater 
quality in the study area is not suitable for drinking as well 
as agriculture purposes.

Table 1. Summary statistics for concentration of physicochemical parameters, with comparison to WHO (2011) standards. 

Parameters Minimum Maximum Ave SD WHO (2011) 

Ca++ (mg/l) 160.3 3767.5 1556.8 847.6 200 

Mg++(mg/l) 0.5 1605.1 588.9 331 150 

Na+(mg/l) 3000 17900 7349 3535.8 200 

K+(mg/l) 6.1 320 38.79 69.0 20 

SO4
--(mg/l) 724.3 8645.5 3665.2 1793.8 250-400 

CO3
--(mg/l) 10 1128 218.9 256.0 - 

HCO3
-(mg/l) 24.4 1040.7 283.8 259.5 350 

Cl-(mg/l) 3195 29820 12303.5 6616.1 250 

TDS(mg/l) 10008 57240 26130.21 10923 1,000 

E.C(mS/cm) 12.49 92.5 36.29 18.7 1.5 

Total Hardness(mg/l) 1404.79 13008.38 6306.47 2729.5 500 

pH 7.35 8.34 7.84 0.3 6.5–9.2 

 

A thorough examination of major ions exhibited that the 
area mainly comprised of NaCl type water. The major ions 
percentage in all water wells is represented in Table 2. 
From examination, it is clear that chloride and sodium are 
most abundant ions in the study area. The chloride ranges 
from 31 to 59% whereas the sodium ranges from 21 to 32%. 
Sulfate is the third most abundant ion that ranges from 3 
to 31%. Whereas calcium, magnesium, bicarbonate and 
carbonate ions are the less abundant and potassium is least 
abundant ion in the study area.  

3.2 Cluster Analysis of groundwater samples: 

For cluster analysis, we used the “Dendrogram” resulted 
from cluster analysis based on correlation coefficient of 
similarity (the paired group averaged method) and heat 
map cluster analysis. 

The groundwater samples in the study area can be divided 
into four main groups. Group 1 consists of three water 
samples that are sample 2, 3 and 7. Group 2 consists of 
eight water samples (5, 10, 19, 14, 9, 4, 15 and 12). Three 
samples that are sample 6, 11 and 13 are included in group 
3. And the last group no 4 consists of five water samples 
that are 17, 16, 18, 8 and 1. Group 1 is further divided into 
two subgroups, 1st subgroup consists of sample 3 and 2, 
whereas the 2nd consists of only sample 7. Similarly, the 
group 2, 3 and 4 can be subdivided into their subgroups 
(Figure 2a and 2b). Color scale in Figure 2b shows the 
concentration of different ions in each sample. It is clear 
that all the groups have high concentrations of chloride, 
sodium and sulfate whereas potassium, carbonate, 
bicarbonate, magnesium and calcium are less in 
concentration in most of the groups. Similar conclusions 
were found by Guezgous et al., (2017) for the shallow 
aquifers located in Algeria. 
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Table 2. Percentage of major ions in each water sample. 

Sample No 
Ca++ 
(%) 

