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mum Allowed Quantity) standards for soils, but they are unsafe
in the case of Zn and Cd.

Recommendations and Outlook. The quality of sediments in
the Tisa River was on the border line between potentially pol-
luted and polluted. This line could very easily be exceeded since
the quality of sediments in the Tisa River in Hungary was al-
ready worse than in Serbia. These results indicated the need for
further monitoring of heavy metals in that locality.
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Abstract

Introduction. In this work, sediments of the River Tisa (Tisza)
are studied to assess their environmental pollution levels for
some major heavy metals, as well as to predict the investigated
elements' mobility on the basis of their association type with
the substrate. The Tisa River catchments area is a subbasin of
the River Danube. Part of this river, 166 km long, belongs to the
Serbian province of Vojvodina, before it flows into the Danube.
It has been chosen for our investigation, because it has been
exposed to intense pollution in the last decades.

Materials and Methods. The river sediment samples were col-
lected at 32 locations. The proportions of sand, silt and clay
fractions were determined. The sequential extraction procedure
following a modified Tessier method was applied for speciation
of the metal forms in the collected samples. The metal concen-
trations of Zn, Cd, Pb, Ni, Cu, Cr, Fe and Mn in extracts were
determined by atomic absorption spectroscopy.

Results and Discussion. Granulometric analysis showed that
some 50% of the Tisa River sediments were silt and clay, while
the rest was sand with quartz, as the main constituent. The av-
erage metal content of the surface river sediment samples for
every fraction of sequential extraction was presented and dis-
cussed in relation to pH, Eh and metal fractionation. The aver-
age metal content from the Tisa River sediments, obtained as an
average of the metal’s concentration released in all five sequen-
tial extraction fractions was compared with: average metal con-
tents of the Tisa River sediments in Hungary, metal content in
soils formed on the Tisa River alluvium of Vojvodina, average
metal content in soils of Vojvodina, and average metal content
in soils of Hungary. An assessment of metal pollution levels in
Tisa River sediments was made by comparing mean values for
obtained results for the Tisa River sediments with the freshwa-
ter sediment's Quality Guidelines as published by US EPA, En-
vironment Canada and soil standards for Serbia.

Conclusion. According to US EPA and Canadian Quality Guide-
lines for freshwater sediments, the concentration of heavy met-
als in Tisa sediments were: (a) much higher than defined con-
centrations below which harmful effects on river biota are
unlikely to be observed, (b) below defined concentrations above
which harmful effects on river biota are likely to be observed.
The concentration levels of Pb, Ni, Cu and Cr in Tisa River
sediments are safe when compared with Serbian MAQ (Maxi-

Introduction

Among the various contaminants, heavy metals are of par-
ticular concern due to their environmental persistence,
biogeochemical recycling and ecological risks. Heavy met-
als in sediments occur in different geochemical forms, which
have a distinct mobility, biological toxicity and chemical
behaviour. It is essential to distinguish and quantify the vari-
ous forms of metals to yield a better understanding of po-
tential and actual environmental impacts of contaminated
sediments. In recent years, studies on the speciation or chemi-
cal forms of heavy metals in sediments using sequential ex-
traction have increased, because these provide knowledge
on metal affinity to sediment components and on the strength
with which they have been bound to the matrix (i.e.,
Clevenger 1990, Schintu et al. 1991, Teixeira et al. 2000,
Dauvalter 2000, Procopio et al. 2000, Brayner et al. 2001,
Akcay et al. 2003).

In this work, sediments of the River Tisa (Tisza) were stud-
ied to assess their environmental pollution levels for some
major heavy metals, as well as to predict the investigated ele-
ments' mobility on the basis of their association type with the
substrate. The Tisa River catchments area is a subbasin of the
River Danube, which covers five countries in Central and East-
ern Europe, including the Ukraine, Romania, Slovakia, Hun-
gary and Serbia and Montenegro. The river is 966 km long.
Part of this river, 166 km long, belongs to the Serbian prov-
ince of Vojvodina, before it flows into the Danube.

