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Abstract

In this work, the concentrations of the radiative inert gas Rn-222
emanated from the building materials that are commonly used in Jordan
have been studied. For this purpose, samples of ten Jordanian building
materials of different masses were prepared in plastic cans sealed to
passive integrated dosimeters containing CR-39 solid state nuclear track
detectors which are very sensitive for alpha particles. The Rn-222
concentrations in these samples range from 137 Bq/m3 to 267 Bq/m3

with an average of 189 Bq/m3 . These levels were found to be consistent
with those measured by other workers in other countries.
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1. Introduction

The measurement of radon exhalation rates from building materials
is becoming of a great interest to the scientists as long as exposure levels
to the populations is an annoying problem. More than 40% of the
activities take place indoors, and more than 40% of the background
radiation is coming from radon and its daughters [1]. The main source
of radon in air inside dwellings is due to the emanation from building
materials. This issue was and is still of great concern to many researchers
in different countries [2-5]. The workers in this field used different
techniques. Espinosa [5] have used CR-39 and y-spectroscopy with high
purity germanium detectors, Chen[6] have used a-particle spectroscopy,
Abu-Jarad [7] and Somogyi [8] have used a cellulose nitrate LR-115
detectors with sealed can technique.

The purpose of this work is to study the exhalation rates of radon
from different building materials commonly used in the structure of
Jordanian houses. We studied the effect of mass on the exhalation rates.
The sealed can technique with CR-39 solid state nuclear track detectors
(SSNTD's) was used in this study. To avoid over estimation of radon
exhalation due to a-particles activities from radon daughters, a sheet of
sponge was kept in the sealed can to filter out solid particles from
entering into the dosimeter.

2. Experimental Procedure

In this study we have prepared ten samples of different building
materials commonly used in Jordan. The solid samples have been
crushed into grains ranging from 60 to 250 îm in diameter. Each
sample has been divided into four mass categories of 25, 50, 75 and 100
gm, then placed in plastic cups. The dimensions of such a cup was 7 cm
in diameter and 4.6 cm in depth. Each sample cup has been covered
tightly by an inverted, previously calibrated, passive integrated radon
dosimeter cup which resembles the sample cup in shape and
dimensions.

The passive dosimeter used contains two pieces of CR-39 SSNTD's
of super grade quality (Pershore Mouldings, Ltd., UK) fixed at the
bottom of the cup. Five circular holes of 1 cm in diameter were made in
the lid, and covered by a piece of sponge with dimensions 5cm x 5cm x
0.5cm glued onto the interior surface of the lid. This configuration was
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necessary for two reasons: Firstly, to maintain the same calibration
conditions; Secondly, to prevent any solid particles from entering the
dosimeter compartment.

Three months later, the dosimeters were separated from the sample
cups. Then the detectors were collected and chemically etched using
30% solution of KOH at a temperature of 70°C ± 0.1 °C for nine hours.
An optical microscope with magnification of 150x was used to analyze
the detercors.

3. Theory and Calculations

In order to measure the radon concentration and its exhalation rates,
the sealed can technique is used.

A crushed isotropic sample of known mass m and thickness L is
placed in a cylindrical can of known height H and cross sectional area S
(See Fig. 1). The radon concentration A in the can air above the sample
is related to the areal exhalation rate E (Bq/m2.h). In the sample, the
gradient of radon concentration, A(y,t), exists downward parallel to the
cylindrical axis.

Fig. 1 : The configuration of the sealed-can technique used in the
experiment.

The differential equation which governs A(y, t) with space and

dA
- A (A - A o ) = (1)

where A o is the radon concentration for very large thickness of the
(H-L ^

sample » 0 , D s is the diffusion coefficient of radon in the sample,

and X is the decay constant of Rn-222 (7.56 x 10-3 h-l)- At steady state
dA

diffusion, = 0, the solution of equation (1) is
di
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A(y) = Ao l -
cosh (y / d)

kcosh(L/d) (2)

where k is the geometrical correction factor for the sealed can, and d is
the effective diffusion length, which is defined as (Ds / A.)1/2.

