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Abstract Predictions of the effects of agricultural countermeasures taken to reduce

doses are an important part of the decision making process following an accidental

release of radioactive material into the environment. Models have been developed for

this purpose within the EC decision support system, RODOS. This paper describes the

methodology used and the development of databases on the practicability of agricultural

countermeasures for use in such a system.

Within RODOS a wide range of potentially practicable countermeasures are

considered and endpoints related to their imposition are calculated such that the

economic and health impacts can be evaluated. The methodology utilises time-

dependent information from a foodchain model, together with databases of empirical

transfer parameters and effectiveness factors for the various countermeasures.

Measures implemented in both the immediate aftermath of an accident and in the longer

term are considered.

A database containing robust representative data that can be applied to

relatively large areas is currently implemented in RODOS. The database utilises

information from the Chernobyl accident compiled within an EC initiated collaborative

project (JSP1) by institutes in the Ukraine, Russia, Belarus and the NRPB. Detailed

data for four settlements in these countries have been compiled and compared with the

robust database. The use of detailed databases at a local level in the three countries,

where account is taken of factors such as soil type, is also discussed. The applicability

of agricultural countermeasures implemented in the Ukraine, Russia and Belarus

following the Chernobyl accident to agricultural systems in the UK has been evaluated

and the appropriateness of the compiled databases for wider application is discussed.

1. Introduction

In the European Community's (EC) decision support system, RODOS[1], one requirement is

a rapid and detailed prediction of the radiation exposure of the population after accidental

releases of radionuclides to the atmosphere in 'real-time'. An assessment of the effect of

countermeasures taken to reduce doses also forms an important input to a system of this type.
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In RODOS, the calculation of doses and the consequences of agricultural
countermeasures take place within two separate but closely linked modules, ECOAMOR
(£COSYS ,4 SY Modules for RODOS) and FRODO (Food, .Relocation and Decontamination
0ptions)[2]. These modules are linked with each other and with the input and output data
interfaces. The full structure of RODOS is described elsewherefl].

ECOAMOR, developed at GSF-Institut fur Strahlenschutz, Germany comprises a
foodchain transport module, based on the dynamic radioecological model ECOSYS-87[3], and
a module for the estimation of doses. As input to FRODO, ECOAMOR provides activity
concentrations in foods and animal feedstuff's as a function of location, nuclide and time, and
doses from the relevant exposure pathways in the absence of any countermeasures. FRODO
is a system of program modules which has been developed by the National Radiological
Protection Board (NRPB) in the UK and comprises modules for controlling logic flow,
relocation, decontamination and agricultural countermeasures[2].

This paper gives an overview of the modelling approach for agricultural
countermeasures in FRODO and the databases used. Work carried out within Joint Study
Project 1 (JSP1) under an EC initiated collaborative programme between a number of European
research organisations and institutes in the Ukraine, Russia and Belarus is summarised and the
input to the development of databases for FRODO is detailed. The applicability of agricultural
countermeasures implemented in the Ukraine, Russia and Belarus since the Chernobyl accident
to other situations is discussed.

2. The agricultural countermeasure module in RODOS, FRODO

The FRODO module includes models for the three countermeasure options relocation,

decontamination and agricultural countermeasures. The options can be considered individually

or the impact of each of the different options on the others can be evaluated to varying extents.

The effect of decontamination of agricultural land on the need and duration of food restrictions

is evaluated for a number of endpoints including the additional dose saving. Relocation is

linked to agricultural countermeasures in so far as endpoints are calculated to provide

information on the potential agricultural areas affected, the amount of food that could be

produced within the relocated area and the proportion of food that would be subject to a ban.

This enables the evaluation to be made of the use of this land and possible agricultural

countermeasures that may be considered to make the area agriculturally productive.

Within FRODO, endpoints related to the imposition of countermeasures on food are

evaluated. The agricultural countermeasures considered are: banning and disposal, food

storage, food processing, supplementing animal feedstuff's with uncontaminated, lesser

contaminated or different feedstuffs, use of sorbents in animal feeds or boli, changes in crop

variety and species grown, amelioration of land and change in land use.

The approach taken to modelling agricultural countermeasure is outlined in Figure 1.

The aim of the module is to determine whether there is need for intervention. If there is, the
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For each food

Is there a need for intervention, i.e. is a food ban required ?

No

What is the scale of the problem ? Next food

What can be done to avoid banning food ?
or
What can be done to reduce duration / area of food ban ?

What are the effectiveness and implications of a range of
agricultural countermeasures ?

