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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 

- 11 -



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. 

- 21 -



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 
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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) 

- 57 -



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. 
1 in 120 yrs. 
1 in 1,000 yrs. 

very small 
1 in 25 yrs. 
1 in 50 yrs. 

1 in 1 million yrs. 

1 in 1 million yrs 

SOURCE: Nuclear Re^ula^ry Commission (1975) 
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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) 

- 61 -



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) 

- 62 -



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) 

o o o 
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Source: Inhaber (1979) 
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FIGURE "). Radon Risk C h a r t s 

Quantitative Qualitative 
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*US. Environmental Protection Agency lifetime risk 
estimates The National Council on Radiation 
Protection has estimated lower risk, but it still 
considers radon a serious health concern 

'Colors are based on US Environmental Protection 
Agency lifetime risk estimates The National Council 
on Radiation Protection has estimated lower risk, but 
it siili considers radon a serious health concern 

S o u r c e : Adapted from Smith ot a] . ( 1 9 8 7 ) . O r i g i n a l c h a r t s in c o l o r . 
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