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ABSTRACT

Heavy metal pollution is a major environmental problem worldwide because of the
longstanding toxicity and bioaccumulation of metals. The risk is pronounced in the environ-
ment adjacent to large industrial complexes and cities historically located along rivers. The
aim of this paper was the application of multivariate statistical techniques: cluster analysis
(CA), principal component analysis (PCA), and discriminant analysis (DA) to evaluate spa-
tial and temporal variations of the heavy metals fraction of Pb, Cu, Zn, Fe, Ni, Cr, and Al
during monitoring of surface water of Wadi El Bey in northern part of Tunisia. Water sam-
ples were collected seasonally from 13 sites along the Wadi during 2 years (2012–2013).
Results indicated that the concentrations and distribution of heavy metals appear to be
largely controlled by natural processes, anthropogenic activities, and climatic conditions.
CA classified the sampling sites into three clusters: Lowly Polluted sites “LP” (S2, S3 and
S6–S11), Moderately Polluted sites “MP” (S4 and S5), and Highly Polluted Site “HP” (S1)
based on similarities of water quality characteristics. PCA applied to the data-sets indicated
that the total variance of water quality in the HP, MP, and LP sites were about 94.91, 91.06,
and 80.14%, respectively. DA results seem to identify Cu, Fe, Zn, and Al as the most signifi-
cant parameters for discrimination between seasons; whereas, Pb, Cu, Ni, Cr, and Al were
the most significant parameters used to control the spatial variation. Thus, DA allowed
reduction in dimensionality of the large data-set, delineating a few indicator parameters
responsible for large variations in water quality. This study presents necessity and
usefulness of multivariate statistical techniques for evaluation and interpretation of large
complex data-sets with a view to get better information about the water quality and design
of monitoring network for effective management of water resources.
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1. Introduction

Urban areas and industrial activities as well as
mineral exploitation contribute to the introduction of
various types of contaminants, affecting the aquatic
environment where they are deposited [1]. The pollu-
tion of riverine systems with different types of con-
taminants constitutes a major issue for water resources
[2–6]. Heavy metals are one of the most common pol-
lutants which have severely deteriorated the aquatic
ecosystems [7,8]. This type of pollution can contami-
nate the river through many pathways, including dis-
charge of contaminated effluents, terrestrial runoff,
agricultural activities, and atmospheric deposition [9].
Unlike organic pollutants in water, heavy metals are
not degraded through biological process [10] and then
leads to a serious human health risk through the food
chain and the loss of biodiversity [11]. This topic has
attracted and interested many researchers all over the
world [12–16].

Due to its arid to semi-arid climate, Tunisia is fac-
ing water scarcity problems, where the estimated
available freshwater is only about 450 m3/citizen/year
[17]. There is an urgent need to preserve hydraulic
resources, to tackle water penury and to fulfill part of
the increased demand. The watershed of Wadi El Bey
is one of the most vulnerable areas to pollution, influ-
enced by anthropogenic and natural processes. This
watershed (475 km2) is located in the northeast part of
Tunisia and drains Grombalia, Beni Khaled, and
Soliman plains [18]. It is located between the Jebal
Bouchoucha and Jebal Halloufa in the west, Jebal
Abderrahman in the east, Jebal Reba El Ain in the
south, and the Gulf of Tunis in the north [19]. The
Wadi El Bey river has been very polluted by a variety
of contaminant sources such as industrial effluents,
domestic wastewater, agriculture drainage, and non
point sources. Therefore, prevention of Wadi El Bey
water quality requires effective monitoring of several
heavy metals parameters.

The multivariate statistical methods are used in
environmental studies dealing with measurement and
monitoring. These methods have been used to identify
important components and sources of the pollution
that explain the variations in water quality and influ-
ence the water ecosystems [20]. The application of dif-
ferent multivariate statistical techniques such as
cluster analysis (CA), principal component analysis
(PCA), factor analysis (FA), and discriminant analysis
(DA) facilitates the interpretation of complex data
matrices to better understand the water quality and
the ecological status of studied systems [21].

