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A radon exhalation study for building materials was carried out by closed accumulator technique using
plastic track detector LR-115 type-II, taking into account the effect of back diffusin. The back diffu-
sion of radon into the materials causes an underestimate of free exhalation rates. The results showed
that radon exhalation rates of soil, sand, brick powder, and crasher were found to be high as compared
to rice husk ash, wall putty, and plaster of Paris. The radon exhalation rates from building materi-
als varied from 0.45+0.07 mBq/kgh to 1.55 + 0.2 mBq/kgh and 3.4+0.7 mBq/m?h to 28.6 £
+ 3.8 mBq/m?h as measured without considering back diffusion. The radon exhalation rates of build-
ing materials oblivious of back diffusion varied from 4.3 £ 0.8 mBq/m?h to 44.1 + 5.9 mBq/m?h. The
radon exhalation rates from building materials can be used for estimation of radon wall flux and in-
door radon concentration. Thus, it is necessary to make correction in the measured exhalation rates

by back diffusion.
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INTRODUCTION

Many radiological measurements were per-
formed to reveal a significant association between the
uranium content of soil and high indoor radon concen-
tration [1]. Indoor radon and its decay products con-
tribute 55 % of the total radiation dose from the natural
source to the population [2, 3]. This contribution can
be much higher in radon prone areas, the natural dose
exposure being 5-10 times higher. Many studies have
demonstrated the evidence of occurrence of lung can-
cer caused by radon even at low levels of radon in resi-
dential buildings. But the efforts of the various agen-
cies working to reduce the number of lung cancers
related to radon exposures are stymied in some coun-
tries due to very high radon exposure [4]. The ap-
proach of indoor radon studies in connection with ra-
don gas which originates from soil and building
materials and is, due to many factors, linked to the un-
derlying geological formations and building structure,
shows results of increased levels of radon inside
houses [5, 6].

Soil and building materials used for the house
construction are the main sources of 2*2Rn entry into
indoor environment [7, 8]. The grains of the bed rock
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of the Earth crust which contain the ores of uranium
and thorium and their decay products in secular equi-
librium produce radon isotopes (*'°Rn, ?2°Rn, and
222Rn). The ?*?Rn is of utmost significance for the ra-
diation dose due to very long half life of 3.824 days
while the contribution of ?>°Rn and 2!°Rn is neglected
due to their very short half life. The quantity of radon
in the Earth's atmosphere is very small and amounts to
about 4-10~7 % by weight [9]. The radon emitted in the
decay series of uranium and thorium causes further de-
cay to produce the daughter elements like polonium,
lead and bismuth, which are more hazardous than ra-
don itself because these elements are in a solid state,
while radon is a gas. Some of these decay products gets
attached to aerosol particles to form nanoparticles of
0.5-200 nm in size, while some remain unattached and
float in the air. If these nanoparticles are inhaled by hu-
mans through the nose and mouth, they get deposited
in the respiratory tract by impaction and diffusion, and
give alpha doses to the lung, causing damage of cells
and tissues and hence, ultimately leading to the initia-
tion of cancer. Radon is the second most leading cause
of cancer, after smoking, and is considered responsible
for 3 to 14 % of lung cancer deaths [3].

The radon exhalation rates of building materials
thus depend upon the radioactive content, radon emana-
tion rates and radon diffusion length in the materials
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matrix. Both, active and passive techniques can be used
to find radon exhalation rates. Accumulator technique
has limitations in the context of the accuracy of derived
radon flux because of back diffusion and interference of
thoron in radon measurement. When a material is sealed
in an accumulator, radon concentration first increases
linearly with time and attains a saturation value. The ra-
don flux from the sample is directly proportional to the
concentration gradient. As the radon concentration in
the air above the sample goes on increasing, it causes a
decrease in radon flux. This decrease in the radon flux
can be quantified in term of back diffusion coefficient
(o), which relates the two type of radon exhalation rates
namely free and bound radon exhalation rates. Thus, the
presence of radon, back diffusion causes an underesti-
mate of the free exhalation rates.

Numerous data have been published in literature
without considering the back diffusion effect of radon
from building materials and soil. The corrective mea-
sure of radon exhalation rates of soil was introduced
by Rehman et al. [10, 11] and reported that the back
diffusion of radon causes an underestimate of free ex-
halation rate of soil. Thus it is necessary to correct the
radon exhalation rates data by considering the back
diffusion rates so that the proper selection of the build-
ing materials may be made for construction purposes.

