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Although research in the 1950s on radon and y-exposure in Swedish homes 
ahoved that the ab1orbed dose in the iungs could be as much as 0.01 Sv per 
week, no regulations vere introduced at that time. In 1980 general ·Hmits for 
radon ~n homes, schools, etc, vere established in Sweden. A decrease of the 
ex.i&ting li•i ts and an extension to all voi:king places above ground is 
presently discussed. The experiences in Sweden shov that it is possible to 
de3rease the radon concentrations in most existing houses to below3 200 Bq 
m- .. Nev houses c.an be built so that the average is about 50 Bq m- for all 
nev construction and that mQSt individual hou~es have levels below the limit 
established for newly built houses; 140 Bq m- . 

INTRODUCTION 

It has been a tradition in Sweden -since the days of professor Rolf Sievert to 
study naturally occurring radiation .. Be initiated the study of gamma radia
tion and radon in .dwellings (1). Sievert pointed out in 1956·(2) that the 
radiation dose in the lungs from radon in dwellings could be up to 1 rem 
(0.01 Sv) per week. 

However, no regulations for radon or y-exposure vere introduced at that titne. 
The reasons were several• (I) the radon concentration depended on ventilation 
and good ventilation Wa$ needed for other hygienic reasons , (II) natural 
radiation was e.xcluded from the international recommendations at then time 
and (III) the limit for the general population from artificial radiation 
recommended by the Internationd Commission on Radiological Protecti"on, ICRP, 
was higher than nov . Already in the 1950s it vas clear that the 1round was 
one source to the radon concentration indoors. Hovever, before the 1970s no 
measurement was made of the high radon levela indoor$ as attained at a later 
date. 

Nowadays, bulldinfi technique measures to decrease radon concentration• have 
been checked. lt is ea1y to measure the radon concentration and ve know llOt-e 
about the health riska, It is therefore easier to defend regulltion11 1overn
ing· the exposure of radon indoor1. 
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In Sweden; "i.n contradiction to the other Nordic countries, about 10% of the 
dwellings are built of a concrete containing more radium-226 than normal, 
alum:!shale 'based· aerated concrete. The country-wide average for "Svedish homes 
is, ,iiespite .this, not much higher than for the neighbouring countries Finland 
and · Norway. This .depends on the ground for which the risk of high radon 
exhalation is high in ' all the three countries . Moreover, there is the cold 
cli mate which encour ages energy• conserva tion, often by decreasing ·air ex
change rates. In a fev . regions the cont ri bution from deep-bored wells i s 
significant ~ Denmark and Iceland have in general no problems with radon 
indoors·. .: :· .r~ 

The ari thm_etic · mean;_of _the rad?n concen t ration for the _~wedish homes in the 
1975 ~uilding stock measured ~uring 1980-82 was 100 Bq m , 10% exceeding 200 
Bq m~ . and ~~ above 80~ Bq m- (3), see Pig l. 

·:::~:.; ... , . ·: ~f,: .... _ ·: ~ ;~;~· 
. . . ·' 30 

10003 
8q/lft 

Figure l .. _ Distribution of radon c.oncentrations in the Swedish. 
dwelling stock: 19!5. ' Indicated in the figure are·- .also _ three· ~'-
values exc.eeding.1000 Bq/m3 (1312, 1537 and 3306 Bq/m3) ; -" .• :, 

r: ... ..:.· .. ~: .. _ ....... : .. ~ - - . ~ - ::: : 2 .-:a .-! • ·r' • · ·:..: 
'\.I 

There are many indications that the average radon concentration in Swedish 
homes ha.s increased since the 1950s. The average from the measurements 1980-

. 82 were six times higher t.han the average from the measurements ·1953-54 . for 
approximately the same regions. Tl)e air exchange rates have been ·deci::eased. 
and the . unde rpressure indoors has been i ncreased . in .. the ·· efforts .• to save 
ener~ , . During the 1950s and 1960s about half .qf the newly buf lt houses were 
built of alum-shale concrete containing more radium-226 than. rusual ;;·3; .. •!o) ,~mo:i r.1 

;,.A :, .. '. 1 H{ ' .; • !:~ i:, ::; i '.:. . .. :: ~ _I·;:~·"·:':\ .')'•_:a ~r.o,i1 "l::iif2,ti'1 .c-1:t1 
.,~ .. · · _... ·· REGULATIONS. · ·:·: : " :'.o::--·.; e:!; ,I: . g~·.;uo'" ·KO 

