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FOREWORD 

The Chernobyl accident in Aptil 1986 clearly shoved that communication 
with the public was one of the areas where there was a strong nee') for 
improvement, particularly concerning the nature and extent of the information 
provided by national authorities. The countermeasures adopted by public 
health authorities also raised difficulties in terms of public understanding 
and acceptance due, in part, to the perception of discrepancies in national, 
regional or local response to the accident, but also to a more basic lack of 
comprehension of the complex radiation protection considerations involved. 

In an attempt to help improve the situation, the NEA Committee on 
Radiation Protection and Public Health decided to organise a Workshop on 
public communication in the event of a nuclear accident, centered on radiation 
protection issues. The purpose of this Workshop was to analyse appropriate 
methods and language to be used when explaining to the public the scientific 
concepts underlying radiation risks and radiation protection, and the 
technical rationale for the choice of protective actions in an emergency. 

The Workshop brought together radiation protection experts and 
specialists in communication on scientific matters, representing 11 countries 
and two international organisations. It was chaired by Mr. Geoffrey Webb, 
Secretary, National Rad logical Protection Board, United Kingdom. 
Participants discussed the various aspects of communicating scientific and 
technical matters to the public and the specific problems encountered in 
explaining radiation protection and accident management concepts. Some 
criteria for the development of a more easily understandable language in this 
field were established. The participants also agreed on a number of 
conclusions and recommendations regarding both the attitude to be adopted in 
informing the public and the language to be used. 

It is hoped that this document will provide useful guidance to 
professionals in the nuclear field who need to communicate with the public, 
either directly or indirectly through the media and other channels, in both 
normal and accidental conditions. 
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AVANT-PROPOS 

L'accident survenu a Tchernobyl en avril 1986 a clairement montre que 
la communication avec le public est l'un des domaines qui appellent incontes-
tablement des ameliorations, notamment en ce qui concerne la nature et 
l'etendue des informations fournies par les autorites nationales. Les contre-
mesures adoptees par les autorites chargees de la sante publique ont egalement 
suscite des difficultes, au niveau de leur comprehension et de leur accepta
tion par le public - difficultes imputables en partie a la perception de di
vergences dans les reactions nationales, regionales ou locales, mais aussi a 
un manque plus fondaimntal de comprehension des questions complexes de radio-
protection en jeu. 

Afin de contribuer a ameliorer cette situation, le Comite AEN de pro
tection radiologique et de sante publique a decide d'organiser une reunion de 
travail sur la communication avec le public en cas d'accident nucleaire, axee 
sur les problemes de radioprotection. Cette reunion avait pour objet d'analy-
ser les metnodes et la terminologie qu'il conviendrait d'utiliser pour expli-
quer au public les concepts scientifiques relatifs aux risques dus aux rayon-
nements et a la radioprotection, ainsi que les justifications techniques du 
choix des mesures de protection en cas d'urgence. 

La reunion de travail a rassemble des experts en radioprotection et des 
specialistes de la communication en matiere de questions scientifiques, qui 
venaient de onze pays et deux organisations internationales. Elle a ete 
presidee par M. Geoffrey Vebb, Secretaire du Conseil national de radiopro
tection (NRPB) du Royaume-Uni. Les participants ont examine les divers aspects 
de la communication d'informations scientifiques et techniques au public et 
les problemes specifiques qui se posent lorsqu'il s'agit d'expliquer les 
concepts de radioprotection et de gestion des accidents. lis ont propose 
certains criteres permettant de mettre au point une terminologie plus faci-
lement comprehensible dans ce domaine. Les participants se sont egalement mis 
d'accord sur un certain nombre de conclusions et de recommandations tant au 
sujet de l'attitude a adopter pour informer le public que de la terminologie a 
employer. 

On espere que ce document fournira des indications utiles aux specia
listes des questions nucleaires qui ont besoin de communiquer avec le public, 
directement, ou indirectement par 1'intermedial re des medias et par d'autres 
voies, aussi bien dans des conditions normales que dans des conditions d'acci
dent. 
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INFORMING PEOPLE ABOUT RADIATION RISKS: A REVIEW 
OF OBSTACLES TO PUBLIC UNDERSTANDING 
AND EFFECTIVE RISK COMMUNICATION 

Vincent T. Covello, Ph.D. 
Center for Risk Communication 

School of Public Health 
Columbia University 
New York, New York 

Abstract 

This paper reviews the literature on informing people about 
radiation risks. The paper focuses on obstacles to public 
understanding and effective risk communication. The paper 
concludes with a set of guidelines for communicating information 
about radiation risks to the public. The paper also includes an 
appendix that reviews the literature on one of the most important 
tools for communicating information about radiation risks: risk 
comparisons. 

I. Introduction 

The goal of informing the public about radiation risks seems easy 
in principle but surprisingly difficult in practice. To be 
effective, government and industry officials must overcome a 
number of significant obstacles. These obstacles can be organized 
into four conceptually distinct, but related categories: (1) 
limitations of scientific data about radiation risks; (2) 
limitations of government officials, industry officials, and 
other sources of information about radiation risks; (3) 
limitations of the media in reporting information about radiation 
risks; and (4) limitations of the human mind in assimilating and 
understanding information about radiation risks. Each of these 
obstacles is discussed below. 
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II. Limitations of Scientific Data About Radiation Risks 

One of the principal strengths of scientific assessments of 
radiation risks is that they attempt to minimize ambiguities by 
providing results in the precise language of numbers. Because 
radiation risk assessments are based on the concept of 
decomposing a situation into its logical pieces, they also 
provide an effective means for organizing and analyzing complex 
health, safety, and environmental data. 

Despite these strengths, even the best radiation risk assessment 
cannot provide exact answers (e.g., Merkhofer and Covello, 1984). 
Due to limitations in scientific understanding, data, models, and 
methods, the results of radiation risk assessments are at best 
approximations. Moreover, uncertainties in the results often 
combine to produce wide ranges of estimates (e.g., Press, 1987). 
For example, a recent study by U.S. Nuclear Regulatory Commission 
estimated that the risk of a core-melt at a nuclear power plant 
ranged between 1 chance in 10,000 to 1 chance in 1,000,000, 
depending on assumptions that were made (U.S. Nuclear Regulatory 
Commission, 1987). 

The limitations inherent in radiation risk assessments are 
especially evident in the assessment of chronic health effects 
due to low-level exposures to radiation (Merkhofer and Covello, 
1984) . The models designed to extrapolate results from high 
doses to low doses are, for example, often highly uncertain and 
controversial. In some cases, different models for extrapolating 
from high-dose exposures to low-dose exposures produce estimates 
that differ by several orders of magnitude at the expected levels 
of human exposures. Contributing to the uncertainty of such 
estimates are difficulties in estimating expected levels of human 
exposure, in estimating synergistic and antagonistic effects 
(interactions between two or more toxic substances), in 
estimating differences between administered dose and effective 
dose, and in estimating effects on sensitive populations such as 
children, pregnant women, and the elderly. 

Parallel problems exist in engineering risk assessments designed 
to estimate the probability and severity of nuclear power plant 
accidents. Risk estimates for such facilities are often derived 
from theoretical models that attempt to depict all possible 
accident sequences and their judged probabilities. Limitations 
in data, in models, in analytical methods, in the quality of 
expert judgments about the probabilities of individual accident 
sequences, and in the rules for combining probability estimates 
can seriously compromise the reliability and validity of the 
assessment (U.S. Nuclear Regulatory Commission, 1984; Hadlock and 
Covello, 1985). 
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Due to these and other factors, virtually all radiation risk 
assessments are characterized by substantial uncertainties. 
Specifically, uncertainties in radiation risk assessments derive 
from four generic sources: (1) statistical randomness or 
variability of nature (e.g., variability due to differences 
between individuals in their susceptibility and responses to low 
doses of radiation), (2) lack of scientific knowledge, e.g., lack 
of knowledge about the mechanisms by which low doses of radiation 
produce particular adverse effects, including cancer and 
reproductive effects, (3) lack of scientific data, e.g., lack of 
laboratory and epidemiological data about the toxicological 
effects of low doses of radiation; and (4) imprecision in risk 
assessment methods, e.g., imprecision due to variations in 
protocols for the conduct of laboratory or field studies of 
radiation exposure. 

These various limitations of the radiation risk assessments 
invariably affect communication in the adverserial climate that 
surrounds most radiation issues. For example, critics have often 
attacked assessments produced by government agencies and industry 
on the grounds that the results are highly uncertain. Part of the 
criticism derives from a concern that the public will be misled 
by assessments that claim greater quantitative precision that can 
reasonably be justified by the quality of the data or by the 
current degree of scientific understanding. 

III. Limitations of Government Officials, Industry Officials, 
and Other Sources of Information About Radiation Risks 

The primary sources of public information about radiation risks— 
government regulatory agencies and the nuclear power industry— 
often lack trust and credibility. In the United States, for 
example, overall public confidence and trust in government and 
industry has declined precipitously over the past two decades 
(Harris, 1984; Ruckelshaus, 1983; 1984; 1987). For example, in 
1966, 55 percent of the public had a great deal of confidence in 
major business companies. By 1980, this had dropped to 19 
percent. 

Trust and confidence are intimately linked and can be undermined 
by numerous factors. In the nuclear power industry, these 
factors include public perceptions (a) that the activities of 
government regulatory agencies are overly influenced by the 
nuclear power industry, (b) that government regulatory agencies 
are inappropriately biased in favor of promoting nuclear power, 
(c) that personnel in government agencies and the nuclear power 
industry are not technically competent, (d) that the nuclear 
safety activities of government regulatory agencies and the 
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nuclear power industry have been mismanaged, and (e) that 
experts and officials in government regulatory agencies and the 
nuclear power industry have lied, presented half-truths, or made 
serious errors in the past. 

Several other factors also undermine public trust and confidence 
in the nuclear power industry. First, highly visible 
disagreements between radiation risk assessment experts have 
undermined public trust and confidence. Because of different 
assumptions, data, or methods, radiation risk assessment experts 
often engage in highly visible debates and disagreements about 
the reliability, validity, ard meaning of radiation risk 
assessment results. In many case:, equally prominent experts have 
taken diametrically opposed positions on radiation risk 
assessment issues. While such debates may be constructive for the 
development of scientific knowledge about the effects of 
radiation, they often undermine public trust and confidence in 
the nuclear power industry. 

A second factor undermining public trust and confidence in the 
nuclear power industry is the lack of resources for radiation 
risk assessment. These resources are seldom adequate to meet 
demands for action by citizens or interest groups. Explanations 
by officials that the generation of data about radiation risks is 
expensive and time consuming—or that risk assessment and 
management activities are constrained by resource, technical, 
statutory, or other limitations—are seldom perceived to be 
satisfactory. Individuals facing a new radiation risk problem 
(e.g., a newly discovered earthquake fault line under a nuclear 
power plant) are especially reluctant to accept such claims and 
often demand that operations and activities be curtailed. 

A third factor undermining public trust and confidence in the 
nuclear power industry is the lack of adequate coordination among 
responsible authorities. Approaches to radiation risk assessment 
and management by different authorities are often inconsistent. 
At the international level, for example, no requirement exists 
for agencies in different countries to develop coherent, 
coordinated, consistent, and interrelated plans, programs, and 
guidelines. As a result, the international system for radiation 
risk assessment tends to be highly fragmented. As witnessed 
during the Chernobyl crisis, this fragmentation often leads to 
jurisdictional conflicts about which agency and which level of 
government has the ultimate responsibility for assessing and 
managing radiation risks. Lack of coordination, different 
mandates, and confusion about responsibility and authority also 
lead, in many cases, to the production of multiple and competing 
radiation risk assessments—each of which might provide a 
different estimate of risk. The result of such confusion is 
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often an erosion of the public trust, confidence, and acceptance. 

A fourth factor undermining public trust and confidence in the 
nuclear power industry is the lack of adequate risk communication 
skills among government and industry officials. For example, 
government and industry officials often use technical language 
and scientific jargon in communicating the results of radiation 
risk assessments to the media and the public. The use of 
technical language is not only difficult to comprehend but can 
also create a perception that the expert is being unresponsive 
and evasive. A statement by an official indicating that "the 
local drinking water is contaminated with x amount of radiation 
and poses a lifetime risk no greater than one in a million to a 
person exposed for 70 years" may be technically correct but may 
also leave individuals suspicious and confused about the meaning 
and relevance to their particular situation. Exacerbating the 
problem is the lack of atte tion paid to translating unfamiliar 
radiation risk assessment concepts and terms such as rads, rems, 
and curies into terms that the public can understand. 

A fifth factor undermining public trust and confidence in the 
nuclear power industry is insensitivity by government and 
industry officials to the information needs and concerns of the 
public. Government and industry officials often operate on the 
assumption that they and their audience share a common framework 
for evaluating and interpreting the significance of information 
about radiation risks. However, research conducted by behavioral 
and social science researchers suggests? that this is often not 
the case (e.g., Covello, 1983; 1984; Slovic, 1987; Vlek and 
Stallen, 1981). One of the most important findings to emerge from 
this literature is that the public takes into consideration P. 
complex array of qualitative and quantitative factors in defining 
and evaluating information about radiation risks (Slovic, et. 
al., 1980; Vlek and Stallen, 1981; Litai et. al., 1983; Renn, 
1981; Otway and von Winterfeldt, 1982; Covello, 1983). 

These include: 

(1) catastrophic potential, i.e., people are more concerned about 
fatalities and injuries that are grouped in time and space (e.g., 
fatalities resulting from the Chernobyl nuclear power plant 
accident) than about fatalities and injuries that are scattered 
or random in time and space (e.g., automobile accidents); 

(2) familiarity, i.e., people are more concerned about risks that 
are unfamiliar (e.g., the risk of a nuclear power plant accident) 
than about risks that are familiar (e.g., household accidents); 

(3) understanding, i.e., people are more concerned about 
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activities characterized by poorly understood exposure mechanisms 
or processes (e.g., exposure to radiation) than about activities 
characterized by apparently well understood exposure mechanisms 
or processes (e.g., pedestrian accidents or slipping on ice); 

(4) uncertainty, i.e., people are more concerned about risks 
that are scientifically unknown or uncertain (e.g. modeling data 
on low doses of radiation) than about risks that are relatively 
known to science (e.g., actuarial data on automobile accidents); 

(5) controllability, i.e., people are more concerned about risks 
that they perceive to be not under their personal control (e.g., 
accidents at nuclear power plants) than about risks that they 
perceive to be under their personal control (e.g., driving an 
automobile or riding a bicycle); 

(6) volition, i.e., people are more concerned about risks that 
they perceive to be involuntary (e.g., exposure to radiation from 
a nuclear power plant accident) than about risks that they 
perceive to be voluntary (e.g. smoking, sunbathing, or mountain 
climbing); 

(7) effects on children, i.e., people are more concerned about 
activities that put children specifically at risk (e.g., milk 
contaminated with radiation or exposures to radiation by pregnant 
women) than about activities that do not put children 
specifically at risk (e.g., adult smoking); 

(8) effects manifestation, i.e., people are more concerned 
about risks that have delayed effects (e.g., the development of 
cancer after exposure to low doses of radiation) than about risk 
that have immediate effects (e.g., poisonings). 

(9) effects on future generations, i.e., people are more 
concerned about activities that pose risks to future generations 
(e.g., genetic effects due to exposure to radiation) than to 
risks that pose no special risks to future generations (e.g., 
skiing accidents); 

(10) victim identity, i.e., people are more concerned about 
risks to identifiable victims (e.g., a plant worker exposed to 
high levels of radiation) than about risks to statistical victims 
(e.g., statistical profiles of automobile accident victims); 

(11) dread, i.e., people are more concerned about risks that are 
dreaded and evoke a response of fear, terror, or anxiety (e.g., 
exposure to nuclear radiation) than to risks that are not 
especially dreaded and do not evoke a special response of fear, 
terror, or anxiety (e.g., common colds and household accidents); 
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(12) trust in institutions, e.g., people are more concerned about 
situations where the responsible risk management institution is 
perceived to lack trust and credibility (e.g., criticisms of the 
U.S. Nuclear Regulatory Agency for its perceived close ties to 
industry) than they are about situations where the responsible 
risk management institution is perceived to be trustworthy and 
credible (e.g., trust in the management of recombinant DNA risks 
by universities and by the National Institutes of Health); 

(13) media attention, i.e., people are more concerned about risks 
that receive much media attention (e.g., accidents at nuclear 
power plants) than about risks that receive little media 
attention (e.g., on-the-job accidents); 

(14) accident history, i.e., people are more concerned about 
activities that have a history of major and sometimes minor 
accidents (e.g., nuclear power plant accidents such as the 
accident at Three Mile Island and Chernobyl) than about 
activities that have little or no history of major or minor 
accidents (e.g., recombinant DNA experimentation); 

(15) equity and fairness, i.e., people are more concerned about 
activities that are characterized by a perceived inequitable or 
unfair distribution of risks and benefits (e.g., the siting of 
the first U.S. repository for high level nuclear waste) than 
about activities characterized by a perceived equitable or fair 
distribution or risks and benefits (e.g., vaccination); 

(16) benefits, i.e., people are more concerned about hazardous 
activities that are perceived to have unclear or questionable 
benefits (e.g., the generation of electricity using nuclear power 
in a nation rich in other sources of energy) than about hazardous 
activities that are perceived to have clear benefits (automobile 
driving); 

(17) reversibility,i.e., people are more concerned about 
activities characterized by potentially irreversible adverse 
effects (e.g., nuclear war) than about activities characterized 
by reversible adverse effects (e.g., injuries from sports or 
household accidents); and 

(18) personal stake, i.e., people are more concerned about 
activities that they believe place them (or their families) 
personally and directly at risk (e.g., living near a nuclear 
power plant or a nuclear waste repository) than about activities 
that do not place them (or their families) personally and 
directly at risk (e.g., dumping of hazardous waste at sea or in 
other remote sites). 
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(19) evidence, i.e., people are more concerned about risks that 
are based on evidence from human studies (e.g., epidemiological 
investigations such as the Hiroshima and Nagasaki Atomic bomb 
victim studies) than about risks that are based on evidence from 
animal studies (e.g., laboratory studies of toxic chemicals using 
animals). 

(20) origin, i.e., people are more concerned about risks caused 
by human actions and failures (e.g., nuclear power plant 
accidents caused by negligence, inadequate safeguards, or 
operator error) than about risks caused by acts of nature or God 
(e.g., exposure to geological radon or cosmic rays). 

IV. Limitations of the Media in Reporting Information About 
Radiation Risks 

The media play a critical role in transmitting information about 
radiation and other health, safety, or environmental risks (e.g., 
Nazur, 1981; Klaidman, 1985; Nelkin, 1984; President's Commission 
on Three Mile Island, 1979) . However, the media have been 
criticized for a variety of limitations and deficiencies. For 
example, the media have criticized for selective and biased 
reporting that tends to emphasize drama, conflict, expert 
disagreements, and uncertainties. The media are especially biased 
toward stories that contain dramatic or sensational material, 
such as a minor or major accident at a nuclear power plant. Much 
less attention is given to daily occurrences that kill or injure 
far more people each year but take only one life at a time. In 
reporting about radiation risks, journalists focus on the same 
concerns as the public, e.g.,. potentially catastrophic effects, 
lack of familiarity and understanding, involintariness, 
scientific uncertainty, risks to future generations, unclear 
benefits, inequitable distribution of risks and benefits, and 
potentially irreversible effects (Combs and Slovic, 1979; 
Fischhoff et al., 1981). 

The media have also been criticized for oversimplifications, 
distortions, and inaccuracies in reporting information about 
radiation risks. Studies of media reporting of radiation risks 
have documented a great deal of misinformation (Burger, 1984; 
Dewitt et al., 1984; Combs and Slovic, 1979; Kristiansen, 1983). 
Moreover, media coverage is deficient not only in what is 
contained in the story but in what is left out. For example, an 
analysis of media reports on cancer risks from various sources 
(Freimuth et al.; 1984) noted that these reports were deficient 
in (a) providing few statistics on general cancer rates for 
purposes of comparison; (b) providing little information on 
common forms of cancer; (c) not addressing known sources of 
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public ignorance about cancer; and (d) providing almost no 
information about detection, treatments, and other protective 
measures. 

Many of these problems stem from characteristics of the media and 
the constraints under which reporters work. First, most 
reporters work under extremely tight deadlines. Second, with few 
exceptions, reporters seldom have enough time or space to deal 
adequately with the complexities and uncertainties surrounding 
radiation issues. Third, in contrast to science, objectivity in 
journalism is achieved by balancing opposing views. There is no 
truth—or at least no way to determine truth—in journalism; 
there are only conflicting claims, to be covered as fairly as 
possible (Sandman, 1986). Fourth, under the pressure of 
deadlines and other constraints, reporters tend to rely on those 
sources of information that are most easily accessible. Finally, 
few reporters have the scientific background or expertise needed 
to evaluate scientific data and disagreements about radiation 
risks. 

V. Limitations of the Human Mind in Assimilating and 
Understanding Information About Radiation Risks 

A large amount of research has been conducted exploring 
limitations of the huiaan mind in assimilating and understanding 
information about radiation risks (for a review of this 
literature, see Kasperson and Kasperson, 1983; Covello, 1983; 
Fischhoff, 1985; Slovic, 1987). Several of the most important 
research findings and conclusions are presented below. 

People often have inaccurate perceptions of risks. 

People often do not possess accurate information about specific 
risks. For example, almost 90 percent of Americans believe that 
nuclear power plants can explode like nuclear bombs (Inglehart, 
1977). More generally, researchers have found that people tend to 
overestimate the risks of dramatic or sensational causes of 
death, such as nuclear power plant accidents and homicides, and 
underestimate the risks of undramatic causes, such as asthma, 
emphysema, and diabetes, which take one life at a time and are 
common in non-fatal forms (Lichtenstein et al, 1978; Morgan et 
al., 1985). As a partial explanation for this finding, 
Lichtenstein et al. (1978) note that risk judgments are 
significantly influenced by the memorability of past events and 
by the imaginability of future events. As a result, any factor 
that makes a hazard unusually memorable or imaginable, such as a 
recent disaster, intense media coverage, or a vivid film, can 
seriously distort perceptions of risk by heightening the 
perception of risk. Conversely, risks that not memorable, 
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obvious, palpable, tangible, or immediate tend to underestimated. 

People often have difficulty understanding and appreciating 
probabilistic information. 

Researchers have found that people often have difficulty 
understanding and interpreting probabilistic information, 
especially when the risk is new and when probabilities are small. 
More specifically, a variety of cognitive biases and fallacies 
hamper people's understanding of probabilities, which in turn 
hamper discussions of low-probability/high consequence events and 
••worst case scenarios.H For example, because of the difficulty 
people have appreciating the improbability of extreme but 
imaginable consequences, imaginability often blurs the 
distinction between what is remotely possible and what is 
probable. Studies have also shown that people have difficulty 
understanding, appreciating and interpreting small 
probabilities—e.g. distinguishing the difference between a 
probability of one chance in a hundred thousand and one chance in 
a million (Sjoberg, 197&). 

