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a b s t r a c t

In this study we have worked on the evaluation of heavy metal contamination in the sediments taken
from the Tisza River and its tributaries, and thereby used the sequential extraction method, geochemical
normalization, the calculation of the enrichment factor (EF), and the methods of statistical analysis. The
chemical fractionation of Ni, Cu, Zn, Cr, Pb, Fe, and Mn, carried out by using the modified Tessier method,
points to different substrates and binding mechanisms of Cu, Zn and Pb in sediments of the tributaries
and sediments of the Tisza River. The similarities in the distributions of Fe and Ni in all types of sedi-
ments are the result of geochemical similarity as well as of the fact that natural sources mainly affect the
concentration levels of these elements. The calculated enrichment factors (EF, measured metal vs.
background concentrations) indicated that metal contamination (Cu, Pb, Zn and Cr) was recorded in the
sediments of the Tisza River, while no indications of pollution were detected in the tributaries of the
Tisza River and the surrounding pools. The maximum values of the EF were close to 6 for Cu and Pb
(moderately severe enrichment) and close to 4.5 for Zn (indicating moderate enrichment). It can be said
that the Tisza River is slightly to moderately severely polluted with Cu, Zn, and Pb, and minorly polluted
with Cr. It is concluded that sediments of the Tisza serve as a repository for heavy metal accumulation
from adjacent urban and industrial areas.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The studies of heavy metal pollution in sediments and soils have
increased in recent years (Li and Thornton, 2001; Smolders et al.,
2002; Bird et al., 2003; Veeresh et al., 2003; Relić et al., 2005; Roos
and Åström, 2005; Sysalova and Szakova, 2006; Bacon and David-
son, 2008). Heavy metals are regarded as serious pollutants of
aquatic ecosystems, because of their environmental persistence
(Armitage et al., 2007), toxicity, and ability to be incorporated into
food chains (Förstner and Wittman, 1983). River sediments receive
significant anthropogenic loads of metals from both point and non-
point sources, which increase their natural concentrations. Metals
from different sources normally accumulate together, mostly in
fine-grained fractions of sediments and for this reason the deter-
mination of metal contributions usually requires compensation for
the grain size and mineralogical effects on the variability of a metal
in different sediment samples (i.e. normalization). This method
implies the normalization of the geochemical data using one
element as a grain-size proxy (Covelli and Fontolan, 1997) and can
x: þ381 11 2636 061.
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detect the degree of metal contamination taking into consideration
the natural metal variability in the sediments of a study area. Al,
which is one of the most important constituents of the alumino-
silicate fraction, is often used as a grain-size proxy as are Cs, Rb, Li,
Fe, etc. (Covelli and Fontolan, 1997). The main assumption for the
application of a geochemical normalization to conservative
elements is the existence of a linear relationship between the
normalizer and other metals (Aloupi and Angelidis, 2001).

The quantification of anthropogenic impact could be made by
the calculation of enrichment factors (EF). EF represents the actual
contamination level (Acevedo-Figueroa et al., 2006), and in this
research was used to determine whether levels of metals in the
sediments were of anthropogenic origin. The EF was calculated by
using the following equation:

EF ¼ ðM=YÞsample=ðM=YÞbackground;

where M is the concentration of the potentially enriched element
and Y is the concentration of the proxy element. In this paper, the
EF values were interpreted as suggested by Acevedo-Figueroa et al.
(2006), where: EF< 1 indicates no enrichment; <3 is minor; 3–5 is
moderate; 5–10 is moderately severe; 10–25 is severe; 25–50 is
very severe; and >50 is extremely severe.
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The mobility, transport and fractionation of heavy metals are
a function of the chemical form of the element, which, in turn, is
controlled by the physicochemical and biological characteristics of
the system. The manner in which an element is bound to the solid
components of environmental solids, such as soils or sediments,
influences the bioavailability and toxicity of the element to the
organisms (Bacon and Davidson, 2008). If the heavy metals have
reached the river sediment, they could be bound to hydrated oxides
of iron and manganese, organic compound, clay minerals, etc. and
may be associated with them in different ways. For the determi-
nation of various binding fractions of heavy metals in sediments,
soils, and dust, a sequential extraction procedure is often employed
(Polić and Pfendt, 1992; Borovec, 1996; Li and Thornton, 2001; Bird
et al., 2003; Veeresh et al., 2003; Relić et al., 2005; Sysalova and
Szakova, 2006; Bacon and Davidson, 2008). The Bacon and David-
son (2008) concluded that, despite the limitations, the usefulness of
sequential extraction is evident from considerable insights, it has
provided over almost three decades, into the environmental
behavior of potentially toxic elements and that this method is to
have a healthy future in the 21st century.

