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Stockholm in April, 1984

To interested international parties

R A D O N I H O U S I N G

The enclosed material deals with the substantial efforts
mad2 until now to control the levels of radon in Swedish
dwellings. It is meant as a source material for the se-
veral publications which have emerged from the National
Im titute of Radiation Protection in Stockholm during
1933 and 1984.

Ths first document is a translation of chapter 16, the
deliberatxons of the Swedish Radon Commission, appointed
by the government in 1979. Comments on the report of the
commission were solicited before 1 October, 1983.

The second document is the comment provided by the
Institute.

Several other bodies have responded on various aspects
of the report of the commission. The comments are pre-
sently being reviewed by the Swedish government. It may
take considerable time before the government takes action,
It has still been believed that the documents enclosed
might be interesting for radiation protection authorities
and-jothers, in spite of the lack of a final ruling on
the/countermeasures to be taken.

Gunnar Bengtsson
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The deliberations of the Swedish Radon Commission:

Introduction, Summary and Considerations and proposals

Introduction

On February 1, 1979 the Government authorized the Minister of

Agriculture to appoint an investigator to study the question of

countermeasures against radiation risks in buildings etc.

Under the provisions of this authorization, former Provincial

Governor Gunnar von Sydow was appointed investigator on

February 28, 1979.

On June 11, 1979 the following experts were appointed to assist

the investigator: Bengt E. Eriksson, National Swedish Council

for Building Research; Gun Astri Swedjemark, National Swedish

Institute of Radiation Protection; Wilhelm Tell, the National

Swedish Board of Urban Planning and Building; Håkan Wahren, the

National Swedish Board of Health and Welfare; and Gustav

Åkerblom, Geological Survey of Sweden. The following experts

were appointed to assist the investigator on July 19, 1979:

Lars Aldrin, Lättbetong AB; Tore Ivarsson, Swedish Association

of Local Authorities; Bengt Johansson, National Swedish Board

of Urban Planning and Building; and, on August 21, 1979 Gunnar

Stahre, the National Swedish Housing Board. On September 21,

1980 Rune Karlsson, Swedish Association of Local Authorities

was appointed as expert to replace Iversson. In addition, Olov

Hildingson, National Swedish Authority for Testing, Inspection

and Metrology and Sven-Olov Ericson, Allmänna Ingenjörsbyrån

AB, assisted the Commission.

Göran Lindeberg, the Swedish Agency for Administrative

Development acted as secretary to the investigator from and

including June 11, 1979 and Lennart Eklund, Swedish Agency for

Iftdministrative Development, acted as assistant secretary.



investigation work was carried out under the title The

Radon Commission.

The Commission has submitted the following documents to the

Government: on May 30, 1979 a memorandum with "Preliminary

proposal for countermeasures against radiation risks in

buildings" (Ds Jo 1979:9); October 19, 1979 a letter with a

proposal for a programme for research and investigation work on

radiation in buildings; and on November 8, 1979 a letter with

proposals for financing costs for reducing the radon daughter

content in existing buildings.

On October 22, 1981 the Commission submitted a situation report

to the Government, containing a presentation of the

Commission's activities and the activities of the authorities

concerned with regard to radon.

The Commission herewith submits its final report "Radon in

Housing."

The Commission considers its assignment to be hereby concluded.

Stockholm January 1983

G von Sydow

Göran Lindeberg Lennart Eklund



Nummary

Most of the Commission's work was devoted to practical issues

connected with radon in housing.

The Commission has followed the work carried out by the local

authorities and has continuously provided the local authorities

with information on measuring methods, countermeasures etc.

The radon problem in housing was originally considered to

derive from building materials. The measurement activities

performed by the local authorities and a nationwide

investigation of the occurrence of radon in housing, which was

carried out by the National Institute of Radiation Protection,

have shown that the ground constitutes the principle source of

radon.

The Commission has studied the risk assessments available

concerning radon in housing and has found them to be

incomplete. A special working group worked on methods for

determining, by epidemiological means, the interdependency

between radon in housing and the risk of lung cancer.

Since radon exhaled from the ground has been shown to be a

common problem, considerable attention has been devoted to

researching the mechanisms which influence radon exhalation

in buildings. Factors such as permeability and the water

content in the ground have proved to be just as significant

for the radon exhalation to buildings as the uranium and

radium content.



A great deal of attention has also been devoted to measuring

methods. It has been established that the measuring methods

available commercially are deficient and that developments are

desirable in this sector.

The extensive measuring activities carried out by the local

authorities and by the National Institute of Radiation

Protection have provided a good idea of the scope of the radon

problem. The mean national value for radon daughters in housing

has been estimated at 53 Bq/m . The number of buildings in

which the radon daughter concentration exceeds 400 Bq/m has

been estimated to amount to about 40 000.

Note:

Radon daughter concentration means in the following text:

equilibrium equivalent concentration of radon.

Extensive research and development operations have been started

through the agency of the Commission. A large number of

practical methods for eliminating radon problems have emerged.

These are presented in general terms in the Report.

The Commission has also shed light on the cost borne by society

for dealing with radon problems in housing. The Commission has

established, inter alia, that the cost has varied in existing

buildings from a few hundred kronor (SEK) for adjusting the

ventilation system to about SEK 50 000 for installing a

mechanical ventilation system with heat recovery.

According to information recently supplied by the National

Board of Urban Planning and Building to the local authorities

iconcerning physical planning, building permits and protective

measures with regard to the risks for radon exhaled from tne



Aground, certain measures are recommended for both planning and

construction. It has been estimated that about 10% of the

ground can be regarded as high-risk ground. Building on ground

of this type requires a certain adaptation of the building

construction with concomitant cost increases. The cost increase

for new building activities of the present scope has been

estimated at approximately SEK 20-25 million a year.

Since our knowledge of the interdependency between radon

daughters in air in dwellings and lung cancer is incomplete,

determining the maximum permissible radon daughter contents in

our housing will, in the opinion of the Commission, be a

political and practical question in all essential aspects, in

which account must be taken of social and economic conditions.

The short-term aim must be to limit the greatest individual

risks and the long-term aim must be to decrease the total

population dose. A further aim must be to get these radiation

doses to agree, as far as possible, with other radiation

protection praxis in Sweden. This objective agrees well with

the line of thought in the International Commission on

Radiological Protection.

