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Abstract — The radon exhalation rates from surfaces of different types of lightweight concrete used in the building industry in
Hong Kong have been siudied using standardised activated charcoal canisters and +y spectroscopy. It is found that all the light-
weight concretes investigated have considerably smaller radon exhalation rates than those from ordinary concrete. Considering
a concrete room of a typical size for Hong Kong, the possible reduction in the indoor radon concentrations has been calculated
to be greater than 15 Bq.m™* when lightweight concrete is used instead of ordinary concrete for the non-construction walls. The
average indoor radon concentration in Hong Kong is about 45 Bq.m™. Therefore, a simple and economical way to reduce the
indoor radon concentrations and the corresponding radiation dose from radon has been demonstrated. This tecknique applies to

fumire buildings.

INTRODUCTION

Surveys of radon and radon progeny in Hong
Kong“'? have shown that the levels here are significant,
giving an average value of 45 Bq.m™ when compared
to the global average value of about 33 Bq.m™
Because of the universal aim of reducing exposures to
ionising radiations as much as reasonably achicvable, it
is necessary to identify effictent mitigation methods 40
remedy the situation (e.g. Refs. 4—6). Most of the build-
ings in Hong Kong are high rise, and people seldom
work or live on the ground floor, so the main contri-
bution to indoor radon concentration in Hong Kong
should come from the concrete used as the building
material.

Recently, lightweight drywall construction has been
introduced in Hong Kong. As lightweight concrete
(LWC) does not contain the crushed granite of normal
concrete (NC), which has been found to be the main
source of radon'”, their radon exhalation properties
should be very different from those of the NC. This
work focuses on the difference in the radon exhalation
rates between the two, and on the possibility of the
application of LWC to mitigate the indoor radon con-
centrations and the corresponding radiation dose from
radon.

LIGHTWEIGHT CONCRETE

LWC has an air-dry density below 1850 kg.m™>® as
compared 10 2350 kg.m™ of NC. It can be classified
broadly into three major groups by the method of pro-
duction; they are aerated concrete, no-fine concrete and
lightweight aggrepate concrete. Aerated concrete is
obtained by introducing foam bubbles inside the cement

matrix or the sand—cement grout. In Europe, it is also
called ‘gas concrete’. By varying the foam—cement-
sand ratio, concrete depsities ranging from 300 to
1600 kg.m~* can be obtained. No-fine concrete, as its
name implies, is concrete without any fine aggregate.
By climinating the fine particles of size less than 5 mm,
voids are created within the cement matrix which reduce
the concrete density and provide insvlaling properties
but still retain considerable compressive strength. Light-
weight aggregates employed in LWC have a wide range
of sources which can be natural materials, processed
natural materials or synthetic substance from processed
by-products or environmental wastes. Five types of
LWC materials available in Hong Kong will be investi-
gited in the present study. Their properties are summar-
ised in Table 1.

METHODOLOGY

The method for the measurement of the radon exha-
lation rates from the LWC surfaces has been described
by Yu etal*®. Standardised charcoal canisters“'® are
nsed to coliect the radon exhaled for two to three days.
These are seated against the concrete surfaces with sili-
cone sealer to stop air leakage, Afler collection, the
charcoal canisters are removed from the surface, sealed,
and stored for the radon decay to reach equilibrium. The
radon activities inside the canisters are then determined
by counting the gamma ray pholons emitted by the
radon decay products inside at energies 295 keV,
352 keV and 609 keV using a Nal gamma spectrometer
for 10 min.
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REDUCTION IN RADON EXHALATION RATES

The five types of LWC blocks have either been
donated to the laboratory, purchased from the market or
cast in the laboratory. For each of the LWC blocks, two
to three positions or surfaces have heen chosen for the
measurements of the radon exhalation rates, All the
experiments have been carried ot at nearly the same
time to avoid significant effects due to changes in the
ambient environment or due to other unknown factors.

