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INTRODUCTION 

In the latest years stakeholders' involvement has been increasingly 
acknowledged as a key factor in risk informed decision-making. Starting from the 
lessons learned in the aftermath of the Chernobyl accident, the need for a 
holistic approach in nuclear emergency management has been highlighted first in 
a number of international projects in the early 1990's (French et al, 1992; 
French et al, 1993) and, more recently, in European Commission projects like 
STRATEGY, for site restoration, (Howard et al, 2005) and FARMING, for 
extending the stakeholders' involvement in countermeasures for the food chain, 
(Nisbet et al, 2005).   
 The heterogeneous nature of the consequences of potential decisions (e.g. 
radiological benefit, social and economic impact, environmental effects),  as 
well as the need to deal with conflicting objectives and value systems, make 
from multi-criteria decision aid MCDA a suitable methodological framework for 
promoting a good decision making process. 

The past use of formal multi-criteria decision aid (MCDA) tools with 
stakeholder involvement in nuclear emergency management (French et al, 2000; 
Hämäläinen et al, 1998; Hämäläinen et al, 2000; Gelderman et al, 2005) 
emphasized the added value of decision analyses. However, recurring remarks 
regarding the decision-aid tools revealed the importance of a systematic 
interaction with stakeholders, from the initial stages of designing a decision aid 
model, since the modelling and assumptions made here will affect both the 
decision aid process itself, as well as its final outcome. 

This paper focuses on a multi-criteria structuring process with stakeholders' 
participation and illustrates its findings from a questionnaire conducted in the 
Belgian context. A multidisciplinary approach is adopted, which follows the 
practical problem in parallel with the methodological steps of multi-criteria 
decision aid. The chosen case study regards the countermeasures for the 
management of radioactively contaminated milk. This is motivated by the 
importance of milk in the food chain and the rapid transfer to milk of some 
radionuclides, such as I-131 or Cs-137. The time framework addressed covers the 
early to intermediate phases of a radiological emergency. In case of milk, the 
limited storage facilities, as well as the constraints on the storage time of the 
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fresh product (maximum 72 hours) lead to a certain time pressure on the decision 
process.  

The purpose of our analysis is twofold: on the one hand to provide support 
in case of a real crisis, but most importantly, to improve emergency 
preparedness and response and to facilitate exercises and training.  

The stakeholders interviewed range from real decision makers to 
representatives of the production and processing sectors. As expected, the 
points of view are sometimes divergent and therefore the results of the 
questionnaire are discussed and suggestions are formulated for conciliating the 
various points of view that come into play. The type of stakeholders' process 
carried out is expected to ensure a higher degree of acceptability of the 
methodologies and tools employed.  

In the last section, provisional conclusions are drawn and directions for 
further development are envisaged. 
 
STAKEHOLDERS  

The responsibility for the decisions to be implemented at the level of food 
and agricultural countermeasures bears modifications in the different phases of 
the crisis management. In the emergency phase it lies with the Federal 
Coordination Committee, presided by its Emergency Director (Ministry of 
Interior). Once the emergency status is lifted, the subsequent management shifts 
towards the Food Agency. There are several organisations and political 
structures with representatives in the advisory and decision-making cells of the 
crisis centre, among which the Federal Agency for Nuclear Control, the Food 
Agency, the Ministry of Interior, Public Health, Environment, Employment and 
Work, Agriculture, Foreign Affairs, Finance (customs), Defence, Economical 
Affairs and Energy, specialised institutes.  

However, in our study we do not restrict to decision-makers or advisers 
only. The term stakeholder is rather employed (Banville et al, 1998) to designate 
any actor in the decision process who has a vested interest in it, directly 
affecting the decision through the position and resources he controls (Savage et 
al, 1991), or being affected by the way the problem is formulated and solved, 
having something to win or to loose (Freeman, 1984). Finally, a number of 18 
persons were interviewed, on the basis of their expertise, duties or interests in 
the management of contaminated milk, as well as their willingness to participate 
to this study. This accounted for the following domains: radiation protection and 
emergency planning (members of practitioners and/or experts with consultant 
role in  the federal crisis centre for radiological evaluations); radioecology 
(practitioners and/or experts with consultant role in the federal crisis centre for 
agricultural countermeasures); food chain control; decision making (Ministry of 
Interior); dairy industry; farmers association; communication; social science; 
public health (expert with consultant role in the federal crisis centre); provincial 
decision making and implementation of countermeasures; management of 
radioactive waste. 

