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Radioecology from the point of view of
final disposal of nuclear waste

Sub-projects
1. Freswater ecosystem studies
2. Development of radioecological modelling

Sub-project 2:Development of
radioecological modelling
• The work was started during previous KYT
projects
• The intial aim was to evaluate critically
fundamental assumptions of
radioecological models
• Non-linearity of transfer into organisms
became a main focus of the research

Consentration in the
organism

Concentration ratios (CR) are widely used in
radioecological models to describe uptake
into organisms.
CR assumes linear transfer

Concentration in soil

Concentrations in plant and soil samples from boreal forest
indicated nonlinear transfer. Examples for an essential (Zn)
and a non-essential (Pb) element are shown here

Tuovinen T et al.: Soil-to-plant transfer is not linear: results for five elements relevant to
radioactive waste in five boreal forest species. Sci Total Environ 410:191-197 (2011)

Mesocosm experiments
confirmed non-linear uptake
into plants
Tuovinen TS et al.: Transfer of elements relevant
to nuclear fuel cycle from soil to boreal plants and
animals in experimental meso- and microcosms.
Sci Total Environ 539: 252-261 (2016)
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Also transfer from food
(birch leaves) to snails
followed the same pattern
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Nonlinear uptake into plants can be
described by the Langmuir equation
3,5

Cp = abCs/(1 + bCs)
Cp = concentration in plant
Cs = concentration in soil
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Data based on total element
concentrations was shown in all
previous slides (element transfer was
studied as a model for radinuclide transfer)
• How should the results be used in modelling radinuclide
transfer?
• Assuming that the uptake of radinuclides and stable
elements is similar, the relative radionuclide
concentration is identical in the soil and in the organism
• This results in linear transfer of the radionuclide even if
total element transfer is non-linear

…but the slope depends on total element concentration in soil.

Radionuclide concentration in plant

Conventional CR-based model is compared here to three nonlinear models assuming different total element concentrations
(1, 3, 10) in soil.
1.80E-11
1.60E-11
1.40E-11
1.20E-11

Linear model
1.00E-11

1

8.00E-12

3

6.00E-12

10

4.00E-12
2.00E-12
0.00E+00
0.00E+00

1.00E-10

2.00E-10

3.00E-10

4.00E-10

Radionuclide concentration in soil

Concentration in plant in relation to concentration in
soil: observations, linear model, non-linear model,
and an idea of a novel simple model

Tuovinen TS et al: Non-linear
transfer of elements from soil to
plants: impacts on
radioecological modelling.
Radiat Environ Biophys 55:393400 (2016)

New model: instead of using the non-linear equation (based on
empirical data) to predict plant element concentration, just assume that
plant element concentration is constant

Predicted plant radinuclide concentration as a
function of radionuclide and total element
concentrations in soil
Parameter
values for all
three models
were obtained
from the same
data set of
element
concentrations
in two forest
sites in North
Savo, Finland
Tuovinen TS et al: Non-linear
transfer of elements from soil to
plants: impacts on
radioecological modelling.
Radiat Environ Biophys 55:393400 (2016)

Advantages of the new model
• empirically determined CR values for a huge number of
different situations (for different radionuclides and
organisms, even site-specific values) are not needed
• We only need data on element concentrations in
organisms and in soils
• a lot of such data exist, and reasonable assumptions can
be made of element concentrations in soil at the site
being modelled
• The new model may decrease the uncertainty of model
predictions, as much of the ”random” variation in
empirically determined CRs is actually systematic
variation with soil concentration

Sub-project 1
Freshwater ecosystem studies
• ponds and a stream at the abandoned uranium mine of
Paukkajanvaara
• samples of water, sediment, chironomid larvae and two
fish species (perch, roach) have been collected
• transfer in aquatic ecosystem
• sensitive methods are tested to detect effects on
organisms

Transfer of Cs-137 from water to fish in two lakes in
Northern Finland

Tuovinen TS et al.: Transfer of 137Cs from water to fish is not linear in two northern
lakes. Hydrobiologia 700:131-139 (2013)
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Goals of the project
• To model the transport of radionuclides in
biosphere based on stylized models and various
propagation scenarios
• To study the effect of the parameters of
biosphere models at various levels of detail on
the transport of radionuclides in the biosphere
and on the doses to humans (sensitivity
analysis)

Lake-farm model
Modeling is based on a
Lake-farm model, where
radionuclides are released
to lake water from the
bedrock through sediment
layers.
Several paths of
propagation from the lake
to humans such as food
intake, breathing, and
direct exposure are
considered.

Liponjärvi as a prototype lake
The properties of the lake in the Lake-farm model are based on
probabilistic modelling of landscape development in 10 000 years’ time
scope near the Olkiluoto Island. In about 2000 years from now a new
lake, referred to as Lake Liponjärvi, will be formed in the area due to
postglacial land uplift. Probability distributions of the volume, surface
area, water depth and outflow rate of the lake are considered

Pohjola, J. et al. (2014) Biosphere
development modeling based on
statistical framework. Computers &
Geosciences, 62, pp. 43-52.

Modelling framework

Results: release directly to lake water
The proportion of the statistical variation of dose conversion
factors explained by the individual model parameters is shown for
the radionuclides considered in the study

Pohjola, J. et al. (2016). Probabilistic
assessment of the influence of lake
properties in long-term radiation doses
to humans. Journal of Environmental
Radioactivity, 164, pp. 258-267.

Preliminary results: release through
three layers of sediment
The effect of sediment layers on
radionuclide propagation is highly
dependent on the type of radionuclide.
DS: till (deep sediment layer)
IMS: glacioaquatic sediment
TS: clay (top sediment layer)

Effect of grouping foodstuff on dose
conversion factors
•

•

•

The objective was to test, based on the Lake-farm model, to what degree the
dose conversion factors change if foodstuff with similar properties are
categorized in a more coarse manner in the model.
The various foodstuff were grouped so that the propagation parameters (CR for
vegetables, for example) of the group member contributing most to the final dose
were taken as the representative for the whole group.
Grouping livestock foodstuff (rows 1-5 in the table; cases 1-5 in the figure) has
only minor effect on dose conversion factor. Berries (row 11; case 10 in the
figure), when grouped with other vegetable food, has the highest effect.

Pohjola, J. et al. (2016). The influence of foodstuff grouping on
doses in safety assessments. Proc. Ninth International
Conference on Nuclear and Radiochemistry - NRC9, P2-118