The Commission proposes that an action level of 400 Bq/m of

radon daughters replace the present limit value of 400 Bq/m

for existing buildings.

The Commission also proposes that no limit values be set under
3

400 Bq/m . Instead, che National Board of Urban Planning and

Building has proposed that radon exhaled from the ground be

taken into account to a certain extent when constructing new

buildings. Radon daughter concentrations in new buildings are

(expected to lie well below 100 Bq/m h as a result of this.



^Building materials with a high level of activity have

disappeared from the market. A retention of the gamma and

radium index will prevent the introduction of new materials

with excessively high activity levels. As a result, the

contribution made by building materials to the radon daughter

concentrations in new buildings will be acceptable.

The Commission proposes that houseowners should, as is the case

at present, be provided with possibilities of obtaining special

loans for financing countermeasures against radon in existing

buildings with radon daughter concentrations in excess of the
3

action limit of 400 Bq/m .

The Commission also proposes that the National Institute of

Radiation Protection retain its responsibility for following up

the radon question in housing. The Institute should bear the

responsibility for developing measuring methods. If the risk

assessment which now applies is changed as a result of improved

knowledge concerning the risk interdependency, the Institute

should initiate a modification of the rules.

The National Board of Social Welfare and the National Board of

Urban Planning and Building should, in collaboration with the

National Institute of Radiation Protection, undertake

responsibility for ensuring that the local authorities receive

information and directives concerning radiation in buildings.

The Commission which has indicated important research tasks

with regard to radon in the future, assumes that the National

Institute of Radiation Protection and the National Swedish

Council for Building Research will devote considerable

^attention to the radon questions in their continued activities



1.6 Considerations and proposals

16.1 Risk assessment

Radiation in housing can cause two completely different types

of injury which can have a marked effect on the individual's

risk situation. This radiation is mainly caused by radon

daughters which can cause damage to the function of lungs, for

example, through pneumonia or fibrosis, and can also entail a

risk of lung cancer.

If the gamma index at present in force for building materials

is maintained, no further account need, according to the

National Institute of Radiation Protection, be taken of the

risk cf gamma radiation in housing.

Unlike the risk of lung cancer, there is a threshold value for

a radiation dose which must be exceeded to cause injury to the

lung function. If the radon daughter exposure is less than 400
3

Bq/m a year during a long series of years, the National

Institute of Radiation Protection considers that there is an

acceptable margin to any lung function injury.

The experts agree that current knowledge on the

interdependency between radon daughters in air in dwellings and

lung cancer is incomplete.

It is, however, generally accepted that radon can contribute to

the occurrence of lung cancer in miners who are exposed to high

concentrations of radon daughters in air in mines. On the other

hand, it is impossible to make any certain statement about the

irisk of cancer at radiation levels which are as low as those

normally occurring in housing. In housing with high radon



daughter concentrations, on the other hand, the radiation dose

can be as large as it is in mines- To this must be added the

difference in environment between mines and housing. The risk

assessments which have been made with regard to the dose in

housing has been calculated by means of linear extrapolations

from epidemiological studies of miners and not on the basis of

scientific knowledge about the effect of low radiation doses.

Such calculations provide an upper value for the possible risk.

Since the actual risk cannot be established, it is reprehensible

to say, as is sometimes done, that a demonstrated moderate

increase in radon daughter contents in a dwelling compared with

other dwellings entails a certain specific increase in the risk

for lung cancer.

The development of lung cancer is a highly complicated process

which takes place over a long period of time consisting of up

to 30-40 years. In addition, there is a series of factors and

circumstances, for example smoking, medicines, chemicals,

environment and the individual's living habits, which can in

themselves, but need not necessarily be, cancer promotors. They

can, however, be of decisive significance for the effect which

a radiation dose can have with regard to the occurrence of

cancer The effect of factors such as these can be obtained

through epidemiological and animal experience. It should,

however, be noted that although studies of this type provide

statistically significant results they must not be interpreted

as an unequivocal causal connection between the observed effect

and the magnitude of the radiation. This is particularly true

in cases in which the radiation dose is low and the risks are

small in relation to the effects of other carcinogenic

Isubstances. Opinions can vary on the value of epidemiological



rstudies on how the results should be interpreted but it seems
reasonable to assume, however, that they can provide certain

valuable information on a specific hypothesis.

In the opinion of the Commission it cannot be meaningful to

carry out a major epidemiological study merely to determine the

interdependency between radon daughter exposure in housing and

lung cancer. If such a study is carried out it should be based

on the occurrence of lung cancer and should embrace the

above-mentioned factors alone and in combination with each

other. Studies of combination effects of this type require,

however, statistical data of a completely different order of

size than the data used in the studies performed so far or

proposed by the working group which has investigated the

question of an epidemiological study.

In this context it should be borne in mind that the Cancer

Committee will propose an in-depth risk assessment with regard

to cancer with the aid of a major epidemiological study. One of

the purposes of this study is to investigate the risks which

can derive from radon.

While awaiting further research we have no other choice,

however, when determining the maximum permissible radon

daughter concentrations in housing, than to take account

of the risks for lung cancer which have been statistically

calculated from the data on miners with due consideration

to the difference in the environment, and through dosimetric

calculations.

Human beings can perceive risks in various ways. As is the case

lin connection with nuclear power and pesticides in agriculture,
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many people h;*ve a considerable tear of radon, a fear which

is many times greater than their fear of other, much better

documented risks in society. There are also those, however, who

ignore very high radon daughter concentrations in their homes.

Using the knowledge available at present as a basis, the

determination of the maximum permissible radon daughter

concentrations in our homes will thus, in all essentials,

become a political and practical question in which social and

economic conditions must be taken into account. The short-term

aim must be to limit the largest individual risks and the

long-term aim must be to reduce the total population dose.

Another aim must be to get these radiation doses to agree, as

far as possible, with other radiation protection practices.

This objective agrees well with the line of thought within the

International Commission on Radiological Protection.

16.2 The scope of the radon problem

The measurement activities carried out in the municipals ties

have provided a good picture of the scope of the radon problem.

The problem which at the beginning of the investigation project

was considered to be the main problem - namely the use of

aerated concrete based on alum shale - is no longer as

predominant as it was.

The increase in our knowledge of the importance of the ground

for radon in buildings has changed the orientation of the

investigation towards, in the first instance, attempting to map

out the factors which affect radon exhalation from the ground.
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The radon exhalation from building materials can be counteracted.

