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Overall concept
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Radionuclides
|, Se, Tc, Am, Pu, U, Np, Eu

Experiments on water and radionuclide transport in the soil and

uptake mechanisms of radionuclides in plants interlinked with the

model development.

(

Subproject A (FSU-AnGeo): Water level fluctuations, influence of
variable hydraulic conditions on the distribution of radionuclides in soil

Subproject B1 (LUH-IRS): Water level fluctuations, microbial diversity,
interaction of radionuclides and root exudates, uptake in plants

Subproject B2 (LUH-IfB): Plant transporters for the uptake of
radionuclides from the soil into plants

Subproject C (HZDR-IRE): Soil microbiology in the presence of root
exudates and radionuclides, uptake mechanisms in plants

Experiments
J

\_

o\[ °

Subproject D (Ol): Radioecological biosphere modelling with
representation of uncertainties in dose estimation (AISM)

Subproject E (UB-IUP): Geochemical modelling of micro- and
mesoscale systems (PHREEQC)

J

Modelling

.
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Radioecological biosphere model
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i/Biosphere modelling: exposure of a hypotheticg
population in the long-time scale
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Macroscale: Dose calculation,
statistical analysis of uncertainties in
exposure determination with Monte

Carlo simulations.

Mesoscale: Radionuclide transport in
soil due to water table fluctuations
and evapotranspiration as f(e.g. C,
clayl/illite, pH).

Microscale: Radionuclide behaviour
in the root zone and in plant
compartments, implementing transfer
factors, consideration of transporters
and root exudates.
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Radioecological biosphere model: model parts

o Model part “soil transport”: describes water level Experiments
fluctuations in the pore space under the influence of
evapotranspiration along several soil horizons and the Agreement with project partners on
associated interaction of the radionuclides in the the experimental design and

procedure for the experiments:
linkage with the process description
o Model part “plant”: takes into account the ﬁ and relevant parameter in the

microscale accumulation processes of radionuclides biosphere model

in the root area and the distribution in plant

pedosphere

compartments Model PHREEQC
Delivering basis for look up table
o Model part “dose estimation” over long periods of describing dependencies of
time due to water intake, plant consumption... radionuclide sorption on pH-Value or

. : organics
o Considering several scales from micro to macro

Ustohalova & Kopp | safeND 2025 | Berlin 17-19 September 2025 6
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Water movement and radionuclide transport under water level fluctuations:

finite volume method
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-> goal: modelling of hydrological changes in soil substrate and investigation of associated RN
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Concept/scheme of implementation as basis for discussion: T 1\ 1\ T T
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Water and radionuclide transport under water level fluctuations
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AfryISM model structure — model parts plant and dose estimation

www.oeko.de

o Model structure of the plant

o Radionuclide uptake from several soil
layers by considering the water content
and radionuclide concentration

o Dose calculation according to German
AVV™* based on the resulting
contamination of edible parts

Ustohalova & Kopp | safeND 2025 | Berlin 17-19 September 2025 *General administrative regulation for determining the exposure of individuals in 12

the population
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Model part Plant

Plant type and radionuclide

Root system/form and root depth,
root area

— Tomato - root depth 0,6 — 1,2m
— Potato tuber - depth 0,2 — 0,5m

Vegetation period/growth phase
and radionuclide uptake

— 1. implementing transfer factors (RN
like Tc-99 dependence on the
growth phase)

— 2. influencing factors on the
root/tuber exchange with the soil:
soil properties (pH, P ..... ) and root
exudates or transponters

Ustohalova & Kopp | safeND 2025 | Berlin 17-19 September 2025
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Example of K, distribution for Selenium
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Frequency of Activities in layers at day 50 and 300
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Uptake in the root system
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g Uptake in the root system
; Reduction in Tc-99 activity in the three soill Development of Tc-99 activity concentrations in
layers above the GWL as a result of Tc-99 the cell layers of the potato root until harvest
uptake by potato roots in the layers GWL+25 (layer GWL+15 cm)
cm, GWL+35 cm, and GWL+45
0,35 0,1
o
0,25 0,07
g 0,2 % 0,06
o
0,1 E 0,03
0,05 // 0,02
. - 0,0; ]
0 50 100 150 200 0 20 40 60 80 100 120
Tage Tage
=—GWS+25 cm =—GWS+35 cm =—GWS+45 cm ——Wourzelhaare e==Epidermis ===Cortex Endodermis e===Xylem
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Dose estimation

www.oeko.de

o Hypothetical dose for Tc-99 for the most unfavourable age group <1 year compared to
the total effective dose through ingestion
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und Raumfahrt

Thank you for your attention!

Do you have any questions?
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Veronika Ustohalova Anna Kopp
Senior Researcher Researcher
Oeko-Institut e.V. Oeko-Institut e.V.
Office Darmstadt Office Darmstadt
Rheinstr. 95 Rheinstr. 95
64295 Darmstadt 64295 Darmstadt

Phone: +49 (0) 6151 8191-151 Phone: +49 6151 8191-150
mail: v.ustohalova@oeko.de mail: a.kopp@oeko.de
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