Few investigators have worked on heavy metal
pollution of Wadi El Bey river [18]. However, there is

no report pertaining on the use of multivariate
statistical methods to evaluate spatial and temporal
variations in total heavy metals pollution of Wadi El
Bey, hence the need of this study. The aims of this
investigation were: (i) to determine the total fraction
of each heavy metal (Pb, Cu, Zn, Fe, Ni, Cr, and Al)
in the surface water of Wadi El Bey, (ii) to assess the
seasonal and spatial distribution of heavy metals pol-
lution and (iii) to identify the sources of heavy metals
contamination.

2. Materials and methods

2.1. Monitoring area

The watershed of Wadi El Bey (Fig. 1) is located in
the northeast of Tunisia between 36˚ 35´ 00´´–36˚ 42´
00´´ N and 10˚ 28´ 00´´–10˚ 33´ 00´´ E [22]. It has an
area of 475 km2 and drains the Grombalia plain. The
two major affluents of Wadi El Bey are Wadi Maleh
and Wadi Tahouna, both are controlled by dam’s hill.
Wadi El Bey runs through the agricultural lands; and
it is used to discharge the treated wastewater and sev-
eral industrial effluents (textile, tannery, and food
industries).

Thirteen monitoring sites (Fig. 1, Table 1) were
selected along the Wadi representing the pollution
sources and the discharging industrial effluents.

2.2. Samples collection

Water samples were collected seasonally (twice per
season) during two years (2012–2013) from the surface
water of Wadi El Bey and/or pollution sources
directly discharged into the Wadi and stored into pre-
acid-cleaned polyethylene bottles of one liter capacity.
Unfiltered samples were immediately acidified with
nitric acid (HNO3) (5 mL ultrapure HNO3 was added
to 1 L of samples) and were conserved in the dark at
4˚C until analysis. Before analysis, the samples were
acid digested and prepared according to standard
methods [23,24].

2.3. Analytical determinations

Seven heavy metals (Pb, Cu, Zn, Fe, Ni, Cr, and Al)
were analyzed according to the NF T90–210 using a
spectrometer ICP-AES ULTIMA-C brand Jobin–Yvon.

2.4. Data treatment and multivariate statistical methods

Multivariate analysis of the water quality data-set
was performed through CA, PCA, and DA [25].
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Fig. 1. Map of the watershed of Wadi El Bey and sampling locations (ArcGIS 10.1).

Table 1
Identification of sampling sites along Wadi El Bey river

Sites Identification of sampling sites Latitude Longitude

S1 Discharge of Grombalia industrial area 36˚36´37.18´´N 10˚29´57.70´´E
S2 Discharge of beer industry (SONOBRA)—Grombalia 36˚36´38.52´´N 10˚29´59.15´´E
S3 Treated wastewater—WWTP Grombalia. 36˚36´39.00´´N 10˚30´00.42´´E
S4 Tannery discharges—Grombalia 36˚36´40.81´´N 10˚30´2.16´´E
S5 Bridge over Wadi El Bey 36˚38´24.18´´N 10˚30´59.70´´E
S6 Agricultural drainage—Wadi Maleh 36˚38´29.96´´N 10˚31´6.97´´E
S7 Bridge over Wadi Maleh before Wadi El Bey 36˚38´29.55´´N 10˚31´5.14´´E
S8 Wadi El Bey Before WWTP discharges—Béni Khaled 36˚39´32.52´´N 10˚30´37.49´´E
S9 Agricultural drainage—Béni Khaled 36˚39´34.56´´N 10˚30´36.75´´E
S10 WWTP discharges—Béni Khaled 36˚39´35.18´´N 10˚30´35.75´´E
S11 Bridge over Wadi El Bey, road Soliman—Grombalia 36˚41´3.39´´N 10˚29´34.96´´E
S12 Bridge over Wadi El Bey, Soliman city 36˚41´42.51´´N 10˚28´47.19´´E
S13 Wadi El Bey Before Sebkha 36˚43´22.03´´N 10˚28´21.94´´E
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Mathematical and statistical computations were
made using Microsoft Office Excel and XL STAT
(2013). The ANOVA test (level of significance α = 0.05)
was employed to understand the spatial and seasonal
variation in the heavy metal concentrations.