Measurements show that buildings, which have been elected with

aerated concrete based on alum shale and in which the rate of

air change is 0.5/h, as specified in the Swedish Building Code

(SBN), exceed a radon daughter concentration of 400 Bq/m in

no more than exceptional cases. Since the production of aerated

concrete based on alum shale has ceased and new materials with

a high concentration activity can be prevented, it should be

possible to keep the contribution to radiation levels in housing

from building materials to an acceptable level in the future.

Consequently, the Commission proposes that the radium and gamma

index which has been introduced in the Swedish Building Code be

retained as an upper limit for the admixture of radioactive

materials in building materials. The contribution from the

building materials will then amount in the normal case, to an

indoor radon daughter concentration of a maximum of 70 Bq/m

and a gamma radiation of a maximum of SO/pR/h.

If radon from the ground constitutes the source, the radon

daughter concentrations can in certain cases, become
3

considerable, in other words, reach several thousand Bq/m .

Once it was established that radon from the ground constitutes

the major problem, the difficulties inherent in identifying

buildings with excessively high radon concentrations were

increased radically.

Measurements have indicated that buildings with a marked

increase in radon daughter concentrations can be found almost

anywhere. Attention has primarily been devoted to the alum

shale areas, eskers and uranium-rich gianites. It h?.s also

been shown that factors such as particle size, pore volume

land ground humidity are of the same significance as the

uranium content with regard to supplying radon to buildings.
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rThe building technology applied during the last ten years has

meant that buildings constructed during this period have become

extremely tight. Since buildings often do not have any supply

air devices and have windows and doors which have been sealed

with extra care to reduce the energy consumption, comparatively

powerful underpressure can occur in them. As a result, air

containing radon can be sucked in from the ground through

inspection hatches, pipe penetrations and other leakages.

It has also been shown that the importance of the ground as a

source of radon has previously been underestimated and that the

exhalation of radon from the ground and the building technology

applied are decisive for the amount of radon which enters the

building from the ground.

The National Institute of Radiation Protection carried out,

at the request of the Commission, measurements of the radon

daughter concentrations in about 500 dwellings which were

selected at random. This study constitutes the most reliable

base available for determining the scope of the radon problem.

The measurements have not yet been fully evaluated. A

preliminary compilation indicates that 30 000-40 000 dwelling

units are likely to have radon daughter concentrations exceeding
3

400 Bq/m . About 70 000 dwelling units are likely to have radon

daughter concentrations exceeding 300 Bq/m . By far the largest;

part of the housing stock, namely about 3 million dwelling

units, probably has a radon daughter concentration of less
3

than 100 Bq/m . The mean national value has been estimated

at about 50 Bq/m .

A supplementary study covering one-family houses built during

(the 1978-1980 period does not change these estimates.
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^Estimates of the mean national value for radon daughters in

housing based on contemporary measurements were carried out

in 1950, 1975 and 1982. When comparing these mean values,
3

which are 15, 25 and 50 Bq/m respectively, it must be borne

in mind that the measuring methods used for the earlier

measurements were not the same as those used today. The

measurements are also based on a limited selection. Con-

sequently, systematic measurement errors can occur.

Differences of this magnitude can, however, quite well

exist as a result of changed building technology and

impaired ventilation.

16.3 Costs for countermeasures against high radon

concentrations

The Commission has attempted to estimate the costs to society

and to the individual for reducing the radon concentrations in

housing. Cost estimates have been made partly for tracing and

remedying existing buildings with excessively high radon

daughter concentrations and partly for planning and erecting

new buildings in such a way as to take account of radon

exhalation from the ground.

If the local authorities are responsible for coordinating

measurements and for ensuring that measurements are carried

out in a rational manner, the total cost for measurements in

one dwelling unit, for example using a passive radon monitor

with TLD or film, would amount to about SEK 500.

The most common countermeasure taken in existing buildings with
3

radon daughter concentrations well above 400 Bq/m probably

^consists of installing a mechanical ventilation system. The

cost for a ventilation system of this kind varies between
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15 000 and SEK 50 000. In many cases in which a moderate

increase in the radon daughter concentration occurs, simpler

and far cheaper countermeasures, such as removing the weather-

stripping at the top of windows and doors, may suffice.

If the rate of air change is increased from 0.2/h, which is by

no means an uncommon rate in newly built one-family houses with

natural draught ventilation, to 0.5/h with the aid of a

mechanical ventilation system, without including compensatory

heat recovery, the energy cost for a standard dwelling would

increase by about SEK 1 200/year at today's monetary value.

This can justify the installation of a heat recovery system.

The cost for a heat recovery installation amounts to about

SEK 25 000.

Measures taken against radon in existing buildings also entail

improvements of the indoor climate with regard to respects other

than radon. These measures can thus lead to general hygienic

improvements as well as to improved energy conservation. The

National Board of Urban Planning and Building will publish

recommendations concerning the planning of new buildings and

the measures which should be taken on various types of ground

when constructing new buildings /70/. These recommendationr;

are presented in summary form in Chapters 9 and 10.

Note: These recommendations were published in 1982 as Report. b9.

The National Board of Urban Planning and Building has previously

drawn up regulations based on he preliminary proposals made by

the Radon Commission. The new recommendations entail a cettoin

limitation of the currently applicable regulations. Counter-

Uneasures for dealing with radon entail, however, a certain

increase in the cost of new construction.
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taking into account the present distribution of various building

types and the extra costs which different building methods can

entail, the cost per dwelling unit can be estimated to increase

by about SEK 8 000 within the areas which require radon-safe

construction.

If 10% of the housing construction is carried out in areas of

this kind and if no special account is taken of the choice of

building method, the mean cost to the nation will amount to SEK

600/dwelling unit or a total of about SEK 20-25 million a year

for the approximately 40 000 dwelling units which are expected

to be constructed each year.

16.4 Action level for existing buildings and counter-

measures for new buildings

As a rule, the measurement values for newly constructed housing

lie well below 400 Bq/m . As can be seen in Chapter 11, the

experience gained so far indicates that it is possible to reduce
3

the level to below 100 Bq/m at a reasonable cost in buildings

constructed en high-risk ground. The level of ambition which

should be aimed at depends on many factors. The National

Institute of Radiation Protection deems it proper that, in

addition to social and economic conditions, particular

attention should be paid to two comparisons with the praxis

which the Institute applies when drawing up directives for

the use of artificial radiation, namely:

L

the level of ambition which forms the basis for the

directives for radiation work, in which the aim is to

achieve a mean value less than one tenth of the dose limit

for those who are occupationally involved in cu::h work,
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r the upper limit applying to individuals from the general

public in connection with exposure to artificial radiation.

