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SUMMARY: The International Commission on Radiological Protection (ICRP) and
The Council of the European Union have recommended that the Member States to
take action against radon in homes and at workplaces. Within the EU project Euro-
pean Research into Radon in Construction Concerted Action, ERRICCA, (Contract
ERB F14P-CT96-0064, DG12-WSMN), the Topic Group on Legal and Building
Code Impact was designated to study the current radon legislation and give advice
regarding future enactment of laws and recommendations. On behalf of the Group,
a questionnaire on radon legislation was sent out to nearly all European States and
a selection of non-European States. Questions were asked regarding reference levels
for dwellings, workplaces and drinking water, and about regulations or recommen-
dations for building materials and city planning. All 15 EU Member States, 17 non-
EU European countries and 1o non-European countries responded to the questionn-
aire. Their answers are considered current as of the end of 1998.

Most European States and many non-European countries have recommended re-
ference levels for dwellings and workplaces, and some have guidelines for measures
against radon incorporated in their building codes and guidelines for construction
techniques. However, only a few countries have enforced reference levels or regula-
tions for planning and construction. The reference levels for indoor radon concent-
ration in existing and new dwellings or workplaces are within the range 150-1000
Bg/m?. Sweden is the only country (out of 15 EU Member States) which has enfor-
ced limits for existing dwellings. Sweden and the UK have both enforced levels for
new dwellings. 7 non-European countries (out of 17 responding countries) have en-
forced levels for existing dwellings and 9 have them for new dwellings.

At the end of 1998, only Finland, Sweden, the Czech Republic, Romania, Russia
and the Slovak Republic had limits for radon in water, although 8 countries were
planning to introduce such limits. The present limits are within the range for 50-500
Bg/l public waters and 200-1000 Bq/l for private water supplies. 4 EU Member Sta-
tes and 11 non-EU European countries have reference levels for the concentration of
radioactive elements in building materials. 8 European counties have guidelines re-
garding radon at city planning and 13 have mapped the radon-prone/radon risk are-
as in their countries.

It is essential to the work against radon and to future reduction of radon concen-
trations in dwellings and workplaces that the national states issue recommenda-
tions, regulations, directives or laws on radon limits and building practices. In order
to have a significant effect on the radon situation, the questionnaire responses show
that radon reference levels and regulations must be enforced or very little progress is
achieved. Extensive measurement and research programs have been carried out in
many in countries. Heretofore, only those countries with enforced regulations have
had successful programs, resulting in remedial actions in more than 10,000 buil-
dings. The only exception is the USA, which concentrated on extensive information
media campaigns on radon and the training of large numbers of contractors to per-
form measurements and remedial measures.

This report has been financed by the European Commission Contract No: F14P-
CT96-0064 (DG12-WSMN) and the Swedish Radiation Protection Institute.

SAMMANFATTNING: Medlemsstaterna i den Internationella strilskyddskommissio-
nen (ICRP) och EU har av dessa organisationer rekommenderats att vidta dtgirder
mot radon i bostider och pa arbetsplatser. Inom EU projektet European Research
into Radon in Construction Concerted Action, ERRICCA, (Contract ERB Fr4P-
CT96-0064, DG12-WSMN), har en expertgrupp arbetat med fragor kring lagstift-
ning och rekommendationer for dtgirder mot radon. For att fa in uppgifter om den
nuvarande situationen tog gruppen initiativ till en enkit. Denna innehéll bl a fragor
om bestimmelser och myndighetsrekommendationer avseende radon i bostider, pa
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arbetsplatser, i vatten och byggnadsmaterial samt fragor kring hur radon beaktats
vid byggande och planliggning. Enkiten har besvarats av samtliga 15 EU-stater, 17
andra europeiska linder samt av 1o linder utanfor Europa. Uppgifterna avser for-
hillandena vid slutet av 1998. Statens strilskyddsinstitut har svarat for enkitens ut-
sindning och sammanstillningen av svaren.

De flesta europeiska linder och manga linder utanfér Europa har rekommende-
rade gransvirden for radon i bostader och arbetsplatser och en del har dven anvis-
ningar for hur risken for radon skall beaktas vid byggande och planlaggning. Dock
ar det f3 linder som tillimpar tvingande bestimmelser. Sverige ar det enda EU-land
som har tvingande griansviarden for radon i befintliga bostider. Grinsvirdena for
radon i bostader och pa arbetsplatser ligger inom intervallet 150-1000 Bg/m3. Sju
linder har rekommenderande eller tvingande griansvirden for radon i vatten. Dessa
ligger for kommunalt vatten inom intervallet s0-500 Bg/l, for enskilt vatten 200-
1000 Bg/l. 15 linder har grinsvirden for naturliga radioaktiva amnen i byggnads-
material ocht3 har tagit fram radonriskkartor 6ver landet.

Svaren pd enkiten visar att det behdvs tvingande lagstiftning for att dtgarder
mot radonet skall bli vidtagna. Det ir endast i de linder dar som har tvingande lag-
stiftning som man 4tgirdat mer dn 10 ooo bostider. Detta med undantag for USA
dir goda resultat ndtts genom massiv information och utbildning att ett stort antal
entreprenorer for mitning och atgirder mot radon.

N\ o .
AN Starens strilskyddsinstitut
kk Swedish Radiation Protection Institute
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1. Introduction

Exposure to radon and radon decay products in the home and at workplace constitutes one of the
greatest, perhaps the greatest, risk from ionizing radiation. An estimate of the risk leads to thou-
sands of deaths per year from cancer caused by exposure by radon and especialy its decay
products. However, radon is a radiation risk, which we can do something about and which can
be reduced at reasonable costs, thereby saving many lives. In order to reach such agodl, it is
important that national authorities inform the public about the risks related to radon, enact leg-
islation and issue guidelines, which aim toward limiting exposure to radon, and taking measures
against radon where the risks are great. The International Commission on Radiological Protec-
tion (ICRP), the World Health Organization (WHO) and the International Atomic Energy
Agency (IAEA) have repeatedly encouraged countries to create programs on radon. Countries
have been encouraged to, among other things, issue advisory levels for radon in homes and
workplaces, issue guidelines for locating buildings with radon, check for radon risks prior to
starting new construction, and introduce limits for concentrations of natural radioactive ele-
ments in building materials. The European Commission issued recommendations in 1990 on
advisory levels for radon in residential dwellings (EC 1990). In 1996 the Commission in Coun-
cil Directive 96/29/ EURATOM for laying down basic safety standards for the protection of the
health of workers and the general public against the dangers arising from ionizing radiation
(BSS), gave requirements for monitoring of radon and corrective measures against exposure to
radon in the workplace (EC 1997).

A review of what has been accomplished on the radon issue indicates that large scale measures
have been taken against radon, principaly in countries where considerable effort has been made
to spread information and where authorities have included reference levels for radon in their
legislation. Examples of countries where these measures have been most successful are the
USA, Czech Republic and Sweden.

Information on radon, recommendations, guidelines, directives and legislation on radon were
considered within the EU project, European Research into Radon in Construction Concerted
Action (ERRICCA) Contract No.: F14P-CT96-0064 (DG12-WSMN). Questions concerning
legislation and official directives were treated concurrently by a special ERRICCA Topic
Group, Legal/Building Code Impact. Legislation and strong official recommendations on radon
guestions have proven to be a key factor in intensifying the work on radon. For the purposes of
informing and updating EU Member States and other countries on how various countries treat
radon in legidation and guidelines, ERRICCA took the initiative of sending out a questionnaire
to all EU Member States, most other European countries and selected non-European countries.
One objective of the questionnaire was to stimulate, through examples, ideas on how radon is-
sues can be treated in health and building codes, etc. The report before us presents an account of
the various responses given by countries to the questions and gives a good picture of how far
along the world's countries have come toward including radon in their legislation and official
directives/guidelines at the end of 1998.

This report has been financed by the European Commission Contract No: F14P-CT96-0064
(DG12-WSMN9) and by the Swedish Radiation Protection Institute.

2. Recommendations by the International Commission on
Radiological Protection, ICRP, and The European Commission
concerning protection from indoor radon

The first indications that radon and radon daughter products could constitute a risk to human
health came in the 1920s. Lorenser and Ludvig (1924), as well as Behounek (1927), proposed



that the radioactive gas radon could be a determinant factor in increased mortality associated
with the pulmonary diseases observed among mine workers since the 1500s (Agricola 1556).

The first guidelines for protection against radon covered occupational exposure. In 1941, the
United States Advisory Committee on X-ray and Radium Protection set 10 nCi/cm?® (370
Bg/m® EER?Y) as the value of maximum permissible concentration (MPC) for occupational expo-
sure (40hr/week) to 2Rn, including its daughter products (National Bureau of Standards, 1941).
In 1953, the International Commission on Radiological Protection (ICRP) gave an MPC value
of 107 nCi/cm?® (3700 Bgym® EER) for continuous exposure (168/hr week) (ICRP 1953). In
1959, it was time for new levels. The ICRP recommended the following MPC values for radon
gas in the workplace: for 40 hr/week, 3 107 nCi/cm® (11,100 Bg/m®) and for 168 hr/week, 10”7
nCi/cm® (3700 Bg/m® (ICRP 2, 1959).

The connection between radon in mines and lung cancer in mine workers was established in the
late 1950s through the aid of epidemiological studies of increased mortality due to lung cancer
among mine workers in American, Czechoslovakian and Canadian uranium mines (Archer
1962, Wagoner et a. 1965, Sevc et. a 1976, Chovil 1981). These miner workers had worked in
envi ronr?ents where the radon concentration in the mine air was at tens of thousands to millions
of Bg/m°.

Once it was clear that radon in mining environments contributes to the increased frequency of
lung cancer in mine workers, new proposals were made to limit the risk of exposure to radon. In
1976, the ICRP recommended that the following operational levels and rules should be put into
practice: “a. Access to inactive mine areas should as a rule be controlled unless the equilibrium
equivalent ?’Rn concentration (EER) is less than 30 pCi/l (1,110 Bg/m*EER). b. The use of
filtering respirators approved for protection against radon daughters should be satisfactory in
areas with EER concentrations up to 300 pCi/l (11,100 EER). In areas with EER concentrations
between 300 pCi/l and 3000 pCi/l (111,000 Ba/m®EER) the use of respirators should be com-
bined with a reduction of working-time. c. Parts of the mine with EER concentrations higher
than 3000 pCi/l (111,000 Bg/m® EER) should be marked with a sign indicating the radon hazard
(ICRP 24, 1976)".

In 1985, the ICRP recommended that a mine worker’s Annual Limit on Intake (ALI) of radon
decay products (EER) should be 3.6 10° Bq h m3, which corresponds to an average EER con-
centration of 1800 Bg/m® for the period of 2000 work hours per year (ICRP 47, 1985).

The awareness of radon in homes as a potential radiation risk has grown and over the years,
international organizations have sharpened radon requirements and lowered the recommended
limits. In 1977, the ICRP wrote that their “recommended limits are intended as guides for plan-
ning, and thus primarily apply to man made practice.. Man-made modifications or the environ-
ment and man’s activities can increase the ‘normal’ exposure to natural radiation. Even living in
a house is often sufficient to increase the radiation exposure because restricted ventilation tends
to lead to an accumulation of radioactive gases and their decay products...” (ICRP 26, 1977).

In 1983, the ICRP concluded in Principles for Limiting Exposure of the Public to Natural
Sources of Radiation that “ Almost all exposures to natural sources of radiation are controllable
to some extent.... Controllability must therefore be a major factor in any system of dose limita-
tion.... There is a clear difference between existing exposure situations, where any action would
have to be remedial, and future situations, which can be subject to limitation and control at the
stages of decision and planning.... It would not be helpful to suggest a generaly applicable
value of an action level, even one limited to the specific case of radon in houses. However, if

! EER, the Equilibrium Equivalent Concentration of Radon, of a non-equilibrium mixture of short-lived radon
daughtersin air, is that activity concentration of radon in radioactive equilibrium with its short-lived daughters
which has the same potential "-energy concentration as the actual non-equilibrium mixture.



the remedial action isfairly simple, an action level for EER concentration in the region of 200
Bg/m® (annual effective dose equivalent of about 20 mSv) might be considered.... It is recom-
mended that competent national authorities establish investigation levels to separate exposures
that require investigation from those that do not.... In order to establish an appropriate upper
bound for exposure from radon indoors, some indication of reference levels of risk would be
helpful.... The Commission believes that a reasonable upper bound for the EER concentration is
of the order of 100 Bg/m® and that, in many countries, a value of this magnitude would prevent
radon from becoming a dominating source of risk in dwellings...” (ICRP 39, 1983).

In 1990, the ICRP reconsidered the radon question and presented these and other recommenda-
tions:

= Occupational exposure: “Only radon in workplaces and work with materials containing
natural radionuclides can reasonably be regarded as the responsibility of the operating man-
agement.... The Commission recommends that exposure to radon and the handling of mate-
rials containing traces of natural radionuclides should be regarded as excluded from occu-
pational exposure and treated separately, unless the relevant regulatory agency has ruled
otherwise, either in defined geographical areas or for defined practices. To provide some
practical guidance, the Commission recommends that there should be a requirement to in-
clude exposures to natural sources as parts of occupational exposure only in the following
cases. a. Operations in workplaces where the regulatory has declared that radon needs at-
tention and has identified the relevant workplaces.... b. Operations with and storage of mate-
rials not usually regarded as radioactive, but which contain significant traces of natural ra-
dionuclides and which have been identified by regulatory agency.”

= Radon in dwellings. Situations in which remedial action may be required: “Radon in
dwellings needs special attention because both the individual and the collective dose from
radon are higher than those from almost any other source.... The Commission recommend in
Publication 39 (1984) the use of action levels to help in deciding when to require or advise
remedial action in existing dwellings.... For owner-occupied dwellings, general guidance
may be adequate.... but in countries with substantial numbers of rented dwellings, it may be
desirable to establish firm national action levels....”

= New dwellings: “Guides or codes for the construction of new dwellings in selected areas
can be established so that it is highly probable that they will result in exposures in these
dwellings below some chosen reference level...” (ICRP 60, 1991).

In 1990, the Commission of the European Communities presented recommendations for the
protection of the public from exposure to indoor radon. The main recommendations follow here;

= Existing buildings: “A reference level for consideration of remedial action.... may be taken
as an annual average radon gas concentration of 400 Bg/m®. The urgency of remedial action
take account of the extent to which this reference level is exceeded....”

= Future constructions: “A design level be used to aid the relevant authorities in establishing
regulations, standards, or codes of construction practices for circumstances under which the
design level might otherwise be exceeded. .... The design level may be taken as an annual
average radon gas concentration of 200 Bg/m®.....”

= Measurements: “Radiation protection decisions should in general be based on the annual-
averaged measurements of radon gas using integrating techniques. The competent authori-
ties should ensure that the quality and reliability of measurements are adequate.”

= Planning: “Criteria be developed for identifying regions, sites and building characteristics
likely to be associated with high radon levels...” (EC 1990).



The 1993 ICRP Publication 65, Protection against Radon-222 at Home and at Work, is entirely
devoted to radon. The commission presents a series of recommendations for action levelsin
existing dwellings, new dwellings and workplaces, as well as for identifying radon-prone areas,
and applying remedial and preventive measures.

Regarding action levels for intervention in dwellings, the ICRP writes: “It seems clear that some
remedial measures against radon in dwellings are almost always justified above a continued
annual effective dose of 10 milliSievert (mSv). For simple remedial measures, a somewhat
lower figure could be considered, but a reduction by a factor five or ten would reduce the action
level to a value below the dose from natural background sources. The choice of action level for
annual effective dose is thus limited to the range of about 3-10 mSv. The Commission recom-
mends that the action level should be set at this range by the appropriate authorities. The corre-
sponding rounded value of radon concentration is about 200-600 Bg/m?®, with an annual occu-
pancy of 7000 hours and an equilibrium factor of 0.4. Continuous domestic exposure at average
concentrations of 200 Bg/m® and 600 Bg/m® would imply annual exposures of 3 mSv respec-
tively 10 mSv...” (ICRP 65, 1993).

Concerning workplaces where intervention is required, the ICRP writes in ICRP 65; “Workers
who are not regarded as being occupationally exposed to radiation are usually treated as mem-
bers 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. The action level for intervention in
workplaces can be most easily derived from the range of action levels by multiplying by
7000/2000 (the ratio of occupancy) and by 3.88/5.06 (the ratio of the dose conversion coeffi-
cients). The resulting range (rounded) is 500-1500 Bg/m®. When selecting action levels for
dwellings and workplaces, authorities should choose values that are similarly located within the
two ranges.... Some workplaces are also used by members of the public. If the public occupancy
islow, e.g. in offices, libraries and theaters, these workplaces need no specia treatment. If the
occupancy is high, e.g. in hospitals, residential institutions and schools, the premises should be
treated as dwellings for the purpose of setting an action level for remedial measures...” (ICRP
65, 1993).

