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Abstract — The origin, evolution and state of the art of legislation on radon indoors in both domestic and working environments
is reviewed. Choices made by European countries, the European Union and International Agencies or bodies are presented and
discussed. Regulations limiting radioactivity content of building materials in force in some European countries are compared and
the feasibility of a European regulation is analysed. A short overview of the Italian situation in the field is given. Some conclusions
are drawn about future developments in the area.

INTRODUCTION

Fewer than fifteen years have passed since the first
ICRP statement(1) on the feasibility of limiting natural
radiation indoors. In this brief period, however, the
importance of the issue, the broad discussion by experts
which followed the statement, and increased knowledge
about natural radiation and particularly the health effects
of radon, have all contributed to substantial evolution
and progress. The aim of this paper is to provide an
overview of the state of the art in legislation about radon
concentration indoors at international levels with a few
notes on the Italian situation. The solutions proposed or
adopted for limiting radon in the domestic and the work-
ing environment are discussed separately, due to their
intrinsic differences. Moreover, a paragraph is devoted
to the possibility of limiting radioactivity concentration
in building materials.

RADON CONCENTRATION AT HOME

As is well known, following the ICRP Publication
39(1), in 1990 the EU Commission issued a Recommen-
dation ‘on radon concentration in buildings’(2) on the
same basis. Choosing as reference values the two effec-
tive dose values of 20 and 10 mSv.y−1 the Commission
recommended two different action levels for existing
and future dwellings (400 and 200 Bq.m−3 of radon gas
concentration, respectively).

In 1993, ICRP in Publication 65(3) decided to elimin-
ate the distinction between existing and future dwell-
ings, saying that national authorities found it difficult to
adopt this distinction. The reasons are that ‘such
refinement may prove difficult to explain’ and in new
buildings the actual radon concentration can only be
assessed when the dwelling is completed and inhabited.
Moreover, ICRP invited the authorities to set an action
level for effective doses between 3 and 10 mSv.y−1. This
range is said to correspond to the (rounded) range 200–

600 Bq.m−3 of radon gas concentration. The calculation
is made assuming an annual occupancy factor of 7000 h
and an equilibrium factor between radon and its decay
products of 0.4 and uses the conversion conventions dis-
cussed in the same recommendation. There is wide vari-
ation in the ratio of effective dose to radon concen-
tration between the two ICRP Publications; however,
deep changes had already been introduced by ICRP
Publication 60(4) both in the definition of effective dose
and in the risk factor per unit dose. This paper does not
go into a discussion of this point; however, it can be
said that the risk of fatal lung cancer per unit of radon
concentration indoors has been only slightly changed.

On the other hand it seems that, at the moment, the
EU Commission does not intend to change its Rec-
ommendation, and therefore the suggestion to Member
States of the two reference levels of 200 and 400 Bq.m−3

remains valid.
Lastly, in 1996 the International Agency for Atomic

Energy published — in collaboration with FAO, ILO,
AEN/NEA, PAHO and WHO — its newBasic Safety
Standards(5) adopting the ICRP 65 proposal for radon
concentration in dwellings. In fact, declared ‘Optimized
action levels relating to chronic exposure involving
radon in dwellings should, in most situations, fall within
an annual average concentration of 200–600 Bq.m−3 of
222Rn in air’.

Based on EU and IAEA guidelines, the national auth-
orities of many European and non-European countries
have issued recommendations or regulations on radon
concentration in dwellings, balancing the dimension of
the radon problem in their country with the social and
economical feasibility of the choice. In Table 1 these
choices are summarised for most European countries
(both EU Member States and non-EU ones).

It can be noted that: (i) few countries adopted separ-
ate reference levels for existing and future dwellings;
(ii) out of the 15 Member States, 9 countries have cre-
ated regulation and only Austria and Finland imple-
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mented the EU Recommendation unchanged; (iii) the 6
EU countries yet to create regulation are mainly around
the Mediterranean.

RADON CONCENTRATION AT WORK

The history of limiting radon concentration in the
work environment (other than uranium mines) is even
more recent, because this idea was only clearly stated
in 1993 by ICRP Recommendation 65(3). For the choice
of an action level the ICRP Commission states that
‘Workers who are not regarded as being occupationally
exposed to radiation are usually treated in the same way
as members of the public. It is then logical to adopt an
action level for intervention in workplaces at the same
level of effective dose as the action level for dwellings’.
Using the conversion conventions quoted above,
assuming the same equilibrium factor 0.4 and an
occupancy factor of 0.2 the Commission recommends a
range (rounded) of the action levels of 500–
1500 Bq.m−3 of radon gas concentration.