Both these cases appear to correspond to a level of about 40
3

Bq/m for housing. Against the background of the large number

of factors which influence the radon daughter concentration of

the building, it is not likely to be possible to determine a

limit value for newly constructed housing at this level. Nor

can these factors be controlled in the same way as applied to

artificial radiation.

According to the National Board of Urban Planning and Building,

the application of the Board's proposal in Report 59 will mean

that new buildings on "high-radon ground" will be built in a

"radon safe construction" and buildings on "normal-radon ground"

will be built in a radon shielding construction. The radon pene-

tration from the ground can thus be considerably limited. The

radon addition from new building materials will also be limited

as a result of the proposed restrictions. Measurements carried

out in newly erected buildings indicate, according to the Board,

that these countermeasures will give indoor radon daughter con-

centrations as low as an average of 10-20 Bq/m and that con-
3

centrations above 400 Bq/m should be rare. Consequently, a

reduction will take place in the mean national value for indoor

radon in pace with the replacement of old buildings with new.

Only one out of 73 buildings constructed in a radon shielding

construction will have a radon daughter concentration in excess
3

of 200 Bq/m . This shows that radon-safe construction has
provided satisfactory results in the great majority of cases.
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The methods used for tracing, rebuilding, new construction and

measurement must be simple and practical. It must also be

accepted that the countermeasures taken do not always provide

the intended result. Consequently, a certain share of the

housing stock will have exposure levels in excess of the

intended levels despite the fact that the buildings meet

all the formal requirements. If the highest exposure level

is several hundred Bq/m of radon daughters, the risk to the

individual becomes the factor of focal importance. Con-

sequently, no dwelling should, in practice, be permitted to

exceed 400 Bq/m . In the case of lower exposure levels of

radon daughters and in the case of gamma radiation, the

protective interest of society in the average exposure to

which a large number of individuals are subjected becomes

the predominant factor.

Experience of the limit values which have applied up to now

is not altogether favourable, particularly with regard to the

values for new buildings and modernized buildings. Problems

exist with regard to when and how measurements are to be

carried out in newly constructed buildings to determine the

mean annual value. It has shown, for example, that the radon

concentration is not stable during the first six months while

the concrete is drying. There is also a lack of clarity about

whether or not cracking in the foundation slab and basement

walls can change the radon penetration from the ground.

Requirements for carrying out measurements in all new buildings

would create an expensive bureaucratic system and must be

avoided. In the case of modernization projects, orientation

towards a limit value has not had any importance in practice.

This value was set against the background of radon problems

ideriving from aerated concrete based on alum shale.
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Commission proposes that the limit value at present in

force for the maximum permissible indoor radon daughter con-
3

centration, 400 Bq/m , should be retained as an action level

which shall lead to the implementation of protective measures.

The principles proposed for a practical assessment of ai action

level of this kind in the Commission's memorandum of 1979 were

that countermeasures should be taken in dwellings with radon
3

daughter concentrations higher than 1 000 Bq/m within two

years and should be taken in dwellings with contents higher
3

than 400 Bq/m within a maximum of 5 years.

These principles should continue to apply.

The principle that the radon daughter concentration shall be

kept as low as reasonably achievable, economic and social

factors being taken into account means, in the Commission's

opinion, that no limit values should exist in the interval
3

between 0-400 Bq/m .

An acceptably low radon daughter concentration in new buildings,

which should reduce the collective dose in the long term, can

be achieved, according to the Commi sion, if the applicable

radium index for building materials is retained and if the

necessary protective measures against radon penetration from

the ground are applied. The protective measures, which are

presented in Report No. 59 issued by the National Board for

Urban Planning and Building, are characterized by the ambition

to keep the radon daughter concentration in new buildings as

low as possible and the Commission feels that it should be

possible to accept these protective measures. Nor do they

[appear to lead to unreasonable costs.
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reduction of the raaon content in old buildings depends, to

a considerable extent, on individual initiatives. Heretofore

activities within the municipalities have aimed at tracing

buildings with radon daughter concentrations in excess of 400
3

Bq/m . These buildings have been declared to constitute a
sanitary nuisance, thus enabling the property owner to obtain

a loan for the necessary countermeasures.

According to the Commission, the responsibility borne by the

local authorities for identifying buildings with radon daughter

concentrations in excess of 400 Bq/m should continue to consist.

Tracing in accordance with the methods used so far will be

expensive for the local authorities and will, consequently, take

a long time with the limited resources which are available.

The National Swedish Board of Health and Welfare has issued

recommendations to the local authorities concerning continued

tracing work /71/. The contents of these recommendations are

presented briefly in Appendix 3.

As regards the buildings which contain aerated concrete based

on alum shale and which have been identified in connection with

the tracing work carried out so far, it should be possible in

most cases to distribute information material to each household

which is suspected of having an increased radon daughter concent-

ration due to the inclusion of this aerated concrete in the

buildings, instead of measuring the radon daughter concentration.

The information material should provide information on the inter-

dependency between radon and ventilation and on the simple

countenneasures which can be taken. Those who so wish should be

offered the possibility of having the radon daughter concen-

tration measured at cost price to the local authorities.
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^n the case of radon exhalated from the ground it should also

be possible to carry out information activities. When areas

with high radon contents and housing with high radon contents

are identified, the residents within the areas in question

should be informed of the simple countermeasures which can be

applied in their particular cases to prevent the penetration

of radon from the ground. Those who wish to do so should also

be provided with the possibility of having measurements carried

out at cost price in these cases.

Information activities of this kind should be coordinated by

the National Swedish Board of Health and Welfare, the National

Board of Urban Planning and Building and the National

Institute of Radiation Protection in collaboration with the

Swedish Association of Local Authorities.

The measures proposed by the Commission aim, for the most part,

at identifying and remedying buildings with radon daughter con-

centrations which are unacceptable to the individual. According

to the study carried out by the National institute of Radiation

Protection, this means that the 30 000-50 000 buildings with a
3

radon daughter concentration in excess of 400 Bq/m should, be

remedied in the first instance. In these cases, the Commission

proposes that society should continue to provide a certain

amount of support to the property owners through special loans.

