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INTRODUCTION
In general, the concept of optimisation in radiation protection and safety appears as

cost-minimisation in new procedures, methods in practices, and/or protective actions
following unacceptable contamination. In the practical implementation of the concept, the
cost of protective actions should be balanced with the benefits of exposure reduction.

The monetary value of the averted dose can be assessed by the product of the cost of
unit avoided collective dose (alpha-value) and the averted collective dose (ICRP 1991, 1993).
According to the ICRP and others, the monetary value of the averted dose – in addition to the
avoided health detriment – needs to take into account economical and social circumstances,
ethical factors etc. (ICRP 1993, 2000; IBSS 1995; Oughton 2000).

Most of the alpha-value assessments have been performed for workers (Hardeman et al.
1998; Lefaure 1998). Due to the different dose limitations and action levels for public
exposures the monetary value of the averted dose may vary whether the averted dose refers to
workers or to the public. Until now, only a few investigations have been performed to the
public exposures. Eeckhoudt et al. (1999) proposed a method based on compensation
dependency and on comparisons between the workers and the general public.

The present paper includes the results obtained by the WTP method for the public. The
questionnaire and analysis were developed by the CEPN (Centre d’Etude sur L’Evaluation de
la Protection dans le Domaine Nucleaire, France) for specialists in the nuclear field (Leblanc
et al. 1994). In 2000, questionnaire modifications were first introduced to adjust the
Hungarian factors (Eged et al. 2001, 2002). The questionnaire was further modified in 2001 to
take into account the Hungarian public factors.

METHODS
Based on our former investigations the dependency of the monetary value of unit

averted person-Sv on the individual dose has been formulated by the function
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where
α(d) : alpha-value; monetary value of unit averted collective dose for an individual

exposure level d (€ (person Sv)-1),
α0 : alpha-value for an individual reference dose level d0 (€ (person Sv)-1),
d : actual individual dose (mSv),
d0 : individual reference dose (mSv),
a : aversion coefficient (unitless).

The advantage of the mathematical form used in this study is that the aversion
coefficient is independent on the individual reference dose in the analysis of data.



Extensive modification of the former questionnaire both in form and content was
accomplished to make it understandable to the public. The original questionnaire developed
by the CEPN was addressed rather to persons educated at least to a secondary school level
with additional special knowledge in nuclear field. The target group to be interviewed in this
study was similar but without the demand of having any special radiation knowledge.
Therefore the aim was that all the questions had to be drafted without the use of radiation dose
quantities and dose limitations. In addition, the public acceptance of nuclear facilities is rather
influenced by persons with intermediate level of education (the share of them in villages is
nearly 15%, while that of the high level educated ones is 2–3% only).

Prior to completing the questionnaire a brief summary on radiation was provided during
the introduction to the groups of interviewees. Additional information on radiation were
provided only by the public newspapers and other general media sources. The first part of the
questionnaire included questions regarding personal information (sex, age, income of the
family etc.) and data on mortality in Hungary.

The second part of the questionnaire contained questions regarding to the value of the
statistical life. The successive reductions in risk were 1 in 10,000, 2 in 10,000, 5 in 10,000 and
finally 10 in 10,000. The value of life at a special risk level was calculated by dividing the
cost assigned to risk reduction by the value of this risk reduction (Eged et al. 2001). The
average value of life was calculated from the mean value of the answers at the 4 different
probabilities and the alpha-value by multiplying it by the factor 0.073 Sv-1 (ICRP 1991).

To evaluate the aversion coefficient, the same methodology was applied as described in
Eged et al. (2002). The evaluation was carried out on the basis of individual preferences
concerning the distribution of individual risk. The only change was that relative units on a
linear scale ranging from 1 to 10 were used in the tables instead of explicit dose values.
Linearity was assumed since the dose-effect relationship is assumed to be also linear.

In addition to the figures, graphs have been attached to aid in understanding the
variations of the quantities.

The questionnaire was given to 118 persons from four different regions of Hungary. The
first region is the city Pécs (close to the Uranium-mining site in south Hungary), the second
region is very close to NPP Paks (central region of Hungary), and the 3rd and 4th region are
40-60 km north of the NPP. The average duration of completing the questionnaire with 15
questions was 30 minutes. Nearly half of the questions were personal information, such as
sex, age, qualification in school, familial cancer history, etc. This sectional part was
completed quickly.

RESULTS
All the questions were answered nearly by all the 118 interviewees. But the number of

the respondents providing usable answers relevant for the alpha-function parameters was only
83-86 (~72%). It appears that these questions were too complex for the respondents to
understand and therefore provide valuable answers. Especially the branching following nested
instructions of types “if then” became problematic. In spite of the simplifications some
specialists in public radiation protection rejected the use of the questionnaire because of the
difficulties the public had in completing the questionnaire.

The α0-values resulted in a large range of values (all the results are in the range of 250-
280,000 € (person Sv)-1) and the distribution looks to be lognormal.



Having accomplished simple statistical calculations the mean values and standard
deviations of the logarithm of the α0-value and the aversion coefficient are listed in Table 1
according to the four different regions where the population was interviewed. The variance
analysis at p=0.05 provides no significant differences among the means of the four population
groups therefore all the cases were considered as one homogeneous population. Proximity to
nuclear facilities did not appear to be a factor.