Figure 1. Approach to modelling agricultural countermeasures in FRODO

effectiveness of a number of countermeasure options is evaluated to determine if the need for

food restrictions can be avoided, or, if this can not be achieved, whether the duration of the

restrictions can be reduced.

The criteria for banning the consumption of food are defined in terms of the activity

concentrations in foods. As a default the EC maximum permitted levels in food are used

although the user of the system can change these criteria. The predicted activity concentrations

in foods are compared with the criteria as a function of time, nuclide and spatial grid point to

determine whether a ban is required. If a ban is not required for any of the foods then no

further measures are considered. If restrictions are required, a number of countermeasure

options are considered for each food. In the current version of RODOS, combinations of

countermeasures are not considered other than with a food ban. If restrictions on food are still

required following the implementation of a countermeasure option, the user of the system will

be informed of this requirement, together with the length of the restriction that would still be

required before activity concentrations fell to below the chosen criteria.
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The aim of the module is to provide the information that underpins an assessment of
possible courses of action for removing the need for or mitigating food bans. A brief
description of the countermeasure options included is given below. Factors such as the timing
of the implementation of an option or the duration of a given husbandry or farming practice can
be changed by the user of the system so that a range of possible scenarios can be considered.
A robust approach is taken in the modelling of the countermeasure options, some of which
become very complex if the full flexibility of user choice is implemented.

The banning of foods is linked with disposal and the stopping of food production
depending on the duration of the ban.

Food processing and the storage of food are closely linked. For fresh foods such as
milk, processing into a form that can be stored is considered only if a ban would not be required
on the processed product. Storage is considered with or without processing for all foods.
However, a constraint is placed on the storage period such that these are practicable in terms
of the 'shelf life' of processed or fresh foods. In practice, this means that storage is only
considered when intervention is required only for short-lived radionuclides.

Changes in the dietary composition of grazing animals is considered. Factors that can
be evaluated include the effect of administering clean feed for a chosen period at various times
following deposition, changes in the proportion of contaminated feedstuffs in the diet and use
of different feedstuffs. The effect of the administration of sorbents is modelled by reducing all
activity concentrations in the animal by a factor for the period over which the sorbents are
administered or, in the case of boli, for the period of efficacy in the gut.

Soil treatment such as the addition of fertilisers can be evaluated together with
subsequent effects on the uptake of radionuclides by plants. This countermeasure is not
considered until a minimum of 1 year after the accident in the current version of RODOS. Data
for a range of techniques are utilised and are represented as a factor by which the activity
concentrations in crops are reduced or enhanced. The effect of repeated applications can be
considered.

The change of the crop variety or crop species grown is included as a countermeasure.
The assumption is made that this option would only be considered if the existing crop could
not be grown on the land over a chosen time and that by growing another crop the activity
concentrations could be reduced to below the chosen criteria.

The change of land use from agricultural production to forestry can be assessed. The
criteria for this option is that the land can not produce food at activity concentrations below the
banning criteria for a chosen period of time.

Agrotechnical measures such as ploughing or soil removal are considered. The
effectiveness of the techniques is assessed in terms of the reduction in activity concentrations
found in food following their implementation. The effectiveness of these measures in reducing
activity concentrations in crops is determined from a review of available data, primarily from
the Ukraine, Russia, Belarus and western Europe following the Chernobyl accident[4,5,6], and
the use of a dynamic foodchain model, FARMLAND[7]. A robust approach is taken such that
a single reduction factor is used for all crops. In the current version of RODOS agrotechnical
measures are not considered in conjunction with any other agricultural countermeasures.

-1132 -



A wide range of endpoints are calculated. These include the individual and collective
doses received following the implementation of agricultural countermeasures and the doses
saved by implementing the countermeasure. The extent and duration of food restrictions are
also evaluated. Additional information on the impact of the agricultural countermeasures is
also provided; this includes the numbers of animals affected and the required quantities of
materials such as fertilisers and uncontaminated feedstuffs for animals. This information
enables the economic cost of the countermeasures to be estimated.

4. Databases on the effectiveness of agricultural countermeasures

The agricultural countermeasures model in RODOS utilises time-dependent information on
activity concentrations in food from the ECOSYS foodchain models together with databases
of empirical transfer parameters which can be chosen by the user. Over the first one to two
years following deposition it is important that the time-dependence of activity concentration
in food and animal feedstuffs is taken into account in the evaluation of agricultural
countermeasures; this is done using activity concentrations predicted by ECOSYS. At longer
times the activity concentrations in food can be calculated using more simple empirical
relationships either as part of a foodchain model or as simple multiplying factors.