The Tisa River was chosen for our investigation, because it
has been exposed to intense pollution in the last decades.
According to the economical situation in this part of Eu-
rope, the Tisa River is a collector of industrial and settle-
ment wastewaters, and it has been exposed to permanent
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Extraction 
step 

Reagents Treatment duration and 
temperature 

Chemical process description Sediment fraction affected 

I 1M CH3COO(NH4), pH 7 2 hours at room temperature 
(22°C) 

Extraction and dissolution in  
neutral environment 

Exchangeable species 

II 0.6M HCl and 
0.1M NH2OH·HCl 

12 hours at room temperature 
(22°C) 

Weak reduction and dissolution in 
acidic environment 

Carbonates and Mn-oxide 

III 0.2M H2C2O4 and 
0.2M (NH4)2C2O4

10 hours at room temperature 
(22°C) 

Strong reduction and dissolution in 
acidic environment 

Fe-oxides 

IV 30% H2O2 adjusted to  
pH 2.0 with HNO3

2 hours at 85°C Oxidation and dissolution in  
acidic environment 

Organic fraction and  
sulfides 

V 6M HCl 9 hours at 85°C Digestion and dissolution in  
acidic environment 

Residual fraction 

and accidental pollution. Along with permanent pollution
from agriculture, chemical factories, municipal sewage dis-
charge and the mining industry, temporary accidents have
not been rare either. The largest recent accidental pollution
of the Tisa River occurred in 2000, first during the night
between 30th and 31st of January, at the site of Baia Mare in
Romania, caused by the breaking of the dam of the flota-
tion spoil banks of the gold mine, which caused the spilling
of water and silt with a high concentration of cyanides and
heavy metals. The second accidental pollution of the River
Tisa occurred on March 10th, at Baia Borsa. The dam of the
waste reservoir Novat-Baia Borsa broke, causing the leak-
age of 20,000 tons of wastewater and industrial silt into the
River Viso, a tributary of the Tisa River. The silt contained
high concentrations of zinc, iron and lead (UNDAC Mis-
sion Report).

1 Material and Methods

1.1 Sampling location

The sediment samples were collected at 32 locations (24
samples of the River Tisa and 8 samples of tributaries and
pools) in the period of July, 2nd–17th, 2001, from the Tisa
mouth to the Hungarian border (Fig. 1). Twenty-six samples
of surface sediments (0–5 cm) were collected by plastic scoop,
and six samples of lower-laying sediment (6–30 cm) were
collected by a corer made up of PVC tubes of 10 cm in di-
ameter 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.

1.2 Sediment particle composition analysis

The proportions of sand, silt and clay fractions were deter-
mined by the S. Rutkovski method (Korunoviƒ and Stoja-
noviƒ 1975).

1.3 Sequential extraction

In this paper, sequential extraction procedure was applied
for speciation of the metal forms. This method was based on
the successive application of extraction solvents with increas-
ing strength for each subsequent phase of the extraction.
Sorbed heavy metals could be displaced from the geochemi-
cal phases through the use of these extracting agents.

Five extraction steps were applied in this work (Table 1), in
order to extract the metals from the sediments, following a
modified Tessier method (Tessier 1979). The main purposes
of each extraction phase are described as follows: the first
fraction (I) of the extraction is defined as the 'Exchangeable

Fig. 1: Sampling locations along the Tisa River (numbers) and its tributar-
ies (samples of tributaries are underlined and the pools are underlined twice)

Table 1: Sequential extraction procedure, reagents and fraction description
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fraction', in which the most mobile portion of metals
(adsorbed and ion-exchange bound) are expected to be dis-
solved; in the second fraction (II), the dissolution of carbon-
ates occurs and the heavy metals, which are precipitated or
co-precipitated, are released. Besides the carbonates, the dis-
solution of manganese oxides and the amorphous oxides of
iron takes place in the second phase; metals are specifically
adsorbed or co-precipitated. This phase is called the 'easily
reducible phase' or the 'Carbonate and Mn-oxide fraction';
in the third fraction (III), the stronger reduction dissolvent
is applied and the dissolution of amorphous and partially
crystalline oxides of iron occurs. This phase is called the
'stronger reducible phase' or 'Fe-oxides fraction'; the degra-
dation of the organic substances and sulfides occurs in the
fourth fraction (IV). In the organic fraction, the metals are
complexed and adsorbed, and become available through
oxidation. This phase is called the 'oxidation phase' or 'Or-
ganic fraction and sulfides’; in the final, the fifth fraction
(V), the degradation of crystalline iron oxides occurs and
the metals bound to them are released. This phase is called
the 'Residual fraction'. The exact extraction procedure has
been described elsewhere (Poliƒ and Pfendt 1992).
For each sequential extraction series, some 10.00 g of de-
frozen material of sediment was taken without drying in
order to avoid chemical transformations due to chelating,
oxidation processes, etc. Control samples were processed
for each extraction step. The reagents for each sequential
extraction step are described in Table 1. The solid/liquid
ratio has been kept as close to 1:45 as possible during the
first, second and third fraction. All the chemicals used in
this work were of analytical reagent grade.

