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Radon in dwellings in Sweden

Gun Astri Swedjemark1)

ABSTRACT

Studies on the specific activities in building materials, the y-radiation

levels in dwellings, the concentrations of radon and daughters in the air in-

doors and the concentration of radon in tap water are in progress in Sweden.

On basis of these investigations and of the investigation of Hultqvist from

the beginning of the 1950s, an attempt has been made to show how the radia-

tion doses in dwellings have changed or may be changed by human activities

and what these changes imply in terms of collective dose.

The annual collective absorbed dose in the basal cells of the critical

bronchial region have increased from 11 • 10 manGy for the occupants of

dwellings existing in 1950 to 25 . 10 manGy for dwellings existing in

1975. If the building of houses continues as at present it can be estima-

ted that the annual collective dose will be between 25 and 31 • 103

manGy for the dwellings of 1985.

INTRODUCTION

Radon and its daughter products indoors present a serioas problem in Sweden,

for several reasons. Since the "energy crisis" in 1973, major efforts have

been made to save energy on a national level. Because of the cold climate in

Sweden, about 20 per cent of the total energy consumed is used for the
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Radiation Protection, Fack, S-104 01 Stockholm, Sweden

1978-03-28
GS/LF U00 ex



heating of dwellings (Swedish Committee on Energy and Environment, 1977).

Of this amount it has been estimated that about 25 per cent is lost with the

ventilation air. The energy-saving program is being supported by economic

contributions from the government and by advice in new-papers and booklets on

the practical aspects of saving energy. One of the easiest ways is to fit

sealing strips around windows and doors and to close air inlets and also to

decrease the speed of the fans or to stop them for part of the day. The

building regulations have been adapted to conform to the energy-saving pro-

gram and in the 1975 Swedish Building Code the lowest permissible ventilation

rate was decreased to 0.5 air exchanges per hour for houses with mechanical

ventilation systems. At the same time new requirements have been introduced on

how well sealed dwelling-houses should be.

The National Board of Urban Planning has been given directions by the govern-

ment to investigate the feasibility of a further decrease in the lowest per-

missible air exchange rate. Most of the existing single-family houses have na-

tural draught ventilation and when such houses are built more and more air-

tight and the airtightness of older houses is improved, the natural draught

ventilation system does not work. These problems must be common to all count-

ries with coid climates.

In Sweden aerated concrete based on alum shale was in buildings from 1930

until two years ago. Today about 10 per rent of the existing houses are built

of this material. Until the energy crisis the radon concentrations did not

cause problems even in those houses, as was shown by Hultqvist (1956), be-

cause the ventilation rates were mostly good. Furthermore, it was not possible

to build houses as airtight as those built today.



I

Studies of the specific activities in building naterials, the Y~*adiation

levels in dwellings, the concentrations of radon and radon daughters in the

air indoors and the concentration of radon in the tap water are in progress

in Sweden. On the basis of these investigations and of the investigation of

Hultqvist from the early 1950s, an attempt has been made to show how the

radiation doses in dwellings have changed or nay be changed and what these

changes imply in terms of collective dose.

EXPERIMENTAL RESULTS

Houses built before 1946

ialtqvist (1956) investigated the gamma radiation levels in almost 1 000

dwellings built before 1946 in 13 towns in central Sweden. In almost 300 of

(Table 1)
these dwellings in 4 towns he also determined the concentration of radon. The

dwellings measured were intended to constitute a representative selection of

Swedish dwellings. However, for estimation of the average radiation level for

the whole country, in this investigation the results have been weighted for

the frequency of building materials in the dwellings existing in 1946. The

specific activity of radium-226 ;n local brick and in soil is an important

factor in explaining the regional variations of the radon concentration for

this period. These specific activities tend to be greater in central Sweden

than the country-wide average.

Houses built around 1970

In a joint project the National Institute of Radiation Protection and the

National Institute of Building Research have investigated the concentrations

i

of radon and its daughter products, the ventilation rates and the gamma radia-
i

tion levels in seven groups of houses built around 1970 in the town Gävle in
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central Sweden (Table 2) (Erikson, B.E. et al 1976). Each group of houses con-

sisced of nine dwellings and represented various types of houses, building N-r

cerials and ventilation syst«

The planning of the investigation in Gävle took into account both the con-

tinuous recording of radon levels in typical houses (Svedjeaark, 1974) and the

extensive measurements of radionuclides in building materials, which had pre-

viously been carried out.