4.1 Default agricultural database in RODOS

Within the EC initiated JSP1 project, a database of soil-plant transfer factors and agricultural

countermeasure effectiveness for caesium and strontium has been developed for use within the

EC RODOS system[4,5,6]. The database has been compiled through close collaboration

between NRPB, the Ukrainian Institute of Agricultural Radiology, the Russian Institute of

Agricultural Radiology and Agroecology and the Belarus Institute of Agricultural Radiology.

An early conclusion within this project was that for use in a decision support system,

agricultural countermeasure data are required at two main levels, one to aid those with

responsibility for advising persons who make broad, policy decisions, and the other to aid

people at a more local level such as advisors to the farming community. A database has been

compiled for RODOS on a scale appropriate for policy level decisions and is referred to as the

Level 1 database. This contains robust, representative data that can be applied generally to

relatively large areas, potentially over long periods of time. To achieve this, cautious values

have been chosen where necessary so that the radiological impact would not be significantly

underestimated.

The values in the Level 1 database are largely based on a compilation of data from the

Ukraine, Russia and Belarus following the Chernobyl accident. Where data were available

from the West these have been included either as supplementary data or to provide additional

information. For Level 1 applications, the data on soil-plant transfer and countermeasure

effectiveness showed a large degree of consensus between the three countries. This is largely

to be expected because of the similar soil types, crops and agricultural practices found in these

countries.
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The enhanced transfer of radiocaesium from soil to plants in organic soils compared to
mineral soils is well established[8]. For this reason, soils were broadly classified into mineral
or organic for the purposes of the Level 1 database. Inspection of data from the three countries,
together with published information[8], suggests that a similar approach is appropriate for
radiostrontium. This is a simplified approach to soil classification but it is relatively easy to
identify soils which fall into these categories. The database primarily contains data on mineral
soils and includes data on organic soils where these are available. For Level 1 applications
values for mineral soils have been chosen as a default because these soils are most typical for
agricultural crops. However, information for both mineral and organic soils is provided so that
a more specific assessment can be carried out if information on the broad soil-type is available.
The default values for mineral soils were derived from data for a range of soil types within
which there was considerable variability in characteristics such as pH.

Table 1 gives the recommended default values for the Level 1 database for strontium
and caesium for some of the considered agricultural countermeasures.

4.2 Comparison of site-specific data and Level 1 default values

Data have been collected for four settlements; Rodina in Russia, Galuziya and Chapeaeva in
the Ukraine and Kirovsky in Belarus[9], The information compiled on each settlement has
included soil type, contamination levels, crop species grown and animal stocks as well as the
agricultural countermeasures that have been imposed and the resultant effectiveness factors.
Generally, data have been compiled for both the collective farm and the associated private
farms within these settlements.

Table 1: Effectiveness of some agricultural countermeasures for caesium and strontium
in Level 1 database[4,5,6]

Countermeasure

Sorbents: milk
meat

Ploughing meadows: discing (10 cm)
ploughing (20 cm)
ploughing with turnover of top layer (30-50
cm)

Lime application11

Organic fertiliser applicationb

Mineral fertiliser application1"

Recommended value and range"

strontium

not appropriate

2(1.3-3)
3 (2-4.8)
6 (5.9-6.7)

2(1-2.7)

not appropriate

1.3(1-2)

caesium

5(2-10)
3 (2-10)

1.5(1-2)
3 (2-4)
10(7-16)

2(1.5-4)

2(1-5)

2(1-5)

Notes:
a. Expressed as a reduction in activity concentration in the food or feedstuff.
b. All crops
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The comparison of the observed countermeasure effectiveness factors for caesium at
the four settlements with the default Level 1 values and ranges given in references 4 and 5
showed that, in general, the differences were less than a factor of 3. Since the Level 1 database
is intended for use at a broad, policy level, these differences are considered acceptable. Some
categories of intervention, notably radical improvement, include a wide range of measures with
very different effectiveness factors. Radical improvement of natural meadows was an
important factor in the reduction of activity concentrations in milk but no firm
recommendations were made for the Level 1 database because such measures would not be
applicable to large areas of land. The overall conclusion was that modifications to the robust
values in the Level 1 database would not be warranted, but more specific information would
be required before decisions could be taken on a local level.

It should be noted that not all of the countermeasures considered in RODOS were
implemented at the sites studied. For example, no changes to crop species were implemented.