In 1996, the European Commission issued Basic Safety Standards (BSS) for the health of work-
ers and the general public against the danger arising from ionizing radiation. The BSS deals
with protection against ionizing radiation from artificial and natural radiation sources and con-
tains demands for limits for workers and members of the general public. The BSS also treats
work activities involving the presence of natural radiation sources which may lead to a signifi-
cant increase in exposure for workers or members of the public and which cannot be disre-
garded, from aradiation perspective. The BBS does not deal with exposure to radon in dwell-
ings (EC 1996).

Title VII of the BSS directive is on radon. It stipulates that each EU Member State shall ensure
the identification of “work activities where workers and, where appropriate, members of the
public are exposed to thoron or radon daughters or gamma radiation (Article 40).... For each
work activity declared by them to be of concern, the Member States shall require the setting-up
of appropriate means for monitoring exposure and as necessary the implementation of corrective
measures to reduce exposure...” (Article 41) (EC 1996).

Because exposures of this nature had not been explicitly dealt with before, the EU Commission
directed a Group of EU Experts on Radiation Protection, established under the terms of Article
31 of the EURATOM Treaty, to provide guidance on the implementation of Title VII of the
BSS. The Group of Experts presented a series of recommendations in their report Radiation
Protection 88 (EC 1997). On the whole, these recommendations follow the guidelines set up by
the ICRP in Publication 65.



The recommendations made by the EU Group of Experts are in this report summarized in the
introductions to the various subsections of Chapter 5, Regulations and guidelines of the nations.

Thefirst federal regulations concerning actions against radon in dwellings were enacted by the
USA in 1979 and applied to houses built on reclaimed land in the Florida phosphate mining
districts (EPA 79) and to dwellings constructed on tailings in uranium mining areas in Colorado
(EPA 80). An Action level of 2 pCi/l EER (74 Bg/m® EER) was set for the Florida dwellings
and 200 Bg/m® EER for the buildings on the tailings.

In Sweden, after the Swedish Radiation Protection Institute discovered considerably elevated
radon concentrations in homes built on alum shale bedrock with high uranium concentrations,
the Swedish Radon Commission was appointed in 1979. One of this commission’ s first acts was
to propose limits for radon in residential dwellings and new buildings. In 1980, the following
compulsory limits were issued: existing dwellings, 400 Bg/m® EER, new construction, 70 Bg/m®
EER. These were later revised and as of 1994, expressed as annual radon gas concentration. For
existing dwellings, including workplaces (excepting mines), the compulsory limit for the radon
gas concentration is 400 Bg/m>. For new construction the limit is 200 Bg/m?®.

Several of the responding countries now have advisory reference levels. Very few countries
apply enforced reference levels, action levels or limits. See Chapter 5 for the international re-
sponses and Appendices 1, 2 and 3 for the comments to the questionnaire regarding legislation,
directives recommendations and guidelines.

3. Terminology

The regulations and guidelines applied in the various responding countries utilize different
terms. Some examples of these terms follow:

Action levels - above which measures should be taken, e.g. remedial measures to reduce radon
risks in dwellings and workplaces

Intervention levels - provide a basis for urgent remediation decisions
Investigation levels - above which the cause or implications of the results should be examined

Exemption levels - below which a source or an environmental situation is exempted from regu-
latory control, usually because the strength of the source istoo low to be considered
harmful

Limits - maximum allowable concentrations of a substance, e.g. the concentration of natural
radioactive nuclides in building materials, or radon gas in drinking water.

Both the questionnaire and this report will replace the several terms above with one term, Refer-
ence level. This term is recommended in 1990 Recommendations of the ICRP, ICRP 60, quote:
“It is often helpful in the management of operations to establish values of measured quantities
above some specified action or decision should be taken. These values are generally called ref-
erence levels. They include recording levels, above which a result should be recorded, lower
values being ignored, investigation levels, above which the cause or the implications of the re-
sults should be examined, and intervention levels, above which some remedial action should be
considered.” (ICPR 60, 1991).

The reference levels applied to radon by authorities in many of the responding countries are
more or less strongly recommended reference levels. These have been given the designation
advisory reference levels in the questionnaire and this report. When reference levels are stated
by laws and official directives and have a binding legal nature, with corresponding penalties,
they have been given the designation enforced reference levels. Regarding other requirements



connected to the radon question, for example building materials and construction reguirements,
the terms advisory and enforced have been used there as well.

Many of the limits and recommendations are the same in many countries, but there are countries
using limits and recommendations which diverge greatly from those applied by the mgjority of
countries, and many countries lack recommendations regarding radon all together. The attitude
toward the radon question reflects conditions in the individual countries. In countries where the
radon problem is greater, like in Sweden, Finland, Switzerland, the Czech Republic, the Slovak
Republic and the United Kingdom (UK), the radon question has received significantly more
interest and reference levels and remedial measures have been given in officia directives or
legidlated by the governments.

4. The Questionnaire

For the purposes of gathering information on how the radon question is dealt with in legidation,
and government directives and recommendations within Europe, a questionnaire was sent out in
December of 1997 (Appendices 1, 2, 3). The questionnaire was distributed via e-mail to all
European countries and a few selected countries outside of Europe, including the USA, Austra-
lia, Canada and Japan. In total, the questionnaire was distributed to 57 countries and was an-
swered by 42 countries (Table 4.1). The mgjority of the recipient countries have responded.
Early in 1998, non-responding countries were contacted again and in the fall, completed ques-
tionnaires were sent to the countries, which had replied, in order to give them the opportunity to
update and edit their responses for inaccuracies. Consequently, information from responding
countries is considered current at the end of 1998.

Table 4.1. Countries responding to the questionnaire

EU Member States Non-EU European countries  Non-European countries
Austria Albania Canada
Belgium Belarus USA
Denmark Croatia Mexico
Finland Czech Republic
France Estonia Zimbabwe
Germany Hungary
Greece Latvia Israel
Ireland Lithuania Syria
Italy Norway
Luxembourg Poland Japan
The Netherlands Rumania Hong Kong
Portugal The Russian Federation
Spain Slovak Republic Australia
Sweden Slovenia New Zeadand
United Kingdom Switzerland

Turkey

Fed. Repub. of Yugoslavia

The questionnaire inquired about radon reference levels for existing vs. planned residences and
work places, limits for drinking water and radioactive elements in building materials, directives
regarding preventive radon planning and construction, as well as grants for remedial radon
measures. In addition, the questionnaire asked which government agencies issue directives and
give recommendations pertaining to radon, and what was the legal status of the limits, laws and
directives. For each subset of questions, space was allowed for comments. The questionnaire
contained a total of 47 questions.



The questionnaire was sent to the agency in charge of radon issues in each country. Among the
respondents were ministers, government agencies and state institutions, resulting in answers
which may be of varying status in the different countries.

The replies from the various countries, including comments, have been compiled in three ap-
pendices. EU Member States (Appendix 1); Non-EU European Countries, (Appendix 2), Non-
European Countries (Appendix 3).

A few countries, which haven't come particularly far in dealing with the radon question, chose
to respond to the questionnaire by letter. Their replies have been entered into the compilation of
guestionnaires (Appendices 1, 2, 3).

5. Regulations and guidelines of the nations. Answers and
comments on the questionnaire

This section presents a compilation of the various questions and comments from the question-
naire. Each subset of questions is presented individualy.

5.1. RADON IN DWELLINGS (QUESTIONS 1-6, 8-12)

5.1.1. Reference levels for existing and new dwellings (questions 1-4)

Of the EU Member States that answered the questionnaire (15 countries), ten have reference
levels for action against radon gas in existing dwellings and five countries do not have any ref-
erence levels (Table 5.1.1.1). Sweden is the only country, which applies an enforced action
level, 400 Bg/m®. Of the non-EU European countries responding to the questionnaire (17 coun-
tries), seven have enforced and five have advisory reference levels, while five have no reference
levels for radon (Table 5.1.1.2). In the latter group, Hungary is planning to introduce reference
levels. All responding countries with current radon reference levels for dwellings apply the
same reference levels to al residences, independent of ownership: private, government, coop-
erative or rental; with the exception of Luxembourg which only has reference levels for pri-
vately owned homes.

The range of the reference levels in use is 150-1000 Bg/m?®. For existing dwellings a reference
level of 400 Bg/m® is applied by the EU Member States of Austria, Denmark, Greece and Swe-
den, as well as the non-EU European countries of Belarus, Estonia, Lithuania, Norway, Poland,
Russia, Slovak Republic and Y ugoslavia. Ireland and the UK have an advisory reference level
of 200 Bgym?®, and Luxembourg has an advisory reference level of 150 Bg/m® (Figure 5.1.1.1
and 5.1.1.3).

Table 5.1.1.1. Dwellings, radon reference levels (Bg/m®), EU Member States.

Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
L uxembourg, Netherlands, Portugal, Spain, Sweden, UK (15 countries total)

Dwellings — existing Dwellings - new
Enforced Advisory None Enforced Advisory None
1 93 5 2 8 5

Number in parentheses () = countries with one higher enforced level/one higher advisory level and one
lower advisory level.
Range: Existing dwellings enforced 200-1000 Bq/m?’, advisory 150-1000 Bq/m3

New dwellings enforced 200-1000 Bq/m?’, advisory 150-400 Bq/m3



Table 5.1.1.2. Dwellings, radon reference levels (Bg/m?), Non-EU European Countries.

Albania, Belarus, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania,
Norway, Poland, Romania, Russia, Slovak Republic, Slovenia, Switzerland,
Turkey, Yugoslavia (17 countries total)

Dwellings - existing Dwellings — new
Enforced Advisory None Enforced Advisory None
7 5(4) 5 9 31 5

Number in parentheses () = countries with one higher enforced level/one higher advisory level and lower
advisory levels.

Range: Existing dwellings enforced 200-1000 Bq/m?’, advisory 150-1000 Bq/m3
New dwellings enforced 200-1000 Bg/m®, advisory 150-400 Bg/m*
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Belgium
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Figure 5.1.1.1. Existing Dwellings. Reference levels for radon gas. EU Member States.
(Denmark* has two advisory levels, 200 Bq/m3 for simple remedial measures, 400 Bq/m3 for more costly
measures. Germany** for existing dwellings has two advisory levels; 1,000 Bg/m® and 250 Bg/m®.)

Several countries have two reference levels, an upper level with requirements for remedial
measures or strong recommendations, and a lower level that applies to dwellings where the ra-
don concentration can be reduced by simple and less expensive remedial measures. For exam-
ple, Germany has an upper advisory mitigation reference level of 1000 Bg/m®, and a recom-
mended reference level of 250 Bg/m®. Switzerland has an enforced reference level of 1000
Bg/m?, and an advisory level of 400 Bg/m*for both existing and new dwellings. Sweden has an
enforced upper reference level of 400 Bg/m® and a recommended level of 200 Bg/m?® for exist-
ing dwellings, the latter also applies to new constructions.

The Slovak Republic and the Czech Republic have reference levels expressed as radon progeny
concentrations for existing dwellings and new construction. The Slovak Republic has one en-
forced upper reference level of 200 EEC Bg/m? for existing dwellings. The Czech Republic uses
four advisory reference levels for recommended mitigation: ”200-300 EEC Bg/m® simple miti-
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gation, e.g. increased ventilation; 300-600 EEC Bg/m® more expensive mitigation; 600-2000
EEC Bg/m® sophisticated remedial measures; >2000 EEC Bg/m® people stay excluded”.

Most countries apply lower radon reference levels to planned construction than they do to ex-
isting dwellings. Of the EU Member States, for new dwellings, two states have enforced refer-
ence levels of 200 Bg/m® (UK and Sweden), eight have advisory levels and five have no refer-
ence levels (Figure 5.1.1.2). Of the non-EU European countries poled, nine have enforced
reference levels, three have advisory levels and five have no reference levels (Figure 5.1.1.4).
Most counties apply a reference level of 200 Bg/m?®, but Latvia has a enforced reference level of
300 Bg/m?®, and Switzerland has an enforced reference level of 1000 Bg/m?®, as well as an advi-
sory level of 400 Bg/m®.

Austria

Belgium

Denmark

Finland

France

Germany

Greece

Ireland

Italy

Luxembourg B Enforced level Bg/m3

O Advi
The Netherlands Advisory level Bg/m3

Portugal

Spain

Sweden
UK

0 50 100 150 200 250 300
Bq/m3

Figure 5.1.1.2. New dwellings. Reference levels for radon gas. EU Member States.

Of the non-European countries responding to the questionnaire, Australia, Canada, Israel, Syria
and the USA have advisory reference levels for radon gas. The reference levels apply univer-
sally to all homes, regardless of ownership: private, government, cooperative, or rental. The
levels are the same for both existing and new dwellings: in the USA, 150 Bg/m®; in Australia,
Israel and Syria, 200 Bg/m®; in Canada, 800 Bg/m®. The Radon Council in Japan is in the proc-
ess of adapting ICRP 60 and recommending reference levels for radon gas in dwellings.

5.1.2. Implementation and supervision (question 5)

Among the EU Member States, most governments or the relevant ministries implement legisla-
tion and recommendations regarding radon in dwellings, as well as supervise compliance with

ordinances and recommendations. In Finland and Sweden, local municipal authorities have the
responsibility for supervision and in the UK, it is the district authorities.

Among the non-EU European countries, implementation and supervision are generaly per-
formed by government authorities; in seven countries, supervision is the responsibility of the
institutions for radiation protection. In Norway, the local municipal authorities supervise radon
regulations. The radon program in the US is largely voluntary and in Canada, natural radioac-
tivity is a public health issue over which the provincial governments have jurisdiction.
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Figure 5.1.1.3. Existing dwellings. Reference levels for radon gas.

Non-EU European countries. (The Czech Republic* and the Slovak Republic have reference levels
set as radon progeny activity concentration, EEC. In the Figure the EEC concentrations are given as radon
gas concentration, a F-factor of 0.4 is apé)lied for the recalculation. The Czech Republic* has 4 advisory
levels for mitigation; 200-300 EEC Bg/m~ simple mitigation, 300-600 EEC Bq/m3 more expensive mitiga-
tion, 600-2000 EEC sophisticated remedial measures and >2,000 EEC Bg/m® people stay excluded. Nor-
way** has two advisory levels, 200-400 simple and inexpensive measures are recommended, >400 Bq/m3
expensive measures are justified. Russia*** has two enforced levels for mitigation; >200 Bg/m® simple
mitigation, >400 upper action level.)

5.1.3. Financing remedial measures (questions 9-12)

The homeowners bear all costs for remedial measurers taken in most countries. However, in six
EU Member States and five non-EU European countries, private homeowners may receive some
assistance with remedial costs. This assistance takes the form of grants, subsidies or tax reduc-
tions. For example, the Swedish government subsidizes up to 50 % of remedial costs, max.
1,700 EUR. Ireland has grants that cover 50 % of remedial costs, max. 800 EUR. Norway sub-
sidizes 50 % of the costs, max. 1,800 EUR; if the costs are higher than 3,600 EUR, state granted
loans are available for costs up to 7,200 EUR. Switzerland uses the tax reduction. In Germany
the Federal Land Saxony generally subsidizes 30 % of mitigation costs if the indoor radon con-
centration exceeds 1000 Bg/m? on average. For buildings belonging to the regional administra-
tive bodies (kindergardens, schools e.g.) up to 80 % of the costs can be subsidized.
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Figure 5.1.1.4. New dwellings. Reference levels for radon gas. Non-EU European countries.
(The Czech Republic and the Slovak Republic have reference levels set as radon progeny activity con-

centration, EEC. In the Figure the EEC concentrations are given as radon gas concentration, a F-factor of
0.4 is applied for the recalculation.)

5.2. WORKPLACES (QUESTIONS 13-18)

In Radiation Protection 88, the EU Group of Experts gives recommendations for radon action
levels for workplaces in the European Union. They recommended that action levels “should be
set in the range 500-1000 Bg/m?® time averaged radon gas concentration. This is based on occu-
pational exposure of 2000 hours per year and an equilibrium factor (F-factor) of about 0.4. ....
National Authorities may also select an action level below the specified range if they judge this
desirable and will not lead to an impracticable radon program. .... For workplaces with high
occupancy (e.g., residential homes, schools, some hospitals) it may be appropriate to adjust the
action level to reflect the increased occupancy. If radon concentrations are found to be below
the action level then there is no requirement for future action other than re-testing if concentra-
tions are marginal or substantial changes are made in the construction or use of the building.... If
the concentrations are above the action levels and occupancy is not very low then remedial ac-
tion to reduce the radon level should be required.... Records of monitoring radon exposures of
workers should be kept....” (EC 1997).