Tho averages of the radon concentrations in the various types of dwellings in

3 a )

Gävle were found to be 50 - 440 Bq/m . This is discussed in more detail in a

il
later section. This radon originates mostly from the building materials, in

some degree from the soil and by about 10 Bq/m air (0.3 pCi/1 air) from tap

water as an annual average. The concentration of radon in the tap water in

Gävle was fairly small, about 20 Bq/1 (0.5 nCi/1). The estimation of the con-

centration in air from the concentration in water has been based on a Finnish

investigation (Castrén et al, 1977) and on an estimation made in an EPA report

(1976).

The dwellings studied can be regarded as representative for dwellings built

around 1970 not only in Gävle but also for the whole country. However, the

relative frequency of various types of houses or of various building materials

have varied with time and between different parts of the country.

CALCULATIONS

Building materials

Up to about the 1940s houses were built of wood or of brick. The floor structu-

a ) 1 - 12 pci/l



res consisted cf wood and the foundations and the cellars of stone blocks. At

the beginning of the 1930s, aerated concrete began to replace brick. The aera-

ted concrete was based either on sand or on alua shale,with about the saae pro-

duction of each type up to the beginning of the 1970s. Since 1976 no aerated

concrete based on alu» shale has been produced.

With the exception of aerated concrete, which was widely distributed, local

building materials have been used in most houses. The range of the spe-

cific activities in samples of clay brick from most of the brick factories in

Sweden at the beginning of the 1950s was _ 60 per cent of the average (Hult-

qvist, 1956). The specific activity of radium-226 in soil and stone varies

quite considerably between different places in Sweden. For the calculations,

the average of the radon concentration in houses of a certain building mate-

rial in the whole of Sweden has been assumed to be the same as the correspond-

ing average for the dwellings studied in the four towns in central Sweden.

Several different structural systems with different dominant materials are

used in modern houses. In the available statistics the materials in the outer

walls have been used as the basis for the classification, but this is not

always the most suitable classification from the radiation point of view. For

example, apartment houses built of a structure of concrete with the outer

walls of some wooden material are classified as wooden houses. Detached houses

of wood are often faced with such materials as wood, brick or lime stones and

this can influence the radon concentration indoors. Many wooden houses have

basements built of aerated concrete. If the rate of air exchange in the base-

ment is pooi, the radon concentration in the whole house can be as high as in

a house wholly built of aerated concrete.

i i



Nowadays most building materials are produced in a small number of factories

«;hich supply the whole country. Exceptions are clay bricks and concrete which

are often produced locally. A very minor part of the building materials is

imported from other countries. Most of the concrete is mixed at the building

site using ballast materials from local gravel pits. For apartment houses

i
prefabricated concrete components produced in a few factories are not unusual.

Ceraent forms about 20 per cent of the finished concrete and because the speci-

•* fie activity in cement is at present low, it is mostly the ballast materials

which determine the specific activity of radium-226 in the finished concrete.

H Of the building materials in modern houses it is therefore the specific acti-

vity of radium-226 in the ballast material which can influence the regional

variations of radon in buildings in the country. Further, particular building

materials are used to greater or lesser degrees in various parts of the

country.

Concrete is used to some extent in almost all modern dwellings. The specific

activity of radionuclides in concrete is therefore very important both for the

gamma radiation level and for the radon concentration in the dwellings. The

specific activity of raJium-226 in ballast material from Gävle (Hagberg et al

1976) is not significantly higher than the country-wide average. Table 3 is an

abstract from a country-wide investigation into the specific activity in na-

tural ballast materials. According to the table, the results of the measure-

ments of radon concentrations in Gävle would be reasonably representative

for the whole country. This is confirmed by a comparison between the gamma

levels measured during the investigation in Gävle and the preliminary values

from the country-wide investigation with TLD (Mjönes, 1978).



The specific activity of radium-226 in aerated concrete based on alum shale

depends mostly on the specific activity in the alum shale. This varies between

different mining sites. Fig. 1 shows how the specific activity of radium-226

in aerated concrete based on alum shale, weighted for the production, has

varied over a period of years. Corrections for this variation have been made

when calculating the average concentrations.

Apartment houses are defined as dwelling houses with at least three apart-

ments. Detached houses are defined as one-family houses or two-family houses

placed separately or built together and can be courtyard houses, linked

houses or bungalows.

Available statistics over the proportions of the dwellings built of various

building materials are imperfect for our purpose. Our figures are taken from

official Swedish statistics (Statistical Abstracts) and information from fac-

tories and trade organisations (Svanholm 1977, Svedisol 1975). This informa-

tion has been modified for the purpose of the problem presented by radon in

dwell ings.

For the calculations for the period up to 1950, three categories have been

used to classify houses,namely wood, clay brick and aerated concrete based on

alum shale. For this period "brick" implies a masoned load-bearing wall of

clay brick.

