
Citation: Kašanin-Grubin, M.; Gajić,
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Abstract: Heavy metals as environmental pollutants can have natural or anthropogenic origin. To
determine the river sediment pollution status, it is crucial to have appropriate reference samples, free
of anthropogenic impact, and natural reference samples should be used wherever and whenever
possible. The collection of reference samples should be performed in the vicinity of the research area
in a place that belongs to the same geological environment and is undisturbed by human activity.
The main purpose of this study was to compare concentrations of heavy metals from different rivers
with background values to show that the usage of natural background values is the best option
when assessing pollution status, but also to underline that the natural background values have to
correspond to the analyzed sediments. In this study, 5 river sediments from Sava, 17 from Great
War Island (GWI), 11 from Danube, 24 from Tisa, 47 from Tamiš, and 11 from Timok were evaluated
relative to reference samples from the Sava and Tisa Rivers. The results indicate that geological
origin has a strong influence on the content of heavy metals in river sediments, primarily regarding
concentrations of Ni and Co. Furthermore, Tamiš, Tisa, Sava, and Danube sediments are under strong
anthropogenic influence.

Keywords: river sediments; heavy metals; background values; pollution status

1. Introduction

Rivers, which deliver approximately 20 billion metric tons of transported sediment to
oceans annually, play a key role in Earth’s surface processes, marine sedimentation, and
biogeochemical cycles in oceans [1,2]. Anthropogenic inputs of pollutants can considerably
change the composition of river waters and sediments [3]. The capacity of sediment to
adsorb and retain contaminants depends on their characteristics, like the surface area and
surface properties of the particles [4].

Heavy metals tend to accumulate in sediments and cause major environmental prob-
lems in river catchments [5]. Once heavy metals are discharged into a river system, they are
distributed between the aqueous phase and bed sediment [6]. The main sources of heavy
metals in drainage basins are the weathering of rocks and anthropogenic activities, and it is
essential to distinguish between them. Understanding the source of heavy metals in river
sediments is vital for understanding their impact on water ecosystems [7].

The main anthropogenic sources of heavy metals are mining and smelting, disposal
of effluents containing heavy metals, industrial waste, and haphazard use of fertilizers
and pesticides that contain heavy metals [6]. The concentrations of heavy metals are
affected by the sediment mineralogy and grain size. The content of organic matter, clay-
sized fraction, and surface area control the microelement mobility [8]. Microelements are
adsorbed by organic substances and by Fe and Mn oxides, and the adsorption capacity
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increases as particle size decreases [4]. Adsorbed heavy metals can be released again into
the environment by processes dependent on the pH and redox potential.

The geochemistry of river sediments depends on various controlling processes. To
evaluate whether heavy metal contamination has occurred in sediments, it is necessary
to compare the obtained results with a background concentration. Matchullat et al. [9]
argued that there should not be an unmistakable definition of a background value and that
it is “in principle almost impossible to quantify a true background value beyond doubt”.
Furthermore, global background data should be used only for global models, and they are
practically useless in answering regional or local problems [9].

Štrbac et al. [10] showed that the choice of background value can affect the assessment
of the pollution status of a certain river. In the literature, the most commonly used are the
average composition of upper continental crust, e.g., [11–13]; the average shale concen-
tration of elements given by Turekian and Wedepohl [14], used by, e.g., Singh et al. [15];
sequential extraction, e.g., [16,17]; certified reference material, e.g., [18]; uncontaminated
sediments from the area, e.g., [5,6,19,20]; and statistical methods, e.g., [21].

Both obtaining and using any of these suggested background values is challenging.
Statistical methods are considered the most objective by some authors, e.g., [21], but they
might be used only on large datasets containing both uncontaminated and contaminated
sites; still, one must bear in mind that the results are influenced by the number of polluted
samples and the amount of pollution. Using average shale values in areas where heavy-
bearing minerals naturally occur can lead to false anomalies. Furthermore, false anomalies
can arise since concentrations of heavy metals tend to vary with grain size [19].