5.2.1. Reference levels for radon gas at workplaces (questions 13-16)

Of the EU Member States responding to the questionnaire (15 countries), seven countries have
reference levels for radon at all workplaces (Table 5.2.1.1, Figure 5.2.1.1, 5.2.1.2, 5.2.1.3 and
5.2.1.4). France will have reference levels for radon in schools and municipally owned work-
places. Reference levels in Denmark, Finland, Sweden and the UK are enforced and will be so
in France, as well. Of the non-EU European countries (17), seven have reference levels for all
workplaces, five have no reference levels and four plan to introduce reference levels. Estoniais
planning to implement workplace reference levels in the near future.

The range of radon levels implemented by all responding countries is 200-3,000 Bg/m®. Coun-

tries have differing views on which reference levels should be applied and have often imple-
mented different reference levels for different types of workplaces.
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Table 5.2.1.1. Workplaces. Radon reference levels (Bg/m?), European countries.

Existing work-
places

New workplaces

Existing work-
places

New workplaces

EU Member States

Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
al, Spain, Sweden, UK (15 countries)

Luxembourg, Netherlands, Portu

Schools | Day care | Offices Industry | Offices Other Under-
homes private State- Munid pal ground
owned (not
mines)
Enf | Adv|Enf |Adv|Enf |Adv|Enf [Adv|Enf |Adv|Enf | Adv|Enf | Adv
5 3(1) |4 3 |4 3 |4 3 5 3(1) |4 3 5 2
5 3(1) |4 3 |4 3 |4 3 5 3(1) |4 3 3 2

Non-EU European Countries

Albania, Belarus, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithua-
nia, Norway, Poland, Romania, Russia, Slovak Republic, Slovenia, Switzer-
land, Turkey, Yugoslavia (17 countries)

Schools | Day care | Offices Industry | Offices Other Under-
homes private State- Munid pal ground
owned (not
mines)
Enf | Adv|Enf |Adv|Enf [Adv|Enf [Adv|Enf |Adv|Enf | Adv|Enf | Adv
5 41) |4 51) |5 51) (5 51) (4 5(1) |4 51) |5 2
7 3(1)(6 3(1)|6 3(1)(6 3(1) |5 315 3(1) |5 1

7 EU Member States and 10 non-EU European countries lack reference levels for all existing and new

workplaces.

Number in parentheses () = countries with one higher enforced level and one lower advisory level.

Range: Existing workplaces
New workplaces

enforced 400-1000 Bg/m*
enforced 200-3000 Bg/m*

advisory 150-1000 Bg/m*®
advisory 200-1000 Bg/m®

Among the EU Member States, Austria, Denmark, Finland, Greece and Sweden (5 states) apply
the same reference level to both existing workplaces and existing dwellings, 400 Bg/m?>. Of
these states, Austria, Greece and Sweden apply alower level to new workplaces, 200 Bg/m®.

Most countries use the same reference level for all types of workplaces, but in Ireland, the advi-
sory reference level for schools is 150 Bg/m®, and for other workplacesiit is 200 Bg/m?®.

14




Austria

Belgium
Finland
France

Germany

Greece

Ireland | | ‘

Italy

Luxembourg

The Netherlands BEnforced level Bg/m3
OAdvisory level Bg/m3

Portugal

Spain

Sweden

UK

0 50 100 150 200 250 300 350 400 450
Bg/m?®

Figure 5.2.1.1. Existing workplaces, offices and industrial premises.
Reference levels for radon gas. EU Member States.
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Figure 5.2.1.2. New workplaces, offices and industrial premises.
Reference levels for radon gas. EU Member States.
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Figure 5.2.1.3. Existing workplaces, offices and industrial premises. Reference levels for
radon gas. Non EU European countries. (Norway* has two advisory levels, 200 Bg/m3 simple and inex-
pensive measures, 400 Bg/m3 more expensive measures. The Slovak Republic** has two enforced levels, 500 Bg/m3
and 1,000 Bg/m3. The lower levels applies to situations when the work hours exceed 1,000 h/y, the higher is a
decision level above which the workplace is regarded as a workplace with ionizing source.)
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Figure 5.2.1.4. New workplaces, offices and industrial premises. Reference levels for radon
gas. Non-EU European countries. (The Slovak Republic* has two enforced levels, 250 Bg/m® and
1,000 Bg/m®. The lower levels applies to situations when the work hours exceed 1,000 hfy, the higher is a
decision level above which the workplace is regarded as a workplace with ionizing source.)
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The non-EU European countries reference levels diverge much more than do those of the EU
Member States. For example, Switzerland applies one enforced upper limit, 1,000 Bg/m®, for
existing and new schools, day care homes, and municipally owned offices, while applying an-
other limit to private workplaces, 3,000 Bg/m®. Switzerland also has one advisory level, 400
Bg/m®, for all types of existing and new workplaces. The Czech Republic applies both an en-
forced reference level, 1,000 Bg/m?®, and a general guidance level, 200 Bg/m® EEC, to all types
of workplaces; for new workplaces the enforced reference level is 200 Bg/m® EEC and the advi-
sory level is 100 Bg/m® EEC. Norway has two advisory reference levels for existing work-
places: 200-400 Bg/m® for simple and inexpensive remedial measures; 400 Bg/m>for more ex-
pensive measures. Russia has an enforced level 310 EER Bg/m®.The Slovak Republic has two
separate enforced reference levels, one for existing workplaces, 500-1,000 Bq/m3, and one for
new workplaces, 250-1,000 Bg/m®. The lower value applies to situations when the time indi-
viduals spend in the building exceeds 1,000 hours, and the higher level is a decision level above
which the workplace is regarded as a workplace with ionizing radiation source.

Outside of Europe, Australia, Israel and Syria have either enforced or advisory reference levels
for all workplaces. Israel has one enforced reference level, 200 Bg/m?®, for schools and day care
homes and one advisory reference level, 400 Bg/m®, for all other workplaces. For new schools
and day care homes, Isragl applies an advisory reference level of 40 Bg/m®, whereas the level
for other new workplacesis 200 Bg/m®.

The USA has one national reference level, which is applied, to schools, 150 Bq/m3, and which is
an enforced reference level supervised at the state level. Other US legislation covering radon in
the workplace is enacted and supervised at the state and local levels. Generally, only mitigation
in schools is financed with public funds. Canada has a reference level for government-owned
new industrial properties, 800 Bg/m®, but otherwise there are no national reference levels for
workplaces.

5.2.2. Implementation and supervision (question 17 and 19)

Within the EU, most governments or relevant ministries implement the legislation and recom-
mendations for radon in workplaces, as well as supervise compliance with radon ordinances and
recommendations. In Denmark and Finland, the National Radiation Protection Institutes are the
competent authorities and also have responsibility for supervising implementation. In Sweden,
the National Board of Occupational Safety and Health implements the regulations, whereas
local municipal offices perform the actual supervision for Occupational Safety and Health. In
the UK, the responsibility for enforcement is divided between the Health and Safety Executive
for large buildings and local authorities for small buildings.

Among the non-EU European countries, most governments implement the legislation and rec-
ommendations, as well as supervise the implementation. In Switzerland, the Swiss National
Accident Insurance Organization (Suva) supervises implementation. In the USA, the Environ-
mental Protection Agency (EPA) has the overall responsibility of following the radon issue,
informing the public about radon and promoting remedial radon measures. According to the
Canadian Labor Code, no employee, other than an atomic radiation worker as defined in the
Atomic Energy Control Regulations, shall be exposed in the course of any year to a concentra-
tion of radon that on average, over ayear, is higher than 800 Bg/m®. This regulation applies to
places of business that come under the jurisdiction of the Federal Canada Labor Code.

5.2.3. Protocols for measurement in workplaces (question 18)

Among the EU Member States, France, Finland, Germany and Ireland have protocols for the
measurement of radon in workplaces. The non-EU European countries of Norway, Slovak Re-
public and Y ugoslavia, as well as the non-European countries of Israel and Syria also have such
protocols. Two EU Member States and three non-EU European countries plan to publish proto-
cols.
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5.3. DRINKING WATER (QUESTIONS 20-27)

The risks associated with radon and other radioactive elements occurring naturally in water have
increased in relevance in recent years. This is due to the attention directed toward the very high
radiation doses which infants and young children can receive due to consumption of water con-
taining radon and radon decay products (Kendall et a 1988, UNSCEAR 1993, Swedjemark
1997). At the end of 1998, the EU Article 31 Group of EU Experts on Radiation Protection, at
the direction of the EU Committee on Water Intended for Human Consumption, examined the
risks connected with radioactive elements in water. The Group of EU Experts on Radiation con-
cluded that the reference level of effective dose presented in the 1993 WHO proposal, 0.1
mSv/y, would indeed be an appropriate indicator parameter. However, both the EU Experts on
Radiation and WHO think that knowledge regarding the risks associated with radon and radon
decay products is still limited and therefore, the dose due to radiation from these elements
should not be included in the reference level.

The European Union Council adopted the proposal presented by the Article 31 group and de-
cided that the indicative parameter for the total indicative dose of radioactivity present in water
intended for human consumption shall be 0.10 mSv/year. This value excludes the dose received
from tritium, potassium-40, radon and radon decay products. The indicative parameter value
applies to water supplies serving more than 50 persons (Council Directive 98/83/EC of 3 No-
vember 1998: on the quality of water intended for human consumption). The Council instructed
the Article 31 Group to submit proposals for indicator parameters and for monitoring programs
within 12 months of the date 5.12.98. The EU Council also directed the EU Article 31 Group of
experts to further investigate the risks of radon and radon decay products in drinking water and
give recommendations for reference levels.

In the USA, at the request of the EPA, the National Research Council appointed a multidisci-
plinary committee to conduct a study and to report on the health risks associated with exposure
to radon in drinking water. The committee gave their report at the end of 1998 (National Re-
search Council 1998). The committee recommended that the value of the Alternative Maximum
Contaminant Level (AMCL) for the average ambient radon concentration in drinking water be
set at 150 Bg/l, and that public water supplies with levels in excess of the AMCL must be miti-
gated to at least the AMCL. (Water supplies serving 25 people or more are considered to be
public water supplies.)

Table 5.3.1.1. Drinking water. Radon protection standards (question 20).

EU Member States Non-EU European Countries
Yes No We shall Yes No We shall
2 12 3 3(1) 13 4
Finland Austria Czech Latvia
Sweden Germany Republic Slovenia
Greece Russia Turkey
Slovak Yugosavia
Republic
(Norway)
Romania

Number and name in parentheses () = advisory level

Range: Public waters 50-500 Bqg/I

Private waters 120-1000 Bqg/I
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5.3.1. Reference levels (question 21)

By the end of 1998, only seven countries had reference levels for radon in drinking water and
seven other countries had plans to introduce such levels (Table 5.3.1.1).

The seven countries with reference levels are the Czech Republic, Finland, Norway, Romania,
Russia, the Slovak Republic and Sweden (Figure 5.3.1.1). There is a good reason why these
particular countries have introduced reference levels for radon in water. To alarge extent, these
countries receive their water supplies from wells drilled into crystalline bedrock, often granites
with enhanced uranium content. In each of these countries, there are several thousand wells
containing water with radon concentration levels above 1,000 B/, and several wells with levels
greater than 20,000 Bg/l have been found. In Sweden, for example, there are 200,000 wells used
as water supplies for residents and 45 % of these have radon concentrations above 100 Bg/l and
10,000 have more than 1,000 Bg/l.

Norway

Romania

Russia

B Enforced level Bg/l
O Advisory level B/l

Slovak Republic**

e m
Finland

Sweden***
UK
USA****
0 100 200 300 400 500 600
Bq/l

Figure 5.3.1.1. Public drinking water. Countries that have reference levels for radon. (The

Czech Republic* for private waters besides the enforced level also has two advisory levels 200 Bg/l and
1,000 Bq/l. The Slovak Republic** for private waters has an advisory level 200 Bg/l and an enforced level
1,000 Bg/l. Sweden*** for public waters has two enforced levels, 100 Bg/l at which the owners have to take
measures, and 1,000 Bg/l at which the delivery of water is not allowed. For private waters these levels are
advisory. USA**** suggested reference level for public waters.)

Of the countries with reference levels, the Czech Republic has one enforced level, 300 Bg/l, and
one advisory level, 50 Bg/l, for public water, while private homeowners have two advisory lev-
els, 1000 Bg/l and 200 Bg/l, corresponding to different remedial measures. Finland has one
enforced level for public waters, 300 Bg/m®, and Norway has one advisory level, 500 Bg/l. Rus-
sia has an enforced level, 120 Bqg/l, for all drinking waters, irrespective of patterns of ownership.
The Slovak Republic has one advisory level for al drinking water, 50 Bg/m®, and one enforced
level, 1000 Bg/l. Sweden applies two limits, >100 Bgy/l is designated as fit for consumption with
reservations, and >1000 B/l is designated as unfit for human consumption. The Swedish limits
are compulsory for al public water supplies and advisory for private homeowner drinking wa
ter.
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5.3.2. Implementation and supervision (question 22)

In countries, which have regulations for drinking water, the national governments are responsi-
ble for implementation of radon regulations and in most cases, for supervising the implementa-
tion. In Sweden, the local municipal authorities are responsible for supervising implementation.

5.3.3. Mapping of areas with waters at risk of radon contamination (questions 23-24)

Areas with high uranium content in the bedrock commonly exhibit high radon concentrations in
ground water. One way to prevent radon rich waters from being used as drinking water is to
conduct specia checks for radon in such areas, as do Spain, Slovenia and the Slovak Republic.

Sweden and Norway have classified the radon risk in ground waters for different parts of their
countries.

5.3.4. Protocols for the analysis of radon in drinking water (question 26)

Six countries have protocols for the analysis of radon in drinking water: Austria, Luxembourg,
Sweden, Portugal, Czech Republic and Slovak Republic.

5.4. BUILDING MATERIALS (QUESTIONS 28-36)

On the topic of building materials, the ICRP writes in ICRP 65, Protection against Radon-222 at
Home and at Work “In some circumstances, elevated radon concentrations could be caused by
the use of ground fill or building materials with elevated radium-226 content. As such materials
can be readily detected by the gamma-ray emission, consideration should be given to identifying
them and preventing or limiting their use” (ICRP 65, 1993).

There is not much written on requirements for protection to radiation in the EU Council Direc-
tive 89/106/EEC of 21 December 1988 relating to construction products (EC 1988). Radiation
in construction materiasis only taken up in Annex 1, "Essential Requirements’ where it states
that " The products must be suitable for construction works and fit for their intended use’ ....,
and under section 3. "Hygiene, health the environment” where it states 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 neighbors, in particular as a result of any of the following: ....- the
emission of dangerous radiation .. ”

The working group EU Article 31 Group of Experts on Radiation Protection writes in Radiation
Protection 88: " Building materials are not usually a dominant source of radon. Nevertheless, it
may be found that high levels of ®Ra or other natural radionuclides in some materials should
be avoided” (EC1997).

By order of the European Commission the Finnish Center for Radiation and Nuclear Safety
(STUK) has made a study about natural radioactivity of building materials and in industrial by-
products used as raw materials in building material industry (Mustonen et. a 1997). STUK sug-
gests, “that the European Community could have a common approach regarding natural radio-
activity in building materials. The proposal is that, for protection of members of the public, the
same dose criterion could be applied to radioactivity of building materials as to practices with
radiation, i.e. 1 mSv per year as an effective dose. However this annual dose shall not be re-
garded as a dose limit, but as a reference level above which a specific assessment of the use of
material and exposure to radiation should be presented. Radon exhaling from building materials
into indoor air should further meet the requirement for new houses presented in the separate
recommendation from the European Commission, i.e. radon concentration should not exceed
200 Bg/m® in indoor air” (EC1990). STUK also propose the introduction of an activity index
used to assess the safety requirement of building materials. The proposed activity index is

| = (C+1/200 + Cr/300 + C/3000) w where Gy, Cry and Cy are the activity concentrations of
22Th, ?Raand “°K in the main construction materials of a house, expressed in Bg/kg, and w is
aweighting factor to be applied for materials used in minor amounts. If the value of the activity
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index exceeds 1, it is required to show specifically the safety requirement will be met, and the
indoor radon concentration of 200 Bg/m® due to the use of the material will not be exceeded.
The EU Article 31 Group of Experts on Radiation Protection has in March 1999 decided to
publish the STUK report as Radiation Protection No. 95.

Judging by the responses to the questionnaire, the legislation has made most progress in the area
of building material. Among the EU Member States, three countries have enforced reference
levels and among the other European countries, eight apply enforced reference levels.

