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Abstract

Environmental pollution represents one of the major global challenges of the modern era.
Rapid urbanization, industrialization, improper disposal of various types of waste, and
increasing agricultural activities contribute significantly to environmental degradation and
contamination. Heavy metal (HM) contamination in river systems is closely associated with
anthropogenic activities and represents a significant environmental concern. Once introduced
into aquatic ecosystems, heavy metals are deposited, adsorbed, and accumulated in the
surface layers of sediments. These metals pose a serious environmental threat due to their
toxicity to both aquatic and terrestrial organisms. In addition, they are highly persistent in the
environment, difficult to eliminate and, their tendency to accumulate in water, sediments,
plants, and living organisms may result in adverse effects on ecosystems and human health.

This study investigated sources of HMs in sediment samples along Jadar River in the vicinity
of the city of Krupanj, Serbia. A total of twenty-five river sediment samples were collected
and analyzed for ten HMs including: antimony (Sb), arsenic (As), cadmium (Cd), chromium
(Cr), iron (Fe), manganese (Mn), nickel (Ni), lead (Pb), zinc (Zn), and mercury (Hg).

Principal component analysis (PCA) of metals in the sediment indicated that PC1 (57.0 %)
and PC2 (26.3 %) collectively accounted for 83.3% of the total variance. On the first
principal component As, Sb, Cd, Pb, Zn, and Hg exhibited strong positive loadings, all
exceeding 0.75, indicating a common origin for these elements. Therefore, the first principal
component may represent an anthropogenic influence, indicating intensive mining and
agricultural activities. Previous studies have shown that the extraction of Sb is commonly
associated with accompanying metals such as Pb, As, Zn, Cd, and Hg, while many of these
metals may also originate from intensive agricultural practices. The Stolice Mine, located
within the investigated area, is an antimony mine, which explains the elevated concentrations
of this metal. Within the second principal component Cr, Fe, Mn, and Ni also showed
positive loadings. A possible source of these metals in the investigated area may be related to
geological processes. Rocks that have undergone sedimentation or metamorphic processes
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can be enriched with metals such as Ni, Mn, Cr, and Fe which explains their presence in the
investigated sediment. In addition, similar conclusions can also be drawn from the analysis of
the dendrogram and the Pearson correlation matrix.

In this study, multivariate statistical analysis revealed the presence of two main factors
influencing the distribution of heavy metals in the investigated area, with anthropogenic
influence being the dominant one.
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