Statistical methods, including Correlation Analysis, PCA (Prin-
cipal Component Analysis) and CA (Cluster Analysis) were per-
formed in this research. Multivariate techniques can help to
simplify and organize large data sets and to make useful general-
ization that can lead to meaningful insight (Reghunath et al., 2002).
These methods have been widely used in geochemical and eco-
chemical applications (Borovec, 1996; Rubio et al., 2000; Relić et al.,
2005; Andrade et al., 2008; Liao et al., 2008; Yay et al., 2008; Yidana
et al., 2008). The two methods in CA and PCA, i.e. Q- and R-mode
analyses have been done for the data generated; R-mode analysis
reveals the interaction among the variables studied and the Q-
mode analysis reveals the interrelation among the samples studied.
For determination of the background values of the contents of the
investigated metals, the Q mode of PCA onto normalized metal
concentrations was applied in this study. Applying Q mode of PCA
for determination of the background values is described by Rubio
et al. (2000). The results obtained by PCA were confirmed by using
Q-mode cluster analysis.

In the previous investigations of the Tisza sediments (Sakan
et al., 2007) the following was discussed: (i) the results of sediment
particle composition analysis, (ii) Eh–pH relation, (iii) comparison
with other results concerning soil and sediments in the Pannonian
basin as well as, a comparison with standard values for sediment
quality, and (iv) sequential fractionation in the Tisza surface sedi-
ments. The present study differs from Sakan et al. (2007) in terms of
the way in which the data were analyzed. The objective of this work
was to investigate heavy metal pollutants accumulation in the Tisza
River sediments by: (i) comparing the chemical fractionation of an
element in different sediment types, (ii) applying statistical
methods (Correlation and PCA) for determination of the relation-
ship and behavior of the metals, and (iii) the application of
geochemical normalization and calculating enrichment factors (EF).

1.1. Study area

The Tisza River region is one of the largest natural riverside
systems in Central and South-Eastern Europe. With respect to its
length of 966 km, the River Tisza forms the largest tributary of the
Danube. The River Tisza originates in the Zakarpatian Mountains in
western Ukraine and is formed from the confluence of the Belaya
Tisza and the Chiornaya Tisza (Fig. 1), and flows into the Danube by
Slankamen (Serbia). The Tisza River drains the catchment area of
157 220 km2, with Romania having 46.2% of the catchment area,
Hungary 29.4%, Slovakia 9.7%, Ukraine 8.1% and Serbia 6.6%.
Numerous industrial accidents have contaminated the river with
hazardous substances during the last several decades, with the
cyanide spill at Baia Mare and the heavy metal contamination at
Baia Borsa being the most severe cases. Baia Mare and Baia Borsa
are situated in the county of Maramures, in the Carpathian
Mountains of Romania. The entire Maramure area has a long
tradition in mining, especially of gold, silver, lead, zinc, copper and
manganese (REC, 2000). Anthropogenic impact over this territory is
also caused by permanent pollution, which originates mainly from
industrial activities, municipal sewage discharges and agriculture.
The Tisza is an international river and from its confluence with the
Danube, the pollution is transmitted towards the Black Sea. Sources
of inorganic pollutions in Serbia represented, in the main, the waste
water from factories and municipal sewage discharges. These
sources are mainly in the scope of watershed of tributaries from
which samples were taken. For the present investigations, the
Serbian part of the Tisza watershed was selected, because there is
a little information and results about ecochemical investigation of
the Tisa sediment contamination in Serbia.

2. Materials and methods

Sediment samples were collected in the period of July, 2nd–17th,
2001, from 32 locations of the Tisza River system in Serbia. The
locations of the 24 sampling sites of the River Tisza [18 surface
sediments (0–5 cm) and 6 buried sediments (6–30 cm)] and 8
sampling sites of tributaries and pools [surface sediments (0–5 cm)]
are presented in Fig. 1. The samples of surface sediments were
collected by plastic scoop, and samples of buried sediments were
collected by a corer made up of PVC tubes of 10 cm in diameter and
60 cm in length. After sampling, the samples were packed in
pouches and frozen in order to prevent changes in chemical
composition of the sediment (Sakan et al., 2007).

The sequential extraction procedure applied in the present
investigation to determine metal fractionation in the sediments
(modified Tessier procedure) is described elsewhere (Polić and
Pfendt, 1992; Relić et al., 2005; Sakan et al., 2007). The extractants
used in each extraction step and extraction fractions of sediments
are present in Table 1.

For each sequential extraction series, some 10.00 g of defrozen
material of sediment were taken without drying in order to avoid
chemical transformation due to chelating, oxidation processes, etc.
Control samples were processed for each extraction step. The solid/
liquid ratio has been kept as close to 1:45 as possible during the
first, second, and third fractions.

The total amounts of elements in this paper are defined as the
sum of the five binding fractions (Facchineli et al., 2001; Sakan
et al., 2007). This method results in concentrations normally
referred to as ‘‘pseudo-total’’, as it does not completely destroy
silicates (Facchineli et al., 2001). As long as residual silicates do not
normally display high metal concentrations (Facchineli et al., 2001;
Sakan et al., 2007), the values obtained were considered to be
representative of total heavy metal concentrations.

