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Radon is a natural radioactive gas that is present in buildings and is the second cause of lung cancer after smoking. Risk

perception has been studied from multiple perspectives, including social studies, anthropology, and medical disciplines,

with psychology playing a primary role. Two main dimensions are involved in risk perception: a cognitive dimension,

related to knowledge and understanding of risk, and an emotional dimension, which includes feelings; both are

components of the reaction to risks, representations of immediate and/or future consequences and their implications, and

how people decide how to behave accordingly. Perceived risk is therefore quantifiable and predictable: the psychometric

paradigm has helped to clarify how certain elements and characteristics are specifically influential in people’s perception

of the dangerousness of an activity, such as controllability, voluntariness, threat to future generations, and responsibility.

The research for the implementation of evidence-based radon communication programs is progressing rapidly. Many

countries have issued regulations or recommendations to ensure that radon concentration levels do not exceed certain

threshold values. Following the results of numerous epidemiological studies conducted two decades earlier, in 2009 the

World Health Organization proposed a reference level of 100 Bq m  to minimize health risks from indoor radon, adding

that if this level could not be achieved due to country-specific conditions, the chosen reference level should not exceed

300 Bq m . According to the 2013 Euratom Directive, radon is an indoor pollutant monitored in workplaces and homes,

with established limits and exposure control obligations but exposure continues to be very high in some situations.
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1. Background

Radon is a natural radioactive gas that is present in buildings and is the second cause of lung cancer after smoking .

For this reason, many countries have issued regulations or recommendations to limit radon concentration levels in

workplaces and at home.

In 1988, the International Agency for Research on Cancer (IARC) listed radon and its decay products as Group 1:

substances that are definitely carcinogenic to humans .

The perception of radon risk is of scientific interest due to its important role in lung cancer onset in the general population

(attributable risk: 5–20%), ranked by the World Health Organization as the fifth leading cause of mortality in 2010 .

Radon exposure can contribute to other carcinogenic effects: the respiratory tract is the primary target, followed by the

skin, and several studies have reported an association between radon presence and skin and blood cancers .

A study of an accurate database of national radon exposures for 66 countries estimated the lung cancer mortality

attributable to radon. In 2012, there were an estimated 226,057 lung cancer deaths attributable to radon (an average of

3% of total cancer deaths) worldwide, confirming that residential radon is responsible for a high share of mortality due to

this disease .

2. Risk Perception and Communication

Risk perception has been studied from multiple perspectives, including social studies, anthropology, and medical

disciplines, with psychology playing a primary role. Two main dimensions are involved in risk perception: a cognitive

dimension, related to knowledge and understanding of risk, and an emotional dimension, which includes feelings; both are

components of the reaction to risks, representations of immediate and/or future consequences and their implications, and

how people decide how to behave accordingly. Slovic, arguing about the well-known psychometric paradigm, states that

experts and the general public are necessary in the assessment process and that comprehension of public perceptions is

crucial for effective decision making . Perceived risk is therefore quantifiable and predictable: the psychometric

paradigm has helped to clarify how certain elements and characteristics are specifically influential in people’s perception
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of the dangerousness of an activity, such as controllability, voluntariness, threat to future generations, and responsibility

.

In real life, the way people judge and evaluate risks is based on a combination of psychological and socio-cultural factors

that shape their behavioral responses. There is no single way to process, understand, and react to risk information, as

implied by one-way communication models. Therefore, the assessment of risks and their level of acceptance are highly

dependent on attitudes and culture. These factors are influenced by differences between reference social groups within

the same culture, resulting in different ways of understanding and responding to risks .

The psychological perspective is crucial to understanding the public’s response to radon risk, particularly risk perception

and management . Indeed, rational behavior in which people receive information about the health risk and possible

solutions and then simply apply them is unrealistic and rarely occurs. The process is more complex and “people may

respond to health risk information in sub-rational ways, and such responses reflect both powerful unconscious and

intentional psychological processes” . Different hazards can have an impact on people depending on exposure

and then become a risk, i.e., a measurable probability. Since risk perception is the process by which individuals attribute

meaning and establish values to various threats, perceived risks are then informed by personal life history and past

experiences in a specific community, shaping heuristics, which shape the approach to reality .

Various models and heuristics have been proposed to examine collective and individual responses to risks, which are

useful for interpreting and placing risk perceptions in context in order to propose and promote effective risk reduction

strategies . The heuristics are: availability, i.e., the tendency to judge the probability of an event based on

memories about similar facts (e.g., the association between cancer and radon); representativeness, which has to do with

judgments about the probability of an event based on experiences or hypotheses (developing lung cancer at home is not

part of the hypotheses or experiences); unrealistic optimism (e.g., when people are convinced that it cannot happen to

them; in the case of radon, also due to an emotional attachment to the house, which generally gives a sense of security)

.

Knowledge and its transmission focus on the importance of the social context: risk must be contextualized. If there is a

lack of collective memory and knowledge, these can be built with appropriate tools and sharing, as some practical

experiences show, even if related to risks of a very different nature . Defining an area as a risk area could facilitate the

public’s acceptance of information or their curiosity and desire to receive comprehensive information that includes

prevention. Risk perception and risk communication are indeed closely related. Communication can shape perception,

and risk perception determines how and whether risk is communicated to communities. It is important to promote the

construction of clear and reliable communication strategies, able to create effective messages, deliver them through the

most convenient and relevant channels, and receive feedback .