In the sequential extraction procedure described in this pa-
per, it is necessary to emphasize that a solid residue, mainly
made of silicates, remains after the application of all five
steps. This is insignificant from the ecochemical aspect and
can be considered as insoluble, containing highly immobile
metals bound to the silicate matrix.

Although the sum of metal concentration released in the five
fractions is not always equal to total amounts of certain
metals in the sediment sample, we assumed that this was
not valid for Pb, Zn, Cd and Cu, since these elements were
highly chalcophile. Therefore, they show no affinity to the
silicate matrix. Practically, after extraction of heavy metals
by sequential extraction, the concentration of these elements
in the silicate matrix was insignificant.

1.4 Metal determination

The metal concentrations in extracts were determined by
atomic absorption spectroscopy, using a 'SpectrAA 55
Varian' device.

2 Results and Discussion

During discussion of the obtained results, several important
parameters were taken into account: Sediment particle com-
position analysis, which was a part of our investigations; Eh-
pH relations are elaborated on and described in detail else-
where in literature (Brookins 1988); sequential extraction, a
substantial part of our investigations, and comparison with

other results concerning soil and sediments in the Pannonian
basin; as well as, a comparison with standard values for
sediment quality which are available in the literature.

By inspecting Eh-pH diagrams (Brookins 1988) for the re-
dox-sensitive metal ions: Fe, Mn, Cr and Cu [other metals
are assumed to have their usual oxidation state Cd(II), Pb(II),
Zn(II), and Ni(II)], one may as well conclude that the most
probable oxidation state of Cr would be its lower oxidation
states, Cr(III). For Cu, in aerobic environments, its higher
oxidation states Cu(II) would be expected, although copper
could be found as Cu(I), as well as in anoxic environments.
Iron in amorphous iron oxides is usually in the form of Fe(III),
as in FeOOH. Manganese was mainly found in sediments
as Mn(II). Physico-chemical conditions in the river bank sedi-
ments were close to neutral redox potential.

2.1 Acidity and redox potential of the Tisa River

The average acidity of the Tisa River ranges from pH 7.10
to 7.77. According to Lovley and Goodwin (1988), the re-
dox potentials, as measured with electrodes, could not be
used to predict the predominant redox reactions in sediments,
particularly in anaerobic sediments. It could be concluded
that measured redox potentials associated with a particular
redox reaction could encompass a wide range of reactions.
Different investigators have found quite different redox po-
tentials to be associated with the same redox reactions. For
example, Watanabe and Furusaka (1980) reported +200 to
-200 mV as the range of the redox potential in sediments in
which organic matter oxidation with the reduction of Fe(III)
was the predominant redox reaction. However, redox po-
tentials in this range could also be interpreted as indicating
that reduction of oxygen, Mn(IV), sulfate, or carbon diox-
ide was the predominant redox reaction (Lovley and Good-
win 1988). Practically, measured pH that was mildly alka-
line, and redox potential around zero, kept the investigated
heavy metals in very susceptible equilibrium between the
solid and aquatic phase, where the solid phase should have
ion exchangeable characteristics.

2.2 Sediment particle composition results

Qualitatively, the sediments from the Tisa River were com-
posed of alumo-silicates like clays and muscovite, sands,
organic matter, carbonates, metal oxides and traces of sul-
fides. They were all distributed within three major
granulometric classes: sand, silt and clay with different par-
ticle size and composition. Sediment particle composition
analysis was presented in Table 2.

On the basis of this analysis, it was easy to conclude that the
Tisa River sediments were richest in sand. This fact was ex-
pected since the Tisa River flows through the Pannonian plain,
which is rich in sand. The sandy fraction consists predomi-
nantly of mineral quartz, which was very resistant, and re-
agents that were used in the sequential extraction cannot af-
fect that mineral. Besides clay minerals, which were found to
be dominant in the clay fraction, some other minerals like
mica, feldspar, oxides and hydroxides of iron, carbonates,
pyrite, gypsum and organic matter have been found in silt and
clay fractions (Protiƒ 1984) that had noteworthy ion exchange-
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Sample The sediment composition (g kg–1)
Silt 