The interviews were carried out on an individual basis through meetings 
consisting of two parts: a summary of basic notions of radiation protection and 
management options for contaminated milk, and a discussion based on a 
predefined list of questions. The protocol used draws from the method 
summarized by Belton and Stewart (2002) under the name CAUSE: Criteria-
Alternatives-Uncertainty-Environment-Constraints. 



 

 

 
PROBLEM CONTEXT 

In case of a radioactive release to the environment, the main goals of food 
and agricultural countermeasures are reducing the radiological risk for people 
consuming plant and animal products from the contaminated zones, and 
providing social reassurance (Vandecasteele et al, 2005). In the later phases, 
countermeasures are needed to restore as much as possible normal life in the 
affected regions, preferably allowing unrestricted activities and production of 
clean produce.  

For the management of contaminated milk, several individual or combined 
countermeasures (Howard et al, 2005; Nisbet, 2002) could be implemented, 
depending on the scale of the accident and the characteristics of the release: 

• disposal of all contaminated produce (e.g. by land spreading, 
processing for disposal, biological digestion, disposal to sea); 

•  elimination or reduction of activity in milk (e.g. clean feeding, feed 
additives, decontamination) and/or milk storage and processing to 
dairy products with low activity retention factor; 

• Stopping of lactation and/or slaughter of dairy cows. 
At the same time, the countermeasure strategy has to be optimised with 

respect to its form, as well as the scale and duration of the countermeasures 
applied (ICRP 63, 1993).  

 
THE OBJECT OF DECISION: POTENTIAL ACTIONS 

We will subsequently call action a potential decision to be implemented, in 
our case, for the management of contaminated milk. Some considerations are to 
be made concerning the potential actions: 

• Category dispersion: when an action consists of one or more individual 
countermeasures which can be combined in various ways (see Table 1 
for a discussion);  

• Geographical dispersion: different countermeasures could in principle 
be applied for different zones depending on the deposition levels. For 
radiation protection experts it would be desirable to act even farm-
based, but from practical reasons illustrated by, e.g. the 
representative of the dairy industry and the provincial decision-maker, 
it is not reasonable to divide the contaminated area in too many such 
zones. For the dairy industry contaminated vs. non-contaminated is 
the only reasonable distinction, perhaps with exclusions of "hot-spots". 

 
  Table 1: Stakeholders' feedback on types of combined strategies 

Type of combined strategy Comments from stakeholders 
Strategy = two or more 
countermeasures executed 
simultaneously (Brown et al., 
2000), for as long as they are 
efficient. 
E.g. addition of AFCF to animal 
feed + processing milk to 
butter.  

• no strong objections formulated as 
such; 

• would be conditioned by consumer’s 
acceptance. 

Strategy = a plan, with variable • generally agreed with, at least for in 



 

 

timing and duration for the 
countermeasures applied. 
E.g. dispose of the 
contaminated milk for the first 
2 weeks after deposition, then 
process the milk to butter.  
 

what concerns the preparation phase; 
• strongly supported by the farmers' 

representative; 
• persons from the dairy industry, 

radioactive waste management, 
communication, argue that in reality, 
decisions would be serial, due to 
inherent uncertainties. 

Strategy = fractionated 
treatment of production (Perny 
and Vanderpooten, 1998). 
E.g. process 50% of the 
contaminated milk to butter and 
dispose of the rest, in  case 
there would be no market for 
this other 50%. 
 

• can be envisaged between (large) 
zones with different activities 
deposited; 

• from the dairy industry's point of view 
separate collection is possible, but 
fractionate processing would be 
problematic;  

• dealing with part of the production as 
waste and processing the other part 
for human consumption is difficult to 
explain to the public, but may be a 
reasonable way to deal with a limited 
market segment.  