The results on the radon exhalation rates are shown
in Table i. It is seen thal most of the measurements
are below the minimum detectable limit (around
1.3 mBq.m™2s™"), Positive detections have only been
obtained from systems B and E, both having pulverised
fuel ash (PFA) as a component of the raw materials.
This is reasonable because PFA can have high radon
exhalation rates", In comparison, the mean radon
exhalation rate from internal concrete building surfaces
for Hong Kong is 13 mBq.m2.57102, Moraver, since it
is customary to clad walls with material that might
affect radon emission™¥, the realistic radon exhalation
from walls built using EWC should be even smaller in
absolute umits,

POSSIBLE BENEFITS

For calculation purposes, a concrete room of a typical
size and typical parameters for Hong Kong has been
adopted'*. These are described as follows. The dimen-
sions of the room are V=LxWxH=4x3x3m’

Table 1. Properties of, and radon exhalation rates from,
lightweight concrete systems used in Hong Kong.

Radon
exhalation

e
{mBg.m2.5™")

System Raw materials

<}.2
<1.2
<1.2

1012
27112
26112

<1.3
<1.3
<1.3

<1.3
<1.3

«<1.3
<1.3
26t1.2

A Autoclave aerated concrete (plus lime)

B Autoclave aerated concrete {plus PFA)

C Synthetic aggregate “Leca’

D Polystyrene bean as aggregate

E Wood fibre as aggregate (plus PFA)

Measurements for individual samples have been made at three
different locations of the same sample, and uncertainties are
due 10 counting errors.

Therefore the volume is 36 m* and the total wall area
S, (excluding those of the ceiling S, and the fioor S,
both being 12 m*) is 25.2 m? if we introduce a correc-
tion factor f = 0.6 for windows and doors!'®. Suppose
two adjacent walls are construction walls buill with trad-
itional NC and the other two adjacent walls are non-
construction walls which can be built with LWC, the
arcas S, and S, of the construction and non-construc-
tion walls respectively are both 12,6 m®, The air
exchange rate A, is taken to be 1 h™'. The outdoor radon
concentration is denoted as Cg, ., (in Bg.m™).

It can easily be shown that, at equilibrium, the indoor
radon concentration Cp,; (also in Bq.m?) of a concrete
room, of which the internat surfaces are all uncovered,
is given by ¥

CRn,i = CRn.D + {Ewc[ch + Sf)] + ew\-'rucswrl.c } (i:g) (I)

ALY

where €, is the radon exhalation rate {(in mBq.m2.57")
from the surfaces of the comstruction walls built with
NC and e, is the radon exhalation rate (in
mBq.m-2.57") from the surfaces of the non-construction
walls which can be built with LWC. We therefore obtain
the reduction in the indoor radon concentration ACg,,
(Bg.m™) by using LWC to be

ACRn.i = (AE)(Swnc) ("3_:'9)

PAY
where Ae is the difference between €, and €, ... Substi-
titing typical values, we have

ACg,; = 1.26A¢ (2b)

From Table 1, it can be seen that with a suitable choice
of LWC, ie. those without PFA as a component, the
radon exhalation rate is always less than about
1.3mBq.m2s7'. For a reference, take €,. to be the
mean radon exhalation rate from internal concrete build-
ing surfaces of 13 mBqm™2s™'"?. Therefore Ae is
greater than 11.7 mBq.m™%s™' and ACg,; becomes
greater than about I5 Bq.m™. Recalling thal the average
indoor radon concentrations in Hong Kong is about
45 Bq.m™", it is seen that the reduction in the indoor
radon concentration can be very significant. The antici-
pated reduction in the radiation dose from radon is
ahout 0,2 mSv,y~' 243,

From the above, it is concluded that using LWC for
partition walls can be a simple and economical way to
reduce the indoor raden concentrations and the corre-
sponding radiation dese from radon. However, there are
a number of assumptions made in obtaining the final
figures, Nevertheless, it is believed that our figures have
been on the conservative side hecause the radon exha-
lation rates from LWC can be well below the minimum
detectable limits, or approach zero in some cases, so the
reduction in the annual effective dose equivalent due to
indoor radon can even be greater. It is planned to survey
the indoor radon properties in those flats which have

(2a)
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their non-construction walls built with LWC. In this
way, a clearer view of the benefits of using LWC can
be obtained.

Besides the radiological point of view, LWC has also
other advantages. For example, LWC can find a wide
range of applications, from insulation to structural appli-
cations. However, in Hong Kong, it is limited to the
non-structural nse in non-load-bearing partition walls.
Nevertheless, this usage can already: {1) reduce the self-
load of z building and the size of foundation required,
(2) reduce the overall cross sections of structural mem-
bers and permit larger beam span and clear column
space, (3) permit larger pre-cast units to be handled and
save labour and transport costs, (4) provide better sound
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