"'' • i ·-: .. , ,, :·;· .,. ;)'! ~. ;c• t.·-. l ·-< ~ ._' l :-.'::"IJ? ~r:;;·i 1r!;,r!:'~·.rt.J:,_o:;.•,.nt 
Radon is different from other indoor air quality problems. It is for example. 
not possible to feel with our senses, but rather easy to measure. Also there 
is an existing international radiation protection policy and,.1 much . vork ,·:,haSi 
been done ;on the estimation ~f health risks from _ionizing radiation. ThiS: 
made it easier to .state -a regulatio~ system for radon indoors than· . for;; other. 
air pollutants, a possibility used in Sweden.:• ·, -:·r;:: • ::,;:,,;·: io "J:i;:•Jqirn .! .. 1:1 j11l 
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l'One' expedince since the :Svedisli limits for~radon indoors vere estabi i sfiia " in 'tT . 
119001. is nthat it is .. a tedious 1>roces1h11aking the politicians andethi popul~!."J 
4=tion so· avan of · the health risks that they1:are ready· to decrease) the '" livelsm' 
riVherH they• ·are high ."•"Financial implica tiOns · are mostly •more "!mportant?r"For1P 
! example , ' a Special clause Stipula3ing lover'• housing taxes Vhen C·t Jie l r aaon(IP. 
·concentration "exceeded 140 Bq m- re·sulted· in ·that the local health"authori.:"b 

~~ties•and the measuring companie.s vere· overvhelmed vi th questions; about .t ·meas:.!:1 ~ 
urements and certifi.cations. - :.. :. un; •-: • .:. ..... , ·6·:~· - 1 

~~ -~ ' ' 
The individual· Nordi~ . co~trie~ have. tried • to solve . the radon pr~blem ·in•'"' 
different vays, ~ depending on different administrative routines . Hitherto; • • 
Sweden and Finland (4, ' have promulgated limits to · decrease thti ' r adon ~con-" 
centrations in homes. Norvay has recommendations and Denmark and Iceland have , 
no regulations on radon. ' "Recommended action levels are voluntary ' to follov ; : 

. whereas a limit has to be met independent of the costs . Bovever, t he· usage is '~ 
to recommend, not to orde r, mitigation of the effects of · radon ; ' vhen the ~ 
ovner and family live in the home. The national authorities for radiation ._ 
protection in the Nordic countries have agreed ab9ut• basic recommendations 1 

(5). .u .:·· .. .-.o ... . ., -:.r·,, .,.., .......... •~,, 
;,. • 1 • .. ·.:'" :'h)':,. 

0 

;.., •··:i· ':.I · , • ' • 11 tt..il<.c; . .. t r.:., 

Table l gives a summary of the limits and recommendations used· in ' tbe Nordic1 " 

countries . The
3
original figures have been transferred to the concentration of :• 

radon in Bq m- • An equilibrium factor of 0.5 is used for the ratio, betveen 
the e.quilibrium equivalent concentration of radon, EER, and the'o total poten- '1 • 

•tial ex-energy of the daughters vhich vould be in equilibrium vi th the:' •'radon ,., 
concentration. EER is defined as 'that activity concentra tion of·· radon in · 
radioactive equilibrium vi th its short-lived daughters · vhich has " the same ' 
po3ential u-~ergy concentr~tion ~s the actual non-equilibrium mixture ' (1 Bq 

·m- • 2: 7¥10- VL • 5.6xl0- J m- ) (6). For the figures given in the follow~·· 
ing the radon concentration is used . : · · :• " "' ' 

.. . . . ~ . ..a:.·; 
JI' 

-Table 1. Regulations and r ecommendations for the whole housi~g' ,,. ' 
stock i n the Nordic countries, r adon concentration in Bq m- • • · 

'•<J ~·· 

Sweden (1980) 
Finland (1986) 
Norway (1987) 

- Nordic radiation 
protection authorities (1986) 

Recommendations 
vhen si1112le measures 

Sveden :· ,. 
Norvay (1987) 
Finland (1986) ·' 
Nordic radiation •• j 

( , protection authorities (1986) 

2.99 

800 
800 
800 

800 

200 
200 
200 

200 

Desi(~ 
Bq m 

140 
200 
200 

200 

. : 

:.•I 

JI 

i ... ,1 
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... \ 

" 

·' 
,. 

