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The effects of cracks and holes on the exhalation of radon from concrete have been investigated. It 
was found that the total radon exhaled from concrete blocks was the same irrespective of the 
diameters of holes drilled into them, and irrespective of the number of holes drilled. Furthermore, 
the surface area of the concrete blocks did not have any effect on the total radon exhaled. © 1997 
Elsevier Science Ltd. 

INTRODUCTION 

Radon is a radioactive gas which occurs in nature and it 
results from the radioactive decay of radium. Of all the 
natural sources of'radiation, it has been estimated that 
inhalation of short-lived decay products of radon (222Rn) 
accounts, on average, for about one-half of the effective 
dose equivalent [1]. The geological composition of most 
of the residential areas of Hong Kong is predominantly 
decomposed granite which has a relatively higher content 
of 2.1su and 232Th than other geological formations [2]. 
The aggregates used in construction materials in Hong 
Kong, extracted either locally or from nearby cities in 
the Guangdong Province of China, are predominantly 
granitic in nature and have been found to have relatively 
high radioactivity compared with those in certain coun
tries in other parts of the world [3]. Recent studies showed 
that the average indoor radon concentration in the resi
dential and commercial premises in Hong Kong is 3- 5 
times higher than the global average [4, 5]. 

Hong Kong is densely populated with many high-rise 
buildings which are made of concrete materials. Cracks 
and holes in concrete are potential outlets of radon . 
Radon may have extra accessible paths to the indoors 
through cracks and holes in the walls, floors or ceilings. 
Holes are common features in walls as a result of drilling 
for hanging pictures or decorative posters. Cracks are 
usually unavoidable in walls, floors and ceilings, due to 
improper maintenance or imperfect workmanship in the 
huilding process. The presence of cracks and holes in 
concrete may aggravate the already serious radon situ
ation indoors. This work aims to study the effects of 
cracks and holes in concrete by measuring the radon 
~xhaled from concrete blocks with and without holes and 
cracks. 
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METHODOLOGY 

To determine the radon exhaled from concrete, the 
growth of radon activity inside an airtight container, 
with the samples inside, was monitored [6, 7]. Consider a 
sample with volume Vb enclosed inside a container of 
dead-space volume vd. If the total exhalation rate (num
ber of atoms per unit time) of the sample is c, the radon 
concentration N (number of atoms per unit volume) will 
grow with time t according to the equation 

dN c 
-=--). ·N 
dt vd ' 

where ). is the decay constant of radon. 

(1) 

In this equation, it is assumed that radon atoms are 
removed from the container only by radioactive decay. 
If c is assumed to be constant, independent of N, then 
equation (1) gives 

c 
N= ).Vd · (l-e-1.'), 

or, expressed as activity A ( = ).N), 

c . 
A =-·(1 -e-"). 

vd 

(2) 

(3) 

By plotting the radon concentration against time, the 
initial slope is given by 

(4) 

where r is the initial growth rate of activity. Even though 
the growth curve depends on the leakage diffusion and 
the back diffusion, it has been demonstrated that the 
initial growth rate of activity, r of equation (4), is inde
pendent of the leakage diffusion rate and the back 
diffusion of the exhalation rate [7]. 

The total exhalation rate of a given amount of material 
may thus be determined from equation (4), as follows: 
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Fig. J. The experimental set-up to measure the total radon exhalatton rate. C: the concrete block. 

rVd 
C=T· (5) 

In this study, a Pylon model PMT-EL environmental 
level radon gas detector and a Pylon model AB-5 portable 
radiation monitor were used to measure the growth of 
radon activity inside a container. The experimental set
up is shown in Fig. 1. The container was a cylindrical 
vessel of inner diameter 0.44 m and height 0.8 m. Samples 
were placed on top of each other inside the container, 
separated from each other or from the bottom of the 
container by rubber corks at the four corners of the 
samples. The container lid was sealed with a rubber gas
ket and fastened by snap-locks. Two tubes for taking air 
samples were mounted on the lid. Air was circulated 
through a flow meter, a drying column, the PMT-EL 
detector and the AB-5 counter, using the built-in pump 
of the AB-5 counter. 

The radon activities were plotted against time. The 
total exhalation rate of the sample was calculated from 
the initial growth rate of activity using equation (5). 

To examine the effects of holes in concrete on the 
total exhalation rate, 36 concrete blocks were made in 
accordance with CS1:1990 [8) in the Heavy Concrete 
Laboratory of the Department of Civil Service Engin
eering, the Hong Kong Polytechnic University. The 
dimensions of the blocks were 0.15 m x 0.15 m x 0.15 m 
and the mass of each block was 8 kg. Holes were drilled 
J cm deep into the concrete blocks with diameters I, 5, 6 
or 8 mm. Details of the hole diameters and the number 
of holes in concrete blocks are given in Table 1. There 
were three blocks with the same hole diameter and with 
the same number of holes, and for each measurement 
the three blocks were placed inside the container. Each 
measurement was repeated three times. 

Table J. Details of concrete samples with different numbers of 
holes and different hole diameters 

Hole diameter Number of holes in 
Concrete name (mm) concrete 

COi I I 
C02 5 I 
C03 6 1 
C04 8 J 
cos I 13 
C06 5 13 
C07 6 13 
C08 8 13 
C09 I 25 
ClO 5 25 
Cll 6 25 
Cl2 8 25 

To examine the effect or cracks in concrete on the total 
exhalation rate, three batches of concrete were pre
pared , again in accordance with CSl:l990. The first 
batch, S 1, consisted of one single block of 
300 mm x 300 mm x 75 mm, the second batch, S2, con
sisted of four block each of 150 mm x 150 mm x 75 mm, 
and the third batch , S3. consisted of nine blocks each of 
100 mm x 100 mm x 75 mm. The three batches were of the 
same total volume and mass, but with different total 
surface areas to simulate cracks in concrete. Details of 
the three batches are given in Table 2. In each measure· 
ment, each batch or blocks was placed in ide the con
tainer and each measurement was repealed three times. 