(0.002–0.02 mm) 
Clay 

(<0.002mm) 
Sand 

(>0.02mm) 
TR 1 178 105 717 
TR 2  137 152 711 
TR 15 359 260 381 
TR 17 355 239 406 
TR 22 190 161 649 
TR 23 284 201 515 
TT 26 355 264 381 
TT 28 170 399 431 
TT 30 197 209 594 
TT 32 262 335 403 

Samplea Zn Cd Pb Ni Cu Cr Fe Mn
TR 1 330 3.07 54.7 28.5 73.3 13.3 28507 1914 
TR 2 180 1.46 24.4 23.8 34.0 6.99 19130 908 
TR 3 386 3.66 73.5 37.0 86.4 17.3 35366 2316 
TR 4 427 3.18 83.6 39.4 94.5 15.6 39762 2242 
TR 5 460 3.37 71.5 40.0 93.9 22.1 38754 2210 
TR 6 428 2.63 53.8 36.0 88.2 16.4 39079 2062 
TR 7 478 4.31 101 35.1 119 21.9 40117 2012 
TR 8 420 2.75 62.8 35.9 87.1 22.2 37127 1851 
TR 9 355 2.94 63.6 24.2 80.1 15.9 31094 1816 
TR 10 257 2.07 57.1 23.0 56.4 15.4 26734 1076 
TR 11 567 4.07 123 28.9 162 20.9 47828 2132 
TR 12 318 2.43 68.7 27.7 71.2 14.5 30204 1328 
TR 13 395 2.43 73.7 32.3 110 20.5 34519 2097 
TR 14 382 2.68 57.0 20.5 102 20.4 34330 1648 
TR 15 404 2.52 75.3 33.3 132 22.5 34077 1550 
TR 16 335 2.43 55.1 25.7 87.7 18.8 29976 1262 
TR 17 406 3.07 85.6 23.9 94.5 19.6 32351 1500 
TR 18 275 2.16 67.9 20.9 72.0 20.3 28915 1153 
TR 19 399 2.13 71.9 40.7 109 23.9 34410 1980 
TR 20 282 1.94 44.1 24.0 67.9 16.5 25962 961 
TR 21 251 2.25 38.0 16.9 55.0 13.9 24207 1315 
TR 22 245 2.33 51.3 13.9 58.7 14.4 25259 1152 
TR 23 286 2.47 44.5 22.3 59.3 15.2 27547 1349 
TR 24 285 2.37 73.2 19.4 74.0 16.7 26580 1048 
TT 25 134 0.05 14.0 48.2 45.9 11.8 45847 1174 
TT 26 156 0.05 7.23 39.5 41.0 10.9 40530 1157 
TT 27 52.2 <0.01b 0.12 14.8 33.3 8.92 17458 490 
TT 28 98.8 <0.01 2.68 29.8 32.1 7.32 31568 582 
TT 29 163 0.08 18.7 54.5 47.8 11.9 47923 713 
TT 30 137 0.08 13.7 44.9 40.9 11.8 42958 971 
TT 31 91.7 0.10 0.08 27.0 31.4 11.5 34013 778 
TT 32 106 <0.01 12.0 46.3 54.4 13.8 49447 1531 

a Surface river sediments (0–5 cm) (samples 1 to 18); Lower laying sediment (6–30 cm) (samples 19 to 24); Sediments of Tisa tributaries (0–5 cm) 
(samples 25 to 32); TR = Tisa River; TT = Tisa tributary 

b Below detection limit 

able characteristics. It is a well-known fact that metal content
in fine grained fractions of sediments or soils, like silts and
clays, is much higher than in coarse-grained fractions like sand.

Higher heavy metal concentrations are generally found in
smaller grains of sediment because of the higher surface area
to grain-size ratio. Major silt and clay components present
in investigated sediments are significant accumulators of
heavy metals and are susceptible to extractants that are used
during sequential extraction.