·:•.,; . .. 
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The Swedish li~it for the radon concentration in existi~g homes , schools etc has 
bee.n 800 Bq m- . since 1980 (7). A decrease to 400 Bq 111- and an ex t ension to all 
vorking places above the ground is presently_3discussed. Homeovnei:s ~re 
r ecolllll!ended to decrease the level to bel ow 200 Bq m when i!3is possible to ,: do 
so with simple measures. The design level has been 140 Bg3m since 1980 . (8). A 
decrease in the limit for rebuilding from 400 to 140 Bq m is under discussion . 

· The earlier limits for building materials and for y-exposure indoors have 
recently been changed into recommendations. · "' '~ : .; 

The reasons for the decrease of these limits are (I) a better basis for the risk 
estimate, (II) a lower lifetime limit for radiation protection of Swedish 
workers established in 1988. and (III) better documentation of 111itigation~.:~~·; ; : 

The early recommendations .on mitigation from the ,beginning of the 1980~ 0 hav~-:~~w 
been revised and completed. A detailed handbook (9) and a brochure de-scribing 
mitigation methods have been published. .. , 

The purpose of the limits is to reduce the population dose and the d~~~ < to 
individuals. The reduction of the population · dose is based on the ALARA
principle, one of the main principles of the ICRP recolllll!endations (10), 'All 
exposures shall be kept as low as reasonably achievable, economic .and social 
factors being taken into account.' · :•.;.: 

The possibility for owners of detached houses to receive governmental financial 
contributions · to decrease concentrations has .been . improved since 1988. A 
governmental subside covering half of the cost, not exceeding SEK 15000 (-U~D 
2400) can be given to .the owner when the radon concentration exceeds 800 Bq m~ • 

• . ; 

The Swedish local authorities are responsible for decreasing the radon con
centration in homes in each municipality (11). The health authorities are 
responsible for the search of houses with high levels, measurements, decisions 
on if the level has to be decreased and for giving general advice on mitigation. 
They also approve proposals of mitigation as a basis for decisions on financial 
contribution. The local building authorities have to take the risk for high 
radon exhalation from the ground into account in their planning for building and 
also in their building· permits. 

'. CRITERIA'' FOR HEASUREMENTS 

Measurements of radon ·and radon progeny concentrations and comparisons ·to the 
required limits are made by the local authorities or by private measuring 
companies. They are recommended .to follow measurement protocols· .. for ·the 
measurements and. calculation of the annual averages. Furthermore, they can check 
their calibration at the National Institute for Radiation Protection .after ~:which 
they will be placed on a list available from the Institute. · The · meas\li:enient 
protocols, established since 1980, have recently been revised. 

. ' ·: • : ~ . ;~ -; ,~ it ) : ~· ~ ;?· 

Several techniques are permitted as the basis for calculating . annual · averages; 
short-term, integrating, and continuous . recording measurements. At least 'two 
rooms should be measured, such as a bedroom and a living room during .-.n9;mal 
living conditions (except for short-term measurements). In detached houses · at 
least one measurement should be carried out on -each floor. Basements sh!)'l!ld .;-. be 
included when calculating the annual average only if they are used for normal 

· living. The ventilation should be working properly· and the , ventilation ducts 
should be open during the measurement period. ·Measurements are permitted only 
during the heating season. ·'No .. corrections are made·- for seasonal effects~ · 
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Special ·restrictions are; reco111D1ended/ regarding at.ring . of . the houses, vacuUll 
leaning and• climatic conditions ·,1 before.. • and ::,.during .short-term ~ •easurements. 

Since.i. 1989 · instantaneous . measurements are only permitted in dwellings without 
contact vi th the ground, for example dvellings in the upper floors of apartment 
houses .. · -.!I... ..1 . ~ .._, • . , ~ , • · -,.~ i ~ • • ·'· • • s. ':?r:~ .. :: .... i.~· ... · . .. 
- (! • -:orl! .. : ·· · .. . . · .- ~-!1··, :r-·•· · · 4'.,;- •• -~.!'\ , _ .... _. , 11 ·,.ro :· '· _ ~- · 

Protocols for searching of houses with high :·concentrations are presently· · being· 
devised. These measu~ements can be done using simpler and quicker measurement 
methods. Such a searching met.hod has . .already been practised in several 
municipalities. \lhen .the radon concentration is· .found to exceed a r eference 

·. level, a nev or repeated measurement ,should be carried out for ·comparison vith 
the limit. Heasurements in basements may be recoll!lDended. 

