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ABSTRACT

The ccntribution to the airborne radicactivity from the building materials can be
predicted by measurements of exhalation rates of samples placed in clesed contain-
ers. The effect of sample dimensions, porosity and dead space on the back diffusion
is discussed, and it is shown that the back diffusion will usually not change the
measured exhalation rates with more than 10-15%,

Efforts on reducing ventilation rates in ordsr to save energy can lead to unaccept~
able high levels of radon and radon daughters in the indcor environment.

The major radon source for indoor air is often the soil, from which radon can dif-
fuse through the base of the house. The possibility of reducing the diffusion rate
by proper composition of the floor and base material is mentioned.

Finally the results of an investigation on reducing the radon daughter concentra-
tions by circulation and filtration are reported. It_is shown that a passags of the

air through an ordinary filter with a rate of 1-2 h™" may reduce the radon daughter
level with a factor of 5-10.
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INTRODUCTION

About sixty years ago it was established that ionizing radiation originating from
uranium ore was a major cause of the high incidence of lung cancer among workers in
underground mines. In 1924 it was shown that the radiation was associated with the
inert gas radon, which is the first daughter product of radium, but it lasted al-
most another 30 years before it was demonstrated (Harley, 1952), that the airborne
short-lived daughtex products of radon rather than the mother product were the real
source of the major part of the radiation dose.
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This figure, however, will be lower than the fres exhalation rate E corresponding
to exhalation into an empty space, or into an ordinary room.

The difference is caused by the so-called back diffusion, which will slow down the
exhalation rate from the material as the activity (concentration} in the container
grows. .

The magnitude of the difference depends upon a) the dimensions of the sample relative
to the diffusion length of the material, and b) the ratio between the dead volume
cf the container and the void volume of the sample, i.e. the product of the porosi-
ty and the sample volume. If the dead space is chosen as approximately twice the
sample volume, then for most bullding materials with porosities below 0.5 the exha~
lation value determined from eg. (2) will not differ from the free exhalation value
by more than 10-15% at the most.

In the first column of Table 1 are shown the results of measurements of exnalation
rates from a series of commonly used building materials ’

TABLE 1 Exhalation rates and contxibutions to radon concen-
trations for various building materials

Material Exhalation rate Radon concentraticn
atoms pci | Ro . Ry s
2 2 pCL
ms m°s I
chipboaxd ]
fibexboard <1 <5210~% <5+10-2 <g»10~"

gypsum board
(nat. gvpsum)

rockwool 2 1.1+10"" 1s10-} 1.6.108

bricks

light weight
concretes . -
(dan. origin) 20-30 1.1-1.7+10-3 1-1.5 1.6-2.4-10"%

ordinary
concrates
(danish dep.) 130~180 7-10°107° 7-10 " 1.1-1.510"%
gypsum tiles
(chemogyps.) 800 4,5-10"2 43 6,410~}

alum shale
light weight
concrete 1400-4000 8-22+10"2 76200 1.1~3.2

If a material with the exhalation rate E is being used in a room the contribution
to the radon concentration from the material is given by

= e S0
R =73 z°E _ (3)

where S is the exhaling area, V the volume of the room, n the ventilation rate and
A the decay constant of radonm.

If all surfaces of a room are covered with the exhaling material, then g-w 2 m?!

-

The corresponding radon concentrations Ro for an unventilated room and RO 5 for a

room with a ventilation rate of 0.5 h™' are shown in the second column in the Table.
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Radon itself is known to be adsorbed by the surface of materials like active char-
coal, but the adsorption efficiency is rather low at room temperature,

In order to produce a significant drop in the radon level by passing the air through
uncooled charcoal filters, it is therefore necessary to use very bulky and imprac-
tical filter arrangements. It is, however, possible that even a moderate lowering
of the filter temperature may increase the adsorption efficiency to practical lev-
els. This possibility has, tc the knowledge of the author, not yet been investi-
gated.

The daughter products of radon on the other hand have a high pxobability of being
retained by filters or adhering to surfaces by contact. In order to investigate the
possibilities of removing the radon daughters by a mechanical treatment of the air
a series of experiments were performed at the Technical University of Denmark. The
room used for the-mesasurements is a basement room with walls, floor and ceiling
made of concrete. The average exhalation rate of radon is 380 atoms/mz's, tha vol~
ume of the room is 324 m® and the surface area is 360 m? (McLaughlin and Jonassen,
1978). The natural air exchange rate of the room is about 0.2 per day (correspond-
ing to radon free air). The long term average radon activity is about 5~10 pCi/%.
Simultaneous measurements of the activity of radon and its daughter products were
done in the period Sep.-Nov. 1979. Atmospheric pressure, temperature, relative hu-
midity and condensation nucleus concentration were also determined (Jonassen, 1980).
Measurements were taken in different states or during different treatments of the
air: 1) undisturbed or static air, 2) air passing through a fan system with no di-
rect filtration at a flow rate of 1200 ma/h {or an exchange rate for the room of

N 10010~%s™!) and 3) air filtered at 400 m®/h (v 3-207%s™!) and 1200 m®/n

(v 10°10%s~1) L :
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Fig. 1. Radon concentration and working level for various
treatment of the air.
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rather close te the filtration rate, while the removal rate of RaA is many times
higher. This is undoubtedly due to an increase in the unattached fraction of Raa
caused by the large decrease in the nucleus concentration. The results reported
here are to be considered as preliminary. On one hand it appears that a circula-
tion or filtration with a moderate rate may cause a significant decrease in the
working level in a room. On the other hand a filtration will increase the unat-
teched fraction of the radon daughters, and thus changing the radiational impact
of the inhaled air on the respiratory tract. ) '

Tx the investigation reported above no attempts were madse to measure the unattached
fraction of the radon danghters. Such measurements are, however, necessary in order
to give a complete characterization of the radiclogical properties of the aix and
will be part of the future work on control of airborne radicactivity.
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