Table 5.4.1.1. Building materials - Reference levels for radioactive elements.
European countries (question 29).

EU Member States Non-EU European Countries

Yes

No

We shall

Yes

No

We shall

4
Augtria
Finland
Germany*
Luxembourg

11

11
Belarus
Czech
Republic
Latvia
Lithuania
Norway
Poland
Romania
Russa
Slovak
Republic
Slovenia
Yugodavia

6

2
Estonia
Turkey

* in the New Federa Lands (former GDR).

Table 5.4.1.2. Building materials - Legal status of radon reference levels.

European countries (question 30).

EU Member States

Non-EU European Countries

Enforced

Advisory

None at
present

Enforced

Advisory

None at
present

3

Finland
Germany
Luxembourg

Austria

11

9

Belarus
Czech
Republic
Latvia
Lithuania
Poland
Romania
Russa
Slovak
Republic

Slovenia

1(1)
Norway

(Czech
Republic)

7

Number of countries with reference levels for: radioactive elements 14, total gamma radiation 3,

beta radiation 2, radon exhalation 1 (question 32).
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5.4.1. Radon reference levels (questions 28-32)

Austria and Luxembourg are the two EU Members States with protection standards for radon in
building materials (question 28). Outside the EU, the following countries apply such standards:
Czech Republic, Lithuania, Norway, Poland, Romania, Slovak Republic, Israel and USA.

However, more countries have various reference levels for the contents of radioactive elements
in or radon flux from building materials (question 29). Four EU Member States, Austria, Fin-
land, Germany and Luxembourg have this type of reference level, as do eleven non-EU Euro-
pean countries, Estonia and Turkey are planning to introduce them. Of the countries outside
Europe responding to the questionnaire, Israel has such levels.

In most of the responding countries with some sort of reference levels, the levels are enforced
(question 30). Only in Norway are the reference levels advisory. In most cases, the state
authorities are solely responsible for implementation and supervision. However, in Finland,
Belarus, Latvia and Poland, responsibility for supervision is shared between the state authorities
and construction companies.

Most countries with reference levels for radioactive elements in building materials apply activ-
ity indices or maximum permissible/recommended concentrations (question 36). Some countries
have responded that they have one reference level for Radium-226 and other countries have
reference levels for each of the following radioactive elements. Radium-226, Thorium-232 and
Potassium-40. The indices are generally different for the different countries. Here are some
examples:

Austriaappliesthefollowing advisory activity index:

" A*°K /10,000 + A(*°Ra)/1000 X1 + 0.158xlensity xthickness) + A(®*Th/600) = <1.

Austriaalso has an advisory reference level for Betaradiation. Betaradiation is recommended to be <1
Ba/cn’. (A = activity concentration, Ba/kg)”.

Finland has a” maximum permitted indoor dose due to gamma radiation from building materials,
1 mSv/year. Thislevel corresponds to thefollowing activity index, where the value of the activity index is
1 orless: C(Th)/200 + C(Ra)/300 + C(K)/3000 = <1. (C = activity concentration, Bg/kg)”.

L atviahas the following enforced regulations: " 1) for residentia buildings, internal materias: (Aga +
Ar,)/170 less or equal to 1 and activity of “°K shall not exceed 1500 Boykg; 2) for industrial buildings,
residential houses, external materials and roads within towns and cities (Agr, + Ar,)/250 < 1 and activity
of *° K shall not exceed 2000 Bg/kg; 3) for industrial buildings external materials and roads outside
populated areas (Ag, + A71)/300 < 1 and activity of “’K shall not exceed 2500 B/kg” .

Lithuaniahas regulations that " materials used shall cope with the formulafor Activity in Building Mate-
rias; Ard/300 + A/200 + Ax/3000 = <1 for al building materials, ARa/700 + ATh/500 + AK/8000 +
ACs/2000 = <1 for building materials used outside (streets, rods, etc.), Ag/2000 + A1/1500 + Ax/20000
+ Ac/5000 = <1 for landscaping (they should be covered with building materials with lower extent of
radionuclides)”.

Norway has advisory reference levels for the contents of radioactive elementsin building materials.
5Ral300 Bg/kg + **Th/200 + “K /3000 Baykg < 1. *°Ra < 200 Boykg.

Poland, "the enforced permissible levels are determined by the following formula:
0.0027 Cg, + 0.0043 Cry, + 0.0027 C <1. Cin Bg/kg. Cr, <185".

Russia "Materials used shall cope with the following formulafor Activity Concentration of radioactive
elementsin building materias: Ayt = Aga + 1.31A¢, + A¢. Thelimits (Ag;) are 370 Bg/kg for new build-
ings, 740 Bg/kg for industrial constructions and roadsin towns and villages, and 2.8 kBg/kg for roads
outside occupied areas’. (Radiation Safety Standards NRB-96.)

Slovak Republic, " use of building materials with higher radium content can be permitted if it has negli-
gible mass fraction, and unless Cg, + 1.25 Gy, + 0.086 Cy < 370 Bg/kg™.
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Republic of Slovenia, "the enforced reference levels are expressed as: Gamma-activity index,
Crd/400+ CZTh/3OO + C/5000 + C,4#/4000 < 1. C in Bg/kg. Gamma radiation <0.50 nGy/h. Betaradiation
<40 Bg/dm=.”

Germany, " the enforced reference level for radium-226 in equilibrium with decay productsis 200
Ba/kg”.

Luxembourg,” the reference levelsfor radioactive elements are for °K: 5000 Bg/kg, **Th: 250 Ba/kg
and “**Ra: 350 Bg/kg”.

Czech Republic hasthe following reference levels for radium-226 in building materias (Bg/kg).

" Enforced level: 150-200 Bg/kg for materials in buildings where people could stay more than 1000 h/year
(depending on the type of material); 1000 Bg/kg for materias in other buildings. Advisory level: 80-120
Ba/kg in buildings where people normally stay more than 1000 h/year; 300-500 Bg/kg for materialsin
other buildings”.

Sweden has chosen a different approach toward regulation of radiation in new buildings. There are no
special regulations for the permissible concentrations of radioactive el ementsin building materials. In-
stead, in Sweden, this ordinance has the legal Functional Requirements for emissionsin new buildings.
According to the Swedish Building Code, the highest permissible radon activity concentration in anewly
built room where people stay longer than just temporarily is 200 Bg/m?®, and gamma radiation is 0.5
nsv/h. In order to fulfill these Functional Requirements, adequate consideration must be given to all
sources of radon and gamma radiation: the ground, building materials and water.

The Nordic countries have common regulations for Eco-labeling (the Swan |abel) for building
boards. The following requirement applies. C/3000 + Cg,/300 + C;/200 = < 1.0. Thereis also
arequirement to use the radium index: Cg, 100 = < 1,0. There is an ongoing effort to require
Swan labeling of concrete as well.

Of the non-European countries responding to the questionnaire, only | srael has reference levels
for radioactive elements in building materials: *Ra 50 Ba/kg; **Th 50 Ba/kg; “°K 500 Boykg;
gamma radiation 0.7 mSv/y; radon exhalation 1 Bq m?h. Japan has no regulations for building
materials. However, the Japanese gypsum board industry is aware of the radon problem. They
are trying to reduce radon exhalation from gypsum boards by selecting low radium phosphate
gypsum for the production of phosphate and mixing it with natural gypsum in gypsum board
production.

5.4.2. Checkups for building materials (question 33)

Within the EU, Austria, Luxembourg and Germany perform special ceckups for building mate-
rial. Among the non-EU countries, inspections are much more common, with seven performing
such checks. Among these, the Czech Republic and Poland have extensive programs for control
of building materials.

5.4.3. Protocols for the investigation of radioactivity in building materials (question 35).

Austria and Luxembourg have special protocols for the investigation of radioactivity in building
materials, as do the Czech Republic, Slovak Republic, Lithuania, Poland, Slovenia, Y ugoslavia
and Isradl.

5.5. RADON IN THE PLANNING STAGE AND AT CONSTRUCTION (QUESTIONS 37-46)

In ICRP 65, Protection against Radon-222 at Home and at Work, ICRP, gives the following
advice regarding new construction: “The aims in imposing restrictions on the constructions of
new dwellings in radon-prone areas are to keep the radon concentration in the finished building
as low as can reasonably be achieved.... These aims are best achieved by issuing guidance on
construction practices.... When new buildings are to be erected in a radon-prone area it will be
advisable to modify the design of the foundation to prevent elevated radon levels.... For pre-
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ventive work, construction codes should be devised that will consistently achieve low concen-
trations in the completed buildings’ (ICRP 65,1993).

The working group of EU Article 31 Group of Experts on Radiation Protection writes in Radia-
tion Protection 88: “ Although not explicitly mentioned in the BSS, Title VII, it would be sensi-
ble to consider preventing high radon levels in new workplaces rather than taking remedial
measures after they have been built. It is simple and cheep to incorporate measures to reduce
radon levels at the time that the building is being constructed” (EC 1997).

5.5.1. Construction requirements for prevention of radon in new buildings (question 37-40)

Five EU Member States have regulations and guidelines for construction requirements to pre-
vent radon in new buildings: Denmark, Finland, Ireland, Sweden and the UK (Table 5.4.1.1). In
the future, Austria, Germany and Greece are also planning to introduce such regulations. Most
countries with requirements have enforced radon prevention regulations which are specified in
the national Building Codes (Table 5.4.1.2). The nationa authorities and local municipal
authorities usually share in supervising implementation of the regulations. In Sweden, the future
owner has complete and full responsibility to ensure that the radon concentration in the com-
pleted building does not exceed 200 Bg/m®, the enforced reference level for new buildings.

Table 5.5.1.1. Regulation guidelines for construction requirements (question 37)

EU Member States Non-EU European Countries
Yes No Weshal |Yes No We shall
5 10 3 4 12 1
Denmark Audtria Czech Switzerland
Finland Germany Rep‘_Jbl Ic
Irdland Greece Lavia
Sweden Slovak
UK Republic

Norway

Table 5.5.1.2. Legal status of regulations (question 38)

EU Member States Non-EU European Countries
Enforced | Advisory |Noneat Enforced | Advisory |Noneat
present present
4 1 10 3 2 12
Denmark Finland Czech Norway
Ireland Republic
. Latvia
Sweden Slovak
Republic

In Sweden*, this ordinance has the legal status %f Functional Requirement and stipulates that the radon
concentration shall not be greater than 200 Bg/m™ in a room where people stay longer than just
temporarily.
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Of the non-EU European countries, the Czech Republic, Slovak Republic and Latvia have en-
forced radon regulations for new buildings and Norway has advisory regulations. Switzerland is
planning to introduce such requirements. Responsibility for implementation and supervision is
shared between the state and local authorities, and construction companies, in three of these
countries. In the Czech Republic, preventive radon protection measures must be executed when
abuilding site is not located in alow radon risk area. Local building authorities are the supervi-
sors (Czech Atomic Act, July 1998).

Outside Europe, Canada has guidelines for radon published by the Canadian Mortgage and
Housing Cooperation and the Canadian public health authorities. In the USA, building codes are
developed by membership consensus organizations that continually have hearings to update
their documents. States and other jurisdictions base their local building codes on these docu-
ments. The States and other jurisdictions pass the codes into law and then enforce them through
a permit and inspection system. There are also Model Standards and Techniques for the Control
of Radon in New Residential Buildings published by the EPA in 1994, which are used as a basis
for US construction guidelines.

5.5.2. Regulations and guidelines for radon in the planning stage (questions 41-42)

In ICRP 65, Protection against Radon-222 at home and at Work, |CRP writes. “In the Commis-
sion’s view, there is a merit in defining radon-prone areas in which concentration of radon is
likely to be higher then typical of the country as awhole” (ICRP 65,1993).

Radiation Protection 88 gives the following advice: “National Authorities should delimit locali-
ties within radon prone areas or elsewhere within which appropriate radon preventive measures
should be included in the construction of new workplaces. These should ensure that radon levels
in new workplaces are as low as reasonably achievable and that further measures can easily be
introduced if necessary” (EC 1997).

Table 5.5.2.1. Guidelines for radon in the planning stage. European countries (question 41)

EU Member States Non-EU European Countries
Yes No Weshal |Yes No We shall
3 7 3 4 13 1
Denmark Audtria Czech Slovenia
Finland Germany Republic
Ireland UK Norway
Sweden Slovak

Republic

The following countries have regulations or guidelines for radon prevention in the general and
the detailed planning stages, eg. for areas for which construction permits are applied for domes-
tic buildings, offices and factories: Denmark, Finland, Ireland, Sweden, Czech Republic, Nor-
way, and the Slovak Republic. The UK, Austria and Germany are planning to introduce such
regulations/guidelines. Denmark and Ireland have enforced radon regulations and the other
countries have guidelines.
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Outside Europe, Israel and the USA have regulations/guidelines for radon prevention at the
planing stage and Syriais planning to introduce such. Three of the 50 states in the US have
regulations mandated by law, as do about 40 counties, cities, and towns. However, most of the
US does not have mandated regulations/guidelines.

In Ireland, Sweden, Czech Republic, Slovak Republic and Israel, the regul ations/guidelines
require an investigation of the radon risk situation at construction sites before building is per-
mitted (question 44).

5.5.3. Mapping radon risk areas (questions 45-46)

Most of the EU Member States, as well as many other countries, have executed radon risk maps
to show the potential risk of radon emanating from the ground (Table 5.5.3.1). Usually, the sur-
veyed areas are given risk designations dependent upon ambient radon conditions: high, normal
and low risk areas. In some countries, e.g. UK, Norway, Czech Republic, and USA, the maps
are executed in small scale and cover the entire country. Other countries, e.g. Sweden and Fin-
land, produce radon risk maps using the scale 1:50,000 or larger, covering a municipality/
district or part of one. Most often, production of the radon risk map is the responsibility of the
Geological Survey of the country and is executed at the request of the Ministry of the Environ-
ment.

Table 5.5.3.1. Countries, which have mapped/surveyed their radon prone areas/radon risk
areas. European countries. (question 45)

EU Member States Non-EU European Countries
Yes No Weshall |Yes No We shall
10 3 2 4 12 1

Augtria Denmark Czech Yugodavia
Belgium Greece Republic

Finland Norway

France Slovak

Ireland Republic

Germany Switzerland.

Portugal

Span

Sweden

UK

In Sweden, the local municipal authorities are responsible for mapping and surveying radon risk
areas. Most municipalities have radon risk maps executed using the scale 1:50,000 or larger.
The US radon potential map designates each of the 3141 counties in the US as having high,
medium or low radon potential. Americans consider the map to be a helpful tool for usein tar-
geting resources to the most radon-prone areas.

5.6. SHOULD THERE BE COMMON REFERENCE LEVELS WITHIN EU? (QUESTIONS 7-8)

Question 7 asked: Should there be common reference levels within EU? (Table 5.6.1). This
guestion was meant for the EU Member States. Most of them answered Y es to this question.
Two countries Denmark and Luxembourg answered No, and France, the Netherlands and UK
didn’t answer. No comments were made on this question. Apparently there is a majority of EU
Member States perceive a benefit from having common reference levels within the EU. Perhaps
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having common reference levels would make it easier to get the various governments to accept
programs aimed at decreasing the risk due to radon.

Twelve of the non-EU European countries, mainly EU candidates, answered question 7. Eleven
of the twelve answered Yes. Perhaps they reason that common EU reference levels for radon
would serve to promote the work against radon in their own countries.

Of the non-European counties I srael answered Yes. The US EPA gave the following answer: ”
We would like to see a common level only if the level was at, below, or very near the U.S. ac-
tion level of 4 pCi/L (148 Bg/m®). Otherwise, it is more helpful to have individual countiesin
the EU with different action levels above and below the U.S. level. Opponents of radon action
in the U.S. often cite higher action levels of other countries as a reason not to take action in the
U.S. about radon problems”.