The Commission assumes that ccuntermeasures will also be taken

in buildings with radon daughter concentrations under the action

level in cases in which this is practically and economically

possible. These countermeasures can be assumed to lead to a

reduction in both the individual and the collective risks.

L
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xhe National Institute of Radiation Protection should follow

developments by making measurements in randomly chosen new

and old dwellings. If it should turn out that the predicted

reduction in the collective dose has not been achieved, the

countermeasures must be increased. This applies in particular

to new buildings in which there is a risk that radon problems

become built in.

The Commission, which has specified important research tasks for

the future with regard to radon in Chapter 12, assumes that the

National Institute of Radiation Protection and the National

Swedish Council for Building Research will devote considerable j
i

attention to the radon questions in their continued research.

The countermeasures proposed here are based on the uncertain

causal relationships which exist. Should an epidemiological

study or other facts change the risk assessment, this develop-

ment should, of course, be reflected in changed norms and

standards.

16.5 Administration of radon loans

A prerequisite for obtaining what have popularly become known

as radon loans has, up to now, been that the local public

health board decides that the radon daughter concentration

in the dwelling constitutes a sanitary nuisance.

The criterion for this is that the mean annual value for radon

daughters exceeds the limit value of 400 Bq/m . Due to

unreliable measuring methods, it has proved difficult to

determine if the mean annual value exceeds the limit value

(in those properties in which measured values have not been
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rconsiderably above the limit value. The local public health

boards have also been reluctant to declare that the radon

daughter concentration in a dwelling constitutes a sanitary

nuisance.

One way of simplifying the administration of the loan would be

if the measurement certificate, which indicates that the mean

annual value lies above the proposed action level of 400 Bq/m ,

were to apply as a criterion for a radon loan once the local

public health board made a reasonability assessment of the

measured value and approved the proposed countermeasures.

Consequently, the Commission proposes that declaring a dwelling

to constitute a sanitary nuisance should no longer be used as a

criterion for a radon loan. A proposal for countermeasures,

approved by the local public health board and accompanied by a

certified measurement report which shows that the radon daughter
3

concentration exceeds 400 Bq/m should, according to the

Commission's proposal, suffice as a basis for having the local

authority agencies and the regional housing boards consider an

application for a radon loan. The loan regulations should, as

is the case at present, be linked to modernization and energy-

conservation loans. The National Housing Board should be

responsible for determining and, if necessary, revising the

regulations.

The duty of the local public health board would then primarily

be to provide, in collaboration with ~he local building board,

the general public with advice on suitable countermeasures. In

this context, particular attention must be devoted to the

special conditions which apply in cases when radon from the

iground constitutes the source of radon. The adjustment of a



23

rventilation plant must, for example, be carried out with great
care to ensure that an excessively large underpressure does not

occur since this can worsen the problem by sucking in air mixed

with radon from the ground.

Against the background of this approach, an action level of 400

Bq/m would more clearly become the administrative criterion

for public support for buildings with the highest radon

daughter concentration.

A declaration of a sanitary nuisance could be used to exert

pressure on houseowners who, after a respite of 5 years and 2
3 3

years for mean annual values of 400 Bq/m and 1 000 Bq/m res-

pectively, have not taken satisfactory countermeasures to

reduce the radon daghter concentrations.

At present, SEK 1 000 is paid to the local authority for each

radon loan granted. In the opinion of the Commission, a transfc:

of funds of this type does not fill any function. Consequently,

the Commission proposes that this transfer to the local

authorities be discontinued. Any such compensation to the local

authorities should be dealt with in the annual negotiations

between the State and the local authorities.

16.6 Allocation of responsibility amongst the public

authorities

The overall responsibility for following up developments with

regard to radiation in housing should continue to be borno by

the National Institute of Radiation Protection. This

responsibility should include responsibility for following

developments with regard to the risk assessment.
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National Institute of Radiation Protection should also be

responsible for promoting the development of and assessing

measuring techniques in the radiation protection sector so as

to permit a better follow-up of the radon situation. This

responsibility also includes providing facilities for the

inspection of calibrations at the Institute and supervising the

measurement activities which are carried out commercially. The

Institute should also closely follow the development of the

radon situation in both old and new buildings, for example by

carrying out, at regular intervals, random measurements of the

type presented here. Results of measurements of this kind can

provide information on whether or not the radon situation in

housing is developing in a satisfactory manner.

In the opinion of the Commission it is essential to process the

radon question in a uniform manner throughout all of Sweden. In

order to ensure that the directives, general advice and informa-

tion distributed by the central authorities speak the same

language, in other words that they supplement and do not

contradict each other, collaboration must be established

between the central authorities concerned, particularly the

National Institute of Radiation Protection, the National

Swedish Board of Health and Welfare and the National Board of

Urban Planning and Building, before determining the final

presentation of such directives, advice and information.

The National Authority for Testing, Inspection and Metrology

has previously borne the responsibility for distributing trace

film to the local authorities in accordance with an agreement

with Atlas Copco ABEM. This agreement has expired and the

National Authority for Testing, Inspection and Metrology no

[longer bears the aforesaid responsibility. The National
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Authority for Testing, Inspection and Metrology is qualified

to measure radiation in buildings. The Commission assumes that

the Authority will continue, in collaboration with the National

Institute of Radiation Protection, to draw up and ratify

measuring methods with regard to radiation in buildings.

The responsibilities of the other central authorities should

remain unchanged.

At a local level, the public health board and the building board

should continue to bear the responsibility for ensuring that

regulations applying to radiation in housing are followed. In

these matters the local authorities bear the responsibilities

incumbent on a public authority.

According to its terms of reference, the Commission shall

elucidate the allocation of responsibility between the

authorities concerned with regard to building materials, other

than radioactive materials, which constitute a health hazard.

Building materials of this type come under the legislation

applying to products which are dangerous to health and the

environment. Particular attention has been devoted in this

context to formaldehyde from chipboards.

A special commission has presented a proposal for the organiza-

tion of a product inspection function (DsJo 1980:4). These

matters are at present undergoing preliminary processing in

the Government Office. A large number of chemical substances,

the effects of which on health and the environment are not

fully known, occur in the building industry. There are about

30 000 products in the paint sector alone.