Flame atomic absorption spectrometry (FAAS) was used to
determine the levels of the heavy metals (SpectraAA55 Varian
spectrophotometer, equipped with a hydride vapor system). The
wavelengths used in this analysis were: 279.5 nm for Mn, 372.0 nm
for Fe, 232.0 nm for Ni, 213.9 nm for Zn, 324.7 nm for Cu, 217.0 nm
for Pb, 357.9 nm for Cr, 309.3 nm for Al, 251.6 nm for Si, and
670.8 nm for Li. Calibration standards were prepared from multi-
element standard stock solutions. For minimized interferences, we
prepared a multi-element standard stock solution in which rations
of metals in this multiple element calibration standards were
analogous to their rations in the samples. These multi-element
standards and blanks were prepared in the same matrix as the
extracting reagents to minimize matrix effects and for background



Fig. 1. Location of the study area and sampling sites in relation to the Tisza river watershed and southern part of the Danube river. Sampling sites along the Tisa river are shown as
numbers in respect to the distance from the Tisza mouth, as follows: (a) surface sediments – 1 (0 km), 2 (10 km), 3 (21 km), 4 (30 km), 5 (40 km), 6 (50 km), 7 (60 km), 8 (64 km),
9 (70 km), 10 (80 km), 11 (90 km), 12 (100 km), 13 (110 km), 14 (120 km), 15 (130 km), 16 (140 km), 17 (150 km), and 18 (158 km); (b) buried sediments – 19 (21 km), 20 (70 km), 21
(90 km), 22 (130 km), 23 (150 km), and 24 (158 km), and (c) Tisa tributaries and pools, surface sediments: 25 (Begej), 26 (Jegricka), 27 (�Cikos pool), 28 (Okanj pool), 29 (Canal BB), 30
(Mrtva Tisa), 31 (�Cik), and 32 (Zlatica). On the Figure, samples of tributaries are underlined and the pools are underlined twice.
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correction (Relić et al., 2005). In order to simulate the composition
of the investigated samples, the multi-element standards also
contained elements which were not determined (Ca and K).
Possible interference effects were minimized in this manner.
Table 1
Successive stages of the metal extraction method used in the study.

Metal fraction Chemical re

Exchangeable (F1) 1 M CH3CO

Easily reducible or carbonate and Mn-oxide fraction (F2) 0.6 M HCl a

Stronger reducible or Fe-oxides fraction (F3) 0.2 M H2C2

Oxidation or organic fraction and sulfides (F4) 30% H2O2 a

Residual fraction (F5) 6 M HCl
As a quality control, duplicate analyses were performed on six
selected samples. Three series of samples are completed; two of
them with twelve samples and one with eight. For each of these
series, two control probes were conducted and the precision was
agent Extraction time

O(NH4) 2 h at room temperature (22 �C)

nd 0.1 M NH2OH$HCl 12 h at room temperature (22 �C)

O4 and (NH4)2C2O4 10 h at room temperature (22 �C)

djusted to pH 2.0 with HNO3 2 h at 85 �C

9 h at 85 �C



Table 3
The average metal contents of fractions sequential extraction (values in mg kg�1,
expressed in dry weight).b

F1 fraction F2 fraction F3 fraction F4 fraction F5 fraction

Fe (T ss)a 17.3� 6.29 6506� 1426 14206� 3593 105� 65.4 12937� 2931
Fe (T bs) 13.8� 4.50 5448� 1373 9289� 829 31.2� 26.2 12506� 1702
Fe (Tt ss) 13.0� 16.4 2482� 1544 13668� 3433 135� 296 22420� 8587
Mn (T ss) 416� 273 1098� 337 126� 28.1 13.4� 4.6 78.5� 20.8
Mn (T bs) 231� 188 886� 398 92.6� 16.9 13.8� 2.95 77.3� 9.73
Mn (Tt ss) 261� 103 383� 256 125� 59.5 18.7� 14.2 138� 69.3
Zn (T ss) 27.3� 9.02 219� 54.26 77.1� 16.6 4.97� 3.10 49.7� 11.4
Zn (T bs) 18.5� 7.17 165� 34.9 60.0� 8.75 2.21� 1.32 46.2� 7.75
Zn (Tt ss) 1.10� 0.27 14.3� 6.30 40.0� 12.7 1.04� 0.92 61.8� 28.4
Pb (T ss) 1.64� 0.72 45.7� 11.4 16.8� 9.63 0.48� 0.17 5.78� 5.02
Pb (T bs) 1.57� 0.65 34.0� 10.0 16.0� 6.73 0.51� 0.13 2.38� 1.01
Pb (Tt ss) 0.80� 0.23 1.70� 1.70 7.30� 1.18 0.94� 0.55 8.00� 3.90
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controlled. The relative standard deviations of the means of
duplicate measurement were less than 10% (Table 2). Values equal
or smaller than the detection limit were taken as the half of
detection limit for statistical analysis (Relić et al., 2005).

