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The problem of the release of metal nanoparticles into the environment is becoming very relevant. Increasing
production and consumption of nanomaterials leads to pollution of aquatic and terrestrial ecosystems, creat-
ing human health and safety risks. Calendula officinalis plants, which are valuable plant raw materials for
medicine and pharmaceutics, were chosen as the object of research. The features of silver, gold and copper
nanoparticles translocation and accumulation in the segments of Calendula officinalis under root irrigation
conditions were investigated. During a 28-day experiment, plants were exposed to metal nanoparticles in
a concentration range from 1 to 100 mg/L. The proton-induced x-ray emission (PIXE) method was used to
determine the gold and silver content in plant and soil samples, while ICP-OES was used to determine copper
content. Using transmission electron microscopy, the size and shape of nanoparticles were determined.
The content of gold after exposure to nanoparticles with the size of 1–5 nm increased proportionally with
increasing concentrations of AuNPs solutions in all plant segments and soil. The content of silver (size of
nanoparticles 4-5 nm) in roots, stems, leaves, flowers and soil was depended on the concentration of the
nanoparticles in solutions. The maximum content was determined in the soil and aerial parts of plants when
a solution of 100 mg/L was used. Copper nanoparticles with the size 15-70 nm were mainly accumulated in
the soil. However, a fivefold increase of copper content in flowers and root systems compared to the control
was observed.
The results of this study indicate the uptake of gold, silver and copper nanoparticles in plants under conditions
of root exposure and present big interest for plant nanotoxicological studies.
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