L
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Rectorial responsibility for the building sector, which should

naturally be allocated to the National Board of Urban Planning

and Building, would require additional resources and additional

qualifications within the field of chemistry at the Board. The

report on the organization of product inspection proposed the

establishment of a Board of Product Inspection which would bear

the overall responsibility for all product inspection. The

reason given for this organization was that it would avoid

fragmenting the available qualifications in the field of

chemistry.

The Radon Commission does not consider that it can take a

decision with regard to the building sector without knowing

the basic organizational solution which the Government intends

to propose for organizing a product inspection function.

L



Comments on the report provided by the National

Institute of Radiation Protection

Comments May 2, 1983 on the report "Radon in Housing"
presented by the Radon Commission (SOU 1983:6)

The National Swedish Institute of Radiation Protection has
been requested by the Ministry of Agriculture to comment on
the report entitled "Radon in Housing" (SOU 1983:6) sub-
mitted by the Radon Commission.

Most of the material submitted constitutes a valuable and
clearly arranged summary of the background to the radon
problem, radiation doses, risks etc. as well as the results
of the work done by various authorities and institutions in
this sector in recent years.

RISK ASSESSMENT

The Radon Commission expresses itself very cautiously con-
cerning the radiation risks, particularly the risks for lung
cancer due to radon. The Institute of Radiation Protection
shares the Commission's opinion that knowledge on the connec-
tion between radon and lung cancer is very incomplete. The
Institute considers, however, that future measures must be
based on the best assessment at present available. Th°
radiation level is extremely high in those dwellings winch
have the highest contents of radon daughters. It has al^o
been shown that a larger number of dwellings than couJd
previously be foreseen have very high contents of radon
daughters. The latest information available is from 1982 and
indicates that about 600 dwelling units have been found with
radon daughter concentrations in excess of 800 Bq/nr̂ *̂  and
that approximately 10 000 can be expected to be found ,s
a result of continued tracing work.

The source material available for assessing the risk of \uv.n
cancer cannot be regarded as limited since several assess-
ments from different points of departure indicate the same
conclusion. Lung cancer from radon daughters:

has been shown to occur amongst miners in numerous
different investigations
has been shown to occur amongst experimental animals
(including rats and dogs)

*) The radon daughter concentration in Bq/m means the
Equilibrium Equivalent Radon ConcentraLion. (1 Bq/m3 ~
2.7 x 10"4 WL - 5.6 x K)~" J/m"' . )



can be expected, since corresponding radiation doses
from gamma radiation have caused lung cancer in humans
has not been shown to occur amongst the general public
but several Swedish and foreign investigations do not
contradict the assumption that radon daughters are just
as dangerous in housing as in mines.

A long series of conditions affect the assessment of the
cancer risk:

Do particularly sensitive groups occur amongst the
general public, for example children, the sick or the
elderly?

What influence does the distribution of exposure in
time have?

What interacting factors occur (smoking, asbestos,
chemicals)?

To what extent is the latent period affected by these
conditions?

Despite the uncertainties involved, the Institute has pre-
viously (in its vetter to the Radon Commission dated August
24, 1982, Reg. No. 03/149/82) recommended that measures
against radon be based on a risk factor of 2.5 (uncertainty
interval 0.8-8) cases per thousand persons exposed to
1 000 Bq/m3 during one year. This risk factor is thoroughly
compatible with data concerning miners. Data from experi-
mental animals and from humans radiated with gamma radiation
indicate lower values but, for reasons of caution, the risk
should not be underestimated when deciding on the counter-
measures to be taken. This factor was the one preliminarily
adopted by the Radon Commission end no new scientific in-
vestigations have been published providing strong reasons
for believing that the risk of lung cancer as a result of
alpha radiation is lower than was previously assumed.

In a doctoral thesis from May 1983 presented at Linköping
University, Christer Edling discusses hypotheses concerning
risk factors (from radon daughters in housing) of the order
of size indicated above. He finds no reason for rejecting
the hypotheses although it should be noted that the source
material on which he bases his case is limited.

Risk comparisons

The Radon Commission has not provided any comparison between
the risk for lung cancer from exposure to radon daughters
and other risks due to the considerable uncertainty which
applies to the risk estimate. The Institute considers,
however, that a risk assessment should form part of the
source material for assessing the measures to be taken to
reduce the contents of radon daughters in housing. Despite
the uncertainty in the risk estimate a general comparison
with other ricks is, nevertheless, provided in Fig. 1.

The Energy Commission's assessment of the reactions of,
society to various risk levels liar; also been presented in
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the figure. When making this comparison it should be borne
in mind that the indicated risks from radiation and smoking
are calculated risks based on studies of exposed individuals
or on animal experiments while other risks are based on
established cases. The true value for radon daughters in
housing is estimated to lie between 1/3 and 3 times the risk
estimate used.

By way of comparison we can also mention that an action
level of about 400 Bq/m-* for existing housing and a level
about 70 Bq/m as an investigation level for existing
housing and as a level of ambition for construction
requirements for new buildings are being discussed by
the British radiation protection board, NRPB.

The following are amongst the conclusions which can be drawn
from the risk comparison:

o The health hazard which occurs in the most exposed
housing is higher than the risk from other specified
activities, even higher than the risk from smoking. The
risk is 10 - 100 times or more above the average risks
connected with traffic, radiation work or other work.

o The health hazard which occurs in housing with radon
daughter levels around 400 becquerel per cubic metre
(Bq/m3) (present action level for existing housing)
corresponds to the limit value for radiation work and
is almost on the same order of size as the lung cancer
risk connected with smoking. Society usually intervenes
or takes certain action at this risk level also.

o Approximately 40 Bq/m3 in the housing case corresponds
to the level of ambition for radiation work (one tenth
of the limit value) towards which the Institute strives
when drawing up radiation protection instructions. The
mean value for large occupational groups is usually
located under this level. At a corresponding risk level
society usually takes certain action or provides in-
formation.

o Approximately 40/Bq m3 in the housing case also corre-
sponds to the maximum permissible radiation dose to
which members of the general public may be exposed from
artificial radiation.