Statistical methods, including Correlation Analysis, PCA (Prin-
cipal Component Analysis, Q and R mode) and CA (Cluster Analysis)
were performed in order to obtain information about the rela-
tionships and behavior of the metals, and for the determination of
the background concentrations. The rotation of the principal
component was carried out by the Varimax normalized method.
The Varimax rotation was performed to secure increased principal
components of chemical/environmental significance.

The hierarchical method of the cluster analysis used in this
study has the advantage of not demanding any prior knowledge of
the number of clusters, which is a prerequisite of the non-hierar-
chical method (Reghunath et al., 2002). The computer package SPSS
11.5 was employed to perform the statistical analyses. The
normality of the distribution of each element was previously
checked (Kolmogorov–Smirnov test). The computer package SPSS
11.5 was employed to perform the Kolmogorov–Smirnov test. In
this paper, distribution of metal concentration was normal, since
the p-values in Kolmogorov–Smirnov test were higher that 0.05 in
all the cases.

In order to compensate for the grain size and mineralogical
effects on the metal variability in different samples, the method of
geochemical normalization was applied. The suitability of Al, Li, or
Si as the geochemical normalizer in the study area was tested. The
Al, Li, and Si values in sediment are determined by the use of
sequential extraction method, and total contents are defined as the
sum of the five binding fractions. Al, which is one of the most
important constituents of the aluminosilicate fraction, is used as
a grain-size proxy in this research.

In the interpretation of geochemical data, choice of background
values plays important role. Although many authors used the
average shale values or average crustal abundance, in the paper of
Covelli and Fontolan (1997) it is quoted that the best alternative is
to compare concentrations between contaminated and mineral-
ogically and texturally comparable, uncontaminated sediments.
Since there were no data about background concentrations for the
investigated Tisza sediment and soils of close areas, the background
concentration (BC) was calculated in this paper. For the determi-
nation of background concentrations of the investigated metals, the
modified method proposed by Rubio et al. (2000) was used. This
method considers the application of the Q mode of PCA to the
normalized concentrations of metals to define their background
values. In this paper, after the appliance of the Q mode of PCA, the
background concentrations were calculated as mean values of the
metals concentrations of the Tisza tributaries and pools. EF was
calculated by the following equation:

EF ¼ ðM=AlÞsediment=ðM=AlÞbackground;

where M is the concentration of the potentially enriched element
(Cu, Cr, Zn, Pb, and Ni). Contents of M and Al in the sediment sample
in this paper are defined as the total amounts of extracted elements
Table 2
The average values of the relative standard deviation (%).

Cu Cr Zn Pb Fe Mn Ni

F1 7.1 7.4 7.8 9.4 4.1 4.9 6.9
F2 4.0 5.1 8.7 2.5 4.2 2.6 7.1
F3 8.4 8.9 9.3 5.7 8.8 8.5 8.0
F4 4.1 8.3 8.9 4.4 5.0 5.4 6.5
F5 5.3 6.9 2.0 7.2 3.6 4.1 5.9
and represented with the sum of elements in the five binding
fractions.

3. Results and discussion

3.1. Chemical fractionation of Fe, Mn, Cr, Ni, Cu, Zn and Pb

The samples were sequentially extracted to determine the metal
fractionation in different sediment groups. The chemical fraction-
ations of Fe, Mn, Cr, Ni, Cu, Zn and Pb in the different sediment
types, as percentages of the average contents metals in different
fractions (Table 3), with respect to the sum of the metals of all the
fractions are presented in Fig. 2.

In all the sediment types, Cr, Ni, and Fe were dominantly
extracted in the F5, F3 and F2 fractions. This distribution indicates
the fact that Fe oxide of different degree of crystallinity is the most
significant for the binding of Cr and Ni. In all types of sediments, the
most abundant form of Fe oxides was the one with a higher degree
of crystallinity. A negligible amount of these elements was found in
the F1 fraction. The greater proportion of Mn is associated to the
mobile fractions, F1 and F2 (ranging from 69.56% for the sediments
of tributaries to 87.42% for the Tisza surface sediments). The rela-
tively high labile amount of Mn should not be attributed to possible
anthropogenic source because Mn tends to be present in less
thermodynamically stable phases in the sediments, such as ion-
exchangeable Mn2þ, easily reducible Mn oxides and Mn enclosed in
carbonate minerals. The distribution by fractions for Cu, Zn and Pb
was similar for the different types of sediments. In the sediments of
the Tisza tributaries, these elements were mostly bound in F5 and
F3 fractions, whereas F2 and F3 fractions were important for their
binding in the Tisza River sediments. The distribution also indicates
different mobility, origin and dominates the substrates of Cu, Zn
and Pb in the Tisza River and its tributaries sediments. In the Tisza
River sediments, carbonates and oxides fractions, principally
mobile fractions, are the most significant for the binding of these
elements. Metals bound in carbonate and exchangeable, Fe–Mn
oxide, and organic fractions are most likely to mobilize from sedi-
ments if oxygen or the geochemical conditions change in the
surface water (Tessier et al., 1979) and hence are more available for
Ni (T ss) 0.71� 0.44 7.65� 1.52 10.5� 4.2 2.64� 0.87 8.80� 2.80
Ni (T bs) 0.58� 0.21 5.85� 0.88 6.39� 4.69 2.22� 0.69 9.72� 2.99
Ni (Tt ss) 0.80� 0.16 2.80� 2.70 17.4� 4.09 3.86� 3.18 14.3� 7.77
Cu (T ss) 4.31� 2.51 30.6� 11.1 37.1� 11.4 2.71� 1.79 16.7� 5.59
Cu (T bs) 3.47� 2.54 22.6� 8.98 29.5� 7.68 1.61� 0.94 13.5� 3.47
Cu (Tt ss) 1.00� 0.29 1.00� 0.80 5.02� 1.71 0.51� 0.50 11.7� 4.54
Cr (T ss) 0.45� 0.32 2.56� 0.65 4.84� 1.33 1.63� 0.88 8.60� 2.74
Cr (T bs) 0.30� 0.15 2.02� 0.59 5.02� 1.71 1.78� 0.48 7.82� 1.47
Cr P (Tt ss) 0.40� 0.24 0.84� 0.46 4.31� 1.48 0.67� 0.18 5.32� 2.03