People often respond emotionally to risk information 

People often respond emotionally to information about threats to 
health, safety, or the environment. Strong feeling of fear, 
hostility, anger, outrage, panic, and helplessness are often 
evoked by dreaded or newly discovered risks. Such feelings tend 
to be most intense when people perceive the risk to be (1) 
involuntary (imposed on them without their consent), (2) unfair, 
(3) not under their control; and (4) low in benefits. More 
extreme emotional reactions can be expected when the risk is 
particularly dreaded—e.g., cancer and birth defects—and when 
worst case scenarios are presented (Fischhoff, 1985). 

People often display a marked aversion to uncertainty. 

Research has shown that, wherever possible, people attempt to 
reduce the anxiety generated by uncertainty through a variety of 
strategies (Slovic, Fischhoff, and Lichtenstein, 1977). In 
dealing with many health, safety, and environmental issues, this 
aversion to uncertainty often translates into a marked preference 
for statements of fact over statements of probability—the 
language of risk assessment. People often demand to be told 
exactly what will happen, not what might happen (Alfidi, 1971; 
Fischhoff, 1983; Weinstein, 1979). 

People tend to ignore evidence that contradicts their current 
beliefs. 
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Research has shown that strong beliefs about risks, once formed, 
change very slowly and are extraordinarily persistent in the face 
of contrary evidence (see,e.g., Nisbett and Ross, 1980). 
Moreover, initial beliefs about risks tend to structure the way 
that, subsequent evidence is interpreted. New evidence—e.g., 
evidence produced by a radiation risk assessment—appears 
reliable and informative only i" it is consistent with one's 
initial belief; contrary evidence is dismissed as unreliable, 
erroneous, irrelevant, or unrepresentative. 

People's beliefs and opinions are easily manipulated by the way 
information is presented when the beliefs are weakly held. 

When people lack strong prior beliefs or opinions, subtle changes 
in the way that risks are expressed can have a major impact on 
perceptions, preferences, and decisions. Several studies have 
dramatically demonstrated this phenomenon. For example, McNeil 
et. al. (1982) asked a group of subjects to imagine that they had 
lung cancer and had to choose between two therapies, surgery or 
radiation. The two therapies were described in some detail. One 
group of subjects was then presented with information about the 
probabilities of surviving for varying lengths of time after the 
treatment. Another group of subjects received the same 
information but with one major difference—probabilities were 
expressed in terms of dying rather than surviving (i.e., instead 
of being told that 68 percent of those having surgery will 
survive after one year, they were told that 32 percent will die). 
Presenting the statistics in terms of dying resulted in a 
dramatic drop in the percentage of subjects choosing radiation 
therapy over surgery (from 44 percent to 18 percent). Virtually 
the same results were observed for a subject population of 
physicians as for a subject population of laypersons. 

In recent years, researchers have published numerous studies 
demonstrating the powerful influence of presentation or "framing 
effects" (see, e.g., Tversky and Kahneman; 1981; Slovic et. al., 
1982) . Some researchers have attempted to explain these effects 
by the procedures people use to simply judgments (e.g., see 
Kahneman and Tversky, 1979). Whatever the explanation, the 
experimental demonstration of these effects suggests that risk 
communicators have considerable ability to manipulate perceptions 
and behavior when beliefs and opinions are not strongly held. 

People often consider themselves personally immune to many risks. 

People often ignore risk assessment information because of 
optimism and overconfidence, e.g., a belief held by an individual 
that fate or luck is on his side and that it "can't happen to 
me." This is especially true for activities that require skill 
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and involve individual control, such as driving or skiing. 

People often ignore risk assessment information because of its 
perceived lack of personal relevance. 

Most risks data are for society as a whole. Data for risks to 
society as a whole are, however, usually of little interest or 
concern to individuals, who are more likely to view risks from a 
micro-perspective and to be concerned about the risks to 
themselves than about risks to society. 

People often perceive accidents as signals 

Research suggests the significance of an accident is determined 
only in part by the number of deaths or injuries that occur. Of 
equal, and in some cases greater importance, is what the accident 
signifies or portends (Slovic et al., 1984). A major accident 
that causes many deaths and injuries may nonetheless have only 
minor social significance (beyond that the victims' families and 
friends) if the accident occurs as part of a familiar and well 
understood system (e.g., a train wreck). However, a minor 
accident in an unfamiliar system—or in a system that is 
perceived to be poorly understood, such as a nuclear reactor— 
have major social significance if the accident is perceived to be 
a harbinger of future, and possibly, catastrophic events. 

People often use health and environmental risks as a proxy or 
surrogate for other social, political, or economic issues and 
concerns. 

Research on the social and cultural construction and selection of 
risk suggests that people do not focus on particular risks simply 
in order to protect health, safety or the environment (Douglas 
and Wildavsky, 1981; Short, 1984; Johnson and Covello, 1987). 
The choice also reflects their beliefs about values, social 
institutions, nature, and moral behavior. Risks are exaggerated 
or minimized according to the social, cultural, and moral 
acceptability of the underlying activities. As a result, debates 
about risks are often are proxy or surrogate for debates about 
more general social, cultural, economic, and political issues 
concerns. The debate about nuclear power, for example, has often 
been interpreted as less a debate about the specific risks of 
nuclear power generation than about other fears and concerns, 
including the proliferation of nuclear weapons, the adverse 
effects of nuclear waste disposal, the value of large-scale 
technological progress and growth, and the centralization of 
political and economic power in the hands of technological elite 
(Covello, 1984). 
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One consequence of the social selection process is that risks 
that are finally selected for attention and concern are not 
necessarily chosen because of scientific evidence about their 
absolute or relative magnitude of possible adverse consequences. 
In some cases, moreover, the risks that are selected are among 
the least likely to affect people. In the United States, for 
example, the dominant risks to health are those associated \%ith 
cardiovascular disease, lung cancer due to cigarette smoking, and 
automobiles accidents. However, in recent years Americans have 
focused much of their attention and resources on the risks of 
cancer due to industrial chemicals and radiation. This focus has 
persisted despite a fragile consensus among scientists that only 
a small fraction of all current deaths due to cancer, in the 
United States and elsewhere, could be due to these causes. 

The overall conclusion of this sociological literature is that 
risk is not an objective phenomenon perceived in the same way by 
all interested parties. Instead, it is a psychological and social 
construct, its roots deeply embedded in the workings of the human 
mind and in a specific social context. Each individual and group 
assigns a different meaning to the risk information. As in the 
Japanese story Roshomon, there are multiple truths, multiple ways 
of seeing, perceiving, and interpreting events. Each interested 
party—including those who generate the risk, those who attempt 
to manage it, those who experience it—see it in different ways. 

VI. Conclusions 

An appreciation of these limitations is critical to the 
development of effective communication of information about 
radiation risks. A start in this direction is being made in the 
growing literature on successful and unsuccessful cases of risk 
communication. (see, for example, Davies, Covello, and Allen, 
1987; Hance et al., 1987; Covello and Allen, 1988; Covello et 
al., 1987; Sandman, 1986; Sandman et al., 1987; Smith et al., 
1987; Bean, 1987; Kasperson, 1986). A wide variety of risk 
communication efforts are covered by these studies, including 
studies of risk communication efforts during and after the 
nuclear power plant accidents at Three Mile Island and Chernoybl. 
From these cases it is possible to derive seven rules of risk 
communication. Many of these rules may seem obvious; yet they 
are continually and consistently violated in practice. 

RULE li ACCEPT AND INVOLVE THE PUBIC AS A LEGITIMATE PARTNER 

Two basic tenets of risk communication in a democracy are (1) 
that people and communities have a right to participate in 
decisions that affect their lives, their property, and the things 
they value, and (2) that goal of risk communication should not be 
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to diffuse public concerns or replace action; rather, it should 
be co produce an informed public that is involved, interested, 
reasonable, thoughtful, solution-oriented, and collaborative. 

Guidelines; Demonstrate your respect and sincerity by involving 
the public early, before important decisions have been made. 
Hake it clear that you understand that decisions about risks are 
appropriately based on factors other than the size of the risk. 
Ensure that all parties with an interest or stake in the issue 
are involved. 

RULE 2. PLAN CAREFULLY AND EVALUATE PERFORMANCE. 

Different risk communication objectives, audiences, and media 
require different risk communication strategies. Successful risk 
communication cannot and will not occur as an afterthought. 

Guidelines: Begin with clear, explicit objectives (providing 
information to the public, motivating individual action, 
stimulating emergency response, contributing to the conflict 
resolution process, etc.). Segment your audience. Target your 
communications to specific audiences. Recruit spokespeople with 
good presentation skills and interactive skills. Train staff, 
including technical staff, in communication skills and reward 
outstanding performance. Whenever possible, pretest messages. 
Carefully evaluate your efforts and learn from past mistakes. 

RULE 2j_ LISTEN TO YOUR AUDIENCE. 

People are often more interested in issues such as trust, 
credibility, control, competence, voluntariness, fairness, 
caring, and compassion than in mortality statistics and the 
details of quantitative risk assessment. If you do not listen to 
people, you should not expect them to listen to you. 
Communication is a two-way activity. 

Guidelines: Do not make assumptions about what people know, 
think, or want done about risks. Take the time to find out what 
people are thinking using techniques such as interviews, focus 
groups, and surveys. Ensure that all parties with an interest or 
stake in the issue are heard. Recognize emotions. Let people 
know that you understand what they said, addressing their 
concerns as well as yours. Recognize the hidden agendas, 
symbolic meanings, and broader economic or political 
considerations that often underlie and complicate risk 
communication efforts. 

RULE 4_̂  BE HONEST, FRANK, AND OPEN. 
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Credibility is your most precious asset in communicating risk 
information. Trust and credibility are difficult to obtain, easy 
to lose, and almost impossible to fully regain. 

Guidelines: State your credentials, but do not ask, or expect, 
to be trusted by the public. If you do not know the answer or 
are uncertain, say so. Get back to people with answers. Admit 
mistakes. Disclose risk information at the earliest possible 
time (with appropriate reservations about reliability). If in 
doubt, share more information, not less, or people may think you 
are hiding something. Discuss data uncertainties, strengths and 
weaknesses, including those identified by other credible sources. 
Identify worst case estimates as such and cite ranges of risk 
estimates when appropriate. 

RULE 5^ COORDINATE AND COLLABORATE WITH OTHER CREDIBLE SOURCES. 

Allies can be extremely useful in communicating risk information. 
Few things make risk communication more difficult than conflicts 
and public disagreements with other credible sources. 

Guidelines: Closely coordinate all inter-organizational and 
intra-organizational communications. Devote effort and resources 
to the slow, hard work of building bridges with other 
organizations. Use credible intermediaries. Seek joint 
communications with other trustworthy sources (credible 
university scientists, medical doctors, trusted local officials, 
etc.). 

RULE 6^ MEET THE NEEDS OF THE MEDIA. 

The media are a prime transmitter of information on risks and 
often play a critical role in setting agendas. In many cases, 
the media are more interested in politics than in risk, more 
interested in simplicity than in complexity, more interested in 
danger than in safety. 

Guidelines: Be open and accessible to reporters. Respect their 
deadlines. Provide information tailored to the needs of the 
different media (e.g., graphics and other visual aids for 
television). Provide background material on complex risk issues. 
Do not be afraid to follow up on stories with praise or criticism 
as warranted. Try to establish long-standing relationships of 
trust with specific editors and reporters. 

RULE 7. SPEAK CLEARLY AND WITH COMPASSION 

Technical language and jargon are useful as professional 
shorthand but can pose substantial barriers to successful risk 
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communication. 

Guidelines; Use simple, non-technical language. Provide vivid, 
concrete images to which people can relate on a personal level. 
Use examples and anecdotes that make technical risk data come 
alive. Avoid distant, abstract, unfeeling language about deaths, 
injuries, and illnesses. Acknowledge and respond (verbally and 
with actions) to emotions that people express (anxiety, fear, 
anger, outrage, helplessness, etc.). Acknowledge and respond to 
the distinctions that people consider important in judging and 
evaluating risks. Use risk comparisons to help put risks in 
perspective, but avoid comparisons that cut across or ignore 
distinctions that people consider important. Always try to 
include a discussion of what actions are being or can be taken. 
Tell people what you cannot do. Promise only what you can do, and 
be sure that you do what you promise. Never let your efforts to 
inform people about risks prevent you from acknowledging—and 
saying—that any avoidable illness, injury, or death is a 
tragedy. 

Analyses of case studies suggest that these seven rules form the 
basic building blocks of effective communication about radiation 
risks (e.g., Hance et al., 1988; Covello et al., 1988). Tach rule 
recognizes, in a different way, that effective risk communication 
is an interactive process based on mutual trust, cooperation, and 
respect among all parties. And each rule addresses, from a 
different perspective, the single, most important obstacle to 
effective risk communication: lack of trust and credibility. 
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Appendix I 

Risk Comparisons: Issues and Approaches 

In recent years, analysts and decision makers have increasingly 
advocated risk comparisons as a means for presenting information 
about risks. More specifically, Wilson (1979), Wilson and Crouch 
(1987), Cohen (1982), Ames (1987) and others have argued that 
risks of radiation, industrial chemicals, and other technological 
activities can best be understood and appreciated by comparing 
the risks of these activities with the risks of more common or 
familiar activities. A basic assumption underlying such risk 
comparisons is that comparisons help put risks in perspective, 
that they provide a conceptual "rulerM, and that they are mere 
intuitively meaningful than absolute numbers or numerical 
probabilities. 

At least part of the increased interest in risk comparisons stems 
from the difficulties and frustrations of effectively 
communicating information about risks. As a tool for addressing 
some of these problems, risk comparisons have several advantages. 
First, risk comparisons avoid the difficult and controversial 
task of converting diverse risks into a common monetary unit 
(such as dollars per life lost or per day of pain and suffering). 
Second, they present issues in a mode that appears to h>* 
compatible with intuitive, natural thought processes. Finally, 
they avoid any direct numerical reference to small probabilities 
(e.g., a one in a million chance), which for unfamiliar 
activities can be intuitively difficult to comprehend and 
appreciate. 

Given the large potential value of risk comparisons for 
addressing problems in risk communication and for informing 
people about risks, the principal objective of this appendix is 
to evaluate the strengths and weaknesses of risk comparisons as a 
communication aid. Specific objectives are: 

(a) to review and evaluate the literature on risk comparisons: 

(b) to illustrate uses made of risk comparisons in several 
controversial areas; 

(b) to identify the principal limitations of risk comparisons; 

(c) to identify potential difficulties in generating accurate 
and meaningful risk comparisons; 
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(d) to identify means by which risk comparisons can be made more 
effective and useful; 

(d) to assess the potential of risk comparisons for improving 
risk communication and public understanding of risk issues; and 

(e) to identify future research needs. 

A Review and Evaluation of the Literature on Risk Comparisons 

The risk analysis literature contains two basic types of risk 
comparisons: (1) comparisons of the risks of a diverse set of 
activities; (2) comparisons of the risks of similar or related 
activities. Each type is described below. 

1. Comparisons of the Risks of a Diverse Set of Activities 

The basic strategy in this type of comparison is to compare the 
risks of a diverse set of substances, products, processes, or 
activities along a common scale. An underlying but untested 
assumption is that the magnitude and meaning of a new risk can 
best be understood and appreciated when presented in comparative 
perspective. 

A variety of different scales have been used by researchers for 
comparing risks, including scales based on risk per hour of 
exposure, annual probability of death, and reduction in life 
expectancy. Studies using such scales include those by Wilson 
(1979), Cohen and Lee (1979), Crouch and Wilson (1982), Coppola 
and Hall (1981), Harriss et. al. (1978), Rothchild (1979), and 
Kletz (1977). Data for constructing these scales are typically 
drawn from diverse sources, including the National Sefety 
Council, the Department of Labor, and the Department of Health 
and Human Services. 

One of the most commonly used scales for comparing risks are 
expected mortality rates calculated for different types of 
products, processes, events, or activities. Using such a meas ire, 
Sowby (1965) translated such a measure into the risks per hour of 
exposure for a diverse set of activities. He concluded that one 
hour of riding a motorcycle was a risky as one hour of being 75 
years old. 

Adopting a similar approach, Crouch and Wilson (1982) calculated 
and compared annual fatality rates for a variety of activities 
and situations, including occupations and sports. The results of 
their comparison are presented in Table 1. An alternative 
procedure is to calculate the expected loss in life expectancy 
due to various causes. Cohen and Lee (1979) took this approach 
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and the results of their analysis are shown in Table 2. 

A variety of other formats for comparing risks have also been 
developed. For example, Wilson (1979) identified a set of 
activities with approximately equal risks. As shown in Table 3, 
each of the activities was estimated to increase one's chance of 
death (during any year) by one in a million. 

Several of the best known tables of risk comparisons are 
contained in the Reactor Safety Study published by the Nuclear 
Regulatory Commission in 1975 (Nuclear Regulatory Commission, 
1975). The study (also known as the Rasmussen Report, after its 
chairman, Norman Rasmussen) included tables and figures that 
compared the risks of nuclear reactor accidents with the risks of 
a variety of other activities and events. Specifically, the study 
included a comparison of the risks of death from nuclear power 
plant accidents with the risks of death from (1) natural 
hazards—such as hurricanes, earthquakes, and meteorite impacts— 
and (2) technological hazards—such as air crashes, fires, 
explosions, and dam failures. These comparisons are shown in 
Table 4 and Table 5 and in Figure 1 and Figure 2. This analysis 
concluded, for example, that the probability of 100 or more 
people dying in a nuclear reactor accident (based on the 
assumption that 100 plants are operating) is (1) about the same 
as the probability of the same number of fatalities due to the 
impact of a meteor, and (2) much less than the probability of the 
same number of fatalities due to other natural and technological 
hazards. 

Several reviews have criticized the Reactor Safety Study for its 
comparative methodology and the use of specific risk comparisons. 
For example, one review, sponsored by the Nuclear Regulatory 
Commission itself, noted that the comparisons contained in the 
Executive Summary of the study, "...which is by far the most 
widely read part of the report among the public and policy 
makers, does not sufficiently emphasize the uncertainties 
involved in the calculation of their probability. It has 
therefore lent itself to misuse in the discussion of reactor 
risk." (Nuclear Regulatory Commission, 1978: 859) 

One of the most common criticisms of this study is that the risk 
estimates for nuclear power referred only to immediate 
fatalities. Large nuclear accidents, however, can also have a 
significant number of delayed fatalities, e.g., increases in 
cancer rates 30-40 years after an accident. Although the Reactor 
Safety Study elsewhere contained estimates of these cancer 
fatalities, they were not factored into the risks comparisons. 
While the tables and figures specifically note that such 
comparisons were limited only to "early fatalities," the 
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results are nonetheless likely to be misleading. Whereas the 
estimates for the other activities represent an approximation of 
the total risk, the estimate for nuclear power plant accidents 
represents only a part of the total risk. 

Several of the most»significant deficiencies in the Reactor 
Safety Study are addressed by a comparative risk study conducted 
at Clark University and Decision Research that attempts to more 
completely characterize the total risk of a technology 
(Hohenemser et al. 1983). As shown in Table 6, one result of the 
study is a scale that compares a variety of technological risks 
on the basis of 12 descriptors defined in terms of several 
social, physical, and biological dimensions: intentionality, 
spatial extent, concentration, persistence, recurrence time, 
population at risk, delay of consequences, annual mortality, 
maximum potentially killed, transgenerational effects, maximum 
potential non-human mortality, and experienced non-human 
mortality. A complete definition of the 12 descriptors, 
including scoring scales, appears in Table 7. In contrast to 
conventional, unidimensional risk comparisons, the descriptors 
were used to generate a multidimensional risk profile for each of 
the technological risks. 

Risk comparisons, such as those described above, have been 
advanced not only for gaining perspective and understanding but 
also for setting priorities and determining which risks are 
acceptable. More specifically, risk comparisons have been 
advocated as a means for determining which risks to ignore, which 
risks to be concerned about, and how much risk reduction to 
seek. Thus, Lord Rothchild (1978), an advocate of the comparative 
risk approach, has observed that there "is no point in getting 
into a panic about the risks of life until you have compared the 
risks which worry you with those that don't, but perhaps should." 
Similarly, Cohen and Lee (1979) argue that, to some 
approximation, society's ordering of priorities should correspond 
to the ordering of risks in their tables. Wilson (1979) and 
Crouch and Wilson (1982) make similar claims, arguing that 
comparative lists of risks help distinguish acceptable from 
unacceptable risks. Wilson (1979) notes that the "most important 
use of these comparisons must be to help the decisions we make, 
as a nation, to improve cur health and reduce our accident rate." 

Similarly, Lawless et al. (1982) constructed a scale that 
compared a variety of risks according to their need for 
government control. As shown in Figure 3, risks greater than 1 in 
one thousand usually require some form of government control. 
Wilson (1984) also constructed a scale ranking risks from 
acceptable to unacceptable (see Figure 4). According to Wilson, 
activities falling in the upper zone, representing risks of death 
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per year of exposure of less than one in a million (i.e., 10-6), 
can be regarded as acceptable. Wilson's basic argument was that 
the risks of these activities are insignificant—insignificance 
being defined as the level of risk that individuals routinely 
accept in their personal activities. For example, since 
individuals routinely accept the risk of being struck by 
lightning—which poses a risk of death of 1 in a million per year 
of exposure—risks of this size can be regarded as acceptable. 
Following the same logic, Wilson argued that activities falling 
within the lower zone of the scale, representing risks of death 
that are greater than one in a thousand per year of exposure, can 
be regarded as unacceptable. According to Wilson, activities 
falling in the middle zone of the scale are the most problematic: 
the acceptability of these cannot be determined a priori. 
Instead, they must need to be closely scrutinized and subjected 
to analysis and societal debate. 

2. Comparisons of the Risks of Similar or Related Substances, 
Products, Processes, or Activities 

While some researchers have adopted a broad perspective— 
comparing risks that are highly diverse in nature, others have 
adopted a narrow perspective—limiting comparisons to risks that 
are similar or closely related. A large number of such studies 
have been conducted; several of the most important are described 
below, organized according to the focus of the comparison. 

(a) Foods or Food Products 

A number of studies compare the risks posed by different foods or 
food products. For example, a study conducted by the National 
Academy of Sciences (National Academy of Sciences, 1979) compared 
the risks of saccharin—where the primary risk of concern was 
cancer—with the risks of sugar—where the primary risks of 
concern were heart disease and diabetes. 

Another study, conducted by Green (1978), compared the risks of 
processed meats treated with sodium nitrite with the risks of 
processed meats that are not treated with sodium nitrite. This 
study exemplifies a type of case that Lave (1981; 1987) has 
referred to as a "risk-risk" situation. In such situations, risks 
and benefits are associated with each choice. The problem is to 
select the best alternative. In the sodium nitrite case, for 
example, the choices are to permit or prohibit sodium nitrite in 
food. The choice will be based in part on whether the benefits 
of adding sodium nitrite (i.e., the decreased risk of botulism 
provided by adding sodium nitrites to food) exceed the risks of 
adding nitrite (i.e., the increased risk of cancer). Lave (1981) 
points out, however, such comparisons can be misleading if only 
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part of the total risk is represented. In the sodium nitrite 
case, for example, the comparison focuses only on health risks to 
consumers and fails to consider the possibility of additional 
risks to workers in the food industry. 