MATERIALS AND METHODS

The measurement of radon exhalation rates of
building materials was carried out by “Sealed Accu-
mulator technique” the exhalation rate depends upon
the material and its amount, as well as on the geometry
and dimensions of the accumulator [12-15]. The
building materials under study were dried and sieved
through a 100-mesh sieve and 100 g was placed in the
accumulators (diameter 7.0 cm and height 13.5 cm).
LR-115 type Il plastic track detector (3 cm %3 cm) was
fixed at the top inside of the accumulator so that the
sensitive lower surface of the detector may be freely
exposed to radon [16, 17]. The height of the samples
(1.2-1.5 cm) inside the accumulator was selected so
that the tracks formed on LR-115 detector may be due
to radon only. While due to the short halflife of thoron
and the range of alpha particles, thoron and its decay
products do not form tracks on SSNTD (LR-115). Ra-
don and its daughters reach an equilibrium concentra-
tion after 4 hours and thus, the equilibrium activity of
the emergent radon could be obtained from the geome-
try of the accumulator and the time of exposure. After
the exposure for 100 days, the detectors were etched in
2.5 N NaOH at 60 °C for a period of 90 minutes in a
constant temperature water bath. The tracks densities
from the etched track detectors were then determined
using spark counter. The etched track detector first
pre-sparked at 900 V twice and then tracks were
counted at 500 V thrice and then mean values were
used for calculation. From the track density, the radon

activity was obtained, using the calibration factor of
0.056 tr. cm2d~'/Bqm™ obtained from an earlier cali-
bration experiment [15]. The radon exhalation rates of
building materials with back diffusion were calculated
using the relations [12-15]
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where C'is the equilibrium radon activity inside the ac-
cumulator, V" and A are the volume and the area of
cross-section of the accumulator, A is the mass of the
sample, and A — the radon decay constant and, ¢ — the
time of exposure.

In the past, many investigators used the sealed
accumulator technique employing a solid-state nu-
clear track detector (SSNTD) for measurements of ra-
don exhalation rates from various construction materi-
als [16-19], since this method is being inexpensive and
giving obtains reliable measurements [18]. But this
technique did not take into account the impact of back
diffusion. After the accumulator is sealed, the radon
activity inside the accumulator increases with time and
eventually, reaches a saturation value. Thus the radon
concentration difference in the pore space and the air
decrease with time, causing a decrease in the radon
flux from sample surface. This effect was incorporated
in term of a quantity called back diffusion. This causes
adecrease in the radon flux from the sample inside the
accumulator causing an error in estimation of radon
exhalation rates. The radon exhalation inside the accu-
mulator, for a short exposure time is assumed to be free
from back diffusion and is called free exhalation rate,
while the exhalation rate for a long time is bound by
back diffusion and is called bound exhalation rate. The
parameters which affect the radon exhalation are po-
rosity and height of the sample inside the accumulator.
The correction for radon exhalation rates due to back
diffusion was considered by Rehman et al. [10, 11].
The free F; and bound F exhalation rates are given by

 C(t)EAY A+ AY)
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where ¢ is the porosity of the sample measured by wa-
ter absorption method, 4 — the radon decay constant
and Y, — the height of the sample in the accumulator. 4
is the area of cross-section of the accumulator. In eq.
(4) the term on the left hand side represents the total
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Table 1. Radon mass and surface exhalation rates of building construction materials

No. Sample Porosity Mass exhalation rate E,, [mBgkg 'h '] Surface exhalation rate £, [mBqm *h ']

1 Cement 0.56 0.8 +0.14 13.8+24
2 Soil 0.42 1.48 £0.12 26.5+0.2
3 Sand 0.41 1.1£0.02 20.2+0.6
4 Rice husk ash 0.35 0.45 £0.07 34+0.7

5 Plaster of Paris 0.57 0.7+0.30 102+3.9
6 Wall putty 0.65 0.45 +0.07 87x1.1

7 Brick powder 0.63 1.55+0.2 28.6+3.8
8 10 mm aggregate 0.55 0.85 £ 0.07 152+09
9 Crasher 0.45 1.35 +0.07 248+1.2

Table 2. Free and bound radon exhalation rates of building materials samples

No. Sample Free exhalation rates (Fp) [mBqm *h'] Bound exhalation rates (F) [mBqm *h']
1 Cement 20.4+3.7 13.1+£23
2 Soil 356+0.2 25.1£0.2
3 Sand 26.9+0.8 19.1£0.6
4 Rice husk ash 43+0.8 33+0.6
5 Plaster of Paris 152+59 9.6 +3.7
6 Wall putty 13.7+1.7 83+0.9
7 Brick powder 44.1+59 27.1+£3.6
8 10 mm aggregate 222+14 143+£0.8
9 Crasher 34+ 1.6 234+ 1.1

exhalation rates of radon from building materials with
the back diffusion effect. The first term on the right
hand side represents the exhalation rates free from
back diffusion while the second term represents the
correction for back diffusion.