2.3 Sequential extraction

The results have been divided into three groups: (a) Surface
river sediments (0–5 cm) (samples 1 to 18); (b) Lower-laying
sediments (6–30 cm) (samples 19 to 24); and (c) Sediments of
Tisa tributaries (0–5 cm) (samples 25 to 32). Sediment metal
contents, represented as a sum of metal concentration released
in all five fractions, were presented in Table 3. The average
metal content of surface river sediment samples for every frac-
tion of the sequential extraction was presented in Table 4. On

Table 2: Sediment particle composition analysis

Table 3: Sediment metal contents represented as the sum of metal concentration released in all five fractions (values in mg kg–1, expressed in dry weight)
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Metal I Fraction II Fraction III Fraction IV Fraction V Fraction 

Zn 27.3 ± 9.0 219 ± 54 76.6 ± 16.6 5.44 ± 3.13 49.7 ± 11.4 

Cd 1.18 ± 0.38 1.46 ± 0.36 0.04 ± 0.08 0.16 ± 0.10 0.02 ± 0.05 

Pb 1.60 ± 0.79 45.7 ± 11.4 16.8 ± 9.7 06 ± 0.10 5.42 ± 5.35 

Ni 66 ± 0.49 7.65 ± 1.52 10.0 ± 5.1 2.63 ± 0.87 8.81 ± 2.80 

Cu 4.31 ± 2.52 30.6 ± 11.1 37.1 ± 11.4 2.71 ± 1.79 16.7 ± 5.6 

Cr 42 ± 0.33 2.56 ± 0.65 4.84 ± 1.33 1.60 ± 0.92 8.60 ± 2.73 

Fe 17.3 ± 6.3 6506 ± 1426 14206 ± 3593 105 ± 65 12937 ± 2931 

Mn 417 ± 274 1098 ± 337 120 ± 28 13.4 ± 4.6 78.6 ± 20.9 

the basis of average contents for Fe, Mn, Cd, Cu, Pb, Zn, Cr
and Ni percentages of different fractions with respect to the
sum of all five fractions were calculated. All results were
presented in the discussion.

Iron. The fractionation of iron was in the following order:
Fe oxide (42.07%) > residual (38.31%) > Mn oxide and
carbonate fraction (19.26%) > organic fraction and sulfides
(0.31%) > exchangeable (0.05%). It was evident that the high-
est amounts of iron were extracted in fractions III, V and II.
This distribution indicated the existence of crystalline, par-
tially crystalline and amorphous oxides as collectors for heavy
metals in the sediments from the examined area.

Manganese. Manganese was extracted in the following or-
der: Mn oxide and carbonate (63.58%) > exchangeable
(24.09%) > Fe oxide (7.00%) > residual (4.55%) > organic
fraction and sulfides (0.77%). Mn presence was dominant
in fraction II, in which the dissolution of manganese oxides
was expected. Since the pH of the Tisa River varies from
7.10 to 7.77, the colloidal manganese oxyhydroxides and
manganese carbonates were assumed to be the main forms
of this metal found in Tisa sediments.

Chromium. The partitioning of chromium within different
fractions was as follows: residual (47.69%) > Fe oxide
(26.84%) > Mn oxide and carbonate (14.21%) > organic
fraction and sulfides (8.91%) > exchangeable (2.35%). Since
the concentration of Cr in the investigated sediments was
quite low, no further investigations on chromium oxidation
states have been performed.

Nickel. As evident from the results, nickel was likely to be
retained in the following order: Fe oxide (33.68%) > re-
sidual (29.57%) > Mn oxide and carbonate (25.68%) > or-
ganic fraction and sulfides (8.85%) > exchangeable (2.22%).
Distribution of nickel was in accordance with the other pub-
lished results (Wong et al. 2002).

Copper. Association of copper with different fractions was
observed as follows: Fe oxide (40.60%) > Mn oxide and
carbonate (33.48%) > residual (18.23%) > exchangeable
(4.72%) > organic fraction and sulfides (2.97%).

Zinc. The association of zinc with different fractions was
observed in the order: Mn oxide and carbonate (57.93%) >
Fe oxide (20.26%) > residual (13.14%) > exchangeable
(7.24%) > organic fraction and sulfides (1.44%). These find-

ings were compatible with other literature data obtained for
other rivers (Akcay et al. 2003).

Cadmium. The association of cadmium with the different
fractions was observed in the following order: Mn oxide
and carbonate (51.16%) > exchangeable (41.31%) > organic
fraction and sulfides (5.58%) > Fe oxide (1.28%) > residual
(0.68%). These results are in agreement with other publica-
tions (Schintu et al. 1991, Chen et al. 2000).

Lead. The fractionation of lead was in the following order:
Mn oxide and carbonate fraction (65.68%) > Fe oxide
(24.15%) > residual (7.78%) > exchangeable (2.30%) > or-
ganic fraction and sulfides (0.09%). The fractionation pat-
tern was in correlation with other literature data (Akcay et
al. 2003).