For the period after 1950, separate classifications have been used for apart-

ment houses and for detached houses. The apartment houses have been classified

into two categories, "concrete" and "aerated concrete based on alum shale".

The category "concrete" comprises houses built of concrete, often combined with



other materials such as wood or aerated concrete based on sand. In apartment

houses aerated concrete based on alum shale is almost always combined with

concrete. For detached houses a more detailed classification has been used.

It is perhaps worth pointing out that "brick" for this period consists in

most cases of facade brick of clay and only to a small extent of masoned

load-bearing walls of clay brick.

For the estimation of the concentrations of radon for the next ten-year

period,the number of categories has been reduced because aerated concrete

based on alum shale has not been produced since 1975.

Ventilation

Natural draught ventilation (the S-system) was used in all dwellings up to

the 1940s when mechanical exhaust air systems (the F-system) began to be

introduced in apartment houses. As illustrated in Fig 2, this type of venti-

lation system was the most common system in dwellings built during 1970s.

From 1976 the S-system is prohibited in new apartment houses. For detached

houses the S-systems was the only type of ventilation system up to about 1970

when mechanical ventilation systems for detached houses began to be available.

The S-system is still allowed in detached houses.

As is seen .̂i Table 4 the air exchange rates vary to a high degree between

houses built during different periods (Energy Commission, 1977). For old

houses both the average rates and the deviations are relatively large. Better

techniques and an effort to build houses more airtight have resulted in lower

averages and smaller deviations for ;he air exchange rates in modern houses.



Because of the lack of available statistics the air exchange rates have been

assumed to be the same in houses with F-system ventilation as in houses with

S-system ventilation in the calculations. The air exchange rates have also been

assumed to be the same in wooden houses as in the other categories of houses

built during the same periods. The number of houses of the various types which

has been demolished has not been taken into account.

Air exchange rates and the radon concentration

The radon concentration, C(t), in a room follows the equation

C(t) - C < 1 - e - < ; - + * ) C) + C o e - ( - + X ) t (D

where Crjr is the concentration of radon in equilibrium with a constant air

exchange rate.

C Q is the initial concentration of radon when the ventilation is

changed

' is the air exchange rate

A is the decay constant

When equilibrium with the air exchange rate has been reached, C^ is given by

- • C. + G/V
r in

'. + A

where C- is the concentration of radon in the supply air.

G is the radon emanation rate.

V is the volume of the room.

G/V is assumed to be constant in a dwelling because variations of the air ex-

change rates have more effect on the radon concentration in a room than on

variations in the emanation of radon.
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An expression for the concentration of radon given by the air exchange rate >

calculated from an air exchange rate L<\ can be derived from equations (1) and

(2)

2 = C1 ' tl 'r " s + c
in r • s • e

(3)

where r "1 •/• . _2

t2 +A t,

-U2

- e

For the conditions applying for most of the calculations:

t =»15 h

i^ > 0.25 h~1

(2 wo.5 h"1 or 0.3 h"1

The following approximations can be made

r • s ?=.1

Consequently formula (3) can be simplified to

-t ., .t-j t -i
r = r —- + r

L i, (4)
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^4

The error in C, will be < 4 per cent for L = 0.5 h
*• . - 1

< 2 per cent for t2 * °*
3 h

Formula (u) has been used for the calculations for all groups of houses with

the exception of group No 7.

The daughter products are very seldom in equilibrium with the radon. The equi-

librium factor for radon is defined as the ratio between the total potential

a-energy of the actual concentration of the radon daughters and the potential

^-energy of the radon daughters if they were in equilibrium with the radon.

The equilibrium factor varies with the air exchange rate. At very low ex-

change rates, it may be as high as 0.7 - 0.8 but it decreases as the rate in-

creases. However, at very high exchange rates it is the conditions outdoors

which dominate the concentrations of radon and radon daughters, and in this

case too the equilibrium factor may be high. For the present calculations the

equilibrium factor has been taken as constant and equal to 0.5, which is the

value used in the 1977 UNSCEAK report.

This approximation can result in significant errors in the results. Due to

lack of sufficient information to attribute a probable equilibrium factor

when the ventilation rates are changed, no corrections have been made in

this respect. However, some attempts have been made to estimate the magni-

tude of the errors.

For exchange rates between 0.5 and 1 h ' it may be lower than 0.5. The equi-

librium factor for radon at low air exchange rates may be greater than the

value 0.5 used. The radiation doses calculated for a decrease from the pre-

sent exchange rate to the standard of new houses built today, can therefore



have been underestimated by as much as 50 per cent. A decrease in the air ex-

change rate to 0.5 h~' can also result in underestimation of the calculated

radiation doses depending on how the equilibrium factor for radon varies with

the exchange rate.