 
OUTPUT OF THE DECISION-AID MODEL 

Decision aid may be employed for various purposes (Roy, 1996): i) choice of 
the best action or set of  best actions; ii) ranking all potential actions, e.g. from 
best to worst; iii) classification of actions, based on given class profiles, e.g. 
"acceptable", "possibly acceptable", "unacceptable"; or iv) methodological 
description of the all potential actions.  

During the discussions, ranking the possible countermeasure strategies was 
highlighted as most adequate by a majority of stakeholders, among which the 
decision makers at federal and provincial levels and the farmers' representative, 
and this can be achieved with a large variety of MCDA methods.  

The choice of the "best" action was in general considered too limitative 
(e.g. by the person from the Food Agency), possibly because it brings with it the 
danger of relying exclusively on the model. On the other hand, i.e. the one 
leaving formulation of comprehensive preference entirely to the decision makers' 
responsibility was favoured by fewer persons, but notably by the person from 
the Food Agency. 

In what regards sorting, although especially preferred by some radiation-
protection experts, it was opposed the farmers' representative as being too 
difficult to explain to the farmers.  
 
EVALUATION CRITERIA 

Evaluation criteria reflect the stakeholders' values, each criterion 
reflecting a specific point of view and allowing to establish partial preferences 
between potential actions. In our study we made use of a "bottom-up approach" 
(Roy, 1996) for building evaluation criteria. This identifies first all the relevant 
effects/attributes/consequences of potential actions (we shall globally call these 
"attributes"). The starting point in our study was a list of candidate criteria 



 

 

derived from the literature (Howard et al, 2005). The stakeholders interviewed 
were asked to comment on this list and to amend it, if found necessary.  

From the total number of 34 revealed by the stakeholders' process, a first 
filtering set aside those attributes better suited for preliminary screening of 
actions, rather than evaluation criteria. A second filtering retained those 
attributes which can also be evaluated in a consistent manner within reasonable 
time and effort, for all potential actions. Further on, by partial synthesis of the 
remaining consequences, a family of evaluation criteria was built, taking account 
of basic consistency properties (Roy, 1996) which should ideally be satisfied: 

• Exhaustiveness, i.e. all fundamental aspects of the decision problem 
are taken into account; 

• Cohesiveness, i.e. the partial preferences modelled by each criterion 
are consistent with the global preferences (monotonicity of 
preferences); 

• Non-redundancy, i.e. the chosen family is minimal with respect to the 
previous two properties (no double-counting). 

In the following sub-sections, we elaborate on the evaluation criteria 
constructed.  

 
Health impact at individual level for members of the population 
The benefit of an action in terms of health of an individual consuming 

contaminated foodstuff is a broad objective and can be expressed by many 
attributes. Various types of individual doses can be estimated: avertable dose 
(amount of detriment in health that can be avoided) or received dose (amount of 
detriment remaining after implementing an action). These can be, in turn, organ 
doses (e.g. dose to thyroid) or effective doses (taking the dose distribution into 
all organs into account).  

Which attributes are best suited to model the health impact on the 
individual strongly depends not only on the problem instance, but also on the 
hypotheses made in calculating these quantities. For example, if the assumption 
is made that all products which do not comply with the CFILs (Council Food 
Intervention Levels- CEC 1989) are disposed of, the most important part of the 
activity is anyway eliminated, whatever the strategy considered. It can thus 
happen that the maximal avertable individual doses (effective or thyroid), which 
would be the usual choice, can not discriminate between potential actions. 
Therefore, the received individual doses - effective and/or thyroid- could be 
retained instead, and connected to these, two different evaluation criteria can 
be considered. However, in case of, e.g. a predominant iodine contamination, 
there may be a high correlation between the received individual doses, effective 
and thyroid, which makes it sufficient to retain only one of them (thus only one 
criterion instead of two).   
 

Health impact at population level 
One of the following (correlated) attributes could be chosen to describe the 

health impact of an action on the whole population: the collective ingestion dose 
(avertable or received, effective or thyroid), or the number of stochastic health 
effects. Despite of the currently ongoing discussions in the scientific community 
regarding the use of collective dose as a valid criterion to discriminate between 
potential actions, this was nevertheless supported by the person from the Public 
Health. 



