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Abstract. In 2014, the Sardinian Regional Department of
Hygiene, Health and Social Security promoted the Regional
Prevention Plan, which embraced the protection of the pop-
ulation from exposure to indoor pollutants, including radon
gas. The programme foresaw: the drafting of “Guidance for
the construction/renovation of buildings”; radon monitoring
and mapping activities during a dedicated campaign based
on geological surveying; a radon health impact assessment;
community involvement and a radon risks communication
campaign. The objectives of the programme were focused
to protect Sardinian population from radon risk, with spe-
cial reference to vulnerable and susceptible subjects, spread
knowledge about risks and the opportunities to reduce them.
Using a Health Impact Assessment procedure, the number
of attributable deaths was estimated based on radon expo-
sure levels, also visible as preventable events by implement-
ing preventive actions. The purpose of this article is to illus-
trate the activities carried out, with specific reference to the
use of communication to develop each action, to understand
strengths and weaknesses and the lessons to be applied in
Sardinia and other areas.

Monitoring and evaluation results indicate that the health
of populations living in radon-exposed areas can be signifi-
cantly improved by reducing exposure to radon and synergis-
tic risk factors. It is essential to strengthen awareness-raising

events using historical and acquired knowledge, and to mon-
itor progress in order to reinforce further actions, as these
schemes should be planned for the long term, with central
coordination and continuous evaluation.

The case of radon risk management and communication in
Sardinia offers a number of suggestions and lessons learned,
both for the continuation of the work that is expected to be
very intense in the coming years, and for the problems that
may arise in other regions and countries affected by radon
risk.

1 Introduction

Radon gas has long been known for its undesirable effects
on health, both for workers and the general population. It
has been studied, as a decay product of uranium and tho-
rium, along with a range of radioactive substances since the
early 1900s. The results of numerous studies were compiled
until, in 1988, radon and its decay products were classified
by the International Agency for Research on Cancer, IARC,
of the World Health Organization, WHO, as human carcino-
gens for lung cancer, in Group 1 (IARC, 2001). The Interna-
tional Commission on Radiological Protection (ICRP) em-
phasised the magnitude of the public health problem and is-
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sued specific recommendations on health risk and protection
from radon in living and working environments (ICRP, 1993;
Lecomte et al., 2014).

In Italy, a series of legislative measures have been applied
that derive from the promulgation of European Union Direc-
tives, which according to current law must be adopted in each
of the member states. There have been seven EURATOM Di-
rectives: 80/836, 84/466, 84/467, 89/618; 92/3, 96/29, 13/59.
The last one was integrated into Italian legislation for the pro-
tection of workers (and therefore only concerns workplaces)
in 2008 (Law n.81/2008) and updated for the protection of
citizens in December 2020 (Law 101/2020); the implemen-
tation of the last law is in progress, including a National Plan
and homogeneous rules for monitoring and for the definition
of risk.

Further measures had dealt with the issue of radon risk
for the general population. The Ministry of Health’s National
Prevention Plan for 2014–2018 (implemented at the regional
level) with reference to the issue of indoor pollution, recom-
mended to “promote good practices in the field of sustain-
ability and eco-compatibility in the construction/renovation
of buildings, also in relation to radon risk”, proposing as a
core indicator the “approval of guidelines to orient building
regulations in an eco-compatible way”. As a consequence,
the Sardinian Regional Department of Hygiene, Health and
Social Security promoted in 2014 a programme dedicated to
protecting the population from exposure to radon gas as an
indoor pollutant (Regional Prevention Plan 2014–2019, De-
liberation of the Regional Council n.30/21 of 16 June 2015,
Action P-8.2.4).

The programme included a number of different actions to
monitor environment and health, to plan prevention activities
and to spread information. The complex governance of those
activities was supported by a network of competencies from
different field of expertise and scientific background: public
administrators, civil servants in public health, environment
and building sectors, practitioners, experts in environmental
monitoring, physics, geology, engineering, architecture, epi-
demiology, health policy, communication. The communica-
tion of scientific knowledge and its use for reporting and de-
cisions in this context is clearly a priority: the basic need is to
create a communication between professional communities
with different norm and practices; but other necessity emerge
organising the whole process, like identifying internal and
external stakeholder and engage them according with the ob-
jectives, produce shared knowledge, transfer this knowledge
to public administrators with different responsibility and to
the general public. The process of science communication is
then in place, and needs a specific support (Fishhoff, 2019).
Risk communication represents a component of this effort:
dealing with the radon risk meant organising extensive mon-
itoring throughout Sardinia, informing a significant number
of mayors and citizens to convince them to take measure-
ments. This was done in order to build a knowledge base and
define the areas at risk. Consequently, it was possible to plan

prevention activities on which to base a risk communication
campaign extended to the community and stakeholders. Fur-
ther types of communication activities were also necessary
for developing the process: internal communication within
the group of experts, inclusive communication to inform and
guide towards specific actions, external communication to in-
form a wider audience (Cori, 2016).

The case of radon risk communication management in Sar-
dinia offers a number of suggestions and lessons learned,
both for the continuation of the work that is expected to
be very intense in the coming years, and to face the prob-
lems that may arise in other regions and countries affected by
radon risk. The aim of this article is to illustrate the activities
carried out, to understand what the strengths and weaknesses
are and what lessons can be applied in this and other terri-
tories, specifically in the domain of communication, that is
ancillary to the management of radon risk.

