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1. INTRODUCTION
 Emergency planning as conducted by most national authorities is often focussed upon
short-term response (few days – weeks) and addresses issues such as the need for evacuation,
problems associated with 131I and immediate requirements for restrictions on food and water.
There is limited systematic consideration of the long-term management of contaminated areas
to ensure their sustainability. Experience following the Chernobyl accident, most especially
within the countries of the former Soviet Union (fSU) but also in Scandinavia and the United
Kingdom, have demonstrated that countermeasures may have to be employed for a number of
decades.

The evaluation criteria for the many countermeasures which have been developed needs to
be extended from simply effectiveness and radiological protection criteria to a more
integrated, holistic approach. Specifically, there needs to be an assessment as  to whether
countermeasures: can be practically applied; incur considerable direct or side-effect costs;
have significant environmental side-effects; and are acceptable to society. In addition, suitable
approaches for successfully communicating with a wide range of stakeholders must be
explored. This is an essential step in developing a decision framework and avoiding problems
previously experienced in emergency management. This paper presents results from an on-
going project (see www.strategy-ec.org.uk) to develop a framework for the identification of
strategies for the sustainable management of  contaminated urban, rural and industrial areas.

In a previous paper (Howard et al. 2002) we have presented our approach to more fully
evaluating individual countermeasures against criteria of practicability, cost (direct and in-
direct), secondary environmental effects, ethical considerations and communication,
illustrating this by holistically assessing ammonium-hexacyanoferrate (AFCF) boli
administration to ruminant livestock and ploughing of urban recreation areas. One hundred
and one countermeasures have now been evaluated against these criteria comprising: 51 rural
countermeasures for use in reducing doses through contaminated agricultural and wild
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foodstuffs and drinking water, disposal of contaminated agricultural wastes and reducing
contamination in forest products; 15 social and communication countermeasures (e.g.
provision of advice, education, public participation); 35 urban and industrial
countermeasures to reduce external doses in dwellings, streets, gardens, recreational areas and
industrial buildings. Short descriptions of all these countermeasures, and other
countermeasures which we feel it inappropriate to recommend (on the basis of either
inadequate current scientific justification or clear evidence that they do not work), can be
found on www.strategy-ec.org.uk. Datasheets arising from our analyses of the rural
countermeasures are in the process of being assessed by a wide range of stakeholders
(including farming and food industry representatives, responsible government agencies and
consumer groups) within Belgium, Finland, Greece, United Kingdom and France (www.ec-
farming.net). A demonstration of modelling countermeasures within industrial environments
can be found elsewhere in these proceedings (Eged et al.).

Our evaluation of restoration strategies also considers a number of ethical and
communications issues, ranging from the analyses of social countermeasures to the provision
of good practice guidance. Recommendations on ethical considerations for communication
strategies and decision making have been reported by Oughton & Bay (2002) and Howard et
al. (in press) respectively.

In this paper we present an evaluation of communication strategies and a demonstration of
our approach for the optimisation of countermeasure strategies.  

2. COMMUNICATION STRATEGIES
Research on responses to a range of industrial hazards, including radiological hazards,

highlights not only the ways in which lay publics perceive risks very differently to experts
(e.g. Slovic 2000; Irwin & Wynne 1996) but the central role of effective communication (e.g.
Bennett 1999).   Communication in such contexts has historically often been conceived as
being solely or primarily concerned with the provision of information, and whilst this remains
a fundamentally important component of information strategies, it is becoming more widely
recognised that two-way, or interactive, communication strategies are necessary.  There are a
number of reasons for this which are discussed.

Decision making institutions often act with insufficient awareness of the public’s views,
concerns and aspirations, and the prevailing social conditions (Wynne 1989). Obviously, if
public views are not taken properly into account, the decision or strategy is less likely to be
publicly acceptable.  Two-way communication enables institutions to learn about public
preferences, and, moreover, to identify the social realities existing in different contexts.  