Perhaps the best known analysis comparing the risks of different 
foods and food products are on-going set of studies on food 
risks, diet, and cancer by Ames and his colleagues (Ames; 1983; 
Ames et al., 1987). A principal objective of these studies has 
been to compare the cancer risks of foods that contain synthetic 
chemicals (e.g., food additives and pesticide residues) with the 
risks of natural foods. An important conclusion is that synthetic 
chemicals in foods represent only a very small fraction of the 
total carcinogens in foods. According to Ames, natural foods are 
not benign. Large numbers of potent carcinogens (e.g., aflatoxin 
in peanuts) are present in foods that contain no synthetic 
chemicals. Many of these natural carcinogens are produced by 
plants as part of their natural defense processes. Based on their 
analyses, Ames and his colleagues concluded that human dietary 
intake of these natural carcinogens in food is likely to be at 
least 10,000 times greater than the intake of potentially 
carcinogenic synthetic chemicals in food, although partial 
protection against the effects of natural carcinogens is provided 
by the many natural anti-carcinogens that also appear in food. 

Critics of Ames have argued that his estimates of the cancer risk 
attributable to food are inflated (e.g., Epstein and Schwartz, 
1984). The same critics have also argued against an implicit, and 
sometimes explicit, argument by Ames that natural carcinogens in 
foods, to which humans are exposed in larger numbers and larger 
concentrations than synthetic chemicals, should receive greater 
societal and regulatory attention and concern than synthetic 
chemicals. 

(b) Energy Production Systems. 

In the last two decades, a large number of studies have compared 
the risks of alternative means of energy production. One of 
earliest studies of this type, by Lave and Freiburg (1973), 
compared the health risks of electricity generation from coal, 
oil, and nuclear fuel. Other examples include a study by the 
Atomic Energy Commission (1974) comparing several alternative 
sources of electrical energy, including nuclear power; several 
studies at the Jet Propulsion Laboratory by Herrera (1977) and 
Caputo (1977) comparing the impacts of terrestrial and orbital 
solar power plants; a study by Comar and Sagan (1976) comparing 
premature deaths per year associated with the operation of power 
plants using four different types of fuel—coal, oil, natural 
gas, and nuclear; a study by Reissland and Harries (1979) 
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comparing the occupational risks of radiation (measured in terms 
of reduced life expectancy per year of employment) from working 
in the nuclear versus other industries; and a study by Cohen 
(1981) comparing the risks from natural levels of five 
carcinogenic metals with the risks added by coal-fired power 
plants, photovoltaic solar energy, and industrial uses. The 
results of these studies have been reviewed by Cohen and 
Pritchard (1980) and House et al. (1981). 

Perhaps the best known study comparing the risks of alternative 
energy technologies was an analysis conducted by Inhaber (1979) 
for the Atomic Energy Control Board of Canada. The principal 
objective of this study was to compare the total occupational 
and public health risks of different energy sources for the 
complete energy production cycle—that is, from extraction to 
energy end-use. The study examined the risks of eleven methods of 
generating electricity—coal, oil, natural gas, nuclear power, 
hydropower, solar thermal heating, methanol, wind, solar 
photovoltaic, solar space heating, and ocean thermal. Two types 
of risk data were analyzed: (1) data on public health risks from 
industrial sources or pollutant effects, and (2) data on 
occupational risks derived from statistics on injury, death, and 
disease rates for workers. The total risk for the energy source 
was calculated by summing the risks for the seven components of 
complete energy production cycle: (a) materials acquisition and 
construction, (b) emissions from materials acquisition and energy 
production, (c) operation and maintenance, (d) energy back-up 
system, (e) energy storage system, (f) transportation, and (g) 
waste management. 

The report concluded that most of the risk from coal and oil 
energy sources is due to emissions (air pollution) from energy 
production and from operation and maintenance; that most of the 
risk from natural gas and ocean thermal energy sources is due to 
materials acquisition; that most of the risk from nuclear energy 
sources is due to materials acquisitions and waste disposal; and 
that most of the risk from wind, solar thermal, and solar 
photovoltaic energy sources is due to the energy backup systems 
required (assumed to be coal). Risks of the alternative sources 
were compared on the basis of the calculated number of man-days 
that would be lost per megawatt year of electricity produced 
(Figure 4). 

The most controversial aspect of the Inhaber report was the 
conclusion th?t nuclear power carried only slightly greater risk 
than natural gus and less risk than all other energy technologies 
considered. Inhaber reported, for example, that coal has a 50 
fold larger mortality rate than nuclear power. The report also 
argued (a) that, contrary to popular opinion, nonconventional 
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energy sources, such as solar power and wind, pose substantial 
risks; and (b) that the risks of nuclear power are significantly 
lower than those of nonconventional energy sources. The 
relatively high risk levels associated with nonconventional 
energy sources were traced by Inhaber, in part, to the large 
volume of construction materials required for these technologies 
and to the risks associated with energy back-up systems and 
energy storage systems. 

Following publication of the report, its methodology was heavily 
criticized by several reviewers. (e.g., Holdren et al., 1979; 
1982; Herbert, Swanson, and Reddy, 1979; House et al., 1981). 
Criticisms included claims that the study mixed risks of 
different types, that it used risk estimators of dubious 
validity, that it made questionable assumptions to cover data 
gaps when data on specific technologies were insufficient, that 
it failed to consider future technological developments, that it 
made arithmetic errors, that it double counted labor and back-up 
energy requirements, and that it introduced arbitrary correction 
factors. Perhaps the most damaging criticism was that the study 
was inconsistent in applying the methodology to the various 
energy technologies. For example, while Inhaber considered 
materials acquisition, component fabrication, and plant 
construction in his analysis of unconventional energy sources and 
for hydropower, critics have claimed that he did not follow the 
same approach for coal, nuclear power, oil, and gas. 
Furthermore, critics claimed that the labor figures for coal, 
oil, gas, and nuclear power included only on-site construction, 
while those for the renewable energy sources included on-site 
construction, materials acquisition, component manufacture. 

Despite these criticisms, Inhaber's study represented a landmark 
effort in the literature on risk comparisons. If nothing else, 
the report represented a significant conceptual contribution to 
the literature by attempting to compare, in a systematic and 
rigorous way, the risks of alternative technologies intended to 
serve the same purpose. Also important for the risk comparison 
literature was Inhaber's observation (a) that risks occur at each 
stage in the development of a product (e.g., raw material 
extraction, manufacturing, use, and disposal), and (b) that these 
risks need to be added together to obtain an accurate estimate of 
the total risk of a product. 

(c) Cancer 

In perhaps the best known comparative study of the causes of 
cancer, Doll and Peto (1981) analyzed data for a variety of 
contributory factors, including industrial products, pollution, 
food additives, tobacco, alchohol, and diet. The results of the 
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analysis provided an important comparative perspective on cancer 
risks. The combined effect of food additives, occupational 
exposures to toxic agents, air and water pollution, and 
industrial products account for only seven percent of U.S. cancer 
deaths. This result suggests that removing all pollutants and 
additives in the air, water, food, and workplace, would result in 
only a small decrease in cancer mortality (although even this 
small percentage presents a substantial number of lives). By 
contrast, the combined effects of alcohol, diet, and smoking are 
related to 70 percent of U.S. cancer deaths. This result 
suggests that even modest change in personal habits would result 
in a significant decrease in cancer mortality. Although these are 
activities over which people have considerable personal control, 
many people choose not to change their personal habits. 

(d) Other Applications 

In recent years, a variety of other studies have compared the 
risks of similar or related substances, products, processes, or 
activities. These include studies of (a) alternative methods for 
disposing municipal sewage sludge, such as landfilling, 
incineration, and ocean disposal (Council on Environmental 
Quality, 1985: 242-243), (b) land-based and ocean-based 
incineration for the disposal of hazardous wastes (Council on 
Environmental Quality, 1985: 238); (c) different makes of cars in 
automobile crash tests, and (d) natural and man-made sources of 
low level radiation. 

An Evaluation of the Usefulness of Risk Comparisons for Risk 
Communication 

Evaluating the usefulness of risk comparisons for risk 
communication is difficult because many different types of 
comparisons can and have been conducted. To the extent that 
generalizations can be made, this section (1) identifies factors 
that currently limit the usefulness of risk comparisons for risk 
communication; and (2) presents a set of guidelines for improving 
the effectiveness of risk comparisons as a communication aid. 

Limitations and Difficulties Associated with Risk Comparisons 

Critics have noted significant limitations and difficulties 
associated with risk comparisons. Several of the most important 
are described below. 

(1) Failing to emphasize uncertainties involved in the 
calculation of comparative risk estimates. 

virtually all risk assessments are characterized by substantial 
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uncertainties (e.g., Merkhofer and Covello, 1984). Yet a critical 
flaw in many risk comparisons is the failure to describe and 
characterize these uncertainties. This flaw can seriously 
undermine the value and potential usefulness of risk comparisons 
for risk communication purposes. Tables of risks that report only 
single values for adverse health, safety, or environmental 
consequences, for example, ignore the range of possibilities and 
may provide an inaccurate picture of the risk problem to the 
public. Given the various biases, errors, and ot>er sources of 
uncertainty that can undermine the validity and reliability of a 
risk assessment, it is critical that tables of comparative risks 
provide the fullest possible information on potential errors and 
inaccuracies in each computed risk value—including qualifiers, 
ranges of uncertainty, confidence intervals, and standard errors. 
To date, it is more the exception than the rule for results of 
comparative risk studies to be presented with full disclosure of 
the strengths and limitations of the assessment and with full 
disclosure of the degree to which assessment results are based on 
controversial assumptions and judgments. However, understanding 
risks requires understanding uncertainties. Risk comparisons that 
do not achieve this purpose produce only ignorance and inculcate 
a false sense of certainty. 

(2) Failing to consider the broad set of quantitative 
consequences that define and measure risk. 

Under this category, three deficiencies are especially 
significant. First, most lists of comparative risks are 
unidimensional, that is, they present statistics for only one 
dimension of risk, such as expected annual probability of death 
or reduction in life expectancy. However, the use of such narrow 
quantitative measures of risk obscures the importance of other 
significant quantitative dimensions, such as expected annual 
probability of injury or disability; spatial extent; 
concentration, persistence, recurrence, population at risk, 
delay, maximum expected fatalities, transgenerational effects, 
expected environmental damage (e.g., ecological damage or adverse 
effects on endangered species), and maximum expected 
environmental damage (see, e.g. Hohenemser, et al, 1985). 

Significant distortions and misunderstandings can result from the 
failure to provide information for the full range of relevant 
quantitative consequences. This can be illustrated by considering 
some of the problems involved in comparing the risks of airplane 
travel to the risks of traveling by automobile or train. Using a 
measure of risk to an individual based on the number of deaths 
per hundred million passenger miles, traveling as an airplane 
passenger appears to pose slightly less risk to an individual— 
0.38 deaths per hundred million passenger miles) than being an 
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automobile passenger—0.55 deaths per hundred million passenger 
miles; and slightly more risk than traveling as a train 
passenger—0.23 deaths per hundred million passenger miles 
(Warren, 1977). However, for airplane travel, the landing and 
take-off phase represents the period of highest risk: thus it can 
be argued that a better estimate of individual risk is the number 
of passenger journeys rather than the number of miles traveled. 
Thus, using a measure of risk to an individual based on the 
number deaths per million passenger journeys, traveling as an 
airplane passenger—1.8 deaths per million passenger journeys) 
poses slightly greater risk to an individual than traveling as an 
automobile passenger—0.027 deaths per million passenger 
journeys) and as a train passenger—0.59 deaths per million 
passenger journeys. As a result, if distance traveled is the 
selected measurement criterion, then airplane travel is 
marginally safer than automobile travel and marginally less safe 
than train travel; but if number of journeys is the selected 
measurement criterion, then airplane travel is marginally less 
safe than automobile travel and train travel. 

A second deficiency is the failure to provide estimates for the 
total quantitative risk of technologies and activities included 
in the risk comparison. As Inhaber (1978) and Lave (1981; 1987) 
have pointed out, technological activities encompass a variety of 
different components, stages of development (e.g., extraction of 
raw materials, production, consumption and disposal), and 
relationships (direct and indirect) with other technological and 
societal activites. Detailed examination of the risks of these 
different components, stages of development, and relationships 
may significantly alter the overall ranking of a technology or 
activity. Consequently, any risk comparison that claims to be 
comprehensive must either analyze and present risk data for each 
of these aspects, or explicitly acknowledge what aspects have 
been excluded from the analysis. 

A third deficiency is the failiure to provide risk data for 
sensitive, susceptable, or high-risk groups. Included among such 
groups are children, pregnant women, the elderly, and individuals 
with low resistance due to illness or disease. Most lists of 
comparative risks present population averages and do not indicate 
variations in susceptability. 

(c) Failing to consider the broad set of qualitative dimensions 
that underlie people/s concerns about the acceptabi1ity of risks 
and technologies. 

Risk comparisons are often advocated as a means for setting 
priorities or for determining which risks are acceptable. A 
common argument is that risks that are small, or that are 
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comparable to risks that are already being accepted, should 
themselves be accepted. A number of critics, however, have 
argued that such claims cannot be defended (see, e.g., Slovic et 
al, 1980; Covello et al., 1987; Slovic, 1987). Although 
carefully prepared lists of comparative risk statistics can 
provide insight and perspective, they provide only a small part 
of the information needed for setting priorities or for 
determining which risks are acceptable. 

At a minimum, what is missing is a recognition that judgments of 
acceptability are related not only to estimates of expected 
numbers of fatalities—the focus of most risk comparisons—but 
also to a multiplicity of qualitative dimensions or factors 
(e.g., Kasperson and Kasperson, 1983; Fisdihoff et al. 1983; 
Slovic, 1987; Otway and von Winterfeldt, 1982; Covello, 1985). 
These include catastrophic potential, familiarity, understanding, 
uncertainty, controllability, voluntariness of exposure, effects 
on children, effects on future generations, victim identity, 
dread, trust in institutions, media attention, accident history, 
equity, benefits, reversibility, personal involvement, type of 
evidence, and origin of the risk. 

These factors explain, in part, the aversion of the public toward 
some activities and technologies, such as nuclear power. Because 
of the importance of these factors in determining which risks are 
acceptable, comparisons showing that a new risk is higher (or 
lower) than other risks by several orders of magnitude may have 
no effect whatsoever on public perceptions and attitutes. For 
example, comparing the risk of living near a nuclear power or 
chemical processing plant with the risk of driving X number of 
hours, eating X tablespoons of peanut butter, smoking X number of 
cigarettes a day, or sunbathing X number of hours may provide 
perspective but may also be highly inappropriate. Since such 
risks differ on a variety of qualitative dimensions—e.g., 
perceived extent of personal control, voluntariness, catastrophic 
potential, familiarity, equity, scientific uncertainty, and 
clarity of benefits—the comparison is likely to appear 
meaningless, irrelevant, and, in some cases, counter-productive. 

Compounding the problem of developing meaningful risk comparisons 
is lack of research on interactions among the various qualitative 
dimensions or risk. For example, Starr (1979) has argued that the 
public is willing to accept voluntary risk roughly 1000 times 
greater than involuntary risks. However, the meaning of the term 
"voluntary" can vary from situation to situation and from 
individual to individual. Moreover, research suggests that 
voluntariness is closedly correlated with other qualitative 
dimenions of risk, including controllability, equity, 
familiarity, and catastrophic potential (see Covello, 1984). 
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These correlations, in turn, suggest that the observed greater 
willingness of people to accept voluntary risks may be due more 
to these factors than to the "voluntariness" of the activity. 

(d) Other limitations 

A number of other limitations adversely affect the usefulness of 
risk comparisons for setting priorities and determining which 
risks are acceptable. For example, risk comparisons often fail to 
consider (a) legal contraints (e.g., what options can legally be 
considered), (b) alternatives to the product, technology, or 
process generating the risk in question, including the costs, 
risks, and benefits of these alternatives (Lave, 1987) ; and (c) 
social consequences of risk decisions, such as the erosion of 
privacy, social conflict, or loss of civil liberties. 
Furthermore, missing from most tables of comparative risks are 
data and information about the feasibility and costs of actions 
aimed at reducing risks. 

Another limitation is that risk comparisons often draw on diverse 
data sources that vary considerably in quality. Because of the 
high cost and difficulty of collecting original data, researchers 
seldom have access to data designed for purposes of the 
comparison. Instead, a variety of existing data sources are used, 
each varying in quality. As a result, comparative risk risks 
often contain data of high quality together with data of 
questionable scientific validity and reliability. 

A final limitation of risk comparisons derives from the fact that 
judgments about risk cannot be separated from judgments about the 
risk decision process (e.g., Fischhoff et al., 1981). Public 
responses to risk are shaped both by the characteristics of risk 
and by the adequacy and appropriateness of the decision making 
process. Risk comparisons play an important but limited role in 
this process. 

Guidelines for Improving the Effectiveness of Risk Comparisons. 

Despite these limitations, several recent studies suggest that 
risk comparisons can aid risk communication and understanding 
(e.g., Merkhofer, 1986; Smith et al. 1987). For risk comparisons 
to be effective and meaningful, however, they must specifically 
address the various limitations of the approach. In this regard, 
several guidelines can be offered. Although these guidelines 
follow from the previous discussion, they are not based on 
systematic research. Since such research has not yet been 
conducted, the guidelines are derived more from logical analysis 
and experience than from empirical investigation (see, e.g., 
Covello et al., 1988). 
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Guideline 1. Target the comparison to a specific audience, 
taking into account their needs, concerns, and level of 
knowledge. 

Guideline 2. Be specific about the the intent of comparison and 
caution against unwarranted conclusions. 

Guideline 3. Explicitly acknowledge, disclose, and explain all 
assumptions and uncertainties in the calculation of risk 
estimates. 

Guideline 4. Systematically discuss and present, in separate 
analyses, risk estimates for the worst case, best case, and and 
expected case. 

Guideline 5. Avoid comparisons of risks with dissimilar 
characteristics. 

Guideline 6. Focus the comparison on classes of substances, 
products, processes, or activities that are similar or related in 
their characteristics, e.g., activities that serve the same 
function and whose benefits tend to be similar. 

Guideline 7. Formulate the comparison to address and 
illuminate all relevant health, safety, or environmental 
consequences, including both short-term and long-term effects. 

Guideline 8. Provide information on consequences of interest to 
the target audience, including social consequences. 

Guideline 9. Evaluate the effects of the risk comparison on 
people. 

Conclusions 

Risk comparisons have significant limitations. However, these 
limitations are balanced by important strengths. For example, 
risk comparisons are (a) compatibile with natural thought 
processes, such as the use of analogies, and (b) provide a 
conceptual framework for understanding and appreciating the 
meaning of small probabilities. 

Given these advantages, it is critical that greater resources be 
devoted to understanding the factors that enhance or diminish the 
effectiveness of risk comparisons. On the one hand, research is 
needed to develop classification schemes, scales, and measures of 
risk that more adequately capture and measure the 
multidimensional character (see, for example, Hohenemenser, et 
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al., 1983; Gori, 1980; Litai et al., 1983; Edwards and Von 
Winterfeldt, 1986; Fischhoff et al., 1984). Research is also 
needed to address a host of questions for which answers are not 
available. Several of the most important are listed below, 
organized by topic area. 

o Methods: e.g, what methods are most effective for placing 
risks in comparative perspective? 

o Dimensions: e.g., what dimensions of risk need to be taken 
into account in presenting risk comparisons? 

o Uncertainties: e.g., how can uncertainties in risk 
comparisons be most effectively presented? 

o Measures: e.g., what comparative statistics are most 
meaningful to different target audiences—e.g., mortality 
rates, days or years of life expectancy lost, work days 
lost? 

o Concepts: e.g., can basic risk assessment terms—such as 
parts per billion—be more effectively presented and 
explained through comparisons? 

o Labelling: e.g., can risk comparisons be used effectively on 
health warning labels? 

o Graphics: e.g., how can visual aids, such as charts and 
graphs, be most effectively used in presenting risk 
comparisons? (see, for example, Figure 5) 

o Perceptions: e.g., how do different target audiences 
perceive and understand different types of risk comparisons? 

o Source credibility: e.g., what individuals or groups are 
perceived to be most credible and trustworthy as sources of 
information on risk comparisons? 

o Evaluation, e.g., what evaluation methods are available for 
determining the effectiveness of risk comparisons? 

In conclusion, risk comparisons represent a powerful means for 
helping people to more easily grasp and understand risks. This 
is especially true for small, unfamiliar risks, such as a one in 
a million probability of increased cancer. However, the 
simplicity and intuitive appeal of risk comparisons can be 
deceptive. Many factors play a role in determining the 
legitimacy and effectiveness of a risk comparison—and the 
ultimate success of the comparison will depend on the degree to 
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which these factors have been adequately recognized, considered, 
and addressed. 
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NOTES 

I would like to thank the following individuals for their helpful 
comments on earlier drafts of this paper: Michael Baram, Roger 
Kasperson, Lester Lave, Granger Morgan, Jeryl Mumpower, Peter 
Sandman, Paul Slovic, and Detlof von Winterfeldt. 