The recent publication of “The Potsdam radon communi-
cation manifesto”, designed “to support states to prepare an
effective and efficient communication strategy and to avoid
the main pitfalls in radon communication” is a valuable ref-
erence to evaluate the work done and envisage the potential
for progress and improvement (Bouder et al., 2020).

2 Radon risk communication

Radon risk communication is a topic that has raised interest
in every situation where this risk exists, due to a number of
contextual and element-specific data. It is possible to iden-
tify a consistent literature referred to radon communication,
supporting the implementation of protection measures and
public health programmes (Sandman et al., 1987; Weinstein
et al., 1988; Vogeltanz-Holm and Schwartz, 2018; Bouder
et al., 2020; Lacchia et al., 2020; Martell et al., 2021). Risk
perception have been studied from multiple perspectives, and
several approaches are useful to identify the reaction of peo-
ple to risk information, that are strictly linked to their role and
possibility to act. The context of radon risk communication
can be defined as a typical case of “care communication”, ac-
cording to the definition of Lundgren and McMakin (2018),
where the experts have acquired an accurate knowledge of
the risk, but the risk itself is poorly known and understood
by the general public and specifically by the exposed popu-
lation. Moreover, radon risk experts explain that the problem
of indoor air pollution from radon is relatively easy to re-
solve with mechanical solutions or devices that facilitate air
circulation in the buildings.

By reviewing a number of previous studies, the conclusion
can be drawn that in general people’s knowledge about radon
is not accurate, both regarding the presence of risk and health
effects, that it can be confusing and that “appear to reflect
cognitive defence mechanisms by which individuals believe
that their risk from radon are lower than the risks faced by
others” (Vogeltanz-Holm and Schwartz, 2018). According to
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the psychometric paradigm, people judge the riskiness of a
hazard based on the combination of a number of (perceived)
risk characteristics (Slovic et al., 2000). The element radon
has by its very nature a number of factors to be taken into
account in the perception of risk: it is an invisible, not ob-
servable, odourless gas that does not cause immediate health
effects such as coughing, irritation or other; exposure is not
voluntary and people not know whether they are exposed to
the risk; the severity of the risk is not controllable; the risk
is certain for the individual person, but is not understood;
many people are exposed to the risk, but it must be measured
at each individual location; the risk is new and unfamiliar,
even if it is known to science. Several characteristics should
contribute to increasing the level of perception and a system-
atic review suggests that public information materials about
radon require revision, to improve knowledge and compre-
hension and stimulate public mobilisation (Vogeltanz-Holm
and Schwartz, 2018). Today, several experiences of citizen
involvement indicate that it is possible to implement public
awareness activities and support the growth of competence
and capacity to deal with problems such as radon pollution
at home (Cori, 2016; Duranova et al., 2020).

By qathering as much information as possible about the
specific context, the main aim of radon risk communication
should be to disseminate information about the hazard and
the means to limit and prevent it, being exhaustive and ex-
plaining the mechanisms of exposure, control and limitation.
In the case of radon, communication assumes further rele-
vance, urgency and necessity with regards to actors who can
take action to identify and manage the risk.

3 Methodology

This article describes the activities carried out by different
actors in Sardinia Region to implement the directives of the
Regional Prevention Plan 2014–2019 regarding radon risk,
from 2015 to 2019, when the results of the work carried out
were presented at a public conference. Some additional ele-
ments concern on going and planned activities and how they
are using the results of the work previously carried out to
implement further communication and the prevention activi-
ties foreseen by the present Regional Prevention Plan 2020–
2025, that also includes indoor air quality and radon risk. A
specific and deeper analysis will be provided regarding the
work done to identify radon risk areas based on geological
data, due to the focus of the Journal publishing the present
article. The communication activities will be specifically un-
derlined in each phase of the activities illustrated.

The methods used for each activity, like radon monitoring
and Health Impact Assessment are reported in the specific
paragraphs (4.3, 4.4), in order to make it easier to understand
each activity carried out.

4 Implementing a radon prevention programme
supported by communication activities

The Sardinia Regional Prevention Plan 2014–2019 (Action
P-8.2.4) included several activities, to be developed co-
ordinately, simultaneously and with multiple competencies
involved: the Regional Steering Committee was at the De-
partment of Health, which allocated financial resources to the
Sardinian Regional Health Protection Agency, ATS, and in-
volved different actors coordinated in Working Groups for
the different tasks: professional associations, the Sardinian
Regional Agency for Environmental Protection, ARPAS; the
Institute of Clinical Physiology of the National Research
Council; the National Association of Italian Municipalities.1

The main activities are illustrated in this article, with a spe-
cific reference to the communication domain, that acquired a
relevant role to be able to perform this complex program.
The phases of the work are summarised in Table 1 below,
indicating which type of communication was used in each
phase. The planning phase started in 2016, the on-field radon
monitoring covered two semesters, and the mapping and risk
evaluation work was completed within the end of 2018.

– Activity A: Organising the dedicated working group
and drafting the document “Guidance for the con-
struction/renovation of buildings”. The document was
drafted during one year of activity by a dedicated In-
tersectoral Working Group and assumed by the regional
administration in January 2019 (Sardinia Regional Gov-
ernment, 2019a).

– Activity B: The first phase of the ARPAS Radon Project
consisted of knowledge building, examination of the ter-
ritory, study of updated literature, geological mapping,
and the choice of radon reference values. The collection
of useful information was developed at the beginning,
during four months. The length of the ARPAS Radon
Project was two years.