How well the radon concentration follows the above formulas in practice is

illustrated by the investigation in two single-family houses (Erikson et al,

1977; presented ir. Table 5. After an alteration of the exchange rates from
A

0.15 first to 0.07 and then to 0.23 h ', the difference between the calculated

and the measured radon concentration was less than 20 per cent. Formula (3)

was used because the exchange rates were less than 0.25 h . The conditions

assumed in this calculation are not fulfilled to the same degree as for the

calculations of the country-wide averages because the equilibrium with the

ventilation rate is influenced to a greater extent at these low exchange rates

than at highe- rates. If, for example, the doors and the windows of the rooms

were kept closed during 24 hours instead of 15 hours, as has been assumed, the

error might be as much as 15 per cent.

i i

Correction factors

It is probable that most persons open the windows twice a day. For practical

reasons it has been assumed that windows are opened a short time every twelfth

hour sufficiently effectively for the concentration of radon to decrease to the

outdoor level. From Eq (1) the concentration, C, averaged during a 24 hour

period is found to be

12
ry ,'C(t)dt = rö

-( '( ' * dt (5)
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i:

This can be simplified to

"2(1 + X) 12 I + X

where the last term can be neglected for the actual combinations of air ex-

change rates and radou concentrations. Formula (6) can then be written as

+ k)
C - CM (1 - ^ - ^ ) • — i — (/)

12 U + A) C M/C^

Where C' is the measured radon concentrationM

1 _5i = 1 - e "C ̂  + X)

C/CM decreases from 0.9 to 0.68 when the air exchange rate decreases fromM

0.80 to 0.20 h~1.

From interviews with the persons living in the dwellings it has been found

that about 30 per cent normally sleep with the windows at least partly open

during winter time and about 80 per cent during summer time. These values are

valid for the houses investigated in Gävle but because of lack of more relc-

vant values for the whole country they have been used as the basis for cor-

rection factors regarding open windows. Some people have their windows at

least partly open bofr'i day and night during summer time and a smaller nunber

both day and night throughout the whole year. The latter group has been assu-

med to be negligible in the calculations of the correction factors to be app-

lied fci" the whole country. It was found in earlier measurements (Swedjemark

1974, 1978, and Erikson et al 1976) that the radon concentration decreases

by about one half when a window stands ajar. As a country-wide average a re-

duction of the radon concentration by about 20 per cent is found.



In modern houses the exhaust air ducts are mostly to be found only in such

rooms as kitchens and bathrooms. A bedroom has at best an outlet for

air, for example, in the form of a chink in the upper part of the door.

When a door to a bedroom is closed, the concentration of radon may increase if

the specific activity of the building materials in the bedroom is the same or

higher than the average for the whole dwelling (Swedjemark 1974). Otherwise

it may become lower. If it is ass'imed that half of the population close their

bedroom doors for the night and that the concentration of radon increases in

90 per cent of the dwellings to an average value during the night which is

1.5 times the measured value in the whole dwelling, the average level during

a 24-hour period may increase by about 20 per cent as an average for the

whole population.

Consequently, for the average population these two bedroom ventilation fac-

tors - opening the window and closing the door - will cancel each other out.

Average concentrations of radon

The Swedish population, which numbers around 8 million, has been assumed to be

constant. The number of persons living in each dwelling has been assumed to be

the same in apartments and in detached houses.

The £er_i£d_bef ore_ _l_950

For the period up to 1950 the measurements of the radon concentrations made

by Hultqvist (1956) in 293 dwellings built before 1946 have been used for the

calculations of the country-wide averages.
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Hultqvist's measurements in four towns in central Sweden did not include mea-

surements of the air exchange rates. These have been assumed not to differ

from the country-wide averages for dwellings built before 1950.

The investigation covered both dwellings which were aired in the morning be-

fore the measurement and dwellings which had not been aired. Equilibrium with

the ventilation air can be assumed in the unaired dwellings. If the calcula-

tions are based on the values from these dwellings corrected for airing, the

average values were found to be at the most 3 per cent higher than the corre-

sponding average for all the investigated dwellings.

5j. - 1975

For the period after 1950 the measurements of radon and radon daughters and air

exchange rates made at the beginning of 1970 have been used (Erikson et al.

1976). The measured air exchanges have been used for the calculation of the

concentrations of radon for the air exchanges estimated for each building pe-

riod. The occupants had been requested to keep the windows close.i after nine

o'clock on the evening before the measurements. Corrections have been made for

regular airing.

ih£ £eIi£d_127l Z I9!5

The 1975 Swedish Building Code requires that the average air exchange rates

-1 .
must not be below 0.5 h in newly built houses with mechanical ventilation.

