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Abstract: Experimental studies have shown a high degree of purification of aquatic
environments contaminated with soluble forms of radionuclides, making the development
of aquaphytodecontamination technologies based on this approach highly promising.

Relevance of the problem of decontamination of natural and man-made
water is due to the fact that in most cases they have a very high level of pollution
with toxic compounds and radionuclides, which requires the development of
fundamentally new technologies for cleaning soils and water bodies from
contaminants [1, 2, 3].

It is known that there are plants capable of concentrating and accumulating
certain elements in increased amounts. Their use for cleaning water bodies has led
to the emergence of phytoremediation technology. Two aspects of this technology
can be distinguished: 1) phytosorption — the use of plants that sorb various toxic
substances and radionuclides from soils; 2) rhizofiltration — the use of plant roots to
remove toxic substances and radionuclides from water bodies.

When discussing the purification of water bodies, it should be noted that not
only aquatic plants are characterized by high accumulation coefficients, but also
terrestrial plants grown under aquatic culture conditions have the same ability to
accumulate radionuclides. This fact is significant because the possibility of
obtaining the necessary biomass of terrestrial plants far exceeds that of aquatic
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plants, which allows significantly increasing the efficiency of water body
decontamination.

The high efficiency of using plants as active biosorbents can be based not only
on their high accumulation capacity but also on the possibility of significantly
enhancing this capacity through factors of physical (gamma irradiation,
hyperthermal treatment), chemical (physiologically active substances, stable
radionuclide analogs), and biological (planting density, bioengineering effects)
nature.

Radionuclides enter plants through roots from any nutrient medium, as well
as through other plant organs [4]. The most common indicator for assessing the
entry of radionuclides from the nutrient medium (soil, water body) is the
accumulation coefficient (AC). The AC is the ratio of the radionuclide content per
unit weight of the plant to the corresponding value in the soil [5]. The authors
established that all studied organisms (plankton, duckweed), which spend their
entire life cycle in water, contain radium at concentrations hundreds of times
higher than its concentration in water, thus acting as accumulators of this element.

Tolerance of freshwater plants to the concentrations of radionuclides
accumulated in their bodies, dynamics of accumulation, and dependence of
accumulation coefficients on radionuclide concentrations were tested.

At radionuclide concentrations in water from 108 Ci/L to 10 Ci/L, no noticeable
effect on the growth and development of freshwater organisms compared to the
control was observed over several months. Thus, it can be concluded that
microconcentrations of radionuclides did not affect the physiological state of the
experimental plants.

At an increase in radionuclide concentration to 10“ Ci/L, accumulation
coefficients increase relatively quickly. When transferred to clean water, the
concentration of almost all radioisotopes in freshwater organisms decreases. Only
some radioisotopes (sulfur, ruthenium) may be completely excreted; others are
released slowly and inconsistently.

Thus, these experiments showed that accumulation coefficients stabilize at a
certain level in all living organisms. In most planktonic organisms, the stabilization
of accumulation coefficients occurs faster — from several hours to several days.

Aquatic organisms can accumulate large amounts of chemical elements that
are present in water at very low concentrations. Moreover, experiments on the
effects of low doses of the low radionuclide concentrations on plant organisms
almost always resulted in noticeable stimulation of growth and development of
organisms [12].

Since after the Chernobyl nuclear accident, the main dose-forming
radionuclides are radiostrontium and radiocesium [19], it was important to study
the nature of their distribution among the components of the water body in the
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absence of soil, which forms strong competition for water and biota [19]. In fact, only
water and the biotic component remain in the water body, playing a major role in
the developed phytoremediation technology for decontaminating water from
radionuclides and heavy metals. The absence of the soil component, which can sorb
a significant amount of contaminants but is difficult to dispose of, increases the
chances for biota to sorb a considerable amount of radionuclides and heavy metals.

The aim and tasks lie in using intact terrestrial plants and their isolated parts
as biosorbents of radionuclides and heavy metals under conditions of partial or
complete isolation from the soil component. By incubating cut or mowed leaf-stem
mass for a short time (a few days) in a solution containing a known contaminant,
thus complementing the rhizosorption of intact plants, a high level of contaminant
accumulation can be achieved through the work of active and passive biosorption
mechanisms. A series of experiments is devoted to clarifying the ratio of these
mechanisms for different types of plant tissues and finding conditions under which
their sorption properties manifest to the greatest extent.

Objects, materials, and methods of experiments

In the first series of experiments, 0.5 L glass containers were used, pre-treated
for three days with a 0.1 M solution of stable cesium chloride (**CsCl) to prevent
cesium sorption onto the vessel walls. The agueous solution of **CsCl had a specific
activity of 10 Bg/L and a pH = 7. Each container was filled with 400 mL of solution
prepared from tap water and immersed with 30 g of freshly cut stems of
Tradescantia and tobacco. The vessels with plant samples were placed in a
thermostat and incubated at 18°C under continuous lighting.