 

 

The collective dose was also seen by stakeholders as a more objective 
measure, but it is expected that it would be less comprehensible for the general 
public, than the number of stochastic health effects. The selection of the 
attribute(s) to be used for constructing evaluation criteria has to take account of 
the same issues as the above mentioned ones for the individual doses. In 
addition, one must also try to avoid double-counting, by taking into account the 
possible correlation which may appear between the values of the collective and 
individual doses, depending on the calculation mode (e.g. is the complete diet 
taken into consideration? which dose conversion factors are used for calculating 
collective dose?). 

Finally we note the remark that in order to preserve the exhaustiveness of 
the chosen family of criteria, the received doses should be included in the list of 
criteria such as to account also for potential longer term benefits (e.g., total 
elimination of contaminated milk by slaughter of dairy cows).   

 
Incremental dose to implementers 
Commonly used attributes for are: the maximal workers' dose and the 

collective workers' dose. Some interviewees suggested using the (maximal) 
worker's dose, but as a screening tool instead of evaluation criterion. This would 
mean that all strategies should comply with the legal yearly individual dose to 
workers, below which there would be no discrimination between potential 
actions. A more elaborated option is the use of e.g. a qualitative scale as 
following one (the score is to be minimised):  

• below 300 µSv/y: very low dose: score 1; 
• between 300 µSv/y and 1 mSv/y: score 2; 
• between 1mSv/y and 20 mSv/y: larger than the dose for members of 

the population, but smaller than the yearly dose limit for 
occupational exposure: score 3; 

• above 20 mSv/y: score 4. 
 
Economic cost 
This includes the financial, direct, costs of implementation: resources, 

labour, compensation paid to farmers or dairy industry, as well as the cost of 
waste disposal. In the early phase it was emphasized as having lower importance 
than other criteria. However, if all products above the CFILs are disposed, the 
discrimination power of the health criteria decreases, while the economic cost 
may become one of the driving factors.  

 
 

Feasibility (excluding waste)  
Feasibility comprises availability of know-how, materials, man-power, time 

and infrastructure. The majority of the interviewees favoured a qualitative 
evaluation of feasibility and therefore the following 3-point scale is proposed 
(the score should be maximised):  

• All factors available: score 3 (high feasibility): 
• Some factors may not be readily or fully available, but can be acquired 

with reasonable time and effort: score 2 (medium feasibility); 
• Any other situation: score 1 (low feasibility). 

 



 

 

Feasibility of waste treatment  
The feasibility of waste treatment depends on many factors, but mainly on 

the volume of waste produced and the fraction of the total volume that can be 
treated as non-radioactive waste. In case of milk, the waste produced is most 
likely to be considered non-radioactive or low level radioactive waste. The 
evaluation of actions should be made in collaboration with the waste companies, 
but for exercise purposes (and in the case when the decision about the waste 
disposal option is not immediate), the total volume of waste milk could be 
selected as the descriptive attribute for this criterion.  

 
 Acceptability for farmers  

This is determined by the direct costs for farmer, the degree of disruption 
from normal agricultural practices and the psychological degree of acceptance. 
The farmer's representative underlined that for farmers the most important 
thing is to have the guarantee that the production can continue, while the 
additional costs should be kept as low as possible. A qualitative evaluation of 
potential actions was preferred, as follows (score is to be maximised):  

• "do nothing", feed additives, processing for consumption, clean 
feeding: production can continue, possibly with minor changes:  score 
4 (high acceptability for farmers); 

• disposal: production continues, but milk is lost: score 3 (medium 
acceptability for farmers); 

• suppression of lactation: production stopped for few months, but in 
theory it can be restarted at the next lactation cycle: score 2 (low 
acceptability for farmers); 

• slaughter of dairy cows: production stopped, cattle lost: score 1 
(very low acceptability for farmers).  

For actions combining 2 items of the above, the conservative approach can 
be adopted, i.e. the score of the combined strategy is equal to the score of the 
"worst" of them. 