The higher concentration of Cr and Ni found in fractions II,
III and V, indicated that Fe and Mn oxides acted as natural
accumulators for chromium and nickel in investigated river
sediments. Sorption and production of mixed salts were prob-
ably the most important controlling mechanisms that deter-
mined the association and mobility of chromium and nickel
on hydrous Fe and Mn oxides. The association with the re-
sidual fraction, indicated their low solubility, hence these
metals were mostly immobile under natural conditions.

Copper was strongly associated with the reactive forms of
hydrous Fe and Mn oxides (fractions II and III). This asso-
ciation indicated that copper was potentially extractable. It
could have been mobilized from the sediment into the aquatic
environment, due to decomposition of Fe and Mn oxides
under slightly reducing conditions (less aerated environment).

The experimental results showed that Zn and Pb were mostly
bound to carbonates and Mn oxides (fractions II), as well as
to iron hydroxides (III) as precipitation and co-precipita-
tion products. This fact indicated that Pb and Zn were a
constant threat to the ecosystem, as carbonates could dis-
solve readily with slight changes in water-sediment equilib-
rium. Also, a sharp decrease in redox-potential would lead
to the reductive dissolution of Mn-oxy-hydroxides (being
highly susceptible to Eh-decrease), and, hence, to metal
mobilisation and the river water contamination (Poliƒ and
Pfendt 1992).

The most cadmium in investigated sediments was bound to
exchangeable sites, carbonate fraction, and iron-manganese

Table 4: The metal content [mg kg–1] for fractions of sequential extraction (arithmetic mean ± standard deviation)
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mg kg–1 Zn Cd Pb Ni Cu Cr Fe Mn

AMd 377 2.85 69.6 29.8 91.3 18.8 33771 1727 

GMe 367 2.76 66.4 29.1 86.9 17.5 33162 1667 

Median 390 2.72 68.3 28.7 87.0 19.2 34203 1834 

Tisa Rivera

Range 180–478 1.46–4.31 24.4–101 23.0–40.0 34.0–119 6.99–22.2 19130–40 117 908–2316 

AM 291 2.25 53.8 22.9 70.7 16.8 27327 1301 

GM 287 2.24 52.2 21.5 68.7 16.5 27144 1264 

Median 283 2.29 47.9 20.8 63.6 15.8 26271 1301 

Tisa Riverb

Range 245–399 1.94–2.47 38.0–73.2 13.9–40.7 55.0–109.0 13.9–23.9 24207–34410 961–1980 

AM 117 0.05 8.56 38.13 40.9 11.0 38718 924 

GM 111 0.03 3.08 35.6 40.1 10.8 37044 867 

Median 120 0.05 9.61 42.2 41.0 11.7 41744 874 

Tributaries 
and poolsc

Range 52.2163 <0.01–0.03 0.08–18.7 14.8–54.5 31.4–54.4 7.32–13.8 17458–49447 490–1531 
a Surface river sediments (0–5 cm)  
b Lower-laying sediment (6–30 cm)  
c Sediments of Tisa tributaries and pools (0–5 cm)  
d Arithmetic mean 
e Geometric mean 

minerals, which could be exposed to chemical changes at
the sediment-water interface, and are susceptible to remobili-
sation in water. The highest amount of cadmium that was
non-selectively bound to various substrates in sediments,
represented a threat for the environment, because of the great
toxicity of these metals.

The arithmetic mean, geometric mean, median and range of
metal concentrations for all five fractions of the investigated
sediment is presented in Table 5. A comparison between
metal concentrations in the Tisa River sediments to its tribu-
taries showed that larger concentrations of Zn, Cd, Pb, Cu,
Cr and Mn are found in the Tisa sediments (surface bank
sediments and lower laying bank sediment), while Ni and
Fe concentrations are found to be larger in the sediment of
tributaries. The concentrations of all elements in the surface
bank sediments (0–5 cm) are larger than those in the lower-
laying sediment of the Tisa River (6–30 cm). Concentration
values in the surface sediment layer compared with lower-
laying sediment layer in depths of 30 cm, revealed an in-
crease of about 20% of all heavy metals (see Table 5).