The views expressed in this article are solely those of the 
author and do not necessarily represent the views of his 
organization. 
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TABLE 1. Annual Per Capita Risk of Death in the United States 

RISK Risk Per Million Persons 

Motor vehicle 
accidents (total) 

Air Pollution 
Home accidents(d) 
Falls 
Motor vehicle 
pedestrian 
collisions 

Drowning 
Fires 
Inhalation and 

ingestion of 
obj ects 

Firearms 
Accidental poisoning 
poisoning 
Gases and vapors 
Solids and liquids 
(Not drugs or 
medicaments) 

Electrocution 
Tornadoes 
Floods 
Lightning 
Tropical cyclones 
and hurricanes 
Bites and stings 
by venomous 
animals and 
insects 

240.0 
240.0 
110.0 
62.0 

42.0 
36.0 
28.0 
15.0 

10.0 

7.7 

6.0 

5.3 
.6 
.6 
.5 
.3 

.2 

SOURCE: Adapted from Crouch and Wilson (1982) 
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TABLE 2: Risk of Death by Various Causes 

Hazard Total Number of Risk Per Million 
Deaths Persons/Year of 

Continuous Exposure 

All causes 
Heart Disease 
Cancer 
Motor vehicles accidents 
Work Accidents 
Homicides 
Falls 
Drowning 
Fires, burns 
Poisoning by solids 

or liguids 
Suffocation, ingested 

objects 
Firearms, sporting 
Railroads 
Civil aviation 
Water transport 
Poisoning by gases 
Pleasure boating 
Lightning 
Hurricanes 
Tornadoes 
Bites and Stings 

1,973,003 
757,075 
351,055 
46,200 
13,400 
20,465 
16,300 
8,100 
6,500 
3,800 

2,900 

2,400 
1,989 
1,757 
1,725 
1,700 
1,446 
124 
93 
91 
48 

9000.0 
3400.0 
1600.0 
210.0 
150.0 
93.0 
74.0 
37.0 
30.0 
17.0 

13.0 

11.0 
.9 
.8 
.7 
.7 
.6 
.5 
.4 
.4 
.2 

Adapted from Atallah (1980). 
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TABLE 3. Risk Comparisons (Involuntary Risks only) 

Risk Risk of Death/ 
Person/Year 

Influenza 
Leukemia 
Struck by an automobile (United Kingdom) 
Struck by an automobile (United States) 
Floods (United States) 
Tornadoes (Midwest United States) 
Earthquakes (California) 
Bites of venomous creatures (United Kingdom) 
Lightning (United Kingdom) 
Falling aircraft (United States) 
Release from nuclear power plant 
At site boundary (United States) 
At one kilometer (United Kingdom) 

Flooding of dike (the Netherlands) 
Explosion, pressure vehicle (United States) 
Falling aircraft (United Kingdom) 
Meteorite 1 in 100 billion 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

in 
in 
in 
in 
in 
in 
in 
in 
in 
in 

in 
in 
in 
in 
in 

5000 
12,500 
16,600 
20,000 
455,000 
455,000 
588,000 
5 million 
10 million 
10 million 

10 million 
10 million 
10 million 
20 million 
50 million 

Adapted from Dinman (1980) 
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TABLE 4: ESTIMATED LOSS OF LIFE EXPECTANCY DUE TO VARIOUS CAUSES 

Cause Days Cause Days 

Being unmarried (male) 
Cigarette smoking (male) 
Heart disease 
Being unmarried (female) 
Being 30% overweight 
Being a coal miner 
Cancer 
Being 20% Overweight 
<8th Grade education 
Cigarette smoking (female) 
Low socioeconomic status 
Stroke 

3500 
2250 
2100 
1600 
1300 
1100 
980 
900 
850 
800 
700 
520 

Living in unfavorable state 500 
Army in Vietnam 
Cigar smoking 
Dangerous job (accidents) 
Pipe smoking 
Increasing food intake 

100 calories/day 
Motor vehicle accidents 
Pneumonia (influenza) 
Alcohol (U.S. average) 
Accidents in home 
Suicide 
Diabetes 
Being murdered (homicide) 
Legal drug misuse 
Average job (accidents) 
Drowning 

400 
330 
300 
220 

210 
207 
141 
130 
95 
95 
95 
90 
90 
74 
41 

Job with radiation exposure 
Falls 
Accidents to Pedestrians 
Safest job (accidents) 
Fire (burns) 
Generation of energy 
Illicit drugs(U.S. average) 
Poison (solid,liquid) 
Suffocation 
Firearms accidents 
Natural radiation 
Medical X rays 
Poisonous gases 
Coffee 
Oral contraceptives 
Accidents to bicycles 
All catastrophes combined 
Diet drinks 
Reactor accidents (UCS) 
Reactor accidents 

(NRC) 
Radiation from nuclear 

industry 
PAP test 
Smoke alarm in home 
Air bags in car 
Mobile coronary care units 
Safety improvements 

1966-76 

40 
39 
37 
30 
27 
24 
18 
17 
13 
11 
8 
6 
7 
6 
5 
5 
3.5 
2 
2(a) 

.02(a) 

•02(a) 
-4 
-10 
-50 
-125 

-110 

Source: Adapted from Cohen and Lee (1979). 

(a) These items assume that all U.S. power is nuclear. USC stands for 
the Union of Concerned Scientists, a leading critic of nuclear power. 
NRC stands for the U.S. Nuclear Regulatory Commission. 
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TABLE 5: RISKS ESTIMATED TO INCREASE THE PROBABILITY OF DEATH IN 
ANY YEAR BY ONE CHANCE IN A MILLION 

Activity Cause of Death 

Smoking 1.4 cigarettes 
Drinking .5 liter of wine 
Spending 1 hour in a coalmine 
Spending 3 hours in a coalmine 
Living 2 days in New York or Boston 
Traveling 6 minutes by canoe 
Traveling 10 miles by bicycle 
Traveling 300 miles by car 
Flying 1000 miles by jet 
Flying 6000 miles by jet 

Living 2 months in Denver 

Living 2 months in average stone or 
brick building 

One chest X ray taken in a good hospital 
Living 2 months with a cigarette smoker 
Eating 40 tablespoons of peanut butter 

Drinking Miami drinking water for 1 year 
Drinking 30 12 oz cans of diet soda 
Living 5 years at site boundary of a 

typical nuclear power plant 
Drinking 1000 24-oz soft drinks from 

plastic bottles 
Living 20 years near a polyvinyl 

chloride plant 
Living 150 years within 20 miles of 

of a nuclear power plant 
Living 50 years within 5 miles of 

a nuclear power plant 
Eating 100 charcoal-broiled steaks 

cancer, heart disease 
cirrhosis of the liver 
black lung disease 
accident 
air pollution 
accident 
accident 
accident 
accident 
cancer caused by cosmic 
radiation 

cancer caused by cosmic 
radiation 

cancer caused by natural 
radioactivity 

cancer caused by radiation 
cancer, heart disease 
liver cancer caused by 
aflatoxin B 

cancer caused by chloroform 
cancer caused by saccharin 
cancer caused by radiation 

cancer from acrylonitrile 
monomer 

cancer cause by vinyl 
chloride (1976 standard) 

cancer caused by radiation 

cancer caused by radiation 

cancer from benzopyrene 

Source: Adapted from Wilson (1979) 
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TABLE Time to Accumulate A One-In-A-Million Risk In The 
United States 

General Risks 

Motor vehicle accident 
Falls 
Drowning 
Fires 
Firearms 
Electrocution 
Tornadoes 
Floods 
Lightning 
Animal bite or sting 

Occupational Risks. 

Industry 

Manufacturing 
Trade 
Service and Government 
Transport and Public Utilities 
Agriculture 
Construction 
Mining and Quarrying 

Specific Occupations 

Coal Mining (accidents) 
Police duty 
Railroad Employment 
Fire Fighting 

1.5 
6 
10 
13 
36 
2 
20 
20 
2 
4 

4.5 
7 
3.5 
1 
15 
14 
9 

14 
1.5 
1.5 
11 

days 
days 
days 
days 
days 
months 
months 
months 
years 
years 

days 
days 
days 
day 
hours 
hours 
hours 

hours 
days 
days 
hours 

SOURCE: Adapted from Crouch and Wilson (1982) 
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TABLE 7: Average Risk of Death to an Individual from Various 
Human-caused and Natural Accidents 

ACCIDENT TOTAL INDIVIDUAL 
TYPE NUMBER CHANCE 

PER YEAR 

Motor Vehicle 
Falls 
Fires and Hot 
Substances 

Drowning 
Firearms 
Air Travel 
Falling Objects 
Electrocution 
Lightning 
Tornadoes 
Hurricanes 
All Accidents 
Nuclear Reactor 

55,791 
17,827 
7,451 

6,181 
2,309 
1,778 
1,271 
1,148 
160 
91 
93 

111,992 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

in 
in 
in 

in 
in 
in 
in 
in 
in 
in 
in 
in 
in 

4,000 
10,000 
25,000 

30,000 
100,000 
100,000 
160,000 
160,000 
2,000,000 
2,500,000 
2,500,000 
1,600 
5 billion 

Accidents (100 
Plants) 

SOURCE: Nuclear Regulatory Commission (1975) 
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TABLE 8: Average Risk of Death from Various Human-caused 
and Natural accidents. 

TYPE OF EVENT PROBABILITY OF 
100 OR MORE 
FATALITIES 

PROBABILITY OF 
1,000 OR MORE 
FATALITIES 

HUMAN-CAUSED 

Airplane Crash 
Fire 
Explosion 
Toxic Gas 

NATURAL 

Tornado 
Hurricane 
Earthquake 
Meteorite Impact 

NUCLEAR REACTORS 

100 Plants 

1 in 2 yrs. 
1 in 7 yrs. 
1 in 16 yrs. 
1 in 100 yrs. 

1 in 5 yrs. 
1 in 5 yrs. 
1 in 20 yrs. 
1 in 100,000 yrs. 

1 in 100,000 yrs. 

1 in 2,000 yrs. 
1 in 200 yrs. 
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FIGURE 1. Frequency of Natural Events Involving Fatalities Compared 
with Frequency of Events at Nuclear Power Plants Involving 
Fatalities 

10 100 1,000 10,000 100,000 1,000,000 
FATALITIES X 

Source: Adapted from Nuclear Regulatory 
Commission (1975) 
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FIGURE 2. Frequency of Man-Caused Events Involving Fata l i t i es 

10 100 1.000 10.000 100.000 1.000.000 

FATALITIES X 

Source: Nuclear Regulatory Commission (1975) 
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FIGURE i. Probabi l i ty of Death for an Individual Per Year of Exposure 
(Orders of Magnitude) in Terms of Acceptable/Unacceptable 
Risk 

Source: Wilson (1984) 



FIGURE U. Upper (U) and Lower (L) Bounding Estimates o f 
Total Deaths (Publ ic and Occupat iona l ) , Times 
1000, per Megawatt-year, as a Function of 
Energy System (Total Fuel Cycle) 
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Source: Inhaber (1979) 
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FIGURE "). Radon Risk C h a r t s 
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THE RESULTS OF THE RESEARCH AND STUDIES CONCERNING 

THE INFORMATION ABOUT THE CHERNOBYL NUCLEAR DISASTER 

Per-Axel LANDAHL 
National Board of Psychological Defense 

Stockholm, Sweden 

SUMMARY 

The studies conducted by the National Board of Psychologies1. 
Defence after the Chernobyl nuclear accident concern questions of 
great importance about crisis information. 

The Chernobyl fallout created problems for the mass media and the 
authorities. Both lacked individual preparedness. The knowledge 
necessary to face strong demands for information from the public 
was lacking. A sign of this lack of knowledge and experience was 
shown when individual journalists - contrary to their usual 
behaviour - uncritically accepted the sometimes ambiguous informa
tion coming from the central authorities. 

For the authorities it was very much the same. The expert 
authority, the National Institute for Radiation Protection, had 
quite a lot of know-how, but no resources for such extensive 
information as the situation required. 

Significant problems must be solved concerning the cooperation 
between central and regional authorities. Direct contacts must be 
established so that both types of authorities do not learn through 
mass media what has been decided. The wordings of the messages 
conveyed in such critical situations must be a matter of more 
concern. Facts known by the authorities must be presented in a 
way comprehensible to the public. Technical terms and units must 
be used with great care. Negative information must of course be 
presented but measures should be taken to countermand the 
negative effect. 

A special responsibility should rest with the school system. 

The difficulties of informing the public after the Chernobyl 
disaster were still more emphasized by the study of how the 
brochure "After Chernobyl" was received. 
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Preface 

The Swedish authorities were faced with a unique situation after 
the Chernobyl nuclear disaster. Therefore it is not surprising 
that many difficult problems appeared concerning public informa
tion. The National Board of Psychological Defence has for years 
been studying problems of information about domestic disasters. 
After the Chernobyl disaster we have conducted about ten different 
studies in order to show what really happened with the public 
information about Chernobyl. We have also tried to draw conclu
sions from these studies that may be of use for distributors of 
information in other complicated situations. Other institutions 
have also studied Chernobyl, so there are now a number of reports 
in Swedish concerning this accident (appendix). 

I will now summarize those studies. I will also focus on some 
problems which were brought up in this context and try to comment 
on how to shape and distribute information in such cases. 

What Actually Happened 

An unnormal level of radioactivity - which was later proven to 
emanate from Chernobyl - was first noted outside the Soviet Union 
at the nuclear power plant Forsmark, about 200 km north of Stock
holm. The head of Forsmark informed about this radioactivity at 
the 28th of April 1986. The message was broadcast ten minutes 
later in an extra newcast on the local radio station of Uppsala. 
At the beginning the source of the emissions was unknown. But it 
was generally assumed that the Forsmark power plant had been the 
cause of the abnormal radioactivity. During this first phase 600 
employees at the Forsmark plant were evacuated. When no radio
active emissions from the Forsmark plant were found, the County 
Administration in Uppsala decided to lift the state of prepared
ness that had been declared. However it was noted that tenfold 
higher levels of radioactivity than the normal background radia
tion had been registered in the county. 

The measures after the discovery of fallout at Forsmark were all 
taken according to previously prepared plans. But it should be 
noted that only the counties in Sweden that had nuclear power 
plants had drawn up emergency plans for nuclear accidents. In 
most parts of the country no such preparations had been made. 

The local authorities judged the announcement that no accident 
had occurred in Forsmark as positive. But already the next day 
- the 29th of April - disquieting messages started arriving. 
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The radio and TV presented a discussion between the head of the 
National Institute for Radiation Protection - the central 
authority for radiation protection measures - and an independent 
scientist. The scientist said he thought that the radiation 
problem was far worse than previously assumed. 

The night between the 29th and 30th of April 1986 was rainy in 
large parts of the counties of Uppsala and Gavleborg. The fallout 
from Chernobyl increased considerably. The National Institute for 
Radiation Protection announced that it was not advisable to drink 
rain water. Many interpreted this as a statement that rain water 
in general was dangerous. The impression that the situation had 
gone from bad to worse was intensified during the following days. 

On the 2nd of May some restrictions were announced, concerning 
both farmers and the public in general. For the farmers those 
restrictions meant that milk cows should not be sent out to 
graze and that the milk from cows that had been grazing outdoors 
should be checked for radiation. For the general public the 
restrictions from the Iwtional Institute meant that they should 
not drink rain water and should avoid eating nettles or vege
tables growing outdoors. 

Those recommendations were meant as temporary safety precautions. 
In large parts of central Sweden the prohibition of grazing was 
lifted in a rather short time. No such restrictions remained in 
the county of Stockholm on the 12th of May. It was realized that 
the level of radioactive particles in the milk was far below the re
commended limits. However, in some regions in Northern Sweden 
the problems with radioactivity remained. What began as a commonly 
accepted temporary safety precaution grew from the middle of May 
and first half of June into a major crisis of confidence between 
the agricultural counties that were mostly hit by the fallout on 
the one hand, and the central authorities on the other. 

On the 25th of June all restrictions due to the fallout from 
Chernobyl were lifted. 

The Basic Conditions 

The right to get correct information is a basic condition for us 
to be able to exercise our civil rights. The information from the 
authorities to the public has a value as such. This value 
increases when the citizen feels threatened in some way. The 
public information concerning the Chernobyl accident has therefore 
offered valuable opportunities for studying information problems 
in a crisis. 

The public have no way to find out the facts on their own when 
radioactive particles are spread through the environment. The 
senses are of no help unless the situation is extreme and direct 
symptoms can be detected. The technical means necessary to 
measure levels of radioactivity or to detect radioactivity in 
general are not available for everyone. In fact we have pro
gressed to a state, where the overwhelming majority of the public 
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are dependent on a small technological elite to learn about 
their own conditions of living. This state is quite hazardous 
from a democratic standpoint. Of course the risk is small that 
this elite should use its exclusive power of information in 
order to manipulate the rest of the population. But on the other 
hand the risk that the majority of the population should feel 
alienated from the elite is rather great. 

When discussing the worries of the common man about the risks of 
nuclear power we should be aware of this. It may be so that 
people are more worried about their inability to grasp the given 
information than they are worried about the health hazard of 
nuclear power as such. 

Authorities and Mass Media in the Information Process 

In normal circumstances in an open society the relations between 
the mass media and the authorities are distinct. The role of the 
mass media is to convey news to the public. Mostly the mass media 
use the normal criteria of what in fact is news. The mass media 
also have to examine critically the actions of the authorities. 
The authorities for their part have a responsibility to kf.ep the 
public informed. But the authorities can never be sure if their 
information meant for the public ever will reach the citizens 
through the normal news channels. Above all they cannot influence 
the final shape of this information. 

If an authority wants to be sure to reach the public with its 
message it must write an ordinance, publish a brochure or 
advertise or formulate it in some other way orally or in writing. 

Mostly this system works relatively well. The representatives of 
the mass media and the authorities have different roles that are 
commonly respected. A serious crisis or war can complicate this 
setup considerably. 

As long as the tangible effects of the Chernobyl disaster lasted 
in Sweden, several problems endured. Few representatives of the 
authorities involved had enough knowledge to be able to convey 
correct and prompt information. The representatives of the mass 
media were of course even worse off. This led to a complete 
dependency on the authorities. What the authorities said was 
reported more or less word by word. But after some days - or in 
some cases even longer - the representatives of the mass media 
became more critical. They acquired knowledge by themselves and 
they found representatives of independent research institutions 
whose views on the effects of the fallout often radically 
differed from those of the authorities. It all became rather 
frustrating since the mass media are the most important source 
of information for the public. 

It is neither possible nor desirable in our modern democratic 
information society to regulate the freedom of information of 
the mass media by law. But it would be very valuable if 
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journalists and authorities could come together and discuss 
problems that may arise in a crisis - in order to be prepared to 
face them when they occur. A journalist, especially in the 
yellow press, may depict the situation in far stronger colours 
than necessary, of course with the lawful purpose of selling as 
many copies of his paper as possible. However, it is important to 
stress that correct information as a matter of fact is a basic 
necessity for maintaining the credibility of the mass media and 
therefore the basis of their future existence. Experienced 
journalists are well aware of this. It may be added that nuclear 
power had been the subject of intensive political debate in 
Sweden as in many other European countries. In Sweden we even had 
a plebiscite. This also contributed to the vast news coverage of 
the Chernobyl disaster. 

Which Administrative Level Should Inform? 

One cannot give a definite answer to the question, at which 
administrative level the public information should be given. The 
fallout was unevenly spread over Sweden. In some parts it caused 
serious worries, in other parts none at all. It would have been 
logical that detailed information concerning the fallout had been 
given by authorities at the regional and local level. The public 
should have been informed by the County Administration and the 
municipal Health Boards. The regional Agricultural Boards, which 
in normal circumstances have a close contact with the local 
farmers, should also have been responsible for the information. 

In some cases it worked out so. But in general it was The 
National Institute for Radiation Protection which had to carry 
the responsibility of informing the public. The county and 
municipal authorities had little or no capacity to inform about 
these matters. They did not have the experts and they did not 
know enough themselves to be able to inform others. The National 
Institute, which had the competence, stepped in. Its Director 
General appeared on Swedish TV, described the situation and tried 
to explain the complicated scientific terms, answered questions 
from journalists and so on - rather successfully. ' 

It was good that the National Institute seized the initiative 
when nobody else did. But it created several problems. A great 
part of the detailed information concerned only certain parts of 
the country. 

The guestion of communications between the central, regional and 
local authorities was raised in this context. To a considerable 
degree the regional and local authorities got their information 
from the TV, radio and press. Officials who had not had the 
opportunity to follow the mass medxa intensively were worse off 
than the journalists and the well-informed public. 

It is crucial that regional and local authorities improve their 
credibility in times of crisis. To achieve this the information 
between them and the central authorities must work. For best 
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result the central authorities should inform authorities at the 
regional and municipal level before informing the public. On the 
other hand, this recommendation should always be weighed against 
the demands on the central authorities for promptness and 
frankness. 

The Formal Status of the Authorities 

The National Institute used mostly press releases to inform about 
ordinances and to distribute other important instructions and 
messages. It was left to the mass media to convey this information 
to the public. 

To do things this way is not without drawbacks. It was efficient, 
however, since the messages were widely used in the mass media. In 
the beginning they were considered to be hot news. 

But what authority remains with an official message that has been 
rewritten by journalists and presented by the mass media? What is 
the legal status of an ordinance told by the proper authority but 
presented as regular news by the press, radio or TV? By law the 
National Institute had an advisory role. What the authorities 
advised about protective measures should therefore have been 
interpreted as mere recommendations. That was not always evident 
from the wordings of the messages. 

Not even the spokesmen of the National Institute were quite aware 
of the status of their messages. The changing wordings of the 
messages may have created confusion about the legality of the 
ordinances and contributed to the considerable irritation among 
the farmers in the fallout areas. We will continue to discuss 
the problems concerning the status of messages distributed to the 
public through ordinary news channels 

Who Has the Real Responsibility? 

Different actors on regional and municipal level were not sure 
about who really had the responsibility. The municipalities 
thought it was up to the National Institute or the County 
Administrations to act according to the demands of the situation. 
The County Administration considered that it did not have the 
formal responsibility to act, since the cause was a foreign 
accident. The National Institute had the experts who could 
analyze the situation and give advice in all practical matters. 
The overall picture was in other words rather unclear. 

Messages from the Authorities as Reported by the Mass Media 

As previously stated, the authorities had no problems with the 
mass media regarding broadcasting time or space for their 
information and messages. On the contrary, the media seem to have 
judged pratically all information from the authorities as highly 
newsworthy. There is also a rather high degree of concordance 
between the contents of the press releases from the authorities 
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and what was eventually reported by the mass media studied by us. 
This especially applied to such problematic subjects as radiation, 
foodstuffs and agriculture. Naturally the local media in the 
contaminated areas devoted more space to such subjects than the 
central radio and TV. As expected, it was of great importance if 
the messages from the authorities had local significance. If they 
had they were published in the regional or local press. 

To a high degree representatives of the authorities did act as 
sources of information in the press, on the radio and on TV. 
Mostly this applies to the representatives of central authorities, 
but also to representatives of regional and local authorities. 

Information - Action 

The authorities have always been faced with the problem how to 
reach the public with their information and how to make it 
credible. After the Chernobyl fallout the problem often became 
the opposite one - how the public should find reliable informa
tion. It was not difficult for the authorities to reach 
the public with the information they had. But often the public 
badgered the authorities, demanding answers to its questions. 
Sometimes the citizens reached officials with limited expertise. 
Sceptical or sensitive persons therefore used various ways to 
seek information. They were susceptible to almost anything. In 
other words, the public had rather limited ability to receive, 
understand or draw conclusions from the information offered by 
the authorities. 

The communications between the authorities and the public were 
often obstructed by the inability of the officials to grasp the 
thoughts of the receivers of the information. How could there be 
so much fallout and at the same time plants containing no 
radioactivity? 

As often happens regarding complicated relations, the experts 
were not in accord. Many persons claimed to be experts. Amateur 
geologists but also scientists, with or without detecting gear, 
got a lot of space in the mass media for the results of their 
research, especially when they contradicted the official informa
tion. The local and regional public discussion was conducted 
according to rules that the central information service could 
not always follow. It was even worse when the central authorities 
were uncoordinated, ordering contradictory measures. 

One cannot disregard the fact that some actors involved got 
problems of a psychological nature. A public health inspector 
with limited knowledge of radiation had a hard job defending the 
authority of his own office when he met worried citizens. 

Written or Oral Information? 

During the critical phase of the Chernobyl fallout the media and 
the public demanded instant information regarding all aspects of 
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the disaster. The authorities had no opportunity to analyze 
which kind of information the situation called for - written or 
oral. Oral discourse between the authorities and citizens on 
radio, TV and phone created a demand for new arrangements like 
talk shows on radio, conference calls etc, which were new 
experiences for most of the authorities involved. 

Consequently it was important both for authorities and individual 
officials inside and outside those authorities to assess the 
situation in order to increase the safety of the public. The 
feeling of solidarity arising as a protest against the foreign 
fallout became an important factor in the information work. 