The comparison with smoking is sometimes quoted as a reason
for making light of the radon risk. But this is unsuitable
for several reasons:

o the risk from smoking is exceptionally large - every
third smoker can expect to die from smoking. Fortunately
smoking is not taken as a guide when it comes to road
safety, working environment and other areas.

o smoking is voluntary (apart from passive smoking).

o smoking affects sensitive individuals, such as children
and those who are ill, to no more t.hnn a minor extent.



COUNTERMEASURES AGAINST RADON

Upper limit

The comparison indicates that radon daughter contents of
thousands of Bq/m3 lie far above all other ordinary risks
with the exception of smoking. Contents of hundreds of Bq/m3

lie at a risk level where society usually intervenes. The
protective measures which should be adopted depend on many
conditions, not least on what can reasonably be afforded.

The National Institute of Radiation Protection maintains the
principle in other areas that all radiation must be kept as
low as is reasonably achievable. Specified upper limits shall
be observed and may not be exceeded, regardless of cost or
other obstacles. The limit value which is internationally
recommended for those occupationally exposed corresponds to,
for example, a radon daughter concentration of 1500 Bq/m3

for miners. This value is based on a forty-hour working week
and corresponds to 500 Bq/m3 in housing. As a logical con-
sequence of the principal which says that all radiation
doses must be kept as low as is reasonably achievable, a
series of countermeasures have been adopted in the Swedish
mines and the average levels now correspond to about 100 Bq/m3,
converted to the conditions applying in housing.

The National Institute of Radiation Protection cannot accept
an action level in excess of 500 Bq/m3 for housing for
several reasons, including the following:

o With a higher action level, we cannot eliminate the
risk of pneumonia, lung fibrosis and other lung diseases
after many years in a dwelling unit with a radon daughter
content at this action level.

o The corresponding dose limit for those occupationally
exposed is regarded as unacceptable over a long sequence
of years and the Institute demands countermeasures to
decrease the doses.

o There are no plans for an upward adjustment of the
limit value which is applied to mines to the level
recommended internationally. The present limit value
corresponds to about 400 Bq/m3 in housing and work is
in progress to achieve even lower radon daughter con-
centration in mines.

o The limit values with regard to radiation applying to
the general public in all other sectors are far lower
than the limit values for those occupationally exposed
between 1/10 and 1/50 of the latter limit valuer.

Bearing in mind the risk of lung cancer, a considerably
lower action level than 500 Bq/m3 should be selected.

Newly built housing

In newly built housing it has proved easy to achieve values
well below 400 Bq/m3 at reasonable costs. The Institute con-
siders, that in addition to economic and social factors, two



comparisons with radiation in other areas in society should
be particularly taken into account:

the level of ambition which forms the basis for di-
rectives for radiation work, in which the objective is
a mean value below one tenth of the dose limit.

the upper limit applied to members of the general
public in connection with exposure to artificial radia-
tion.

Both these cases correspond to a level of about 40 Bq/m3 for
newly constructed housing.

A comparison of radon risks with other risks indicate that
an action level should, bearing in mind the individual risk,
lie between approximately 40 and 400 Bq/m3 if thi~pfeTiminiry
risk assessment of the Radon Commission is correct. The
individual's lifetime risk of suffering lung cancer will
then lie somewhere between 0.6% and 6%.

The report indicates that it is possible to construct build-
ings so that they are safe from and protected against radon.
If the applicable rules concerning the activity content in
building materials are observed and if special construction
requirements, adapted to the prevailing ground conditions,
are met it should be possible in the long-term to reduce the
general radiation level in housing to a value which corres-
ponds to approximately 1/10 of the dose limit for those
occupational ly exposed, or 40 Bq/m3 . The measures which tW'v
Commission proposes for new buildings agree well with the
views of the Institute.

As a result of the practical difficulties connected with
inspection activities on building sites and the heretofore
limited experience of radon-shielding and radon-safe con-
struction, difficulties may arise in achieving this level of
ambition unless some form of follow-up of the stock of new
buildings is made.

Existing housing

The greatest radiation protection problem is, however,
connected with the existing building stock. What is involved
here consists partly of a question of action levels and how
these are to be applied in practice and partly of the problem
involved in tracing the dwelling units with increased radon
daughter contents which are in need of countermeasures.

Tracing

Tracking down all the dwelling units which are in need of
countermeasures Ts probably extremely difficult both practi-
cally and economically. In fact it is not Jikely even to be
possible, but the level of ambition should be high.

The National Institute of Radiation Protection supports the
minimum programme which the National Board of Health and
Welfare has proposed. A summary of" this is presented in
Appendix 3 in the Report. The I ru;t i tu \.n i:; of the opinion



that it is extremely important that all the local authorities
become involved in the tracing work, in other words, even
those local authorities who say they are not affected by the
radon problem, since the assessment which is used as a basis
for such a decision may be based on limited measurements.

One problem which will arise as a direct consequence of this
question consists of determining which body is to follow the
development of the tracing activities carried out by the
local authorities. Up to now the collection of data etc
concerning the actions taken by the local authorities has
been carried out with the aid of consultants, and the Insti-
tute has no objection to this procedure being continued in
the future. A body must, however, be appointed as responsible
for ensuring that data is collected from the local authorities
in a satisfactory manner. We suggest that this responsibility
be borne by the National Board of Health and Welfare. The
Institute is prepared to collaborate by placing its expertise
at the disposal of the body in question. Furthermore, assist-
ance from the Association of Local Authorities should, if
possible, be utilized, for example in the form of recommenda-
tions to the local authorities from the Association.

With regard to action levels in the existing building stock,
the Institute agrees with the principles which were proposed
as far back 1979 and which are now also proposed, namely
that housing with a higher radon daughter content than
1000 Bq/m3 should be dealt with within two years and housing
with contents in excess of 400 Bq/m3 should be dealt with
within five years.

The Institute has presented the Radon Commission with the
viewpoints which the Institute feels should form the basis
for selecting an action level. By and large, these viewpoints
are as follows:

The risk for lung function injury after exposure during
a long series of years must be avoided. This indicates
an action level under approximately 400 Bq/m3. Housing
which has extremely high radon daughter levels should
be allocated priority with regard to remedial action.

The risk for lung cancer should be as low as reasonably
achievable. The present limit value, corresponding to
500 Bq/m3 in housing, is not regarded as satisfactory
for working life. In the case of mines, for example,
the objective is to achieve considerably lower levels
and the mean value at present applied to mines corres-
ponds to about 100 Bq/m3 in housing. Limits for the
general public in the radiation sector are usually far
lower than for those occupationally exposed, usually
one tenth.

