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Abstract. A large amount of data on agricultural countermeasures has been compiled
and assessed within an EC-sponsored collaborative project The results of the work
are summarised, and the development of a predictive tool to aid decisions at the local
level is briefly described.

1. Introduction

The major long-term exposure pathways in those areas of Russia, Ukraine and Belarus
affected by the Chernobyl accident are external irradiation and the ingestion of contaminated
foods. In the long-term, intervention in agricultural systems is a more practicable measure
for the reduction of doses than the decontamination of settlements. Consequently, the
development of optimal strategies for the application of countermeasures in agriculture was
and continues to be a priority in these countries. In the 10 years since the accident, various
measures have been implemented and a vast amount of data on their effectiveness has been
generated, together with information on ancillary factors such as the required resources and
costs. Within the EC-sponsored collaborative programme with Russia, Ukraine and Belarus,
the underlying purpose of Joint Study Project 1 (JSP1) was to gather and assess data on
agricultural countermeasures, with the intentions of improving both the countermeasure
modelling in decision support systems such as RODOSfl] and the practical advice that could
be provided in the affected areas. The development of databases for use in RODOS is
discussed elsewhere[l]. The purpose of this paper is to describe briefly the evolution of
countermeasure strategies at three settlements within the areas affected by the Chernobyl
accident and the development and capabilities of a PC based system called FORCON, a
predictive tool which is designed to aid decisions on agricultural countermeasures on a site
specific basis. A detailed description of FORCON is already available[2]. Although both
radiocaesium and radiostrontium have been considered within JSP1, this paper is confined
to the former.

2. The evolution of countermeasures at selected settlements

The settlements considered here are "Rodina", Bryansk region, Russia, "Chapaeva", Rovno
region Ukraine and "Kirovsky", Gomel region, Belarus, since these were the sites for which
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most comprehensive information was available. A detailed account of the agricultural
countermeasure strategy at each of these settlements has been published[3], and only a few
selected examples can be given here.

At all three settlements, the consumption of milk was an important contributor to the
overall dose from ingestion, and so the reduction of activity concentrations in milk was a
priority. In all cases, the general approach taken was to increase the proportion of "clean"
feed in the animal's diet. The main dietary components were grass, hay and silage, all of
which were produced on both managed pastures containing perennial grass and from
unmanaged natural grassland. Transfer of 137Cs from soil to plant can be about an order of
magnitude greater for natural grass compared to perennial grass[3]. The overall approach
was therefore to decrease the proportion of natural grass in the animal's diet, principally via
radical and surface improvements of the unmanaged grassland. Radical measures can
include the clearing of land, ploughing, seeding and fertilising; surface improvement is a
cheaper option and includes levelling, improved drainage, fertilising and sowing additional
grass. It should be noted however that not all natural grassland was amenable to
improvement.

The effects of the measures taken can be distilled from the detailed data for each
settlement[3]. Taking Chapaeva as an example, the areas of natural grassland that
underwent radical improvement over a 3-year period were as follows: 1988, 30ha; 1989,
370ha; 1990, 120ha. As a result, the proportion of natural grass in the diet decreased from
about 70% in 1987/88 to less than 40% in 1989, with a further decrease to about 20% in
1990; the estimated average activity of 137Cs in the diet of dairy cattle in 1989 was 5 times
lower than in the previous year, and decreased by a further factor of 2 in 1990. There was
reasonable agreement between the changes in the estimated total activity in the diet and
those in the resultant concentrations in milk, for which average values in 1989 were 3 times
lower than in 1988, declining by a further factor of 2 the following year.

Experimental studies at NRPB have indicated that treatment of soil with ammonium ion
enhances the uptake of radiocaesium by plants, while the addition of potassium to poor
quality soils has a beneficial effect[4]. Using these data, temporal changes in activity
concentrations in crops can be broadly rationalised in terms of changes in the composition
of the fertiliser applied. As an example, concentrations in oats grown at Chapaeva
decreased by a factor of about 2 in 1989 compared to the previous year, the result of an
increase in the amount of potassium applied together with a reduction in the amount of
ammonium. A further reduction in activity concentrations in the crops was observed in
1991 following another application of potassium fertiliser[3]. One important conclusion
from this part of the study is that because of changes in fertilisation regimes, monitoring
data should not be used indiscriminately to infer effective half times in crops.

3. The FORCON system

The FORCON system is intended for widespread use by agricultural specialists who are
required to give advice at a local level or to individual farmers. The basis of the system is
as follows:

(i) the analysis of the existing radioecological situation and the identification of those
agricultural products that require some form of intervention;

(ii) modelling of protective measures with regard to prevailing conditions, predicted
effectiveness, available resources and costs;
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(iii) the identification of the most appropriate countermeasure strategy.

The need for intervention and the identification of countermeasure strategy can be based
on either comparisons with Derived Intervention Levels (DILs), consideration of averted
dose or economic and other ancillary factors.