a Tisa river surface sediments (0–5 cm) – T ss; Buried sediments (6–30 cm) – T bs;
Sediments of Tisa tributaries (0–5 cm) – Tt ss.

b Results are present in the form average value� standard deviation.



Fig. 2. Chemical fractionation of the extracted metals. F1 – exchangeable, F2 – easily
reducible or carbonate and Mn-oxide fraction, F3 – stronger reducible or Fe-oxides
fraction, F4 – oxidation or organic fraction and sulfides, and F5 – residual fraction.
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the food chain (Maiz et al., 2000). The carbonates could dissolve
readily with slight changes in water–sediment equilibrium. Also,
a sharp decrease of redox-potential would lead to the reductive
dissolution of Fe and Mn-oxy-hydroxides (being highly susceptible
to Eh-decrease), and, hence, to metal mobilization and the river
water contamination. The dominant extraction of Cu, Zn, and Pb in
the labile metal fractions from the Tisza sediments may suggest
that these elements originate primarily from anthropogenic sour-
ces (local, in Vojvodina and regional, the remote parts of the Tisza
River watershed). These elements might be susceptible to re-
mobilization if the river conditions change (t, pH, redox-potential,
etc.).

The results show that most of the Cr in all the sediments and Cu,
Zn and Pb in the sediments of the tributaries are strongly retained
in the residual fraction (F5). These heavy metals are strongly bound
in the crystal lattices of minerals and, consequently, have low
mobility. Because of that, they will not be released into the envi-
ronment. The observed similarities in the distributions of Fe and Ni
in all three types of sediments are the result of the geochemical
similarity of these elements.
To sum up, it can be concluded that the most problematic
elements are Cu, Zn and Pb in the Tisza River sediment since they
are highly mobile. On the contrary, Cr, Fe, and Ni are the least likely
to cause alterations in the ecosystems, since their mobility is low.

3.2. Statistical analysis

The results of metal fractionation suggest that significant
contents of the investigated elements are bound in the labile
fractions of the sediments and because of this, only these fractions
were taken into account in the Correlation Analysis and PCA. The
labile fractions considered in the statistical analyses in this study
can be summarized as: F12 (F1, exchangeable plus F2, bound to
carbonates and Mn-oxide), F123 (F12 plus F3, bound to amorphous
and partially crystalline Fe oxides) and F1234 (F123 plus F4, bound to
organic matter and sulfides). This approach is also employed in the
other papers (Maiz et al., 2000; Relić et al., 2005).

3.2.1. Correlation analysis
The Pearson’s correlation coefficients (r) among the labile frac-

tions of metals are calculated. The strong linear correlations
between the Cu, Zn, and Pb concentrations (0.58< r< 0.97) indi-
cate similar origins of these elements and main factors controlling
their variability. The positive correlation between the Cu, Zn and Pb
with Fe and Mn (0.36< r< 0.91) implies the presence of miscella-
neous Fe/Mn oxides/hydroxides as potential substrates of the
mentioned elements. A strong linear correlation also exists
between labile Ni and Fe (0.61< r< 0.66). The Ni and Fe concen-
tration levels are mainly affected by natural sources. The river
sediments of the Tisza originating from erosion and the leaching of
riverside soil (Kastori, 1997), which contains amphiboles (Kostić,
2001), can confirm the hypothesis concerning the origin of Ni. The
positive correlations between Ni and Fe and Mn (0.36< r< 0.66)
show their connection, conditionally by their common origin from
weathering of amphiboles. Cr originates from various sources and
there are different substrates in relation to the other elements. The
positive correlations of the mobile fractions of Cr with some frac-
tions of the other metals (Zn, Pb, Cu, Fe, and Mn) can be the
consequence of their adsorptions by the same substrates.