It is a matter of habit wheather one prefers written or oral 
messages. The usual way of the authorities was to keep the 
messages in writing. The option of the press conference was not 
used very often by regional or local authorities. That is under
standable, since both politicians and officials had a hard time 
to answer questions about problems that they had not fully 
grasped themselves. Many officials, who were otherwise used to 
working in direct contact with the public were hard put to answer 
all questions. Guided by their personal assessment they tried 
their best to calm worried people. 

To Be Prepared 

A scenario with a nuclear disaster really existed and it guided 
the Swedish actions to a high degree after the Chernobyl accident. 
It had left its impact on the emergency plans and the technical 
equipment and had a negative influence on the actions taken. All 
planning was based on the possibility of a domestic nuclear 
accident. The emergency measures were limited to zones around the 
four Swedish nuclear power plants. 

The rather extensive emergency planning in the counties with 
nuclear plants had probably given the impression to people that 
accidents of this magnitude were predicted and that the means 
existed to cope with them. When it was discovered that the 
authorities had not planned at all for a foreign accident with 
negative consequences for Sweden it came as a shock both for the 
public and the authorities. In all emergency planning there will 
always be a discrepancv between what is planned for, and what 
actually will happen. A wise planner is well aware of this 
dilemma. He will not fail to stress that scenarios sketched or 
plans made seldom or never will match the actual course of events. 
But in this case the planning was so fixed to an imaginary 
disaster at a Swedish nuclear plant, that other possible 
difficulties had been overlooked. The planning was also founded 
on unrealistic presumptions about how people react during 
extreme stress. 

The Contents and Form of the Information 

It is very difficult to inform about hazards. It is of course 
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even worse if the hazard is invisible. Basic requirements of all 
official information in Sweden are that it should be true, be 
told as fast as possible and shed light upon the problems 
concerned as comprehensibly as possible. Of course the informa
tion should also be transmitted in a language that is 
intelligible for as many as possible. Among all other wise rules 
about crisis information is also that the information if possible 
should be reassuring. In other words the information should be 
simple, matter-of-fact and simultaneously have a content and a 
form that increase the credibility both for the message as such 
and for the authority or the persons responsible for the informa
tion. 

Those requirements of good information are partly contradictory 
and hard to meet. It may be especially difficult to meet the 
requirements of truth and reassurance at the same time. Often it 
is advisable to tell the facts on the one hand and on the other 
hand point to circumstances that may be reassuring. The choice of 
words and the framing ought to decrease, not increase the 
worrisome impact of the message. From the beginning it was a 
necessity to use some terms completely unknown to the public, 
which were hard to relate to any other state of things. The 
authorities started early to use the word becquerel. 300 
becquerel per kilogram of food was a kind of limit. If this was 
exceeded the authorities warned about danger (this limit has 
afterwards been raised to 15 00 becquerel). Since the limit of 
300 becquerel often was exceeded the very use of numbers became 
disquieting to people. At the same time the authorities 
attempted to be reassuring. 

In some circumstances it should however be noted that one should 
be very careful when glossing over the hazards. By underlining or 
repeating that the situation is not dangerous,one can create the 
very opposite effect to what is intended. People get scared and 
do not trust the authorities. Afterwards it is easy to state that 
the abundance of technical terms, used in order to enlighten, 
sometimes increased the confusion of the public. How to present 
technically complicated problems to the public is being 
considered in the studies and planning being carried out to 
prepare for a similar situation. 

Information by Brochure 

About half a year after the Chernobyl disaster a brochure was 
distributed to all Swedish homes in order to convey a 
matter-of-fact, comprehensible and instructive account of the 
effects of the nuclear fallout on Sweden and the Swedes. The 
brochure was called "After Chernobyl". 

Responsible for the contents of the brochure was the National 
Institute for Radiation Protection together with assorted other 
central and regional authorities. The team producing the brochure 
was unanimous about its wording. 
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When the brochure was distributed the National Board of 
Phychological Defence was assigned to carry out a poll to find 
out how the public received the brochure and what they thought 
about it. We should also try to survey what people knew about the 
influence of the nuclear fallout on health and about radioactivity 
in foodstuffs. It was also of interest to find out if people knew 
the units to measure radioactivity. 

50 % of those polled say they have received the brochure. A 
quarter of those polled say no. The rest (about 20 %) do not know 
or do not remember if they got the brochure. 30 % of those who had 
not been in touch with the brochure, however, said that they had 
heard about it. 

Swedish households have to a high degree noted that they have 
received the brochure "After Chernobyl". About half of those who 
said they have received it have also had a look at it. A fourth of 
those say they have read the whole brochure. 

12 % of those asked have paid such attention to the brochure that 
they have discussed its contents with other peor""..e. 

Three quarters of those who have had a look at the brochure find 
that it was very or rather interesting, while 6 % have the 
opposite view and consider it uninteresting. 69 % think the 
information was very easy or rather easy to understand. 

The att ;udes to such a brochure may of course be influenced by 
doubt and suspicion. That background lends interest to the 
question how the people polled think of the description of hazard 
in the brochure. In other words, did they think that the fallout 
risks had been exaggerated, underestimated or fairly described? 
The last view - that the description was fair - is dominating and 
is shared by 60 %. 20 % think that the authors of the brochure 
have underestimated the risks, while 6 % think they have 
exaggerated them. 

Mostly in such polls the pattern of answers shows differences 
between men and women. The latter - the women - think to a lesser 
degree than men that the hazards have been fairly described in 
the brochure. This incredulity also appears itself when more 
women than men think that the hazards have been underestimated by 
the authors of the brochure. 

Differences between various types of households are evident in 
the attitudes to the contents of the Chernobyl brochure. 
Households with children think to a lesser degree than households 
without children that the contents are interesting and that the 
hazards have been fairly described. 

A brochure of this kind is always meant to enlighten the public 
about certain conditions and to answer particular questions. 
Since the Chernobyl brochure was published half a year after the 
fallout one may ask if the brochure still could answer relevant 
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questions. Not less than 14 % of those who had had a look at the 
brochure say that they have found an answer to some question or 
worry in the brochure. 

Are the public in general worried about the consequences in 
Sweden of the Chernobyl accident? It may be noted that more than 
a fifth of all people polled are not worried at all. 29 % are 
hardly worried, while 50 % are worried or very much worried. The 
poll was conducted as a two-part study in order to compare the 
attitudes before and after the distribution of the brochure. One 
cannot point to any large difference in attitudes. 

The results of this poll confirm that women significantly more 
than men tend to worry about the consequences of the Chernobyl 
fallout. This worry appears as a generally more pessimistic 
assessment when it comes to cancer risks, foetal injury and 
foodstuff hazards. Women generally tend to regard the brochure 
"After Chernobyl" with more distrust than do men. 
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APPENDIX 

Some behavioural reports about Chernobyl: 

Hibell, Bjorn: 

Hultaker, 

Hultaker, 

Orjan: 

Orjan: 

Shalit & Shalit: 

FahlSn & Hammarstrom: 

Nordlund, Roland; 

IMU: 

Sifo: 

Mardberg, Otto & Lundin: 

Information om karnkraftsolyckan i 
Tjernobyl, Stockholm 1986 (Information 
about the Nuclear Disaster in Chernobyl) 

Efter Tjernobyl, SKOP, Stockholm 1986 
(After Chernobyl) 

Den forhojda stralningen vid Forsmark 
den 28 april 1986, SKOP, Stockholm 1987 
(The Enhanced Radiation at Forsmark 
April 28th 1986) 

Attityder hos personal vid Forsmarks-
verket efter Tjernobylolyckan, FOA, 
Karlstad 1986 (The Attitudes of Personnel 
of the Forsmark Power plant After the 
Chernobyl Disaster) 

Tjernobylolyckan - Hur paverkar den vara 
levnadsvanor i Kramfors och Solleftea, 
1987 (The Chernobyl Accident - How it 
Influences our Lifestyle in Kramfors and 
Solleftea) 

Radio Uppland och "Forsmarksutslappet". 
Ett svenskt karnkraftshaveri som kom av 
sig. (Radio Uppland and the "Forsmark 
Emission". A Swedish Nuclear Breakdown 
that Never Was). Stockholm 1986. 
SPF paper 1986:114 

UndersSkning om allmanhetens attityder 
till karnkraftsolyckan i Tjernobyl, 
Stockholm 1986 (Poll of Public Attitudes 
Regarding the Chernobyl Nuclear Accident) 

Various continuous polls 

Befolkningens reaktioner pa hotet fran 
Tjernobylolyckan, FOA, Karlstad 1987. 
(Reactions of the Inhabitants to the 
Threat from the Chernobyl Accident) 
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Hoijer, Birgitta; 

Findahl & Lindblad: 

Jorgen Westerstahl & 
Folke Johansson: 

Erik Amna & 
Stig Arne Nohrstedt: 

Stig Arne Nohrstedt & 
Kerstin Lekare: 

Monica Engholm: 

Thomas Anderberg: 

Tjernobylolyckan i manniskors medvetande, 
PUB, Stockholm 1987 
(The Chernobyl Accident in the Public 
Consciousness) 

40 dagar med Tjernobylnyheter i radio 
och TV, PUB, Stockholm 1987 
(40 Days of Chernobyl News on Radio and 
TV) 

Svensk karnkraft efter Tjernobyl, SNS, 
1987 (Swedish Nuclear Power After 
Chernobyl) 

Att administrera det oforutsedda. Om 
samspelet mellan svenska myndigheter, 
media och medborgare i samband med 
Tjernobylkatastrofen 1986. (Administering 
the Unexpected. The Interrelations 
Between the Swedish Authorities, Mass 
Media and Public During the Chernobyl 
Disaster 1986). Stockholm 1987, 
SPF Report nr 137 

Att rapportera det oforutsedda. En 
studie av lokaltidningarnas Tjernobyl
nyheter i Uppsala och Gavleborgs Ian 
under maj och juni 1986. (Reporting the 
Unexpected. A Study of the Chernobyl 
News in the Local Papers in the 
Counties of Uppsala and Gavleborg During 
May and June 1986) Stockholm 1987, 
SPF Report nr 138 

Nar det osannolika blev sant. En studie 
av fyra lokaltidningars rapportering 
efter Tjernobyl 12-24 maj 1986. 
(When the Improbable Became Fact. 
A Study of the Reporting of the Four 
Local Papers After Chernobyl May 12th -
24th, 1986) Stockholm 1987, 
SPF Report nr 139 

Att vardera det oforutsedda. En bedom-
ning av ledarartiklar om Tjernobyl-
syndromet sadant det tedde sig i ned-
fallscentrum varen 1986. (To Evaluate 
the Unexpected. An Assessment of the 
Editorials about the Chernobyl 
Syndrome As It Appeared in the Centre 
of the Fallout in Spring 1986) 
Stockholm 1987, SPF Report nr 140 
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Roland Nordlund: "Ovanligt hog lokal radioaktivitet". 
En studie av Radio Upplands Tjernobyl-
bevakning den 29 april - 30 juni 1986. 
("Unusually High Local Radioactivity". 
A Study of the Chernobyl Reporting on 
Radio Uppland, April 29th - June 30th, 
1986). 
Stockholm 1987, SPF Report nr 141 

Tjernobylolyckan och myndighetsbeskeden. 
En studie av myndighetsinformation i 
lokala etermedier den 28 april -
15 juni 1986. (The Chernobyl Accident 
and Messages from the Authorities. 
A Study of Information from the 
Authorities on Local Radio and TV, 
April 28th - June 15th, 1986). 
Stockholm 1987, SPF Report nr 142 

Goran Stfltz; Att informera om det osynliga. En studie 
med anledning av broschyren "Efter 
Tjernobyl". (Informing About the 
Invisible. A Study About the Brochure 
"After Chernobyl". 
Stockholm 1987, SPF Report nr 143 

Claes Lundgren; Tjernobylolyckan i Radio Moskvas belys-
ning. En studie av sovjetisk informa
tion till svensk publik om en nationell 
katastrof. (The Chernobyl Accident as 
Seen by Radio Moscow. A Study of Soviet 
Information to Swedish Listeners About 
a National Disaster). 
Stockholm 1987, SPF Report nr 144 

J5rgen Westerstahl & 
Folke Johansson: 
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WHY TELEPHONE NUMBERS ARE THE ONLY FACTS WORTH KNOWING ABOUT 
RADIATION PROTECTION 

A journalist's view by Dr. Toa Wilkie, 
Science Correspondent, 

The Independent Newspaper, 
London 

1. THE PUBLIC'S IGNORANCE OF SCIENCE 

In the past few years,there has been a growing chorus of anxiety among 
scientists about the general public's ignorance of scientific and technological 
matters. 

In the UK, this reached a peak at the 1987 meeting of the British 
Association for the Advancement of Science. In his presidential address to 
the BA, Sir Kenneth Durham excoriated just about every sector of British 
society, from schoolteachers through journalists to politicians, for conniving 
at continuing public ignorance in matters scientific. Among other things, 
Sir Kenneth, an industrialist who made his career in the chemicals business, 
recommended to the editors of national newspapers that they ought to be more 
interested in colloid science. 

Sir Kenneth's concern was economic: he believed that public ignorance 
of and indifference to science (often shading into outright hostility towards 
technology) would inevitably disadvantage the United Kingdom in its efforts to 
maintain and increase its national wealth in an increasingly competitive 
international market-place. Others have been more apocalytic in their views, 
alleging that democratic society itself is impossible if the electorate are 
unable to form judgements for themselves on complex technological issues. 

Such concerns have led the Royal Society, in conjunction with the 
British Association, to set up a Committee on the Public Understanding of 
Science (COPUS). Chaired by the director of the Imperial Cancer Research 
Funds, Sir Walter Bodmer, the committee issued a fairly impenetrable report 
last year "The Bodmer report". Also in Britain, the Ciba Foundation late last 
year hosted a small conference on the topic of "Communicating science to the 
general public". Its proceedings have recently been published under the same 
title. 

Some of the research reported at the Ciba Foundation's meeting 
superficially supports the concerns expressed by scientists. The United 
States is often cited by British scientists as a country in which there is 
much more knowledge of and interest in science, yet according to a study 
reported at the Ciba foundation meeting, something less than 7 per cent of the 
population can be classed as scientifically literate. Indeed, the proportion 
seems to have been falling in recent years. From 7 per cent in a 1979 study, 
to around 5 per cent in 1985. 
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2. THE SCIENTISTS' IGNORANCE OF THE PRESS 

Further research shoved that zoos and museums had a small role to play 
in scientific education. But their role is not important in the context of 
today's meeting. For most adults, just about the cnly source of scientific 
information vas the mass media. 

In what follows, I will restrict myself to a discussion of the 
situation in Britain, for it is the only one about which I an competent to 
speak. Additionally, and this is a more important distinction, my comments 
are really applicable only to the "quality" press and not to the tabloid or 
popular press. 

The reason this distinction is important is that nevspapers and 
magazines exist to satisfy their readers' demands- So different publications, 
addressing different readerships, vill differ in their choice of vhat stories 
they believe to be newsworthy and even if they pick on the same story, they 
may highlight different aspects of it. New Scientist's reporting of the 
Chernobyl crisis, for example, differed in extreme from the Sun's treatment of 
it. 

This distinction is obvious - indeed the first question a trainee 
journalist is taught to ask is directed at himself: "Who are my readers?" 
Yet few scientists saem to appreciate the point. They seem to think that 
there is an irreducible core of "truth" that has only to be exhibited like a 
diamond and its unchanging and unique lustre vill be equally clear to all. 

It is my impression that the scientists who lament the public's 
ignorance of science themselves often exhibit a patrician disdain for learning 
about the media. They do not understand the media's basic purpose and they do 
not know, far less understand or make allowances for, the particular strains 
and pressures involved in the production of a newspaper, magazine or 
television programme. 

COPUS recognised this point in Britain and has taken one serious and 
worthwhile initiative: it has set up Media Fellowship scheme whereby 
practising scientists spend some two months working in the offices of national 
nevspapers, radio or television to try and increase the personal contact 
between scientist and journalist. 

3. THE NEED TO COMPETE 

These then are the two points that I wish to make in this talk: 

i) That radiation protection specialists are but one special interest 
group among many who are clamouring for the public's ear and the 
public's attention: you will have to compete with Sir Kenneth 
Durham's colloid scientist, for example. 

ii) That in communicating with the public you must do so through the 
intermediary of the mass media, and that requires work and 
understanding not on the part of the journalists, but on the part of 
those who vish to communicate with them. 
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Of course, if Chernobyl blows up, you do not have to compete with any
one else for attention. In fact, I suspect that some radiation protection 
specialists got enough public interest in their discipline during that incident 
to last them a lifetime. But the purpose of this seminar, as I understand it, 
is in part to explore what can be done under normal circumstances to ensure 
that, at a time of crisis, the general public receives a better guide as to 
what is a reasonable way to behave and cope with the problems. In what follows 
therefore, I will concentrate on business as usual, and not on crisis situa
tions. For when the crisis is upon you, it is too late for calm reflection. 

4. WHY FACTS ARE IRRELEVANT 

Nuclear power and radiological protection are scientific and techno
logical matters that are also public and political issues. Radiological 
protection particularly employs scientific concepts that are remote and un
familiar to the public at large. But I would stress that they are also remote 
and unfamiliar to colloid scientists as well. The public at large may be 
unscientific, but many scientists are completely ignorant of the terminology 
and, more fundamentally, the concepts employed, in other disciplines. 

It is a thing very often forgotten, that "science" is a misleading 
word. There is no such thing, no single body of knowledge that we can describe 
as "science". I owe to a recent book by John Ziman "Knowing everything about 
nothing" this elementary but profound observation. 

I am therefore sceptical about the idea that all that is required is to 
present "the facts" to the people and then they will understand the issues and 
accept that the advice they are being given is correct and worth acting upon. 

Scientists and technologists seem to labour under a severe misapprehen
sion that "the facts" are what matter. But the majority of people are not 
interested in science, as I have already stated, nor in one particular set of 
scientific facts. I feel that they have reached this position quite ratio
nally: consciously or unconsciously, they appreciate that they do not have 
the competence to ajudicate on technical matters. 

Yet there is a constant obsession with the "technical fix" in ex
plaining radioactivity to the populace. One example, particularly beloved of 
the Chairman of the Central Electricity Generating Board, Lord Marshall, is 
the back-garden analogy. He alternates this with the cigarette equivalent. 

Why one wonders, should people be interested in reading about such 
things? There are other things that touch their lives more nearly: economic 
and industrial policy for example, whether Keynesian or Monetarist economic 
theory is the correct policy to follow. 

Subliminally, people get the impression that the teason they are 
expected to be interested in radiation is that there's going to be rather a 
lot of it around - that they should expect more Chernobyls. There is an added 
twist to the particular tale in that Lord Marshall is the operator of most of 
the nuclear power stations in Britain and a leading exponent of their safety. 
So the reasoning goes somewhat like this: 
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Lord Marshall tells us that nuclear power stations are safe. If they 
really are safe, th^n there is no need for us to learn about low-level radia
tion. Lord Marshall says ve need to learn about lov-level radiation. There
fore, nuclear power stations are not safe. But if ve doubt Lord Marshall on 
the safety of nuclear power stations, why should we believe his discussion of 
low-level radiation and backgardens? 

I will mention but not discuss one other aspect of the specialist's 
obsession with "the facts". It often leads to a severe misrepresentation of 
where science ends and public policy begins. In his report of the Sizewell 
public inquiry, Sir Frank LayfieId noted that there had been "insufficient 
public explanation of the National Radiological Protection Board's advice" on 
radiation protection standards and that the Board should "publish its justifi
cation for endorsement of the ICRP's recommendations". Sir Frank went on to 
stress that "opinions of the public should underlie the evaluation of risk 
[and that] Parliament is best placed to represent public attitudes". 

There is a great danger, in drawing up layperson's guides, of hiding 
the fact that radiation limits and standards involve a judgement of whether a 
benefit might outweigh a cost, and that this judgement is not scientifc but 
political. 

5. THE MESSENGER MATTERS MORE THAN THE MESSAGE 

I have already said that people think themselves less than competent to 
make factual judgements about abstruse technical matters. But there is one 
area in which people are very competent to assess and ajudicate: that is in 
judging other people. After all, we have all been doing it for all of our 
lives. Scientists seem to have forgotten that this is one of the most basic 
characteristics of human society: that people deal, not with rads, rems and 
sieverts, but with other people. 

In a talk to a meeting of the British Association for the Advancement 
of Science some years ago, the eminent British biologist John Maynard Smith 
recalled how when he was young he read books about science written by the 
scientists themselves, but that nowadays science journalists acted as 
intermediaries: 

"Because ence is no longer presented by scientists, it appears as an 
impersonal and > oriou^ edifice, and not as something done by human beings." 

Emphasis on "the facts" in the abstract, by those connected with 
radiological protection has, I believe, contributed to the public's perception 
of the whole business as something impersonal and monstrous. 

So far I have talked about what, in my opinion, the people or the 
public want, and not what I as a journalist want. There are two reasons for 
this. 

One concerns the structure of newspapers, particularly. If I wish to 
write a story and have it published, I must "sell" the idea to the news editor 
of the day. 
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Every journalist on a newspaper is competing with his or her 
colleagues. There is only a limited amount of space in any newspaper and 
every story has to compete for its position. 

The man who makes the decision is the duty news editor. Neither he nor 
1 am in the business of educating the public, regardless of topic. Ve are in 
the business of selling newspapers. 

The news editors' brief is to choose the stories that will appeal to 
our readers and, hopefully, attract more. He will apply a test of newsworthi-
ness, but above all else, he will decide on the basis of "In my opinion, is 
this what the sort of people I judge to be our readers want to read?". 

For this reason you could go through the preceeding discussion and 
substitute "press" for "public" everywhere and get a good idea of what the 
journalist wants. 

There is a second reason why I have stressed the primacy of people in 
social contact with other people. It is that journalists need people too. 

In a British newspaper report, with the exception of a "leader" or 
signed opinion article, you will not, or should not, find ex cathedra 
pronouncements of fact. Instead you will find a concatenation of statements 
attributed to various named individuals. 

This leads to what is perhaps the most important statement I will make: 

It is no part of a journalist's job to report the facts; he must 
report what he is told are the facts. 

The distinction is vital. It lies at the heart of many of the com
plaints that I have heard from member of the radiological protection community 
as well as scientists in general. 

In the nuclear case, the environmental groups are much more adept at 
phoning up journalists and trying to interest them in stories. Such groups 
make the stories very easy indeed to write, for they lay on everything: 
people or their telephone numbers, predigerted quotes and background material. 

The professionals, on the other hand, could hardly make life more 
difficult. They almost never phone journalists up with anything remotely 
approaching a story, and if a journalist telephones them, then they are 
nervous, hesitant to talk, they answer the questions very precisely with 
myriad qualifications (which never realistically have a hope of getting 
printed). Not for nothing has the Central Electricity Generating Board, of 
which Lord Marshall is the chairman, been characterised by a satirical 
magazine in Britain as "Like the Soviet Union, but without the glasnost". 

