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Abstract

Multivariate statistical methods such as factor analysis (FA) and cluster analysis (CA) were applied to identify the main factors
and pollution sources affecting on the water quality of Danube River and to evaluate spatial and temporal similarities or
dissimilarities among the sampling sites and monitoring periods. Water quality of 14 parameters has been considered in four
sampling stations during 1 year period. The results of factor analysis specified three factors representing 64.369% of the total
variance in water quality. The main differences are related to domestic wastewater, industrial discharge, and agriculture activities
from agricultural area. Hierarchical spatial CA revealed two different groups of similarities between the sampling sites, reflecting
different pollution levels in the river water quality. Hierarchical temporal CA showed that the temporal variations in the river water

are not relying on the local climate.

Keywords: cluster analysis, Danube River, Drobeta-Turnu Severin, factor analysis, river water

Received: January, 2016; Revised final: July, 2016; Accepted: August, 2016, Published in final edited form: March, 2019

1. Introduction

Danube River is one of the largest rivers in
Europe. It originates from the Black Forest in
Germany. The total length of the river is about 2860
km, with a catchment area of 817,000 km? (Garnier et
al., 2002). The river has a mean annual discharge of
5630 m*/s (Gan et al., 2012). The river passes through
nine states and five capitals and about 2.5 million
inhabitants contributing to extensive water use and
pollution (Kirschner et al., 2009).

Many studies have been conducted on the
water quality of the Danube river and management of
river basin using different tools and techniques
(Antanasijevic et al., 2014; Bajo et al., 2014; Derx et
al., 2010; Gan et al.,, 2012; Garnier et al., 2002;
Janauer et al., 2010; Kirschner et al., 2009; Matenco
and Andriessen, 2013; Popa et al., 2018; Popescu et
al., 2015; Szolgayova et al., 2014; Vargha et al., 2005).

The evaluation and monitoring of Danube river
composition is necessary in order to control the quality
of the water. Periodic assessment at regular interval of
the river water through measurement of huge numbers
of variables is a time-consuming, toilsome and
expensive process (Das et al., 2010). In contrast,
multivariate statistical techniques can be utilized to
simplify this issue. Multivariate statistical methods
such as factor and cluster analyses can provide better
explanation of the relationship between the large
numbers of variables in surface water (Chapagain et
al., 2010). These methods have numerous advantages
such as provide reasonable interpretation of complex
data sets, possibility of considering multiple variables
simultaneously and the ability to identify the potential
factors/sources that affect the water system being
studied (Boyacioglu and Boyacioglu, 2007; Ismail et
al., 2014). In addition, these techniques help to avoid
misinterpretation of environmental monitoring data.
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Therefore, factor and cluster analyses may be helpful
in looking for solutions to water pollution challenges
and can be an effective tool for water resources
management (Simeonov et al., 2004; Singh et al,,
2004; Wunderlin et al., 2001).

The present study aimed at the utilization of
these techniques to identify the major factors affecting
water quality of Danube River in Drobeta-Turnu
Severin city and to get information about the spatial
and temporal variations among the sampling sites and
monitoring periods. This may provide a proper basis
for management of Danube River in the study region.

2. Materials and methods
2.1. Study area and water quality data
Previous studies reported that the river can be

classified into three main segments:
e the upper Danube course with a length of 1060

km,

o the middle Danube course with a length of 725
km:

o the lower Danube course with a length of 1075
km

The lower Danube course represents
Romania’s natural border with its neighbor countries
(Gastescu and Tuchiu, 2012). In the lower course, the
river is flowing through Bazias and Gura Viii passing
the Iron Gate I. The Iron Gate I was constructed in
1971 and considered as the largest dam and reservoir
system on the basis of volume, area and hydropower
potential among numerous impoundments on the

Danube and the tributaries (Teodoru and Webhrli,
2005). Drobeta-Turnu Severin is a city in Mehedinti
County of Romania and administers three villages:
Gura Viii, Dudasu Schelei, and Schela Cladovei (Fig.
1).

This study covers 13 km of the Danube River
starting at Gura Viii, 2 km downstream of Iron Gate I,
and extends to Drobeta-Turnu Severin city. The study
area is characterized by lacking proper sewage
collection and treatment facilities, in addition to the
effluent discharges from industrial areas in the region
(Andrita, 2012; Muntean and Morariu, 2014). In
addition, agricultural practices from Serbian part use
fertilizers and pesticides which are being discharged
to the river through surface runoff (Gavrilescu, 2011).