3.2.2. PCA (Principal Component Analysis)
The results of the PCA, presented as factor loadings of the

rotated matrix, are shown in Table 4 and Fig. 3. The three principal
components (PC) were identified with Eigen values higher than 1
(Kaiser criterion) (Maiz et al., 2000). The plot of the loadings of
these three components gives a distribution of variables in three
groups (Table 4).

The loading factors indicate that the contribution of the first
principal components (PC1) is 70%, explained by the cumulative
variance involving Cu12, Cu123, Cu1234, Cr12, Zn12, Zn123, Zn1234, Pb12,
Pb123, Pb1234, Fe12, Fe123, Fe1234, Mn12, Mn123, Mn1234, and Ni12. This
association strongly suggests their sorption by mutual substrates,
alumosilicates and oxides.

The second principal component (PC2), with a contribution of
15%, seems to represent the associations of Fe123, Fe1234, Ni123 and
Ni1234, indicating a relation between the contents of Fe and Ni in the
labile fractions. It is supposed that the parent rocks are the
‘‘reservoir’’ of Fe and Ni and therefore they have a significant
influence on the contents of these elements in soils and sediments.

PC3 (5%) only showed the relation between the contents of Cr
(Cr123 and Cr1234) in the labile fractions, suggesting that the Cr
contamination might be of a different origin than the other metals
are. Also, this behavior of Cr can be a consequence of different
sediment deposition characteristics of this element in respect to
the other elements or association of the Cr with other geochemical



Table 4
Principal component analysis (PCA) of chemical elements.

Parameter PC1 PC2 PC3

Cu12
a 0.873

Cu123 0.843
Cu1234 0.851
Cr12 0.772
Cr123 0.903
Cr1234 0.866
Zn12 0.924
Zn123 0.922
Zn1234 0.922
Pb12 0.944
Pb123 0.912
Pb1234 0.911
Fe12 0.790
Fe123 0.563 0.736
Fe1234 0.562 0.742
Mn12 0.794
Mn123 0.789
Mn1234 0.789
Ni12 0.759
Ni123 0.963
Ni1234 0.964

Initial Eigen value 14.569 3.119 1.089
% of variance 69.377 14.852 5.188
% Cumulative 69.377 84.229 89.417

a Sub-indices: 12 stands for exchangeable, bound to carbonates and Mn-oxide;
123 for exchangeable, bound to carbonates, Mn-oxide and amorphous and partially
crystalline Fe oxides; and 1234 for exchangeable, bound to carbonates, Mn-oxide,
amorphous and partially crystalline Fe oxides, bound to organic matter and sulfides.

Table 5
Sediment metal contents as the sum of metal concentration released in all five
fractions (values in mg kg�1, expressed in dry weight) [modified from Sakan et al.,
2007].

Cu Cr Zn Pb Fe Mn Ni Al Li Si

1a 73 13 330 55 28506 1915 28 34281 26 29649
2 34 7 181 31 19130 908 24 19179 14 20553
3 86 17 386 74 35367 2316 37 40578 29 26261
4 95 16 428 85 39763 2242 39 43394 35 28244
5 94 22 461 72 38754 2209 40 47530 34 27754
6 88 16 428 54 39078 2063 36 51266 37 33995
7 119 22 478 102 40117 2011 35 43297 32 28723
8 87 22 420 63 37127 1852 36 39691 29 20485
9 80 16 355 64 31095 1817 24 39284 27 22555
10 56 16 257 58 26734 1076 23 34746 26 18801
11 162 21 567 123 47828 2133 29 51262 41 27827
12 71 15 318 69 30203 1329 28 29353 25 19598
13 110 21 394 74 34519 2097 32 20730 17 21904
14 101 20 383 59 34330 1648 25 20138 15 16293
15 132 23 404 75 34077 1551 33 30435 23 14476
16 88 19 334 57 29977 1263 26 31472 23 23975
17 95 20 406 86 32350 1500 24 31468 23 21578
18 72 20 275 68 28916 1153 22 28500 20 26096
19 109 24 399 72 34411 1980 41 25321 19 17473
20 68 17 282 45 25962 961 24 24166 19 12084
21 55 14 251 38 24206 1315 17 28691 23 30367
22 59 14 245 52 25259 1153 18 20919 17 21492
23 59 15 285 45 27546 1349 22 25889 20 23593
24 74 17 286 75 26580 1048 20 22072 17 18896
25 46 12 135 21 45853 1173 49 30391 44 19337
26 41 11 156 17 40532 1157 40 28598 42 27647
27 33 10 54 16 17459 490 20 16341 17 23390
28 32 7 99 11 31567 583 30 31157 41 29802
29 48 13 164 25 47924 714 55 45205 55 5631
30 41 12 138 21 42964 970 46 35800 43 38650
31 32 11 93 17 34013 778 29 25011 40 25929
32 54 14 107 22 49448 1915 47 31259 48 6465
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substrates. There is a possibility that some of the Cr are bound to
organic matter (Navas and Lindhorfer, 2003).
a Sampling sites along the Tisa river are shown as numbers in respect to the
distance from the Tisza mouth, as follows: (a) surface sediments – 1 (0 km), 2
(10 km), 3 (21 km), 4 (30 km), 5 (40 km), 6 (50 km), 7 (60 km), 8 (64 km), 9 (70 km),
10 (80 km), 11 (90 km), 12 (100 km), 13 (110 km), 14 (120 km), 15 (130 km), 16
(140 km), 17 (150 km), and 18 (158 km); (b) buried sediments – 19 (21 km), 20
(70 km), 21 (90 km), 22 (130 km), 23 (150 km), and 24 (158 km), and (c) Tisa
tributaries and pools, surface sediments: 25 (Begej), 26 (Jegricka), 27 (�Cikos pool), 28
(Okanj pool), 29 (Canal BB), 30 (Mrtva Tisa), 31 (�Cik), and 32 (Zlatica).
3.3. Sediment metal contents

