
SSI-rapport 86-01

Statens
stralskyddsinstitut

Gun Astri Swedjemark

Limitation schemes to decrease

the radon daughters in indoor air

ISSN 0282-4434 Price SEK 30



i i ' l1 ~V(i::>'

SSI NATIONAL 1NST1TUTI Ol
RADIATION PRO1FCTION

STATENS STRALSKYDDSINSTITVI

I/ocncm nt-n umbc r

SSI-rapport 86-01
ISSN

0282-4434

Date

1986-02-04

Author

Gun Astri Swedjemark

Division

Miljölaboratoriet

Title of the document

Limitation schemes to decrease the radon daughters in indoor air

Abstract

The limitation schemes to decrease the radon daughter concentrations
in Swedish homes are described. The application of the Swedish provi-
sional limitation system in use since 1980 is also reported. As a
background the radon sources and the international and national recom-
mendations in other countries are reviewed.

Keywords (chosen by the author)

Radon

Radon daughters limitation schemes

Nwrber of pages

31



CONTENTS

Page

1 INTRODUCTION I

2 RADON SOURCES 2

2.1 The ground 3

2.2 The building materials 3

2.3 Tap water 4

2.A Domestic gas 4

3 LEVELS 4

4 DOSES AND ASSESSMENTS OF HAZARDS 7

5 ICRP RECOMMENDATIONS 8

5.1 Existing exposure situations 9

5.2 Future exposure situations 9

6 NATIONAL LIMITATION SCHEMES IN SWEDEN 9

6.1 Policy and limitation 9

6.? Application of the Swedish provisional limitation scheme 12

( .2.1 Responsibility 12

5.2.2 Existing houses 13

6.2.3 Future houses 14

6.2.4 Building techniques 15

6.2.5 Information 15

6.2.6 Measurement methods 15

6.2.7 Economic aspects for the individuals 16

7 [SCUSSION 16

ADI> -JDUM 19

REF; FENCES 20

APPENDIX 1: NOMENCLATURE 25

APPENDIX 2: AN EXAMPLE OF CLASSIFICATION OF THE GROUND 28



1 INTRODUCTION

The interest in radon and its decay products in indoor air has in-

creased rapidly during the last ten years both regarding measurements

and regulations. One important reason for this is the increased

knowledge of the levels and the associated risks.

It was not until the beginning of the 1970s that several workers

reported the magnitudes of the probability of excessive lung cancer

frequencies due to radon daughter exposure in uranium and non-uranium

mines (Lu71, Se73, Sn73, Ha76). The empirical knowledge on excess

lung cancer frequency among miners from radon daughter exposure was

summarized and risk coefficients for miners were given in the 1982

UNSCEAR report (UN82).

In the early 1970s, measurement projects on radon and radon daughter

concentrations indoors were carried out in many countries, in parti-

cular in houses built on or of waste materials but also in residen-

tial houses in general, e g in Hungarian buildings (Ge72).

At that time restrictions on building materials were suggested in the

Soviet Union, Great Britain and Federal Republic of Germany (Kr71,

NRPB72). In the USA requirements were established for both gamma and

radon daughter exposures in houses built on or of waste materials

from the uranium industry (US71).

In 1973 a task group was established by OECD/Nuclear Energy Agency

(NEA) on exposure to radiation from the natural radioactivity in

building materials and a report which described the problems was

published in 1979 (NEA79). It was not possible to come to an agree-

ment on any recommendations due to an insufficient basis of knowledge

of the radiation levels in the building stocks and of the magnitude

of the risk for health detriment from exposure in homes.

200 ex

In 1577, the International Commission on Radiological Protection,

ICRP, issued its publication No 26, ir which for the first time it

was recommended that: enhanced natural radiation should be handled In

accordance with t he ' r.arr.e princi .pi en ar, (hat due to man-mado practices



(ICRP77). In 1983 the ICRP presented principles for limiting the

exposure of the public to natural sources of radition (ICRP84).

Today we know much more about the levels in many countries and about

the dose conversion factors than we did only five years ago. To

reduce the exposure to radon daughters in indoor air we have to find

the existing houses with high levels and also the sources which may

cause high levels in future houses. For this purpose we need

(1) methods to search for existing houses with high levels and

(2) building techniques to reduce the levels in existing and future

houses. During the last five years information on both these impor-

tant factors has become available.

This paper describes the limitation schemes in Sweden, how they have

evolved and compares them with the schemes in other countries. As a

background the radon sources and the radon daughter levels in some

countries are reviewed. The paper forms part of a supporting material

prepared for a Working Group on Indoor Air Quality, Radon and Formal-

dehyde, set up by the European office of the World Health Organiza-

tion.

2 RADON SOURCES

222 220
In addition to radon ( Rn), the isotope Rn (thoron) occurs

indoors. Although no high concentrations of thoron gas can be expec-

ted indoors because of the short half-life, 55 seconds, the decay

products have longer half-lives and may be expected indoors. However,

the few measurements made hitherto have not shown any levels of

importance as regards health risks.