Communications about health and environmental hazards tend to focus on the cognitive (rational and information-related)

aspects; however, research shows that individuals’ actions are also driven by the emotional aspects of risk. Information is

the driver of behavior only if it is able to overcome the many biases that individuals have in processing risk information.

Some psychological mechanisms, when risks threaten, drive people to action; others drive them to inaction. The radon

hazard, due to its specific characteristics, can easily be downplayed to justify inaction. The perception of radon risk is

subject to unconscious, cognitive, and emotional biases that influence the way information is processed: radon risk is

perceived as distant, uncertain, and easily taken for granted; these biases may act to minimize risk perception .

Given these premises, it is not surprising that radon hazards fail to promote appropriate precautionary behavior: there are

no immediate risks, and radon-related lung cancer occurs in the distant future. A multidisciplinary approach, involving

continuous collaboration with experts in the field of psychology, is deemed essential to solve the problems associated with

the lack of radon remediation. A key challenge for risk awareness programs is to inform the public in a way that does not

create apathy, complacency, or overconfidence, without creating undue stress or alarmism .

Perceptions of radon risk were compared with perceptions of other sources of radiation risk, such as X-rays, nuclear

energy, and nuclear waste. Individuals evaluate different types of radiation risk very differently. People perceive nuclear

energy and what comes with it as a very high risk, while other sources, such as medical X-rays and natural radon gas, are

considered to be of little risk. Most radiation experts see things differently. This perception gap shows that the acceptance

of risk is conditioned by trust in those responsible for the technology and the evaluation of its benefits. The differences

between the perceptions of lay persons and experts cannot be attributed only to the degree of knowledge: better

information/communication about the possible consequences of radiation is needed .
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Radiation risk is associated with a collective imagination linked to bombs and disasters: a risk that has no boundaries,

penetrates the body, the environment and food, and never ends. As Slovic argues, “the lack of concern about radon

seeping from the ground beneath dwellings seems to stem from the fact that it is of natural origin and occurs in a

comfortable and familiar environment, with no one to blame”; moreover, it can never be eliminated completely. The

public’s perception of risk and its acceptance are determined by the context in which radiation is used. Different uses

provide information on the nature of perceptions and factors determining risk acceptability . The social context matters

in perception, because of its particular history, of how the interpersonal network responds to risk, of the norms with which

the group identifies itself, of the type of information circulating, and of the trusted people who exist. If there is no collective

action on radon, it is difficult for anyone to take the initiative on their behalf . In communicating the radon risk, people

should understand that there is a danger and deal with it. However, the fact that it is serious and relevant may frighten

people and create awareness denial reactions; people at risk may be the most difficult to persuade if the message is too

frightening.

It is interesting to note here that even the scientific world has not always been unanimous about the radon risk. In the late

1950s, this danger was unknown to most scholars, when Bengt Hultqvist performed the first set of radon measurement in

an indoor environment in Sweden. During the 1970s, a quantitative estimation of lung cancer was calculated for miners

exposed to radon, and the interest in indoor radon increased, but only in the 1990s epidemiological studies developed risk

estimation on radon in dwellings and lung cancer .

There is still a scientific controversy about radon risk. There are thermal baths all over the world that are advertised for

beneficial treatments in radon-rich waters, and radon has been used for medical treatments. This issue has been

addressed in depth by a recent analysis of websites advertising spa treatments, trying to understand how such messages

may influence public perceptions about radon . Controversies in the scientific world are part of the knowledge

landscape concerning many health risks caused by environmental determinants and certainly complicate the task of the

authorities responsible for protecting public health .

For all those reasons, the research for the implementation of evidence-based radon communication programs is

progressing rapidly: a recent paper proposed The Potsdam Radon Communication Manifesto in eight key steps to

promote radon communication, based on the results of studies and experiences developed to date .

3. Regulatory Aspects

Although this research does not cover the analysis of the relationship between regulation of radon in dwellings and

knowledge/awareness/willingness to remedy, some elements on regulation are given below. Many countries have issued

regulations or recommendations to ensure that radon concentration levels do not exceed certain threshold values. The

recommendation published in 1990 by the European Commission (CEC 90/143) indicated a reference level for radon of

400 Bq m  for homes, beyond which remedial actions to reduce radon concentration were recommended. Following the

results of numerous epidemiological studies conducted two decades earlier, in 2009 the World Health Organization

proposed a reference level of 100 Bq m  to minimize health risks from indoor radon, adding that if this level could not be

achieved due to country-specific conditions, the chosen reference level should not exceed 300 Bq m   .

The World Health Organization report had a significant impact in the process of reviewing international regulations . In

particular, with regard to Europe, a reference level not exceeding 300 Bq m  was included in the European Directive on

radiation protection (2013/59). Consequently, the 400 Bq m  reference level included in the European recommendation

of 1990 must be considered outdated. According to the 2013 Euratom Directive , radon is an indoor pollutant monitored

in workplaces and homes, with established limits and exposure control obligations.

Although public authorities in the United States focused on the problem in the 1990s and plans exist to address it, recent

research shows that exposure continues to be very high in some situations. This is the case in many other countries in the

world .

As a general remark, it is important to emphasize that the “reference level” is based on a much more complex concept

than the previous “action level”. In fact, whereas the “action level” established the radon concentration above which

corrective measures had to be taken, the “reference level” represents a guide to optimizing exposure, primarily above the

level but also as an indication below it. These concepts and the associated operational guidance for protection against

radon exposure are particularly important for the implementation of regulations in the highest risk areas .
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