In Table 5 sediment metal contents are shown, as the amount of
metal concentration released in all five fractions. It is evident that
there are higher contents of Cu and Zn in the surface Tisza sedi-
ments at 60 km, 110 km, 120 km, and 130 km away from the Tisza
mouth. Elevated contents of Cu and Zn can be caused by local
contamination and the existence of point sources of these elements
in Bečej and Senta. Higher content of Cu, Cr, Zn, and Pb in the upper
part of the Tisza river, close to the Hungarian border (part of the
Tisza from 90 to 158 km) may be influenced by the input of these
elements from the distant parts of the Tisza River from the coun-
tries in the Tisza watershed. Higher content of Ni in the Tisza
tributaries can be explained by geochemical characteristics of the
Fig. 3. Plots of the principal component analysis showing variable
parent Pannonian sediment (Sakan et al., 2007), since there are no
significant anthropogenic sources of Ni in the researched area.

3.4. Determination of the background values and enrichment
factors (EF)

The suitability of Al, Li, or Si as the geochemical normalizer was
being tested in the studied area. The values of Pearson’s correlation
loadings of the first three components for selected elements.
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coefficients between elements Cu–Al (r¼ 0.40; p¼ 0.02), Zn–Al
(r¼ 0.50; p¼ 0.00), and Pb–Al (r¼ 0.40; p¼ 0.02) show that
aluminum is suited to explain the natural variations of the
concentrations of Cu, Zn, and Pb, whereas Li and Al can normalize
the concentrations of Ni [Ni–Al (r¼ 0.48; p¼ 0.00) and Ni–Li
(r¼ 0.78; p¼ 0.00)]. The non-existent correlation of the investi-
gated elements with Si could be explained by the fact that
a significant part of Si was bound to silicates, which were not
completely destroyed during the extraction. There is also the
possibility that Si was dominantly in the form of quartz, which has
no affinity for metal binding. The values of the correlation coeffi-
cients (r), that are not at a significant level for Cr [(Cr–Al) (r¼ 0.28;
p¼ 0.14)], indicate that only a low percent of its natural variability
can be attributed to the textural and mineralogical variability of the
sediments. It was decided to normalize the metal concentrations
using aluminum as the grain-size proxy.

The results of the Q mode of PCA, applied on the normalized
metal concentrations are presented in Fig. 4a. A plot of scores,
which gives the positions of the samples in the coordinates of the
principal components, isolated eight samples of the tributaries into
one group and the rest of the samples, representing the river
sediments (surfaces and buried), into another. The fact that all
tributary sediments form one distinct group suggests that they
Fig. 4. (a) Results of the PCA (Q mode): a plot of the scores (factor score 1 vs. 2 and 2
vs. 1). (b) Dendrogram of sampling stations.
represent the local natural sediment population. A significantly
lower content of metals was extracted from the sediments of the
tributaries and pools with respect to the amounts from the Tisza
River sediments (Sakan et al., 2007). The differences between
tributaries and the Tisza River could refer to different geological
characteristics and different pollution sources of each single
drainage basin. The composition (lithogenicþ not lithogenic
components) of the Tisza River sediments is a consequence of the
erosion of soils and bedrock (plus an additional contribution from
the anthropogenic sources) along the whole drainage basin. The
Tisza River is under strong influence of contamination by elements
from local point and non-point sources in Vojvodina, as well as
from the remote parts of the Tisza River watershed. On the
contrary, the sediments of the tributaries are predominantly
affected by the geological features of a very limited area and under
significantly lower influence of contamination than the Tisza River.
It can be stated that the concentrations of the elements in this areas
represent mainly the local natural sediment population. The mean
concentration values of the metals for the sediments of the
tributaries were defined as the background values for the Tisza
River sediments (Table 6). The background level for Cr in one of the
Tisza River sediments is low, probably because of the specific
geological and morphometrical features of the basin itself.