While using natural background values, it is essential to ensure that the geochemical
characteristics of these samples are natural, i.e., that no anthropogenic contamination has
occurred. Determining a natural background is a very important task, and representative
sampling should be done wherever and whenever possible. Representative sampling
should be done in an area close to the area of interest, i.e., with the same geological setting,
but undisturbed by human action.

In this study, we use two groups of reference samples: The first group contains eight
samples from a Belgrade water source, which stratigraphically belongs to the Quaternary
(Pleistocene and Holocene). These reference samples are marked with Sava BV. The second
group is four alluvial sediments of the Tisa River, which stratigraphically also correspond
to the Holocene and the abandoned meander. These reference samples are designated as
Tisa BV.

Both groups have the following discriminants, crucial for natural background samples:
1. The background sediment samples petrologically correspond to the tested samples.
Therefore, these samples structurally fall into the population of examined samples, which
is, in this case, silty clays, clayey silts, and sandy–clayey silts. 2. These samples have an
identical or similar sedimentological origin, i.e., they were deposited from alluvial systems.
3. The paleo-drainage areas of those alluvial systems partly or entirely correspond to the
modern drainage areas of these rivers. 4. The mineralogical–petrographic compositions of
the examined and reference samples are relatively uniform. 5. The reference samples do
not have any anthropogenic influence.

Dendievel et al. [5] argued that despite two main approaches used, one being regula-
tory monitoring on stream sites and the other being studies assessing pollution trends based
on sediment cores taken at a certain river location, synthesis works at the scale of large
rivers are rather rare. One of those rare large-scale studies regarding the Danube Basin was
performed by Woitke et al. [22]. The Danube River, with a length of ~2800 km and a catch-
ment area of ~817,000 km2, is the second longest river in Europe [23]. Woitke et al. [22]
showed that pollution was relatively low in the Austrian and Hungarian parts of the
Danube, with an increase in the concentration of heavy metals at the Iron Gate Reservoir,
and then a constant level or a slight decrease was found down to the Danube Delta.

Since up to 92% of Serbia lies within the Danube Basin, comprising ~10% of the
total Danube Basin, it is necessary to explore the composition of river sediments. Further,
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about 90% of all Serbia’s accessible water originates from outside its territory; therefore,
international cooperation on water issues is vital for Serbia [24].

The study aims to show that when analyzing heavy metals in river sediments, the
origin of the eroded material reaching the rivers must be considered, so it is necessary to
compare the obtained concentrations with properly selected background values. The main
purpose of this study was to compare concentrations of heavy metals from different rivers
with background values to show that the usage of natural background values is the best
option when assessing pollution status, but also to underline that the natural background
values must correspond to the analyzed sediments.

To prove the importance of this fact, the results of a multi-year examination of sedi-
ments from several locations, primarily from the Danube, Sava, Great War Island (GWI)
Tisa, and Tamiš Rivers, are presented. Sediments from the Timok River are used as an
example to further support this statement.

2. Study Areas and Methods

In this study, sediment samples from Tisa, Tamiš, Sava, Danube, GWI, and Timok were
analyzed to determine the origin of heavy metals (Figure 1). A total of 127 samples were
collected and analyzed for textural and chemical characteristics.
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The Tisa River Basin, as the largest sub-basin of the Danube watershed, covers an area
of 157,186 km2, which is about 20% of the Danube Basin (Figure 1). The Tisa River Basin
is divided into mountainous Upper Tisa, with tributaries in Ukraine, Romania, and east
Slovak Republic, and the lowland part in Hungary and Serbia. Anthropogenic impacts over
the Tisa River course are high with permanent pollution from industrial activities, mainly
municipal sewage discharges and agriculture [16]. In the past, the Tisa River has witnessed
a large number of pollution accidents, of which the biggest one occurred in February 2000.
During this incident, about 100,000 m3 of water and sludge with a high concentration of
cyanide and trace metals from flotation tailings from a gold mine in Baja Mare, Romania,
reached Tisa River and was further carried into the Danube River [25]. Along the 150 km
Tisa River course in Serbia, a total of 24 surface sediment samples were collected [10].
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Tamiš is the largest river in the Banat region, in northeast Serbia (Figure 1). It originates
from Semenik Mountain in Romania, flows through the Banat region, and flows into the
Danube 30 km east of Belgrade. The Tamiš River, with its main course 340 km long, 118 km
of it in Serbia, is a small Danube tributary. Tamiš is draining Quaternary, mostly silty
sediments. On several shorter sections of the course, Tamiš meanders laterally, eroding
higher relief, loess plain, and loess terrace, forming high riverbanks in the form of steep
sections and slopes. Tamiš River is polluted by water supply facilities, fish ponds, industry,
agriculture, and urban settlements [26]. Forty-seven samples were collected from the Tamiš
River for this study.