. ' :'i~- .: ' 
The length of the mea,surement period is presently 
following considerations have to be · taken: ~ ... ! 

discussed in . : ........ ,. 
Sweden. .... .. 

!1 . · ""'· · I' • • • • • ·:.,c~ - ~ . :, 1 4 • -~ .. 

The 

- A measurement during . .a whole year vould seem at a ,first · glance xo be the best 
measure of the annual average. This is, however, not true f or ·Countries with a 
combination of .a cold ·climate., houses with natural draught ventilation systems 
and most of · the holida,y . periods . in the , summer months,· as in the Nordic 
countries. Vhen the temperature difference between indoors · and ·· outdoors and 
the · wind .speed is low, natural draught ve.ntilation systems do not work. If 
such houses are closed during a large part of the summer the radon levels may 
be very high in houses where the major radon source ·is 'the building materials. 
\lben the radon comes from the ground the radon concentration· indoors may be 
lover in the summer although the ventilation does not work. 

- In Sweden some houses have verynigh ' radon conceritratioris~ In such houses it " 
is important to decrease the levels · as soon as possible. The measurement 
period should therefore not be too aong. About 1% of the · homes have radon 
concentra!ions exceeding BOO Bq m and 3-4% levels above the discussed limit 
400 Bq m- • _ .. 

- The measurement period should not be too short because of the time variations 
indoors. 

- For newly built houses it may entail considerable financial consequences to 
have to wait a long time for the measuring result. Later official approval of 
the building will cause later change to long-time loans with lower interest. 

- For selling and buying, it is usually not possible to wait for several months 
for the results. 

- One problem is the possibility of manipulation of the measurement. Simulta
neous measurements of the radon progeny and the radon gas can make it easier 
to evaluate the results. Another way is to measure continuously and study the 
long time records. This method can, however, only be used for a few days due 
to the costs. 

The measurement requirements differ between the Nordic countries. In Finland a 
minimum period of two months is required and in Norway 7 days. In both countries 
the measurements should be made in the heating season, but the stipulated months 
differ between the countries; for Finland during November - Karch, for Norway 
mid October - mid April and for Sweden, the heating season, which is different 
in the climatic zones. 

That a measurement method is approved in one country is "not a reason to approve 
it ·-in another country. One example is electret based counters vhi'ch caii not be 
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used without simultaneously measured y-radiation in a country where some 
building materials contain enhanced concentrations of uranium and thorium, as in . 
Sweden. "· • ' ····· · '' ;:. : ~". 

I• 

Also the requirements of certification of the measuring companies differ between 
the Nordic countries. In Finland the national radiation protection authority 
has performed the majority of measurements .. Services of other organizations may 
be used . but · they must be submitted to the quality control performed by the 
radiation protection authority (12). Norway has, like Sweden a voluntary :check 
of .the 'calibration of the detectois used commercially (13). In Sweden work is in 
progress with the basis for accreditation of laboratories. · ·• 

1; •· 

RADON RISK MAPS 
•' 

The Swedish national authorities have recommended the local authorities to 
classify the ground for the probability of high levels indoors (14), so called 
radon risk maps. These. maps should be a help3to achieve the aim of having · radon 
concentrati·on be.low ·the limit, 140: Bq m- , in newly built houses, and as one 
basis for the searching of· existing houses vi th high• r adon concenti;ation. The 
principles for the classification are summarized elsewhere (15, 16) and a very 
short summary of the principles are given in Table 2. The ground is classified 
after determining the radon concentration in the soil air, the permeability of• 

Table 2 .. A summary of the. recommendations issued by· the Swedish National Board. 
of Physical Planning and Building (14) regarding classification of ground 
according to the risk for radon gas and types. of protective measures (15) •. 

Classification 
of risk 

High risk 
areas 

. . 

Normal risk 
areas 

•. #, .. .. 
1 • • -: ~ 

. 
J :,.- ~ 

... .. .. 
Low risk 
areas . h~ . n ' . -

Jr. > " • 
- ~"' ... .. .. 

·. 