The relationships between decision making bodies and their publics has become
characterised by mistrust and a lack of confidence.  Two-way communication enables a
greater recognition by all parties of the motivation and authority of others, and generally leads
to a greater degree of trust and confidence.  However, essential to this growth of trust is the
demonstration by decision making bodies that they are responding to issues raised by the
public. A further important consideration is that the public are included not only in decision
making, but in the scientific assessments of their localities.  Whilst the provision of
monitoring equipment is one means to achieve this, it obviously needs accompanying by the

http://www.strategy-ec.org.uk/
http://www.ec-farming.net/
http://www.ec-farming.net/


appropriate means of generating the ability to interpret the results obtained. The ETHOS
project in Belarus (Dubreuil et al 1999) demonstrated that it was highly counterproductive not
to provide the results of monitoring to local communities, engendering not only mistrust, but a
sense of disempowerment and a lack of recognition that it was possible to implement self-help
measures.  Such information has to be provided in a form that is accessible to local
populations; it must be both understandable and physically accessible.

Differences in cultural contexts and social conditions mean that communication, and other
measures, may have to be tailored in quite specific ways.  For example, should particular
foodstuffs eaten largely by one or two ethnic groups become contaminated (e.g. reindeer or
wild fungi), then appropriate means, including not only the format of communication (e.g.
language, presentation), but also recognition and incorporation of considerations such as the
networks through which knowledge flows (e.g. places of religious worship) and who has
authority in particular communities.

These issues all have to be incorporated into the design of effective communication
strategies.  Our work has considered the communicative dimensions of the individual
countermeasures, identifying where communication between particular actors is required and
for what purposes, and what the information requirements are.  

A coherent strategy for the application of countermeasures will need to include an
effective communication strategy.  This will need to take account of the issues discussed
above, but the interaction of countermeasures in relation to issues of public confidence and
acceptability is also important.  Communication and the associated relationships are fluid and
dynamic, and successes or difficulties generated in one area are likely to impact on another.
For example, the premature announcement in the UK that radiocaesium would be bound in
soil gave rise to a lack of confidence in governmental scientific advice when it became
apparent that on organic soils, sheep would continue to ingest comparatively high levels of
radiocaesium for many years, leading to prolonged restrictions on their entry into the human
foodchain (Wynne 1989).   Communication needs will thus also be dependent on the events –
particularly the communicative actions – in the period immediately following any large scale
contamination.  

In summary, cultural, spatial, social, and temporal conditions all need to be reflected in a
communication strategy, which should be two-way and inclusive, and recognise within it the
requirements of the different parties involved.

3. COUNTERMEASURE OPTIMISATION – AN ILLUSTRATION
Ultimately we aim to be able to optimise restoration strategies to reduce external and

internal doses within both urban areas and food production systems. Here we illustrate our
method with a scenario concentrating on contamination of agricultural areas.

3.1 Model description

As we are designing a tool for assessing long-term remediation we have concentrated on
the transfer of  radiocaesium, 90Sr, 241Am and Pu isotopes to foodstuffs. The approach
presented by Gillett et al. (2001) in which the soils exchangeable K, pH, percentage clay and
percentage organic matter content are used to predict radiocaesium transfer from soils to crops



is used. Strontium-90 transfer is predicted using a soil-texture classification of transfer (see
Nisbet et al. 1999 and IAEA 1994). Uptake parameters for the other two elements are soil
independent and based upon those of Müller & Pröhl (1993). Crop biomass and animal
transfer parameters are a hybridisation of the models presented by Gillett et al. and Müller &
Pröhl. 

The model is implemented spatially, the area of study being sub-divided into cells each of
which has defined soil and agricultural production characteristics. The activity concentration
is predicted for each of 27 food products within each cell; a processing factor is applied where
appropriate to predict the activity concentration in human diets. 

3.2 Scenario and study area

For this initial demonstration we focus on radiocaesium and have used the deposition
pattern of 137Cs from the 1957 Windscale accident in the UK county of Cumbria. The pattern
of deposition was taken from Jackson & Jones (1991), however, to ensure that
countermeasures were required over a sufficiently large area the deposition was increased by
100-fold. In this example the county of Cumbria has been modelled as 271, 5x5 km cells.

Spatially available land cover data has been combined with county level production
statistics and advised stocking rates to estimate values of the agricultural output and practices
in each cell. The population of each cell was defined from an available database. Average
consumption rates of foodstuffs as used by Gillett et al. (2001) were assumed. Food is
assumed to be derived from three geographical areas, the cell, the county (production weight
mean concentration), or from outside the study area (uncontaminated).  In the analysis below
the contribution of these three sources is taken as 5, 10, and 85% respectively.

To demonstrate the developing restoration optimisation technique only the first year after
deposition has been considered here.