In the present paper, data sets of 14 parameters
obtained during 1 year (2008) were subjected to
multivariate statistical methods (factor and cluster
analyses). The data was collected at monthly intervals
in four points namely, Gura Vaii (SS1) which is about
2 km downstream of Iron Gate I, Dudasu Schelei
(SS2), Schela Cladovei (SS3), Drobeta-Turnu Severin
(SS4) (Fig. 1).

Grab sampling procedure was adopted for the
analysis of various water quality parameters as
recommended by standard methods (APHA, 1998).
The water samples were collected in polypropylene
bottles. Only for BOD estimation, samples were
collected in BOD bottles. Table 1 shows the water
quality parameters, alongside some of the
abbreviations, units and techniques used for the water
samples analysis. The descriptive statistics of water
quality data are shown in the Table 2.
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Fig. 1. Map of the study area: a) Romanian Counties, b) Mehedinti County and ¢) Sampling locations
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Table 1. Water quality parameters, abbreviations, units and analytical methods used for Danube River

Parameter Abbreviation Units Instrument/techniques used
Biochemical oxygen demand BOD mg/L Winkler azide method
Dissolved oxygen DO mg/L Winkler azide method
Ammonium NH4 mg/L Spectrophotometric
Nitrate nitrogen NOs mg/L Spectrophotometric
Total phosphorous TP mg/L Spectrophotometric
Water temperature WT °C Mercury thermometer
pH pH - pH-meter
Discharge Q m?/sec Current meter
Total suspended solids TSS mg/L Gravimetric
Cadmium Cd ng/L Flame atomic absorption spectrophotometer
Cooper Cu pg/L Flame atomic absorption spectrophotometer
Chromium Cr ug/L Flame atomic absorption spectrophotometer
Nickel Ni pg/L Flame atomic absorption spectrophotometer
Lead Pb ng/L Flame atomic absorption spectrophotometer

Table 2. Descriptive statistical summary of Danube river water quality and quantity data in four sampling stations
during 12 months in the year of 2008, n = 48

Parameters Minimum Maximum Mean Std. Deviation
Dissolved oxygen 5.61 12.69 9.12 2.09
Biochemical oxygen demand 1.15 2.37 1.66 0.30
Ammonium 0.087 0.522 0.19 0.07
Nitrate nitrogen 0.195 3.614 1.98 0.88
Total phosphorous 0.132 1.44 0.43 0.27
Water Temperature 4 27 15.72 7.27
pH 7.1 7.7 7.43 0.15
Discharge 2650 8760 5643 1700
Total suspended solids 21 34 26.44 2.93
Cadmium 0.11 0.44 0.28 0.07
Cooper 1.5 4 2.16 0.71
Chromium 1.4 3.5 1.97 0.53
Nickel 1.1 1.8 1.43 0.19
Lead 0.7 1.9 1.37 0.34

2.2. Data treatment and multivariate analysis

The normality distribution of each variable was
checked using the Shapiro-Wilk (W) test prior to
using multivariate statistical methods (Chapagain et
al., 2010). Since, the factor and cluster analyses
require water quality variables to fit to the normal
distribution. The Shapiro—Wilk (W) test demonstrated
that the variables: BOD, pH, Q, TSS, Cd, Ni and Pb
were normally distributed, whereas DO, TP, NH,,
NOs3, WT, Cu and Cr were not normally distributed.
Consequently, the original data of non-normal
distribution variables were transformed in the form x'=
logio(x) (Zhou et al. 2007). After log-transformation
and according to the Shapiro—Wilk (W) test, only DO
and TP were normalized and thus, other variables:
NH4, NOs3;, WT, Cu and Cr were excluded. Thereafter,
in order to avoid misclassification due to the wide
variations in data dimensionality, the original data of
variables: BOD, pH, Q, TSS, Cd, Ni, Pb and the log-
transformed variables: DO and TP were also
standardized by setting the mean equal to 0 and the
variance equal to one (Singh et al., 2004).