Percentage Types of ground· 
of the 
Swedish 
surface 

10% 

70% 

.. , 
' ~ 

20% 

·1 

· ' 

Uranium rich granites, peg
mati tes and alum shale. 
Bigly permeable soils, for 
example gravel and coarse 
sand. Rn concentratio~3in soil gas >50,000 Bq m 

Rocks and soil with low or 
normal U content and aver
age perme~bility. Rn con
centration in the !~il gas 
10,000-50, 000 Bq m ·" • 

;, 

Rocks with very low U con
tent for example limestone, 

•.. sands tone and · basic .igneous 
and volcanic rocks. Soils 
with. very low permeability, 
for example day . and silt or 
soils where the ·Rn concentra
tion in the s~il gas is 
<10,000 Bq Ill- -

Building technical 
requirements 

Radon safe construc
tion, such as thicker, 
reinforced concrete . 
foundation or. venti
lation below the 
foundation 

Radon prote~tive con
·struction. No open 
hole.s in the founda-

Traditional . ~!,... "· 
. u ~ .:. .., "'1"' 

··, J:a'" ,;. ! .;'1 

-··='- •<:'1 :n 

. , .. •t ! - 'f '"o ... . .) , .. .. -- .. · .. · .. 
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e.J soil 1 · the,..._.concentration ·:.. of • radiµm-22~ . , ~ ~ the:> soil,,1• etc,. ... ;, Resu.lts . , f rom 
' surements ·in:"houses: a~ alSp.",a he).p. A handboo~ de.s.cribing hov,. i9 . classify ,the 
ro.und has .been publis!Jed _. (17). In, addition to • the ground conditions~ -: _he· 

construction of· the house l s significant for the r-adon concentration~ indoors •. .:.:•.·I 

tpending on· thEt, ground· c:lassificat_ion and . associated indoor rad9Q r~sk from . th~. 
ground ; construc tion./ design·~ i s · es t·ablished : The Boar d of Physical- Planning. and . 
uilding has given examples of r adon safe or radon · pr otec tive-- building .. m~thod~ 

(14). Detailed miti gation methods are described in a handbook (9). · 
•. ; r ' -. ti . . , .r.. . • ... ·•· · ,.. • .,, , • • <:. . 

Also in the work wi th prognosis for future homes ther e are .. differences betveen 
the Nordic countries. For example, in Finland on~ does not classify, the.ground, 
but provide r adon risk maps based on measuring results from an extensive - data 
base and geological maps (12).: ·· .•;: ... , . . ~ :. ~ · ;s" :.\. 

. :· ' I \ ~ 

MITIGATION 
,.,, .· -~· ~i\ 

Our experiences of- mi fig~tion come from the work in the · municipalities 
(18, 19, 20, 21, 22) and ·trom experimen tals ( 23). Long-term ,follow- up of the . effects 
have been studied, but more results are needed from longer follow-up periods. The 
experiences hithert o shov; that. radon concentrations have · not: · ..significantly 
increased 'dur1ng a five year follov-up period (23). It is also important .that 
mitigation does not result in other problems in the houses such as moisture, 
f r eezing of the water ~ipes or the ground under the house ~tc. No certification 
of mitigation consultants Rr companies i s planned, although it would. have served 
as en extra security .:for the houseowners. · ,,;: . · ·-:-« 

CONCLUSIONS 
.~ .. 

Experiences of local authorities and. res'ults from experimental building sho~ th~t· 
it is po~~ble to decrease radon concentrations in most existing houses to · belov 
200 Bq m • Sometimes, hovever, several measures have to be taken. The homeovners 
which ere responsible for the mitigation ·need adequate information in order to 
successfully mitigate. The effectivene,ss ' of . the methods depends on the major 
radon source. 

The air exchange rates in Swedish homes · are in general· lower than the building 
code limit, 0.5 changes per hour. The basic recommendation is therefore to 
improve the ventilation in homes in these cases, irrespective of elevated radon 
concentrations. 

It is possible to build new houses so that their average is about ·so Bq m-3, and 
s~3 that all houses have levels below the limit for newly · built . houses, 140 Bq 
m . 

The local authorities are responsible for the administration of the . safety 
standards in the homes and the public health. The homeovners are responsible for 
the mitigation. Many people have to be informed this is the most difficult 
obstacle in solving the indoor radon pro,blem. 
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