– Activity C: Preparation of informative materials and le-
gal binding sheets: description of the activity; materi-
als to be used by the municipal technician in charge
of the fieldwork; Inform consent; description of the
dosimeter and its use; questionnaire to collect informa-
tion about the building monitored; press release to start
the activity; presentations for training activities. This
was also an activity developed in the first two months of
the project; the press conference presenting the ARPAS
Radon Project took place in January 2017.

– Activity D: Two training courses for the municipal tech-
nician in charge of the fieldwork. This was specifically
devoted to share the knowledge needed to perform an

1https://www.sardegnasalute.it/index.php?xsl=316&s=9&v=9&
c=93932&na=1&n=10, (last access: 23 March 2022)
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accurate monitoring activity, and to collect all the infor-
mation needed to build a homogeneous information re-
ferred to each monitored place. In particular on: how to
identify buildings to be measured; premises to be mon-
itored; how to place the dosimeter. The completion of
the questionnaires was also part of the training, due to
the numerous information to collect. The training for
municipal Radon Project officers was carried out by the
various specialists involved in the project (physicists,
geologists, environmental and health biologists), in two
training sessions over two months. All the information
and training materials, in Italian, are available on line.3

– Activity E: Radon monitoring in 142 Municipalities.
ARPAS working group and support for monitoring
and information gathering during the implementation.
There were two monitoring campaigns, each lasting six
months.

– Activity F: Additional campaign involving citizens with
the “snowball” method, which was based on word of
mouth and informal proposal of radon monitoring to
friends, colleagues and acquaintances. This activity, in
order to expand the number of monitored buildings, was
developed in parallel with the previous one.

– Activity G: Mapping of the Region. Collection of
further material from previous monitoring campaigns,
from years 1991–1997. Verification and control of
radon measures by the ARPAS working group, and re-
porting for the formal definition of risk areas. The col-
lection and processing of data, which began at the end of
the first six-month instrumental monitoring and ended
with the production of the final report, took place dur-
ing 11 months of the ARPAS Radon Project.

– Activity H: The Health Impact Assessment and report-
ing were carried out during six months by the Institute
of Clinical Physiology of the National Research Coun-
cil, in collaboration with ARPAS. The final report was
accepted by the Sardinia Regional Administration (Del.
n. 7/49 del 12.02.2019).

– Activity I: Preparation of dissemination material. Infor-
mation and dissemination.

4.1 Guidance for the construction/renovation of
buildings

The drafting of “Guidance on sustainability and eco-
compatibility in the construction/renovation of buildings in
order to improve indoor air quality, also in relation to radon
risk, to orientate building regulations in an eco-compatible
way” was implemented through a Intersectoral Working
Group (Determination of the Director General of Health no.
38/2016, no. 1370/2016, no. 1101/2017 and no. 1195/2017).

The Intersectoral Working Group included representatives
of: the Regional Departments of Health, Environmental Pro-
tection and Urban Planning; ATS (Prevention Departments);
ARPAS; the National Association of Italian Municipalities;
the Professional Associations of: Architects and Planners,
Engineers, Geologists; the Department of Medical Sciences
and Public Health of the University of Cagliari.

In 2016 the Intersectoral Working Group collected docu-
mentation (data, studies, guidelines, building regulations) on
sustainability and eco-compatibility in the construction/ren-
ovation of buildings, with a specific reference to the radon
risk, at regional, national and international level, in order to
expand the knowledge framework on issues related to indoor
air quality and on systems for reducing/abating indoor pollu-
tant levels.

To develop this task, the communication activities were
implemented mainly within the group, and in close connec-
tion with the scientific community working on the issues
of indoor air quality, radon prevention, sustainable building.
The document was drafted and officially acquired by the Sar-
dinia Regional Government on January 2019 (Sardinia Re-
gional Government, 2019a). The presentation and illustration
of the document was done during meetings with the respon-
sible institutions, workshops and training session dedicated
to Regional civil servants and functionaries responsible in
health, environment, construction and school sectors.

The practical application of the guidance document would
only have been possible by mean of an accurate knowledge
of the actual situation on the ground. In fact, the activity
described below was in place and the knowledge acquired
around building remediation and radon exposure prevention
ready to be transferred to the responsible authorities and the
community in general. A specific communication activity ad-
dressed to Public Authorities, the construction sector and
Professional Associations was also planned as a follow up
and described in the following pages.

4.2 Planning of the radon monitoring and mapping
activity

The previous activity foresaw, among other actions, that “if
more detailed information on the radon risk in the regional
area is needed, a special agreement with ARPAS will be
signed to classify the territory and identify the areas at risk”.
ATS has therefore established to instruct ARPAS to proceed
with the “Classification of the regional territory of Sardinia
with identification of radon risk areas”. To this end, ARPAS
prepared a Radon Project in 2016, performed field surveys,
data processing, produced a final report and, in 2019, in col-
laboration with the Institute of Clinical Physiology of the Na-
tional Research Council, a Health Impact Assessment and in-
formation materials for the general public.

The collection of data on radon risk started using the
knowledge available to map the territory, on the basis of
the administrative data and of the geological composition
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Table 1. Activities developed under the Sardinia Region indoor radon prevention programme and related communication.