Table 5.6.1. Should there be common reference levels within EU? (Question 7)

EU Member States Non-EU-European countries
Yes No No answer | Yes No No answer
10 2 3 12 1 7
Audtria Denmark Belgium CB:eIarEs Romania Albania
Finland Luxembourg | France stcubl ic Crodia
Germany The Nether- Estonia Hungary
lands i

Ireland Lithuania Latvia
Italy UK Poland Norway
Portugal Russa
Span Slovak Japan
Sweden Republic Syria

Sovenia

Switzerland

Turkey

Yugodavia

Israel

(USA)
Conclusions

The responses to the guestionnaire disclosed that many countries have programs to reduce
health risks associated with radon and that many countries are in the process of introducing
similar programs. Nevertheless, it has still taken the majority of countries a considerable time
for the responsible authorities to include requirements for action levels and remedial measures
in their legislation and guidelines. At this point, more than 20 years have passed since the first
compulsory limits for radon in dwellings were introduced in Sweden and for buildings on ura-
nium-rich ground in mining areas in the USA.
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In order to actually reach the goal of vigorously diminishing radon dependent deaths, it is evi-
dent to the ERRICCA Topic Group on legal and building code impact (before author) that in
countries where radon constitutes a public health problem, it is necessary to enact compulsory
regulations into the legidation. Not until then will the risks associated with radon be taken seri-
ously by local authorities, construction companies, materials manufactures and the general pub-
lic. It appears to the Group (before author) that it is particularly important that regul ations for
protection against radon be legidated into planning and building codes, so that radon concentra-
tions in new buildings will be kept to acceptably low levels in the future.
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APPENDIX 1

Swedish Radiation Protection Institute. SE- 171 16 Stockholm, Sweden

QUESTIONNAIRE ON RADON-LEGISLATION IN DIFFERENT COUNTRIES

Answersfrom: Austria (AT), Belgium (BE), Denmark (DK), Finland (FI), France (FR), Ger many (DE),
Greece (GR), Ireland (1E), Italy (IT), Luxembourg (L U), the Netherlands (NL), Portugal (PT),

Spain (ES), Sweden (SE) and United Kingdom (UK). (15 EU Member States)

Please give your answers by writing in the space provided following the question number. You can use
your own space, if you need to. But remember to correspond your answer to the correct
guestion-number.
Feel freeto send us only the answers, if you find it mor e convenient for you!

1. DWELLINGS (Existing & New)

No | Questions Answers
Private Sate/Muni- | Cooperative | Rented Other
Homes cipality owned what?
owned
1 Does your country have areference | Yes | No Yes |[No |Yes |No |[Yes |No
level for radon for: 10 |5 10 |5 10 |5 10 |5
2 Which reference levels for radon are | 400***SE 400 ***SE 400 ***SE 400 ***SE
applied in existing dwellings at pres-
ent, Bg/m® (radon gas)?
(a) Enforced
(b) Advisory 400 AT 400 AT 400 AT 400 AT
400 BE 400 BE 400 BE 400 BE
200/400*DK | 200/400*DK | 200/400*DK | 200/400 *DK
400 FI 400 FI 400 FI 400 FI
250/1000 **DE | 250/1000 250/1000 250/1000** DE
400 GR **DE **DE 400 GR
200 |E 400 GR 400 GR 200 |E
150 LU 200 IE 200 IE -LU
200 ***SE -LU -LU 200 ***SE
200 UK 200 ***SE 200 ***SE 200 UK
200 UK 200 UK
3 Which reference levels for radon are | 200 SE 200 SE 200 SE 200 SE
L . 200 UK 200 UK 200 UK 200 UK
applied innew dwellings at present?
Bg/m* (radon gas)?
(a) Enforced
(b) Advisory 200AT 200AT 200AT 200AT
200 DK 200 DK 200 DK 200 DK
200 FI 200 FI 200 FI 200 FI
250 DE 250 DE 250 DE 250 DE
200 GR 200 GR 200 GR 200 GR
200 |E 200 |E 200 |E 200 |E
150 LU -LU -LU -LU
(C) None at present BE, FR, IT, BE, FR, IT, BE, FR, IT, BE, FR, IT,
NL, PT,ES, |LU,NL,PT, [LU,NL,PT, |LU,NL,FPT,
ES ES ES
4 Comments:* Denmar k: has two advicory levels, 200 Bo/n for simple remedial measures, 400 Boym® for more

costly measures. France: Regulations, which are to be issued by the ministries of Health and Housing, will not
include dwellings. ** Germany for existing dwellings has two advisory levels; 1000 Bg/m?® mitigation level, 250
Bg/m® recommended level. Greece follows the Euratom 90/143 Recommendation. I reland: Building Regula-
tions 1997. Technical guidance document *** Sweden for existing dwellings has one enforced level 400 Boym®

and one recommended |evel 200 Bg/n™.




Swedish Radiation Protection Institute. SE- 171 16 Stockholm, Sweden
QUESTIONNAIRE ON RADON-LEGISLATION IN DIFFERENT COUNTRIES

5 Who implements/supervises radon Private | State/Muni- | Cooperative | Rented Other what?

regulations/guidelinesin Dwellings? Homes | cipality owned
owned

Government/Ministry/Board/Department | Yes |No [Yes |[No |[Yes |No Yes| No

7 7 |7 7 7 7 7 7
District 2 2 2 2
Municipality 2 2 2 2
Institution 1 1 1 1
Other:

6 Comments: Austria Recommendation of the Austrian Radiation Protection Commission, July 1992 (general for
buildings). Finland: The municipalities authorities are responsible to do radon measurementsin dwellings and to
identify the radon prone/risk areasin cooperation with the Finnish Centre for Radiation and Nuclear Safety (STUK).
Thisisbased on direction given by the Ministry of Health France: Regulations, which are to be issued by the min-
istries of Health and Housing, will not include dwellings. Ger many: Recommendation issued by the German Com-
mission on Radiological Protection; no supervision. Greece: The Government Board responsible for the implemen-
tation /supervision of the radon regulation/guidelines is the Greek Atomic Energy Commission. Sweden: The
regulations on existing dwellings are given out by the National Board of Health and Welfare, on new dwellings by
the National Board of Housing, Building and Planning.

Yes No No answers

7 Should there becommon reference | 9 2 3
levelsfor radon within EU?

8 Your comments: Y es: Austria, Finland, Germany, Greece, Ireland, Italy, Portugal, Spain, Sweden. No: Denmark,
Luxembourg. No answer s from: Belgium, The Netherlands, UK.. France The levels of the Euratom recommenda:
tion appear in discussions but not in the official French documents.

Grants Subsidies | Tax reduc- | Other None Planned
tion

9 Is your remedial measurefinanced | 4 2 1 1 9 1
by (more than one answer is possi-
ble):

10 | Comments: Austria Only few buildings were mitigated at the moment in the frame of pilot studies partly financed
by public funds. Denmark: No finances are at present given to radon remedial measures. Finland: The municipa
health authorities administer the finances appropriated by the Ministry of Health. Germany: Grants are used only in
the federal land Saxony. Subsidies and credits are applied for specia projectsireland: Grants, 50 % of the cost of
remediation, max IR £ 800. Sweden: Subsidies, 50 % of the costs, max SEK 15,000. UK: Local governments has
the power to award grants to hel p the poorest home owners with the costs of remedia work.

11 | Who administers the finances for Grants Subsidies | Tax reduc- | Other None Planned
remedial measures? tion
Government/Ministry/Board/ 4 1
Department
State 1
Institution
Municipality 1 1

Other, what: Germany: Kreditanstalt fir Wideraufbau (until 1998 in the new federal lands)
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QUESTIONNAIRE ON RADON-LEGISLATION IN DIFFERENT COUNTRIES

12

Comments: Austria Only few buildings (>10) were mitigated at the moment in Austriain the frame of pi-
lot studies partly financed by public founds. Denmar k: No finances or supports are at present given to
radon remedial measures. Finland: The municipal health authorities administer the finances appropriated
by the Ministry of Environment. Ireland: Grantsaid isadministered by the department of Public Enter-
prise. Luxembourg: In 1979 the Government created alegal framework of premiums and subsidies
granted to house owners for the renovation of their dwellings. At that time, thisfinancial support aimed
the amelioration of the heating systems, the sanitary and electric installations, the roofing, the replace-
ment of windows etc. In 1994 the decision was taken to extend this legal frame work aso on remedial
measures undertaken by house owners wishing to improve the sanitary conditions by reducing radon in
their homes. Portugal : Remedial actions are not implemented, at present. Sweden: The National Board
of Housing, Building & Planning has the responsibility for the administration of the subsidies.
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QUESTIONNAIRE ON RADON-LEGISLATION IN DIFFERENT COUNTRIES

2. WORKPLACES

Answers from: Austria (AT), Belgium (BE), Denmark (DK), Finland (Fl1), France (FR), Ger many (DE), Greece (GR), Irdl.
(IE), Italy (IT), Luxembourg (LU), the Netherlands (NL), Portugal (PT), Spain (ES), Sweden (SE) and

United Kingdom (UK). (15 EU Member States.)

No | Question Answers
Yes No We shall
13 | Doyouhavestandardsof Radon |8AT, DK, | 6 BE, 2 (FR)ES
Protection in all Workplaces? FI,(FR), | DEIT,

GR, IE, LU, NL,

SE, UK PT, ES,

Schools Day Private Sate-owned | Municipality Other Misc. under-
care industry- industry owned offices offices gro-und
homes offices offices workplaces

except mines
14 |Pleasewritedownthereference |-*AT -*AT | *AT *AT *AT *AT *AT
level you use for EXISTING work- |400DK | 400 DK | 400 DK 400 DK 400 DK 400 DK | 400 DK
400 FI 400 FI | 400 FI 400 FI 400 FI 400 FI 400 FI
places? Bg/nT (radon gas) 1000 1000 **FR
(a) Enforced “*FR 3000 ***DE
400 SE | 400 SE 400 SE 400 SE 400 SE 400 SE
400 SE 400 UK | 400 UK 400 UK 400 UK 400 UK
400 UK
(b) Advisory 400 AT 400AT | 400AT 400 AT 400 AT 400 AT

400** FR 400** FR

400 GR 400 GR | 400 GR 400 GR 400 GR 400 GR 400 GR

150 IE 2001E | 200 IE 200 IE 200 IE 200 IE 200 IE

15 | Pleasewrite down thelevel of 400 DK 400 DK | 400 DK 400 DK 400 DK 400 DK 400 DK
400 FI 400 FI | 400 FI 400 FI 400 FI 400 FI 400 FI
rlefer;nocg y;)nl# usaeJor NEW work: 1000 1000 **FR
places? Bg/nT (radon gas) **FR 200 SE | 200 SE 200 SE 200 SE 200 SE 200 SE
(a) Enforced 200 SE 400 UK | 400 UK 400 UK 400 UK 400 UK
400 UK
(b) Advisory 200 AT 200 AT |200AT 200 AT 200 AT 200 AT

400 **FR 400 **FR

200 GR 200GR | 200 GR 200 GR 200 GR 200 GR 200 GR

150 IE 2001E | 200 IE 200 IE 200 IE 200 IE 200 IE

(c) Noneat present |6DE,IT, | 7FR, 7FR,DE, |7FR,DE, |G6DEIT,LU, |7FRDE, |9ATFR,

LU,NL, |[DEIT, [IT,LU,NL, [IT,LU,NL, |NL,PT,ES IT, LU, DE, IT, LU,

PT, ES LU, NL, | PT,ES PT, ES NL, PT, NL, PT, ES,
PT, ES ES UK

16 |Please, describe any different classification standards you have * Audtria: The enforced level for workplacesis 370
Bg/m® (168 h) or 1110 Bo/nT (40 h). It does not include the natural Radon background. Finland: Work is classified as
radiation work it the effective dose at work is higher than 2.5 mSv/year. When classified as radiation work the maxi-
mum concentration is 3,200 Bg/m® (20 mSv, regular working hours). **France Planned levels. Not all workplaces
have the same standards concerning radon. The levels 1000 and 400 Bg/n7 will apply only to workplaceswhich are
buildings open to the public (especially schools); these buildings are usually State-owned and municipality offices.
When the workplaceis classified as radiation work (for instance, underground workplaces or industry plants where
radioactive materials containing radium are handled) radiation protection regulations apply and dose limits must be
respected. For common offices, regulations are planned in accordance with Euratom directive 96/29 which suggeststo
takeregulationsin case of significant increase in exposure du to natural radiation sources among which there isradon.
***Germany: Standards only for caves, waterworks, spasin the new federal lands. For miscellaneous underground
workplaces, except mines the enforced limit is paec 40 MeV/cm®, which is about 3,000 Boym®. The regulation (act)
from the former German Democratic Republic (DDR) is till in power for the territory of the new federal lands until
the amended Radiation Protection Ordinance is being issued. Ireland: Building Regulations 1997. Technical guidance
document.
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17 | Whoimplements/supervises radon | Schools Day Private State-owned | Municipa-lity Other Misc. under-
; ; care industry- industry owned offices offices gro-und
regulations in Workplaces? homes | offices offices workplaces
except mines
A. Government/Ministry/Board/ 8 6 6 6 6 6 5
Department
B. Municipality 2 1 1 1 2 1 1
C. Didtrict
D. Ingtitution 2 2 2 2 2 2 2
E. Other
Yes No We
shall
18 | Doyou have protocolsfor the measurement | 5rrFA, | 10 1GR, SE
of radon in Workplaces: DE, IE

19

Please write your comments & theauthority(ies) who promulgated the regulations/guidelines Denmark: National
Ingtitute of Radiation Hygiene. Finland: Theinstruction known as Radiation Safety Act Guidesis given by The Fin-
nish Centre for Radiation and Nuclear Safety (STUK). STUK isthe competent authority. The specifications on meth-
ods and instruments have been issued by STUK, the instruments must be accepted by STUK. France: Pratocolsfor
the measurements exist both for dwellings and state-owned buildings; by extension they can apply to workplaces
whereradon is” geographica” . These protocols have been issued by the French association of standardization (AF-
NOR) which isunder the jurisdiction of the Ministry of Industry. Germany: Limits and protocols for the new federa
lands only. Greece: Greek Atomic Energy Commission is responsible for radon regulations and guidelines. I reland:
Department of Environment /Radiological Protection Ingtitute of Ireland. Sweden: The Nationa Board of Occupa-
tional Safety and Health. UK: The legidation provides limits on exposure to radon decay products over aworking
day. The Health and Safety Executive (HES), which implements the law, has adopted a practical Action level of 400
Bo/m® measured over amonth or more. The responsibility for enforcement is divided between the HSE for large
buildings and local authoritiesfor small ones. The regulations are being revised and reference levelsfor different
types of workplace have not yet been established.
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3. DRINKING WATER

No Questions Answers
Yes No We shall
20 Do you have radon protection standard for drinking water? 2F,sE | 13 3 AT, DE,
GR
Public | Private | Home | Other
waters |waters | owner’s
waters
21 Please write down thereferencelevel for radon your regula- | 300 FI
tions specify, Bg/l: (&) Enforced 400 SE | 1000 SE
(b) Advisory 100 UK* 1000 SE
(c) None at Present 12 13 13 13
22 Who implements/supervises radon regulations for drinking
water?
A. Government/Ministry/Board/Department 4 3 3 3
B. Municipality 2 1 1
C. District
D. Institution
E. Other
Yes No We shall
23 Do you make special checkups for water sourcesinuranium | 1 Es 13 1
rich surroundings?
24 Have you classified theradon risks of the water-resource zones| 1 se 12 2 AT, F
inyour country? (Say: High/Sporadic/Low) (1) ok
25 If you have your own classifications please name:
26 Do you have protocolsfor theanalysis 4aT, |10
of radon in Drinking Water : IF.,lTJ SE,
27 Please write your comments & authority(yes) that promulgated theregulations: Austria: Internal

protocols of different testing laboratories. Finland: The instructions known as Radiation Safety
Guides are given by STUK, the work is based on Radiation Act given in 1991. An activity index have
been given. | = C(afa)/Bg/l + C(beta)/Bg/l + C(Rn)/300 Ba/l. The safety requirement ismet if the
activity index is 1 or less. Extensive mapping has been carried out, many high risk areas are known.
L uxembourg: Although radon in water is not subject of any regulation, controls are carried out.
Spain: A guide has been issued for the radiological control of drinking water. Rn-222 was excluded,
based on WHO recommendations. Sweden: The regulations have been issued by the National Food
Administration. (Drinking water directions, SLV FS 1997:2). The municipalities are responsible for
supervising. Subsidies for measures to reduce the radon concentration of up to SEK 5,000 for private
water suppliesif the radon concentration is> 1000 Bg/l. Subsidieswith no upper level for public
municipality owned water works it the radon concentration is> 100 Bg/l. UK* : has a semi-formal
guideline of 100 Bg/l.
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4. BUILDING MATERIALS

No [ Questions | Answers
Yes No We shall
28 Do you have radon protection standards for building materials? | 2 AT, LU 13
29 Have you reference levels for: Contents of Radioactive Elements, | 4 AT, FI,DE, |11
Gamma Radiation, Beta Radiation & Radon Exhalation/Radon LU
Flux?
Enforced Advisory None at present
30 Status of referencelevels?
3Ya,pE LU | 12AT 11
Government/ | Municipality | District Congtruction | Other?
Minis- companies
try/Board/Depa
rtment
31 Who implements/supervises
radon regulations for 95, YpE, YLU RL AL pustian
building materials? wey
Contentsof | Gammara- | Betaradiation | Radon exhala-
radioactive | diation tion/
elements radon flux
32 Please write down thereferencelevels
your regulations/guidelines specify for S;AT,7)FI, O, | SE RN AT
LU
Yes No We shall
33 Do you make special checkups for building 2 AT (vol- 13
material sto be used for public buildings? unt.), LU, DE
2LU,DE 13 If yes, name
34 Do you have your own classifications?
35 Do you have protocolsfor theinvestigation of | 2 AT, LU 13
radioactivity in Building Materials?
36 Please write your comments & the authority(yes) who promulgated the regulations/guidelines

Austria Reference level (ONORM S5200/1.April 1996).