I have said that journalists need people. In particular, they need 
people whom they can trust. Host journalists spend their time reporting on 
political and economic matters. Such reporters inevitably ccne to distrust 
most of the people they meet in the normal course of their work. Trust is 
something that has to be won. 
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6. A SHORT TALE ABOUT TELEPHONE NUMBERS 

Throughout this talk, I have said nothing abouts rads, rems and 
sieverts. Frankly, I think they are irrelevant, and their names even more so. 
As I was writing this paper, one of my colleagues came up to me to check a 
rather abstruse item of chemistry. In reporting a court case, he had to 
describe the purpose of the Griess test for explosives and he was worried 
about the accuracy of what he was writing: was the chemical tested for a 
nitrate or a nitrite? Vhat he needed above all else was the telephone number 
of someone who knew and would tell him straight away. The detailed definition 
of the chemistry and the history of chemical nomenclature were not relevant 
nor interesting. But precision in reporting was. Thus a simplified chemistry 
textbook would not have been sufficient, for no book can hold within it the 
answers to all the questions that are likely to arise in daily reporting. 
Vhat holds for chemistry holds with more strength for radiation protection. 
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RADIATION PROTECTION CONCEPTS -
HOW SHOULD THEY BE COMMUNICATED? 

LES CONCEPTS DE LA RADIOPROTECTION : 
COMMENT DOIVENT-ILS ETRE COMMUNIQUES ? 
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RADIATION PROTECTION CONCEPTS - HOV SHOULD THEY BE COMMUNICATED? 

(Some guidance on communicating radiation protection 
concepts developed at the Workshop) 

1. INTRODUCTION 

There are two situations in which the communication of ideas to the 
public occurs. Most of the work takes place during the normal situation. 
Here the intention is to build up an increased understanding of radiation 
protection so that people can appreciate the safety standards adopted. This 
should then form a background of information and understanding so that, if a 
radiation emergency does occur such as a nuclear accident or increased levels 
of radon are detected, people will have enough knowledge to guide them in 
deciding what is appropriate behaviour or in understanding decisions taken by 
authorities. By implication, this level of knowledge would also help them to 
avoid any inappropriate and counterproductive actions. 

In the infrequent, but highly publicised, situation when an emergency 
situation has occurred, the problem of communication must be taken in con
junction with the official response to the emergency. This response should be 
clear and consistent. If official advice alters in the course of time, then 
the public will be likely to be confused and to view it with mistrust. Prob
lems are also likely to arise if there are inconsistencies in the standards 
and approaches followed by different national authorities. In such situations 
it may be necessary to stress the importance of political judgements in addi
tion to technical considerations. Efforts put into ac'sance planning and 
agreement on emergency standards are likely to yield considerable benefits if 
an accident does occur. 

Before attempting to communicate, it is necessary to consider the 
abilities and interests of the audience. The general public consists of 
identifiable sets of sub-groups, and, if possible, it will be efficacious to 
take into account the background experience of each audience. A major divi
sion here will be between: 

a) Those with both a professional involvement and some scientific or 
medical background, who can be expected to develop a good under
standing of radiation protection. This includes groups such as 
doctors and nurses, environmental health officers, science teachers 
and science journalists. The value of these people for re-conveying 
information to the general public cannot be too highly stressed. 

b) Those who are likely to need a "layperson's guide" only. This 
covers the majority of the general public. 
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However, this simple division into two categories raasks various sub
groups falling between the two. For instance, those with particular respon
sibilities in this field such as politicians, trade union representatives, and 
particularly local authority officials who are responsible for carrying out 
emergency procedures need to acquire a greater scientific understanding of 
radiation protection. Similarly, members of environmental pressure groups and 
people living close to a nuclear installation might have the desire and 
incentive to absorb more than just a "layperson's guide". In general, the 
people who lie outside all the specific groups mentioned in these two para
graphs would be hard to target directly and could only be reached through the 
media . The general objective of this workshop was seen as the provision of 
guidance to members of group (a) to assist them in communication either 
directly or via the media with members of group (b). 

Whatever the audience being aimed at, it is essential to deal with 
issues in a clear and straightforward manner which may not be compatible with 
a precise scientific definition of the concepts and quantities used. The 
objective is obviously to clarify without an excessive loss of scientific 
rigour. This may not be completely achievable so the problem then is to judge 
how much precision can be sacrificed without being accused of misrepresenta
tion. In particular, concepts that are not absolutely necessary for the 
purposes of the explanation should be avoided. However, it is by no means 
obvious which are the concepts that do not need to be explained. By virtue of 
their expertise, radiation protection specialists may be poor judges of the 
lay public's conceptual grasp of the issues. The public, and radiation 
protection specialists or scientists in general may not actually share a 
common conceptual framework for discussion on scientific matters (see 
Covello's paper). 

2. PHYSICAL AND DOSIMETRIC ASPECTS OF RADIATION 

For the purposes of communication with the general public, the number 
of items that need to be defined should be kept to an absolute minimum. 
People do need a conceptual guide or framework into which they can fit the 
factual information they are presented with, but the emphasis should be on 
explanation rather than on scientific definitions. Basic lessons in physics 
and biology will not help to clarify the issues for the general public. Their 
interest is to be told whether there is any danger, if so what this consists 
of, and what they can do about it. 

It is a general feeling among radiation protection specialists that the 
changeover in the system of units, and the multiplicity of quantities and 
units is confusing to the layperson. However, the magnitude of the problem 
must not be exaggerated. Where it is necessary to quantify it should be 
feasible to use becquerels as a measure of activity (related to physics and 
"clicking" counters) and millisieverts as a measure of individual dose 
(related to health effects). The use of these units should be quite compre
hensible as long as a range of typical activities or doses is given in these 
units as a means of familiarisation. 

More important than trying to explain the units themselves is to try to 
put them in perspective. One way of doing this would be to actually base them 
upon a type of radiation exposure with which the public might be reasonably 
familiar, such as the typical annual dose from natural background or the dose 
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from a typical chest X-ray. This would help to give an immediate grasp of the 
size of the exposure being referred to, whereas a sievert or millisievert is a 
totally unfamiliar measure without a clear reference to experience. The 
problem with using this approach is that people may not be familiar with the 
original reference and may not accept that the derived unit and what is being 
measured are commensurable. They may feel that because the doses are from 
different sources they cannot validly be compared. 

An attempt should be made to give a non-quantitative explanation as to 
how activities are translated into doses. For instance, radiological protec
tion specialists have failed to explain to the public how an activity level in 
food (in Bq/kg) is assessed in terms of maximum individual and collective 
dose. This situation should be remedied. To explain why activity levels do 
not translate uniformly into doses, one might use an analogy with the temper
ature of a source and its potential effect as far as burns are concerned. A 
high temperature in itself does not automatically mean considerable heating 
effects because the latter depend on the mass, distance, and physical charac
teristics of the source. Also simple explanation, e.g. as to why it is useful 
to wash cabbage or vegetables in general, would help people relate the physics 
to the familiar wcrld. It would also be useful to make clear some of the 
distinctions between concepts such as, for example, the difference between 
"radiation" and "contamination". 

A better way to achieve perspective is to explain the various sources 
of radiation, both natural and artificial. The pie charts used by the 
International Atomic Energy Agency and UK National Radiological Protection 
Board might be examples which could be adapted for this purpose. A consider
able proportion of the general public is unfamiliar with the notion that 
human beings have lived and envolved with a continuous background of natural 
radiation. Making this clear should be beneficial. It may also be helpful to 
explain the geographical variation in natural background, which also puts 
artificial exposure into perspective. It would also be useful to stress that 
natural background radiation and artificial radiation are the same physical 
phenomena. Since ionising radiation is sometimes regarded as a special prob
lem, because it is not directly detectable by the human senses, it may be 
helpful to mention that there are other examples of such a phenomenon, for 
instance radiowaves. Indeed, many chemicals are undetectable in this way. 

For the purpose of communicating with people with some technical back
ground and those with a strong interest, it should be easy to use quantities 
such as dose (to refer to effective dose equivalent), and collective dose (to 
refer to collective effective dose equivalent commitment) in their correct 
units. These people would also be expected to achieve a more detailed under
standing of various aspects of radiation: 

- internal contamination and external irradiation 

- the effectiveness of shielding, effects of exposure duration 
and distance from a source 

- physical half-life 

- biological half-life. 
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A good understanding of these topics as well as of the fundamental 
concepts that underpin them would be useful in both the routine and accident 
situations as these people are likely to be communicating with the general 
public. 

It might be useful, in addition, to present information on these topics 
to the public in such a way that they have the choice as to whether to try and 
absorb it or not. That is, this material should be presented not as a part of 
a sequential argument, but as self-contained blocks of information. 

3. THE EFFECTS OF RADIATION 

It is probably useful to talk separately about (a) the short-term 
threshold effects of radiation (at high doses) and (b) the possible long-term 
effects (at low doses). For this purpose, terms such as "stochastic" and 
"non-stochastic" effects, which are difficult and unfamiliar concepts should 
be avoided. Rather, the short-term effects could be called "acute" or "early" 
effects and the long-term ones could be called "late" or "delayed" effects. 

At this stage of a discussion it is probably counterproductive to talk 
about "risks of radiation". This is mainly because, in the public mind, 
"risk" is associated with unusual danger and with uncertainty or ignorance. 
The public also tends to concentrate on the consequence associated with a risk 
rather than the probability, even if the latter is extremely low. They thus 
tend to over-emphasise the danger involved. The public is also very sensitive 
about the confidence level associated with official statent n<.3. Discussion of 
the probabilistic nature of risk is likely to decrease public confidence and 
decrease the credibility of national authorities and for these reasons it is 
advisable to talk about the "possible" long-term effects of radiation. 

The basis for the estimation of health effects of low-dose radiation is 
interpolation between the database of observed effects at relatively high 
doses and the presumption of zero effect at zero dose. Emphasis should be 
placed on the fact that there is an international scientific consensus in the 
radiation protection community to the effect that this interpolation based on 
a linear model of the dose-effect relationship (i.e., the general proportion
ality between dose and effects), is perfectly adequate to ensure that people 
are not underprotected. It would be reasonable, however, to explain to those 
with a technical background the different possibilities for dose-effect 
relationships at low doses. This should lead to an overview of the range of 
estimates in use by those outside the consensus (both above and below it). 

In regard to the above paragraph, it would be helpful to indicate hov 
low is "low dose radiation". It would also be helpful to mention that the 
data on the survivors of Hiroshima and Nagasaki give little indication to 
believe that any genetic effects have resulted. 

4. QUANTIFICATION OF RISK ESTIMATES 

Vhereas it may be unwise to refer to the "risk of radiation" as a 
self-contained topic, it is sensible to compare radiation risks with other 
forms of risk. Risk estimates ought to be quantified for communication 
purposes, but their quantification is also necessary for comparing the risk 
levels of radiation with those of other, more familiar sources of risk. 
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The "traditional" way of quantifying risks is in terms of the number of 
deaths that may be expected (or have occurred in the past) over a given period 
of time, usually expressed as a proportion of the total number of lives exposed 
to that risk. If using this approach, differently exposed groups should be 
considered separately, e.g. members of the general public should be considered 
separately from people working with radiation. Thus, average individual risk 
levels may be estimated. However, the estimates of probability involved in 
this method may not carry a great deal of meaning to the public since the 
numbers encountered are usually very small, for example "one in a million". 

The number of health effects (in the case of radiation, fatal and 
non-fatal cancers) in a population, calculated from the collective dose, gives 
rise to estimates that may also be difficult for the public to comprehend. In 
this case the risk levels may be expressed relative to the occurrence of 
cancers due to other causes. It should not be surprising that the public 
experiences some difficulty with this topic. After all, experts differ on 
whether these estimated health effects are real or hypothetical. This is 
partly because the number of health effects due to low-level radiation is 
undetectable against the background of cancers due to other causes. 

Use of the idea of "years of life lost" was considered as a mechanism 
for expressing risk but rejected by the Working Group as being a more confusing 
and less legitimate procedure than those discussed above. 

Neither of the above two methods take the quality of life into account, 
and most members of the public would probably argue that the risk of "death" 
is not the only risk involved, eg. the death of a child is not regarded as 
equal to the death of an old man, and similarly a slow death over many years 
is not the same as a quick death. However, it would be impossible to take all 
these variables into account when attempting to quantify risk levels. 

5. COMPARISON OF RADIATION RISKS 

It is generally accepted that comparisons are valuable in explaining 
new concepts and as a means of illustrating abstract ideas as well as to put 
new risks in perspective. However, great care must be taken in the use of 
comparisons since they can be misleading and are very vulnerable to misinter
pretation. This is especially so when the recipients of the information have 
already formed opinions and attitudes with regard to the subject, as is large
ly the case with radiation hazards. 

There is evidence to suggest that people's attitudes and beliefs will 
actually structure the way in which new information is interpreted, i.e. if 
the information is consistent with one's beliefs, then it is taken as reliable; 
if not, then it is considered erroneous and unreliable. 

Where nuclear power is concerned, many people's attitudes are quite 
firmly rooted. So there is a danger that comparisons aimed at getting 
people's perception of the nuclear risk "into perspective" with other risks 
will be interpreted as unreliable (perhaps even as deliberately misleading) by 
some groups. This will serve to further erode the credibility of the authori
ties concerned in the view of these groups. 
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When using comparisons, ir is important to bear in mind that people 
perceive different risks in different ways, even though the probability and 
the eventual outcome of the events may be the same. It is therefore necessary 
to consider the factors which may influence the ways in which the public 
perceives a particular risk. Four such factors are isolated in the literature 
as being of particular influence: 

i) the voluntary or involuntary nature of risk; 

ii) whether the risk is confined to the individual or faced by 
society as a whole; 

iii) how familiar the public is with the risk; and 

iv) whether the risk has a great potential for catastrophe [this is 
really an expansion of factor ii)]. 

In the light of these factors, it may be said that comparing the risks 
of a certain exposure to radiation with the risks incurred by, for example, 
"smoking cigarettes", will not carry a great deal of meaning, however accurate 
the comparison may be in terms of probability and eventual outcome. Moreover, 
when using voluntary risks as a comparison, it must be remembered that the 
individual has a disproportionate belief in his/her own infallibility 
(probably because he/she is "in control" of the situation, e.g. driving) - and 
this will alter the individual's perception of the risks involved. 

It has also been argued in the literature that, in the case of nuclear 
power, the public tends to concentrate on the potential for widespread 
catastrophe in both time and space. Potential accidents in other industries 
tend to be seen as localised or at least confined to the country of its 
occurrence, e.g. the accident at the chemical plant in Bhopal, India, the 
effects of which are still being experienced by the local inhabitants, whereas 
an accident in nuclear power can affect many countries, as demonstrated by the 
accident at Chernobyl. 

Radiation risks can also be compared with risks posed by natural 
hazards, e.g. earthquakes, floods, cyclones, etc. However, in this case there 
is a very important difference in the nature of the risks involved: the latter 
are classed as "Acts of God", and there is very little that can be done to 
prevent them, nor is there anyone to blame for their occurrence. Perhaps 
because so little can be done to prevent the occurrence of a natural hazard, 
several studies suggest that the public tends to concentrate on the lov-
probability aspect of the risk. With man-made disasters - and apparently with 
nuclear power in particular - the public tends to concentrate on the potential 
consequences. 

Internal comparisons have also been made. For instance, X-rays are 
often put forward as an example of radiation technology being accepted because 
it is familiar, has clear benefits, and its practitioners are trusted. How
ever, it must be pointed out that X-rays are generally voluntarily undertaken, 
their risks and benefits are confined to the individual, and there is no 
element of catastrophe involved. Moreover, the possibility must be considered 
that a large proportion of the general public is unaware that X-rays are at 
all connected with radiation and that there are any risks involved. Before 
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using a comparison, it is important to question how well the public understands 
the object of the comparison. A comparison with something that is itself un
known does not clarify. 

However, it is true that the benefits of X-rays are clear. Perhaps one 
of the main problems in finding suitable comparisons for the risks connected 
with the nuclear power industry is that, to the general public, its benefits 
are not immediately clear: it is just another way of producing electricity 
and therefore, strictly speaking, replaceable. 

A comparison of the levels of artificially contributed radiation with 
the natural levels of radiation may be very useful in terms of bringing the 
risks into perspective, as well as relieving the public of the belief that all 
radiation is an artificial phenomenon. However, care must be taken in pre
senting this to the public and explaining clearly what is meant by natural 
radiation, because the public may see this as somehow different from artificial 
radiation. 

It is also possible to put radiation doses into perspective by comparing 
with standards as set by national regulations as well as international guidance 
on radiation dose limits. 

Finally, a number of studies have suggested that worries about radia
tion may be 'surrogates' for larger concerns, e.g. fear of nuclear weapons, 
fear that the nuclear plant may be vulnerable to terrorism, a general distrust 
of institutionalised technology. If this is the case, comparisons of the day-
to-day risks of being exposed to certain levels of radiation with other activi
ties such as smoking or travelling by car will be of little value. Nonetheless 
comparisons of radiation risks with the every-day risks that people are accus
tomed to facing are useful in comparing the magnitude of the risks involved, 
though care must be taken on how the material is presented, who it is aimed 
at, and the assumptions and conditions attached to such comparisons should be 
clearly stated. 

There was some discussion as to whether the idea of a "trivial" level 
of risk was useful in making comparisons. It was generally felt that this was 
not helpful in communicating with the public although it may be a suitable 
basis for regulatory discrimination by national authorities. 

It is suggested that the different possible kinds of dose and risk com
parisons are classified in the following order of decreasing "acceptability" 
by the public: 

Activity concentrations or dose rates with natural activity levels (of 
appropriate radionuclides) and dose rates. 

Doses with doses from natural sources, internal and external. 

Doses with doses from other artificial radiation sources, such as 
X-rays. 

Doses with dose limits. 

Probability of cancer with natural probability of cancer. 
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Risks with involuntary risks, eg chemical carcinogens or passive 
smoking. 

Risks with voluntary risks, eg smoking, but only if the difference in 
the type of risk is recognised and explained. 

Risks with risks of similar practices not involving radiation, eg 
different means of energy production. 

In the special case of emergencies, risks from radiation with other 
risks of countermeasures, eg evacuation. 

6. THE SYSTEM OF DOSE LIMITATION 

The fundamental principles of radiation protection (under routine 
conditions) lie in the three requirements laid down by the ICRP. These are: 
justification of a practice, optimisation of protection and individual dose 
limits. It is vital to explain all three of these in order to persuade the 
public that a reasonable policy on radiation protection exists and that there 
is an international consensus regarding application of these principles but 
the concentration should be on dose limits and optimization. 

The firs* principle introduces the idea that no practice will be 
followed which does not have clear benefits. If the public appreciates this 
principle in application to the routine operation of nuclear power stations, 
it may help to ameliorate their response in the crisis of a nuclear accident. 
In the event of a very bad accident, however, the concept of justification 
would probably suffer severe retrospective criticism. On the other hand, this 
concept could be useful in explaining the rationale for the application of 
countermeasures. 

The second principle can probably be best dealt with without mentioning 
the word "optimisation". It is only necessary to explain that, in practice, 
radiation exposures are kept as low as reasonably achievable. Discussion of 
this principle, for the more sophisticated audience, would focus around the 
definition of what is "reasonable", and the use of various decision aiding 
techniques to assist in ALARA judgments. 

The concept of dose limits is usually fairly easy to communicate, but 
confusion occurs between the limits, subsidiary objectives such as design or 
operational targets, and the levels of dose achieved. This continually needs 
clarification. The relationship between dose limits for routine exposure year 
after year and action levels after an accident also needs to be clarified. 
There are other concepts used in the practice of radiation protection but 
which are too detailed to merit explanation for the public. These include the 
annual limit of intake, committed dose, and the collective effective dose 
equivalent commitment. 

7. RADIOACTIVITY IN THE ENVIRONMENT 

Here it is necessary to introduce the related concepts of environmental 
pathways and critical groups. The movement of radionuclides in the environment 
is governed oy their physical and chamical behaviour and their uptake into and 
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ejection from biological organisms. The concept of biological half-life, 
mentioned earlier, is of relevance in this context. The sensitivity of 
radiation measuring instruments allows one to monitor the movement of tiny 
quantities of radioactivity. The movement of these and even of undetectable 
quantities can be predicted using compute:, models. 

Certain members of the public will, through their living and working 
location and through their diet and habits, be exposed to more radiation than 
the rest of the population. This sector of the public is defined as the 
critical group. Since this group is receiving the maximum exposure, if their 
doses are kept below the dose limit then, under routine conditions, everybody 
else will also be below the limit. It is, however, sensible to avoid the use 
of the jargon term "critical group", while the concept itself should be 
properly explained. 

Monitoring in the environment would be carried out more extensively 
after a radiation accident than under normal circumstances. Most of this 
would be done by national authorities, but some would be done by local 
authorities. It should be remembered that the method of taking measurements 
and the equipment used are both crucial to achieving reliable results. Local 
authority officials who do some monitoring should therefore be fully trained 
to carry out the job effectively. The interpretation of such measurements is 
also something which benefits from training and experience. 

It would be extremely useful for people to gain familiarity with the 
meaning of environmental measurements. This process should start in schools 
where measurements could be done to show, for instance the existence of 
natural radiation. Not only would such experience generate familiarity with 
the basic context and concepts of radiation protection, but it would help 
people to assimilate the kind of numbers that are involved and to understand 
why there will be some variability in the results of both measurements and 
calculations. Such variability arises from slightly different practices and 
from inherent statistical variation. That there is some residual uncertainty 
in the final results should then not lead people to be suspicious of them. 

8. ACCIDENTS AND EMERGENCIES 

It would be important to explain that, in the event of an accident, it 
is possible to take a variety of countermeasures which would help to limit 
public exposure. However, one would not want to take all the possible 
countermeasures because some of them would be counterproductive. For example, 
one would not wish to evacuate people unless the radiation risk was higher 
than the risks incurred through evacuation, such as death in a road traffic 
accident while being moved. The concept of justification of a countermeasure 
should be reasonably easy to explain, being essentially intuitive. 

The international recommendations on emergency planning and preparedness 
in general (for example the Publication 40 of the International Commission on 
Radiological Protection) and on dose levels for emergency response specifically 
should be presented and the various countermeasures that are available should 
be discussed in advance, e.g. evacuation, staying indoors, rinsing vegetables, 
avoiding certain foods and drinks. The reason why they are invoked and the 
level at which they are invoked should be explained. It should be stressed 
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that the decision to implement a particular countermeasure is dependent on 
several factors, the amount and pattern of the deposition, the special condi
tions in the affected country, etc. From a protection point of view it is 
reasonable to implement only those measures where the social costs and risks 
will be less than those incurred by exposure to the radiation. Also the 
problems associated with derived intervention levels, for example concerning 
foodstuff should be discussed and the most important radioactive substances 
mentioned. The similarities and differences between ountermeasures for 
chemical and radiation accidents might be mentioned 

Aspects of contamination and decontamination m ;ht be covered. For 
instance, whether the contamination is fixed or removable, internal or 
external. The topics of decontamination and countermeasures should certainly 
be explained in advance to those with a potential professional involvement. 
This would be done on a "what if ..." basis. The general public should be 
given access to national and local plans and it might be helpful to explain 
some of the details of these plans - for instance, which organisations would 
have responsibility for notifying them of countermeasures. But as far as the 
public that is affected by an actual event is concerned , they would probably 
be best advised only at the time of an actual accident. This is because the 
nature of the advice is likely to be very specific to the type of accident and 
to the prevailing meteorological conditions. Also it would be important not 
to assume that the public could remember advice it has been given previously. 
They would need to be given full instructions when they were necessary, rather 
than in advance. (This might also be a problem for the professionals who have 
only limited involvement in radiation protection). 