The ·ample were oven-dried al IOY'C for 16hours 
before measurement. The samples were enclosed inside 
an airtight container with a dead-space volume, v~ . of 
0.12 m . Radon activity was measured by circulating the 
air, together with the exhaled radon gas into the PMT
EL detector and counting the activity with the AB-5 
counter. The background count rate or the Pylon PMT
EL and AB-5 system was 1.0 CPM (counts min - ') and 
the sensitivity of the system was 6.5 CPM pCi - 1 1- •. Each 
data point corresponded to a counting time or 15 min 
and the growth curve was found by plotting the radon 
activities against time. Mea uring time for each sample 
was 48 hours. The initial growth rate, r, was found rrom 
the growth curve and the total exhalation rate was dete~
miocd usi ng equation (5). A typical growth curve 1s 
shown in Fig. 2. 

RES UL TS AND DISCUSSION 

The results of the calculation of the total exhalation 
rates for concrete samples with different numbers of holes 
and different hole diameters are shown in Table 3, and 
those for concrete samples with different surface areas 
are shown in Table 4. From Table 3, it can be seen that 
the total exhalation rates for all samples measured were 
about the same; whether there was only one hole of 1 mrr 
(sample CO!) or whether there were 25 holes of 8 mn 
(sample Cl 2). Using I-tests at a 95% confidence interval 
there were indeed no significant differences among al 
the samples measured . Th.is conclusion also applies I• 

samples with different surface areas to simulate crack i 
concrete, as shown in Table 4. There were no significar 
differences among samples with different surface areas. 

The mass of each of the blocks in Table 3 was 8 kg an 
the mean total radon exhalation rate of three blocks w; 
284.6 x 10- 6 Bq s- 1

, giving a mean mass radon exhalatic 
rate of I l.86x 10- 6 Bq kg - •s - 1

• The mass of each ball 
of blocks in Table 4 was 16 kg and the mean total rad1 



Exhalation of Radon from Concrete 

Table 2. Details of concrete batches with different total surface areas 

Dimensions of Total surface area Total mass of 
each block of samples samples 

Batch name No. of blocks (mm x mmxmm) (mm') (kg) 

Total volume of 
samples 
(mm') 

SI 
S2 
S3 

I 300 x 300 x 75 
4 150xl50x75 
9 100 x 100 x 75 

270000 
360000 
450000 

16 
16 
16 

6750000 
6750000 
6 750000 

Table 3. Total radon exhalation rates of concrete samples with different numbers of holes and 
different hole diameters. The holes were drilled I cm deep into the concrete 

No. of Total radon exhalation rate (I0- 6 Bqs-') 
Concrete name measurements Range Mean SD 

COi 3 280.8-290.4 283.2 3.1 
C02 3 280.8-285.6 283.2 2.6 
C03 3 278.4-288.0 283.2 2.9 
C04 3 276.0--288.0 283.2 3.1 
cos 3 276.0--295.2 283 .2 3.4 
C06 3 273.6--295.2 285.6 3.6 
C07 3 271.2-295 .2 285 .6 3.6 
cos 3 278.4-290.4 285.6 3.1 
C09 3 280.8-297.6 285.6 3.4 
CIO 3 278.4-300.0 285.6 3.6 
Cl! 3 273.6--297.6 285.6 3.6 
Cl2 3 178.4-290.4 285.6 3.1 

Table 4. Total radon exhalation rates of concrete batches with different total surface areas 

Batch name 

SI 
S2 
S3 

No. of 
measurements 

3 
3 
3 

Total radon exhalation rate (l o-6 Bq s- 1
) 

Range Mean SD 

186.5-189.4 
187 .4-189.6 
186.9-190.1 

188.8 
188.8 
188.8 

1.3 
1.5 
1.3 
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exhalation rate was 188.8x 10- 6 Bqs- 1
, giving a mean 

mass radon exhalation rate of 11.8 x I0- 6 Bq kg- 1 s- 1
• 

Even though the blocks in Tables 3 and 4 were of different 
sizes and of different masses, their mean mass radon 
exhalation rates were the same. This means that the mass, 
not the surface area, of the concrete is the important 
factor in the amount of radon being exhaled. 

It can be concluded that holes and cracks in concrete 
had no effect on the exhalation of radon. The explanation 
could be that the diffusion length of radon atoms in 
concrete is about 0.8 m [7], which is larger than any 
dimension of the samples under measurement. As long as 
the dimension of the concrete is smaller than the diffusion 
length of the radon atoms, the radon atoms can escape 

Radon 
Concentration 
in Bq·m·3 

0"--"--"--.._.._.._...._..._.._.._.._....__.__.__.__.__.__.__.__.__.__.__.__._~ 

0 8 16 24 32 40 48 

Hour 
Fig. 2. Typical growth curve of radon inside the container:---. radon concentration vs time; - - , initial 

growth rate. 
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with the same ease from concrete. with or without holes 
and cracks. Since the thickness of most concrete walls, 
ceilings or floors in our homes and offices is less than 
0.8 m, the present finding is important to ease the fear 
that the amount of radon exhaled into our living environ
ment can be increased by the presence of holes and cracks 
in concrete. However, it must be noted that, for houses 

with a basement, holes and cracks in concrete may have 
some effect on the entry of radon from adjacent soil when 
concrete is used as the partition dividing the interior from 
the soil. 
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