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ABSTRACT

Measurement of radon exhalation rate from different varieties of granite tiles
quarried from various parts of India has been carried out. Seventeen varieties of widely
exported granite tiles of dimensions 5 x 5 x 2.5 cm have been tested. Five samples were
received for each variety. The samples were exposed for 24 hours in a leak tight mild
steel chamber. Gas samples were then collected using Lucas cell and counted for alpha
activity to evaluate, using standard procedure, the concentration of radon from which,
radon exhalation rate was estimated. Powder samples of the tiles were subjected to
gamma spectral analysis. The results obtained are presented and discussed.
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INTRODUCTION

Human beings have always been exposed to ionizing radiation from various
natural sources of radiation and one of the major routes of internal exposures is through
inhalation of rad|oact1v1ty present in the atmosphere The three primordial radionuclides,
viz, “K, 2*U and Z’Th that are present in the building materials in varying
concentrations cause both internal and external exposures to the residents. External
exposure is caused by the gamma radiation from * oK and the daughter products of Py
and 2*Th. It is known that as a result of inhalation of *?Rn, a daughter product of decay
chain of *U, and its daughter products, the equivalent dose to the entire lung is 20 %
and 45 % higher than the equivalent dose in other tissues.
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Soil, natural gas, water, construction materials are some of the sources of radon.
From the epidemiological study made on the mortality rate among uranium and non-
uranium miners, the correlation between cumulative exposure to the short-lived radon
daughters and the excess incidence of lung cancer has vividly demonstrated the existence
of a positive relation (Ahemed.J.U.,1992). For this reason, an assessment of radon,
exhaling from building materials assumes significance.

Several studies have been undertaken to evaluate the radon exhalation rate from
building materials (Maged and Borhem, 1997; Abu-Jarad et al 1980). The Austrian
Standard ONORM S 5200 has proposed that a type of building material is considered
acceptable if in a room the annual effective dose does not exceed 2.5 mSv (Steger.F et
al.1999).

Granite is a form of igneous rock, which is composed primarily of Quartz,
Alkalie, and Felspar. India stands third in export of granite stone and first in granite stone
production. In this paper, the results of radon exhalation measurements of different
varieties of granites mined in southern parts of India are presented. These results are of
general interest since granites are globally used as building, ornamental and monumental
materials especially due to its elegant look, durability and scratch resistant properties.

MATERIALS AND METHODS

Seventeen varieties of granite tile samples of dimensions 5 x 5 x 2.5 cm each
weighing about 120 — 150 g were collected. Five samples were received for each variety.
Of these, two samples were crushed and sieved through one mm sieve and preserved for
gamma spectral analysis and remaining three tiles were used for exhalation rate
measurements.

(I) Radon exhalation measurements:

Lucas cells (Scintillation cells) were used for the estimation of radon exhalation
rate (RER) from these materials (Somalai J. et al, IRPA, Poffijin A. et al, 1983). A
cylindrical shaped of mild-steel container was fabricated for carrying out the
measurement. The container was 10 cm in diameter with an internal volume 750 cc.
Nozzles fitted with valves were provided for collecting samples with the Lucas cells.
The back diffusion process and leak rate , which hamper the exhalation

measurement results, are significant for the sampling time more than 30 hours (Stranden,

1983). Hence, the residence time of the sample in the container was restricted to about 24
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hours, to minimize back diffusion. The ratio of volumes of the container and sample was
more than 10, which further reduced the probability of back diffusion (Hafez.A.F, 2001).
In order to establish the leak rate of the container, a separate study was carried out. The
chambers were pressurized upto 1.2 kg/cm” and sealed. The reduction in pressure was

continuously monitored for about a month. A graph was plotted with the pressure against

time (Fig 1). It was observed that the leak rate was 0.5% by volume per day.

The samples were kept in the containers and sealed. After allowing a growth time
of 24 hours, gas samples were collected from the container in Lucas cell of volume 150
ml. After a delay of three hours to allow radon gas to attain equilibrium with its
daughters, the Lucas cells were counted using a PM tube assembly. The efficiency of the
counting system used in the study was 70%. From the counts, the concentration of radon
gas collected in the Lucas cell was estimated using the following equation (Jha, et al,
2001):

Cx

Q = ()
3EV e™ (1-e™)
Where,
Q is the radon concentration (Bq m'3)
C is the net counts in T seconds

A is the decay constant of radon s
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E is the efficiency of the counting system (fraction)
~ V is the volume of the Lucas cell (m3)

t is the counting delay (s)
As stated above, it may be noted that radon is in equilibrium with its daughters; for the
decay of each radon atom there will be simultaneous disintegration of its two daughters
and hence the factor 3 is used in the equation.