Five sediment samples from the Sava River were collected 30 km upstream from
Belgrade, and 17 samples were collected at the GWI, which are places of sediment accumu-
lation at the confluence of the Sava and Danube Rivers in Belgrade [27,28].

Great War Island is sedimentary and alluvial–accumulative, formed due to the slowing
and stopping of sediments at the confluence of the Sava and Danube Rivers, and is con-
stantly under process of changing shape and size (Figure 1). The total sediment thickness
is estimated at about 25 m. The Great War Island has a special status based on its position,
because it relies directly on the international waterways of the Danube and Sava Rivers. It
is one of the repertoire points on the most important European waterway, which connects
the North with the Black Sea via the Rhine–Main–Danube channel. The GWI covers a total
area of 210.8 ha and is of unique ecological, cultural, historical, and recreational importance,
located in the center of Belgrade.

Djerdap Lake was chosen as a location for the collection of samples from the Danube
River for two main reasons. The first is its uniform geological setting, represented by the
Lower Carboniferous granitoids, and the second reason is that Djerdap Lake represents a very
favorable sediment archive since water and sediment from the entire upstream Danube River
Basin, shared by many countries with a total population of about 80 million, concentrate in
the Serbian sector of the Danube, especially in Djerdap Lake [29]. Eleven samples from the
Danube River were collected before Djerdap Lake, at the Serbia–Romania border [30].

The Timok River, also known as Great Timok, is a river in eastern Serbia, a right tribu-
tary of the Danube River. For the last 15 km of its flow, it forms a border between eastern
Serbia and western Bulgaria. The Timok River is 202 km long, and the watershed covers
an area of 4626 km2. The geological setting consists of Neogene sediments, granitoides,
metamorphic rocks, gabro, and limestones. Eleven sediment samples from the Timok River
were collected for this study.

As background values, we used the composition of core sediments from the Tisa
River [10] and the Sava River [27]. The reference samples were those whose geochemical
characteristics are known to be natural, i.e., without any anthropogenic influences. In terms
of mineralogical and structural characteristics, they are the closest to modern sediments
from the Tisa River. Four samples of fine-grained clastic sediments from boreholes were
selected. Stratigraphically, the reference samples belong to the Holocene. However, they
are genetically linked to alluvial systems that are fed from petrologically very diverse and
very wide margins. Facially, these are deposited partly from the flood plains and partly
from abandoned meanders. Four core sediment samples were collected at ~10 km from the
main Tisa River flow.

Eight Sava background samples were collected from the Belgrade spring, which
stratigraphically belongs to the Quaternary (Pleistocene and Holocene). The Pleistocene
fine-grained clastites are related to the model of small braided rivers, and those of the
Holocene are related to the paleo-Sava as a meandering river.

The surface sediment samples were collected from the riverbanks using a small shovel,
then stored in labeled plastic bags according to currently accepted international standards
and transported to the laboratory [10,28,30].

To determine the composition of sediments, grain size and chemical analyses were
conducted.
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Grain size analysis was performed according to a standard wet sieving procedure for
the sand fractions (using 1, 0.5, 0.25, 0.125, and 0.063 mm sieve sizes) and the standard
pipet method for the <0.063 mm fraction [30].