Merely being in a building generally implies an enhanced exposure to

radon and thoron because the daughter concentrations are on average

higher indoors than outdoors. In buildings with low air change rates,

the radon concentration may be very high even though the radon ex-

halation from the sources is normal. The main sources of naturally

occurring radiation indoors are the ground and the building mate-

rials. Tap water and domestic gas are of minor importance in most

countries with the exception of tap water in some regions.

The outdoor air also contributes to the radon concentration indoors,

via the ventilation air. The levels arc, however, often higher in-



doors than outdoors and in practice this contribution is mostly

negligible in temDerate regions.

2.1 The ground

For those who live in close contact with the ground, e g in detached

houses or or the bottom floors of multi-family houses without cel-

lars, the most important radon source is often the ground. Several

parameters affect the magnitude of the radon inflow from the ground,

the most important being the degree to which the air pressure is

lower indoors than outdoors and the radon exhalation from the ground.

The underpressure indoors causes radon to be sucked in from the

ground under the building if there is no airtight layer between the

basement and the ground. Underpressure occurs in most houses. It can

be appreciable with all types of ventilation systems but is most

pronounced for mechanical exhaust ventilation and natural draught

ventilation when the inlet air is restricted too much, as is often

done in order to save energy. The radon inflow from the ground under

the house has caused the highest radon daughter concentrations mea-

sured, e g in Canada, Finland and Sweden.

The degree of radon exhalation from the ground depends mainly or. the
9 *7 f\

activity concentration of Ra in the subsoil and its permeability

for radon. Examples of ground with high radon potential are alum
"7 *) ft

shales and some granites, mainly due to high Ra concentrations,

and eskers , due to high permeability for radon. In some places the

ground is contaminated with tailings with enhanced radium concentra-

tions.

2.2 The building materials

The radon exhalation from building materials r'spends not only on the

radium concentrations, but also on factors such as the porosity and

the surface preparation of the walls.

The radium concentrations in building materials such as clay brick

and concrete do not in general necessitate any special measures but

Long derails of gravel, S3nd and round stones from subglacial
streams durinp, ire ap.es.



they may be large if the materials are produced from raw materials

taken from areas with high levels of natural radioactivity. Building

materials such as by-product gypsum and concrete containing alum

shale may have elevated radium concentrations.

2.3 Tap water

In wells drilled in rock, the radon concentration in the water may be

high. When such water is used in a household, radon will be released

to the indoor air and cause an enhanced radon concentration.

2.4 Domestic gas

Natural gas used for kitchen stoves and space heaters may contain

elevated concentrations of radon. This can result in measurable

amounts of increased radon in houses but this source is of minor

importance (UN?7, UN82).

3 LEVELS

Country-wide investigations of the radon and RnD concentrations are

carried out or planned in many countries. Most of them are not

completed but preliminary results are available. Table 1 summarizes

some recent results. The values are given in terms of the equilibrium

equivalent concentration of radon (EER).

The principles for selecting dwellings in the country-wide investiga-

tions have differed depending on the scope of the study. Some inves-

tigations, often preliminary ones, are based on the principle of

finding the houses with the highest levels, e g the pilot study in

Switzerland (Burk84). In other studies the aim has been to obtain

results as representative as possible of the whole country. Example

of this are the studies in the Federal Republic of Germany (Wi84) and

in Sweden (Sw84).

The concentration distributions have in most cases been found to be

approximately log-normal. The levels vary from one area to another,

for example the Federal Republic of Germany and Great Britain have

lower values than the Nordic countries. Many countries have not yet

completed their measurements and it is not unlikely that country-wide

averages of the same magnitude as those in Sweden, Finland and Norway

will be found in a few other countries.



Table 1. A summary of recent results of country-wide investigations
on RnD in residential buildings (Sw85).

Country
EER
Bq m

-3

Austria

Canada

Finland

German Fed.Rep.

Netherlands

Norway

Sweden

Switzerland

UK

USA

Saudi Arabia

Average for Salzburg

Typical Canadian homes

Detached houses

All types

Northern part

Detached houses

Detached houses
Multi-family houses
All types

South eastern parts

All types
Cornwall

Detached houses

Arithm
mean

12

-

50

-

-

55a

613

43a

533

1543

123

1503

273

8 3

See foot-
notes

-

17V

-

13Cb.M

7M

35a,c,M

33a,M

23 a > M

116a'G

a,G

7O3'G

17a,G

Ref

St80

Mc80

Ca85

Wi84

Wo84

St84

Sw84
Sw84
Sw84

Burk

Br84
Br84

Ne85

Ab84

The radon concentration has been measured. The equilibrium factor
0.5 was used to calculate the EER

The radon concentration was measured. The equilibrium factor 0.3
was used to calculate the EER (Wi84)

M

Preliminary results

Median

Geometric mean

Modal value



The conditions vary between the countries and between the types of

houses. In many countries energy-efficient houses have been shown to

have higher radon concentrations indoors than others. In the Nether-

lands, for example, rooms with double-pane windows were found to have

radon concentrations twice as high as those in rooms with single-pane

windows (W08A). In New York, energy-efficient houses with heat sto-

rage masses had radon concentrations 1.6 times those for conventional

homes (F184) and in Sweden the same conditions are found (Ny80). By

using a heat exchanger or by choosing a low-active stony material

combined with insulation from the ground, the radon concentration in

energy-efficient houses can be kept to levels not higher than those

found in conventional houses.