The areal exhalation rate E(L) from the surface of the sample is
given by

E = -D s P
d A(y)

dy
7 _ T = E tanh (L / d),
A < ™ I ,-f 0

(3)

where P is the porosity of the sample and
PAA d

One can find the k-factor by applying the following condition: The
number of radon atoms emitted from the sample surface equals the
number of radon atoms in the can air above the sample multiplied by
the probability of decay [8]. In short

E(L) . S = X . S . (H - L) . A(L), (4)

which implies that

K = 1 +
Pd

H-L
tanh(L/d). (5)

The radon concentration, A(L), at the sample surface, from eq. (2),

is

A(L)= Ao
k - 1

(6)

From eq. (3) and eq. (5), we obtain

E (L) = X . (H - L) . A (L) . (7)

Moreover, the mass exhalation rate M(L) at the surface of the
sample is given by

M(L) = - . E(L) =
m Lp

. A ( L ) , (8)

where 9 is the mass density of the sample in crushed form. The
concentration A is given in terms of track density on the CR-39 detector,
by the following relation [9],
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A =
COCT

(9)

where C o is the exposure dose during the calibration process (4.0 x 105

Bq.h/m3), Go is the density of tracks on the calibrated detectors (650
tracks/cm2), t is the exposure time (2160 h), and o is the density of
tracks on the exposed detectors.

4. Results and Discussion

In this work, ten different samples of building materials were
analyzed using closed can technique. The radon concentration, areals
rates and mass exhalation rates were measured. Part of the results is
shown in Table I.

Table I : Radon Concentration, Areal and Mass Exhalation Rates for
Building Material Samples of the Same Mass

Sample
Code

BM1
BM2
BM3
BM4
BM5
BM6

BM7

BM8

BM9
BM10

Material

Concrete block
Tap water
Stream sand
Portland cement
White cement

Painting (emulsion)
Aggregate limestone

Micritic limestone
Sweileh sandstone
Ground limestone

P

0.494

—
0.47
0.49
0.41
—

0.51

0.45
0.44

0.17

d (cm)

3.5

—
0.9
0.7
2.0
—

1.0

0.7
1.4

0.5

A

160
137
267
177
159
204

159

196

253
176

E

82
_

149
90
83
• —

86

102

140
110

M

6
—
14

6
5
—

9

7

12
6

A in Bq/m3

E in mBq/m2 .h
M in mBq/kg.h

Figure 2 reflects the variation of radon concentration for samples
having the same mass. The concentration ranges from 137 Bq/m3 to 267
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Bq/m3, with an average of 189 Bq/m3. The samples BM3 (stream sand)
and BM9 (Sweileh sandstone) have relatively hiqh radon concentration,
while the sample BM2 (tap water) has the lowest. This variaion of radon
concentration for the different samples may be due to the difference in
their radium content and porosities.

BM1 BM2 BM3 BM4 BM5 8M6 BM7 BM8 BMd BM10

Building Material Code

Fig. 2 : Radon levels distribution in Jordanian building materials

The measured values of mass exhalation rate decrease with the
thickness (mass) of the samples. There is a good agreement between
experimental data and the calculations obtained from eqn. 8, as shown
in Figs. 3 and 4, for the BM1 and BM7 samples. The solid lines
represent the theoretical calculations, and the circular points represent
the experimental data. Similarly, the dependence of the areal exhalation
rate on the thickness of the samples were studied. An example is given
also in Figs. 3 and 4. It is found that E increases with the sample
thickness as predicted from eqn. 7. The experimental data (triangular
points) agree with the calculations.
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Fig. 3 : Variation of mass exhalation (M) and areal exhalation (E) rates
with the thickness of the BMl sample. Circular points for Mc x p

and triangular ones for Eexp .
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Fig. 4 : Variation of mass exhalation (M) and areal exhalation (E) rates
with the thickness of the BM7 sample. Circular points for
MeXp a nd triangular ones for Eexp.
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Some of our data were compared with the results of other workers
in different countries, as shown in Table II.

Table II : Mass Exhalation Rates, M(mBq/Kg.h) and Areal
Exhalation Rates E(mBq/m2.h) of Building Materials in
Different Countries.

Building material

Concrete
Cement
Limestone (Gravel)
Sandstone

Jordan

M

6

6
7
12

E

82
90
96
140

USA [10]

M

24
-
8
-

E

76
-
-
-

India [4]

M

_

-
-
-

E

63
36
13

108

Canada [11]

M

20
-

6
-

E

185
-

-

-

Conclusion

The sealed-can technique using SSNTD's is an efficient, cheap and
useful tool for long term radon concentration measurements. The
building materials appeared to be the main contributer to the radon
levels inside dwellings if one excludes any possible cracks in the houses.
The exhalation rates obtained from this work look similar to other
researchers' results in other countries.
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