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Introduction. Phytoremediation is the use of plants to extract, sequester, and/or detoxify
pollutants. It is widely viewed as the ecologically responsible alternative to the environmentally
destructive physical remediation methods currently practiced. Plants have many endogenous
genetic, biochemical, and physiological properties that make them ideal agents for soil and water
remediation. Significant progress has been made in recent years in developing native or genetically
modified plants for remediation of environmental contaminants. Because elements are immutable,
phytoremediation strategies for radionuclide and heavy metal pollutants focus on
hyperaccumulation above-ground.

Soil contaminated with radionuclides pose a long-term radiation hazard to human health
through exposure via the food chain and other pathways. Remediation of radionuclide-contaminated
soils has become increasingly important.

Uranium is a radionuclide that occurs naturally all around the world. It is commonly found
in rock, soil, water, and in very low concentrations also in air and organisms. The uranium
contamination of surface soils and waters has resulted from the development of nuclear industry,
which involves mining, milling and fabrication of various uranium products. In addition, use of
phosphate fertilizers contributes to the higher uranium concentrations in the environment, which are
usually toxic for plants and other biota. Selection of appropriate techniques for the remediation of
soils and waters contaminated with uranium and other xenobiotics belong to main goal of many
research laboratories worldwide. Therefore, better understanding of plant responses to stress
induced by uranium exposure is necessary prerequisite for phytoremediation.

The aim of our study has been contribution to understanding of the mechanisms of uranium
uptake and its distribution in plants which can enhance effectiveness of phytoremediation in
cleaning-up sites polluted by uranium.

Methods. Hydroponically cultivated plants were grown on medium contained uranium. The
appropriate concentrations of uranium for the experiments were selected on the base of standard
ecotoxicity test. Twenty different plant species were tested on hydroponic solution supplemented by
0.1 mM or 0.5 mM uranium concentration. Additional experiments demonstrated the possibility to
influence the uranium uptake from the cultivation medium by amendments. Organic acid,
phosphates deficiency, iron deficiency or polyamines spraying was used to increase uranium
uptake.

Results. The uranium uptake in plants was found to depend mainly on the presence or
absence of phosphate in the cultivation medium. Uranium transport to upper, harvestable parts was
very limited. Uranium was stored mainly in apices and young leaves. The uranium transport to the
leaves increased in the presence of tartaric acid. On the other hand, spraying with polyamine
solution (as potential stress protective compounds) on the leaves resulted in reduction of the
uranium accumulation in the leaves. It can be concluded that the lack or abundance of phosphate
fertilization and different pH values should be considered as a limiting factor in phytoremediation
strategies for soils and waters contaminated by uranium.

The selection of appropriate plant species and modification of cultivation conditions of
plants for better uranium uptake and distribution can increase effectiveness of this method and our

28



Axmyanoui numanns 6iomexnonozii, ekonoeii ma npupoooxopucmysanns, 2024.

study clearly demonstrates this potential. Our results are important in the context of uranium
pollution in the Czech Republic. Contaminated sites like the surroundings of the uranium ore
processing factory in Mydlovary (Czech Republic) are a major source of drainage water with high
uranium concentrations (in the range 0.2—15 mg/L). The removal of uranium at these sites may be
possible by rhizofiltration.
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[lectunuau MarwTh 0coOJMBE Miclle B OOpoThO1 3 KOMaxaMHU-IIKITHUKaMH. B 1imomy
BUKOPUCTAHHS CHHTETUYHUX XIMIYHUM TECTHULIUIAM, K1 Janu Oe3mepedyHy KOPHUCTh B CLTLCHKOMY
TOCIIOIaPCTBY, MAIOTh PSAJT HEAOJIKIB Ta CTUCKAIOTHCS 3 IEIKUMU TpyaHomamu [1]. B cBoro yepry
OlomecTuIan € epeKTUBHUMU Ta OE3MEeUHIIMMH 3aco0aMH 31 KiTHuKamu [2].

bionectunman — e TpUpPOAHi CHONYyKH ab0 areHTH, K OTPUMYIOThH 13 TBApWH, POCIHH 1
MIKpOOpraHi3MiB, Takux sIK OakTepii, iaHoOakTepii Ta MIKPOBOJAOPOCTIi, 1 BUKOPUCTOBYIOTHCS IS
O00poTHOM 31 MIKITHWKAMHU Ta TAaTOT€HAaMU CUIBCHKOTO TocmogapctBa [4]. OmauMu i3 mepeBar
6iomoriyHuX 3aco0iB OOPOTHOM 31 MIKIAHWKAMU SBJSIETHCS iX CTpora, BUOIpKOBa [isl Ha IUIBOBUX
IIKITHUKIB 1 OJIM3BKOCIIOPIAHEHUX OpPraHi3MiB Ta MEHIIAa TOKCHYHICTh, HIK Yy 3BHYAWHUX
necturuai [1, 4]. bionecTunuan 9acto epeKTUBHI B AyXKE MaIUX KUTBKOCTSX 1 YacTO HIBUIKO
PO3KJIaIal0ThCs, 10 MPU3BOJIUTH O MEHIIOTO BIUIMBY Ta 3HAYHOIO MIPOIO JT03BOJISIE YHUKHYTH
npoOyieM 3a0pyJHEHHS, CIPUYMHEHUX CBOIMH CHUHTETHYHUMH aHajoramu [2, 4]. EdexrtuBHICTH
OlomecTHMAIB y OOpOThOI 31 MIKIAHMKAMH 3yMOBJICHA PI3HUMH CIOCOOaMH ii, HaNpUKIIA,
Bacillus thuringiensis € TpaMIIO3UTUBHOIO OakTepi€ro, siKa i€ SIK I1HCEKTHIMI, YTBOPIOIOYH
eKCyJaTH, TakKli SK OTPYWHI IMapacrmopajbHI KPHUCTATW Ta CHJIOCIOpPH, SKI TPH CIOXWBaHHI
KOMaxaMH pO3YMHSAIOTHCS B IXHIM cepeiHid KHUIII B JYXHOMY CEPEIOBHIII Ta BUBLIBHAIOTH
JIeNbTa-CHIOTOKCHH, O1JI0K, SIKMM Ma€ CMEpTeNbHY MAit0. B. thuringiensis BUKOPUCTOBYETHCS IS
3MCHIIEHHS 3apaXKCHHS IIKIHUKAMH POCIWH, TaKMX SK Kamycra Ta KapTOIUis, 1 3JaTHHMA
KOHTPOJIIOBATH JTYCKOKPHJIMX Ha Ppi3HUX pocnuHax [2, 3]. HIKOTHH y TIOTIOHI € TOKCHYHUM IS
OUTBIIOCTI TPAaBOIAHMX KOMax, a MeCTUIUAW, OTPHUMaHI 3 HHUX, BBAXKAIOTHCI «3EICHUMU
MEeCTULIMIAaMU» 3 BHCOKOIO AKTHBHICTIO Ta HU3BKOI TOKCHUYHICTIO. [HCEKTHIMAM 13 HIKOTHHY,
(YHKIIOHYIOTh NUISXOM PYHHYBaHHS JUXaJbHUX (epMEHTIB a00 iHTiOyBaHHS pPEryssTopiB POCTY
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