Most of the country-wide averages given in Table 1 have been calcu-

lated on the basis of measurements made in the 1980s. An interesting

question is whether the values have changed over the years. Measure-

ments made today in old occupied houses do not say much about the

levels in the same houses some decades ago due to factors such as

rebuilding and changes in the occupancy habits. In the mid fifties,

Hultqvist made an investigation on the radon concentrations in about

Table 2. The concentrations of radon Measured 19S5 - 1956
compared with the concentrations Measured In 1980 - 1982
(In parenthesis) io the sase towns. The levels are not
quite comparable. (Bu83).

Building
material

Wood

"unvent i lated"

"vent ilated"

Bi iLks/concrecc

"unvent ilated"

"vent 1 lared"

Aerated concrete

"unventilated"

"ventilated"

Weighted average

Arithmetic

•ean

15 (107)

16

47 (107)

26

132 (131)

67

29 (110)

Highest value

63
37

303
170

592
218

(327)

(812)

(602 )

Lowest value

1.2 (37)

1.8

2.4 (10)
2.4

10.4 (34)

2.6

- the 1955-56 measurements in "unventHated" houses were made

with instantaneous sampling techniques and have not been cor-

rected for window airing. The 1980-82 measurements were made

during two weeks of normal living.

- in the 1955-56 year measurements no houses built of sand-

based aerated concrete were included In contradistinction to

the 1980-82 Investigation. The figures for aerated concrete

are therefore not comparable.

- the borders of the municipalities have been changed since

1956 so that the regions are not quite comparable.



300 dwellings in Central Sweden (Hu56). His results have been com-

pared with the results of the Swedish country-wide investigation

(Bu83) by calculating the averages for the four municipalities

corresponding to those investigated by Hultqvist during the period

1955-56. The results are shown in Table 2. The weighted averages are

found to be almost 4 times higher in the 1980s than in the 1950s

although no houses built of the low-active sand-based aerated con-

crete were included in the 1955-56 year measurements in contradis-

tinction to the 1980-82 measurements. For the 1980 measurements the

Bq
-3

weighted average for the four municipalities, 110 Bq m , can be

compared with the country-wide average of 101 Bq m

4 DOSES AND ASSESSMENTS OF HAZARDS

Exposure to radon and radon daughters in indoor air might give

stochastic effects. The dominating risk is for lung cancer. The risk

coefficient can be calculated by two different methods, one based on

dosimetry and one on epidemiological studies of miners. The two

methods give results of the same magnitude. Some epidemiological

studies of the population based on the ladon daughter exposure in

their homes have been carried out. However, no firm evidence yet

exists linking the induction of lung cancer to the radon daughter

exposure in dwellings. Up to now Swedish studies have mainly been

aiming at demonstrating the feasibility of an epidemiological survey.

However, nothing in these results contradicts the results found from

the dose calculations or the epidemiological studies of miners.

Inhaled radon and radon daughters can be distributed to other organs

in the body and give risks for cancer in these organs. However, the

radiation doses to the other organs are small compared with those to

the lungs.

The extremely high levels encountered in some dwellings (several

thousand of Bq m EER) raise the question of possible non-stochastic

effects on the lungs. Evidence from experimental animals indicates

that injury to the lung function can not be ruled out after prolonged

exposures in the dwellings with the highest levels (Ar81, Lo82).

However, it is generally considered very unlikely that any such

injury will ever be demonstrated.



Reference values for the relationship between the effective dose

equivalent and RnD concentration indoors has been proposed by an

expert group of the NEA/OECD to 0.076 mSv a per Bq ra EER (NEA83).
-2

Applying the risk coefficient of ICRP 1.65 x 10 for the effective

dose equivalent gives a risk coefficient of 1 - 2 lung cancer cases

per Bq m EER per million persons.

5 ICRP RECOMMENDATIONS

ICRP has given its principles for limiting exposure of the public to

natural sources of radiation in ICRP publication 39 (ICRP84). The

recommendations in publication 26 (ICRP77) were expanded and signifi-

cantly modified.

The ICRP principles of justification of practice and optimization of

protection will apply also to exposures from natural sources of

radiation. However, the optimization principle is considered to be of

overriding importance. Whenever radiation exposures can be reduced

with reasonable efforts, they should be reduced.

The dose limits intended for controllable artificial sources of

radiation do not apply to contributions from natural radiation sour-

ces. Instead, a more complicated system of restrictions is recommen-

ded. For its presentation, furcher categorization is needed.

TCRP has based its recommendations on the extent to which the expo-

sure is controllable. Thus ICRP distinguishes between existing and

future situations. For existing situations tho ICRP recommends action

levels and for future situations the application of upper bounds. The

action level determines the initiation of a particular type of reme-

dial action. An upper bound is a boundary of the individual dose or

of a quantity derived from the dose used in the optimization as-

sessment of future justified exposure situations.