The system contains default datasets for parameters such as soil:plant transfer factors
and countermeasure effectiveness factors that have been derived from the assessment of data
within JSP1, soils being divided into five categories, based on granulometric composition.
Alternatively, the user can encode site-specific data. The agricultural counter^sasure
options within the system are classified in the following groups: organisational (change in
land use, use of "clean feeds", changes in animal husbandry, food processing), agro-
technical (ploughing, liming, radical and surface improvements), agrochemical (application
of mineral and organic fertilisers at various rates and in different combinations). There may
however be practical constraints on some options at particular sites. For example, deep
ploughing with turnover of the upper layer would in practice be confined to high fertility
soils.

For each scenario chosen by the user, the following values are calculated: radionuclide
concentrations in all of the foodstuffs produced; yields of each product; quantity of
resources necessary to implement the countermeasure(s); the associated costs of materials,
transport, labour etc; the probability of the DIL being exceeded in each foodstuff after the
countermeasures has been applied; averted dose; averted dose per unit of costs. For animal
products, concentrations are presented separately for periods spent on pasture and indoors.
In short, the user has a comprehensive dataset on which to base decisions, according to
whether the radiological considerations are constrained by other factors such as finance or
the availability of resources.

4. An example of the use of FORCON

The FORCON system has been used to investigate the effects of various hypothetical
countermeasure strategies at Rodina and Chapaeva. The detailed data on land use,
productivity, animal stocks, soil type and deposition for these settlements were used to
estimate the collective and averted collective doses for a range of individual
countermeasures. Averted dose was calculated from a baseline value for collective dose in
the absence of any countermeasures and the corresponding value after a measure had been
implemented. The exercise related to 1987, ie, the first year for which longer term measures
would have been considered. It is important to note that cost estimates were derived from
values for materials and labour specific to the affected areas of Russia and the Ukraine.
Only a few examples of the results can be discussed here.

As noted earlier, the application of mineral fertilisers was an effective countermeasure
in reducing the transfer of 137Cs to crops: reductions in activity concentrations by factors of
1.5 - 2.5 were observed at both Rodina and Chapaeva[3]. Using FORCON, a reduction in
collective dose of about 25% was predicted at Chapeava, compared to the predicted baseline
value. However, at Rodina this countermeasure resulted in higher productivity, and as a
result there was no significant change in collective dose. A similar finding in the highly-
fertile areas of western Europe would be unlikely, since productivity is already high.
However, this result does emphasise the need for care when deciding upon the criteria for
countermeasure effectiveness.
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The effects of radical and surface improvement of natural grassland were also
investigated. At Rodina, the reductions in collective dose were around 45% for radical
measures and around 35% for surface improvement. The corresponding values for Chapaeva
were about 20% and 15%. As expected, the costs of radical improvement were greater than
those for surface measures. However, because of the area of land that required treatment,
the overall costs at both settlements was less than that for the application of fertiliser to the
existing arable land. These results reinforce the practical decision to prioritise the
improvement of natural grassland as a countermeasure.

The administration of sorbents in the diet of animals is a more recent development.
At Rodina, the reduction in collective dose was around 40%, while the costs were
comparable with those for radical improvement. At Chapaeva, the costs were less than
those for radical improvement, but the reduction in collective dose was only about 12%.

A comparison of the actual approach adopted and the hypothetical optimum strategy has
also been carried out, covering the period 1987-1992. In the longer term, some additional
savings in collective dose could have been made. However, greater savings could have been
achieved in the earlier years of 1987/8 had countermeasures such as improvements of natural
grassland been imposed earlier.

5. Conclusions

The work within JSP1 has provided an opportunity to compile and assess a large amount
of data on agricultural countermeasures from Russia, Ukraine and Belarus. If sufficient
information is available, the evolution of countermeasure strategies can be discerned at
specific sites. A comparison of hypothetical long-term countermeasure strategies has been
carried out for two specific sites. Given the range of countermeasures that are, in principle,
available to be used in agricultural systems, the results emphasise the need for a flexible
predictive tool to provide practical advice at the local level in the event of a future accident.

6. Acknowledgements

We are indebted to the many colleagues in the participating institutes and elsewhere who
made significant contributions to this work.

References

[1] J. Brown, B.T. Wilkins, A.F. Nisbet, Y.A. Ivanov, L.V. Perepelyatnikova, S.V. Fesenko, N.I. Sanzharova
and C.N. Bouzdalkin, Modelling of Agricultural Countermeasures in RODOS. To be presented at the
First International Conference of the European Commission, Belarus, Russian Federation and Ukraine on
the Radiological Consequences of the Chernobyl Accident (Minsk, 18-22 March 1996).

[2] S.V. Fesenko and B.P. Kulagin, Development of the FORCON decision support system for the provision
of advice in agricultural at the local level (in preparation).

[3] M. Paul, B.T. Wilkins, A.F. Nisbet, L.V. Perepelyatnikova, Y.A. Ivanov, S.V. Fesenko, N.I. Sanzharova
and C.N. Bouzdalkin, The development of countermeasure strategies at selected settlements in the areas
affected by the Chernobyl accident. Chilton, NRPB Memorandum (in preparation).

[4] A.F. Nisbet, Effectiveness of soil-based countermeasures six months and one year after contamination of
five diverse soil types with caesium-134 and strontium-90. Chilton, NRPB-M546 (1995).

-1188 -