It has been suggested that it might be useful to have a simple means of 
conveying the severity of an accident using a scale analogous to the Beaufort 
scale of wind speed or the Richter scale for earthquakes. The Working Group 
did not recommend this approach for several reasons. These included the 
technical difficulty of describing a complex process involving quantities of 
activity released, nuclide composition, individual dose and collective impact 
as a single number and the difficulty over who would assign the "scale-number" 
for the accident. 

9. COMMUNICATION MECHANISMS 

This aspect of the mechanisms for communicating information to the 
public was outside the terms of reference of the vorkshop, but is also very 
important. 
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LES CONCEPTS DE LA RADIOPROTECTION : 
COMMENT DOIVENT ILS ETRE COMMUNIQUES ? 

(Quelques regies pour la communication des concepts 
de radioprotection developpeas au cours de la reunion) 

1. INTRODUCTION 

11 existe deux types de situations dans lesquelles des notions de 
radioprotection sont communiquees au public. La plupart du temps, cette 
activite est menee dans des conditions normales. On cherche alors a mieux 
faire comprendre la radioprotection pour que les personnes du public puissent 
apprecier les normes de surete adoptees. On devrait pouvoir constituer ainsi 
une base d'informations et de connaissances grace a laquelle, s'il survient 
une situation d'urgence due aux rayonnements, comme un accident nucleaire ou 
la detection de concentrations accrues de radon, les personnes du public en 
sauront assez pour decider du comportement a tenir ou pour comprendre les 
decisions prises par les autorites. Par voie de consequence, ces connaissances 
leur permettront aussi d'eviter d'entreprendre des actions inadequates et 
prejudiciables. 

Dans les cas peu frequents, mais qui font grand bruit, ou une situation 
d'urgence se produit, le probleme de la communication ne doit pas etre 
dissocie de la reaction officielle a cette situation. Cette reaction devrait 
etre claire et coherente. Si les avis officiels changent avec le temps, il est 
probable que le public sera deconcerte et ne leur accordera guere de credit. 
Des problemes sont aussi susceptibles de se poser en cas de divergence entre 
les normes et les strategies adoptees par differentes autorites nationales. 
Dans de tels cas, il peut etre necessaire de souligner le role que jouent les 
appreciations politiques en plus des considerations d'ordre technique. Les 
efforts consacres a la planification prealable et a la recherche d'un accord 
sur les normes d'urgence seront vraisemblablement tout a fait fructueux en cas 
d'accident. 

Avant de tenter de communiquer, il est indispensable de prendre en 
consideration les aptitudes et les interets du public auquel on s'adresse. Le 
grand public se compose d'ensembles identifiables de sous-groupes et, dans la 
mesure du possible, il y aura interet a tenir compte de 1'experience generale 
que possede chaque type de public. Nous distinguerons ici deux grandes 
categories : 

a) Les personnes professionnellement impliquees qui possedent certaines 
connaissances scientifiques ou medicales et qui devraient pouvoir 
bien apprehender les questions de radioprotection. II s'agit 
notamment de categories comme les medecins et infirmiers, les 
responsables de l'hygiene de l'environnement, les professeurs de 
sciences et les journalistes scientifiques. On ne saurait trop 
insister sur le role precieux que jouent ces personnes dans la 
transmission des informations au grand public ; 
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b) Les personnes susceptibles de n'avoir besoin que d'un "guide pour 
tous", a savoir la majeure partie du grand public. 

Toutefois, cette simple division en deux categories masque divers 
sous-groupes qui se situent entre les deux. Par exemple, les personnes 
investies de responsabilites particulieres dans ce domaine, comme les hommes 
politiques, les representants syndicaux et surtout les fonctionnaires des 
administrations locales qui sont charges de mettre en oeuvre les procedures 
d'urgence, ont besoin d'acquerir une meilleure connaissance scientifique de la 
radioprotection. De meme, les membres des groupes de defense de l'environne-
ment et les populations voisines des installations nucleaires pourraient 
aspirer et etre incites a en savoir plus que ce qui figure dans un simple 
"guide pour tous". D'une facon generale, il serait difficile de s'adresser 
directement aux personnes qui n'appartiennent pas aux categories mentionnees 
dans ces deux paragraphes, et l'on ne pourrait done les toucher que par le 
biais des medias. L'objectif general de cette reunion de travail etait de 
donner aux membres de la categorie (a) des indications leur permettant de 
mieux communiquer, soit directement, soit par le biais des medias, avec les 
membres de la categorie (b). 

Quel que soit le public vise, il est essentiel de traiter les questions 
d'une facon claire et directe qui ne sera peut-etre pas compatible avec une 
definition scientifique precise des concepts et grandeurs utilises. L'objectif 
est manifestement de clarifier sans trop sacrifier la rigueur scientifique. 
Comme on ne pourra peut-etre pas y parvenir tout a fait, la difficulte est de 
determiner dans quelle mesure on peut perdre en precision sans etre accuse de 
deformer la realite. II conviendrait notamment d'eviter les concepts qui ne 
sont pas absolument indispensables a l'explication. Or, on ne saurait deter
miner d'emblee quels sont ces concepts qui n'ont pas besoin d'etre expliques. 
En raison de leur competence, les specialistes de la radioprotection sont 
peut-etre mauvais juges de 1'aptitude des profanes a saisir conceptuellement 
les problemes. Le public et les specialistes de la radioprotection ou les 
scientifiques en general ne partagent sans doute pas un cadre conceptuel 
conmun qui leur permette de debattre les questions scientifiques (voir la 
communication de M. Covello). 

2. ASPECTS PHYSIQUES ET DOSIMETRIQUES DES RAYONNEMENTS 

Pour pouvoir communiquer avec le grand public, il faudrait que le 
nombre de notions a definir soit limite au strict minimum. Les personnes du 
public ont besoin d'un guide ou d'un cadre conceptuel auquel ils puissent 
integrer les informations concretes qui leur sont soumises, mais il faudrait 
mettre davantage l'accent sur l'explication que sur les definitions scienti
fiques. Des lecons elementaires de physique et de biologie ne contribueront 
pas a elucider les questions qui se posent au grand public. Ce dernier veut 
savoir s'il existe un danger, en quoi consiste ce danger et comment y faire 
face. 

D'une facon generale, les specialistes de la radioprotection estiment 
que le changement de systeme d'unites et la multiplicite des grandeurs ot des 
unites sont deroutants pour le profane. II ne faut cependant pas exagerer 
l'ampleur du probleme. Lorsqu'il est necessaire de quantifier, on devrait 
pouvoir utiliser les becquerels pour mesurer la radioactfvite (s'agissant de 
physique et de compteurs Geiger) et les millisieverts pour mesurer la dose 
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individuelle (s'agissant des effets sur la sante). Les resultats formules dans 
ces unites devraient etre relativement faciles a interpreter, pour autant 
qu'une gamme de niveaux d'activite et de doses caracteristiques soit exprimee 
dans ces unites a des fins de familiarisation. 

Plus que d'essayer d'expliquer les unites proprement dites, il importe 
de s'efforcer de les situer les unes par rapport aux autres. A cet effet, on 
pourrait notamment les ramener a un type de radioexposition relativement bien 
connu du public, comme la dose annuelle type imputable au fond naturel de 
rayonnement ou la dose correspondent a une radiographic pulmonaire courante. 
Cela permettrait de donner une idee immediate de 1'intensite de l'exposition 
consideree, alors qu'un sievert ou un millisievert est une mesure totalement 
insolite sans rapport evident avec la vie courante. Le probleme pose par cette 
metnode tient a ce que les gens ne seront peut-etre pas familiarises avec ce 
que recouvrent ces unites et n'admettront pas necessairement que l'unite 
derivee et ce qui est mesure sont du meme ordre. lis estimeront peut-etre que 
l'on ne peut comparer valablement des doses provenant de sources differentes. 

II faudrait s'efforcer d'expliquer de facon non quantitative la maniere 
dont les niveaux d'activite sont traduits en doses. Par exemple, les specia-
listes de la protection radiologique n'ont pas su expliquer au public comment 
un niveau d'activite dans des aliments (en Bq/kg) est evalue en termes de dose 
individuelle et collective maximale. C'est une situation a laquelle il fau
drait remedier. Pour expliquer pourquoi les niveaux d'activite ne peuvent etre 
traduits uniformement en doses, on pourrait faire l'analogie avec la tempera
ture d'une source et les brulures qu'elle est susceptible de provoquer. Une 
temperature elevee ne se traduit pas automatiquement par des effets d'echauf-
fement considerables car ces derniers dependent de la masse, de la distance et 
des caracteristiques physiques de la source. Par ailleurs, des explications 
simples, par exemple sur les raisons pour lesquelles il est utile de laver les 
salades, aideraient aussi le public a etablir un lien entre la physique et la 
vie courante. II y aurait egalement lieu de preciser certaines des distinc
tions qui sont faites entre des notions comme celles de "rayonnement" et de 
"contamination", par exemple. 

Un meilleur moyen de situer ces concepts les uns par rapport aux autres 
consiste a expliquer les diverses sources de rayonnement, tant naturel qu'arti-
ficiel. L'exemple du graphique circulaire utilise par l'Agence Internationale 
de l'Energie Atomique et le National Radiological Protection Board (Conseil 
national de radioprotection) du Royaume-Uni pourrait etre adapte a cette fin. 
Une partie non negligeable du grand public ne sait pas que l'humanite a vecu 
et evolue en etant constamment exposee a un fond naturel de rayonnement. II 
serait profitable de bien le preciser. D'autre part, il peut etre utile d'ex
pliquer la variation geographique du fond naturel de rayonnement, qui replace 
aussi dans son contexte l'exposition aux rayonnements artificiels, ainsi que 
de souligner que le rayonnement naturel et le rayonnement artificiel corres
pondent aux memes phenomenes physiques. Les rayonnements ionisants etant 
parfois consideres comme un probleme particulier car iis ne sont pas directe-
ment decelables par les sens humains, il conviendrait peut-etre d'indiquer 
qu'il existe d'autres exemples d'un tel phenomena, comme les ondes radio par 
exemple. De fait, nombre de produits chimiques ne peuvent etre deceles de 
cette facon. 

- 100 -



Pour conmuniquer des informations aux personnes qui ont un bagage tech
nique ou qui manifest?^ un grand interet pour la question, on devrait pouvoir 
facilement exprimer dea grandeurs cooune la dose (pour evoquer 1'equivalent de 
dose efticace) et la dose collective (pour evoquer 1'engagement d'equivalent de 
dose efficace collectif) dans les unites cppropriees. Ces personnes devraient 
aussi pouvoir acquerir des connaissar.ces plus approfondies sur divers aspects 
des rayonnements, r.otamnieiit : 

- la contamination interne et 1'irradiation externe ; 
- l'efficacite des dispositifs de protection, les effets de la duree 

d'exposition et de la distance par rapport a une source ; 
- la periode physique ; 
- la pe~iode biologique. 

II serait utile, tant dans des conditions normales qu'en cas d'accident, 
que ces personnes comptennent bien ces questions et les concepts elementalres 
qui les sous-tendent, car elles seront vraisemblablement araenees a comnuniqucr 
avec le grand public. 

II pourrait en outre etre bon que les informations relatives a ces 
questions soient presentees au public de telle sorte que celui-ci puisse 
choisir de tenter ou non de les assimiler. En d'autres termes. ces elements 
d'information ne devraient pas etre integies a une argumentation suivie, mais 
presentes comme des blocs autonomes d'information. 

3. LES EFFETS DES RAYONNEMENTS 

II est prob*!>lement utile de distingu'-. (a) les effets de seuil a court 
terme des rayonnements (a dose elevee) et (b) leurs effets possibles a long 
terme (a faible dose). A cette fin, on devrait eviter d'employer des termes 
comme "stochastique" et "non stochastique" qui recouvrent des concepts deli-
cats et peu familiers. II conviendrait plutot de qualifier les effets a court 
terme d'"aigus" ou de "precoees" et les effets a long term<» de "tardifs" ou de 
"differes". 

A ce stade d'un debat, parltr de "risques dus aux rayonnements" va pro-
bablement a l'encontre du b"t recherche. La raison e.«« - ntielle en est qu'aux 
yeux du public, le "risque" est associe a un danger iiniabituel et a une notion 
d'incertitude ou d'ignorance. Le public a aussi tendance a se preoccuper 
surtout des consequences liees a un risque et non des probabilites, meme si 
ces dernieres sont extremement faibles. C'est ainsi qu'il surestime souvent la 
danger encouru. Le public est aussi tres sensible au degre de confiance dont 
jouissent les declarations officielles. Un debat sur la nature probabiliste du 
risque est susceptible de diminuer lu confiance du public et la credibilite 
des autorites nationales et c'est pourquoi il est souhaitable de parler des 
effets "possibles" a long terme des rayonnements. 

L'estimation des effets sur la sante des rayonnements a faible dose 
repcse sur une interpolation entre la base de donnees sur les effets observes 
a dose relativement elevee et l'axiome selon lequel une dose nulle a un effet 
nul. II faudrait mettre l'accent sur le fait qu'au niveau international, les 
specialistes de la radioprotection s'accordent a reconnaitre que cette inter
polation, fondee sur un modele lineaire de la relation dose-effet (a savoir la 
proportionnalite generale de la dose et des effets), suffit parfaitement a 
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assurer que les populations ne sont pas sous-protegees. II serait toutefois 
judicieux d'expliquer a ceux qui possedent un bagage technique les differentes 
possibiiites correspondant aux relations dose-effet a faible dose. On devrait 
etre ainsi amene a prendre en consideration la fourchette d'estimations 
utiJisee par ceux qui s'ecartent de l'opinion generale (dans un sens ou dans 
1'autre). 

Compte tenu du paragraphe ci-dessus, il serait utile d'indiquer a quel 
niveau se situent les "rayonnements a faible dose". II conviendrait aussi de 
mentionner que les donnees relatives aux survivants de Hiroshima et de 
Nagasaki ne contiennent guere d'indications laissant supposer l'existence 
d'effets genetiques. 

4. QUANTIFICATION DES ESTIMATIONS DE RISQUES 

S'il n'est peut-etre guere avise de traiter les "risques dus aux rayon
nements" comme un sujet a part entiere, il est raisonnable de les comparer a 
d'autres formes de risque. Il importe de chiffrer les estimations de risques a 
des fins de communication, mais cette quantification s'impose egalement lors-
qu'il s'agit de comparer les niveaux de risque dus aux rayonnements a ceux 
correspondant a d'autres sources de risque plus familieres. 

La methode "traditionnelle" de quantification des risques consiste a 
determiner le nombre de deces previsibles (ou qui se sont produits dans le 
passe) pendant une periode donnee, et ce chiffre est generalement exprime en 
proportion du nombre total de personnes exposees a ces risques. Avec cette 
methode, il convient de faire une distinction entre les groupes exposes dif-
feremment, par exemple entre les personnes du public et les travailleurs au 
contact des rayonnements. On peut ainsi estimer des niveaux moyens de risque 
individuel. Toutefois, les estimations de probability qui entrent dans ces 
calculs n'ont peut-etre pas grand sens pour le public car les valeurs en jeu 
sont generalement tres faibles, pat exemple "un sur un million". 

La frequence des effets sur la sante (soit, dans le cas des rayonne
ments, le nombre de cancers mortels et non nortels) dans une population, 
calculee a partir de la dose collective, donne lieu a des estimations que le 
public peut aussi avoir des difficultes a saisir. Dans ce cas, les niveaux de 
risque peuvent etre exprimes par rapport au nombre de cancers imputables a 
d'autres causes. II ne serait pas surprenant que le public eprouve quelque 
difficulte a ce sujet. Apres tout, les experts sont divises sur la question de 
savoir si ces effets estimes sur la sante sont reels ou hypothetiques. Cela 
tient en partie au fait que l'on ne peut distinguer la frequence des effets 
sur la sante des rayonnements a faible dose de celle des cancers imputables a 
d'autres causes. 

On a envisage d'exprimer It risque en "annees de vie perdues", mais le 
Groupe de travail a rejete cettc proposition car elle est plus deroutante et 
moins legitime que celles examinees precedemment. 

Aucune des deux methodes ci-dessus ne tient compte de la quailte de la 
vie, et la plupart des personnes du public feraient sans doute valoir que le 
risque de "deces" n'est pas le seul risque encouru, notamment que le deces 
d'un enfant n'est pas considere comme equivalent a celui d'un vieillard, et 
que, de meme, une mort lente stirvenant au bout de nombreuses annees n'est pas 

- 102 -



comparable a une mort rapide. II serait toutefois impossible de tenir compte 
de toutes ces variables lorsqu'on s'efforce de chiffrer les niveaux de risque. 

5. COMPARAISON DES RISQUES DUS AUX RAYONNEMENTS 

On admet generalement que les comparaisons sont utiles pour expliquer 
les nouveaux concepts et pour illustrer des notions abstraites, ainsi que pour 
placer les risques nouveaux dans leur contexte. II faut toutefois se montrer 
tres circonspect dans l'utilisation des comparaisons car elles peuvent induire 
en erreur et tres facilement donner lieu a de mauvaises interpretations. II en 
est notamment ainsi lorsque ceux qui recoivent 1'information ont deja une 
opinion et une attitude arretees a l'egard du sujet, comme c'est bien souvent 
le cas avec les dangers des rayonnements. 

Certains elements laissent a penser que nos attitudes et nos convic
tions conditionneront en fait la facon dont nous interpreterons les nouvelles 
informations, c'est-a-dire que si ces dernieres concordent avec nos convic
tions, nous les tiendrons pour fiables, et que dans le cas contraire, nous les 
considererons comme erronees et douteuses. 

En ce qui concerne l'energie nucleaire, beaucoup d'entre nous ont une 
attitude tres fermement ancree. II y a done un danger que des comparaisons 
visant a situer la perception par le public du risque nucleaire par rapport a 
celle d'autres risques soient interpretees comme peu fiables (voire meme 
deliberement trompeuses) par certains groupes. Cela aura pour effet de saper 
davantage encore la credibility des autorites en question aux yeux de ces 
groupes. 

Lorsqu'on utilise des comparaisons, il importe de tenir compte du fait 
que le public percoit differemment des risques differents, meme si la proba
bility et le resultat final des evenements sont sans doute les memes. II est 
done indispensable d'envisager les facteurs susceptibles d'influer sur la 
facon dont le public percoit un risque particulier. II ressort des etudes 
consacrees a ce sujet que quatre facteurs exercent une influence notable : 

i) la nature deliberee ou involontaire du risque ; 

ii) le fait que le risque se limite a l'individu ou vise l'ensemble 
de la societe ; 

iii) la connaissance plus ou moins bonne qu'a le public du risque ; et 

iv) le fait que le risque a ou non de fortes chances d'aboutir a une 
catastrophe [ce qui prolonge en fait le facteur ii)]. 

Compte tenu de ces facteurs, on peut dire qus la comparaison des ris
ques lies a une certaine exposition aux rayonnements et des risques dus, par 
exemple, a "la consommation de tabac", n'aura pas grand sens, quelle que soit 
l'exactitude de la comparaison en termes de probability et de resultat final. 
De plus, si l'on utilise les risques deliberes pour etablir une comparaison, 
il ne faut pas oublier que l'individu a une opinion faussee de sa propre 
infaillibilite (probablement parce qu'il a la situation "en main", par exemple 
lorsqu'il conduit) et que cela modifiera sa perception des risques encourus. 
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On a aussi fait valoir dans les publications que, lorsqu'il s'agit 
d'energie nucleaire, le public a tendance a se preoccuper essentiellenent de 
1'eventual!te d'une catastrophe tres etendue, tant dans le temps que dans 
l'espace. Les accidents susceptibles de se produire dans d'autres secteurs 
d'activite sont generalement consideres comme des accidents localises, ou du 
moins limites au pays ou ils ont lieu, comme l'accident de l'usine chimique de 
Bhopal, en Inde, dont les effets se font encore sentir SUL les populations 
locales, alors qu'un accident nucleaire peut toucher de nombreux pays, ainsi 
que l'a montre celui de Tchernobyl. 

Les risques dus aux rayonnements peuvent aussi se comparer a des ris-
ques naturels, comme les tremblements de terre, les inondations, les cyclones, 
etc. II existe toutefois une tres importante difference de nature entre ces 
deux types de risques : les seconds sont consideres comme des "cas de force 
majeure" et il n'y a pas grand chose a faire pour les empecher ni personne sur 
qui en rejeter la responsabilite. C'est peut-etre parce qu'on ne peut guere 
empecher le declenchement d'une catastrophe naturelle que, d'apres plusieurs 
etudes, le public a tendance a se preoccuper surtout de la faible probability 
de ce risque. Lorsqu'il s'agit de catastrophes provoquees par l'homme - et 
apparemment dans le cas de l'energie nucleaire en particulier - le public 
s'attache en general aux consequences potentielles. 

On a aussi procede a des comparisons internes. Ainsi, les rayons X 
sont souvent presentes comme un exemple de technique radiologique qui est 
acceptee pour son caractere familier, les avantages evidents qu'elle presente 
et la confiance qu'inspirent ceux qui la pratiquent. Il faut cependant preci-
ser que les radiographics sont generalement subies de plein gre, que leurs 
risques et avantages se limitent aux personnes exposees et qu'aucun danger de 
catastrophe n'entre en jeu. II faut en outre envisager la possibility qu'une 
large part du grand public n'ait pas du tout conscience du rapport entre les 
rayons X et les rayonnements ni des risques encourus. Avant d'utiliser une 
comparaison, il importe de se demander dans quelle mesure le public comprend 
l'objet de la comparaison. Si l'un des elements de la comparaison est mal 
connu, celle-ci ne clarifie rien. 

II est toutefois vrai que les avantages des rayons X sont manifestes. 
L'une des principales difficultes lorsqu'il s'agit de trouver des comparaisons 
valables pour les risques lies a 1'Industrie nucleaire tient peut-etre au fait 
que les avantages de celle-ci n'apparaissent pas immediatement aux yeux du 
grand public : ce n'est qu'un moyen parmi d'autres de produire de Pelectri-
cite et l'on peut done, en principe, le remplacer par un autre. 

Une comparaison entre l'intensite des rayonnements emis artificielle-
ment et celle du rayonnement naturel peut etre tres utile pour placer les 
risques dans leur contexte, ainsi que pour oter du public l'idee que tous les 
rayonnements sont des phenomenes artificiels. II faut toutefois prendre des 
precautions pour presenter ces arguments au public et lui expliquer clairement 
ce qu'on entend par rayonnement naturel, car le public peut considerer ce 
phenomene comme quelque peu different du rayonnement artificiel. 