ICRP points out that, the most important of the exposure situations

due to natural sources are those concerned with the presence of radon

in houses for which ICRP gives values on action levels and upper

bounds.



5.1 Existing exposure situations

ICRP has not found it possible to recommend action levels that would

be appropriate for all occasions, because of the many different

circumstances in which remedial action levels might be considered.

However, ICRP says that "if remedial action considered is fairly

simple, an action level for equilibrium equivalent radon concentra-

tion (EER) in the region of 200 Bq m (annual effective dose equiva-

lent of about 20 mSv) might be considered. For severe and disrupting

remedial action, a value several times larger might be more approp-

riate."

5.2 Future exposure situations

For future situations involving exposure to natural sources of radia-

tion the protection policy may be very close to that applied in the

case of artificial sources, except that the ICRP dose limits do not

apply. Future exposure situations should be justified and, to the

extent to which the exposure is controllable, the radiation protec-

tion should be optimized. An upper bound for the optimization result

should be defined with the aim of ensuring that no individual re-

ceives a dose which represents an objectionable risk.

The ICRP "believes that a reasonable upper bound for the equilibrium

equivalent radon concentration is of the order of 100 Bq m and

that» in many countries, a value of this magnitude would prevent

radoti from becoming a dominating source of risk in dwellings. The

upper bound for the individual dose in the optimization assessment of

radiation protection in new houses may influence building standards

for construction, manufacture, ventilation, etc."

6 NATIONAL LIMITATION SCHEMES IN SWEDEN

6.1 Policy and limitation

In Sweden a governmental commission on measures against radiation

hazards in buildings etc called the Radon Commission was formed at

the beginning of 1979. In May the same year a preliminary report was

presented (Sc79). This report recommended that local authorities

endeavour to identify houses with enhanced concentrations of radon.

As a guideline in deciding priorities, the Commission also proposed

provisional action levels while awaiting the permanent limits which
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the Commission had been instructed to work out. The Commission also

initiated several studies to provide a proper basis for its recommen-

dations.

On the basis of the preliminary report of the Radon Commission the

Swedish parliament decided that the responsible national authorities

should establish restrictions and issue recommendations in principle

in accordance with the Commission's recommendations. Limits for the

RnD concentration and the gamma radiation in planned houses and for

the RnD concentration in rebuilt houses were specified in the Swedish

Building Code 1980 (SBN80). Restrictions on the activity concentra-

tion of the building materials were also established. The Swedish

National Board of Health and Welfare established an action level for

the RnD concentration in existing residential buildings (S0S8O). The

values are summarized in Table 3.

An existing building is regarded as insanitary due to RnD exposure

when the equilibrium activity concentration of the radon decay pro-

ducts in rooms in continual use exceeds an annual average of

400 Bq m EER. After building alterations that require planning

permission, the annual average should not exceed 200 Bq m EER.

In the case of new buildings, the maximum annual average concentration

is planned to be 70 Bq m EER.

In January 1983 the finax report from the Swedish Radon Commission

was presented (SOU83). The results of the studies were summarized and

a program to decrease the radon daughter levels in buildings was

recommended. The Radon Commission recommended an action level
_3

(400 Bq m EER) for existing houses and restrictions applying to

future buildings so that the majority of the houses should have RnD
-3

concentrations well below 100 Bq m EER (Table 3). The Radon

Commission recommended retaining the restrictions on building mate-

rials (SBN80) and keeping the RnD levels as low as reasonably achie-

vable. Some parts of the final report together with comments by the

National Institute of Radiation Protection have been translated into

English (SSI84).

The comments on the final report of the Radon Commission were fairly
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Table 3. The present action levels and limits of ionizing radiation in
Swedish dwellings and the recommendations of the Swedish Radon Com-
mission.

RnD
concent.
Bq m

Gamma Building materials References
exposure Gamma-. Radium?
U R h index3 index3

PRESENT LIMITS:

Newly-built houses 70

Rebuilt houses 200

Existing houses 400

50
NBPP80

NBHW80

RECOMMENDED BY THE RADON COMMISSION IN ITS FINAL REPORT
.c)Design level ' <100

(planned houses)

Action level 400
(existing houses)

1 1

SCM83

a) C
Gamma-index = 2 Ra _Th

10 000 + 100C + 700

Radium-index Ra
200

where Cv, C_ and C_. are the concentrations of potassium-40,
K Ra Tn .

radium-226 and thorium-232 in Bq kg of the material.