The results of a Cluster Analysis of the sampling stations are
illustrated as a dendrogram in Fig. 4b. The samples were hierar-
chically clustered on the basis of normalized metal concentrations
in the sediment. Two groups defined by this procedure were
identified as cluster A and cluster B. Cluster B is composed of the
surface and buried Tisza river sediment samples. It was found that
cluster B could be separated into two sub-clusters. Sediment
samples of the Tisza tributaries and pools are in cluster A. Cluster A,
in this case, represents the samples not affected by pollution and
cluster B represents contaminated sites. The similarity of the Q-
mode Cluster analysis to the Q-mode Principal component analysis
confirms the interpretations made by the Q mode of PCA.

The following equation was used for calculating the enrichment
factors i.e. EF:

EF ¼ ðM=AlÞsediment=ðM=AlÞbackground

using Al as the normalizer. Fig. 5 shows that the EF values for Cu, Cr,
Zn, and Pb were almost always >1.0 in the sediments of the Tisza
River, suggesting anthropogenic impact on the metal levels in the
river. For Cr in all the sediment samples, the EF was <3, showing
a minor anthropogenic enrichment. The maximum values of the EF
for Cu and Pb were close to 6 (moderately severe) and close to 4.5
for Zn (moderate enrichment).

The EF values for Ni in the sediments were <1.8 (minor
enrichment) and therefore the anthropogenic input of Ni was not
significant. The higher values of the EF for Ni in the sediment
samples of the tributaries and pools, with respect to the Tisza River
sediments, indicate that a significant amount of Ni flows into the
Table 6
Background concentrations of heavy metals given by other authors and calculated
for the Tisza River sediments [mg kg�1].

Metals Tisza sedimentsa Sedimentary rockb Continental crustc

Cu 41.97 40–60 25.0
Cr 11.37 5–120 126.0
Zn 127.3 80–120 65.0
Pb 19.13 20–40 14.8
Ni 42.27 5–90 56.0

a This paper.
b From Kabata-Pendias and Pendias (1989).
c From Wedepohl (1995).



Fig. 5. Metal enrichment factors at the 32 sampling stations along the Tisza River and its tributaries and pools. The grey color shows surface Tisza sediments (represented by
numbers 0–158 km in respect to the distance from the Tisza mouth), the black color shows buried Tisza sediments (represented by numbers 21–158 km in respect to the distance
from the Tisza mouth), and the grey color shows the sediments of Tisa tributaries and pools (represented by letters: B – Begej, J – Jegrička, CP – �Cikoš-pool, OP – Okanj pool,
CB – Canal Bečej-Bogojevo, MT – Mrtva Tisa-Medenjače, C – �Cik, Z – Zlatica).
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Tisza River system via the process of soil erosion. The higher EF
values observed at the stations close to the border with Hungary
(110 km from the confluence of the Tisza and Danube), may be
related to anthropogenic inputs from local contamination sources,
and pollution that was highly influenced by the input of Zn, Cr, Pb
and Cu from the distant parts of the Tisza River from the countries
in the Tisza watershed. The values of the EF for Cr, Cu, Zn, and Pb in
the buried Tisza sediments may indicate permanent pollution,
originating from different sources, and also the influence of acci-
dental water pollution incidents on the ecochemical state at the
investigated locality. No enrichment was registered for the inves-
tigated elements (Cu, Zn, Pb, and Cr) in the sediments of the
tributaries and pools. In a comparison of the EF values of Cr, Cu, Pb
and Cu in the Tisza River sediments with another contaminated
river systems, i.e. the Almendares River (Olivares-Rieumont et al.,
2005), and the San Hose Lagoon (Acevedo-Figueroa et al., 2006), it
can be seen that, although the values of the EF in the Tisza River
sediments were lower, nevertheless they show the existence of
contamination. Therefore, it can be said that the Tisza River sedi-
ments serve as a repository for heavy metal accumulation from
adjacent urban and industrial areas.
4. Conclusion

This study illustrates the utility of the applied methods
(sequential extraction, geochemical normalization, calculation of
EF and methods of statistical analysis) for determining the long
range transport pollution and the identification of the history of
accidental river pollution by heavy metals. The obtained results
show the differences of the distributions of Cu, Zn and Pb in the
international sediments of the Tisza River and in the sediments of
the tributaries and pools. The presence of the mentioned elements
in the mobile fractions of the Tisza River sediments, followed by
Mn, signifies the presence of anthropogenic sources of these metals
in the Tisza watershed. Most of the Cu, Zn and Pb in the sediments
of the tributaries are strongly retained in the residual fraction. In
the immobile fraction, Cr dominates in all three types of sediments.
Its origin is various and its distribution is different from those of the
other studied elements. The similarities in distributions of Fe and Ni
in all three types of sediments are the result of their geochemical
similarity and the fact that natural sources have the main effect on
the concentration levels of these elements. It is concluded that the
Tisza River is slightly to moderately severely pollute with Cu, Zn
and Pb, and minor pollute with Cr. Metal contamination was not
recorded in the Tisza River tributaries and pools. The values of the
EF for Cr, Cu, Zn and Pb in the buried Tisza sediments may indicate
permanent pollution, which originates from different sources, and
also the influence of accidental water pollution on the ecochemical
state of the investigated locality.
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