Factor analysis (FA) was applied to identify the
most important variables influencing the water quality
of the river in Drobeta-Turnu Severin. FA were
conducted via three stages, (i) generating the

correlation matrix for all variables, (ii) extracting the
initial set of factors using principal component
analysis (PCA) method, and (iii) rotating the extracted
factors by Varimax rotation (Ismail et al., 2015). In
factor analysis, the basic concept is given by (Eq. 1)
(Altin et al., 2009):

Hy=b fi4b o fy+otb foAEj=12,p W

where, H = measured value, f= factor score, b = factor
loading, £ = residual term accounting for errors or
other sources of variation, i = number of the sample, j
=number of the variable, and n = total factors number.

Factor analysis was performed using principal
component analysis method on the normalized data
sets and Varimax rotation was made on the factor
loading matrix to infer the principal parameters.
Eigenvalues of 1.0 or greater are -considered
significant and eigenvalues less than 1 have been
eliminated (Shrestha and Kazama, 2007). The Scree
plot was used to identify the retained factors in order
to comprehend the underlying data structure and
shown in Fig. 2 (Altin et al., 2009).

Cluster analysis (CA) was also utilized to
evaluate the spatial and temporal variations among the
sampling sites and monitoring periods. In this paper,
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hierarchical agglomerative clustering was made using
Ward’s method of linkage, and squares Euclidean
distance method was used for determining similarity
distance, and the results of CA illustrated by a
dendrogram (Palma et al., 2010; Varol and Sen, 2009;
Wunderlin et al.,, 2001). All the statistical
computations were performed using Microsoft Office
— Excel 2007 spreadsheet and SPSS 18 for Windows.

3. Results and discussion
3.1. Factor analysis (FA)

Factor loadings with values of >0.75, 0.75—
0.50 and 0.50-0.30 classified as strong, moderate and
weak, respectively (Liu et al., 2003). As shown in the
scree plot (Fig. 2), it can be noticed that 3 major
factors have eigenvalues greater than one and explain
64.369% of the total variance in each water quality
datasets.

Table 3 shows the output results of factor
analysis (FA). Factor 1 explained 26.11% of the total
variance and has strong positive correlation with TSS,
negative moderate correlation with Q and BOD, and
positive moderate correlation with Cd and Pb. The
high loading factor of TSS is likely due to the high
discharge of the river. Despite, geology-related factors
such as Na, K, Ca and Mg were not considered in this
study, it is clear that the high loading factor of TSS
and the negative moderate correlation with Q indicate
the hydro-geochemical variables.

The negative sign of discharge in this factor
may indicate that the dilution processes of dissolved
minerals increase with discharge (Varol and Sen,
2009). The other variables loading represent the
contribution of organic pollution from domestic
wastewater and non-point source pollution. The
second factor (Factor 2) explained 26.10% of the total
variance which has strong positive correlation with
TP, strong negative correlation with DO and moderate
positive correlation with Cd, Ni and Pb.

This factor can be interpreted as representing
influences from industrial discharge and agriculture
activities from agriculture area. A Group of industries
are located upstream and downstream of the Drobeta-
Turnu Severin city and agricultural practices from
Serbian part that use fertilizers and pesticides which
being discharged to the river through surface runoff
(Gavrilescu, 2011). The third factor (Factor 3) is
contributed by pH which explains 12.16% of the total
variance. It can be observed that Factor 3 regulates the
dissolution of cations and anions in which this factor
reflects the acidity—alkalinity scale in river water
(Ismail et al., 2015).

3.2. Cluster analysis (CA)

Classification of sampling site and monitoring
periods was performed using of cluster analysis on z-
standardized dataset. The output result of cluster
analysis was shown as a dendrogram in which it
provides a useful graphical tool determining the
number of clusters which describe underlying process
that lead to spatial and temporal variation (Boyacioglu
and Boyacioglu, 2007).

Spatial similarity and site grouping

Spatial CA presented in a dendrogram (Fig. 3),
where all the four sampling sites on the river were
grouped into two statistically significant clusters.
Group A consisted of SS1 and SS2 and group B
consisted of SS3 and SS4. In Fig. 3 the distance
between two samples corresponds to the similarity and
dissimilarity between two samples, i.e. greater will be
the distance, lesser will be the similarity. Group A
(SS1 and SS2) corresponds to relatively less polluted
sites. In group A, stations are situated upstream of
Drobeta-Turnu Severin city. These stations receive
pollution from nonpoint sources, i.e., mostly from
agricultural activities. Group B (SS3 and SS4)
corresponds to relatively moderate polluted sites in
comparison with Group A.