2.5. Cluster analysis

CA is an unsupervised pattern recognition tech-
nique that uncovers intrinsic structure or underlying
behavior of data-set without making a priori assump-
tion about the data, in order to classify the objects of

Fig. 2. Spatial variation of total fraction of heavy metals during the period study: Pb (a), Cu (b), Zn (c), Fe (d), Ni (e),
Cr (f), and Al (g).
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the system into categories or clusters based on their
nearness or similarity. Hierarchical agglomerative CA
is performed on the normalized data-set by means of
the Ward’s method, using Euclidean distances as a
measure of similarity.

CA is applied to the water quality data-set with
view to group the similar sampling sites spread over
the stretch and in the resulted dendrogram [26,27].

2.6. Principal component analysis

The goals of PCA are to: (1) extract the most
important information from the data; (2) to compress
the size of the data-set by keeping only this important
information; (3) to simplify the description of the
data-set; and (4) to analyze the structure of the obser-
vations and the variables. Based on Varimax rotation
(raw), these principal components (PCs) are trans-
ferred to varifactors (VFs), which provides information
on the most meaningful variables that describe a
whole data-set while allowing data reduction with
minimum loss of original information [28]. Varimax
rotation is a change of coordinates used in PCA that
maximizes the sum of the variances of the squared
loadings. Thus, all the coefficients (squared correlation
with factors) will be either large or near zero, with
few intermediate values. The goal is to associate each
variable to at most one factor. The interpretation of
the results of the PCA will be simplified. Then each
variable will be associated to one and one only factor,
they are split into disjoints sets.

2.7. Discriminant analysis

The DA consists of examination of the dependence
of one qualitative (classification) variable from several
quantitative variables [29]. DA is used to determine

the variables, which discriminate between two or more
naturally occurring groups [30]. The DA technique
builds up a discriminant function for each group,
which operates on raw data and the technique con-
structs a discriminant function for each group [31,32].

3. Results

All the water samples collected from the different
monitoring sites of the Wadi El Bey were analyzed
and heavy metals Pb, Cu, Zn, Fe, Ni, Cr, and Al
concentrations were determined. Range, mean, and
standard deviations are illustrated in Fig. 2. The
spatial variation in heavy metals indicated maximum
values of Pb (10.37 μg L−1); Cu (527.27 μg L−1), Zn
(5,050.5 μg L−1), and Ni (140.5 μg L−1) at site S1 (Dis-
charge of Grombalia industrial area), those of Cr
(449.55 μg L−1), Al (518.43 μg L−1) and Fe (439.4 μg L−1)
were found at the sites S4 (Tannery discharges—
Grombalia), S8 (Wadi El Bey Before WWTP discharges
—Béni Khaled), and S10 (WWTP discharges—Béni
Khaled), respectively. These findings were higher than
those reported in literature on the same river [18]. Zn
and Fe were the most abundant elements in the Wadi,
whereas Ni and Pb were the less abundant ones. Each
element exhibits a wide variation as reflected by the
large standard deviation values indicative of seasonal
changes [33].

It is known that Zn is the most abundant element
found in the earth’s crust [34]. In the present investiga-
tion, among the seven heavy metals analyzed, Zn was
the most abundant all along the Wadi El Bey river with
a mean level of 2,131.67 μg L−1. The mean order of
heavy metals was Zn (2,131.67 μg L−1), Fe
(317.19 μg L−1), Al (260.3 μg L−1), Cr (140.93 μg L−1), Cu
(130.96 μg L−1), Ni (51.71 μg L−1), and Pb (3.01 μg L−1).
The concentration of Pb (Fig. 2(a)) ranged from 0.26 to

Fig. 3. Sum concentrations of total fraction of heavy metals at the different monitored sites (a) and season (b).
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10.37 μg L−1. The highest Pb value was observed on site
S1 (Discharge of Grombalia industrial area) and then
decreased gradually. The principal sources of Pb con-
tamination were the Grombalia industrial discharge
and the WWTP effluents (mainly textile effluent). Cu
content ranged from 21.33 to 527.27 μg L−1 (Fig. 2(b)).
This clearly indicated that anthropogenic input was the
major source of Pb and Cu.