In general, the input of elements like Zn, Cd, Pb, Cu, Cr and
Mn into the river sediments was twofold. Primarily, it was
related to background values for local soils and sediments,
but it was highly influenced by the input of Zn, Cd, Pb and
Cu from the distant parts of the Tisa as well. The river flows
through a metallogenic Carpathian province of Romania
where polimetallic ore deposits are mined, which are rich in
Zn, Cd, Pb and Cu, like in Baia Mare and Baia Borsa
(UNDAC Mission Report, Fleit and Lakatos 2003). All these
elements have common source and transport mechanisms
and they can be found everywhere in the river sediments
along the Tisa River.

The values of Fe and Ni in sediments of tributaries are rela-
tively high. These results can be explained by different ori-
gin or controlling factors of deposition of Ni, Fe and other

heavy metals in sediments. In the study of Vojvodina soils,
the higher concentrations of Ni on some localities are ex-
plained by geochemical characteristics of the base on which
the soil has been formed (Ubaviƒ et al. 1993). It can be con-
cluded that Ni pollution of the river sediments have no an-
thropogenic origin. From the previous results, we could con-
clude that Ni and Fe are associated and controlled by parent
Pannonian sediments and geochemical characteristics, but
Zn, Cd, Pb, Cu, Cr and Mn are controlled by anthropo-
genic activities.

2.4 Comparison with other results concerning soil and
sediments in the Pannonian basin

The average metal content in the Tisa River sediments, ob-
tained as an average of metal concentration released in all
five sequential extraction fractions (see Table 3, samples 1
to 18), has been compared with: average metal contents of
Tisa River sediments in Hungary (Fleit and Lakatos 2000);
metal content in soils formed on the Tisa River alluvium of
Vojvodina (Kostiƒ 2001); average metal content in soils of
Vojvodina (Ubaviƒ et al. 1993); and with average metal con-
tent in soils of Hungary (Nguyen et al. 2005) (Table 6).

The concentrations of Zn, Pb, Ni, Cu and Cr in the Tisa
River sediments in Vojvodina were all, except for Cd, lower
in comparison to Tisa River sediments in Hungary. As men-
tioned in the previous section, the concentrations of Zn, Cd,
Pb and Cu were highly influenced by Romanian polymetallic
ores, and by accidents in Romanian mines during 2000 that
have released these metals into the river flow. Since the up-
per part of the Tisa flow belongs to Hungary, it has received
higher concentrations of pollutants. The fact that our mea-
surements occurred one year later than those in Hungary,
has not been recognized as substantial, since inorganic pol-
lutants do not degrade with time, and sediments generally
serve as excellent indicators of pollution after many years,
since they accumulate and preserve the pollutants quite well.

Table 5: Heavy metal concentrations in the investigated area [mg kg–1]
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The contents of Zn, Cd, Pb, Ni, Cu and Cr are a bit higher
in Vojvodina soils formed on the Tisa River alluvium than
in Vojvodina soils, mainly because alluvium soils are influ-
enced by the load of heavy metals in the Tisa River. How-
ever, the concentrations of polluting metals in soils are defi-
nitely lower than those in the investigated river sediments.
The Tisa River sediments excellently reflect the current pol-
luting situation that influences the river and its banks.

The quality of Hungarian soils in relation to heavy metal
content is better than the quality of Tisa River sediments in
Hungary and in Vojvodina. Generally speaking, the quality
of Hungarian and Vojvodina soils are comparable in rela-
tion to investigated heavy metal contents.

2.5 Comparison with Quality Guidelines for freshwater
sediments

An assessment of metal pollution levels in the Tisa River
sediments is made by comparing mean values for results

obtained from the Tisa River sediments (see Table 3, samples
1 to 18) with the freshwater sediment's Quality Guidelines
published by US EPA (US EPA 2002), Environment Canada
(EC 2003) and soil standards for Serbia (Official Gazette of
Serbia, 1990) (Table 7).

The concentrations of Zn, Cd, Pb and Cu in Tisa River
sediments are much higher than US EPA TEC (Threshold
Effect Concentrations) and EC ISQG (Interim sediment
quality guideline) and below that at which harmful effects
on river biota are unlikely to be observed. On the other
hand, the concentrations of Cd, Pb, Cu and Cr are lower
than US EPA PEC (Probable Effect Concentrations) and EC
PEL (Probable effect level), above which harmful effects on
river biota are likely to be observed. Thus, these concentra-
tions in Vojvodina Tisa sediments could be declared as dis-
turbing, but not alarming. One may also note (Table 7)
that values for Pb and Zn for the Hungarian Tisa River
sediments (Fleit and Lakatos 2000) are above the US EPA
PEC and EC PEL. The concentration levels of Pb, Ni, Cu