Activity Content Type of communication

Activity A Preparation of “Guidance for the construction/renovation of buildings” Internal communication
Activity B Knowledge building. Internal communication
Activity C Preparation of informative materials and legal binding sheets Information and risk communication
Activity D Two training courses for fieldwork Inclusive communication and risk communication
Activity E Radon monitoring in 142 Municipalities Inclusive communication and risk communication
Activity F Additional radon monitoring campaign involving citizens Inclusive communication and risk communication
Activity G Mapping of the Regional risk radon areas. Internal communication
Activity H Health Impact Assessment and reporting. Internal communication
Activity I Preparation and distribution of dissemination material Information, inclusive communication and risk communication

of the Sardinia Island. The data contained in the Geological
Map of Sardinia, a representation including accurate details
about a thousand different cartographic units, were struc-
tured by lithological units2 to better meet the needs of the
Radon Project. The result was the Lithological Map of Sar-
dinia 1 : 25000. The rocks of Sardinia were subdivided, on
the basis of their origin, into three major classes: (A) mag-
matic rocks; (B) metamorphic rocks; (C) sedimentary rocks.
These three main groups have been subdivided into eight ty-
pologies (level 1), within which the main lithologies present
in Sardinia have been defined and reduced to 33 lithological
units (level 2). Data on indoor radon were then referred to the
two levels. The lithological map has proved to be of strategic
importance in verifying the presence of radon in buildings
and linking it to the type of rocks present in each area.

The Regional territory was divided into grids in order to
obtain homogeneous average statistical values, which are ho-
mogeneous because they refer to one-dimensional regular
grids with an equal number of measuring points. Finally, the
administrative boundaries of individual municipalities served
to easily identify the presence of urbanised areas.

The mapping activity resulted in the identification of
184 Municipalities, to be tested with 10 detection/measure-
ment points each, in private buildings and schools; monitor-
ing was performed only at the ground floors of each building,
which are the most exposed to radon if it is present in the en-
vironment; ground floor is, as a consequence, the place where
human exposure can be higher.

The reference levels for radon concentration that were
chosen in the data processing are:

– the values of 100 and 300 Bq m−3 proposed by the
WHO for dwellings (Zeeb and Shannoun, 2009), which
recommends that countries should adopt a reference
level of 100 Bq m−3 as far as possible, or in any case
no higher than 300 Bq m−3;

– the value of 300 Bq m−3 indicated in Directive
59/2013/Euratom (not yet transposed when this moni-
toring was carried out) as the maximum value for the

2Sardinia Geoportal of the Region: https://www.
sardegnageoportale.it/, (last access: 23 March 2022)

annual average radon concentration for both residential
buildings and workplaces;

– the value of 500 Bq m−3, (indicated by Italian legis-
lation as the action level for working environments,
above which the employer must implement remedial ac-
tion to reduce radon concentrations, unless he demon-
strates that no worker is exposed to a dose exceed-
ing 3 mSv yr−1). Excluded are kindergartens, nursery
schools and compulsory schools for which, if the con-
centration exceeds 500 Bq m−3, remedial action must be
taken without carrying out a dose assessment.

After this study and planning phase, radon monitoring activ-
ities with dedicated instruments begun, foreseeing two mon-
itoring campaigns for a period of six months each. The sur-
vey was conducted using solid-state dosimeters with a CR39
plastic detector housed inside a radon-permeable container
(holder), in 2 consecutive semesters (March–August 2017
and September 2017–March 2018) by positioning, based on
the project objectives, the dosimeters in rooms on the ground
floor of the sample buildings. The radon monitoring cam-
paign required intensive and continuous communication ac-
tivities throughout the fieldwork period. The National Asso-
ciation of Italian Municipalities supported the dissemination
of information to the mayors and municipal technicians of
the 184 selected cities by way of an electronic mail, while
a web site was organised to show the main information, and
to allow the download of useful sheets, training modules and
administrative materials.3

Radon monitoring, as explained below, was supported by
specific training, and the communication and comprehen-
sion dimensions were constantly taken into account. Upon
completion of the measurements, the “Test Report” prepared
by the ARPAS Laboratory of Environmental Radioactivity
was sent to all the subjects who collaborated/participated in
the Radon Project (private buildings and schools) indicating
the annual average value of indoor radon concentration mea-
sured in the building during the period March 2017–March

3http://www.sardegnaambiente.it/index.php?xsl=611&s=21&
v=9&c=14552&es=4272&na=1&n=10, (last access: 23 March
2022)

https://doi.org/10.5194/adgeo-57-49-2022 Adv. Geosci., 57, 49–61, 2022

https://www.sardegnageoportale.it/
https://www.sardegnageoportale.it/
http://www.sardegnaambiente.it/index.php?xsl=611&s=21&v=9&c=14552&es=4272&na=1&n=10
http://www.sardegnaambiente.it/index.php?xsl=611&s=21&v=9&c=14552&es=4272&na=1&n=10


54 L. Cori et al.: The role of risk communication in radon mapping

2018. The data collected during the survey were treated con-
fidentially and anonymously and only for the statistical pur-
poses of the survey and in any case in compliance with Law
196/03 on the processing of personal data. For these reasons,
the “Test Report” was delivered by the Municipality’s Radon
Project Contact Person in a closed and sealed envelope, with
only the building code and address on the first page of the
letter. The communication to the family pointed out that the
concentration value found in the building had to be compared
with the value of 300 Bq m−3, which represented the refer-
ence level, as an annual average of the radon concentration
in closed environments not to be exceeded, indicated by Di-
rective 59/2013/Euratom (at that time not yet transposed by
the national legislation on radon).With regard to the possi-
ble problems that radon can cause on one’s health, it was
pointed out that more information could be obtained from
the relevant health authority; references for further knowl-
edge were also provided.With regard to the possible prob-
lems that radon can cause on one’s health, it was pointed
out that more information could be obtained from the rele-
vant health authority; references for further knowledge were
also provided. Possible remedial actions were also commu-
nicated, summarising in a simple way the information con-
tained in the documents produced by the Region (“Guidance
for the construction/renovation of buildings”).