The concentrations of macroelements were determined via X-ray fluorescence (XRF).
For XRF analysis, samples of sediment were dried until constant mass at 105 ◦C, mixed with
tableting wax in an 80:20 ratio, and pressed into pellets. Semiquantitative and qualitative
analysis was performed using a Spectro Xepos Energy-Dispersive XRF (EDXRF) instrument
with a binary cobalt/palladium alloy thick-target anode X-ray tube (50 W/60 kV) and
combined polarized/direct excitation.

Determination of the heavy metal concentrations (As, Cd, Co, Cr, Cu, Ni, Pb, and Zn)
in sediments was performed using an inductively coupled plasma optical emission spec-
trometer with axial view (Thermo Scientific iCAP 6000 series ICP-Spectrometer, Waltham,
MA, USA). The emission wavelengths (nm) for determination were as follows: As 189.042,
Cd 214.480, Co 228.616, Cr 267.716, Cu 327.393, Ni 231.604, Pb 216.997, and Zn 206.200. A
more detailed procedure is given in [28,30].

The contamination factor (Cf
i) was calculated as Cf

i = Co
i/Cn

i, where Co
i is the concen-

tration of heavy metals in sediment and Cn
i is a background value. The Cf

i classes proposed
by [31] are as follows: <1, low contamination factor; 1 ≤ Cf

i < 3, moderate contamination
factor; 3 ≤ Cf

i ≤ 6, considerable contamination factor; >6, very high contamination factor.
Factor analysis was applied to identify the source of heavy metals (natural or an-

thropogenic) in river sediments. The factor analysis of heavy metal concentrations was
conducted using SPSS 17.0 (AppOnFly, Inc., San Francisco, CA, USA).

3. Results
3.1. Grain Size Composition

The results of grain size analysis showed that the largest number of tested sediment
samples from the Tisa, Tamiš, Sava, Danube, and Timok Rivers had a dominant silt fraction
(0.05–0.005 mm). According to Sheppard’s [32] classification, these sediments are silts,
clayey silts, sandy–clayey silts, and clayey–sandy silts (Figure 2). Generally, 65% of the in-
vestigated samples were defined as silts, and a smaller number of samples were dominated
by clayey or sandy fractions.
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3.2. Content of Macroelements

The content of macroelements in sediments from the Tisa, Tamiš, Sava, Danube, and
Timok Rivers was determined to explore differences in the sources of the materials these
rivers carry (Table 1).

Table 1. Content of major oxides (%) in sediments from the Tamiš, Tisa, Tisa BV (background values),
Sava, Sava BV (background values), Great War Island (GWI), Danube, and Timok Rivers (A—average;
SD—standard deviation).

Sample SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO

Tamiš
A 48.98 15.19 5.97 2.51 2.46 0.97 2.41 0.91 0.30 0.16
SD 6.34 1.47 1.30 0.54 2.35 0.26 0.26 0.08 0.13 0.07

Tisa
A 56.37 15.16 6.32 2.22 3.36 1.12 2.57 0.85 0.23 0.18
SD 1.66 0.93 0.56 0.25 0.89 0.08 0.16 0.04 0.01 0.03

Sava
A 48.34 13.87 6.35 3.05 8.34 0.67 2.10 0.74 0.21 0.23
SD 2.07 0.47 0.27 0.33 1.10 0.13 0.14 0.04 0.03 0.08

GWI
A 46.51 16.45 7.13 3.80 9.33 0.70 2.71 0.92 0.34 0.18
SD 2.08 1.21 1.07 0.32 1.67 0.13 0.32 0.11 0.08 0.05

Danube
A 47.91 13.99 5.93 3.11 8.00 0.84 2.34 0.69 0.26 0.14
SD 0.96 1.35 0.58 0.29 1.55 0.11 0.22 0.02 0.04 0.03

Timok
A 53.17 15.06 7.40 3.16 4.17 1.94 1.52 0.94 0.18 0.14
SD 3.65 1.31 1.34 0.96 1.98 0.36 0.61 0.12 0.07 0.03