Study area Zn Cd Pb Ni Cu Cr 

Normal range in Hungarian soilsa 12.4–2166 <0.5 f–12.8 4.2–286 5–58 4–400 2.7–473 

Hungarian Soils (median)a 63.3 <0.5f 16.9 21.2 19.2 19.7 

Tisa sediments in Hungary b 476 2.5 261 36 161 26 

Tisa sediments in Serbia (range)c 52.2–567 <0.01–4.31 0.08–123 13.9–54.5 31.4–162 6.99–23.9 

Tisa sediments in Serbia (mean)c 378 2.85 69.6 29.8 91.3 18.0 

Vojvodina-alluvium (range) d 52.0–94.0 NDg 12.0–22.0 27.0–44.0 23.0–31.0 34.0–49.0 

Vojvodina-alluvium (mean) d 76.33 ND 17.0 36.78 28.89 41.0 

Vojvodina-soils (range) e 10.7–203.0 <0.01 3.0–73.5 1.78–62.66 1.85–380.2 3.0–73.5 

Vojvodina-soils (mean) e 60.32 ND 17.17 14.77 17.11 29.98 
a Soils from Hungary (Nguyen et al. 2005) 
b Tisa River sediments in Hungary (Fleit and Lakatos 2000) 
c Our results – Tisa River sediments in Serbia 
d Soils from the Vojvodina – Soils formed on Tisa alluvium of different textures (Kosti� 2001) 
e Soils from the Vojvodina – Soil with different mechanical composition, chemical and physical properties – entire Vojvodina (Ubavi� et al.1993) 
f Below detection limit
g No data available 

Metal Tisa sediments Tisa sediments Freshwater sediments b (US EPA) MAQ for soil e Sediments f (Canada) 

In Serbia 
(mean) 

In Hungary Threshold Effect 
Concentrations c

Probable Effect 
Concentrations d

(Serbia) ISQG g PEL h

Zn 378 476 121 459 300 123.0 315.0 

Cd 2.85 2.5 0.99 4.98 2 0.60 3.50 

Pb 69.6 261 35.8 128 100 35.0 91.30 

Ni 29.8 36 22.7 48.6 50 / / 

Cu 91.3 161 31.6 149 100 35.70 197.0 

Cr 18.0 26 43.4 111 100 37.30 90.0 
a Metal concentration [mg kg–1]
b A Guidance Manual to Support the Assessment of Contaminated Sediments in Freshwater Ecosystems  (US EPA 2002) 
cThreshold Effect Concentrations – below which harmful effects are unlikely to be observed (Consensus-Based TEC) 
dProbable Effect Concentrations – above which harmful effects are likely to be observed (Consensus-Based PEC) 
e MAQ-Maximum Allowed Quantity (Official Gazette of Serbia, 1990) 
f Summary of Existing Canadian Sediment Quality Guidelines, Environment Canada (EC 2003) 
gISQG – Interim sediment quality guideline – below which harmful effects are unlikely to be observed 
hPEL – Probable effect level – above which harmful effects are likely to be observed 

Table 6: Trace metal concentrations in Tisa River sediments and soils at different sites [mg kg–1]

Table 7: Quality Guidelines for sediments a
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and Cr in Tisa River sediments are safe when compared
with Serbian MAQ (Maximum Allowed Quantity) for soils,
but they are unsafe in cases of Zn and Cd.

3 Conclusion

The primary conclusion was that Tisa River belongs to a
group of polluted rivers in the Pannonian basin. Granulo-
metric analysis showed that some 50% of the Tisa sediments
are silt and clays, while the rest is sand with quartz as its
main constituent. Measured pH that was mildly alkaline
(7.10–7.77) and a redox potential around zero, keeps the
investigated heavy metals in a very susceptible equilibrium
between the solid and the aquatic phase. The sequential ex-
traction data showed that Cd, Zn and Pb are distributed
very dangerously (in the most mobile fractions, I and II),
indicating their high mobilisation potential and threat to the
environment. The Fe-Mn oxides and residual fraction were
dominant geochemical scavengers for Ni, Cu and Cr in the
investigated sediments. Regarding the potential release of
investigated metals from sediment, changing pH and redox
conditions were of primary importance. Finally, the quality
of sediments in the Tisa River was on the border line be-
tween potentially polluted and polluted. This line could very
easily be exceeded since the quality of sediments in the Tisa
River in Hungary was already worse than in Serbia.
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