RESULTS AND DISCUSSION

Using the relations (1) and (2) from the previous
chapter, the radon exhalation rates of some common
building construction materials were calculated from the
measured track densities and are shown in tab. 1. The ra-
don exhalation rates of soil, sand, brick powder and
crasher were found to be high as compared to rice husk
ash, wall putty and plaster of Paris. The radon mass ex-
halation rates of building materials varied from 0.45 £+
+ 0.07 mBg/kghto 1.55+0.2 mBqg/kgh, whereas surface
exhalation rates varied from 3.4 * 0.7 mBg/m?h to
28.6 + 3.8 mBg/m?h. The free and bound exhalation
rates, and effective dose equivalent from these building
materials using eqs. 3 and 4 are listed in tab. 2.

The free radon surface exhalation rate of building
materials varied from 4.3 + 0.8 mBq/m’h to 44.1 £ 5.9
mBg/m?h with an average of 24 mBg/m?h and bound
exhalation rates varied from 3.3 * 0.6 mBg/m?h to
27.1 £ 3.6 mBg/m?h with an average of 15.9 mBg/mh.
The comparison of exhalation rates measured by rela-
tions 2, 3, and 4 is shown in fig. 1

The free radon surface exhalation rates mea-
sured by the relation (3) are higher than those of the
bound exhalation using the relation (2) and the relation
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Figure 1. Comparison of radon surface exhalation rates
using various relations
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Figure 2. Percentage reduction of exhalation rates with
back diffusion coefficient
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(4) from all the building materials under study. The ra-
don exhalation rates of building materials are affected
by back diffusion which depends upon the porosity of
the sample. The percent of reduction in the exhalation
rates of the samples with the increase of back diffusion
coefficient shows a good agreement (R*> = 0.86) as
shown in fig. 2.

CONCLUSIONS

The radon exhalation rates of soil, sand, brick
powder, and crasher were found to be high as com-
pared to rice husk ash, wall putty and plaster of Paris.
The radon back diffusion rates from building materials
increased with porosity of the sample and showed a
good correlation with the percentage of reduction in
the radon exhalation rates. The radon exhalation, ra-
don activity and effective dose equivalent of the room,
measured by considering the effect of back diffusion,
was in good agreement with the conventional relation.
While the free exhalation rate, radon activity and ef-
fective dose equivalent are 30 % to 40 % higher than
bound exhalation rates, depending upon the porosity
of a sample. The exhalation rates of building materials
under study were found below the world wide average
reported in UNSCEAR [20]. The radon exhalation
rate along with the radium, thorium, and potassium
contents of building materials, are important parame-
ters used for selection of the building materials. The
radon exhalation rates from building materials can be
used for estimation of radon wall flux and indoor ra-
don concentration. Thus, it is necessary to correct the
measured exhalation rates due to back diffusion.
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Avntr KYMAP, Punm [Tan YAYXAH

JAYMHA OCIOBATBABA PAJOHA U3 YOBUYAJEHUX
I'PABEBUHCKHUX MATEPUJAJIA Y UHIUIN
Edekar nosparne gugysnje

Ynorpe6oM macTU4HUX Tpar gerekropa LR-115 Tun-II u ypauyHaBameM noBpaTHe Audysyje,
CIPOBEJICHO je WCIMUTUBame ocnobabama pamoHa u3 rpabeBuHCKOr mMaTepujaja ,,METOIOM 3aTBOpPEHE
akymyaanuje”. TToppaTHa nudysuja pagoHa JOBOAH 10 MOTHEHMBaKka CIOOONHE jaunHe eKcXajaluje.
PesynraTu nokasyjy ga cy jaunHe ocinobabarma pajoHa U3 3eMJbUILTA, IECKA, Ipaxa, ONeKe 1 IPpOObEHOT
Marepwujaiia, BUIIE Of Melena, 3uIHOT KUTa 1 napuckor runca. He y3umajyhu y pasmatpame nNoBpaTHY
nucy3ujy, jaurHe ocnobabama pagona u3 rpabeBuHckor Matepujana cy y oncery ox 0.45 +0.07 mBqg/kgh mo
1.55+0.2 mBq/kgh n o 3.4 +0.7 mBg/m?h o 28.6 + 3.8 mBq/m”h. 3a rpaheBuncke MaTepujase 6e3 TOBpaTHE
macysuje, jaunna ocnobabama pagona mznocu off 4.3 + 0.8 mBg/m?h o 44.1 + 5.9 mBq/m*h. Jaunne
ocnobabama pajgoHa u3 rpabeBUHCKHX MaTepujalia MOTY ce KOPUCTUTH 3a MPOLIeHY (piIyKca pajioHa u3 3ua
U KOHIICHTPAIWjy pafoHa y 3aTBOPeHOM npocTopy. CTora je moTpeOHO U3BPIINTH KOPEKIHje Y MepemhiMa
jaunHe ocnobabama pajoHa Ha TOBpaTHY Audy3ujy.

Kwyune peuu: ocaobabarbe padona, iospaitina oughysuja, wexHuka aKymyaayuje