Eigenvalue
~N
|

14

Component Number

T T
6 7 8 9

Fig. 2. Scree plot for the water quality dataset
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Table 3. Rotated factor loading matrix and total variance explained (Varimax rotation)

Parameters Factor 1 Factor 2 Factor 3

DO 0.088 -0.821™ -0.140

BOD -0.657" -0.173 0.019

pH 0.006 0.014 0.960™

Q -0.572" 0.348 -0.103

TP 0.129 0.748" -0.013

TSS 0.806™ 0.063 -0.085

Cd 0.612" 0.573" -0.166

Ni 0.251 0.575" -0.326

Pb 0.693" 0.549" 0.011
Eigenvalue 2.350 2.349 1.094
% Total variance 26.11 26.10 12.16
Cumulative % variance 26.11 52.21 64.37

*Indicate moderate correlation with the factor loading; and “"Indicate strong correlation with the factor loading

In group B, stations are located on the
industrial area of Drobeta-Turnu Severin city. These
stations may receive pollution from point and
nonpoint sources, i.e., domestic and industrial
effluent, and surface runoff from the city.

Temporal similarity and period grouping

Temporal CA has been shown in Fig.4 as a
dendrogram, grouping the 12 months into two major
Groups (A and B). Group A included only two months
(April and July). Group B comprised two significantly
different subgroups (Group Bl and B2) which
agglomerated remaining months. Group B1 included
January, February, March, May, June, August,
October, and December, whereas, Group B2 included
September and November. However, if 12 months had
been empirically divided into spring (March to May),
summer (June to August), autumn (September to
November), and winter (December to February), a
mistake in grouping could have been made (Varol and
Sen, 2009). The temporal variation in the Danube river

water quality was not strictly determined by local
climate  (spring, summer, autumn, winter).
Furthermore, it was observed that the discharge is the
main factor influencing temporal variation among
other parameters in the Danube River.

The discharge fluctuation in the region may
affects the water quality in the river. Kurunc et al.,
(2005) studied the effect of seasonal discharge
fluctuation on the water quality variables in
Yesilirmak River. They stated that there is a negative
relationship between discharge and some water
quality variables. Teodoru and Wehrli, (2005) has
reported a time series flow rate at Drobeta—Turnu
Severin station from 1960 to 1988 and the average
outflow at the Iron Gate dams for the year 2001 (Fig.
5). Obviously, it can be noticed that the discharge
values were roughly in the range 4000 — 8000 m*/sec.
Moreover, the discharge values in this study ranging
from 2650-8760 m3/sec with a mean value 5643
m?’/sec. Therefore, the water quality of the river in this
region is highly affected by the discharge.

Rescaled Distance Cluster Combine
i 5 10 15 20 25
! Group A
882
Group B
583
584

Fig. 3. Dendrogram showing spatial clustering of monitoring sites
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Fig. 4. Dendrogram showing spatial clustering of monitoring periods
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Fig. 5. Time series flow rate at Drobeta—Turnu Severin station from 1960 to 1988 and the average outflow
at the Iron Gate dams for the year 2001 (adopted from Teodoru and Wehrli, 2005)

4. Conclusions

Multivariate statistical methods (FA and CA)
were applied on a water quality dataset of Danube
River in Drobeta-Turnu Severin for a period of 1 year
(2008). The output results of factor analysis identified
3 factors responsible for the data structure, explaining
64.369% of total variance in the dataset. The first,
second and third factors explained almost 26%, 26%
and 12% of the total variance, respectively.

The main factors/sources influencing the
quality of the river are the hydro-geochemical
variables, organic pollution from domestic
wastewater, industrial discharge and non-point source
pollution such as agriculture activities from
agriculture area and surface runoff.

Spatial CA grouped the four sampling sites on
the river into two statistically significant clusters. First

724

(SS1 and SS2) corresponds to relatively less polluted
sites whereas, the second (SS3 and SS4) corresponds
to relatively moderate polluted sites. It was concluded
that the study area is highly affected by polution load
from domestic and industrial discharges in
compariosn with polution load form the agriculture
area. Temporal CA grouped the 12 months into two
major groups.

The results demonstrate that the temporal
variation in the Danube river water quality was not
strictly determined by local climate (spring, summer,
autumn, winter). It was observed that the discharge
(Q) is the main factor influencing temporal variation
among other parameters in the Danube River.

Multivariate methods are believed to be an
effective tool for proper management of water
resources and providing a good explanation to
understand complex dataset of surface water quality.
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