Tisa BV
A 58.07 14.20 5.73 2.84 4.76 1.29 2.36 0.84 0.16 0.11
SD 6.02 1.40 0.57 0.86 3.72 0.09 0.24 0.07 0.01 0.04

Sava
BV

A 48.46 13.32 5.56 2.99 8.27 0.67 2.28 0.65 0.10 0.15
SD 5.03 3.61 1.27 0.70 1.98 0.19 0.74 0.12 0.03 0.08

SiO2, which in river sediments is most often present as quartz but is also a main con-
stituent of all silicate minerals, was highest in both recent and reference sediments from the
Tisa River, followed by the Timok River (46.51–58.07%) (Table 1). Aluminum, sodium, and
potassium are mostly bound with clay minerals and feldspars. In the analyzed river sedi-
ments, these elements varied within small ranges: Al2O3, 13.32–16.45%; Na2O, 0.67–1.94%;
K2O, 1.52–2.71%. Calcium and magnesium are primarily found in carbonate minerals,
while Mg is also bound to chlorite.

The concentrations of Fe2O3, MnO, and TiO2, found in sulphides and silicates, and
P2O5, mostly bound with organic matter, showed little variation between samples and
were, on average, in the ranges of 5.56–7.40%, 2.22–3.80%, 0.11–0.18%, and 0.10–0.94%,
respectively (Table 1). However, it is interesting that the lower end of the range was
found in the Sava BV sediments, and the highest was found in the Tamiš River sediments,
indicating the different sources of geological material these rivers are draining.

3.3. Content of Heavy Metals

The average contents of heavy metals are given in Table 2. The average concentrations
of zinc in the investigated samples were in the range from 73.09 in Timok up to 353.91 ppm
in the Danube sediments; those of copper were from 28.71 ppm in Sava up to 146.02 ppm
in GWI; those of chromium were from 12.69 ppm in the Tisa up to 126.27 ppm in the Timok
sediments; those of nickel varied from 28.96 ppm in GWI to 82.17 ppm in the Danube; those
of Pb varied from 24.27 ppm in Timok samples to 91.45 ppm in the Danube sediments;
those of Co ranged from 11.39 ppm in Sava to 29.82 ppm in Timok samples; those of As
were from 9.84 ppm in Sava to 28.10 ppm in Tamiš; and those of Cd were from 0.26 ppm in
Timok to 2.75 ppm in the Danube sediments.
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Table 2. Content of heavy metal sediments (ppm) in the Tamiš, Tisa, Tisa BV (background values),
Sava, Sava BV (background values), Great War Island (GWI), Danube, and Timok Rivers (A—average;
SD—standard deviation).

Sample As Cd Co Cr Cu Ni Pb Zn Order of Element Content

Tamiš
A 28.10 1.13 16.83 81.76 90.50 40.46 35.22 164.92

Zn > Cu > Cr > As > Ni > Pb > Co > CdSD 8.68 0.81 5.47 29.80 59.39 13.72 28.77 83.54

Tisa
A 16.54 2.12 18.02 12.69 77.58 60.56 49.22 312.12

Zn > Cu > Ni > Pb > As > Co > Cr > CdSD 1.42 0.48 1.17 0.52 10.41 3.45 9.28 35.14

Sava
A 9.84 2.57 11.39 69.08 28.71 78.49 27.29 149.84

Zn > Ni > Cr > Pb > Cu > Co > As > CdSD 0.68 0.10 0.69 9.22 1.30 7.37 0.66 10.76

GWI
A 12.97 1.14 13.40 62.87 146.02 28.96 62.37 177.13

Zn > Cu > Cr > Pb > Ni > Co > As > CdSD 7.78 0.42 2.34 15.92 95.85 11.20 28.96 57.07

Danube
A 15.05 2.75 18.05 14.24 98.79 82.17 91.45 353.91

Zn > Cu > Pb > Ni > Co > Cr > As > CdSD 5.55 1.00 2.13 2.31 39.20 19.58 27.58 93.97

