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Abstract

Kosovo and Metohija province has a long tradition of mining activities
that have caused an undesirable impact on the environment. We showed that
the Ibar river is under multiple stressors by the industrial (mining-related) and
urban discharges. The concentration level of heavy metals in water has elevated
(Cd<Cu<Zn) and ranged between < 15µg·dm−3 for Cd, < 151µg·dm−3 for
Cu and < 1649µg·dm−3 for Zn. Diatom communities mainly responded to high
levels of metal by the presence of specific metal tolerant species, while nutrient-
rich environments were characterized by the presence of nutrient-tolerant taxa.
A good fit was observed in this study between the frequency of teratologies
and the presence of metals as contaminants. A significantly higher presence of
teratological valves has been noticed at sites contaminated by metals.
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Introduction. Kosovska Mitrovica district (Kosovo and Metohija, Serbia)
is known for the industrial activity such as the Mining, Metallurgical and Chem-
ical conglomerate (MMCC) “Trepča”, rich in lead and zinc ores. Today, most
Trepča’s Combine factories are closed, there is a limited exploitation of minerals,
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and previous activities resulted in negative impact on the environment due to
metal contaminations and the production of enormous quantities of waste (flota-
tion and tailings dams). Among the seriously impacted aquatic ecosystems in the
immediate vicinity to the mining Trepča activities is Ibar river. The Ibar river has
been studied in the past to assess its ecological degradation in response to mining
activities. However, to our knowledge most of these studies are all in respect of
the water chemical quality and presence of heavy metals. In terms of biological
monitoring, previous data from the Ibar river is scattered. Aquatic organisms
such as diatoms rapidly respond to environmental changes, and their community
structure accurately reflects changes of various anthropogenic and natural dis-
turbances in their environments (e.g., by decrease in the abundance of sensitive
diatoms, while tolerant ones increase) [1]. Diatoms are, therefore, considered to be
significant bioindicators of water quality in aquatic ecosystems [2]. Diatoms have
also been shown to react under metal stress by altering the composition, abun-
dance, diversity and biomass of the community and changing the morphology and
size of the cell wall and its deformation [2]. The goal of the study was to assess
the ecological status of the Ibar river based on the diatom index, the Specific
Pollution Sensitivity Index (IPS), according to Official Gazette of the Republic
of Serbia (74/2011) [3] with focus on metal contamination. We also wanted to
consider the effectiveness of using diatoms as indicators of the various pollutants:
eutrophication and organic pollution vs. metal pollution.

Materials and methods. Study area. The Ibar river is the largest and
the most important tributary of the Western Morava river and belongs to the
Black Sea drainage basin. In the upper reach, illegal landfills and municipal waste
water from small urban areas pose a threat to water quality as minor pollutants.
Starting from the first large urban area of Kosovska Mitrovica, the Ibar river is a
recipient of wastewater from mines, industry, flotation tailings (which are mostly
located at the river bank), municipal water and diffuse pollutants (agriculture,
illegal landfills) [4]. This leads to significant pollution of the Ibar river in terms
of heavy metals [4]. Additional pollution of the Ibar river is caused by its largest
tributary and the most polluted river in Kosovo and Metohija, the Sitnica river,
which is the final recipient for effluents from the thermal power plants “Obilić”
and untreated sewage waters.

Sampling collection, physico-chemical data and diatom assemblage
analyses. Diatom sampling was performed in the Ibar river basin at 10 sites in
September 2023 (Fig. 1). Measurements of physicochemical parameters were per-
formed during the same period as the phytobenthos samples. Water temperature
(t/ ◦C), pH and conductivity (EC/µS) were measured directly in the field with a
multiparameter device (PCSTester 35K).

Nitrates (NO3-N), dissolved oxygen (DO), chlorides (Cl−) and orthophos-
phates (PO4-P) were measured using a Lovibond photometer PC Multidirect.
Analyses of metals (Fe, Pb, Zn, Cu, Cd) have been determined by using the induc-
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Fig. 1. Sampling sites in the Ibar river basin

tively coupled plasma mass spectrometry (ICP-MS). Heavy metals were measured
in their ionic concentrations.

Diatoms were sampled and prepared according to Taylor et al. [5]. The
results of the quantitative analysis of diatoms are presented as relative abundance
(%) of each taxon in the sample by counting 400 valves on a slide, under the same
microscope used for the qualitative analysis of diatoms at 1000× magnification.
Diatoms were classified according to Lange-Bertalot et al. [6]. The type of
valve deformity was defined according to Falasco et al. [7]. Deformities in diatom
frustules were categorized into four types as (i) irregular valve outline/abnormal
shape, (ii) aberrant striae/areolae pattern, (iii) atypical sternum/raphe and (iv)
mixed deformities. Each aberration in valve morphology was noted.