4.3 Provision of advice at a local level

The user of the RODOS system has flexibility to use data for foodchain transfer, agricultural
countermeasures and their effectiveness that are appropriate for the situation under
consideration. RODOS could, therefore, be used on a local level, provided that appropriate
detailed databases were available. In the longer term, practical, site-specific advice on
countermeasure strategy would be sought from local agricultural advisers who might not have
access to the RODOS system. Their requirements could be met by a system that dealt
specifically with agricultural countermeasures. Such a system has been developed by RIRAE
within the JSP1 project and this has been given the acronym, FORCON[10]. This system
contains default databases for radiocaesium that are more detailed than those currently in
RODOS. For example, five soil types are considered, classified on the basis of granularmetric
composition. Alternatively, the user can encode site-specific information. The most recent
version of FORCON can be run on the type of PC currently available in the newly independent
states of the former Soviet Union; a detailed account of the system is available[10].

Provided that the same databases are used, assessment of countermeasure effectiveness
in RODOS would be compatible with those made with FORCON. The two systems may
therefore be regarded as complementary.

5. The use of data from the Ukraine, Russia and Belarus for wider application

A review of the applicability of the agricultural countermeasures taken or considered in the

Ukraine, Russia and Belarus following Chernobyl to the UK has been carried out[l 1]. This

review considered both radioecological effectiveness and ancillary factors such as costs,

availability of resources, practicability and acceptability by farmers, the general public and the

retail trade. The study considered 25 countermeasure options, many of which are included in

FRODO. A few examples of the applicability of various countermeasures are given here.
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Data from the three countries indicate that improvements in soil fertility have been
effective in reducing radiocaesium uptake by plants. Experimental evidence suggest that such
a measure would be ineffective on the high fertility soils prevalent in the Western Europe[8].
The application of fertilisers to poor quality soils, such as those found in semi-natural
ecosystems, is not considered a practicable option: not only are these practical difficulties in
administering the treatments in remote areas, but there is also the possibility of disturbance of
the ecological balance.

The selection of crop species and variety also deserves comment. Values for soil-plant
transfer in the Level 1 databases were distilled from a large amount of information and relate
to climatic conditions and soil types in the Ukraine, Russia and Belarus. Given the variability
in soil type and the crops grown, it would not be appropriate to apply these values broadly to
western Europe. An investigation of radionuclide uptake by crops grown at a single site in the
UK supports this view[12]. In this study it was concluded that a comprehensive datasets would
be required before crop selection could be used with confidence as a countermeasure, since the
variability between crops was similar to the inherent variability for the same crop grown in
different years.

Some measures taken in the three countries considered would be generally applicable.
Notable examples are the addition of sorbents to animal feeds or the administration of boli and
the provision of clean feed to livestock through careful management of their feeding regime.

The overall conclusion was that few of the countermeasures considered would be
widely applicable to any of the arable, grassland or semi-natural systems in the UK. This was
due either to low radioecological effectiveness or low practicability. The conclusions of the
study are likely to be applicable to other parts of Western Europe.

6. Conclusions

This paper has provided an outline of the agricultural countermeasures modelling within the

FRODO module of the RODOS decision support system. The modelling approaches taken and

assumptions made have been discussed and the endpoints calculated for use within the RODOS

system identified. The paper presents the current status of the models that are incorporated

within the modules of the RODOS system. It should be noted, however, that further

development of some areas of these modules and links with other modules will be undertaken

for inclusion in future versions of the system.

Databases for agricultural countermeasures effectiveness and soil-plant transfer have

been compiled for the Ukraine, Russia and Belarus for use within RODOS under the EC

initiated collaborative project, JSP1. The default values in the RODOS system are robust

representative data that can be generally used and applied to large areas of land, potentially

over long timescales. Detailed data have been compiled for four settlements in the three

countries and these data compared to the robust values. Following this comparison

modifications to the robust values in the Level 1 database were not warranted, although it was

recognised that more specific information would be required before decisions could be taken

on a local level. A PC based system for local use has been developed for use by local advisors
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to the fanning community in Russia, Ukraine and Belarus which can utilise detailed default

databases or, if available, site-specific information. This system is compatible with RODOS

if equivalent databases are used.

The use of the databases compiled for the Ukraine, Russia and Belarus for wider

application has been evaluated. Care is required in the use of these data. Some of the measures

that were radioecologically effective in these countries would not be so in western Europe such

as the use of fertilisers, which have been shown to be much less effective on the high fertility

soils found in western Europe, while others would not be practicable. Further work on the

applicability of countermeasures applied in the Ukraine, Russia and Belarus following

Chernobyl to Western Europe is planned.
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