Excluding cosmic radiation, equivalent to about 4 pR h

c)As low as reasonably achievable according to the recommendations of

the Swedish National Board of Physical Planning and Building (NBPP82),
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positive. The National Institute of Radiation Protection (NIRP) and

some other authorities, however, consider that a life-time exposure to

radiation at the proposed action level of 400 Bq m EER gives extre-

mely high radiation doses compared with what is normally accepted for

the general public from exposure to radition from other types of sour-

ces (SSI84). Therefore, NIRP recommended that residents who so desire

should be given help in introducing counterme-.sures in the range 100 -

400 Bq m as well as for higher levels.

Swedish committees working with other aspects of public health have

also dealt with the radon problem. The Swedish Cancer Committee

presented its final report in 1984 (S0U84). This Committee pointed

out that RnD in residential buildings is a serious problem and that

the minimum program for reducing the RnD concentrations in dwellings

is that recommended by the Swedish Radon Commission (S0U83). In a

governmental proposition (Pr85) concerning development lines for the

public health and medical care it was stated that the occurrence of

radon in dwellings is an urgent health problem about which something

must be done. It was presumed that the local health authorities take

account of the recommendations issued by the Radon Commission in

their work.

6.2 Application of the Swedish provisional limitation scheae

6.2.1 Responsibility

The responsibility regarding the health risks from exposure to natu-

ral radiation sources is shared by several ministiies and national,

regional and local authorities in Sweden. The cooperation between the

national authorities is good. The present radiation protection law

does not include exposure to natural sources, but it is now under

revision. It is probable that the revised version will include expo-

sure to natural radiation. The Swedish Fadon Commission recommended

that the National Institute of Radiation Protection should have the

general responsibility for the radon problems in dwellings.

The local authorities are to apply the limits and the recommendations

in their own municipalities (278 in Sweden). They search for houses

with levels above the action level and they issue recommendations to

the householders as to how they can reduce the levels. The local bull-
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ding authorities are to grant building licences with due consideration

to the risk of radon inflow into buildings. A basic recommendation is

that they should categorize the ground with regard to the risk for

radon inflow into buildings. Many local authorities have a high degree

of competence regarding radon and associated risks. Some local authori-

ties have established a program for solving the problems within a

certain period of time, e g within five years. Many of the municipali-

ties, however, have only carried out a minimum program and are waiting

for more information from the government before doing anything more.

The regional authorities (24 counties) have a coordinating role for

the authorities in the counties. For instance, they have arranged

seminars for exchange of information between the authorities.

6.2.2 Existing houses

The responsibility for the health of the general public in their

homes is held hy the local health authorities. One important task is

to find the houses with high radon levels. In reality, almost all

dwellings with close contact with the ground should be measured.

This, however, is impossible and the local authorities have to

select houses which might have high radon levels on the basis of

geological maps, house descriptions etc. The National Board of Health

and Welfare has issued recommendations on this question (SoS83).

According to many health inspectors, however, the recommendations are

not sufficiently extensive.

The local health authorities must give priority to the houses suspec-

ted of having high radon levels. Houses which do not belong to this

category are therefore given low priority by the mai y municipalities

in which large numbers of houses have levels above 400 Bq m EER.

Since 1979, the local authorities have been searching for houses with

high concentrations of radon daughters. It was estimated that about

10 % of the dwellings with RnD concentrations higher than 400 Bq m

EER had been identified by July 1982 (Swb4).

The interpretation of the action level 400 Bq m EER is not made in

the same way in all municipalities. However, the recommendation of
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the National Board of Health and Welfare is that the decision should

be based on the annual average calculated from measurements without

consideration to the uncertainty in the measurement method and the

uncertainty in the estimation of the annual average.

The question as to whether the householders should pay the local

health authorities for the measurements carried out is as yet unre-

solved and different policies are used in the municipalities. The

house owner should make and pay for the countermeasures. When the

countermeasures in houses with RnD levels higher than 400 Bq m EER

are completed the local health authority makes a new measurement.

6.2.3 Future houses

The radon concentration should be considered in the planning of new

building areas and when granting building licences. As an aid in

these two activities the National Board of Physical Planning and

Building has proposed a system for classification of the ground and

this is summarized in Appendix 2. In connection with this categoriza-

tion the Board has recommended technical measures to reduce the radon

concentrations indoors (P182).

Measurements in newly-built houses may be required by the local

authorities. The limit for newly-built houses is 70 Bq m EER but,

in view of the uncertainties in the annual averages, values of up to

140 Bq m EER are accepted (P181). If this requirement is not

fullfilled in the building, countermeasures should be taken to de-

crease the RnD concentrations below 70 Bq m EER. If extensive

countermeasures are to be made or other special reasons are found,

higher values nu>y be approved but the RnD concentration should never

be higher than 400 Bq m EER.

This policy for applying limits is different from that applied for

existing houses. The difference is justified by the fact that the

limit is low for future houses and high for existing houses. Further-

more, the RnD concentration might be higher than the limit in the

newly-built house when the radium index is near one, e g when the

requirement on the radium-226 concentration in the building materials

is fulfilled.
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6.2.A Building techniques

Building techniques for decreasing radon concentration indoors have un-

dergone a major development during recent years. Methods of various

kinds have been tested in the Soviet Union (Kx71), the United States

(Cu78), Canada (AECB78), Great Britain (Ab83) and Sweden. The first

investigation in Sweden on the effects of various technical solutions

for reducing RnD concentrations in detached houses was made in 1978-80

(C182). Since then many solutions have been tested by several investi-

gators. Methods applicable to Swedish houses are summarized in ref

C184. After the publication of that report a few new methods for de-

creasing the radon concentrations in houses have been tested in Sweden

(C185).