The last row of Table 1 presents the mean and standard deviation of the parameters
attributed to the total respondents. After re-conversion of the logarithmic value
(log(α0)=4.08), the mean monetary α0-value becomes 12,000 € (person Sv)-1 and the range of
± two standard deviation (95% confidence interval) was 860 – 280,000 € (person Sv)-1.

The variation of the α0-value among the respondents resulted in a high correlation
(~0.98) among the WTP risks levels of 10-4, 2×10-4, 5×10-4 and 10-5. This indicates that the
respondents chose consequently high or small values for the statistical value of life. The slope
of the value of life with respect to the risk was estimated to be approximately 0.5 at these risk
levels. No significant correlation was observed between the α0-value and the aversion
coefficient.

Table 1. The mean values and standard deviations of the αbase-value aversion coefficient for
various living sites of the respondents

Living sites
Mean and st.dev. of

log(α0)*
Number of

cases
Mean and st.dev. of

aversion coeff.
Number of

cases.

Close to U-mine 4.32±0.63 26 2.50±0.55 31

Close to NPP 3.95±0.88 33 2.44±0.61 31

Far from NPP and
U-mine, 1 4.19±0.41 12 2.42±0.66 11

Far from NPP and
U-mine, 2 3.76±0.78 12 2.76±0.24 13

Total group 4.08±0.76 83 2.51±0.56 86
• The log(α0) values refer to € (person Sv)-1

Fig. 1 shows the alpha-values calculated according to the Equation 1 for the public
exposures. The calculations are performed using individual reference doses of d0=0.5 and 2
mSv. The comparisons of the curves show that the monetary value is highly sensitive to the
reference dose. Therefore, for practical use of the alpha-value the assessment of the reference
dose becomes important. The error bars in Fig. 1 show the 95 % confidence intervals derived
by error propagation.



Figure 1. The α-value with respect to the individual dose in mSv

According to the ICRP, the optimisation dose range for public exposure should be
annually ~0.05-0.5 mSv (less than the dose constraint and higher than exemption). On the
other hand, the smallest intervention dose for acute exposure is 10 mSv or rarely less than 10
mSv. For occupational exposure 1-2 mSv is used as the averaged annual dose contribution at
the workplace.

The smaller value of d0=0.5 mSv used as an example in Fig. 1 fits to the range of
optimisation in radiation protection practice to public, and the higher one (2 mSv) to the –
probable – very smallest value of intervention and to the annual dose of natural background
(2-3 mSv). Recently it is stressed (UNSCEAR 2000) that the use of optimisation based on the
collective dose quantity should be limited and the use of collective dose is less reliable for a
large population exposed to a very small individual dose. Therefore the value of d0 ≈ 2 mSv
effective dose might be more reliable than the 0.5 mSv one, especially for intervention and
remediation of contaminated area. Depending on the circumstances of exposures, economic
and social factors the reference dose could be varied.

CONCLUSION
In spite of carefully revising the questionnaire, nearly 30 percent of the respondents

could not provide proper data to the most significant questions. In addition to the
simplification of the questionnaire this gap might have been further reduced by extending the
completion duration. However, providing additional information during the interview could
influence the respondents and bias the results.
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According to the results, the monetary value of the unit averted collective dose at the
reference individual dose (α0-value) is practically equal both for occupational and public
exposures, due to the high uncertainty ranges. Moreover, we should note that proximity to
nuclear facilities did not appear to be a factor, neither for the U-mine nor the NPP. To reduce
the uncertainty ranges improved analysis is planned among the population in the same
regions. The improvement concerns rather to increase numbers of responders requested for
statistical distribution analysis (more than 100 members in each group) and the selection
should be representative. To make easier fulfilling the questionnaire interviews face to face
are to be supported instead of grouped ones. As a technical demand the risk levels are to be
extended to the internationally recommended values of annual mortality of 10-6.

In the higher ranges of individual exposures the monetary values for the public may be
five to ten times greater than for workers due to the higher aversion coefficient. From the
calculations of the error by the Equation 1, the ranges corresponding to the 95% confidence
intervals (± two standard deviation) are asymmetric around the mean values mainly due to the
lognormal distribution of the α0-values. According to the simulated values in Fig. 1 the higher
confidence limit is nearly 30 times higher, and the lower one about 30 times less than the
mean value. This means that the uncertainties of the assessments and sensitivity of the
individual dose levels are high.

Due to the high sensitivity of the alpha-value to the variation of individual reference
dose (d0) efforts are to be made to estimate a more reliable value for d0. In the range of public
dose contributions the safety fundamentals relating to radiation protection involve ethical
recommendations as well. Therefore the derivation of a generic d0-value may be less
successful and it should be varied depending on the circumstances of optimisation.

The model and method introduced by Schieber et al. (2000) resulted in a two to six
times greater value for the public exposure (70,000-210,000 € (person Sv)-1) in comparison to
the worker alpha-values. However, there was no discussion on the dependence of the
individual reference dose as a possible factor causing the difference.

The difference in the aversion coefficient between public and occupational situations
obtained by the WTP method in our investigations (2.51-1.86=0.65) seems to be not
significant due to the high average standard deviation (0.56). The values of aversion
coefficients assessed in Hungary are higher than assessed in France (Lefaure 1998).
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