® Activity index:

A*K /10,000 + A(**Ra)/1000 X1 + 0.1556 density xthickness) + A(Z*Th/600) = <1.

9Beta radiation: <1 Bg/cnt.

Finland: YContent of radioactive elements as regards gamma radiation. ¥ The instructions known as Radi a
tion Safety Guides are given by STUK, the work is based on Radiation Safety Act givenin 1991. STUK is
the competent authority. If it isdiscovered or thereis areason to suspect that the radioactivity in the materials
isliable to cause doses greater than presented in the guide concerning the radioactivity of construction mate-
rids, the responsible [7Jarty isrequired to investigate the radiation exposure caused by the practice as directed
in the Radiation Act. "Activity index | correspondsto 1mSv/y. | = C(Th)/200 + C(Ra)/300 + C(K)/3000 =
<1, where the concentrations of Thorium-232, Radium-226 and Potassium-40 are given in Bg/kg. Ger many.
“n the new federal lands according to the” Haldenanordnung” still in power (from the former GDR-law).
200 Boykg “°Rain equilibrium with decay products. L uxembourg: *The guidelines are given by the Di-
rection de la Santé. 2K : 5000, “*Th: 250, **Ra: 350 Boykg. Sweden: In Sweden, there are no special regu-
lations for building materials. Sweden has Functional Requirements for new buildings. In rooms where peo-
ple stay longer time than temporarily the highest permissible radon concentration is 200 Bg/nT and gamma
radiation 0.5 nBv/h. In order to fulfill these Functional Requirements, adequate consideration must be given
all sources of radon and gamma radiation: the ground, building materials and water.The Nordic countries
have common regulations for Eco-labeling (the Swan label) for boards used in buildings. The following de-
mand applies: Cy/3000 + Cr,/300 + C;,/200 < 1.0.

Thereisaso arequirement for radium index: Cg, 100< 1.0. In the formulas are Cy, Cgr, and Cy, are expressed
as concentrations of Potassium-40, Radium-226 and Thorium-232 in becquerel per kilogram (Bg/kg) of the
material. 1% Potassium is equivalent to 310 Bg/kg Potassium-40. 1 ppm Uranium is equivaent to 12.3 Bg/kg
of Radium-226 and 1 ppm Thorium to 4.0 Bg/kg of Thorium-232. There is an ongoing effort to include the
Swan labeling for concrete as well.
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5. PLANNING, CONSTRUCTION

No

Questions | Answers

37

Yes No We shall

Do you haveregulations guidelinesfor construction
requirements to prevent radon in new buildings?

5DK, FI, IE SE, UK |10 3 AT, DE, GE

38

Enforced Advisory None at present

What is the status of these regulations/guidelines? 4 DK, IE, *SE, UK 1A 9

39

District Construction Other?

companies

Government/Ministry/
Board/Department

Municipality

Who isresponsible for their 1se
implementations/ supervi-

son?

4 AT, DK, FI, IE 3Fl,IE SE 2 AT, UK

40

Please write your comments & theauthority(yes) that promulgated the regulations/guidelines Denmar k: Ministry of
Housing (Danish Building Code): Build airtight against the ground. Finland: The radon limit for existing and new
buildings has been issued in the building code. No specia regulations for new buildings. A guide has been issued by
the Ministry of Environment: Guide for planning and construction of radon safe dlab-on-grade foundation. Other
guides have been published by the Helsinki University of Technology. France: Radon levels are to be set up for
booth existing and new buildings open to the public, but there are no specific guidelines planned concerning con-
structions. Ireland: Department of Environment has overall responsibility but law is applied locally through the
Building Control system administered by the Local Authority. Under the Building Regulations all new buildings are
required by law to have aradon sump fitted during construction. Building Regulations 1997. Technical guidance
document, Section 2; Dangerous substances. Germany: A regulation is under elaboration by aworking party in port-
folio of the ministries of the federal lands, guided by the German Institution for Construction Technology. Sweden:
*The National Board of Housing, Building & Planning (Boverkets byggregler, BFS 1993:57, 6:223). Theordinance
has a status of Functional Requirements and imply that the radon-activity concentration should not be more than 200
Bg/m® in aroom where people stay for atime longer than just temporary. Guide, the Radon Book (BFR). UK: De-
partment of the Environment, Transport and the Regions (DETR). Guides for remediation and construction (BRE).

41

Yes No Arein
plan

Arethere regulationg/guidelines for the protection of radon in general &
detailed planning asin construction permitsfor: domestic buildings, offices
and factories ?

3 AT,
DE, UK

4 DK, FI, 8
IE, SE

42

Name the authority that promulgated the regulations/guidelines? Ireland: Department of Environment: Building

Regulations 1997. Technical guidance document. Section 2. Dangerous substances. Ger many: German Institution
for Construction Technology. Sweden: The National Board of Building & Planning. UK: For domestic buildings,

Department of Environment.

43

What isthe status of the regulations/guidelines?

Enforced

Advisory

None at present

2 DK, IE

2Fl, SE

11

44

Do theregulations/guidelinesimply/signify are-
quirement for examining the presence of radonin
construction sitesfor new buildings?

Yes

No

We shall

2 IE, SE

11

2 AT,DE

45

Have you mapped/surveyed the radon prone/risk areas

inyour country?

10 AT, BE, *FI, FR,
IE, **DE, PT, ES, SE,
UK

2 DK, GR
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46

Please write your comments & theauthority(yes) that promulgated the regulations/guidelines Finland: * STUK has
carried out avery extensive work in cooperation with municipal authoritiesin order to survey the radon prone/risk
areas. We have issued many publications concerning this work and also the Radon Atlas of Finland. Report STUK-
A148, November 1997. France: The Institute for Protection and Nuclear Safety (IPSN) isresponible for the national
survey of measurements in cooperation with the decentralized service of the ministry of Health. Asfar as mow over
10,000 dwellings have been tested, showing departments at risk. Ger many: Recommendations: German Commission
on Radiologica Protection, Instructions. German Institution for Construction Technology, Law: Federal and Land
Ministries. ** Partially. Sweden: The National Board Of Housing Building & Planning (Boverkets konstuktions
regler, BFS 1993:58, 4:22). The local authorities are responsible for mapping & surveying the radon prone/risk aress.
Most municipalities have Radon Risk Mapsin the scale 1:50,000 or larger. UK: Department of the Environment,
Transport and the Regions (DETR).

47

Feel freeto give an overall comment or your concluding remarks.
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Swedish Radiation Protection Institute. SE- 171 16 Stockholm, Sweden
QUESTIONNAIRE ON RADON-LEGISLATION IN DIFFERENT COUNTRIES

Answersfrom: Albania (AL), Belarus (BY), Croatia (HR), Czech Republic (CZ), Estonia (EE), Hungary (HU),
Latvia (LV), Lithuania (LT), Norway (NO), Poland (PL), Romania (RO), Russia (RU), Slovak Republic (SK),
Republic of Slovenia (Sl), Switzerland (CH), Turkey (TR), Yugoslavia (YU).
(17 non-EU European countries that has answered the questionnaire.)
Please give your answersby writing in the space provided following the question number. Y ou can use your own space,
if you need to. But remember to correspond your answer tothe correct question-number. Fedl freeto send usonly the

answer s, if you find it mor e convenient for you!

1. DWELLINGS (Existing & New)

No Questions Answers
Private Sa- Cooperative Rented Other
homes te/Municipality | owned what?
owned
1 Doesyour country have areference Yes No Yes No Yes | No Yes | No
level for radon for: 12 5 12 5 12 5 12 |5
2 Which reference levelsfor radon are 400*BY 400*BY 400*BY 400*BY
lied in existin lin resent. | 600***LV 600 ***LV 600 ***LV 600 *** LV
gpr; mged adex s g’?deE fgs aetdp L, 400 LT 400 LT 400 LT 400 LT
g/t (radon gas)? (a) Enforc 200/400 RU****% | 200/400 RU***** | 200/400 RU***** | 200/400 RU*****
200 EEC SK 200 EEC SK 200 EEC SK 200 EEC SK
1000******CH 1000******CH 1000******CH 1000******CH
400*******YU 400*******YU 400*******YU 400*******YU
(b) Advisory 200 *BY 200 * BY 200 *BY 200 *BY
200 EEC *CZ 200 EEC **CZ 200 EEC **CZ 200 EEC **CZ
400 EE 400 EE 400 EE 400 EE
300 ***LV 300 ***LV 300 ***LV 300 ***LV
200/400 ****NO | 200/400****NO | 200/400****NO | 200/400****NO
400 PL 400 PL 400 PL 400 PL
400 S| 400 S| 400 S| 400 S|
400******CH 400******CH 400******CH 400******CH
200*******YU 200*******YU 200*******YU 200*******YU
3 Whichreferencelevelsfor radon are 200 BY 200 BY 200 BY 200 BY
applied in new dwellings at present? 300LV 300LV 300LV 300LV
Ba/im? (radon 5 (3) Enforced 200LT 200LT 200LT 200LT
g/n (radon gas)? (&) Enfor 200 NO 200 NO 200 NO 200 NO
200 PL 200 PL 200 PL 200 PL
100 EEC RU***** | 100 EEC RU***** | 100 EEC RU***** | 100 EEC RU*****
100 EEC SK 100 EEC SK 100 EEC SK 100 EEC SK
1000******CH 1000******CH 1000******CH 1000******CH
200*******YU 200*******YU 200*******YU 200*******YU
(b) Advisory 100 EEC *CZ 100 EEC *CZ 100 EEC *CZ 100 EEC* CZ
200 EE 200 EE 200 EE 200 EE
200 Sl 200 Sl 200 Sl 200 Sl
400******CH 400******CH 400******CH 400******CH
(c) None at present AL, HR, HU, AL, HR, HU, AL, HR, HU, AL, HR, HU,
RO, TR RO, TR RO, TR RO, TR
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Comments: *Belar us for existing dwellings has two levels; 400 Bg/nT enforced level, 200 Bg/nT advisory level.
** Czech Republic for existing dwellings has 4 advisory levelsfor recommended mitigation ; 200-300 EEC Bg/m®
simple mitigation e.g. increased ventilation, 300-600 EEC Bg/m® more expensive mitigation, 600-2000 EEC
Bg/m® sophisticated remedial measures, > 2000 EEC Bg/m? people stay excluded. Hungary is planning to have
the following advisory levels; existing dwellings 600 Bo/n?, new dwellings 400 Bg/m®. *** L atviafor all types of
existing dwellings has two levels, enforced level 600 Bg/nt, advisory level 300 Bg/nt. ****Norway has two
advisory levels; 200-400 Bo/nt simple and inexpensive measures are recommended, >400 Bo/nT expensive mea-
sures are justified. ***** Russiahas two enforced levels for mitigation, >200 Rn Bg/m® Rn - smple mitigation
e.g. increased ventilation, >400 Bo/m® - if it is not possible to decrease radon activity in the dwelling lower than
400 Rn Bg/n’, the question about population removal (with their agreement and changing of the intent of the buil-
ding or its demolition is settled. Limit for new dwellingsis: ARneqv + 4.6 ATneqgv < 100 Bg/m?®, where ARneq is
the annual average equivalent equilibrium volumetric activity concentration of radon and thoron gases repectively
*xxx%% Quitzer|and has one enforced level of 1000 Bg/m® and one advisory of 400 Bg/m?® for existing and new
dwellings. *******Y ygoslaviafor existing dwellings has two levels; 400 Bg/m® enforced level, 200 Bg/n advi-
sory level.

Private | State/Muni- | Cooperative | Rented Other what?
Who implements/supervises radon homes cipality owned
regulations/guidelinesin Dwellings? owned
Government/Ministry/Board/Department | Yes |No [Yes |[No |Yes |No Yes |No
15 |2 |14 |3 14 3 14 3
District
Municipality 1 1 1 1
Institution 7 7 7 7
Other:

Comments: Belar us. Radon monitoring is conducted by the sanitary - epidemiological services of Ministry of
Health. Czech Republic: The regulations are given out by " Atomic Act” and Decree No. 184/1997. For new
dwellingsthe reference levels are used now as advisory levels (the decision of Ministry for Regional Devel opment
responsible for Municipal Building Offices), but negotiations was started to return this reference level as enforced
(amendment of the new Building Act). Estonia: Thereisno Radon Regulation enforced in Estonia, the data given
are from the draft of a corresponding regulation. L atvia The regulations areissued by the cabinet of Ministers
(1997 gada MK noteikumi Nr. 297 -Regulations on Protections Against lonizing Radiation). Lithuania Regulated
by the Basic Radiation Protection Standards HN73-1997. Poland: National Atomic Agency Agency. Russia:
Regulated by the Radiation Safety Standards NRB-96: Hygienic Standards GN 26.1.054-96. Slovak Republic:
The Ministry of Health and the State Health Institutes are regulatory authority and supervisory bodies respectively.
Republic of Slovenia The recommendations are given out by the Commission for Radiation Protection, constitu-
ted by the Ministry of Health. Switzerland: The Swiss Federal Office of Public Health (SFOPH) coordinates all
Radon-activities.

Yes No No ans-
wers
Should there becommon reference 11 1 5
levelsfor radon within EU?

Your comments: Yes: Belarus, Czech Republic, Estonia, Lithuania, Poland, Russia, Slovak Republic, Republic of
Slovenia, Switzerland, Turkey and Yugodavia. No: Romania. No answer s from: Albania, Croatia, Hungary, Lét-
viaand Norway.

Grants Subsidies | Tax reduc- | Other None | Planned
tion
Isyour remedial measurefinanced |1 2 2 1 11 2

by:
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10 Comments Belarus. Norway
State budget 50% max.
15,000
NOK
11 Who administers the finances for
remedial measures?
Government/Ministry/Board/ 1 1
Department
Sate
Institution
Municipality
Other, what:
12

Comments: Belar us: Financing issmall. Thereis no national program of radon monitoring. Czech Republic: The
Ministry of Finance, the Ministry of environment and the district officers are responible for the administration of
the grants according to government resolution No.709/1193. The state grants and subsides correspond to EEC
advisory levels. Norway: Subsidies, 50 % of the costs, max. NKR 15,000. If the costs are higher than NKR 30,000
State granted loans up to NKR 60,000. Slovak Republic: In case of new buildings the soil measurements and
subsequent countermeasures are financed by investors. Republic of Slovenia In houses and apartments owners
take care about remedial measures and payment. In schools and kindergartens government pays (Ministry of
Health and other Ministries). Switzerland: Tax reduction, different situationsin different cantons. Turkey: There
has been no need for remedia measures up to now, because no elevated radon concentration has been measured.
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2. WORKPLACES