The mean concentration of Zn (Fig. 2(c)) ranged
from 809.75 to 5,050.5 μg L−1. The highest value of Zn
depicted in site S1 (Discharge of Grombalia industrial
area) has indicated that industrial discharge was the
principal source of Zn. It was comparatively high at
sites S3 (Treated wastewater—WWTP Grombalia), S4
(Tannery discharges—Grombalia) and S5 (Bridge over
Wadi El Bey) and was relatively low at the sites S6

(a) (b)

(c) (d)

(e) (f)

(g)

Fig. 4. Seasonal variation of total fraction of heavy metals during the period study: Pb (a), Cu (b), Zn (c), Fe (d), Ni (e),
Cr (f), and Al (g).
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(Agricultural drainage—Wadi Maleh), S7 (Bridge over
Wadi Maleh before Wadi El Bey), and S8 (Wadi El
Bey Before WWTP discharges-Béni Khaled). Zn can
enter the aquatic environment from a number of
sources like industrial discharges, sewage effluents,
and terrestrial runoff [35].

Concentration of Fe (Fig. 2(d)) was between 188.75
and 439.2 μg L−1. The distribution of the iron was
approximately similar on all the sites. The mean con-
centration of Ni (Fig. 2(e)) ranged from 3.25 to
140.5 μg L−1. Two highest values of Ni were observed
in sites S1 (Discharge of Grombalia industrial area)
and S9 (Agricultural drainage—Béni Khaled). The val-
ues observed in site S1 (Discharge of Grombalia indus-
trial area) were due to the wide use of this metal and
its alloys in the metallurgical, chemical, and food
processing industries, especially as catalysts and
pigments. Whereas, the values observed in S9
(Agricultural drainage—Béni Khaled) were due to the
excessive application of Ni-containing phosphate fer-
tilizers in agricultural activities. In the rest of the sites,
Ni concentration was low, because this element is
easily accumulated in the phytoplankton or other
aquatic plants and it can be deposited in the sediment
by many processes such as precipitation, complexa-
tion, and adsorption on clay particles [36].

The concentration of Cr (Fig. 2(f)) ranged from
31.85 to 449.55 μg L−1. The highest values were
observed at site S4 (Tannery discharges—Grombalia)
and were due to the tannery discharge. Indeed, Cr
was the most commonly used tanning agent. Nearly
90% of all leather produced were tanned using Cr
[37]. The Al values varied from 153.5 to 518.43 μg L−1

(Fig. 2(g)). The repartition of Al was homogeneous in
the totality, except for the site S1 due to industrial dis-
charge and the site S8 (Wadi El Bey Before WWTP

discharges—Béni Khaled) due to the direct deposit of
wastes from urban sites adjacent. The abundance of
Al along the Wadi was due to metallurgical industry
and excess usages of coagulant and flocculent agents
to eliminate particulate matter including micro-organ-
isms and soluble organic matter in water treatment
plant. These results are comparable to those reported
by others studies [38–44].

The relative abundance of heavy metal in the
different sampling sites (Fig. 3(a)) was in decreasing
order of: S1 > S4 > S5 > S3 > S11 > S12 > S10 > S8 >
S13 > S2 > S6 > S7.

The highest total heavy metal concentrations in the
Wadi El Bey were recorded at the industrial area of
Grombalia (S1) and the tannery discharges (S4). The
lowest total heavy metals concentrations were
recorded at the sites S6 (Agricultural drainage—Wadi
Maleh) and S7 (Bridge over Wadi Maleh before Wadi
El Bey), due to dilution by agricultural drainage which
indicated that Wadi El Maleh effluent was less pol-
luted (LP) than that of Wadi El Bey. The results of the
seasonal variations in total fraction of heavy metal
(mean ± SD) showed significant temporal variations in
all the heavy metals studied (Fig. 4). In fact, the maxi-
mum values of Pb appeared in autumn, Ni in winter,
Zn, Cu, and Al in spring, whereas maximum Cr and
Fe values appeared in summer.

The variation in total heavy metals concentrations
in the surface water of the Wadi (Fig. 3(b)) followed
an increasing order from autumn to summer (autumn:
1,615.95 μg L−1; winter: 2,774.39 μg L−1; spring:
6,171.58 μg L−1 and summer: 8,604.58 μg L−1). The high
level of heavy metals (Cu, Zn, Fe, Cr, and Al) in sum-
mer could be attributed to the intense evaporation. In
the wet seasons (autumn and winter), dilution by high
precipitation was the most plausible explanation for
the low heavy metals concentrations, while Pb and Ni
have similar concentrations whatever the season. This
was due to their mixed sources, to natural contribu-
tions and to human activities such as agriculture and
industrial activities. It should be noted that this result
is consistent with other previous studies [45–47].