Timok
A 18.25 0.26 29.82 126.27 50.87 42.03 24.27 73.09

Cr > Zn > Cu > Ni > Co > Pb > As > CdSD 7.32 0.19 10.31 24.55 17.50 7.01 5.47 14.57

Tisa BV
A 6.70 0.18 13.64 10.40 23.88 49.60 14.14 71.00

Zn > Ni > Cu > Pb > Co > Cr > As > CdSD 2.93 0.08 1.85 1.32 4.10 5.94 3.34 12.92

Sava BV
A 12.58 0.31 18.29 19.67 31.16 126.25 28.68 72.50

Ni > Zn > Cu > Pb > Cr > Co > As > CdSD 9.98 0.12 4.51 5.76 10.96 63.23 19.65 24.81

4. Discussion

CaO and MgO had the highest concentrations in the Sava, GWI, Danube, and Timok
Rivers, indicating limestones as one of the sources of drainage materials, but from different
locations. The source of material carried by the Sava River is the Dinaric Mountains. At the
time of sampling, Timok River drains limestones from east Serbia (Figure 1).

Statistical analysis was conducted using the obtained results to further explore the
provenance of recent river sediments. The correlation between SiO2/Al2O3, as the main
constituents of silicate minerals, and CaO/MgO, mostly originating in carbonate minerals,
reveals subtle but important differences between the geological origins of the analyzed recent
river sediments (Figure 3). The Sava, Danube, GWI, and sediments from the lower stretch of
the Tamiš River had higher values of >2% CaO/MgO, indicating similar geological origin.
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Zinc, Cu, Ni, and Cr had the highest concentrations, while Cd had the lowest con-
centration in all tested river sediments. The contamination factor, representing the ratio
between measured concentrations in river sediment and background values, can be an
indication of pollution status (Table 3). The microelement concentrations of Tisa River were
compared with Tisa BV values, and the obtained results coincide with the results obtained
by Štrbac et al. [10]. The concentrations of Cd were almost 12 times higher than Tisa BV
values, and those of Zn and Pb were 4.4 and 3.5 times higher, respectively. Sediments at
GWI, which represents sediment accumulation at the Sava and Danube Rivers’ confluence,
had concentrations higher than the background values of Cu, Cd, Cr, Zn, and Pb as es-
tablished by Kašanin-Grubin et al. [28]. Sediments of the Danube River showed a similar
pollution status to GWI sediments and the Sava River samples, having 8.2 times higher
content of Cd, 3.5 times more Cr, and 2.1 times more Zn than Sava BV samples (Table 3).
Since we do not have natural background values for the Tamiš River, the concentrations of
heavy metals in these sediments were compared with both Sava BV and Tisa BV. There is
possible pollution with As, Cd, Cr, Cu, and Pb, but this cannot be stated as a fact, since the
Tamiš River draining area is geologically different from those of the Tisa and Sava Rivers
(Figure 1). This is an example where appropriate background values should be used when
assessing the pollution status of a river.

Table 3. Contamination factor of river sediments and background values from the Tamiš, Tisa, Tisa
BV, Sava, Sava BV, Great War Island (GWI), Danube, and Timok Rivers.

Sample As Cd Co Cr Cu Ni Pb Zn

Sava/Sava BV 0.78 8.20 0.62 3.51 0.92 0.62 0.95 2.07

GWI/Sava BV 1.03 3.65 0.73 3.20 4.69 0.23 2.18 2.44

Danube/Sava BV 1.20 8.77 0.99 0.72 3.17 0.65 3.19 4.88

Tisa/Tisa BV 2.47 11.78 1.32 1.22 3.25 1.22 3.48 4.40

Tamiš/Sava BV 2.23 3.59 0.92 4.16 2.90 0.32 1.23 2.27

Tamiš/Tisa BV 4.19 6.25 1.23 7.86 3.79 0.82 2.49 2.32

Factor analysis was used to find a possible grouping of microelements and to explain
their origin. The first factor explained 35% of the data and grouped Cd, Cu, Pb, and Zn,
which are elements that show strong anthropogenic influence. The second factor explained
23% of the data and grouped As, Cr, and Cu, which have mixed anthropogenic and geologic
origin; in the third group, with 16% of the data, were Ni and Co, elements with geologic
origin (Table 4).

