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Multivariate Statistical Analysis of Saline Water — A Case
Study: Sabkha Oum LeKbhialate (Tunisia)

Nasri Nesrine, Bouhlila Rachida, and Riadh Ahmed

Abstract—The hydrochemistry of the saline system in high
arid environment is controlled by several processes including
evaporation, water-rock interaction, precipitation /dissolution
etc.

Hydrochemical data of 80 wells from the catchment area of
sabkha Oum leKhialate, southern Tunisia and 9 parameters
(pH, TDS, Na*, Ca®', SO,%, Mg?*, K*, CI, HCO3) show that the
abundance of major ions from the sabkha is as follows:
Na>Ca>Mg>K and SO,>CI>HCO;. Multivariate statistical
analysis methods such us correlation analysis, principal
component analysis (PCA) and hierarchical cluster analysis
(HCA) were used to identify the geochemical processes
controlling the chemistry of saline water in the catchment area
of the sabkha.

HCA reveals four major water groups (C1-C4). Samples of
the sabkha from clusters C1, C2 to C3 have Na-SO,-Cl, Na-SO,
and Na-CI-SO, water type respectively. Samples from C4 show
Ca-HCO;-SO,4-Cl water type are located in recharge area.
Using PCA, two factors account for 72.69 % of the total
variance of the data set.

Results of statistical analysis reveal that the major source of
sulfate sodium deposit is the process of evaporation, cationic
exchange between Ca and Na in clay formation and mineral
precipitation.

Index Terms—Hydrochemistry, saline system, statistical
analysis, evaporation.

I. INTRODUCTION

Water quality is controlled by many factors including
climate, soil topography and water rock interaction. These
factors lead to a variation in chemical composition and
groundwater facies.

In literature, many studies have been focused in
hydrogeochemical process of groundwater using statistical
analysis [1]-[4]. Multivariate statistical methods permit to
explain the correlation among a large number of variables
and to reduce the number of variables into a small number of
factors without loss of essential information [5].

These techniques constitute a useful tool for groundwater
quality characterization [6], [7], for identification of the
regional groundwater flow pattern [8] and investigation of
groundwater contamination like trace elements [9].

Reference [10] applied hierarchical clusters analysis on
brine evolution to show correlation between ions and suggest
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a non-marine type of saline system in Iran.

Hydrogeochemistry study of the groundwater evolution
was attempted by [11] using factor analysis which allowed
that sea water intrusion, weathering process and leaching of
secondary salt to be the dominant factors controlling
groundwater geochemistry.

The objective of this work is to identify the main process
controlling the geochemical evolution of salt water using
multivariate statistical methods such us correlation analysis,
hierarchical cluster analysis (CA) and principal component
analysis (PCA).

Il. MATERIALS and Methods

The study area Sabkha Oum LeKhialate, which covers
about 52 km=is located in Southern East of Tunisia, a
continental saline basin, characterized by an aridic climatic
regime with mean evapotranspiration of 1100 mm/year and
rainfall of 104 mm /year. The mean temperature is about 20.7
<.

The area is underlain by quaternary deposits and clay
formation (Fig. 1). The substratum of the sabkha is mainly
composed by Triassic clay of Beni Mhira formation. The
mineralogy studies of the sabkha show that deposits contain
variable quantities of gypsum (CaSO,; 2H,0), thenardite
(Na,S0,), glauberite (Na,Ca (SO,),, dolomite (CaMg(COs),
and quartz (SiO,) [12]. The area is characterized by an
enrichment of mirabilite (Na,SO, 10H,0) deposits.
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Fig. 1. Geological map of sabkha Oum Le Khialate [12].

The aquifer phreatic level is about 1 m. The direction of
groundwater flow is south west to north east of the sabkha
and the piezometric depression is in the center of the saline
system (Fig. 2).

The water sample collected from the catchment study area
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show high concentration in Na, SO, in the center of the
sabkha while Mg, Ca and HCOj; present higher value in the
western part of the area. The sabkha is characterized by high
concentration of TDS (210g/1) (Fig. 3).
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Fig. 2. Piezometric level of the catchment area of sabkha Oum LeKhialate.

The major hydrochemical facies identified using Piper
trilinear ~ diagram  are Na-SOy; Na-Mg-SO,-Cl;
Ca-HCO;-SO,4-Cl water types (Fig. 4).
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Fig. 3. Dry residue of the study area.
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Fig. 4. Piper diagram.

Three multivariate statistical techniques: Correlation
analysis, Hierarchical Cluster Analysis (HCA) and Principal
Component  Analysis (PCA) were wused for the
hydrogeochemical study in order to classify the water
samples into distinct groups based on their hydrochemical
characteristics. These methods can help to simplify and
organize large data set to support meaningful insight [13].
The statistical analysis was performed using the software
STATISTICA 8. All the data have been standardized
applying standard statistical procedures.

I1l. STATISTICAL ANALYSIS

A. Correlation Analysis

Correlation analysis method is used to describe the degree
of relation between hydrogeochemical parameters [14] which
permit to identify the origin of solutes and the chemical
evolution process of water samples.

Correlation coefficients values greater than 0.5 were
considered efficient.

Table | show correlation coefficient results. TDS has
strong correlation with Na*, Mg?*, SO,* and CI" (0.65, 0.62,
0.88 and 0.62 respectively). These elements contribute to
groundwater salinization.