The requirements for air tightness which the Building Code also specifies,

however, hade led to average air exchange rates of 0.3 - 0.4 h for houses

built during the last few years. For the coming ten-year period, therefore,

two alternatives have been given. In tne first, A, it has been assumed that
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the average air exchange r~.te will follow the requirements of the 1975 Build-

in,' Code of at least 0.5 exchanges per hour. In the second alternative, B, it

ha; bean assumed that the houses will be built in the same way as today, that

is to say the air exchange rates in apartment houses would be about 0.3 h ' and

in detached houses G.-o h '.

Fvdc (.• r. i. or.c e n t r 311 -o n s

The average concentrations of radon in dwellings built during various periods

•n' -'xistini; in 1975 are given in Table b. For both apartment houses and de-

taciu-J houses the fidon concentrations have increased with time. One reason

is the Increased uae of aerated concrete bas^d on aiunt shale between about

! 030 ar.ci 1975. Another reason is the decreasing air exchange rates. For the

averages, the increase in the relative frequency of apartment houses, mostly

built of strne nir-tterials, is also an important factor.

Estimates have also been made for houses built during the next ten years for

t;'.-.' two il ternat i vet- described above. In Table 6 the values for alternative B

o*"e not much higher than for alternative A although the air exchange rates ar-.

iownr. The explanation is that the assumptions made for regular r-.irint; imply

that 'he airing results in a greater decrease of the radon concentration for

".<.'"> air exchanges per hour than for 0.5.

In '"eality, it is probable that the. values for alternative B are higher than

i\)c values given in the table for two reasons. The first is that the equili-

brium factor for radon is greater for low than for high air exchange rates in

L'p/.- cite raiige concerned. The second is that the regular airing is perhaps not
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as thorough as has been assumed in the calculations and the influence of the

ai.ring is greater for low than for high air exchanges.

Table 7 shows the average concentrations for radon for dwellings existing in

1950, 1975 and 1985. Two alternatives have been given for the houses existing

ir. 1935 based on the assumptions given for the houses being built during the

period 1976 - 1985 given in Table 6.

Radiation doses

For calculation of the absorbed doses in the basal ceil layer of the critical

bronchial region, 1 rad per WLM has been used in the 1977 UNSCEAR report. This

value corresponds to 107 yGy per Bqy/mJ (45 virad/pCihl ) for the conditions

indoors and outdoors, when correction has been made for the smaller breathing

rate in the average population in comparison with miners during their work.

Table 8 shows the average absorbed doses in the basal cells of the critical

bronchial region from radon and daughter products. Here only alternative A

has been given because of the small difference between the two alternatives A

cino 3.

The absorbed doses for the houses existing in 1975 are more than twice those

for the houses of 1950 for both apartment.:; and detached houses. Although aer.i-

i.(;d concrete based on alum shale has not been in production since I'i75, the

absorbed doses from houses built during the period 1976 - 1985 are estimated

to be more than twice the dose for all the houses of 1950. This is due both

to the more frequent use of stone materials even in detached houses and on
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changes in the building regulations regarding the ventilation rates and air-

ti?,htn£ss of the houses.

i:

The anticipated absorbed dcses from radon and daughter products for houses

existing in 1985 do not differ very much t rom those for houses existing in

1975 in spite of th« tact chat aerated concrete based on alum shale has not

teer. proo.i;ctd :.ince 1975. There are two reasons fcr this. The first is that

•.'••a absorbed doses in the houses built during the period 1976 - 1985 do net

dilfer very much from the houses existing i.i 1975. However, even if thi: dif-

ference had be*»n greater the total doses from the houses existing in 1935

vend not have differed very much from the houses of 1975 because the addi-

tional dwellings will only form a small part of total number of dwell ip.go.

In reality, however, the difference would be greater because the aim is to im-

prove the airtightness of ail houses to obtain 0.5 air exchanges per hour. This

aim is not quite realistic because it does not seem to be possible to make old

nouses so airtight that the air exchange is decreased by more than 0.2 - 0.3

air exchanges per hour.

T.ible 9 shows the collective absorbed doses in the basal cells of the trachea

bronchi in the Swedish population from radon and daughter products in living

houses existing in 1950, 1975 and 1985. The population has been assumed to be

constant. For the estimate fcr i985 thi_c alternatives have been given. The

first alternative, A, corresponds to the assumptions in Table 6. The second al-

ternative, C includes the additional doses resuitinA from reducing the air ex-

change rates in all houses to 0.5 h but not lower, as specified in the !975

ij.iilding Code. The values for alternative C in Table 9 are higher than those
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for the houses existing in 1975. The third alternative, D, is the same as C

except that it has been assumed that the air exchange rates have not been redu-

ced in houses built of aerated concrete based on alum shale.