3.3 Countermeasures and limitations

The countermeasures considered for the scenario presented are:
� Shallow ploughing (to 20-30 cm depth) of pasture, edible crops, and silage fields
� Deep ploughing (to circa 45 cm depth) of pasture, edible crops, and silage fields
� Skim and burial ploughing of pasture, edible crops, and silage fields
� Addition of K-fertiliser to pasture, crops and silage fields
� Administering of AFCF to livestock (addition to concentrate for cattle; boli for sheep)
� Clean feeding of livestock
� Food bans with associated disposal of waste produce (ploughing-in for crops; on farm

burial for animals; on farm spreading to pasture for milk).

The effectiveness of ploughing based countermeasures was modelled as the redistribution
of 137Cs within the relevant depth of soil. As the plant uptake model uses soil exchangeable
potassium to estimate root uptake of radiocaesium the effect of K-fertilisation was modelled
as an addition to this pool.  It was assumed that three AFCF-boli were administered per sheep
or beef cow with a resultant 50 % reduction in the 137Cs activity concentration of meat at
slaughter; for dairy cattle it was assumed an 80 % reduction in milk 137Cs levels would be



achieved with the incorporation of 1 g AFCF kg-1 concentrate feed (i.e. cereal based
component of the ration).

The cost of countermeasure implementation was not assumed to be simply the costs of
materials required. The practical implementation of most countermeasures considered is
similar to routine agricultural practices (i.e. ploughing, fertilisation, animal feeding, spreading
of milk to pasture).  Therefore, the cost of a contractor supplying these services (the services
cost) was used; these values are collated for the UK annually (e.g. Nix 2001). Current year
‘farm gate’ values of produce and stock were assumed to compensate farmers for food bans;
service costs for housing and supplementary feeding were used to compensate loss of grazing
as a consequence of ploughing. We acknowledge that service costs and produce/stock values
may change following an accident however they represent current best estimate values.

It was not assumed that a countermeasure could be employed anywhere. Restrictions
on the use of farm machinery were imposed where the average slope in a given cell was
greater than 16o (22 cells) and deep ploughing was not allowed where the soil depth was less
than 50 cm (6 cells). Cumbria contains a national park and includes a number of
environmentally protected (by law) areas. Additionally many farms participate within agri-
environment schemes and there are some 

registered organic producers. The laws/agreements associated with these areas and
schemes dictate that under normal circumstances many of the countermeasures could not be
used (e.g. ploughing of grassland and increased fertilisation rates). Whilst consideration of
these factors within any remediation strategy is likely to be dictated by the magnitude of the
accident we should recognise that they exist; concerns by the farming community over
consumers views of countermeasure implementation have been recorded in similar areas of
the UK affected by the Chernobyl accident (Nisbet & Woodman 2000). In total 123 of the 271
cells would have restrictions on countermeasure use if these environmental areas/agricultural
schemes were respected. 

3.4 Countermeasure optimisation

In order to find the best countermeasure strategy for a specific scenario a target
function to be minimised is used, TF (£), which can be defined as:

TF = -Averted Dose (Sv) × Value of Averted Dose  (£ Sv-1)  + Cost of
Countermeasure implementation (£)

A range of cost per averted dose values are discussed in the literature and for the
purposes of the analysis presented here a mid-range value of £75000  Sv-1  is used.  The
outcomes of the analysis will be sensitive to this value and are therefore only illustrative.

The countermeasure cost can include not only the direct monetary costs of
implementation/waste disposal/compensation but also factors such as the “costs” of unfairness
in the dose distribution profile, environmental damage, or loss of aesthetic value caused by
each countermeasure if these can be given suitable monetary equivalents. Initial assessments
presented here consider direct costs associated with implementation, redistribution of dose is
considered later. Optimisation is achieved using a modified version of Powell’s conjugative
value method (Press et al. 1986). Implementation levels could be set to Community Food
Intervention Limits if desired.



Figure 1 presents the change in TF for normal ploughing (under the modelled
scenario) with changing level of implementation if this were the only countermeasure
implemented. The value of TF reduces as we move from the maximum implementation level
(far right of figure when ploughing is implemented in none of the cells). This is a
consequence of the cost ‘saving’ in averted dose exceeding the cost of countermeasure
implementation. The minima reached represents the most effective implementation level for
this countermeasure (i.e. this is the activity concentration in pasture vegetation at which it is
most effective to plough pastures to reduce collective dose). The plateau on the left of the
curve is reached at the lowest 137Cs activity concentration estimated in vegetation; reducing
the implementation level has no effect as there are no cells with lower 137Cs activity
concentrations in vegetation.