The message texts were tested beforehand by means of
targeted interviews with five different witnesses with a vari-
ety of skills and knowledge. However, it will be necessary
to further verify the actual understanding of the messages
conveyed, by means of a questionnaire and in-depth ques-
tionnaires, which are planned for a new phase of work in
progress.

4.3 The radon mapping activity

The results of the monitoring campaign and the supporting
activities are shown in Tables 2 and 3 below (Sardinia Re-
gional Government, 2019b). Only two municipalities, out of
a total of 184 initially selected, formally refused to carry
out the monitoring activities and some partially carried out
the required tasks. Further samplings were added during a
second monitoring campaign. During the radon monitoring
activity 390 samples were collected in schools, and helped
to focus the efforts on the protection of students as vulnera-
ble and susceptible groups and school personnel as workers
(Larsson, 2014).

The Municipalities included in the Radon Project have
been a total 208 in which 1837 buildings, with direct moni-
toring and the collection of radon measures. A radon map of
the Region was produced, as shown in Table 2.

Two training courses (Activity D, Table 1) were held to in-
form municipal administrators and technical referents about
the project, to support the request of monitoring radon lev-
els in public and private buildings. In order to facilitate the
participation, the courses were held in the largest cities in

Sardinia. A total of 11 days was dedicated to the two training
cycles and 148 municipalities participated, corresponding to
80 % of the municipalities involved. The number of partici-
pants is specified in Table 3.

The average concentration of indoor radon measured in the
208 municipalities, considering both measurements in pri-
vate homes and schools, was 116 Bq m−3, with the specific
value indicated in Table 4 below.

The distribution of radon concentration values of build-
ings (Table 5) shows that the latter is lower than
300 Bq m−3 (maximum reference level indicated by Direc-
tive 59/2013/Euratom), for 93 % of sample buildings (equal
to 1704 buildings), while 7 % of the sample (equal to 133
buildings) has values above 300 Bq m−3. In particular, 4.2 %
of the sample (equivalent to 78 buildings) has values between
300 and 500 Bq m−3, and only 3 % of the sample (equivalent
to 55 buildings) has values above 500 Bq m−3 (action level
for workplaces provided by the Italia national law).

In order to obtain, from the indoor radon concentration
values relative to the 208 municipalities of the regional sam-
ple, indoor radon concentration values for the entire re-
gional territory (377 municipalities), two geostatistical tech-
niques were applied, considered the most appropriate for the
achievement of the objectives of the Radon Project. These
techniques are a “kriging” method (Matheron, 1976) and a
method of “lithogeostatistical processing – LGS” borrowed
from the method proposed by Miles and Appleton (2005),
which builds interpolations on the basis of a criterion based
on the specific territorial contribution of lithologies. On the
basis of these elaborations, the value of the probability of the
exceedance of the reference level of 300 Bq m−3 has been
estimated for each municipality in Sardinia.

The distribution of the classes of indoor radon concentra-
tion values of the buildings was located in 26 lithological
units involved (in 7 lithological Units out of the total 33 de-
fined there are no buildings in which radon measurements
have been made). The estimation of this distribution (Fig. 1)
showed that:

– indoor radon data related to the buildings “Homes –
Schools” on intrusive magmatic rocks show the high-
est values of indoor radon. They also show the highest
values of geometric mean (GM) (>100 Bq m−3) than
the other lithologies, and there are many outliers with
values >500 Bq m−3. Among the magmatic intrusive
lithologies, the highest GM concentrations (with values
of 120–208 Bq m−3) are present in buildings on monzo-
granites and granodiorites;

– indoor radon data related to buildings on effusive
magmatic rocks, show values tending to be below
100 Bq m−3, with a GM of 47 Bq m−3 and 37 Bq m−3

respectively in schools and homes;

– the data for buildings on parametamorphic rocks show
that 50 % of the data are above 100 Bq m−3 with a GM
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Table 2. Panel summary of radon measurements gathered during the Sardinia Regional Agency for Environmental Protection Radon Project.

OVERVIEW OF INVESTIGATIONS DONE IN 2017–2018

ARPAS radon measurements

Municipalities in the sample chosen by Radon Project providing complete information: questionnaire
+ dosimeter + evaluation of concentration (Activities C, D, E, Table 1)

142

Number of monitored buildings 1399

ARPAS further radon measurements (Activity F, Table 1)

Volunteers participating to the additional campaign: questionnaire + dosimeter + evaluation of concentration 58

Number of monitored buildings 190

National radon campaign data (1991–1997) (Activity G, Table 1)

Review of data provided by National sources (National Health Institute and National Agency for New Technologies,
Energy and Sustainable Economic Development: questionnaire + dosimeter + evaluation of concentration

108

Number of monitored buildings 248

Total data available

Total Municipalities 208

Total number of monitored buildings 1837

Note: Numbers shown for buildings and dosimeters are validated numbers only.

Table 3. Summary of training courses administered during the Sardinia Regional Agency for Environmental Protection Radon Project.

