Summary 

The purpose of the study was to determine the origin and the migration of heavy metals in the river-lake system, and to carry out research tasks such as: to determine the content and distribution of heavy metals in the bottom sediments of the Ełk River and lakes and to identify sources of pollution, to examine the accumulation of heavy metals occurring in the river-lake system using plant bioindicators: broad-leaved (Typha latifolia L.) and sweet flag (Acorus calamus L.). To determine the influence of particular properties of the selected bottom sediments on the accumulation and distribution of heavy metals in the river and lake system. Conducting research on the content of heavy metals in coastal soils and taking into account the forms of land usage (forests, agricultural land, urbanized areas) in the Ełk River catchment. The establishment of multidimensional cause-and-effect relationships taking place in the migration processes of the analysed components in the catchment-surface water system.          The study object was the Ełk River and its three flowing lakes: Ełk Lake, Straduńskie Lake, and Ołówka Lake. Samples of bottom sediments, nearshore soils, and macrophytes for laboratory testing were collected in July in 2017 and in 2018. The samples were mineralized with nitric acid and perhydrol in a closed Ethos Easy system. The contents of copper, nickel, chromium, zinc, lead, cobalt, iron, and manganese in bottom sediment, soil, and plant root samples were determined using the ASA method. The obtained metal contents in sediments and soil were compared with the "globally" defined geochemical background with the average element content in the Earth shell proposed by Turekian and Wedephol (1996) and with the value of geochemical background determined locally for bottom sediments (Bojakowska, Sokołowska 1998) and soil (Czarnowska 1996) in Poland. The geoaccumulation index Igeo (Muller 1981), pollution index CF (Hakanson 1980), pollution load index PLI (Tomlinson 1980) were also counted. The physiological standard of metal content for plants was given according to the data presented by Kabata-Pendias (2001) and Markert (1992). The bioaccumulation factor BCF was calculated as the ratio of the metal content in plant roots to the metal content in bottom sediments. The average, minimum and maximum values as well as standard deviation and variation coefficient were calculated. Pearson’s correlation analysis was performed to determine the relationships between metals. Factor analysis, which belongs to the group of multivariate analyses, was also utilized to statistically elaborate the study results and to identify the main sources of elements in the study area. Ward's version of statistical cluster analysis (CA), which was used to classify metals with similar physical and chemical properties from different sources, was used in the analyses. Based on the obtained results, the study of the bottom sediments of the river and lake system showed low metal content. The exceedances of the geochemical background were observed only for Ni (11%) in the sediments of the Ełk River (Bojakowska and Sokołowska 1999). River sediments showed higher contents of the studied metals than lake sediments. The average elemental contents in roots of sweet flag and cat’s-tail collected from the research area indicated that the natural contents of Fe (Markert 1992), Co and Cr (Kabata-Pendias and Pendias (2001) were exceeded.  It was noted that the ability of plant roots to bioaccumulate metals depends on the plant species; among the plants selected for evaluation, sweet flag accumulated more metals.                    The studied coastal soils were marked by a natural content of metals, with the exception of the average content of Zn in soil samples from Ełckie Lake catchment area (Czarnowska 1996). The highest average content of the studied metals was found in bottom sediments, and the lower amount was detected in the roots of aquatic plants and soil. It was proved that the content of Cu, Ni, Cr, Zn, Pb, Co, Fe, Mn in the sediment samples of the Ełk River and its flowing lakes depends on the geological structure of the catchment and its exploitation. Differences in metal contents depending on the location of sampling were observed. Sewage treatment plants, communication (road dusts) and industry are common sources of metals in bottom sediments, plant roots and soils of the river-lake system.
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