Only the IPS index, without the Index of European Economic Community
(CEE) was used to assess the ecological status of the sampling sites according
to Official Gazette of the Republic of Serbia (74/2011) [3]. This is based on the
results of Djukić et al. [8], which show that the use of the CEE index is not
reliable in assessing the ecological status of rivers in Serbia. Shannon’s diversity
index [9] was used to assess the biodiversity of the diatom community along the
Ibar river. The IPS diatom index and the Shannon’s diversity index were calcu-
lated using the OMNIDIA 5.3 software package [10]. Canonical correspondence
analysis (CCA) [11] was performed to relate changes in the composition of the
diatom community to the particular environmental data.
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Results and discussion. A total of 108 taxa were identified in the Ibar river.
The benthic diatom taxa of the Ibar river belong to 40 genera, with the highest
diversity observed in Nitzschia Hassall sp. (19), Navicula Bory sp. (16) and Gom-
phonema Ehrenberg sp. (9). The most frequent taxa, represented in over 75% of
the samples were Achnanthidium minutissimum (Kützing) Czarnecki, Amphora
pediculus (Kützing) Grunow, Gomphonema olivaceum (Hornemann) Brébisson,
G. pumilum (Grunow) E. Reichardt & Lange-Bertalot, Nitzschia palea (Kützing)
W. Smith, N. capitellata Hustedt, N. fonticola (Grunow) Grunow, Navicula cryp-
totenella Lange-Bertalot, Cocconeis placentula Ehrenberg, and C. pediculus Ehren-
berg. Both Shannon’s diversity index and the community structure varied among
the sampling sites along the Ibar river. Sampling sites (IB1, IB2, IB3) in the upper
course of the river, from relatively unpolluted areas, showed higher relative abun-
dances of Cymbella excise Kützing, Encyonopsis minuta Krammer & E. Reichardt,
Denticula tenuis Kützing, Cymbella affinis Kützing, and Encyonopsis subminuta
Krammer & E. Reichardt. The highest Shannon’s diversity values (3.84–4.29) were
observed in these samples (Table 1). IB4, IB8, IB9 and IB10 sites, downstream of
the town of Kosovska Mitrovica and small municipalities (Leposavić and Lešak),
are characterized by lower Shannon’s diversity values (2.11–2.81) than upstream
(Table 1) and a dominance of Gomphonema parvulum (Kützing) Kützing, Eolimna
minima (Grunow) Lange-Bertalot, Mayamaea atomus (Kützing) Lange-Bertalot,
Navicula gregaria Donkin, Rhoicosphenia abbreviata (C. Agardh) Lange-Bertalot,
and Melosira varians C. Agardh. The other three sites (IB5, IB6, IB7), in the
immediate vicinity of the flotation waste landfill were dominated by A. minutis-
simum, Fragilaria capucina Desmazières var. capucina, N. palea, Navicula cryp-
totenella Lange-Bertalot, Meridion circulare (Greville) C. Agardh, and Diatoma
moniliformis (Kützing) D. M. Williams. These sampling sites were characterized
by the lowest Shannon’s diversity values (1.63–1.96) (Table 1).

Heavy metals concentrations were evaluated (with values reaching up to
1649µg·dm−3 Zn, 151µg·dm−3 for Cu, and 15µg·dm−3 Cd) at sites (IB5, IB6,
IB7) in the immediate surroundings of flotation tailings (Table 1). Concentrations
of nitrates (NO3-N) and orthophosphates (PO4-P) reflected nutrient enrichment
at several sites (IB4, IB8, IB9, IB10) influenced by urban wastewater and agricul-
ture (Table 1).