6.2.5 Information

An important task is to inform the local authorities (in the munici-

palities) since they are responsible for the application of the

limits and recommendations. In Sweden the information has been given

both as written information issued by the national authorities and in

seminars arranged on national or regional levels. The information is

supplemented as new knowledge is acquired.

6.2.6 Measurement methods

The measurement of the RnD conrentration indoors in Sweden is the

responsibility of the local health authorities. Some of the municipa-

lities have their own instruments for screening purposes and for the

measurements which should form the basis lor deciding whether or not

a house has an acceptable RnD level. Examples of such instruments are

those based on automatically sucking of air through a filter measured

by a surface barrier detector and TLD-based passive monitors. Other

municipalities employ consultants for the measuring work. The consul-

tants use various types of instruments, preferably the above-

mentioned instruments and radiation sensitive film.

Descriptions of measuring methods have been worked out by the National

Authority for Testing and the National Institute of Radiation Protec-

tion (NIRP). The consultants have the opportunity to check their calib-

ration factors in the radon chambers at NIRP, where a list is main-

tained of the consultants which have made such a check and when.
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6.2.7 Economic aspects for the individuals

When the house has been declared as insanitary with respect to the RnD

exposure, the householder has to carry out the countermeasures at his

own expense. Until 1983, it was possible to obtain favourable loans,

so-called "radon loans", when the house had been declared as insanitary

with regard to the RnD exposure and when the expenses were significant.

Since 1984, the system of loans for building has been revised and now

the radon loans are included in the normal building loans. Special

radon loans may be offered only if the countermeasures are significant

and the house values do not represent good security for the loans.

In the assessment of the real estate tax, consideration is paid to

the RnD concentration indoors. The reason for this is the lower price

expected when a house with rather high RnD concentrations is to be

sold. In Sweden the seller of a house is obliged to inform a buyer of

all the faults of which he is aware. Otherwise the purchase can be

revoked or the previous owner can be forced to pay for the counter-

measures needed. The legal conditions also apply to RnD levels and

this resulted in many legal proceedings.

7 DISCUSSION

In Canada limits have been introduced on the RnD exposure in houses

situated in mining towns (AECB77). In the United States limits have

been established for phosphate land (EPA79) and for dwellings built

on or of mill tailings from the uranium industry (EPA80). These

limits are applicable only in particular cases. In some countries

recommendations have been issued for the general public. This is the

case in Sweden, and also in the Soviet Union (USSR76) and in Poland

(Mi80) with regard to the building materials and in Finland also for

the RnD exposure indoors (FRC82).

The National Council on Radiation Protection and Measurements (NCRP) in

the United States presented recommendations in 1984 for controlling the

exposure of individuals in the population to the radionuclides of the

uranium series (NCRP84). NCRP recommends remedial action if the total

exposure to RnD for an individual in the population exceeds an annual

average of 2 WLM ( «150 Bq m • a EER). NCRP also recommends an action
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level of 5 mSv a from excernal radiation, including the background of

natural radiation.

The recommendations and limits for reducing the radon daughter levels

in dwellings are summarized in Table 4. For future buildings, the

design levels are practically the same for the countries in Table 4

with the exception of Poland. For existing houses, however, there is

a big difference between the action levels for particular cases and

for the general population with the exception of the USA. This diffe-

rence is not so surprising. For particular cases, rebuilding is

simpler to finance and handle because the number of houses is rather

limited and the high RnD levels are caused by some industrial acti-

vity. For the general public, on the other hand, the number of houses

requiring remedial measures may be very large and the costs usually

have to be paid by the house-owners. However, the aim is to obtain

levels as low as reasonably achievable, meaning that the levels

should in most cases be reduced if that can be done with simple

methods and low costs even if the levels are below the recommended

action levels or limits.

It is desirable that there should be harmonization between the limi-

tation schemes in different countries, although the legislation can

not be the same, because of differing legal frameworks. A number of

umbrella organizations are working to achieve this kind of harmoniza-

tion for the limitation of the exposure to natural radiation sources

between the countries in a region or between the administrative areas

within a country. An example of regional cooperation of this type is

the recommendations which will be issued by the National Authorities

of Radiation Protection in the Nordic Countries in the spring of

1986.
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ADDENDUM

After the completion of this NIRP report the Swedish government has
issued, in December 1985, a statement on the basis of the reports of
the Radon Commission and the Cancer Committee mentioned above. The
main points in the statement were as follows:

- The National Institute of Radiation Protection (NIRP) should have
the overriding responsibility for following the developments regar-
ding radiation in dwellings, including the assessment of the risks
and measurement techniques.

- Identification of houses with high radon daughter concentrations is
a matter of urgent concern. The search for high levels initiated by
the local authorities should be without cost for individuals.

- As earlier, it should be the responsibility for the Board of Health
and Welfare and the Board of Physical Planning and Building to
establish limits.

- The Board of Health and Welfare should investigate the prerequi-
sites for an epidemiological study after having consulted the NIRP
and research agencies. The conclusions from this investigation
should be reported before September 1986.