4. Discussion

The hierarchical CA, DA, and PCA were applied
to evaluate heavy metals pollution status of Wadi El
Bey.

4.1. Hierarchical CA and site grouping

The most similar points were grouped forming one
cluster and the process was repeated until all points

S1
S4
S5
S8
S2
S3
S9
S10
S11
S7
S13
S6
S12

0 5 10 15 20 25 30 35
Dissimilarity

Cluster 1

Cluster 3

2Cluster

Fig. 5. Dendrogram showing clustering of sampling sites
according to Ward’s method using squared Euclidean
distance.
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Table 3
Classification matrix for DA of temporal variation in total fraction of heavy metals

Monitoring seasons % Correct

Season assigned by DA

Autumn Winter Spring Summer

Standard DA mode
Autumn 76.92 10 3 0 0
Winter 53.85 2 7 1 3
Spring 76.92 0 3 10 0
Summer 38.46 2 5 1 5
Total 61.54 14 18 12 8

Forward stepwise DA mode
Autumn 76.92 10 2 0 1
Winter 15.38 6 2 2 3
Spring 69.23 0 4 9 0
Summer 38.46 3 4 1 5
Total 50 19 12 12 9

Backward stepwise DA mode
Autumn 69.23 9 1 1 2
Winter 23.08 5 3 2 3
Spring 69.23 1 3 9 0
Summer 46.15 3 4 0 6
Total 51.92 18 11 12 11

(a) (b)

(c) (d)

Fig. 6. Box plots for temporal variation in total fraction of heavy metals: Cu (a), Fe (b), Zn (c), and Al (d).
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belong to a cluster. The results obtained were pre-
sented by dendrogram (Fig. 5) [48]. In our case, CA
allows to group water samples based on the similarity
of their chemical composition. The dendrogram using
CA displayed important information about the group-
ing of the 13 monitored sites into 3 different clusters
that were identified as cluster 1, cluster 2, and cluster
3. Cluster 1, represented by S1 (Discharge of
Grombalia industrial area) was characterized with
very high levels of Pb, Cu, Zn, and Ni concentrations.
It corresponds to high-polluted site (HP). This site is
situated at upstream of the Wadi El Bey and it
receives pollution from industrial discharge. The

cluster 2, grouping S2, S3, and S6–S11, was character-
ized by low metals concentrations and corresponds to
the LP sites situated at the middle and the down-
stream of the Wadi. These sites received diffuse pollu-
tion from agricultural drainage, domestic wastewater,
and runoff from villages. The cluster 3 (S4 and S5)
was characterized essentially by high concentration of
Cr and it corresponded to relatively moderate pollu-
tion sites (MP), which received pollution from tannery
discharges and runoff from Grombalia. CA provides a
useful classification of the monitoring sites and can be
used to design an optimal spatial monitoring network
with lower costs [38,49].

4.2. DA: temporal and spatial variation of heavy metals

Temporal variations were further evaluated
through DA (p < 0.01). The classification of functions
(DFs) and matrices (CMs) for DA of temporal concen-
trations of heavy metals in the Wadi El Bey obtained
from the standard modes are shown in Tables 2 and
3. According to the standard DA mode using all dis-
criminant variables, the corresponding CMs assigned
61.54% of the cases correctly. However, in forward
stepwise and backward modes, DA gave CMs with 50
and 51.92% correct assignations, respectively, with lit-
tle difference between seasons. Consequently, the tem-
poral DA results seem to identify Cu, Fe, Zn, and Al
as the most significant parameters for discrimination
between seasons. As identified by DA, box plots of
the selected parameters (Fig. 6) showed seasonal
trends. In the wet seasons, heavy metal concentrations
decrease by dilution. In dry season, essentially in
spring, the phenomenon of evaporation increased the
metal levels. However, in summer when temperature
is near 35˚C, evaporation was maximal and the flow
was very low. In these conditions, concentrations of
suspended solids and heavy metals in the reservoir

Table 4
Classification functions for DA of spatial variation in heavy metals levels (total fraction) in the Wadi El Bey