After plotting the studied locations using CCA analysis (Fig. 2), three groups
of the diatom taxa could be distinguished (Fig. 2). The first two CCA axes ac-
counted for 45.3% of the variance in diatom communities due to the environmental
variables. The first cluster (the left part of the CCA diagram) includes polluted
locations, which are characterized by high concentrations of Zn, Cu and Cd (Ta-
ble 1) due to close proximity of flotation tailings of the former plants. Diatom
taxa showing maximum abundance in this group were A. minutissimum, F. ca-
pucina var. capucina, N. palea, and N. cryptotenella. A. minutissimum frequently
co-occurs in the assemblages with taxa F. capucina, N. cryptotenella, and N. palea
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Fig. 2. CCA biplot based on the relationships between diatom species and environmental param-
eters along the Ibar river. Species are coded as follows: ADMI – Achnanthidium minutissimum,
FCAP – Fragilaria capucina, NPAL – Nitzschia palea, NCTE – Navicula cryptotenella, MCIR –
Meridion circulare, DMON – Diatoma moniliformis, CAEX – Cymbella excisa, ECPM – En-
cyonopsis minuta, DTEN – Denticula tenuis, CAFF – Cymbella affinis, ESUM – Encyonopsis
subminuta, EOMI – Eolimna minima, MAAT – Mayamaea atomus, GPAR – Gomphonema
parvulum, NGRE – Navicula gregaria, RAAB – Rhoicosphenia abbreviata, MVAR – Melosira

varians

in metal-contaminated sites [12,13]. The IPS index values indicate generally good
water quality (classes I and II) (Table 1), while diatom assemblages composing
first cluster are characteristic of the degraded conditions. In fact, nutrients at
those sites are low (Table 1), which partly explains the good water quality. When
interpreting the index values in this situation, it should be taken into consider-
ation that the IPS values most likely reflect the dominance of A. minutissimum
recorded in abundances (above 60%) at IB5, IB6 and IB7 sites. The second clus-
ter (the lower part of the CCA diagram) comprised locations in the upper course
of the river which are reference or least-disturbed from a relatively unpolluted
area. Diatom taxa most abundant in these samples were C. excisa, E. minuta,
and D. tenuis. According to Kelly et al. [14], these species are considered an
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indicator of good water quality (classes I and II), tolerating lower nutrient con-
centrations, which is in agreement with our data (Table 1). The third cluster
(the right side of the CCA diagram) includes sites located downstream of the
first large urban area of Kosovska Mitrovica and small municipalities (Leposavić
and Lešak) characterized by high nutrient concentrations potentially reflecting
eutrophication. The diatom assemblages were characterized by the dominance of
G. parvulum, E. minima and M. atomus. These species are common to streams
with elevated pollution (i.e. high nutrient levels) or moderate/poor water quality
(classes III and IV) species [14] that Van Dam et al. [15] describe to be nitrogen
autotrophic taxa tolerating elevated concentrations of organically bound nitro-
gen/facultatively nitrogen-heterotrophic and eutraphentic. M. atomus is often
regarded as one of the most pollution resistant diatom taxa, but is often found to
occur in moderate/poor water quality [16].

In our study, a significant increase of deformed valves was observed in the
samples of the IB5, IB6 and IB7, at locations under metals exposure, with values
reaching up to 19.6% at IB5, with other localities exhibiting lower valve frequen-
cies (< 1.5%) (Table 1). These results may be considered a response to the high
concentrations of metals at these locations, inasmuch as frequencies around 10%
or higher have been proposed as being caused by this type of contamination in
rivers [17]. Overall, abnormal valve outline was the most frequently observed
aberration, occurring in species such as A. minutissimum, G. parvulum, E. min-
ima, M. varians, M. circulare, D. moniliformis, N. cryptotenella and N. gregaria.
Mixed deformities were observed only at sites IB5, IB6 and IB7, and exclusively
in F. capucina. The deformities in the striation pattern were found only at sites
IB4 and IB8, and only in R. abbreviata. Deformed raphes were rarely observed and
found only at the IB6 site (and only in N. palea). Several studies have highlighted
that elevated metal concentration can induce the appearance of species deforma-
tion proneness and different types of deformity [7, 18, 19], which is in agreement
with our data.

Conclusions. The diatom assemblages studied were found to reflect that
Ibar river is under multiple stressors, caused by mining activities in the region,
but also from untreated urban wastewater. The composition and distribution of
benthic diatom communities were directly dependent on the quality properties of
water and were sensitive to changes caused by pollution (eutrophication and metal
pollution). As expected, at locations under metals exposure (IB5, IB6, IB7), the
abundance of metal-tolerant taxa increased, and at locations with high level of
nutrients (IB4, IB8, IB9, IB10), the abundance of nutrient-tolerant taxa increased.
The number of deformed valves in the samples from the Ibar river sites (IB5, IB6,
IB7) reflects a response to metals as contaminants. In conclusion, diatoms are
successfully used as ecological indicators of freshwater environmental conditions
and can be employed for short- and long-term monitoring of aquatic ecosystems’
function and health.
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