- The municipalities should consider the radon risks when planning
areas for new building. The information about the instructions for
such procedures should be intensified.

- The Board of Physical Planning and Building should make proposals
for directives to the municipalities, giving the municipalities
powers to require measures to be taken in a new building in the
building permit.
1 to decrease the average collective exposure of radon daughters
and of gamma radiation in the buildings as far as is practical
and economically reasonable.

2 so that the radon daughter concentration in a dwelling does not
exceed the action level or limit stated by the responsible
authorities.

- The NIRP should investigate the practicability of introducing an
authorization system for radon measurements in dwellings after
having consulted the Board of Physical Planning and Building, the
Board of Health and Welfare and the Council for Metrology and
Testing. Prior to the possible introduction of this authorization
system the NIRP should work out and approve method specifications
after having consulted the above-mentioned agencies.

- The NIRP should issue an interim report on the work carried out
with the aim of decreasing the hazards from radon in dwellings
before June 1987 in consultation with the Board of Health and
Welfare, the Board of Physical Planning and Building and the Coun-
cil for Metrology and Testing. The national authorities should
cooperate with the Swedish Association of Local Authorities.
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NOMENCLATURE

Abbreviations used in the text are explained and some definitions are

given below.

ACTION LEVEL, is the level of dose or of a quantity derived from the

dose used as an aid to decide whether remedial action should be ini-

tiated. The action level is specific to the action being considered and

is intended for existing situations. (IT. is not determined by limits

intended for future situations nor by the primary dose limits in the

control of artificial sources of radiation). In the selection of an

action level it is implicit that the exposed individual should be put

in a "better" position by the remedial action. In this sense "better"

means a lower risk achieved at a reasonable cost in financial and

social terms.

EER, the Equilibrium Equivalent Concentration of Radon, of a non-

equilibrium mixture of short-lived radon daughters in air, is that

activity concentration of radon in radioactive equilibrium with its

short-lived daughters which has the same potential a-energy concentra-
-3 -4

tion as the actual non-equilibrium mixture. (1 Bq m = 2.7 -10 WL =

5.6 • 10"9 J m ~ 3 ) .

F-factor, the equilibrium factor with respect to potential a-energy is

defined as the ratio of the equilibrium equivalent concentration of

radon to the actual activity concentration of radon in air.

ICRP, International Commission on Radiological Protection.

NON-STOCHASTIC EFFECTS, see stochastic effects.

POTENTIAL ALPHA ENERGY CONCENTRATION OF RADON OR THORON DAUGHTERS,

C , the total a-energy per unit volume of air that will be released
p o t 210
in successive disintegrations of radon or thoron daughters to Pb or
208 *

Pb, respectively. C - Z p.C. where the C.:s are the activity
pot J i i i

concentrations of the individual daughters and the p :s are the poten-

tial alpha energies per disintegration.

222
RADON, Rn, the radon isotope in the natural uranium decav series

2 38
beginning with U.
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222
RADON DAUGHTERS, the decay products following Rn in the natural

2 38
uranium series beginning with U.

STOCHASTIC EFFECTS, are those for which the probability of an effect

occurring, rather than its severity, is regarded as a function of dose,

without threshold. Non-stochastic effects are those for which the

severity of the effect varies with the dose, and for which a threshold

may therefore occur. Some somatic effects are stochastic: of these,

carcinogenesis is considered to be the chief somatic risk of irradia-

tion at low doses and therefore the main problem in radiation protec-

tion (ICRP77).

TLD, thermoluminiscence dosemeters.

220
THORON, Rn, the radon isotope in the natural thorium decay series

2 32
beginning with Th.

THORON DAUGHTERS, the decay products following Rn in the thorium
232

series beginning with Th.

UNSCEAR, The United Nations Scientific Committee on the Effects of

Atomic Radiation.

UPPER BOUND, is the level of dose or of a quantity derived from the

dose used in the optimization assessment of future justified exposure

situations. The upper bound should be established (or recommended) by

the national radiation protection authorities on the basis of the

highest risk that can be considered acceptable to individuals under the

considered exposure conditions. The upper bound should be an aid for

relevant authorities in developing regulations, standards, codes of

practice etc. The upper bound should not be a legal limit in itself.

WL, Working Level, is an old unit of the quantity "potential alpha

. e
-3

o _ 3
energy concentration", equal to 1.3 • 10 MeV m air corresponding
to an EER of 3.7 kBq m

WLM, Working Level Month, is an old unit for the quantity "potential

alpha energy exposure" often used for miners. One WLM corresponds to an

exposure to a concentration of 1 WL for the reference period of 170

hours. (1 WLM

72 Bq a nj~3).

hours. (1 WLM = 170 WLh = 3.5 10~3 J h m"3 «6.3 • 105 Bq h m~3 a»
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APPENDIX 2

AN EXAMPLE OF CLASSIFICATION OF THE GROUND

The Swedish Board of Physical Planning and Building has proposed (NBPP83)
the following classification of risk to houses from radon from the
ground. The classification is based on a proposal made by the Swedish
Geological Company (1982-10-11).