In May 1996 the Council Directive 96/29/Euratom(11)

was issued with the aim of reviewing the basic safety
standards of radiation protection in the EU. The Direc-
tive does not apply to exposure to radon in dwellings,
but adopting the ICRP Recommendation 65, for the first
time devoted its Title VII to the limitation of natural
radiation at work. It states that the Title ‘shall apply to
work activities. . . within which the presence of natural
radiation sources leads to a significant increase in the
exposure of workers or of members of the public which
cannot be disregarded from the radiation protection
point of view’. This requires Member States to ‘ensure
the identification, by means of surveys or by any other
appropriate means, of work activities which may be of
concern’. The listed activities are — among others —
those in which workers, and potentially the public at
large, are exposed to radon or thoron decay products or
gamma radiation or to ‘any other exposure in work-
places such as spas, caves, mines, underground work-
places and aboveground workplaces in identified areas’.

Moreover, Member States are required to make a pre-
liminarily declaration that exposure to natural radiation
sources due to work activities — as identified above —
deserves attention and must be subject to control. For
these work activities Member States ‘shall require the
setting-up of appropriate means for monitoring exposure
and as necessary the implementation of corrective
measures to reduce exposure,’ and where required ‘the
application of radiation protection measures’, such as
reporting and authorisation, justification, optimisation
and dose limitation, estimation of effective doses and
protection of exposed workers and populations.

The IAEA Basic Safety Standards(5) issued the same
year, based on the ICRP 65 proposal, suggested only
one figure within the range for the action level of radon
concentration at work. Indeed, it states, ‘The action
level for remedial action relating to chronic exposure

situations involving radon in workplaces is a yearly
average concentration of 1000 Bq of222Rn per cubic
metric of air’.

In order to assist Member States in implementing
Title VII of the Directive(11) in their National Legis-
lation, a technical guideline was recently published(12).
It was elaborated by a working party of the Group of
Experts established under the terms of Article 31 of the
Euratom Treaty and endorsed by this group of experts

Table 1. Reference levels for mean annual radon concen-
tration at home in the principal European countries(6,7).

Country Reference level (Bq.m−3)

Single Existing Future
dwellings dwellings

Austria 400 200
Belgium 400
Denmark none(a)

Finland 400 200
France none
Germany 250(b)

Great Britain 200
Greece none
Ireland 200
Italy none
Luxembourg 150
The Netherlands 20(c)

Norway 200(d)

Portugal none
Czech Republic 200 EEC 100 EEC
Slovakia 200 EEC 100 EEC
Slovenia 400
Spain none
Sweden 200 (400(e)) (200(e))
Switzerland 400 (1000(e))

(a)A New Building Code is expected to come into force this
year, recommending simple and low cost remedial actions for
existing dwellings between 200 and 400 Bq.m−3 mean annual
radon concentration and more complex and expensive actions
above 400 Bq.m−3. For new dwellings the reference level is
200 Bq.m−3(8).
(b)This concentration — recommended in 1988 — was sub-
sequently reconfirmed(9) as the ‘upper limit for the normal
range’ of Rn concentration in dwellings of Federal Republic
of Germany; within this range, remedial actions are not con-
sidered necessary. In the same document two more ranges are
defined: a ‘discretional range’ between 250 and 1000 Bq.m−3

and a ‘remedial action range’ above 1000 Bq.m−3.
(c)This extremely low reference level is due to the low radon
concentrations measured indoors in this country.
(d)Low cost remedial actions are recommended for dwellings
in the range 200–400 Bq.m−3 while all necessary remedial
actions are recommended when radon concentration is above
400 Bq.m−3(10).
(e)Values in parenthesis are compulsory. In both countries after
remedial action the maximum permitted level drops to the rec-
ommended level.
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at the end of 1996. Aim of this guideline is to suggest
‘ways of identifying the types of work activities that
should be made subject to control, and the nature of the
controls that may be then appropriate’.