It is also of interest to see to what extent the radiation doses would be ex-

pccoG co imply additional oases of lung cancer (Table 10). For this estimation

-1 - 1 a )

he risk factor used is that given iv 1977 by ICRP, 2 • 10 J Sv . For this

risk factor the dose equivalent refers to the average lung, for which the dose

equivalent has been estimated to be 1/5 of the value for the basal cells of

t tie :ritical bronchial region in the 1977 UNSCEAR report. For calculation of

dose equivalent, the quality factor 20 given by ICRP for a-radiation has been

usea (1977).

If instead, the risk factor from the epidemiological investigations for miners,

after correction for the lower breathing rates, is used for the whole popula-

tion, it would be two tc five times greater according to the 1977 UNSCEAR re-

port. However, there are several reasons why the risk factor found for miners

should probably not be used for the whole population. There is one factor

which may indicate a lower risk factor for the whole population than for the

miners, namely the difference in the proportion of smokers.

CONCLUSION'S

The "normal" occurrence of lung cancers has increased in Sweden and is now

about 2 000 cases per year. The radon daughters in dwellings existing in 1950

may have caused about 80 - 450 of these cases of lung cancer,

a; i Sv = 100 rem
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ihe collective absorbed doses in the basal cells of the critical bronchial re-

3 5

g i on has increased by 14 " 10 manGy/y (14 * 10 manrad/y) from 1950 to 1975

implying about 100 - 600 additional cases of lung cancer per year in the Swe-

dish population, the lower value from the ICRP risk factor, the higher frora

zh'i upper value for the miners. The corresponding values for a million per-

3 5
.-I'Tts are 1.7 * 10 manGy/y (1.7 ' W manrad/y).

The differences in the collective doses between houses existing in 1950 and

those existing in 1975 are greater than would be expected from the decreased

air exchanges. The reasons are several. More houses existing in 1975 were

D U ; U of aerated concrete based on alum shale than in the houses, existing in !

1950. More people live in apartment houses now tha:: in 1950 and more modern de- ' i

Cached houses contain more stone materials tnan those which existed in 1950.

Consequently, it is not enough to avoid decreasing the air exchange ratt- i r- or-

der to return to the radiation doses for the houses existing in 1950.

At rated concrete containing alur.i shale has not been produced since 19 75. The

•jollec:. ive dose from houses existing in 1985 is nevertheless ;st ima: od to he

about the same or greater than that in the houses existing in 1973. This is

because ot the decreased air exchange rates and of the large amount, s -if aer.i-

t.ed concrete based on alum shale in the houses remaining from the period up to

1975. This material is mostly to be found in houses built during the '. 950s ami

the 1960s and these houses are naturally expected to be in use for many years.

However, oven in houses built of other materials the decreased air exchange

rates cause significantly higher radiation doses.
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The increase of the radiation dose between 1950 and 1975 due to the decrease

of the air exchange rates may be as much as 40 per cent. Together with the

plans to make old houses more airtight, and reduce the air exchange rates the

collective absorbed doses in the bronchial region could be enhanced by about

12 " 10 manGy/y, (1? * 10 manrad/y) implying an additional risk for lung

•..diver of perhaps 5 to 30 per cent of the "normal" occurrence today.

In reaLity the additional risk might be even greater because these calcula-

tions only take into account the doses from radon originating from the build-

ing materials and the ground. The appreciable contributions from radon in tap

water to the radon concentrations in air for the population are being investi-

gated.

Intensive efforts to develop new technical solutions for heating and ventila-

tion systems of dwellings are in progress. Many of these involve recirculation

of the air with a minimal addition of fresh air. Some technical solutions

under certain circumstances may give rise to substantially increased radon

concentrations. This is now being investigated.

i
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Tin.- .. .-rvefitrut i-'r. of radon in Bq/rr. air in four t.-vi.-- in ci-:Ur.ii Swede".

bu:'.: before 19-*6 measured by Hultqvist (1956) at the thinning of the 1930s,

"Aired houses" means that the dwellings were aired in the morning, prior to

tiie sampling. In the other group no thorough airing had been carried out sin

he dav before the measurement.

Unai red

houses
Bq/m3

Aired

houses
Bq/m3

Weighted

average

Wood 15.2

Brick 47.4

Aerated concrete 133

b i.-ied on alum shale

15.5

26.0

67,0

15.2

40.0

116

Bq/r. 0.027



Table 2

The concentrations of radon and daughter products in 63 dwellings in the town

Gävle (Erikson et al. 1976).

Croup
Mo.