 
Acceptability for the dairy industry  
The acceptability for the dairy industry is mainly driven by the economic 

costs implied, originating either from the additional work needed- including the 
cost of products that cannot be sold- or from decontamination of installations, 
etc. As above, the evaluation of potential actions should be provided by the 
dairy industry representatives. In general, more radical measures (e.g. disposal 
of all contaminated milk) are preferred, provided they can ensure a faster return 
to normal life. As the favoured evaluation method was by means of qualitative 
labels, a 3-point qualitative scale is proposed, with the following evaluation for 
individual countermeasures involving the dairy industry (score is to be 
maximised): 

• food ban, suppression of lactation, slaughter of dairy cows : score 3 
(high acceptability for the dairy industry); 

• feed additives, clean feeding, milk decontamination: score 2 (medium 
acceptability for the dairy industry); 

• processing for consumption, do nothing: score 1 ( low acceptability 
for the dairy industry); 



 

 

In certain situations mutual comparison between potential actions may 
however prove easier to assess than the overall evaluation of a countermeasure 
strategy on the qualitative scale like the one above.  

 
Public acceptability 
Although recognized as an important criterion by all stakeholders, in the 

early to intermediate phases there is a large uncertainty associated with public 
acceptability. Results from public enquiries or consumption statistics would most 
likely not be available yet. Vandecasteele et al (2005) point out that the recent 
food chain crises in Belgium (BSE, dioxin crisis, foot and mouth disease, fowl 
plague) increased the sensitivity and intolerance of consumers, presumably 
leading to a strong pressure to dispose of any suspicious food product (high 
acceptability of "disposal", as opposed to low acceptability of the "no 
countermeasures" action).  

Of lower acceptability than "disposal", but better accepted than "no 
countermeasures" would probably be those actions perceived as alienation of the 
product and the production chain or as 'artificial' production mode (e.g. 
additives or decontamination). These have been underlined in recent report of 
the Belgian Food Agency (http://www.favv-
afsca.fgov.be/p/images/cereus/f/pdf/rapport/Info_FRB_Fr_Final) as important 
factors affecting the citizens' perception on food safety.  

In the case of a limited scale contamination of the food chain, for which 
values above CFILs have been measured in milk, a likely scoring for individual 
countermeasures is (score to be maximised): 

• food ban: any contamination is eliminated: score 5 (very high public 
acceptability); 

• clean feedstuff: milk is clean but comes from contaminated area, 
lower acceptability; score 4 (high public acceptability);  

• feed additives: milk is clean, but an artificial component is 
introduced in the production chain; score 3 (medium public 
acceptability); 

• processing for consumption, decontamination: final products are 
clean but they originate from "contaminated" milk; score 2 (low 
public acceptability); 

• "do nothing": least acceptable; score 1 (very low public 
acceptability). 

 
Environmental impact  
The environmental impact of a potential action is determined by a number 

of factors, among which: impact on agricultural land (is the land lost for 
agricultural production, is the fertility affected?), pollution (water, soil or air 
quality may be affected), impact on biodiversity. In practice, there exist legal 
norms for specific activities connected to the management of contaminated milk, 
e.g. quantities that can be land-spread, etc. Correlated to that, some 
interviewees pointed out the importance of considering both the magnitude of 
the environmental damage, as well as the time extent needed for remediation. A 
qualitative scale is proposed below (the score is to be minimised), but a more 
thorough analysis is doubtless needed:  



 

 

• none or low negative impact on all factors; the effects are subscribed 
to that of current practices; pollution norms are respected: score 1;  

• there may be factors for which the evaluation is unfavourable, e.g. 
some pollution norms trespassed, but the environment can be 
remediated without too much effort (financial and/or as time): score 
2; 

• long lasting or important irreversible damage or a difficult/costly 
restoration process is needed: score 3.  

 
Reversibility 
Reversibility was mentioned as an important factor by only two persons, 

both with radiation protection background (reversibility is preferred to 
irreversibility). It refers to the possibility to correct an inadequate decision in 
the light of new evidence and is in general recognized (Tyler, 1988) as being one 
of procedural fairness. Clearly some countermeasures are irreversible (slaughter 
of dairy cows, ploughing), other reversible, but with certain drawbacks 
(processing, decontamination), the rest being reversible.  