Province Municipalities selected Participants % on selected Participants % on selected Total % on selected
by Radon Project 1st course Municipalities 2nd course Municipalities participants Municipalities

Cagliari 32 19 59 % 8 25 % 27 84 %
Nuoro 32 16 50 % 10 31 % 26 81 %
Ogliastra 15 9 60 % 4 27 % 13 87 %
Oristano 30 19 63 % 2 7 % 21 70 %
Olbia Tempio 21 10 48 % 4 19 % 14 67 %
Carbonia Iglesias 10 10 100 % 0 0 % 10 100 %
Sassari 30 21 70 % 4 13 % 25 83 %
Villacidro 14 5 36 % 7 50 % 12 86 %

Total number 184 109 59 % 39 21 % 148 80 %

of 88 and 70 Bq m−3 respectively in schools and homes;
in several buildings the values exceed 300 Bq m−3;

– indoor radon data related to buildings on sedimentary
rocks present low GM values (70 and 49 Bq m−3 respec-
tively in schools and homes), and there are still many
values >300 Bq m−3.

To complete the task, a classification of the regional terri-
tory with the identification of areas at risk was performed by
ARPAS. Risk areas were defined as municipalities where the
probability of exceeding the reference level of 300 Bq m−3

affects more than 30 % of the buildings. These areas involved
49 municipalities in Sardinia.

The following Fig. 2 represents the classification of the re-
gional territory in relation to the probability of exceeding the

reference level of 300 Bq m−3 in confined environments (in-
door), both residential buildings and buildings used for work-
ing activities.

4.4 Assessment of lung cancer deaths attributable to
radon exposure

An evaluation of radon impact on human health was carried
out to quantify the number of deaths attributable to radon
exposure, evaluated as proxy by the classification described
above, as an indicator of priority interest for communica-
tion activities. The impact assessment by epidemiological ap-
proach, Health Impact Assessment, of radon exposure in Sar-
dinia was developed on the basis of data collected during the
radon monitoring campaign. The HIA was finalized for cal-
culating the number of lung cancer deaths attributable (AD)
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Table 4. Main representative values of radon concentrations in the lithological units and a general overview of indoor radon measures
detected during the Sardinia Regional Agency for Environmental Protection Radon Project.

Main representative values of the radon concentration (Bq m−3) in the lithological units (Levels 1 and 2)

Lithological Unit Buildings (n) Minimum Maximum AM Average GM SD

a. igneous rocks a1. intrusive 409 5.10 2.33 222.00 141.10 139.20 256.10
a2. effusive 247 1.34 717.20 54.45 39.32 38.22 61.94
a3. strand and bundles 5 32.55 1.85 531.90 208.60 191.10 763.40

b. metamorphic rocks b1. parametamorphic 10 15.42 293.30 104.90 74.77 78.73 82.87
b2. orthometamorphic 173 4.16 982.50 122.00 77.19 73.22 141.00

c. sedimentary rocks c1. terrigen 809 3.35 4.38 85.48 54.10 52.78 180.00
c2. carbonatic 173 3.02 502.30 78.65 55.95 51.48 87.45
c3. volcanic-sedimentary 11 8.75 201.40 57.67 32.86 34.76 68.05

Total 1837

General overview of indoor radon measures 1837 1.00 4.38 116.00 63.00 65.00 193.00

Figure 1. Arithmetic mean (a) and geometric mean (b) indoor radon concentration values in the Lithological Units based on the regional
sample in Sardinia.

to exposure to radon concentration estimated on an annual
basis, according to the following formula:

AD= LCD×ERR×RnC (1)

where:

– LCD Lung Cancer Deaths expected per year in the study
area = the product of the lung cancer mortality rate in
the study area over the study period and the population

living in the same period considered as potentially ex-
posed.

– ERR Excess Relative Risk per Rn concentration unit
(1 Bq m−3) = Relative Risk minus 1;

– RnC Radon concentration (average in the study area).

Mortality and population data were obtained from the Health
Information System of the Region of Sardinia (primary
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Table 5. Buildings and radon concentration detected during the
Sardinia Regional Agency for Environmental Protection Radon
Project.

Frequency of buildings (number) per class
of radon concentration values (Bq m−3)

Class values N◦ %

0–≤ 300 1704 92.8 %
>300–≤ 500 78 4.2 %
>500 55 3.0 %

Total 1837 100 %

Figure 2. Classification of the regional territory of Sardinia and
identification of radon risk areas.

source: ISTAT, The Central Institute of Statistics), radon con-
centration values from ARPAS’ mapping, and the value of
1.16 per 100 Bq m−3 (1.0016 per 1 Bq m−3) was used as Rel-
ative Risk (Darby et al., 2005).

In the whole region (1 653 144 inhabitants), with a lung
cancer mortality rate of 50.3 per 100 0004 and an estimated
average concentration of 116 Bq m−3, radon-attributable

4Data Sardinia Region 2007–2015, source: The Italian National
Institute of Statistics, ISTAT.

cases were 130 out of 832 total expected LCD(attributable
fraction 15.6 %); in the highest risk area, including 49 munic-
ipalities (129 287 inhabitants), with a lung cancer mortality
rate of 42.5 per 100 0003 and an estimated average concen-
tration of 202 Bq m−3, radon attributable deaths were 13 out
of 55 total expected LCD (attributable fraction 23.6 %).