Ml'LI I-

1

2

3

Buildi:i>:
ma t o r i a!s
in c;ie
walls and ^
ven:, jysten

-FAMILY HOUSES

Concrete, F

Concrete • sand-
based aerated
concrete, F

Concrete • sarJ-
based and jluta
shale ba^ed
aerated concrete, F

SINGLE-FAMILY HOUSES

•4

5

b

-T
/

Facade brick
(sandstone), wood
construction, F

Wood, the cellar
of alura shale based
aerated concrete, F

Do. without cellar

Alum shale based
aerated concrete,
c

Facade brick
(clay), wood
conscruction, S

Aii-
exchange^
per hour

0.3-0.6

0.5-0.9

0.4-0.8

0.4-0.7

0.4-0.7

0.8

0.2-0.5

0.1-0.2

I

low. 59
aver. 170
high. 590

low. 37
aver. 89
high. 150

low. 74
aver. 180
high. 440

low.
aver.
high.

low.
aver.
high.

low.
aver.
high.

low.
aver.
high.

low.
aver.
high.

Rado
Bq/ra

n
56
140

n
200
370

100
100
100

150
270
410

220
410
560

n
3

II

48
140
780

26
85
140

93
160
410

I

22
70
260

13
31
48

22
52
150

n da
Bq'~

8
22
38

4
81
140

33
37
41

67
120
190

82
170
310

ucht
\~

II

11
52
310

9
23
41

11
44
140

1 3q r.3:-O.O27 pCi/l
I a:ii II mean che firsc and second phases between which the ventilation
.sysLems were adjusted.
n .si-minimum detectable value, 26 Bq/m for radon.
a) F * mechanical exhaust ventilation system, S • natural draught
ventilation system, in the houses studied with fan over kitchen stove.



Table 3

The specific activity of ballast materials from the town of Gävle and of

ballast materials from the whole of Sweden in Bq/kg. The standard devia-

tion due to coun'-ing statistics in each sample vary with the activity so

chat for 370 yBq/kg the standard deviation is 2 per cent and for YBq/kg

it is about 10 per cent.

Gävle

Average Lowest

Sweden

Highest : Average Lowest Highest

232
Th

V'Bq/kg
a)

55
81

730

440

54
65

680

400

59

113

770

540 !

48

70

810

405

7

3

150

41

185

480

1300

2000

a);^YBq/kg = 2.2 ' CRa + 3.0 * C T h + 0.11 * CR

I Bq/kg 0.027 pCi/g



Table 4

The number of dwellings in Sweden and the estimated average air exchanges

in the existing living houses built during various periods. The estimated

standard deviations (la) are based on a limited material, but they are in

basic agreement with other studies carried out up to now (Commission of

Energy, 1977).

Building
year

Before

1901 -

1921 -

193L -

194i -

1951 -

1961 -

1966 -

1971 -

Unknown

Total

1900

1920

1930

1940

1950

1960

1965

1970

1975

Number of
Apartment
houses

dwellings in
Detached
houses

89.5 x 103 232.9 x 103

115.5

89.2

189.5

277.2

427.1

284.9

341.8

251.0

1.8

150.5

124.1

166.7

147.4

167.5

120.0

146.9 .

202.8

9.9

2061.5 x 103 1468.7 x 103

Total

316 x 103

266.0

213.3

356.2

424.6

594.6

404.9

488.7

453.8

ii.;

3530. x 103

Air exchanges
Apartment Detached
houses,h~* houses,h~'

0.8 - 0.5

0.8 ± 0.45

0.8 * 0.4

0.8 t 0.35

0.8 t 0.3

0.6 i 0.25

0.5 t 0.2

0.5 t 0.2

0.3 £ 0.13

0.6

0.605

0.9 *

0.9 -

0.9 1

0.9 t

0.9 t

0.8 £

0.6 t

0.6 £

0.45 -

0.75

0.7 3

0.5

0.45

0.4

0.33

0.3

0.25

0.2

0.2

0.45



Table 5

Illustration of the validity in practice of formula (3) for estimation of

the radon concentration for an air exchange ( from a previous air exchange

of .. The deviations due to counting statistics have been given.

No

RADON

7:9

7:10

measured

Bq/m

465 t

465 t

710 t

3

27

27

28

h

0

0

0

1-,

-1

.15

.15

.14

b'2

0.23

0.09

0.07

measured

C2i.
Bq/m

413 t

533 t

969 t

3

26

27

28

calculated

c.
Bq/m

332 t

635 t

1040 t

3

19

37

41

calculated
measured

0.80 t 0.

1.19 t 0.