Mg++ 

(%) 
Na+ 

(%) 
K+ 

(%) 
SO4

— 

(%) 
CO3

— 

(%) 
HCO3

- 

(%) 
Cl- 

(%) 
Water 
Type 

1 6 2 29 0.1 9 0.2 0.9 52 NaCl 

2 3 1 31 0.2 21 5 5 32 NaCl 

3 6 0 32 0.07 25 2 2 33 NaCl 

4 6 2 27 0.2 20 0.3 1 42 NaCl 

5 7 3 26 0.2 16 1 2 45 NaCl 

6 6 2 30 0.1 3 0.02 0.2 59 NaCl 

7 3 1 31 0.08 31 1 0.7 31 NaCl 

8 2 3 31 0.6 8 1 2 52 NaCl 

9 4 2 30 0.05 17 0.6 0.5 46 NaCl 

10 6 4 26 0.1 18 0.7 2 43 NaCl 

11 1 8 25 0.09 6 0.8 2 57 NaCl 

12 9 3 24 0.1 20 0.6 2 42 NaCl 

13 12 3 21 0.07 7 0.4 0.5 56 NaCl 

14 6 2 28 0.08 19 0.3 0.4 44 NaCl 

15 7 2 27 0.04 22 1 0.1 41 NaCl 

16 7 2 29 0.1 11 0.8 0.8 51 NaCl 

17 7 2 28 0.1 12 0.4 1 49 NaCl 

18 9 2 26 0.07 9 0.4 0.6 53 NaCl 

19 6 1 29 0.03 18 0.6 0.6 44 NaCl 

  

Groundwater Sampling and Analysis 

Figure 2a. Dendrogram resulted from cluster analysis based on 
correlation coefficient of similarity 

Figure 2b. Heat map showing the cluster of samples 
in the study area 
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3.3 Correlation coefficient analysis of chemical parameters 

The Pearson correlation coefficients analysis (r) among 
twelve water quality parameters, namely electrical 
conductivity (EC), pH, total dissolved solids (TDS), total 
hardness, calcium, magnesium, sodium, potassium, 
sulfate, carbonate, bicarbonate and chloride were 

calculated for correlation analysis. Interpretation of 
correlation analysis provides an indication of quick water 
quality monitoring method. Correlation analysis of the 
parameters of the groundwater samples in Wadi Bani Malik 
was accomplished, and the values of r were presented in a 
correlation matrix (Table 3).

Table 3. Correlation coefficient matrix between major ions of groundwater in Almisk Lake area. 

 EC pH TDS 
Total 

hardness 
Ca++ Mg++ Na+ K+ SO4

-- CO3
-- HCO3

- Cl- 

EC 1            

pH 0.38 1           

TDS 0.40 0.003 1          

Total hardness 0.22 -0.34 0.71 1         

Ca++ 0.04 -0.52 0.48 0.87 1        

Mg++ 0.38 0.13 0.68 0.64 0.19 1       

Na+ 0.40 0.09 0.98 0.55 0.31 0.63 1      

K+ 0.72 0.42 0.75 0.35 -0.02 0.75 0.78 1     

SO4
-- 0.06 0.38 0.21 -0.18 -0.17 

-
0.11 

0.28 0.12 1    

CO3
-- 0.43 0.19 0.14 -0.25 -0.33 0.01 0.22 0.37 0.33 1   

HCO3
- 0.60 0.40 0.27 -0.08 -0.29 0.30 0.33 0.62 0.13 0.86 1  

Cl- 0.36 -0.12 0.96 0.80 0.56 0.73 0.92 0.70 -0.04 -0.01 0.17 1 

The underline prominences on when the values of r were greater than +0.5 are significantly correlated.

From the calculated Pearson correlation coefficient 
analysis, it is clear that TDS and sodium show the highest 
correlation coeffiecient, while the pH, SO4 and CO3 exhibit 
low and weak correlation with all other examined 
variables. The electrical conductivity is strongly correlated 
with potassium (r = +0.72) and bicarbonate (r = +0.60), 
whereas the pH is negatively correlated with total 
hardness, calcium and chloride. Relationships between TDS 
and the examined major and minor ions is presented in 
Figure 3 and Table 3. The positive high correlation of total 
dissolved solids was observed with a total hardness 
(r = +0.71), sodium (r = +0.98), potassium (r = +0.75) and 
chloride (r = +0.96). Also, TDS is strongly correlated with 
magnesium (r = +0.68). Total hardness shows a strong 
correlation with calcium and chloride that is +0.87 and 
+0.8, respectively. It shows a moderate correlation with 
magnesium (r = +0.64) and sodium (r = +0.55). Calcium has 
only a moderate correlation with chloride that is +0.56. 
Magnesium shows a moderate correlation with sodium 
(r = +0.63) whereas the strong correlation with potassium 
and chloride that is +0.75 and +0.73 respectively. The 
correlation coefficient of sodium with potassium and 

chloride is +0.78 and +0.92, which means they are strongly 
correlated. Strong correlation between sodium and 
chloride indicates that the main portion of salinity in the 
groundwater is due to sodium chloride salt. The correlation 
of the potassium with bicarbonate and chloride is strong, 
that is +0.62 and +0.70 respectively. Carbonate and 
bicarbonate are strongly correlated with each other and 
correlation coefficient is +0.86 