Parameters

Standard mode Forward stepwise mode Backward stepwise mode

HP
coefficient

MP
coefficient

LP
coefficient

HP
coefficient

MP
coefficient

LP
coefficient

HP
coefficient

MP
coefficient

LP
coefficient

Pb 1.296 0.340 0.385 0.844 0.292 0.220 0.816 0.294 0.185
Cu −0.021 0.002 −0.014 −0.001 0.003 −0.007
Fe −0.007 0.004 0.003
Zn 0.001 0.000 0.000
Ni 0.195 −0.020 0.068 0.091 −0.022 0.024 0.091 −0.026 0.032
Cr −0.024 0.038 −0.015 −0.002 0.039 0.007 −0.006 0.040 0.000
Al 0.046 −0.006 0.034 0.016 −0.001 0.019
Constant −25.199 −9.039 −7.211 −13.258 −9.295 −1.518 −15.561 −9.624 −3.424

Table 5
Classification matrix for DA of spatial variation in total
fraction of heavy metals levels

Monitoring regions % Correct

Regions assigned by
DA

HP MP LP

Standard DA mode
HP 100 17.33 0 0
MP 100 0 17.33 0
LP 90 1.3 0.43 15.6
Total 96.67 18.63 17.76 15.6

Forward stepwise DA mode
HP 100 4 0 0
MP 75 0 6 2
LP 95 1 1 38
Total 92.31 5 7 40

Backward stepwise DA mode
HP 50 2 0 2
MP 100 0 8 0
LP 97.5 1 0 39
Total 94.23 3 8 41
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water will be decreased significantly due to sediment
deposition [50,51]. It was clear with iron and copper,
which were compatible with the metals order of sedi-
mentation establishes by Varol and Şen [43].

After grouping into three classes (HP, MP, and
LP), the classification of functions (DFs) and matrices
(CMs) are illustrated in Tables 4 and 5. As the tempo-
ral DA, the spatial standard DA mode including seven
parameters gives CMs with 96.67% cases correctly.
The forward stepwise mode assigned 92.31% cases
correctly, whereas the backward stepwise mode
showed Cu, Pb, Ni, Cr, and Al with CMs correspond-
ing to 94.23%.

To evaluate heavy metals associated with spatial
variations in Wadi El Bey, the Box and whisker plots
of discriminating parameters identified by backward
stepwise mode were constructed (Fig. 7). Cu, Pb, Ni,

and Al have the highest values in the HP sites due to
the discharges of Grombalia industrial area (S1). Cr is
the highest in the MP sites, which was due to the dis-
charge of the tannery industry. In LP sites, values of
the five metals were the lowest; this was due to dilu-
tion and the nonpoint sources like agriculture activi-
ties and urban runoff.

4.3. Data structure determination and source identification

PCA allows identifying the different groups of
metals that correlate and may be considered as having
a similar behavior and common origin [52]. According
to Table 6, two PC at 94.91% explained the informa-
tion treated for HP, three PC at 91.06% for MP and
four PC at 80.14% for LP. For all monitored sites clas-
sified under HP group, the first component (VF1),

(a) (b)

(c) (d)

(e)

Fig. 7. Box plots for spatial variation in total fraction of heavy metals: Cu (a), Pb (b), Ni (c), Cr (d), and Al (e).
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explained 65.23% of total variance with a strong posi-
tive correlation with metals Fe, Ni, and a little less
with Cu, Zn, and Al. These factors mainly represent
the contribution of different sources of pollution like
industrial effluent, domestic wastewater, and agricul-
tural drainage. The second component (VF2) showed
29.68% of the total variance that was associated with
Pb and Cr. This component was also attributed to the
industrial discharge, in particular the tannery
industry.

For MP group of sites, the first component (VF1)
showed 52.18% of total variance, and it has a strong
positive correlation with Cu and Fe and less with Cr
and Al. VF2, explaining 25.57% of the total variance,

has a positive correlation with Pb and Ni. For LP group,
the first component explaining 30.95% was correlated
positively with Cu, Zn, and Al (industrial discharges).

Ni and Cr were correlated to the second compo-
nent with 21.18% of total variance and linked to tan-
nery effluent; Pb was correlated to the third
component and Fe to the fourth with 14.48 and
13.52% of total variance, respectively. They were char-
acterized by wastewater treatment plants, domestic
wastewater, and agricultural drainage effluents.