SO, has a high positive correlation with Na and a low
positive correlation with Mg and Cl and a negative
correlation with Ca. This deduces that the principal source of
sulfate is gypsum (Ca SO,4 2H,0).

TABLE |: CORRELATION COEFFICIENT OF ELEMENT

variabe Na SO, Mg HCO; ClI Ca K DS
Na 1 057 055 -044 043 -054 0.23 0.66
SO, 0.57 1 029 -029 010 -0.60 0.42 0.85
Mg 055  0.29 1 036 077 -052 0.60 0.62
HCO; -044 -029 -0.36 1 '%3 0.36 -0.31 -0.40
cl 043 010 077 -0.36 1 -0.36 0.75 0.52
Ca 054 -060 -052  0.36 '%‘3 1 -0.53 -0.66
K 023 042 060 -031 075 -053 1 0.45
TDS 065 082 062 -040 052 -0.66 0.75 1

Positive correlation between HCO; and Ca suggest that the
presence of limestone and dolomite in the catchment area.
Positive correlation is obtained between Na‘*-SO.%
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Na'-Mg?*, Na-Cl and Mg?-CI. These high correlations
suggest that sulphate and magnesium derived from
dissolution of gypsum and dolomite while sodium originates
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from cationic exchange between Na and Ca in clay formation
during the process of evaporation.

B. Cluster Analysis

Cluster analysis technique is based on the classification of
observations to group of homogenous data [15] into classes
(clusters) on the basis of similarities within a class and
dissimilarities between different classes. It is a powerful tool
for the identification and the selection of homogeneous
groups from the hydrochemical data [16]. There are two
types of CA analysis: R and Q-modes.

The advantage of using the hierarchical method of cluster
analysis applied in this paper is not requesting any prior
knowledge of the number of cluster [16].

In the present work, CA was applied using the Euclidian
distance as a distance measure between samples and Ward’s
method as a linkage rule for classification of the
hydrogeochemical data of the sabkha Oum leKhialate.
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Fig. 5. Cluster dendogram for eight variables.

As shown in Fig. 5, eight variables were classified into
three clusters. These groups are: (1) Na, SO, and TDS; (2)
Mg, Cl and K; (3) Ca and HCO;. Elements in the first group
explain the highest mineralization according to the presence
of minerals rich in sulfate sodium such us mirabilite (Na,SO,
10H,0) where elements in group (2) and (3) are related to
natural source of limestone and dolomite in the catchment
area.
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Fig. 6. Cluster dendogram of water samples.

Fig. 6 shows the classification of water samples into four
groups (C1-C4), based on the visual observation of the
dendogram.

C4 correspond to fresh water while C1-C3 corresponds to
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brine in the sabkha.

Cluster C3 and C4 have relatively higher linkage distance
among the defined clusters while C1 and C2 have
approximately lower linkage distance among all clusters.

The cluster C1 is characterized by Na-SO,-Cl water type
while C2 present Na-CI-SO, water type. The cluster C3 has
Na-SO,4 water type and finally C4 has Ca-Na-HCO;-SOy,
Ca-HCO3-SO,4-Cl.

C. Principal Component Analysis (PCA)

TABLE II: EIGEN VALUE, % TOTAL VARIANCE

o lati Cumulative
[} umulative
Value number  Eigenvalue o Total . %
varlance  Eigen value
1 4.580 57.260 4580 57.260
2 1.234 15.435 5.815 72.695
3 0.833 10.416 6.648 83.112
4 0.615 7.693 7.264 90.805
5 0.435 5.448 7.700 96.254
6 0.215 2.691 7.915 98.9454
7 0.073 0.923 7.989 99.868
8 0.01 0.131 8.0 100
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Fig. 7. Plot of loadings for the first two components.
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Fig. 8. Principal component analysis.

The PCA is a technique used to examine the underlying
patterns for a large number of variables [17] and to determine
the possible contributing factors in the hydrochemistry of
waters samples [8].
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Reference [18] applied PCA hydrochemical data to
determine  the  main  process  controlling  the
hydrogeochemical evolution of groundwater.

The PCA is performed on eight major ions (Na*, SO,*,
Mg*, CI', K*, HCO, and TDS) and 80 water samples. It is
applied to determine the processes of evolution for chemical
composition in the sabkha Om leKhialate.

Table Il presented the eigenvalue of parameters, their
percentage of variance and cumulative of variance.

The eigenvalue exceed one; explain 57.26% of the total
variance (Fig. 7 and Fig. 8).

Factor (F1) explains more 57 % of the total variance and is
highly positive associated with Na, SO, and TDS. This factor
is related to the dissolution of evaporites deposit (gypsum
especially) and water-rock interaction. The source of sodium
is the process of cationic exchange in clay formation.
Therefore the factor F1 explains the salinization factor which
is related to the process of evaporation in high arid
environment and the dissolution of evaporite rocks.

Factor (F2) presents 15 % of the total variance and is
characterized by positive loading in Ca and HCO3.

The high positive loading in Ca suggests the importance of
dissolution of carbonate rocks in the catchment area.

IV. CONCLUSION

Eighty water samples collected from sabkha Oum
LeKhialate in southern Tunisia were analysed based on
statistical analysis (correlation analysis, cluster and principal
component analysis) to determine the geochemical processes
controlling the saline water chemistry in high arid
environment.

Evaporation process and cationic exchange reaction with
dissolution of evaporites deposit are the major factor
controlling the formation of sulfate sodium deposit.
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