To determine the potential biosorption capacity of plant tissues, the
biosorption abilities of Tradescantia stem tissues were compared under continuous
light and darkness. From each container, 1 mL of solution was periodically sampled,
diluted with 18 mL of scintillation liquid (PC-103), and the radioactivity was
measured using a RACKBETA scintillation counter. The proportion of radioactivity
absorbed by plant tissue was calculated by the difference between the initial and
current activity.

Results and Discussion

Notably, vessels treated with stable cesium chloride solution did not sorb
radioactive cesium, eliminating the need for a control sample without plant tissue.
Radioactive strontium was not sorbed onto the inner surface of untreated vessels.

It was found that a sharp increase in sorption occurred within the first four
hours of incubation (up to 40% under lighting and up to 25% in darkness), followed
by a smoother increase under continuous lighting and a decline (after two days) in
darkness. The initial fast phase of accumulation is likely due to inherent sorption
capacity retained by intact tissues under adequate oxygenation. Over six days of
incubation (at 18°C and continuous lighting), the sorption level reached
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approximately 70%, suggesting that under optimal incubation conditions, near
100% sorption might be achievable within 1-2 days.

These findings suggest that Tradescantia primarily uses active mechanisms
for cesium sorption. Large fluctuations and a significantly lower biosorption level in
dark conditions support this. Since more than half of the cesium uptake is due to
active mechanisms, Tradescantia tissues likely have a low sorption capacity for
radiostrontium. Unlike radiocesium (a potassium analog), strontium-90 (a calcium
analog) may only be actively sorbed during tissue growth, participating in cell wall
synthesis. Since highly specialized tissues (leaves and stems) under non-growing
conditions were used, significant radiostrontium uptake was unlikely. Although
lateral roots began forming after a week in tap water, their low biomass could not
significantly affect sorption levels.

This hypothesis was confirmed in the next experimental series using 20 g of
fresh Tradescantia stems placed in 400 mL of Sr-90 nitrate solution with a specific
activity of 4170° Ci/L. Sorption was measured similarly, showing a maximum
biosorption level not exceeding 8% of the initial radionuclide quantity within 3 days.

High radiostrontium sorption could be expected from plant tissues with
higher ion-exchange capacity [17], such as tobacco stems and leaves, which have
higher ash content than Tradescantia. To test this, two variants were used: freshly
cut and pre-dried (1 hour at 35°C) tobacco stems. As anticipated, dried stems
exhibited slightly higher biosorption, likely due to additional sorption sites formed
during autolysis. Sorption stabilized at around 30% of the initial radioactivity,
suggesting a maximum sorption capacity under given conditions. The difference in
sorption levels between fresh and dried tobacco stems indicates that harvested
plant material retains sufficient biosorption capacity for subsequent use in
phytodecontamination technologies.

Experiments on Biosorption by Sunflower, Corn, and Pea

To explore the potential of using intact plants capable of simultaneously sorbing
radiocesium and radiostrontium in aquaphytodecontamination, a series of
experiments was conducted with monocot (corn) and dicot (sunflower, pea) species.

Materials and Methods

Seeds of two sunflower varieties (I-DK 3904; |I-SF-187), pea (Zelenozernyi), and
corn (Dniprovska-286) were soaked in tap water for 8 hours, then placed on filter
paper in a moist chamber for germination at 24-25°C. After 4 days, seedlings were
transferred to 0.5 L containers with settled tap water. The containers were covered
with opaque paper and placed in a growth chamber at 18°C with an 8 h
photoperiod.

Cesium-137 chloride (4110 Ci/L) and strontium nitrate (4.110° Ci/L) solutions
were used. Cesium solutions were prepared in 0.5 L vessels pre-treated with 0.1 M
cesium chloride for three days to prevent wall sorption.
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After 11 days of incubation, plants were used according to several experimental
schemes: (a) classic hydroponics (whole seedlings immersed with roots only), (b)
isolated roots immersed (corn, pea), (c) isolated stems immersed (corn, pea). In total,
nine experimental variants were tested, including control solutions without plant.

Samples of 0.5 mL solution were taken, mixed with 5 mL of scintillation liquid
N103, and measured using a RACKBETA counter. The absorbed activity was
calculated by the difference between initial and final values.

Results and Discussion

Dicotyledonous species (sunflowers and pea) reached near-maximal cesium
sorption within two days. Corn seedlings reached peak biosorption only after seven
days, possibly due to declining viability and loss of active uptake, leading to
desorption exceeding sorption and solution activity rising back to initial levels.

Conclusions

Laboratory experiments confirm the high efficiency of terrestrial plants in
purifying agueous environments contaminated with soluble radionuclides. This
makes the development of aquaphytodecontamination technologies promising.
Special attention should be given to the possibility of sowing plants directly on
floating substrates, which would reduce the cost of rhizofiltration-based
decontamination. If the resulting phytomass has low radioactivity, it could be used
as raw material for biogas production, plant-derived compounds, secondary
metabolites, or cellulose. The feasibility of applying this technology will depend on
the specific radionuclide contamination levels and landscape conditions, requiring
adaptation for each site.
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