Il est aussi possible de situer les doses de rayonnement dans leur 
contexte en les comparant avec les normes fixees dans les reglementat ions 
nationales et avec les limites de dose recommandees au niveau international. 
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Enfin, d'apres un certain nombre d'etudes, les inquietudes suscitees 
par les rayonnements pourraient etre "l'expression" de preoccupations plus 
generales, comme la peur des armes nucleaires, la crainte que les centrales 
nucleaires soient exposees au terrorisme, ou une defiance generale a l'egard 
des technologies institutionnalisees. En ce cas, il ne sera guere utile de 
conparer les risques quotidiens d'exposition a certains niveaux de rayonnement 
a ceux d'autres activites comae la consommation de tabac ou la conduite 
automobile. La conparaison des risques dus aux rayonnements et des risques 
quotidiens auxquels les gens ont l'habitude de faire face permet neanmoins de 
mesurer 1'ampleur relative des risques encourus, encore qu'il faille veiller a 
la facon de presenter les elements d'information et a bien choisir le public 
auquel on s'adresse, cependant que les hypotheses et conditions attachees a 
ces comparaisons devraient etre clairement enoncees. 

Un echange de vues a ete consacre a la question de savoir si la notion 
de niveau de risque " ̂ gligeable" pouvait servir a des fins de comparaison. De 
l'avis general, cette .lotion ne facilite pas la communication avec le public, 
encore qu'elle puisse constituer pour les autorites nationales un element de 
discrimination satisfaisant dans les reglementations. 

II est suggere de classer, dans un ordre decroissant d'"acceptabilite" 
par le public, les differents types de doses et de risques en comparant: 

Les activites volumiques ou debits de dose aux niveaux d'activite (de 
radionuclides appropries) ou debits de dose naturels ; 

Les doses aux doses provenant de sources naturelles, internes et 
externes ; 

Les doses aux doses provenant d'autres sources de rayonnement 
artificiel, comme les rayons X ; 

Les doses aux limites de dose ; 

La probability d'apparition de cancers a la probability d'apparition 
naturelle de cancers ; 

Les risques aux risques involontaires, associes par exemple aux 
produits chimiques cancerigenes ou a 1'inhalation passive de fumee ; 

Les risques aux risques volontaires, associes par exemple a la 
consommation de tabac, mais uniquement si la difference entre les deux 
types de risque est reconnue et expliquee ; 

Les risques aux risques lies a des pratiques analogues ne faisant pas 
intervenir les rayonnements, par exemple differents moyens de 
production d'energie ; 

Dans le cas particulier des situations d'urgence, les risques dus aux 
rayonnements aux autres risques lies aux contre-mesures, par exemple 
aux mesures d'evacuation. 
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6. LE SYSTEME DE LIMITATION DES DOSES 

Les principes fondamentaux de la radioprotection (dans des conditions 
normales) resident dans les trois prescriptions fixees par la CIPR, a savoir : 
justification d'une pratique, optimisation de la protection et limites de dose 
individuelles. II est essentiel d'expliquer chacune d'entre elles si l'on veut 
persuader le public qu'il existe une politique rationnelle en matiere de 
radioprotection et que l'application de ces principes fait l'objet d'un 
consensus international, mais l'accent devrait etre mis sur les limites de 
dose et sur l'optimisation. 

Le premier principe enonce qu'aucune pratique ne doit etre adoptee a 
moins qu'elle ne produise des avantages nets. Si le public prend conscience 
que ce principe est applique a Sexploitation normale des centrales nucle-
aires, il sera peut-etre en mesure de mieux reagir en cas d'accident nucle-
aire. Dans le cas d'un accident tres grave, cependant, le concept de justifi
cation serait sans doute serieusement remis en question a posteriori. En 
revanche, il pourrait etre utile pour expliquer la raison d'etre des contre-
mesures appliquees. 

Pour presenter le deuxieme principe, il est sans doute preferable de ne 
pas mentionner le terme "optimisation". II suffit d'expliquer que, dans la 
pratique, les radioexpositions sont maintenues au niveau le plus bas que l'on 
peut raisonnablement atteindre. L'examen de ce principe, a 1'intention d'un 
public plus averti, serait centre sur la definition de ce qui est "raison-
nable" et sur l'utilisation de diverses techniques d'aide a la decision per-
mettant de determiner plus facilement ce niveau. 

La notion de limites de dose est generalement assez facile a expliquer, 
mais une confusion se produit entre les limites, les objectifs secondaires 
applicables a la conception et a Sexploitation et les niveaux de doses 
atteints. Ces notions doivent constamment etre precisees. II importe aussi 
d'expliciter la relation qui existe entre les limites de dose fixees pour une 
exposition courante annee apres annee et les seuils d'intervention apres un 
accident. D'autres concepts sont utilises dans la pratique de la radioprotec
tion, mais ils sont probablement trop detailles pour que cela vaille la peine 
de les expliquer au public. II s'agit notamment de la limite annuelle d'ab
sorption, de la dose engagee et de 1'engagement d'equivalent de dose efficace 
collectif. 

7. LA RADIOACTIVITE DANS L'ENVIRONNEMENT 

A cet egard, il est necessaire d'evoquer les notions connexes que sont 
les voies d'exposition dans l'environnement et les groupes critiques. Le mou-
vement des radionuclides dans l'environnement est regi par leurs caracteris-
ques physiques et chimiques et par la facon dont ils sont absorbes et rejetes 
par les organismes biologiques. La notion de periode biologique, mentionnee 
precedemment, s'applique aussi dans ce contexte. La sensibilite des instru
ments de mesure des rayonnements permet de suivre le mouvement de quantites 
infimes de radioactivite. II est possible d'utiliser des modeles informatiques 
pour prevoir le mouvement de ces quantites infimes voire indecelables. 
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Certaines personnes du public, de par leur lieu d'habitation et de tra
vail et par leurs habitudes alimentaires et autres, seront davantage exposees 
aux rayonnements que le reste de la population. Cette partie du public est 
definie comme le groupe critique. Comme ce groupe est soumis a l'exposition 
maximale, il suffit de maintenir les doses qu'il recoit en deca de la limite 
de dose pour que celles recues par le reste de la population dans des condi
tions normales soient aussi inferieures a cette limite. II serait toutefois 
raisonnable d'eviter l'expression "groupe critique", qui appartient au jargon, 
mais il importe d'expliquer correctement la notion qu'elle recouvre. 

La surveillance de l'environnement est effectuee de maniere plus exten
sive apres un accident du aux rayonnemen* que dans les conditions normales. 
Bien que cette surveillance releve pour . essentiel des autorites nationales, 
elle serait en partie assuree par les autorites locales. II ne faut pas 
oublier que la metnode et le materiel utilises pour proceder aux mesures 
revetent chacun une importance cruciale si l'on veut obtenir des resultats 
fiables. Les fonctionnaires des administrations locales qui contribuent a la 
surveillance devraient done recevoir une formation complete leur permettant 
d'executer ces taches de maniere efficace. L'interpretation de ces mesures 
aurait egalement tout a gagner d'une formation et d'une experience en la 
matiere. 

II serait extremement utile que le public se familiarise avec la si
gnification des mesures faites dans l'environnement. Ce processus devrait 
commencer dans les ecoles, ou l'on pourrait effectuer des mesures montrant, 
par exemple, l'existence des rayonnements naturels. Non seulement l'acquisi-
tion d'une telle experience familiariserait le public avec le contexte et les 
notions elementaires de la radioprotection, mais elle 1'aiderait a assimiler 
les grandeurs qui entrent en jeu et a comprendre pourquoi les resultats des 
mesures et des calculs seront empreints d'une certaine variability. Cette 
derniere decoule de l'existence de pratiques legerement differentes et de 
variations inherentes aux statistiques. Le fait que certaines incertitudes 
persistent dans les resultats finals ne devrait done pas amener le public a 
s'en defier. 

8. ACCIDENTS ET SITUATIONS D'URGENCE 

II importerait d'expliquer qu'en cas d'accident, on peut prendre 
diverses contre-mesures qui contribueraient a limiter l'exposition du public. 
II ne serait toutefois pas souhaitable de prendre toutes les contre-mesures 
possibles, car certaines d'entre elles iraient a l'encontre du but recherche. 
C'est ainsi que l'on ne souhaitera pas evacuer des personnes a moins que les 
risques dus aux rayonnements soient superieurs a ceux decoulant de 1'evacua
tion (risque de deces dans un accident de la route en cours d'evacuation, par 
exemple). La notion de justification d'une contre-mesure devrait etre relati-
vement facile a expliquer car elle fait essentiellement intervenir 1'intuition. 

II conviendrait de presenter les recommandations internationales 
relatives aux plans d'urgence et d'intervention en general (notamment la 
Publication 40 de la Commission Internationale de protection radiologique) et 
aux niveaux de dose applicables aux cas d'urgence en particulier, et d'exami
ner a l'avance les diverses contre-mesures disponibles, a savoir : proceder a 
une evacuation, rester a l'interieur des batiments, rincer les legumes, eviter 
certains aliments et boissons, etc. Il faudrait expliquer pourquoi et a quel 
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CONCLUSIONS AND RECOMMENDATIONS 

1. GENERAL CONSIDERATION 

The scope of the discussions during the workshop included what to do 
to inform people before a radiological emergency as veil as what to do during 
such an emergency. 

The approach that was followed at the workshop was to aim to produce a 
document which would provide helpful advice to professionals who need (or 
wish) to communicate with the public, either directly or indirectly through 
the media and other channels. It is not directly aimed at the general public. 

2. SPECIFIC CONCLUSIONS 

The participants in the workshop agreed on a number of conclusions and 
recommendations, regarding, both, the attitude to be adopted in informing the 
public and the language to be used. This second aspect is developed in some 
detail in the guidance document "Radiation Protection Concepts - How Should 
They be Communicated?" 

2.1 The Communication Process 

The participants agreed that the attitude to be adopted in developing 
and expressing information for the public, either directly or through the 
media and other channels, should be in harmony with the seven rules of risk 
communication defined in Dr. Covello's paper: 

- Accept and involve the public as a legitimate partner. 

- Plan carefully and evaluate performance . 

- Listen to your audience. 

- Be honest, frank, and open. 

- Coordinate and collaborate with other credible sources. 

- Meet the needs of the media. 

- Speak clearly and with compassion. 
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There was also a wide consensus on the need to carefully consider the 
following warnings : 

- Do not patronise, communicate! 

Do not educate, inform! 

- Do not define, explain! 

- Do not simplify, clarify! 

- Do not reassure, tell the truth! 

2.2 Physical and Dosimetric Aspects of Radiation 

When communicating scientific concepts, it is necessary to explain them 
using simple ideas preferably those already familiar to the general public and 
to use a minimum of technicalities. The explanations should not be burdened 
and complicated by excessive scientific accuracy and fine distinctions. 
However, it is necessary to make clear some of these distinctions, such as, 
for example, the difference between external irradiation and internal 
contamination. The number of units used should be reduced if possible, to 
becquerels for quantities of radioactive materials (activity) and to 
millisieverts for doses (dose equivalent). 

2.3 The Effects of Radiation 

When talking about the effects of radiation, it is recommended to avoid 
using the terms "stochastic" and "non-stochastic". It is advisable to use 
ordinary words, such as "acute" or "early" for "non-stochastic" and "late" or 
"delayed" for "stochastic", and to explain the linear model of the dose effect 
relationship. It is advisable to explain that for protection purposes it is 
assumed that there are harmful effects down to the lowest dose levels at a 
rate proportional to the radiation dose. 

2.4 Quantification of Risk Estimates 

People have difficulties in grasping probabilities and understanding 
the difference between, for example, a risk of the order of one per thousand 
and one per million. It is, however, recommended to quantify radiation risks, 
but when doing so to use words rather than exponents. 

2.5 Comparisons of Radiation Risks 

It is necessary to make comparisons in explaining new concepts and as a 
means of illustrating abstract ideas, as well as to put risks into perspective. 
Great care must be taken, however, in the use of comparisons since they can be 
misleading and are very vulnerable to misinterpretation. 

The different possible kinds of dose and risk comparisons were classi
fied by the participants in the following order of decreasing "acceptability" 
by the public: 
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- Doses with doses from natural radiation, other artificial 
radiations, eg X-rays, and dose limits; 

- Probality of cancer with natural probability of cancer; 

Risks with involuntary risks; 

Risks with voluntary risks, but only if the different nature is 
explicitly recognised. 

2.6 The System of Protection 

The fundamental principles of radiation protection lie in the three 
requirements laid down by the International Commission on Radiological 
Protection. These are justification, optimisation and individual dose limi
tation. It is recommended that the system of protection is explained, but 
only briefly and without going into detail. 

2.7 Radioactivity in the Environment 

Concerning radioactivity in the environment, it is necessary to ex,lain 
the different environmental pathways and the factors governing the movement of 
radionuclides in the environment. In doing this, familiar concepts should be 
used and jargon terms, for instance "critical group", should be avoided, while 
the concepts themselves should be properly explained. 

2.8 Accidents and Emergencies 

When talking about accidents and emergencies, it is important to point 
out that different kinds of countermeasures exist vhich can be introduced in 
order to reduce the impact of a radiological accident. However, it is also 
important to explain that one would not want to introduce them all, because 
some of them might be counterproductive. This balance between risks and 
benefits of the countermeasures needs to be explained when giving information 
about protective actions in accident and emergency situations. 

It is also considered important to give the public prior information on 
national standards and local plans to cope with a radiological emergency and 
to refer to the existence of agreed international guidance on basic principles 
concerning the protection of the public in the event of a nuclear accident. 

The concept of a severity scale for nuclear accidents vas also dis
cussed; some participants expressed strong reservations on the usefulness of 
such a scale for purposes of public informs*"ion. 

2.9 Education 

To get a greater familiarity with and understanding of what radio
activity is, how to measure it, etc., among the general public some basic 
education is needed. 

Radioactivity is everywhere in our environment and is part of our 
everyday life. The existence of radiation can be shown by carrying out rather 
simple experiments, which are possible to do at school level. 

- 112 -



There was a vide consensus among the participants on the need to 
encourage education in these natters in the ordinary school system. 

3. RECOMMENDATION 

The participants recommended that the OECD/NEA sets up a restricted 
group of experts to prepare a brief guidance (booklet), based on the 
discussions and conclusions arising from the vorkshop. This guidance should 
be addressed to those vho have the need to communicate vith the public and 
should deal vith the subjects that the public should knov about radiation and 
radiation protection in everyday life and in an emergency situation. The task 
of the expert group would, therefore, be to prepare a document: 

a) indicating some basic rules for communication and explanation; 

b) identifying a selection of the concepts that need to be communicated 
to the public; 

c) drafting specific guidance on the terminology to be used for the 
description of each of the identified concepts; and 

d) identifying and discussing pitfalls and errors to be avoided in 
communicating vith the public. 
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CONCLUSIONS BT RECOMMAHDATIONS 

1. CONSIDERATION GENERALE 

Au cours de la reunion de travail, les debats ont egaleaent ported sur 
la maniere d'informer le public avant une situation d'urgence liee aux rayon-
nements, ainsi que sur la maniere de proctder au cours d'une telle urgence. 

La methode suivie au cours de la reunion de travail avait pour but de 
produire un document fournissant des conseils utiles aux professionnels qui 
doivent (ou souhaitent) communiquer avec le public, soit directeaent, soit 
indirecteaent par 1'intermediate des aedias ou par d'autres voies. Ce docu
ment ne s'adresse pas directeaent au grand public. 

2. CONCLUSIONS 

Les participants a la reunion de travail se sont mis d'accord sur un 
certain nombre de conclusions et de recoamandations concernant aussi bien 
l'attitude a adopter lorsqu'il s'agit d'informer le public que la terainologie 
a utiliser. Ce deuxieme volet est expose de facon assez detaillee dans le 
document d'orientation intitule "Les concepts de la radioprotection : comment 
doivent-ils etre communiques ?n 

2.1 Le processus de communication 

Les participants ont reconnu que l'attitude a adopter lors de 1'elabo
ration et de la communication de renseigneaents destines au public, soit 
directement, soit par l'interm6diaire des aedias ou d'autres voies, devraient 
etre conforaes aux sept regies de communication en matiere de risques d£finies 
par H. Covello : 

- Reconnaissez l'existence du public et considererez-le comme un 
interlocuteur valable. 

- Pr£parez soigneuseaent ce que vous allez dire et verifiez 1'impact 
de votre message. 

- Ecoutez votre auditoire. 

- Dites les choses telles qu'elles sont. 

- Mettez-vous en rapport avec les autres sources credibles e„ 
coordonnez vos declarations. 

- Tanez compte des besoins des aedias. 

- Soyez francs, aais restez sensible* aux aspects humalns. 
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Un accord tres general s'est egalement fait sur la necessite de prendre soi-
gneusenent en compte les mises en garde suivantes : 

- Ne cherchez pas a inposer votre science, mais a communiquer. 

- Ne cherchez pas a faire un cours, mais a informer. 

- Ne cherchez pas a definir, mais a expliquer. 

- Ne cherchez pas a simplifier, mais a parler clairement. 

- Ne cherchez pas a rassurer, mais dites la verite. 

2.2 Aspects Physiques et dosimetriques des rayonnements 

Pour communiquer des notions scientifiques, il faut s'expliquer en 
utilisant dans ce but des idees simples, de preference celles qui sont deja 
familieres au grand public, et faire appel a un nombre aussi faible que 
possible de considerations techniques. Les explications ne doivent pas etre 
alourdies et compliquees par la recherche d'une precision scientifique 
excessive et par des distinctions subfiles. Cependant, il est necessaire 
d'etablir clairement certaines de ces distinctions comme, par exemple, la 
difference entre irradiation externe et contamination interne. II faut reduire 
le plus possible le nombre d'unites utilisees et se limiter aux becquerels 
pour les quantites de matieres radioactives (activite) et aux millisieverts 
pour les doses (equivalent de dose). 

2.3 Les effets du rayonnement 

Lorsqu'on parle des effets des rayonnement, il est recommande d'eviter 
l'emploi des termes "stochastique" et "non-stochastique". II est souhaitable 
d'utiliser des mots habituels tels que "aigu" ou "precoce" pour "non-
stochastique", et "tardif" ou "retards" pour "stochastique" et d'expliquer le 
modele lineaire de la relation dose-effet. Il est souhaitable d'expliquer que, 
dans le cas de la radioprotection, on suppose que, meme pour les niveaux de 
doses les plus faibles, les effets nocifs sont proportionnels a la dose de 
rayonnement. 

2.4 Quantification des estimations de risque 

Le public eprouve des difficultes >our saisir le sens des probabilites 
et comprendre la difference entre, par exemple, un risque de l'ordre de un 
pour milie et un risque de l'ordre d'un par million. Il est toutefois recom
mande de quantifier les risques dus aux rayonnements, mais en utilisant des 
mots plutot que des chiffres. 

2.5 Comparaison des risques dus aux rayonnements 

II est necessaire de faire des comparaisons pour expliquer de nouvelles 
notions et pour illustrer les idees abstraites, aussi bien que pour mettre les 
risques dans leurs contextes. Toutefois, il convient de prendre de grandes 
precautions lorsqu'on utilise les comparaisons, car celles-ci peuvent provo-
quer des malentendus et font facilement l'objet d'interpretations erronees. 
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Les differents types possibles de comparaisons relatives aux doses et 
aux risques ont ete classes par les participants dans l'ordre suivant 
d'acceptabilite decroissante pour le public : 

- Les doses avec les doses de rayonnement naturel, avec d'autres 
rayonnements artificiels, par exemple, les rayons-X, et avec les 
limites de doses ; 

les probabilites de cancer avec les probabilites naturelles de 
cancer ; 

- les risques avec les risques involontaires ; 

- les risques avec les risques volontaires, mais seulement si la 
difference de nature est explicitement soulignee. 

2.6 Le systeme de protection 

Les principes fondamentaux de la radioprotection sont donnes par les 
trois prescriptions de la Commission internationale de la protection radiolo-
gique. Ces prescriptions sont la justification, l'optimisation et la limita
tion des doses individuelles. II est recommande d'expliquer le systeme de 
protection, mais seulement de facon breve et sans entrer dans les details. 

2.7 La radioactivite dans l'environnement 

Lorsqu'il s'agit de radioactivite libelee d?is l'environnement, il est 
necessaire d'expliquer les differentes voies d'exposition dans l'environne
ment, ainsi que les facteurs qui gouvernent les mouvements des radionuclides 
dans l'environnement. Lors de cette operation, il convient d'utiliser des 
notions familieres et d'eviter l'emploi du jargon technique, par exemple 
"Groupe critique", mais les notions proprement dites doivent etre convenable-
meut expliquees. 

2.8 Accidents et cas d'urgence 

Lorsqu'il s'agit d'incidents et de cas d'urgence il est important de 
souligner 1'existence de differents types de contre-mesures susceptibles 
d'etre mises en oeuvre pour redulre les effets d'un accident radiologique. 
Toutefois, il est egalement important d'expliquer qu'il n'est pas souhaitable 
de les mettre- toutes en oeuvre, car certaines d'entre elles pourraient etre 
contre-productives. II y a lieu d'expliquer cet equilibre entre les risques et 
les avantages des contre-mesures lorsque l'on donne des renseignements sur les 
actions de securite lors des accidents et des cas d'urgence. 

II est egalement juge important de donner au public des renseignements 
prealables sur les normes nationales et sur les plans locaux etablis en cas de 
situation d'urgence liee aux rayonnements, et aussi de mentionner l'existence 
de directives internationales reconnues sur les principes fondamentaux de la 
protection du public en cas d'accident nucleaire. 

Les debats ont egalement portes sur la notion d'une echelle de gravite 
des accidents nucleaires ; certains participants ont exprime de vives reserves 
sur l'utilite de cette 6chelle lorsqu'il s'agit d'informer le public. 

- 116 -



2.9 Familiarisation 

II est necessaire de donner au grand public certaines notions d_> base 
pour le familiariser avec la radioactivite et lui iaire comprendre ce qu'est 
ce phenomene, la maniere de le mesurer, etc. 

La radioactivite est partout presente dans notre environnement et fait 
partie de la vie de tous les jours. L'existence des rayonnenents peut etre 
demontree par les experiences assez simples qui peuvent etre realisees en 
milieu scolaire. 

Les participants ont ete tres largement d'accord sur la necessite 
d'encourager l'enseignement de ces questions dans le cadre du systeme scolaire 
classique. 

3. RECOMMANDATION 

Les participants one recommande que l'AEN cree un groupe restreint 
d'experts charges de preparer un bref guide (un opuscule) base sur les debats 
et les conclusions de la reunion de travail. Ces conseils devraient s'adresser 
a tous ceux qui sont amenes a communiquer avec le public et traiter des sujets 
que le public doit connaitre sur les rayonnements et la radioprotection dans 
la vie de tous les jours et dans les situations d'urgence. La tache du Groupe 
d'experts consisterait done a preparer un document destine a : 

a) indiquer quelques regies fondamentales de communication et 
d'explication ; 

b) identifier un choix de notions qu'il convient de communiquer au 
public ; 

c) fournir des conseils precis sur la terminologie a utiliser pour la 
description de chacune des notions identifiees ; et 

d) recenser et discuter certains pieges et certaines erreurs a eviter 
lors de la communication avec le public. 
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