In order to ‘ensure the identification . . . of work
activities which may be of concern’ (EURATOM 96/29
article 40) in Section 2, ‘Radon in Workplaces, the guid-
eline recommends ‘representative surveys . . . to deter-
mine the scale and nature of radon exposures in differ-
ent types of workplace’. It specifically suggests:

(1) undertaking separate investigation in above ground
workplaces and in below ground workplaces;

(2) carrying out surveys of all types of underground
workplaces; these include non-uranium mines, tun-
nels, galleries in radon spas, subways, catacombs,
show caves and tourist mines, etc., and not only
below ground workplaces in areas with high levels
in buildings;

(3) to pay attention to the equilibrium factor, which in
some cases (e.g. in mines or workplaces with high
or low ventilation rates) could be different from the
assumed value of 0.4, found for domestic environ-
ments, and affects the dose assessment;

(4) to base the surveys on reliable long-term measure-
ments (‘ideally one year and at least several
months’), and, if necessary, to derive seasonal cor-
rection factors ‘from experimental measurements
conducted over a whole year in real situations typi-
cal for each country and type of workplace’;

(5) to take into account differences between concen-
trations averaged over 24 h and those encountered
during the working day;

(6) to conduct measurements with ‘appropriate detec-
tors and equipment which have undergone approved
calibration and quality assurance programmes’;

(7) to make use of geological information for ident-
ifying areas where radon in indoor environments
may be above average.

Moreover, it recommends paying attention, where
possible, to the distribution of atmospheric aerosol size,
which can affect the doses, and not only to222Rn but
also to 220Rn, which in some situations may also rep-
resent a health risk.

As regards the choice of an action level, the rec-
ommended range for the EU is 500–1000 Bq.m−3 time
averaged radon gas concentration. Using the ICRP 65
dose conversion conventions and hypotheses, this range
means an effective dose range for workers of 3–
6 mSv.y−1. The choice of limiting the higher value to
1000 Bq.m−3 was due to the fact that in the new Eura-
tom Directive(11) workers who are liable to exposure to
an effective dose above 6 mSv.y−1 are classified as Cate-
gory A workers and special actions are required to pro-
tect them (e.g. individual monitoring, medical surveil-
lance, etc.). However, the possibility is also mentioned
for National Authorities to select an action level below
the range ‘if they judge that this is desirable and will

not lead to an impractical radon programme’. The
guideline also proposes adjusting the action level for
workplaces with high occupancy (e.g. residential homes,
residential schools, some hospitals, . . .) to reflect the
increased occupancy. Finally, in these cases for this
undertaking the guideline stresses the responsibility to
the public, as stated in the EU Directive.

Regarding ‘the implementation of corrective meas-
ures to reduce exposure’ (Euratom 96/29 article 41a) the
guideline recommends:

(1) intervening first where radon levels are highest (e.g.
radon prone areas);

(2) separating priorities in applying remediation: that is,
if, applying the seasonal correction factor to a
measurement shorter than one year, the values only
approach the action level, the radon concentration
should be tested in different seasons before making
a decision. However, if the initial result turns out
to be well above the action level and the occupancy
factor is not low, remedial action should be taken
without awaiting further results; when the occu-
pancy factor is very low, it is sufficient to monitor
the radon concentration and control access to the
area;

(3) applying remedial actions which substantially re-
duce radon concentrations;

(4) ensuring advice and assistance to employers on both
radon measurements and, if necessary, appropriate
remedial measures;

(5) in any case re-testing workplaces both to check the
effectiveness of remedial actions over time, where
applied, and when substantial changes are made in
the construction or use of the building.

As for the application of radiation protection meas-
ures (Euratom 96/29 article 41 (b)) the technical guide-
line recommends that if, despite all reasonable efforts,
radon concentrations remain above the action level, then
radiation protection measures should be applied. Their
application may vary from those for artificial sources,
but in any case the most important elements are moni-
toring exposure, defining controlled and supervised
areas, and dose limits.

Monitoring exposure

Individual or area monitoring can be done. Normally,
the former should be used when exposures approach the
dose limit, whereas the latter may be appropriate when
radon levels are just above the action level or when
radon levels are high in areas which are normally unoc-
cupied. In any case, exposures shall be recorded (as time
integrated measurements) and often effective doses
should also be calculated and recorded (e.g. when arti-
ficial radiation sources are present as well). If effective
doses of both origins are calculated and recorded, it is
recommended that separate estimates of them be kept
as well as the sum of the two.
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Controlled and supervised areas

A special approach is recommended to define super-
vised and controlled areas: ‘the distinction should be a
matter of judgement involving not just the level of dose
but also its variability and the potential for unpredictable
exposures. A key point will be whether special
operating procedures are required’.

Dose limits

The uncertainties in the conversion of time integrated
radon exposure data to mSv are underlined. For this rea-
son the provisional use of the ICRP 65 conversion con-
ventions is suggested, along with a preference for the
radon time integrated exposure data (Bq.h.m−3) along
with the equilibrium factor — or time integrated radon
progeny exposure (Bq.h.m−3) — when controlling
radon exposures.

