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SUMMARY

The past activities of the International Union of Radioecologists' soil-plant transfer working
group are described in terms of the initial objectives, the data that were accumulated in the
period 1982 to 1992 and the subsequent use of these data. An option for future
collaboration of a joint IUR/ESNA working group on the transfer of radionuclides to crop
plants is then presented. This is presented as a basis for further discussion and comments
on this proposal are welcomed.

1 BACKGROUND

1.1 Radiological risk assessment methodologies require a simple parameter that relates deposition
or concentration of a radionuclide in the environment to a concentration in food products.
In the short-term following deposition from atmosphere, the transfer through food chains to
man is likely to be dominated by the interception of the deposit by foliage. In the longer
term, root uptake and resuspension become more important, the relative importance of these
pathways being determined by the mass of soil associated with the harvested crop and
radionuclide uptake by roots.

1.2 In the early 1980s the International Union of Radioecologists (IUR) formed a largely
European working group to coordinate research into soil-to-plant transfer of radionuclides
(Anon., 1982a). Their aim was to improve the estimates of risk to the population from the
application of nuclear technology in Europe by compiling a data bank of reliable soil-plant
transfer factors.

1.3 The activities of the workgroup focused on the following objectives:

organisation of a team of scientists willing to cooperate in a joint programme on soil-
to-plant transfer factors of radionuclides;

preparation of guidelines for the standardisation of radionuclide uptake experiments;

organisation of a common frame work to consider different radiocontaminants,
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different crops and different soils;

establishment of a data bank that allowed direct access for statistical analysis;

continuous updating of the data bank with results of participants; and,

tailoring statistical programmes for direct application to the data bank, statistical
analysis and interpretation of data.

1.4 The IUR working group therefore had a number of well defined objectives that aimed to
determine and provide reliable soil-to-plant transfer factors (including statistical variations)
for use in risk assessment studies.

1.5 At the end of the 1970s parameters describing the root uptake of radionuclides were largely
generic, ie. a single value was applied to all circumstances, with little or no knowledge of
potential variability. The working group extended the transfer factor concept to cover major
crop groups grown on five broad soil classes (sand, loam, silt, clay and peat) as influenced
by characteristics such as pH, organic matter, time after deposition and depth of
contamination in the soil profile (Anon., 1982a).

1.6 Construction of the IUR data bank began in 1982 using data not always reported formally in
the literature. Although the database incorporates approximately 8000 transfer factors there
remain soil x plant x radionuclide combinations for which there are few or in some cases no
relevant data (Anon., 1987 & 1989). A great research effort would be needed to fill those
gaps which exist and it has been suggested that this task is too formidable to be achieved and
that an alternative approach should therefore be adopted (Coughtrey & Thorne, 1983a).
Alternative approaches include those of van Dorp et al. (1979) and Thorne & Coughtrey
(1983).

1.7 The original objectives were achieved but the extent to which the original aim was
accomplished is arguable. The data bank shows that there is a high degree of variability
associated with transfer factors even when the experimental conditions are well defined.

2 THE IUR SOIL-TO-PLANT TRANSFER PARAMETER

2.1 Parameters describing the soil-plant transfer of radionuclides obtained from reviews of the
literature (Ng etal., 1982; Ng, 1982; Coughtrey & Thorne, 1983a&b; Zach, 1980a) are not
always adequately defined and are subject to variations in experimental conditions such as pot
size, plant maturity at harvest, fertilizer additions, radionuclide placement and chemical form,
soil characteristics, use of irrigation and climatological conditions.