5. Conclusion

In the present study, total fraction concentrations
of seven heavy metals in surface water of Wadi El
Bey were studied. To investigate spatial and temporal
variations in water quality among the Wadi, different
multivariate statistical analysis (CA, PCA, and DA)
were used. Hierarchical CA grouped 13 sampling sites
into 3 clusters of similar water quality characteristics:
lowly polluted sites “LP” (S2, S3 and S6-S11), moder-
ately polluted sites “MP” (S4 and S5), and highly pol-
luted Site “HP” (S1). Based on obtained information, it
will be possible to design a future, optimal sampling
strategy, which could reduce the number of sampling
stations and associated costs. To evaluate heavy met-
als associated with spatial and temporal variations in
Wadi El Bey, the Box and whisker plots of discrimi-
nating parameters were constructed. Although the
PCA did not result in a significant data reduction, it
helped extract and identify the factors/sources respon-
sible for variations in river water quality at three dif-
ferent sampling sites. PCA was performed on the
normalized data-sets separately for the three different
clusters (HP, MP, and LP). It was applied to compare
the compositional patterns between the analyzed
water samples and to identify the factors that influ-
ence each one. These factors represent the contribution
of different pollution sources such as the industrial
effluent, domestic wastewater, and agricultural drai-
nage. DA gave the best results both spatially and tem-
porally. For three sampling clusters on the Wadi, DA
yielded an important data reduction, as it used only
four heavy metals (Cu, Fe, Zn, and Al) affording
about 50% correct assassinations in temporal variation,
and five heavy metals (Cu, Pb, Ni, Cr and Al) afford-
ing more than 90% correct assassinations in spatial
variation. Therefore, DA allowed a reduction in the
dimensionality of the large data-set, delineating a few
indicator parameters responsible of the large varia-
tions in water quality. Hence, this study illustrated the
usefulness of multivariate statistical techniques for
analysis and interpretation of complex data-sets, and
in water quality assessment, identification of pollution

Table 6
Loading of experimental variables (7) on significant PCs
for HP sites, MP sites, and LP sites data-sets

Variables VF1 VF2 VF3 VF4

HP sites (two significant principal components)
Pb 0.414 0.539
Cu 0.628 0.370
Fe 0.974 0.000
Zn 0.794 0.001
Ni 0.947 0.021
Cr 0.161 0.794
Al 0.648 0.352
Eigenvalue 4.567 2.078
% Total variance 65.23 29.679
Cumulative % variance 65.23 94.916

MP sites (three significant principal components)
Pb 0.000 0.641 0.239
Cu 0.980 0.000 0.003
Fe 0.907 0.021 0.014
Zn 0.246 0.229 0.452
Ni 0.162 0.575 0.035
Cr 0.703 0.205 0.011
Al 0.654 0.119 0.178
Eigenvalue 3.653 1.790 0.931
% Total variance 52.18 25.574 13.306
Cumulative % variance 52.18 77.762 91.069

LP sites (four significant principal components)
Pb 0.004 0.050 0.873 0.029
Cu 0.753 0.067 0.003 0.072
Fe 0.197 0.023 0.050 0.649
Zn 0.512 0.071 0.053 0.048
Ni 0.048 0.566 0.017 0.124
Cr 0.020 0.663 0.001 0.023
Al 0.633 0.043 0.016 0.002
Eigenvalue 2.167 1.483 1.014 0.947
% Total variance 30.95 21.18 14.48 13.52
Cumulative % variance 30.95 52.13 66.62 80.14

Note: Bold values represent correlation with significance.
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sources/factors, and understanding temporal/spatial
variations in water quality for effective river water
quality management. Otherwise, the present study
suggested that the Wadi El Bey should be given prior-
ity for effective waste management in order to sustain
the ecological integrity.
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(Eds.), Data Science and Classification, Springer-
Verlag, Berlin-Heidelberg, 2006, pp. 185–192.

[49] V. Simeonov, J.A. Stratis, C. Samara, G. Zachariadis,
D. Voutsa, A. Anthemidis, Assessment of the surface
water quality in Northern Greece, Water Res. 37
(2003) 4119–4124.

[50] H. Karadede-Akin, E. Ünlü, Heavy metal concentra-
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