No | Question Answersfrom: Albania (AL), Belarus (BY), Croatia (HR), Czech
Republic (Cz), Estonia (EE), Hungary (HU), Latvia (LV),
Lithuania (LT), Norway (NO), Poland (PI), Romania (RO), Russia (RU)
Slovak Republic (SK), Republic of Slovenia (SI), Switzerland (CH),
Turkey (TR), Yugoslavia (YU). (17 non-EU European countries that has
answered the questionnaire.)
Yes No We shall
13 | Do you have standards of 7CZ,EE, |6BY,HR, |4AL, HU,
Radon Protection in all LV,LT, RO, RU, PL, YU
Workplaces? NO,CH, |4, TR
SK
Schools Daycare |Private Sate-owned | Municipa- | Other Misc. under-
homes industry- | industry lity-owned | offices ground
i offices i workplaces
offices offices except mines
14 | Pleasewrite down the 1000 CZ 1000 CZ 1000 CZ 1000 CZ 1000 CZ 1000 CZ 1000 CZ
reference |evel you use for 400 LT 400 LT 400 LT 400 LT 400 LT 400 LT 1%) EITO
EXISTING workplaces? 310 EECRU | 310 EEC RU
Bg/n7 (radon gas) 500/1000*SK | 500/1000*SK | 500/1000*SK | 500/1000*SK | 500/1000* SK | 500/1000%SK | 1000 * SK
(a) Enforced | 4008
1000** CH | 1000**CH [ 3000**CH | 3000**CH | 1000** CH | 1000** CH | 3000**CH
(b) Advisory [200EECCZ [200EECCZ |200EECCZ [200EECCZ [200EECCZ |[200EECCZ | 200 EECCZ
1500 EE 1500 EE 1500 EE 1500 EE 1500 EE 1500 EE
1000 LV 1000 LV 1000 LV 1000 LV 1000 LV 1000 LV 1000 LV
200/400 NO | 200/400 NO | 200/400 NO | 200/400 NO | 200/400 NO | 200/400 NO
400 S| 1000 S 1000 S 1000 S 1000 S| 20 mSv/a sl
400** CH 400**CH 400**CH 400**CH 400%*CH 400**CH tourist caves
15 |Pleasewritedowntheleve of | 200EECCZ |200EECCZ |[200EECCZ |200EECCZ |200EECCZ |200EECCZ | 200 EEC CZ
300 LV 300 LV 300 LV 300 LV 300 LV 300 LV 300 LV
refererlme yguBUS}en%or ;\ldEW 200LT 200LT 200LT 200LT 200LT 200LT 1000 LT
workplaces? Ba/nT (radon 100 EECRU | 100 EECRU |310EECRU | 310 EECRU | 100 EEC RU
gas) 250/1000*SK | 250/1000*SK | 250/1000* SK | 250/1000*SK | 250/1000*SK | 250/1000* SK | 1000* SK
(a) Enforced 200 Sl
1000** CH | 1000** CH | 3000** CH | 3000** CH | 1000** CH | 1000** CH | 3000** CH
(b) Advisory 100EECCZ |100EECCZ |100EECCZ |[100EECCZ |100EECCZ |100EECCZ | 100 EECCZ
1500 EE 1500 EE 1500 EE 1500 EE 1500 EE 1500 EE
200 NO 200 NO 200 NO 200 NO 200 NO 200 NO
400** CH 400** CH 400**CH 400**CH 400** CH 400** CH
(c) None at 7 8 8 8 8 9 10
present
16 | Please, describe any different classification standards you have

Czech Republicfor existing workplaces has one enforced level, 1000 Bg/m?® radon gas, and one general guidance level,
200 Bo/m’ EEC. If the radon gas concentration exeeds 1000 Bg/m’, regul ation depends on individual human exposures
(occupational time). In connections with the new Czech Building Act there were prerformed a changein the Atomic Act:
In cases of existing buildings of " public concern” where the Radon level is higher than the action levels, the remedia
measure can be enforced by thelocal building office. Norway has two advisory levelsfor existing workplaces, 200-400
Bg/m® simple and inexpensive measures, >400 Bo/nT more expensive measures are justified. Russia Limit for new

industrial workplacesis 310 Bg/m®, as long as the time indivudual s spend in the building is 2000 hours per year. Limit for
new public buildningsis: ARneqv + 4.6 ATneqv < 100 Bo/n, where ARneqy is the annual average equivalent
equilibrium volumetric activity concentration of radon and thoron gases repectively.* Slovak Republic hastwo levelsfor
existing and new workplaces. The lower vaue applies to situations when thetime al individuals spend in the building
exceeds 1000 hours, the higher level isadecision level above which the workplace is regarded as aworkplace with
ionizing radation source. ** Switzerland has one enforded level and one advisory level for existing and new workplaces.
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17 | Whoimplements/supervises | Schools Daycare |Private Sate- Municipa- | Other offi- | Misc.
radon regulationsin homes industry- | owned lity-owned | ces under-
Workplaces? offices industry | offices ground

offices workpla-

ces except
mines

A 7 7 7 8 7 6 7

Government/Ministry/Board/

Department

B. Municipality

C. Didtrict 1 1 1 1

D. Institution 1 1 1 1 2 1 2

E. Other

Yes No We shall

18 | Do you have protocolsfor the 3NO, K, |14 3CZLV,

measurment of radon in Workplaces: YU S

19

Please write your comments & the authority(ies) who promulgated the regulations/guidelines Belarus: National
Committy for Radiation Protection, State Committee for Atomic Supervision in Industry, Ministry of Health. Czech
Rebublic. State Office for Nuclear Safety (the are 7 Regiona Centers). Estonina: The data given are from the draft of
Radon Regulations, it is not yet officiallay enforced. L atvia In the regulations are not given who shall implement the
radon regulations in workplaces. Russa: Gossansanepidnadzor (State Committee on the Sanitary-Epidemiological
Supervision) hasissured the Radiation Safety Standards NRB-96. Slovak Republic: See question 6. Republic of
Slovenia Governmenta and other institutions working in the field promul gate the regul ations/guidelines. Switzerland:

SFOPH promulgates and the Swiss National Accident Insurance Organization (Suva) supervises.
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3. DRINKING WATER

No Questions Answers
Yes No We shall
20 Do you have radon protection standard for drinking water? 4cz, 13 4Lv,9, TR
NO, RU, YU
K
Public | Private | Homeow- | Other
Waters | waters | ner’swa-
ters
21 Please write down thereferencelevel for radon your regula- | 300*CZ
; : . 120RU |120RU | 120RU 120 RU
tions specify, Bg/l: (a) Enforced S SK | 1000%S | 1000%* SK o SK
300RO |K 300 RO
300 RO
(b) Advisory 50*CZ 200/1000 *CZ
500 NO |500 NO | 500 NO
50**SK | 50**SK 50** SK
(c) None at Present
22 Who implements/supervises radon regulations for drinking
water?
A. Government/Ministry/Boar d/Department 6 5 6
B. Municipality 1 1 1
C. Didtrict
D. Institution
E. Other
Yes No We shall
23 Do you make special checkups for water sourcesinuranium |2 sk, g |15 1
richsurroundings?
24 Have you classified theradon risks of the water-resourcezones| 1 no | 16 2
inyour country? (Say: High/Sporadic/Low)
25 If you have your own classifications please name:
26 Do you have protocolsfor theanalysis 2cz, |15 2
of radon in Drinking Water : K
27 Please write your comments & authority(yes) that promulgated the regulations:
*Czech Republic hastwo advisory levelsfor private waters which corresponds to different remedial mea
sures. L atviais planning to introduce the following levels: Public waters 100 Bgy/l, private and home ow-
ners waters 1000 Bg/l. Russia Gossanepidnadzor has the responsibility for supervision. ** Slovak Repu-
blic has one enforced limit for public waters, 50 Bg/l. For private watersis the advisory limit 50 Bg/l. The
use of private waters with higher radon content can be permitted unless higher than 1000 Bg/I.
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No Questions Answers
Yes No We shall
28 Do you have radon protec- | 6 cz, LT, No, PL, | 11 AL, BY, 2 EE, TR
tion standards for building | RO, sk HR, HU, EE,
materials? LV, RU, SI, CH,
' TR, YU
29 Have youreferencelevels | 11By,cz, Lv, |6 AL HR EE |2EE TR
for: Contents of Radioacti- | LT,NO,PL,RU, [HU,CH,TR
ve Elements, Gamma Radi- | RO. SK, Sl YU
ation, Beta Radiation &
Radon Exhalation/Radon
Flux?
Enforced Advisory None at
present
30 |Statusofreferencelevels? |9y, cz Lv, LT, |1(1cz),NO |7 AL, HR EE,
PO, RO, RU, SK, HU,CH, TR,
S YU
Government/ Municipality |District Congtruction | Other?
Ministry/Board/ companies
Department
31 Who implements/ 9cz LV, LT.NO, 3 BY, LV, PO 1
supervises radon regula- PO, RO, RU, SK,
tions for building materi- | YY
als?
Contents of Gamma Betaradia- | Radon exhala-
radioactive radiation tion tion/
elements radon flux
32 Please write down therefe- | Yeg No Yes [No |Yes |[No |Yes |No
rence levels yourregula- | 10 gy, | 7 21T, |15 17 17
tions/ guidelines specify for | cH, Lv, PO
LT, NO,
PO, RO,
RU, SK,
S
Yes No We shall
33 Do you make special 7cz, LT, PO, RO, | 10 AL, BY, 1v
checkups for building SK, SI, YU CH, EE, HU,
materialsto be used for <L:\|g 'igyRU'
public buildings? ’
34 | Doyou haveyour own 4 cz,LT,PO,RU | 13 AL, BY, If yes, name
classifications? CH, EE, LV,
NO, RO K, S,
CH, TR, YU
35 Do you haveprotocolsfor |6 cz, LT, Po, sk, | 11 AL, BY, 1LV
theinvestigation of radio- | s, Yu CH, EE, LV,
activity in Building NO, HU, RO,
RU, CH, TR

Materials?
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36

Please write your comments & the authority(yes) who promulgated the regulations/guidelines

Czech Republic State Office for Nuclear Safety (Act No. 18/97, Atomic Act” and Decree No. 184/97). Reference
levels (**®RaBq/kg) for building materials: Enforced levels; materials for buildings where people could stay more
than 1000 h/y - 150-200 Bg/kg (according to the type of material), materials for other buildings - 1000 Bg/kg, Advi-
sory levels, where people stay more than 1000 h/y —80-120 Bg/kg, materialsfor other buildings - 300-500 Bg/kg.
Estoniais planning to introduce a gamma-activity index, <1. L atviahas the following regulations: 1) for living
building internal material: (Aga + Ar1)/170 less or equal to 1 and Activity of “°K does not exceed 1500 Boykg; 2) for
industrial buildings, living houses external and roads within towns and cities (Aga + Ar)/250 < 1 and Activity of
K does not exceed 2000 Bg/kg; 3) for industrial buildings external and similar and roads outside

populated areas (Ag, + Ar1)/300 < 1 and Activity of “°K does not exceed 2500 Bg/kg. L ithuaniahas regulations that
materials used shall cope with the formulafor Activity in Building Materials; Ag/300 + A1/200 + A¢/3000 =<1
for al building materias, Ag/700 + A7,/500 + A/8000 + A-4/2000 = <1 for building materials used outside (stre-
ets, rods, etc.), Ag/2000 + A+,/1500 + A, /20000 + Ac4/5000 = <1 for landscaping (they should becovereed with
building materialswith lower extent of radionuclides). Norway: has advisory limitsfor contents of radioactive ele-
mentsin building materials. “°Ra/300 Ba/kg + “*Th/200 + K /3000 Boy/kg < 1. “°Ra< 200 Bg/kg. Poland: the
permissible levels are determined by the following formula 0.0027 Cg, + 0.0043 Cyy, + 0.0027 Ci <1. Cin Bg/kg.
Cra <185. Russia Goscomsanepidnadszor issues the regulations, Radiation Safety Standards NRB-96. Building
materials shall cope with the formulafor activity concentration of building materias: Aff = ARa+ 1.31 ATh+
0.085 AK. Where ARais the activity concentration of “°Ra, ATh of *Th and AK of “°K in Bg/kg. The limits are
for new buildings 370 Bg/kg, for industrial constructions, roads in towns and villages 740 Bg/kg, for roads outside
occupied areas 2.8 kBg/kg. Slovak Republic: the use of building materials with higher radium content can be per-
mitted if it has negligible mass fraction, and unless Cg, + 1.25 G, + 0.086 Cy > 370 Bg/kg. Republic of Slovenia:
the limits are expressed as. Gamma-activity index, Cg/400+ C;,/300 + C,/5000 + C,;#/4000 < 1. Cin Bg/kg.
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5. PLANNING, CONSTRUCTION

No

Quegtions Answers

37

Yes No We shall

Do you haveregulations guidelinesfor construction |4 cz, Lv,NO, sk | 12 AL, BY,HR, |1 cH
requirements to prevent radon in new buildings? EE, HU, LT, PO,
RO, SI, CH, TR,
YU

38

Enforced Advisory None at present

What is the status of these regulations/guidelines? 3cz, Ly, sk 1NO 12 AL, BY, HR, EE, HU,
LT, PO, RO, SI, CH, TR, YU

39

Govern- Municipality | District Congtruction | Other?
ment/Ministry/Board/ Companies
Department

Who isresponsible for their |5 2(1) 1(1) 3(1)
implementations/ supervi-
sion?

40

Please write your comments & the authority(yes) that promulgated the regulations/guidelines

Belarus: Ministry of Health. Czech Republic. Act No 18/97. Atomic Act and Decree No 184/97. National standard
CSN 730601: Protection of buildings against radon from the soil. There are guidance levelsfor: 1) Radon risk classi-
fication of foundation soils (preventive measures. 2) Radon concentration in new building, EEC = 100 Bg/m®. In
connections with the new Czech Building Act (July 1998) there were performed a change in the Atomic Act:
Preventive radon protection measures must be carried out, if the building siteisnot at alow radon risk area. Loca
building offices are the supervisors. (Low risk areais defined by decree 184/98 and based on measurements of radon
in soil gas and soil permesability.) Latvia In the regulations (see question 6) it iswritten that al involved parties are
responsible for keeping the 300 Bg/m? limit. Slovak Republic: See question 6.

41

Yes No Areinplan

Arethere regulations/guidelines for the protection of radon in general [ 3¢z, No, sk | 13 AL, BY, |19
& detailed planning asin construction permitsfor: domestic buil- HR, EE, HU,

dings, officesand factories? LV, LT, PO,
RO, SI, CH,
TR, YU

42

Name the authority that promulgated the regulations/guidelines? Czech Republic: State Office for Nuclear Sefety,
Local building Offices. Norway: Statens byggningstekniskeetat och Norges byggforskningsinstitutt. Slovak Repu-
blic: Guidelines promulgated by the Ministry of Building.

43

Enforced Advisory None at present

What isthe status of the regulations/guidelines? 3¢z, NO, sK 13 AL, BY, HR, EE, HU,
LT, PO, RO, SI, CH, TR, YU

44

Yes No We shall

Do theregulationg/guidelinesimply/signify arequi- | 2 ¢z s« 14 AL, BY. HR, |1 YU
rement for examining the presence of radon in con- EE, HU, LV, LT,

struction sites for new buildings? NG, PO, RO, SI,
CH, TR, YU

45

Have you mapped/surveyed the radon prone/risk areas | 4 cz, No, sk, cH | 12 AL, BY, HR, | 1 YU
inyour country? EE, HU, LV, LT,

PO, RO, SI, TR,
YU

46

Please write your comments & the authority(yes) that promulgated the regulations/guidelines Czech Republic:
State Office for Nuclear Safety, Ministry for Regiona Development, Local Building Offices. Latvia According to
State Municipality Order the Radiation and Nuclear Safety Inspectorate, Health Centers and certified institutions are
responible for findings and investigations of potentially hazardous aress.

47

Feel freeto give an overall comment or your concluding remarks
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APPENDIX 3

Answersfrom: Australia(AU), Canada (CA), Isradl (IL), Japan (JP), Syria (SY), U.SA. (US)

Please give your answers by writing in the space provided following the question number. You can use

your own space, if you need to. But remember to correspond your answer to the correct
guestion-number.

Fed freeto send us only the answers, if you find it more convenient for you!

1. DWELLINGS (Existing & New)

No | Questions Answers
Private Sate/Munic | Cooperative | Rented Other
Homes ipality owned what?
owned
1 Does your country have areference | Yes | No Yes [No |Yes |[No |Yes |No
level for radon for: AU, | AU, |®P |AU, | AU, |
: CA, CA, CA, CA, Y IN
IL, IL, IL, IL,
sv, sv, sy, sy, es |0
us us us us
2 Which reference levels for radon are | 2001L 200 1L 200 IL 200 IL
applied in existing dwellings at pres-
ent, Bg/m® (radon gas)?
(a) Enforced
(b) Advisory 200 AU 200 AU 200 AU 200 AU
800 CA 800 CA 800 CA 800 CA
200 IL 200 IL 200 IL 200 IL
200 SY 200 SY 200 SY 200 SY
150 US 150 US 150 US 150 US
3 Which reference levels for radon are | 2001L 200 IL 200 IL 200 IL
applied innew dwellings at present?
Bg/m® (radon gas)?
(a) Enforced
(b) Advisory 200 AU 200 AU 200 AU 200 AU
800 CA 800 CA 800 CA 800 CA
IL IL IL
200 SY 200 SY 200 SY 200 SY
150 US 150 US 150 US 150 US
(c) None at present
4 Comments; Australia: Single 200 Bg/m® action level applicableto all Australian dwellings. Canada, guidelines:

It isrecommended that remedial measures be taken when the level of radon in ahomeis found to exceed 800
Bg/m?® as the annual average concentration in the normal living area. Because there is some risk at any level of
exposure, home-owners may wish to reduce levels of radon aslow as practicable. Approved by the Federal and
Provincial Deputy Ministers of Health, December 1988. Japan: Radiation council in Japan is now in the prog-
ress of adapting ICRP 60. They are discussing reference levelsfor radon. U.SA.: The U.S. Environmentda Pro-
tection Agency suggests that any building 4 pCi/L (148 Bg/nt) or above be mitigated. Thislevel is the same for
homes, schools, workplaces, etc. Thereis no mandatory language, except at the State level for schools. Some
states mandate just testing, others mandate the mitigation of classroomswith 4 pCi/L or above. Inreality, en-

forcement of these regulationsislax. Funds are usually not sufficient.
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5 Who implements/supervises radon Private | Sate/Muni- | Cooperative | Rented Other what?

regulations/guidelinesin Dwellings? Homes | cipality owned

owned

Government/Ministry/Board/Department | Yes |No [Yes |[No |[Yes |No Yes |No
AU, AU, AU, AU,
CA, CA, CA, CA,
IL, IL, Y IL, SY IL, SY
sy

District

Municipality

Institution

Other:

6 Comments: Australia Guidelines are National/Federal. Implementation is State responsibility. Canada: Jurisdic-
tion for natural radioactivity is ahealth responsibility of provincial governments. Syria The regulations given out
by the Atomic Energy Commission. Department of Radiation Protection. U.S.A.: Testing and mitigation of private
homesisall voluntary in the U.S. Municipalities/States/Cities/

Towng/Counties may have programs, which advocate testing/mitigation of homes, but no laws exist mandating
such action. Individual Cities/States may have laws urging the disclosure of radon levels at thetime of asale of a
home or even the testing of ahome at the time of sale, but no mitigation is mandated. The radon program in the
U.S. isconsidered to be largely voluntary.