 
Uncertainty of outcome 

 This refers to the sensitivity of an action to exogenous factors. In this 
respect, food banning is preferred e.g. to processing for human consumption 
since the success of the latter depends on consumers' behaviour. The following 3-
point qualitative scale (the score is to be minimised) can be used for individual 
countermeasures, whereas for combinations, a conservative approach could be 
adopted: 

• food ban, suppression of lactation, slaughter of dairy cows: score 1 
(low uncertainty of outcome); 

• clean feeding: score 2; 
• the rest: score 3 (stronger dependence on exogenous factors, high 

uncertainty of outcome). 
 

INTER-CRITERIA INFORMATION  

In order to derive global preferences in the context of conflicting evaluation 
criteria, priorities have to be set, i.e. the relative importance of criteria has to 
be defined. This notion can be interpreted differently (Roy and Mousseau, 1996), 
depending on the parameters and the type of aggregation used to model the 
global preferences. In particular, we investigated on four types of inter-criteria 
information: 

1. Weights as substitution rates between criteria, as used in fully 
compensatory methods such as, e.g. in the multi-attribute 
utility/value methods (Keeney and Raiffa, 1993) or some interactive 
methods.  

2. Weights as intrinsic importance coefficients; some methods using such 
parameters are ELECTRE (Roy, 1991) and PROMETHEE (Brans et al, 
1984) use. In the ELECTRE type methods, these importance weights 
are combined with veto thresholds. 

3. Complete ranking of criteria with possible ties like in e.g., the 
lexicographic aggregation.  

4. Partial ranking of subfamilies of criteria.  



 

 

The results of the questionnaire revealed a higher acceptance of qualitative 
approaches (methods 3 and 4), with two oppositions (public health and social 
science) for method 3, and, respectively, only opposition (radioecology), for 
method 4. The concept of weights as intrinsic importance coefficients proved 
hard to understand, but still encountered a smaller number of opponents than 
weights associated with substitution rates. The main argument against the latter 
was based on ethical motivations, e.g. the difficulty to argue for a value trade-
off between the doses received and economic cost. The person from Public 
Health mentioned however that a radiological problem would be just one more 
item added to the global list of potential risks, and has to be treated as such 
when allocating resources. 
 
 
 
 
 
CONCLUSIONS 

The analysis of the questionnaire carried out with a group of stakeholders 
highlighted key elements of a multi-criteria decision aid framework for the 
management of contaminated milk, but the results can presumably be, at least 
partly, extended to a broader context.  

Different definitions for the set of potential actions were studied, 
corresponding to certain types of combinations of individual countermeasures. 
The results show that for preparedness of emergency response it is worthwhile 
considering combinations of consecutive actions. In a real case, the focus is likely 
to be set for practical reasons on a single time interval.   

The specification of the decision framework points mainly to ranking all 
possible actions, but a considerable amount of interest has also been expressed 
connected to the sorting and design frameworks, with an emphasis on the need 
for model flexibility. This leaves a certain degree of freedom in the choice of the 
multi-criteria decision aid method to be used further. 

A family of evaluation criteria was synthesized, for which basic consistency 
properties, as well as different methods of assessing the relative importance of 
criteria were analysed. Attention was drawn on the fact that certain correlation 
may exist between criteria pertaining to the health impact, and thus on the 
necessity to thoroughly study the hypotheses behind the models used to evaluate 
potential actions in this respect. At the same time is appears necessary to 
further study certain criteria which are yet insufficiently described, should they 
be used in a multi-criteria analysis. For example, in what regards public 
acceptability, we intend to integrate in future the findings of a public enquiry on 
food countermeasures which is now under course and will be published 
elsewhere.  

In what regards the inter-criteria information, the preference towards a 
qualitative expression of this information seems to point towards outranking 
multi-criteria decision aid methods, choice which is in fact motivated also by the 
heterogeneity of consequences of potential actions and the difficulty to quantify 
compensation issues between criteria. Further study needs to address the most 
suitable method for deriving the global preferences on actions and the 
development of a recommendation, given the characteristics of the problem 
context.  



 

 

Despite inherent difficulties due to the multi-disciplinary character of the 
problem studied and the different background of the persons interviewed, the 
process was positively appreciated. The divergences observed in the various 
stakeholders' viewpoints - even inside the same category of stakeholders, 
substantiate the need for stakeholders' involvement from the first stages of 
multi-criteria decision-aid model design, in order to ensure a higher degree of 
acceptability of the methodologies and tools employed. 
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