2.2 The IUR provided guidelines for the experimental protocol to ensure that exchange between
soil exchange sites and soil solution is at equilibrium, that the experiments were representative
of field conditions and that a standard parameter was defined. The main variables considered
to control the transfer to crops were the type and speciation of radionuclides, type of crop,
crop part, pH and organic fraction of soil, type of soil material and time span between
contamination and harvest. The transfer factor depends furthermore on the adopted definition,
farming practices and, as far as experiments are concerned, on the experimental design. The
working group further recognised the importance of contaminated soil adhering to crop
surfaces and held a special meeting to discuss this topic.
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2.3 The definition of a soil-to-plant 'transfer factor' can vary and it is important that the same
definition is used when comparing values. The IUR working group defined a transfer factor
for arable crops as follows:

transfer factor = Bq kg ' dw plant material
Bq kg"1 dw soil (0-20 cm depth)

2.4 The database that the IUR constructed was reviewed and updated periodically, it contains
several thousand transfer factors with a description of the experimental basis for the derivation
of each value. The database provides an important reference for dose assessment using
equilibrium-type models (Zach, 1980b; Anon., 1982b).

2.5 Statistical analysis of data entered into the database has taken a number of effects into account
at different times. The first analysis studied nine main effects in a factorial model followed
by an evaluation of the uncertainty of individual parameters. The variability of values in the
database suggests that additional factors also influence transfer, for instance irrigation or
woodland meadows. Recent statistical analyses have shown that climatic factors affect
transfer factors for some crop types (Noordyk et al., 1992).

2.6 The database forms the basis for the new IAEA handbook of parameter values (Anon., 1994).
The handbook shows that the uncertainty of most soil-plant transfer factors is a factor of 10
and in some cases a factor of 100. A conservative assessment of crop contamination must
therefore use values that are likely to be higher than the expected value in order to take the
known variability into account. Without detailed studies into the cause of the high uncertainty
it is unlikely that the present uncertainty can be reduced.

3 A NEW OPTION FOR THE JOINT WORKING GROUP

3.1 A European working group is needed that will bring together researchers that have a common
interest in the uptake of radionuclides by crops. The aim of the working group should be
wider than previously and focus on improving our understanding of the fate of radionuclides
released to the environment to provide a basis for the selection of parameters that can be used
to assess crop contamination. To this end contributions should be welcomed and sought from
research groups undertaking studies of the mechanisms and processes from deposition, or
other contamination mechanisms, to the ingestion of foodstuffs by man. If the group is to
succeed careful consideration needs to be given to an objective against which success can be
measured.

3.2 The group should provide a focus for international collaboration and exchange of ideas and
information. There are several groups making recommendations for future research (IAEA,
IUR, RADREM's TESC), or involved with the validation of assessment models (IAEA,
BIOMOVS) but no arena for those performing radioecological research (whether for model
development, counter measures or assessment).

3.3 It is proposed that the aim of the working group should be to improve our understanding of
the transfer pathways of radionuclides through the environment to plants in order to reduce
the uncertainty of model predictions. The group should achieve this by providing an open
forum to discuss data that can be used in the development of dynamic food chain transfer
models, ie. models whose output is a parameter for use in risk assessment methodologies.
The meetings should serve to close the divide between model development and experimental
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studies. The working group will require a deliverable that will attract funding, for example:

technology transfer to developing European nations;
a database of parameters; and/or,
bibliography of past and current research.

3.4 It has been suggested that specific topics could be addressed at some meeting, for example,
the following subjects were of interest to participants at the 1994 Varna meeting in relation
to the root uptake of radionuclides:

determination of transfer to crops for which only limited data is available (root crops,
potatoes, oil crops, beans, some types of green vegetables);

determination of the variability of transfer for selected combinations of radionuclides
and crops, evaluation of these distributions with particular emphasis on identifying
conditions which cause extremely high or low uptake;

determine how different treatments may influence these transfers which may open
ways to the development of counter measures; and,

determination of the variation that exists between uptake experiments that are as
similar as possible, but are carried out at different locations in mediterranean
climates.

3.5 The development of time-dependent compartmental models requires data on the amount of a
substance transfered between defined compartments over a known time period, supporting data
are also required on the volume or mass of donor or receiving compartments to determine
concentrations. These data are not readily derived from soil-plant transfer factors and an
alternative is therefore required. A primary objective of the working group should therefore
be to construct a database of radionuclide fluxes within soil-plant systems. The database
should be sufficiently flexible to address various mechanisms and processes such as
atmospheric inputs, root uptake, transport/distribution in soil, recycling between compartments
and the impact of counter measures.
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