Prevention

The importance of preventing high radon concen-
trations, instead of remediating them, is cited, with an
invitation ‘to incorporate measures to reduce radon
levels at the time that the building is being constructed’.
In order to do this, ‘national authorities should delimit
localities within radon prone areas or elsewhere within
which appropriate radon preventative measures should
be included in the construction of new workplaces’.

Lastly, the role of building materials as a source of
high radon concentrations and gamma exposure in some
situations is mentioned, advising that surveys be con-
ducted where appropriate.

BUILDING MATERIALS

In 1989 a European Council Directive(13) on construc-
tion products stated (See Annex 1 of the Directive) that
‘the construction work must be designed and built in
such a way that it will not be a threat to the hygiene or
health of the occupants or neighbours, in particular as
a result of . . . the presence of dangerous particles or
gases in the air [or] the emission of dangerous radi-
ation [etc.]’.

There is no doubt that both radionuclides in building
materials and radon indoors originated by them are
covered by these definitions, even if the Directive
devotes no detailed discussion to the problem, nor does
it suggest limits for radioactivity, or for other pollutants.
At the EU level these limits are not yet available. How-
ever, many European and non-European countries have
already made some choices: these limits are normally
expressed by means of a sum (or index) which must be
lower than or equal to 1 (in some cases it must neces-
sarily be less than 1)

I = A(226Ra)/I(226Ra) + A(232Th)/I(232Th)

+ A(40K)/I( 40K)

where A(x)= measured activity concentration (Bq.kg−1)
I(x) = fixed parameters (Bq.kg−1)

The values used by different countries for I(x), shown
in Table 2, can be seen to be quite different. This is due
to both the different levels of concentration of nuclides
in each country’s typical materials and the socio-
economic consequences of banning the use and trade of
the materials. Yugoslavia adds to the sum a term which
accounts for artificial radionuclide concentrations (S
artificial radionuclides) and the related I value is
4000 Bq.kg−1(16).

Further, it should be noted that the Federal Republic
of Germany does not currently have a single and homo-
geneous regulation. For the new federal lands, some
parts of the Radiation Protection Legislation of the
former GDR is still in force. This requires a license for
the use of material taken from waste rock piles due to
uranium mining, when the226Ra concentration is higher
than 200 Bq.kg−1. For the old FRG lands, the use of
materials is not recommended if the sum of226Ra
and 232Th concentrations exceeds 260 Bq.kg−1(21).

In 1975 Sweden made the well-known decision to
ban alum shale-based light weight concrete (a material
of natural origin) considering it too dangerous, whereas
Belgium, and several other countries, banned phospho-
gypsum, an industrial by-product.

Moreover, Austria established a limit(14) for radon
exhalation as well, using the following index:

(1+0.15 k) I(226Ra)/1000+ I(232Th)/600

+ I(40K)/10000# 1

where k is a constant which takes into account some
characteristics of the materials (density, thickness and
emanation power).

Table 2. Activity concentration parameters of radionuclides
in building materials, established in the national legislation

of some European countries.

Country I(226Ra) I(232Th) I(40K) Reference
(Bq.kg−1) (Bq.kg−1) (Bq.kg−1)

Austria 1 000 670 10 000 (14)
Finland 300 200 3 000 (15)
Yugoslavia 400 300 5 000 (16)
Luxembourg 350 250 5 000 (17)
Norway* 300 200 300 (18)
Sweden** (1 000) (700) (10 000) (19)

*In Norway there is another limit of 300 Bq.kg−1 of 226Ra in
material such as sand, pebbles, etc. which is used outdoors for
the drainage bed around buildings(18).
**In Sweden the regulation had another limit of 200 Bq.kg−1

for 226Ra. However, the regulation on building materials ceased
to apply in 1994 (for this reason the values are in parenthesis),
when the radon limits became functional values, instead of
detailed descriptions that had to be followed(20). The builder
chooses the materials but is responsible for ensuring that the
final radon concentration indoors does not exceed 200 Bq.m−3

and dose due to gamma radiation is,0.5µSv.h−1.
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It seems that in the near future a proposal could
emerge at EU level to harmonise these choices among
the Member States. Indeed, a European Research into
Radon in Construction Concerted Action (ERRICCA)
was approved in 1996. One of the stated objectives of
this concerted action, co-ordinated by Building
Research Establishment (UK), is to treat the problem
of radioactivity in building materials in terms of both
radionuclide concentration and radon exhalation.
Among the planned work there is an analysis of regu-
lations in different countries. The aim is to develop a
draft for a European regulation to be presented to the
European Commission(22).