Due to the higher incidence of lung cancer among men
compared to women, and an excess of male smokers com-
pared to women, the cases annually attributable to radon ex-
posure were much higher among males: 104 out of 130 at re-
gional level and 10 out of 13 in the area of the 49 municipali-
ties. Smoking, the primary causal factor of lung cancer, is an
important confounding factor in the study of the association
between radon and lung cancer. In fact, it is associated with
radon exposure (smoking is tipically more prevalent in large
cities where radon concentrations are generally lower), and
is a cause of lung cancer independently of radon exposure,
so smoking is usually a negative confounding factor (under-
estimation of risk). A strong synergy between radon expo-
sure and cigarette smoking has been documented, so that the
absolute risk of lung cancer remains about 24 times higher
among smokers than among non-smokers as radon concen-
trations increase (Darby et al., 2005, 2006).

In the area of the 49 municipalities, of the 13 deaths at-
tributable to radon, it was estimated that 9 are among smok-
ers, 3 among ex-smokers and only 1 among never-smokers.

The assessment of mortality impact of radon exposure was
developed by the Institute of Clinical Physiology of the Na-
tional Research Council, Environmental Epidemiology De-
partment. Material, methods and the results were presented
and discussed in a working group with experts from ATS,
ARPAS and the Regional Department of Hygiene, Health
and Social Welfare. Six guided discussions of the working
group were held to present the results and to draft the final
report; four training sessions during six months and commu-
nication activities were held for the wider community of ex-
perts involved in radon management.

4.5 Community involvement

The communication of results, based on a dedicated plan,
involved multiple stakeholders including: civil servants in
the field of health and the environment; public administra-
tors; health professionals committed to spread knowledge
about radon-free buildings. An ad-hoc booklet for wide dis-
tribution was produced to complete the program, including a
simple description of radon risk in indoor environments, ex-
plaining the interaction with smoking, the monitoring work
done in Sardinia, with the risk areas identified, and the indi-
cations for measurement and remediation. The booklet col-
lected the information produced during all the phases of the
regional programme, simplified and explained taking into
account the risk communication principles and suggestions
(Slovic, 2012; Hevey, 2017; Vogeltanz-Holm and Schwartz,
2018). This instrument for information and awareness raising
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was launched in October 2019, during a public conference in
Nuoro, one of the provincial capitals in Sardinia Region, of
a province that is widely affected by the problem of indoor
radon. During the conference, representatives of the whole
cycle of actions done on radon presented their work and the
perspectives.

As a follow-up of the work developed the main activities
were: a dialogue with the institutions responsible for spe-
cific remediation activities, in particular municipalities and
schools, based on direct contact and distribution of informa-
tion via direct messages; an exchange of information with
the stakeholders involved in the working groups; a further
program of activities for the new Regional Prevention Plan
2021–2025, that is planning a prosecution of the scientific
activities and a reinforcement of action addressed to the gen-
eral public.

A regional plan for school building renovation, called Is-
col@, is proceeding in Sardinia, and the responsible person-
nel was instructed around the knowledge acquired during the
radon monitoring campaign, and the indications for building
renovation included in the Guidance Document produced by
the Region.

5 Discussion, lessons learned and perspectives

To summarize the results of radon activities in Sardinia Re-
gion in terms of communication, an intense activity has
been carried out, connecting different scientific competen-
cies, civil servants and functionaries, professional bodies
and regulatory agencies. This has meant setting up tools for
exchange and dialogue between different knowledge, lan-
guages and working practices. By having common objec-
tives, such as producing a guiding document, carrying out as-
sessments of areas at risk, and assessing the risk to the popu-
lation and the most exposed groups, this co-production work
has had positive results. The documents produced have be-
come part of the knowledge base of the Region in its various
departments; they have been used to prepare specific legisla-
tion on radon, for training activities and for the preparation of
a simplified brochure aimed at the non-expert communities.

The interinstitutional dialogue, guaranteed by the coordi-
nation of the Regional Department of Hygiene, Health and
Social Welfare, Directorate-General for Health, allowed the
implementation of a complex set of activities, and the pos-
sibility to cover the issue of radon from its identification by
the experts in environmental sciences, to the prevention mea-
sures developed by the health experts, to the remediation ac-
tivities, in charge of the construction and public work sectors.

The activities involving Municipalities have been ad-
dressed to technical personnel and administrators, and also
citizens participated in the monitoring on field. This entailed
networking and awareness raising activities, dedicate train-
ing. After the first phase, ARPAS’ experts further mobilized

people interested in radon monitoring, enlarging the number
of buildings monitored.

The main lesson learnt from this experience is the need of
a dedicated coordination and funds, with clear timeline and
objectives. The public attention can be mobilized offering the
possibility to monitor dwellings and to provide specific infor-
mation about the property, together with the indications for
remediation in case of radon presence.

Examining the results of the radon monitoring campaign, a
dedicated activity must be devoted to identify the geological
composition of rocks in interested areas, because they can be
predictive of a presence of radon. A specific attention must
be also dedicated to the monitoring of schools: a susceptible
population from 5 to 18 years old students is in fact attend-
ing public schools, together with teachers and other school
workers, who need to be protected according to the rules for
workplaces.

The specific assessment for the Sardinia Region of the
radon impact on lung cancer mortality gave the possibility to
provide relevant data to fine tune prevention campaigns and
communication activities. In particular, the linkage between
radon exposure and smoke have been identified as a crucial
issue.

The work done after the drafting of guidelines for limiting
radon as indoor pollutant, after the monitoring campaign and
the mortality impact assessment was a scientific communi-
cation among experts (seminars and training), and an effort
to transfer the scientific information in simple terms for the
non-expert public.

The specific lessons learnt in this context is a positive out-
come of the scientific work developed, and the need to in-
crease the participation of non-experts in producing further
information material and more interactive instruments, to in-
crease awareness and engage citizen in radon monitoring and
remediation. To develop this action a dedicated financial ef-
fort should be addressed to provide monitoring facilities and
advise on remediation to citizens in risk areas (Martell et al.,
2021).