In other radiation protection sector countermeasures
are usually required as long as they cost less than a
value corresponding to about SEK 10/year to reduce
exposure by one Bq/m3 per person. If this principle
were to be applied to housing, the sum involved would



amount to SEK 8 000/ year for reducing the radon daughter
concentration in a 4-person dwelling unit from 400 to
200 Bq/m3. There are radiation protection sectors in
which less money is devoted to protection and there are
also those in which more money is devoted to protection.

According to both Swedish and international experience
it does not seem possible to establish definite action
levels much under the present 400 Bq/m3 for the existing
housing stock. If a high action level must be accepted,
the measurement method should be designed so that it
provides a satisfactory measure of the radon daughter
exposures which constitute a health hazard.

The Commission has chosen to recommend an action level of
400 Bq/m3. The Commission proposes that this action level be
linked to the right to obtain what is called a radon loan.
If no action has been taken after five years for a mean
annual value of 400 Bq/m3 and two years for a mean annual
value of 1000 Bq/m3, the Commission proposes that the term
"sanitary nuisance" can be applied as a means of exercising
pressure on house owners to reduce the radon daughter contents.
Contrary to what was proposed in the first report (DsJo
1979:9) submitted by the Radon Commission, the Commission
has chosen not to propose further action levels but, instead,
supports the general radiation protection philosophy that
all actions shall aim at obtaining radon daughter contents
which are as low as reasonably achievable taking economic
and social factors into account.

According to the principles which the Institute must follow
in its work, it should be in the interests of society that
dwelling units with radon daughter contents in the interval
100 - 400 Bq/m3 should also be remedied. Consequently, a
precise and inflexible limit should not be applied to support
measures for remedial action. It is especially important to
devote attention to groups which are particularly exposed.
For example, children in the age group corresponding to
junior level school receive radiation doses which are up to
twice as high as those received by adults in an environment
with the same radon daughter concentration. Miners can also
be exposed to high radon daughter concentrations at work.
Hazardous substances in the working environment may interact
with the radon daughters in such a way that the risk is
increased.

It is also well known that many people are worried about the
danger of radon even in those cases in which the concentra-
tions are lower than the action level.

Consequently the rules for radon loans should be adjusted so
that loans can also be granted for radon daughter concentra-
tions in the 100 - 400 Bq/m3 interval. If the loans do not
suffice for all the applications, priority should be allocated
to those who are particularly exposed or particularly worried.



The part played by the National Institute of Radiation
Protection

Major requirements are made for the Institute's work in the
radon sector in the future. In its report, the Commission
proposes that the Institute should continue to bear the
overall responsibility for following developments. This
means, inter alia, that the Institute should follow develop-
ments with regard to the risk assessment. Furthermore, the
Commission proposes that the Institute should be responsible
for promoting the development of and assessing measuring
technology within the radiation protection sector. The
Institute should provide facilities for inspecting calibra-
tions and inspecting measuring activities which are carried
out commercially. According to the Commission, the Institute
should carefully follow the radon situation in old and new
buildings, for example by carrying out measurements in
randomly selected dwelling units at regular intervals.

Inspecting measurement activities which are carried out
commercially requires resources of a scope not in line with
the Institute's objective of reducing its detailed control
in other radiation protection sectors and devoting itself to
activities of a more overall nature. Inspection of this type
does, however, suit the technical qualifications of the
Institute but if the Institute is made responsible for
exercising such inspection, full cost coverage should be
obtained for it.

Even with this limitation, the proposal put forward by the
Radon Commission means increasing the Institute's work
within the housing sector to such an extent that it cannot
be dealt with immediately by reallocating priorities within
the Institute. Consequently, extra funds have been requested
in the Institute's 1984/85 budget estimate as a consequence
of the proposal put forward by the Radon Commission.

Research

The Institute wishes to emphasize the importance of ensuring
that research activities can continue. Knowledge is still
incomplete in several of the sectors involved. A better
knowledge of the importance of the ground, better measuring
methods and a test of new building engineering measures in
existing buildings and in connection with new construction
can be expected to lead to an improved utilization of public
resources.

During the years when the Radon Commission sat, the Commis-
sion made funds available for research projects. In its
Report, the Commission assumes that the NationaJ Institute
of Radiation Protection and the National Council for Building
Research will devote considerable attention to radon issues
in future research activities. With regard to the research
which falls under the Institute's responsibility, the In-
stitute therefore proposes in its 1984/85 budget estimate
that the research funds at the disposal of the Institute be
increased if the Institute is to bear responsibility for the
target-oriented research concerning r
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Miscellaneous

Finally, the Institute wishes to point out that a number of
printing errors occur in the Report. Most of these are of no
more than minor significance but one such error, which
occurs in Table 11.1, page 95, may confuse the reader.

Item 1 in the table is as follows:

100 23 80 000
but should be:

100 33 80 000
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Summary

Lifetime exposure to radiation at the proposed action level
of 400 Bq/m3 is considered to give extremely high radiation
doses compared with what is norr.ally accepted for protecting
the general public against other radiation. The Commission
has also mentioned that the objective must be to get these
radiation doses to agree as far as possible with other
radiation protection practice in Sweden.

The Institute consequently considers that, in the interval
under 400 Bq/m3, no sharp limit for support for counter-
measures should be applied to the existing housing stock.
The Commission emphasizes that the aim must always be to
obtain levels as low as is reasonably achievable. As a logical
consequence of this, housing users who so desire should
obtain support for countermeasures in the interval 100 -
400 Bq/m3 as well, in other words they should be entitled to
what is known as a radon loan.

The Institute particularly emphasizes the importance of
intensifying the tracing work in the municipalities and of
the local authorities acquiring source material enabling
them to take account of radiation from the ground in their
planning work.

Apart from what has been said above, the Institute does not
have any marked objections to the proposals put forward by
the Commission.

In addition to the undersigned Gunnar Bengtsson, who acted
as Chairman, the following Board Members participated in the
final processing of this question:
Hambreaus, Hubendick, Persson, Tengberg, Westlin, Widman and
Wångby, Heads of Department Snihs and Edvardsson as well as
First Radiation Protection Inspector Hans Ehdwall, who acted
as rapporteur.

Gunnar Bengtsson

Hans Ehdwall
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