Land can be classified into three categories of risk, namely: low, normal
and high probability for high soil gas radon contents. On a regional
basis the three categories are termed: low risk, normal risk and high
risk areas. For the surrounding subsoil of specific houses, the three
categories are termed: low, normal and high radon ground. Three
corresponding types of building design are proposed to cope with the
risks involved for each category: traditional, radon protective and radon
safe.

The radon risk for some soils and rocks is somewhat ambiguous. In cases
of doubt as to correct classification, a question mark (?) is used.

REGIONAL CLASSIFICATION

a) High risk areas

This category includes areas in which most of the ground can be regarded
as a potential high radon risk. It is possible that limited areas of
normal and low risk can be found within a high risk area, but they
cannot be defined in detail.

The following types of ground are included in the high radon risk
category:

- ground with an enhanced radium (uranium) content, more than about
100 Bq/kg; for example, bedrock or soils containing alum shale,
uranium-rich granites, uranium-rich pegmatites or uranium mineralisa-
tions

- ground with a high permeability and a high rate of radon emanation from
the mineral grains; for example, esker material, gravels and sandy,
gravelly, boulder-rich till (?)

- fault and fracture zones (?)

b) Normal-risk areas

Normal risk areas are those in which the risk for radon from the ground
is, in genera. , normal. Limited areas of high or low risk may occur, but
cannot be defined in detail.

The following types of ground are included in the normal risk category:

- ground in which the radium (uranium) content of the bedrock or soils is
normal, about 30 - 100 (?) Bq/kg; for example, granites with normal
uranium contents, acid gneisses and acid volcanic rocks

- normal glacial M.J, sand (?) and silt (?)
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- fault and fracture zones (?)

c) Low-risk areas

Low risk areas are those in which the risk for radon from the ground is
in general, low. A few very local occurrences of high radon risk may be
included in such areas, and some, slightly larger areas of normal risk,
but these cannot be defined in detail.

The following types of ground are included in the low risk category:

- ground in which the radium (uranium) content of the bedrock and soils
is very low, less than about 30 Bq/kg; for example, rocks and soils
consisting of:

+• intermediate - basic intrusive rocks (diorite, gabbro, dolerite) or
of intermediate to basic volcanic rocks. The collective term for these
rock types is greenstone.

+ sandstone, mudstone, shale (except alum shale) and their
metamorphosed equivalent (e.g. gneisses)

+ limestone, except where this is directly underlain by alum shale

- ground in which the upper horizon consists of more than 2 metres of
moist clay

- sand (?) or silt (?) (except where they are underlain by gravel, or by
soils or rocks with high radioactivity or content of alum shale)

CLASSIPICTION OF GROUND AROUND BUILDINGS

a) High radon ground

High radon ground is ground in which the radon content of the soil air is
so high, or radon emanation from the bedrock is so high, that houses
built there must have a "radon safe" construction.

This category includes:

3
- ground with higher soil gas radon contents than 50 000 Bq/m , or for
clay or clayey-silty till, more than about 100 000 (?) Bq/m

- bedrock with a higher radium (uranium) content than about
400 (?) Bq/kg; for example, alum shaJ.e, strongly uranium-enriched
granites, uranium-rich pegmatites or bedrock containing uranium
mineralisations

- soils confisting largely of fragments of the above-named rock types

- soils which constitute a high radon risk due to their permeability; for
example, eskers, gravel, cobbles and sandy, gravelly, boulder-rich till

- layers of crushed rock (filling material) which consist of the above-
named rock types if such layers have a greater thickness than 0.5 m
under a house

- fault and fracture zones (?)
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b) Normal-radon ground

This category covers ground with normal soil gas radon contents. Houses
built on normal radon fround should have a "radon protective" construc-
tion

This category includes:

- ground with soil gas radon contents of 10 000 - 50 000 Bq/m (for clay
up to 100 000 Bq/m )

- bedrock with a radium (uranium) content of about 200 - 400 (?) Bq/kg;
for example, uranium-rich granites and pegmatites

- glacial till containing fragments of rocks with normal radium (uranium)
contents, about 30 - 100 (?) Bq/kg, provided that the till is not
particularly sandy, gra"elly or boulder-rich

- usually esker gravel, other gravel deposits and cobbles, sand (?) and
silt (?)

- layers of crushed rock and filling which are thicker than about 1 metre

- fracture zones (?)

c) Low radon ground

Traditional house constructions may be used on low radon ground.

This category includes:

- ground with lower soil gas radon contents than about 10 000 Bq/m

- bedrock with lower radium (uranium) content than about 200 Bq/kg

- glacial till consisting largely of fragments of rocks with low radium
(uranium) contents, less than about 35 Bq/kg, in other words, glacial
till which does not contain fragments of alum shale or uranium-rich
granites

- sand (?) and silt (?) in layers thicker than 2 m (and which do not
contain alum shale material)

- clay where the layers are thicker than 2 m (and are not dried out and
cracked)

- crushed rock and filling consisting of rocks listed above under "low
risk areas"
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