Yes No

7 Should there becommon reference | IL JP, SY
levelsfor radon within EU?

8 Your comments: Japan: Common reference levels could not be set up if we consider the economical aspects of
implementation. Syria Only through |AEA regulations. U.SA.: Wewould like to see acommon level only if the
level was at, below, or very near the U.S. action level of 4 pCi/L (148 Bg/n?’). Otherwise, it is more helpful to
have individual countiesin the EU with different action levels above and below the U.S. level. Opponents of radon
actioninthe U.S. often cite higher action levels of other countries as a reason not to take action in the U.S. about
radon problems.

Grants Subsidies | Tax reduc- | Other None | Planned
tion

9 Is your remedial measurefinanced | US’ IL AU, CA,
by (more than one answer is possi- SY, US
ble):

10 | Comments: PU.SA.: A few demonstration projects have been given grants, such as poor housing on Indian tribal
lands. 2 Except schools

11 | Who administers the finances for Grants Subsidies | Tax reduc- | Other None | Planned
remedial measures? tion
Government/Ministry/Board/

Department

Sate

Institution

Municipality IL
Other, what:
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12

Comments. Australia Minimal number of homes exceed action levels so remediation not presently an issue.
Canada: Remedia measures are the responsibility of the property owner. Three are no financial programs or
subsidies for mitigation of radon levelsin dwellings. U.S.A.: Except for school buildings, ailmost al mitigationis
privately financed inthe U.S.




Swedish Radiation Protection Institute. SE- 171 16 Stockholm, Sweden

QUESTIONNAIRE ON RADON-LEGISLATION IN DIFFERENT COUNTRIES

2. WORKPLACES
Answersfrom: Australia (AU) Canada (CA), Isradl (IL), Japan (JP), Syria (SY), U.SA. (US)

No | Question Answers
Yes No We shall
13 |Doyouhavestandardsof Radon |AU CA,IL, |SY
Protection in all Workplaces? S
Schools Day Private Sate-owned | Municipality Other Misc. under-
care industry- industry owned offices offices gro-und
homes offices offices workplaces
except mines
14 | Pleasewritedownthereference |2001L 200 IL 400 IL
level you use for EXISTING work- | 190US
places? Bg/nT (radon gas)
(a) Enforced
(b) Advisory 1000AU | 1000 1000 AU 1000 AU 1000 AU 1000AU | 1000AU
AU 400 IL 400 IL 400 IL
200 Sy* 200 Sy* 200 SY* 200 SY* 200 SY*
200 SY*
15 | Pleasewrite down thelevel of 800 CA
reference you use for NEW work-
places? Bg/nT (radon gas)
(a) Enforced
(b) Advisory 1000 AU | 1000 1000 AU 1000 AU 1000 AU 1000AU | 1000 AU
401L AU 200 1L 200 IL 200 1L
200Sy* | 401L 200 Sy* 200 SY* 200 Sy* 200 SY*
200 SY*
(c) None at present
16 | Please, describe any different classification standards you have
Australia Vaueisaction level for intervention or application of radiation monitoring program.
17 | Whoimplements/supervises radon | Shools | Day Private State-owned | Municipality Other Misc. under-
; ; ) care industry- industry owned offices offices gro-und
regulations in Workplaces: homes offices offices workplaces
except mines
A. Government/Ministry/Board/ AU, CA, | AU,CA, | AU,CA,IL, | AU,CA,IL, | AU,CA,IL, SY | AU,CA, [AU,CAIL
Department IL, SY IL,SY |sY Sy IL, SY
B. Municipality
C. Didtrict
D. Institution
E. Other
Yes No We
shall
18 | Do you haveprotocolsfor the measurement |[IL,SY | CA,JP

of radon in Workplaces:
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19

Please write your comments & the authority(ies) who promulgated the regulations/guidelines Australia State Gov-
ernment responible for regulation of workplace exposure to radiation. Canada: Canada Labour Code. 26/6/96 Canada
Gazette Part i, Vol., 130, No. 13p. 2014. Registration SOR/96-294, 13 June 1996. Canada L abor Code, Canada. Oc-
cupational Safety and Health Regulations, amendment: 10.26 (4). No employee, other than an atomic radiation worker
as defined in the Atomic Energy control Regulations, shall be exposed in the course of any year to a concentration of
radon that on average, over ayear, is higher than 800 Bg/m®. This regulation applies to place of business that comes
under the jurisdiction of the federal Canada Labour Code. Syria: Atomic Energy Commission of Syria (planned lev-
els).




Swedish Radiation Protection Institute. SE- 171 16 Stockholm, Sweden
QUESTIONNAIRE ON RADON-LEGISLATION IN DIFFERENT COUNTRIES

3. DRINKING WATER

No Questions Answers
Yes No We shall
20 Do you have radon protection standard for drinking water? AU, CA, [SY,US
IL, P,
SY,Us
Public | Private | Home | Other
waters | Waters | owner’s
waters
21 Please write down thereferencelevel for radon your regula-
tions specify, Bg/l: (a) Enforced
(b) Advisory
(c) None at Present CA,IL [CA,IL L
22 Who implements/supervises radon regulations for drinking
water?
A. Government/Ministry/Boar d/Depar tment IL IL
B. Municipality
C. Didtrict
D. Ingtitution
E. Other
Yes No We shall
23 Do you make special checkups for water sourcesinuranium AU, CA,
rich surroundings? IL,JP
24 Have you classified the radon risks of the water-resour ce zones AU, CA,
inyour country? (Say: High/Sporadic/Low) IL, JP, SY
25 If you have your own classifications please name: SZF/)A, IL,
26 Do you have protocolsfor theanalysis CA, IL,
of radon in Drinking Water : ¥, SY
27 Please write your comments & authority(yes) that promulgated the regulations: Canada: Guidelines
for radionuclidesin drinking water are published in ” Guidelines for Canadian Drinking Water Qual-
ity” Sixth Edition, Health Canada publication. 96-EHD-1996. Thereis no guideline for radon in water.
Syria: Atomic Energy Commission of Syria.
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4. BUILDING MATERIALS

No [ Quegtions [ Answers
Yes No We shall
28 Do you have radon protection standardsfor building materials? | IL, US g\\l(J CA, JP,
29 Have you reference levels for: Contents of Radioactive Elements, | IL AU, JP, SY
Gamma Radiation, Beta Radiation & Radon Exhalation/Radon
Flux?
Enforced Advisory None at present
30 Status of referencelevels? IL
Government/ | Municipality | District Congtruction | Other?
Minis- Companies
try/Board/Depa
rtment

31 Who implements/supervises | IL
radon regulationsfor
building materials?

Contentsof | Gammar a- Betaradiation | Radon exhala-
radioactive | diation tion/
dements radon flux
32 Please write down thereferencelevels | Yes | No Yes |No Yes No Yes No
your regulations/guidelines specify for | IL CA L CA CA,IL |IL CA
Yes No We shall
33 Do you make special checkups for building IL AU, CA, JP,
materialsto be used for public buildings? SY
IL AU, CA, JP, If yes, name
34 Do you have your own classifications? Sy
35 Do you have protocolsfor theinvestigation of | IL AU, CA, JP,
radioactivity in Building Materials? SY

36 Please write your comments & the authority(yes) who promulgated the regulations/guidelines |srad : Limits
for radioactive elements in building materials. *°Ra 50 Bg/kg, “*Th 50 Bg/kg, “°K 500 Bg/kg, for gamma
radiation 0.7 mSv/y, radon exhalation 1 Bq m™ h. We need urgently a calibration system for radon exhalation
from building materials. Japan: In Japan, there is no regulation for building materials. However, gypsum
board industry is aware of the radon problems. They have tried to reduce radon exhal ation from gypsum
boards by selecting low radium content phosphate gypsum for the production of phosphate and mixing with
natural gypsum in the process of board production.
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5. PLANNING, CONSTRUCTION

No [ Questions | Answers
Yes No We shall
37 Do you haveregulations guidelinesfor construction | IL, US AU, CAY, P, | SY
requirements to prevent radon in new buildings? SY
Enforced Advisory None at present
38 What is the status of these regulations/guidelines? us CA,IL, US SY
Government/Ministry/ | Municipality District Congtruction | Other?
Board/Department companies

39 Who isresponsible for their | IL, SY, US us CA
implementations/ supervi-
sion?

40 Please write your comments & the authority(yes) that promulgated the regulationsg/guidelines Canada: Remedial
guidelines published by Canada Mortgage and Housing Cooperation/Health Canadain the publication entitled
"Radon. A guide for Canadian homeowners’, 1997. Japan: Until recently Japan had aregulation that each house
should have a crawl space to prevent moisture problems. However, the regulation is not valid now and more over
private wooden house can have basement now. This may create radon problemsin the future. Syria: Atomic Energy
Commission of Syria. U.S.A.: Inthe U.S,, building codes are developed by membership consensus organizations that
continually have hearings to update their documents. States and other jurisdictions base their local building codes on
these documents. The States and other jurisdictions make the codes the law and then enforce them through a permit-
ting/inspection process. There are also Model Standards and Techniques for the Control of Radon In New Residentia
Buildings, published by the EPA in 1994, which are used as a basis for construction guidelines.

Yes No Arein
plan

41 Arethere regulations/guidelines for the protection of radon in general & IL, US AU, CA, JP, SY SY
detailed planning asin construction permitsfor: domestic buildings, offices
and factories?

42 Name the authority that promulgated the regulations/guidelines? | srael : Ministry of Environment, Radiation Safety
Division. U.SAA.: Three of 50 States have such laws, along with about 40 other cities/countiestowns. Most of the
U.S. does not have such regul ations/guidedlines mandated

Enforced Advisory None at present

43 What is the status of the regulations/guidelines? CA, sY

Yes No We shall

44 Do theregulationg/guideinesimply/signify are- IiL AU, CA, SY, |SY
quirement for examining the presence of radonin HS
construction sites for new buildings?

45 Have you mapped/surveyed the radon pronefrisk areas | AU, IL, JP, US CA
in your country?

46 Please write your comments & the authority(yes) that promulgated the regulations/guidelines |srad : Ministry of

Environment, Radiation Safety Division. Japan: We carried out nation wide surveys twice in Japan. Thefirst one
was for about 7,000 houses and the second one for 940 houses. No radon prone areawas found. Only .4 percent of
the measured houses have radon concentrations more than 150 Bg/n?*. Syria: Atomic Energy Commission of Syria.
U.S.A.: Thereisno testing requirement for new residential buildings, if the construction follows the guidelines. It is
up to the homeowner to test the home for radon to make sure the construction process worked to reduce theradon in
the home. If not, it is up to the homeowner to decide whether or not to mitigate, and the homeowner must finance the
mitigation. We have an excellent map, which designates each of our 3141 countiesin the U.S. at high, medium or
low radon potential. Thisis ahelpful tool for usto target our resources to the most radon-prone areas.
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Feel freeto give an overall comment or your concluding remarks Israel: The building materias as Radon Sourceis
the most complicated problem to be solved. U.S.A.: With the recent release of the National Academy of Sciences
BEIR VI report, which concluded that 15,000-22,000 deaths are radon-induced, we may be able to promote the
promulgation of more regulations about radon at the local/State level. However, the palitical climate right now
probably precludes federal regulations.
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Statens stralskyddsinstitut

99:10 SSI’s International Development
Cooperation (SIUS)

Annual report 1998

Gébor Szendrd, Sten Grapengiesser,

Gunnar Johansson 50 SEK

99:11 SSl:s granskning av SKBs FUD program
1998

Avdelningen for avfall och miljo.

Mikael Jensen 80 SEK

99:12 SKi:s och SSl:s granskning av SKBs
systemredovisning i FUD-program 98
Avdelningen for avfall och miljé 50 SEK

99:13 Determination of the Neutron and Photon
Dose Equivalent at Work Places in Nuclear
Facilities of Sweden. An SSI — EURADOS comparison
exercise. Part 2: Evaluation.

Avdelningen for miljoévervakning och mitning.

D. Bartlett, P. Drake, L. Lindborg, H. Klein, Th. Schmitz and
M.Tichy 100 SEK

99:14 Miljokvalitetsmal |3. Siker stralmiljo

99:15 SSI’s Review of RD&D Programme 98.
Director General’s Office 60 SEK

99:16 Discussing Compliance, Summary Report
from discussions with Robert Bernero and Chris
Whipple regarding compliance with the Swedish
HLW Regulations from meetings in Stockholm
May 3 and 4, 1999.

Avdelningen for avfall och miljo.

Mikael Jensen 70 SEK

99:17 SSl:s stillningstaganden i
slutférvarsfragan.

Avdelningen for avfall och milj6.

Tomas Loéfgren 80 SEK

99:18 Radon Legislation and National Guidelines.
Avdelningen for Miljoévervakning och métning.
Gustav Akerblom 80 SEK



TATENS STRALSKYDDSINSTITUT, SSI, ar en central tillsyns-

myndighet med uppgift att skydda méanniskor, djur och miljé mot
skadlig verkan av strdlning. SSI arbetar for en god avvdgning mellan
risk och nytta med stralning, och for att 6ka kunskaperna om stral-
ning, s att individens risk begransas.

SSI sétter granser for straldoser till allménheten och till dem som
arbetar med stralning, utfirdar foreskrifter och kontrollerar att de efter-
levs, bland annat genom inspektioner. Myndigheten informerar, utbildar
och ger rad for att 6ka kunskaperna om stralning. SSI bedriver ocksa
egen forskning och stoder forskning vid universitet och hégskolor:

Myndigheten medverkar i det internationella stralskyddssam-
arbetet. Ddrigenom bidrar SSI till forbattringar av stralskyddet i framst
Baltikum och Ryssland. SSI haller beredskap dygnet runt mot olyckor
med stralning. En tidig varning om olyckor fas genom svenska och
utldndska métstationer och genom internationella varnings- och in-
formationssystem.

SSI har idag ca 120 anstéllda och ar beldget i Stockholm.

THE SWEDISH RADIATION PROTECTION INSTITUTE (SSI) is a
government authority with the task of protecting mankind and the
living environment from the harmful effects of radiation. SSI ensures
that the risks and benefits inherent to radiation and its use are
compared and evaluated, and that knowledge regarding radiation
continues to develop, so that the risk to individuals is minimised.

SSI decides the dose limits for the public and for workers exposed
to radiation, and issues regulations that, through inspections, it ensures
are being followed. SSI provides information, education, and advice,
carries out research and administers external research projects.

SSI participates on a national and international level in the field
of radiation protection.As a part of that participation, SSI contributes
towards improvements in radiation protection standards in the for-
mer Soviet states.

SSlis responsible for co-ordinating activities in Sweden should an
accident involving radiation occur: Its resources can be called upon
at any time of the day or night. If an accident occurs, a special
emergency preparedness organisation is activated. Early notification
of emergencies is obtained from automatic alarm monitoring stations
in Sweden and abroad, and through international and bilateral
agreements on early warning and information.

SSIhas 120 employees and is situated in Stockholm.

NN . o
hh Statens strilskyddsinstitut

Swedish Radiation Protection Institute

Adress: Statens stralskyddsinstitut; S-17116 Stockholm;
Besoksadress: Karolinska sjukhusets omrdde, Hus Z 5.
Telefon: 08-729 71 00, Fax:08-729 71 08

Address: Swedish Radiation Protection Institute;
SE-17116 Stockholm; Sweden

Telephone: +46 8-729 71 00, Fax: +468-729 71 08

WWW.SSi.se
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