From the sample surface area and residence time in the container, radon

exhalation rate was calculated using the equation given below.

E e 2

Where,
E is the radon exhalation rate (Bq m'zh")
Q is the concentration of radon (Bq m'3)
Veir is the effective volume of the container (m3 )
A is the decay constant of radon (h")
A is the surface area of the sample (m?)

1 is the growth time (h)

The MDA for the exhalation rate for the above experimental conditions was estimated to

be 0.10 Bq m~h™.
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(II) Gamma spectral analysis
The crushed samples were homogenized and dried in an oven at 100 - 110° C for
about 24 hours. The samples were then filled in standard 250 ml air tight PVC
containers. The containers were sealed hermetically and externally using a adhesive tape
and kept aside for about 30 days. This will ensure the equilibrium between 22 Ra and its

daughters.

The containers were subjected to gamma ray spectral analysis using 3" x 3” Nal
(T1) detector. The detector is shielded on all the four sides as well as at the top portion by
15-cm thick lead. Aluminum, cadmium and copper sheets in that order (graded lining) are
also provided in between the lead shield and the detector so as to decrease the intensity of
characteristic X-rays emitted by the high atomic number shield materials. 95% of
background reduction is achieved by this arrangement. This system is situated in a
nuclear counting facility, which is constructed using soil with low natural radioactivity.
The system was calibrated using IAEA reference standards similar in geometry as that of
the sample containers.

Each sample was counted for 20000 sec and the natural primordial radionuclides

present in the tiles were identified. For the quantification, the peaks corresponding to
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1.46 MeV (401(), 1.76 MeV (2'4Bi) and 2.61 MeV (ZOSTI) were considered in arriving at

Ok, 28y/ Ra and *’Th respectively. The activity of each

the activity levels of
radionuclide in the sample was determined using the total net counts under the selected
photo peaks after subtracting appropriate background counts and applying appropriate
factors for photo peak efficiency and weight of the sample. The MDA (3¢) for each
radionuclide was established from the background radiation spectrum for a counting time

of 20000 sec and the values were 8.5, 1 and 13.25 Bgkg™' for 2**U (**Ra), **Th and K

respectively.

RESULTS AND DISCUSSION
To estimate the leak rate of the chamber, plot between pressure and

number of days is given Fig.1. The average volumetric leak rate was calculated using the
formula (V.Barashko et.al, 2002).

i
(ccimin) =1}~
At \ A,

S
f

4
T

Where
Q is average volumetric flow rate in em’m’”
* « e e R .
H is initial and final pressure difference in bar

* B is initial and final atmospheric pressure change during
observation in bar

V is the volume of the chamber in cm®

At is the time of observation in min

The volumetric leak rate was calculated to be 4.2+0.33 cm’d”’

The radon concentration inside the container varied from 60 to 485 Bqm™. The
exhalation rate of the tiles varied from 0.24 + 0.01 to 2.07 + 0.07 Bq mh"! which are
tabulated in Table 1.

22Th content above 1 Bgkg™', 10

Out of seventeen samples 11 were havin
and all the samples were having K.

samples were having 28 content above 8.5 Bgkg
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The activity concentration of the primordial radionuclides in the tiles are given table.2
The **Th concentration varied from 1742 to 21242 qug", 238U(mRa) concentration
varied from 17 £1 to 19543 qug’1 and the *°K concentration varied from 132 + 5 to
2116+ 9 Bakg™

In order to compare the specific activities of the radionuclides, a common index is
required to obtain the sum of activities. The index, which is called the radium equivalent

activity , for the samples, was calculated using the formula (Beretka and Mathew, 1985).

Racg = Agra + (At X 1.43)+ (Ak x 0.077) (4)

where, Ak, Ara and AT, are the activities of Potassium, Radium and Thorium
respectively, in Bq kg”. This formula is based on the estimation that 370 Bq kg™ of
%Ra, 259 Bq kg of 22Th or 4810 Bq kg™ of K produce the same gamma dose rate.
The radium equivalent for the tested samples varied from 10 to 563 qug".

Fig 2 gives the correlation between radon exhalation rate and uranium content of
the tile. An exponential fitting was done which yielded equation with a correlation
coefficient 0.9469 given below.

EBqm?h') = 0.107 * Exp (-0.0147 * X) (5)

where X is uranium activity concentration of the sample in qug". The calculated
values using the above equation and the measured values are given in table 3. The
variation between calculated and experimental values of radon exhalation rate may be
attributed to the inadequacy of the number of samples with detectable uranium content
and also to the fact that the porosity and the density of the samples, which influence the
radon exhalation rate, were not normalized for the plot.