Table 4. Factor analyses for elements in river sediments and background values.

Heavy Elements First Factor Second Factor Third Factor

As 0.70

Cd 0.886

Co 0.70

Cr 0.85

Cu 0.58 0.48

Ni 0.86

Pb 0.853

Zn 0.897

To further explore the origin of microelements in the tested river sediments, scatter
graphs are presented in Figures 4–6. Based on factor analyses, we chose the Pb–Zn scatter
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graph, with both parameters grouped under factor 1 as pollutants (Figure 4); the Cr–Cd
scatter graph, with Cd being a parameter grouped under factor 1 as a pollutant and Cr
being a parameter grouped under factor 2 for heavy metals with mixed geological and
anthropogenic origin (Figure 5); and the Ni–Co scatter graph, with both elements grouped
in the factor identified as being of geological origin (Figure 6).
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Figure 5. The Cr–Cd scatter graph for river sediments and background values from the Tamiš, Tisa,
Tisa BV (background values), Sava, Sava BV (background values), Great War Island (GWI), Danube,
and Timok Rivers.

The Pb–Zn scatter graph shows the pollution level of the analyzed river sediments.
Sediments from the lower river course of the Tamiš, GWI, and Danube samples were heavily
influenced by Pb. Zinc concentrations were highest in the Tamiš, Tisa, and Danube samples,
indicating strong anthropogenic influence. Timok sediments and reference samples had
the lowest Pb concentrations, at <40 ppm.
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According to the factor analysis, Cd has anthropogenic origin and Cr has mixed origins,
which can also be seen from their scatter graph (Figure 5). The concentrations of Cd were
highest in the Tisa, Danube, and Sava Rivers, followed by GWI. Tisa BV and Sava BV had the
lowest concentrations of both elements. Sediments from the Timok River are interesting since
they had high Cr and low Cd concentrations. This indicates that the Cr is of geological origin,
since Timok River is not under anthropogenic pressure. Sediments from Tamiš River form
two groups: one with Cd concentrations of <2 ppm and relatively high—up to 130 ppm—
concentrations of Cr, which could indicate geological origin, and the other with Cr > 2.5 ppm
and Cr > 100 ppm, which could be a consequence of pollution. However, this cannot be stated
as a fact without comparing these sediments with appropriate background values.

The correlation between Ni and Co, as elements of geological origin, reveals the source
material in the drainage basins. Previous studies have shown elevated concentrations of
Ni in sediments of the Tisa and Sava Rivers, as well as GWI, which are confirmed by the
data obtained in this study. The origins of these sediments are varieties of fine-grained
clastic sediments, predominantly silts, loess, and clays. However, the concentration of Co
differs with the geology of the drainage basin. Sediments from the Timok River, and partly
from the Tamiš River, have high concentrations of Co, indicating their geological origin
represented by granite, gabro, and limestones (Figure 1).

5. Conclusions

This study highlights the importance of the selection of background values when
assessing the pollution status of river sediments. Geochemical analyses proved to be a
valuable tool in determining the origin of eroded material.

The correlation between SiO2/Al2O3, as main constituents of silicates, and CaO/MgO,
as main constituents of carbonate minerals, revealed important differences between the
geological origins of the analyzed recent river sediments.

Factor analysis grouped the microelements in the river sediments according to their
provenance. The first group consists of elements that have strong anthropogenic influence—
in this case, Cd, Cu, Pb, and Zn. The second group, with As, Cr, and Cu, is of mixed
anthropogenic and geologic origin, and in the third group, Ni and Co are elements of
geologic origin.

This study proves that natural background values should be used whenever feasible,
but it is necessary that these values are specific for the studied watershed. Further investi-
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gation, which would include more river systems around the world and the collection of
additional reference samples from different geological settings, is highly needed. This ap-
proach could provide the creation of a pan-European, or even global, database of reference
sediments and sediments contaminated with heavy metals.
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