Two curves are shown on the figure one representing the allowance of ploughing in
any cell and the other restricting ploughing to those cells where it does not contravene
environmental protection legislation or agri-environment agreements. The lower minima is
reached when ploughing is allowed anywhere simply because ploughing is allowed in more
cells. 

3.5 Results

Table 1 presents optimum implementation levels for the countermeasures considered;
maximum predicted 137Cs activity concentrations in the various products are also shown.
Comparison  of the optimum and maximum levels indicate that ploughing and AFCF
administration to dairy cattle would be cost effective in only a few cells (i.e. optimum and
maximum values are similar). None of the other countermeasures considered were cost
effective within this assessment. Obviously this is an initial assessment and different results
would have been achieved if a longer time period and external doses were considered (e.g. the
cost effectiveness of  ploughing relative to some other countermeasures would increase in
both of these cases). 
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Figure 1:  Example of change in TF for normal ploughing with increasing implementation
level of  137Cs activity concentration in pasture grass. The two lines represent the allowance of
ploughing anywhere and the restriction of ploughing to those areas not within limiting
environmental protection/agricultural production schemes. 

Table 2 presents estimates of dose, TF and implementation cost for the optimum
restoration strategy over the first year after deposition and compare these to no
countermeasure implementation.  However, consideration of  the predicted distribution of
dose within the Cumbrian population shows a population sub-group receiving a comparatively
high ingestion dose (Figure 2). To reduce this a term was introduced to the  optimisation
target function which values the ‘injustice’ of the inequitable dose distribution: 

� ��
�

��
x

idxxixixPI )(610             

where I (£) is the injustice in the dose distribution profile, xi is the individual dose, P(xi) is the
number of people receiving dose (xi), and 106 (£ Sv-1) is an arbitrary conversion factor to
make the value of I comparable in magnitude to that of TF. This results in a lower range of
ingestion doses (Figure 2), as a consequence of reducing the implementation level for food
bans. The injustice in the dose distribution is almost halved compared to the initial
optimisation (Table 2). Table 2 also shows that the value of TF does not change between the
two optimisation runs. This is because the extra money spent in reducing the injustice in the
dose distribution profile is equal to the monetary value of the reduction in the injustice, which
in essence means that it is worth spending more money to get a fairer dose distribution under
the scenario defined. The reduction in dose is achieved by implementing food bans at a much
lower level than in the initial optimisation run (Table 1). We acknowledge that ‘injustice’ has
been equated here to an arbitrary monetary value to result in a more equitable distribution in
dose and that this may be contentious. However, it illustrates the potential flexibility of the
restoration optimisation methodology we are using.



Table 1. Optimised countermeasure implementation levels (where optimised level is the
activity concentration in the defined food product or pasture grass) compared to maximum
predicted activity concentrations. Where optimum implementation level (1) and (2) are the
results from model runs without and with an injustice in dose profile function respectively.

Countermeasure Optimum
implementation level

(1) (Bq 137Cs kg-1)

Optimum
implementation level

(2) (Bq 137Cs kg-1)

Maximum predicted
activity concentration

(Bq 137Cs kg-1)

Normal plough
pasture

171200 176300 177000

Administer AFCF
to dairy cattle

6740 6740 6800

Administer AFCF
to beef cattle

1060 1070 6410

Administer AFCF
to sheep

255 256 5170

Food ban 3340 880 48930

Table 2. Comparison of collective ingestion doses and costs of model optimisations with no
countermeasure implementation (optimisation (1) and (2) are the results from model runs
without and with an injustice in dose profile function respectively).

No
countermeasures

Optimisation (1) Optimisation (2)

Collective dose in
Cumbria (Sv)

6.35 4.04 2.89

Total collective
dose (Sv)

159 69.5 65.8

I (M£) (3.08)a - 0.85

Implementation
cost (M£)

- 2.13 2.33

TF (M£) - -4.64 -6.89
aOnly appropriate for comparison with optimisation (2).



                                                                   Figure 2

Figure 2: Predicted distribution in dose amongst Cumbrian population assuming no
countermeasure, countermeasures implemented at optimum TF values and countermeasures
implemented at optimum TF values with an injustice dose profile function. 
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