The perspectives include a renovated effort to continue the
scientific work and the awareness raising campaign, consid-
ering the implementation of the recent law in Italy, that envis-
age a further identification of risk areas, also in Sardinia. The
Law 101/2020 in fact include the definition of risk areas as
municipalities where the probability of exceeding the refer-
ence level of 300 Bq m−3 affects more than 15 % of the build-
ings. The areas defined today cover municipalities where this
probability is more than 30 %. This means that the number
of municipalities will sharply increase, reaching the number
of 162. As a consequence, all the activities will be planned
addressing the newly identified risk areas.
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6 Conclusions

Taking up each recommendation of the “The Potsdam radon
communication manifesto” (Bouder et al., 2020) we can con-
clude with the following considerations, based on the devel-
opment of work presented in the previous pages.

1. Governments and radon risk communicators need to
convey science-based communication programs. The
Region of Sardinia has promoted a plan to collect scien-
tifically robust evidence and convey it to the public with
multidisciplinary work by dedicated experts, as recom-
mended.

2. Radon must be re-framed, from “a natural radioactive
gas” to “indoor air pollution”. From the outset the issue
of radon has been framed as an indoor pollutant, which
must be limited in work and living places, as recom-
mended.

3. Policy-makers must take the lead and engage with ex-
perts and other stakeholders. The governance of the
radon risk has been assumed by the Region’s health au-
thorities with a dedicated plan, involving scientific ex-
pertise (as indicated in point 1 of the Manifesto) and
engaging subjects such as the Regional Environmental
Agency and the National Research Council, in support
of the Regional Health Service’s prevention structures.
The monitoring of activities and the involvement of re-
gional managers has been constant, as indicated in the
Manifesto.

4. Communications need to be inclusive, coherent and
consistent. Communication has been discussed and sim-
plified so that it is understandable to all and inclusive,
as recommended, although efforts should be extended
to broaden the audience of informed and sensitized citi-
zens and associations. See in particular chap. 4.3, where
the information dissemination is explained. As pointed
out, a further analysis of the actual understanding of the
messages conveyed is planned, by means of a question-
naire and in-depth questionnaires.

5. Communication needs to be sustained over time. Train-
ing planning activities and public consultation tables are
underway and will continue over time in order to keep
the focus and to be able to verify the results achieved, as
recommended and introduced in a new program for fu-
ture activities related to radon risk in Sardinia Region,
in the framework of the updated Regional Prevention
Plan.

6. Interactive tools may enhance communication. The rec-
ommendation to use interactive and modern tools has
been considered and is part of the future planning of ac-
tivities. This notwithstanding, we must say that this is
a very weak point for the work developed in Sardinia

Region. In fact, the Manifesto states that “Maps tend to
draw people’s attention and are therefore popular. To be
effective these tools need to be truly interactive and offer
the relevant level of accuracy to support well-informed
decisions. Poorly designed tools may confuse or mis-
lead people and as such should be discouraged. For in-
stance, maps that highlight an entire region as a “high
risk” or “low risk” area are misleading because the risks
are not equally distributed across an area”. The maps
defined until now for the Sardinia Region indicate only
the borders of municipalities, and are poor in sustaining
a real comprehension of the radon risk.

7. Dedicated training programmes must be developed.
Training has been taken care of from the beginning and
is part of the activities that will be maintained over time,
both for officials responsible for managing the radon
problem, and for administrators, school teachers, citi-
zens and associations.

8. Support social sciences and humanities research in the
radon field. Support for research in the field is part
of the activities carried out, but needs be strengthened
and integrated with the work done in Italy and interna-
tionally, to identify and fill knowledge gaps, integrat-
ing the various fields of expertise with the social sci-
ences and humanities as recommended. The objectives
of the Sardinia Regional Prevention Plan 2014–2018
were focused to: protect Sardinian population from in-
door radon risk, with special reference to vulnerable and
susceptible subjects, particularly radon exposed smok-
ers; spread knowledge about risks; inform about the op-
portunities to reduce risks. Those objectives and prior-
ities have been confirmed in the new Prevention Plan
2021–2025. Future activities will include further dis-
semination of information to a wider audience, using
multimedia tools, questionnaires and interviews, and a
review of international literature on communication and
radon risk perception to fine tune the instruments pro-
duced.

The results of numerous scientific studies indicate that
the health of populations living in radon-exposed areas can
be significantly improved by reducing exposure to radon
and synergistic risk factors. It is essential to strengthen
awareness-raising activities using historical and acquired
knowledge and to monitor progress in order to reinforce fur-
ther action, as these activities should be planned for the long
term. The number of deaths attributable to differential expo-
sures to radon can be interpreted as avoidable deaths and con-
sequently concentrations should be lowered through proven
interventions on existing and new buildings. The impact data
estimated in Sardinia, in agreement with those of the liter-
ature, reinforce the indication for promoting wide-ranging
precautionary actions, aimed at preventing other risk factors
recognized as causal for lung cancer, first and foremost to-
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bacco smoking, the most powerful factor synergistic with
radon, in addition to industrial and vehicular air pollution.

Appendix A: Acronyms

ARPAS: Sardinian Regional Agency for Environmental Protection.
ATS: Sardinian Regional Health Protection Agency.
GM: Geometric Mean.
LCD: Lung Cancer Deaths.
WHO: World Health Organization.
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