1.07 Z 0.

07

09

05

I ilq/m" 0.027 pCi/litre



Table 6

The average radon concentrations in the dwellings built during various

periods and existing in 1975, weighted for the frequency of various types

of houses and with an occupancy factor at 0.8. An estimate for the period

3 - 1986 has been included.

Period

Before 1900
1901 - 1920
1921 - 1930
1931 - 1940

1941 - 1950
1951 - 1960
1961 - 1970
1971 - 1975

1976 - 1985 A
B

Apartment houses
Bq/ra3

29
29
29
31

40
79
91
120

63
65

Detached houses
Bq/m3

13
13
13
15

16
48
64
91

61
66

Averages
Bq/m3

17
20
20
23

32
70
83
107

62
65

A. The newly-built houses comply with the 1975 Swedish Building Code regard-

ing Che air exchange rates.

3. The newly-built houses will be built as today regarding the air exchange

rates.

Bq/m 0.027 pCi/litre



Table 7

The average radon concentrations in dwellings existing in 1950, 1975 and

estimates for 1985. An occupancy factor of 0.8 has been assumed.

Houses existing Apartment-houses Detached.houses Averages
in Bq/m Bq/m Bq/m

195C 34 14 23
1975 71 38 57
1985 A 70 41 58

B 70 42 58

A. The new-built houses comply with the 1975 Swedish Building Code regard-

ing the air exchange rates.

B. The newly-built houses will be built as today regarding che air exchange

rates.

Bq/m3 0.027 pCi/litre



Table 8

The absorbed doses in the basal cells of the trachea bronchi from radon and

daughter products in dwellings existing in 1950, 1975 and 1985. The values

refer to the average occupants of apartment houses, detached houses and all

types of houses in Sweden. It is assumed that the houses built during the

period 1976 - 1985 will have air exchange rates confonning to the 1975

Swedish Building Code. An occupancy factor at 0.8 has been assumed.

A. Nothing is done to the houses existing in 1975.

Houses existing
in

Apartment houses
mGy/y

Detached houses

mGy/y
Averages

mGy/y

1950
1975
1985 A

1.8
3.8
3.7

0.7
2.0
2.2

1.3
3.0
3.1

Gy = '00 rad



Table 9

The collective absorbed doses for the Swedish population in the basal cells

of the critical bronchial region from radon and daughter products in dwell-

ings existing in l9bO, 1975 and 1985. An occupancy factor of 0.8 has been

assumed.

I!

Houses existing Apartment houses
nanGy/yin

Detached houses
manGy/y

1950

1985 A
C
D

7 x 10"
18
17
•i 1

.Li.

20

Total
manGy/y

3 x 10J

7
8

10
9

11 x 10
25
25
31
29

A The ventilation rates, in the houses existing in 1975 are unchanged.

C The air exchange rates in the houses existing in 1975 are reduced to the

lowest value, 0.5 h , as specified in the 1975 Swedish Building Code.

D The same assumptions as in C but the air exchange rates are not reduced

in houses built of aerated concrete based on alum shale.

i Gv = 100 rad



Table 10

The anticipated lung cancer caused by radon and daughter products in

dwellings existing in 1950, 1975 and 1985. Two sources have been used for the

risk factor; ICRP (1977) and the risk factor extrapolated from miners given

in the 1977 I'NSCEAR report.

1

Houses
existing
in

1950
1975

1985 A
C
D

Apartment houses
calculated from
ICRP

56
143

139
173
162

miners

140 - 310
360 - 800

350 - 780
430 - 970
405 - 910

Detached houses
calculated from
ICRP

26
56

64
76
74

miners

65 -
140 -

160 -
190 -
185 -

150
310

360
430
4i0

Total
calculated from
ICRP

82
199

203
250
236

miners

205 -
500 -

310 -
620 -
590 -

11 00

1 1 40
1400
130li

A The ventilation rates, in the houses existing in 1975 are unchanged.

C The air exchange rates in the houses existing in 1975 are reduced to the

Lowest value, 0.5 h , as specified in the 1975 Swedish Building Code.

D The same assumptions as in C but the air exchange rates are not reduced

in houses built of aerated concrete based on alum shale.
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The v>untry-wi<Je averages of the specific activity of "~ Ra weighted tor tin

annual production of aerated concrete based on alum shale. T'ue arrows direc-

ted upwards show new factories starting production and the arrows directed

di'wi.vMrds s!v>v vhe'.i Che production ceased.
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Fig :

Estimated relative frequencies of ventilation systems in newly built apart-

ment nouses (Suv-cish Committee on Energy and Envi r.'nrae-it 1977)

S = natural draught ventilation system

F = mechanical exhaust air systems

FT = mechanical ven'-ilation for both the incoming air and the exhaust air.
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