3.4 Regression model 

For the most correlated parameters, the regression models 
were generated. A thorough analysis shows that there 
exhibits a positive correlation between sodium and 
chloride, between sodium and total dissolved solids, 
between chloride and total dissolved solids and between 
calcium and total hardness. For these parameters, a linear 
relationship was established for the study area: 

For Normality of residuals, Jarque-Bera test has been 
utilized. For Homogenity of variance of residuals, White 
test of heteroskedasticity has been utilized. All the 
regression equations satisfy the both assumptions.

TDS = 3.02*Na + 3943.34  or  Na = 0.316 **TDS – 917.48 

(0.00)                                            (0.00) 

  R2 = 0.96    R2= 0.96     

TDS = 1.59* Cl + 6566.17  or  Cl = 0.583* TDS – 2940.87 

(0.00)                                            (0.00) 

  R2= 0.93    R2= 0.93 

Na = 0.49 *Cl + 1314.56 or  Cl = 1.717 *Na – 316.61 

(0.00)                                            (0.00) 

  R2= 0.84    R2= 0.84 

Total Hardness = 2.811* Ca + 1929.70  or  Ca = 0.271*TH – 152.98 

(0.00)                                            (0.00) 

  R2  = 0.76    R2  = 0.76
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The value in parenthesis is p-value of the test for 
significance of β1. β1 is the regression coefficient (slope) and 

R2 is the coefficient of determination. And R2 of all 
regression equations is also mentioned. 

 

Figure 3. Relationships between TDS and the examined major and minor ions

3.5 Factor Analysis 

We performed the factor analysis on the data set of all the 
samples that are Ca++, Mg++, Na+, K+, SO4

--, CO3
--, HCO3

-, Cl-. 
Three principal components were extracted that explained 
about 86.09% of total sample variance. Component 
extraction has been acquired with eigenvalue greater than 

one by using the varimax rotation method as shown in the 
Table 4. 

Factor 1 is responsible for 45.5% of the total variance and 
is dominated by Cl-, Na+, Mg++ and K+. The second factor is 
responsible for 27.76% of the total variance and is mainly 
contributed to HCO3

- and CO3
--, whereas the explanation of 
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the third factor is only 12.82% and is predominantly 
by SO4

--. 

Table 4. Results of factor analysis 

  
Factors 

1 2 3 

Ca++ 0.452 -0.667 0.008 

Mg++ 0.839 0.101 -0.252 

Na+ 0.911 0.061 0.32 

K+ 0.829 0.448 0.011 

SO4
-- 0.006 0.161 0.954 

CO3
-- 0.096 0.863 0.275 

HCO3
- 0.326 0.892 0.014 

Cl-
Eigenvalues 

0.97 -0.168 0.021 

Variance 3.64 2.22 1.02 

  45.50% 27.76% 12.82% 

4. Conclusions 

Groundwater chemistry data of Wadi Bani Malik area 
shows that the concentration of sodium, chloride, sulfate, 
total dissolved solids and total hardness in the 
groundwater was found to be very high in the study area. 
The groundwater quality was poor and the water type was 
predominated by sodium chloride. Groundwater in the 
study area can be divided into four main groups according 
to cluster analysis. Correlation coefficient analysis indicates 
that the highest correlation coefficient in the study area is 
between total dissolved solids and sodium. In conclusion, 
the result of this research shows that the integration of the 
multivariate statistical techniques helps to delineate the 
groundwater chemical variations and to find the major 
controls on the groundwater quality. 
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