At the same time, other European research groups are
conducting studies on natural radioactivity in building
materials and examining existing regulations in the
different EU countries, in order to develop a draft of
common regulation.

THE ITALIAN SITUATION

Italy has no regulation on exposure to radon con-
centration indoors, except radon concentration in
uranium mines regulated since 1964. The 1990 EU
Recommendation(2) was not adopted, nor is any regu-
lation on radon concentration in working environments
currently in force. On the other hand, the general EU
Council Directive relating to construction products(13)

was implemented in Italy in 1993, but was not followed
by successive legislation on radon concentration or
gamma exposure indoors.

The possibility of limiting radon concentration in
dwellings was the subject of a 1995 proposal(23) by the
two Italian research groups (from the Environmental
Protection Agency and the National Institute of Health)
which planned and coordinated the Italian National
Radon Survey. The starting point was the results of the
National Survey(24), which showed that about 1% of
Italian dwellings have an annual average radon concen-
tration above 400 Bq.m−3, and about 5% higher than
200 Bq.m−3. Moreover, in a few Regions (the Adminis-
trative Districts into which the Italian territory is
divided) this figure rises to 10%. Two hypotheses were
outlined proposing reference levels which make no dis-
tinction between existing and future dwellings, for the
sake of both clarity and general compatibility with the
legislation’s health objectives. One was to adopt a single
reference level of 400 Bq.m−3 for the entire Italian terri-
tory, while the other was for a first step to be taken at
the national level by permitting a range of values, 200–
400 Bq.m−3, with the Regions making the final decision
for their territory. Each Region could thus find a local
balance between the importance of the radon problem,
the social and economic costs of the choice, and health
priorities. The eventual goal is to harmonise the radon
reference level nationally, reducing the range, once the
remedial action programme feasibility is verified. The
proposal also underlined the need to promote financial

incentives in order to help citizens apply remedial action
to their dwellings where necessary.

In terms of radon at the workplace, within the year
2000, Italy, as well as the other Member States, should
implement EU Directive 96/29(11). However, the last
regulation concerning the radiation protection principles
was approved in Italy in 1995 when EU Directive 96/29
was still being discussed. The regulation took this into
account by specifying that, following improvements in
knowledge and the EU Directives and Recommen-
dations, additional legislation should be issued. In parti-
cular, exposure to radon and radon decay product con-
centration at work is cited. A legislative framework is
therefore already available.

Finally, building materials in Italy can be the source
of both high radon concentrations indoors and gamma
dose in some zones. Since the eighties several Italian
researchers have demonstrated this (for a review see,
e.g. Refs 23, 25) and the national survey on natural
radioactivity indoors recently confirmed this finding.(24)

Given that the foundation has been laid, the time is
clearly ripe for limiting natural radioactivity in building
materials in Italy. However, one should keep in mind
that tuff, an Italian material of natural origin, which may
have a high concentration of radionuclides, is the main
building material in old towns and villages of significant
historical and artistic value. Limiting its use, in resto-
ration, for example, may thus create serious difficulties.

CONCLUSIONS

At the European level in the coming years, all
Member States currently lacking regulations on radon
at work should put some into place before 2000 in order
to implement Title VII of the EU Directive.

Moreover, a new discussion on limiting radon in
dwellings will probably be conducted in the EU in the
first years of the next century, when the results of the
pooled epidemiological surveys on residential radon and
lung cancer will be available. A possible updating of
the 1990 Recommendation can thus be expected.

Finally, a regulation limiting radioactivity in building
materials will probably be issued by the European
Union in the next few years. Such a regulation should
not only limit radionuclide concentration, but also
radon exhalation from the material, as in the Austrian
regulation(14). Preliminarily, an economic and social
analysis should be done, examining import-export flows
as well as the origin of the material. Any regulations
which fail to consider distinctions between materials of
natural or artificial origin would neglect the social
and economic impact such restrictions may have on
Member States.

Moreover, the development of international pro-
tocols for both gamma spectrometry (see, e.g. Ref. 26)
and radon exhalation measurements of building
materials seems essential for the standardisation of
these techniques.
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In Italy, an adequate legislative tool should be
developed to cover the three aspects of radon at home,
radon at work and radioactivity in building materials. In
order to do this, the following are needed: (1) an increase
in university research programmes in architecture and
engineering aimed at experimenting with remedial actions
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appropriate for Italian building types; (2) a coordinated
effort of the Ministries involved (Health, Environment and,
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regulations appropriate to Italian needs; (3) an accurate
public information programme to reach the population,
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