CONCLUSION

Out of seventeen samples nine samples were found to have higher thorium
content upto a maximum of 10 times the uranium content. Due to this, estimation of
thoron exhalation rate also assumes importance. Attempts are being made to study the
thoron exhalation too.

Six samples showed radon exhalation rate above detectable level and these values
are in good agreement with the reported values for Indian granite tiles (Mentazul I.
Choudhury, JRNC, 1998, Al Jarallah, 2001). There exists a good correlation between the
uranium content of the sample and radon exhalation rate. This implies that there exists a
possibility to use the concentration of 28 U(**°Ra) as an indicator for the extent of radon
exhalation.
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TABLE 1 RADON EXHALATION RATE (RER) OF GRANITE TILES

SAMPLE CODE RER (Bqm>h'")

S1 2.0740.07
S2 0.26£0.05
S3 0.35+0.02
S4 1.42+0.05
S5 0.24+0.01
Sé 0.41+0.03
S7
<0.10
S8
<0.10
S9
<0.10
S10
<0.10
S11
<0.10
S12
<0.10
S13
<0.10
S14
<0.10
S15
<0.10
Si6
<0.10
S17

<0.10
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TABLE 2 NATURAL RADIOACTIVITY CONCENTRATION PRESENT IN THE TILES

SAMPLE 22y, 22U (**Ra) oK Ra e
CODE qug’I qug'1 Bqkg™ qug'l
S1 7412 19543 989+11 377
S2 13342 6112 963+10 325
S3 8543 5743 893+12 247
S4 21242 17342 1128+10 563

90



Proceedings of the 2003 International Radon Symposium — Volume Il
American Association of Radon Scientists and Technologists, Inc.

S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17

7942
1742
108+2
33+l
201
15442
10142
<]

October 5 - 8, 2003

66+2
109+2
<8.5
<8.5
<8.5
<8.5
1741
<8.5
19+2
<8.5
<8.5
<8.5
<8.5

82449
1848+8
1489+8
103016
439+5
14306
178447
147+4
211649
14744
22446
13943
132+5

242
276
343
127
62
330
299
11
341
11
17
11
10

TABLE 3 COMPARISON OF RADON EXHALATION RATES

RER (Bqm™h™)

238 226
saMpLE ~ UC Ra)
ERROR
CODE g
EXPERIMENTAL CALCULATED
s3 57.00 035 025 29
$2 61.00 0.26 0.26 0
S5 66.00 0.24 0.28 .18
$6 109.00 0.41 0.53 31
S4 173.00 .42 1.36 4
s1 195.00 2.07 1.88 +9
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INVESTIGATION AND REDUCTION OF PERSONNEL RADON EXPOSURE LEVELS
IN BAVARIAN WATER SUPPLY FACILITIES

M. Trautmannsheimer, S. Kérner
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D-86177 Augsburg, Germany

ABSTRACT

Water supply facilities in Bavaria (Germany) were investigated with regard to radon
concentrations in groundwater and indoor air as well as radon exposure to the staff
working in these buildings.

500 water supply facilities were asked to take a groundwater sample and expose several
track-etch detectors in order to obtain the mean room concentration of the main staff
work places. In addition, the personnel had to wear a track-etch detector during the time
they spent in the supply facilities.

About ten percent of the process controllers in the East Bavarian crystalline region are
subjected to an annual effective dose of more than 20 mSv.

The management of supply facilities where process controllers were subjected to very
high annual radon levels were asked to take remedial action. [n one specific case, these
measures reduced the annual effective dose of a process controller from 100 mSv to

about 6 mSv.

INTRODUCTION

Exposure to radon is normally the main contributory factor to the annual effective
radiation dose of the population. Apart from the level of radon exposure in housing, there
are some work places where increased exposure can be expected. Especially high radon
activity concentrations have been measured in mines [1], visitor caves [2,3], radon spas
[4,5] and water supply facilities [6-10]. Therefore in May 1996, the European
Commission passed the Council Directive 96/29/Euratom [11], laying down the basic
safety standards for the protection of the health of workers and the general public against
the dangers arising from ionizing radiation. The annual recommended upper limit for
natural radiation for a worker is 20 mSv. This basic safety standards concerning radon
exposure at work places are implemented in the revised German radiation protection
regulation [12] became effective in August 2001.

In 1995, the Bavarian State Ministry for State Development and Environmental Affairs
set up a research project to study the level of radon exposure to which the staff of the
Bavarian water supply facilities were subjected. Bavaria is the largest and most southern
state of the 16 states of the Federal Republic of Germany. After various preliminary
investigations a questionnaire was sent to all 2,600 Bavarian water supply facilities.
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