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ABSTRACT

This study aims to assess the environmental hazards from radon exhalation rate in
the sand samples in selected locations in Shaybah field in Saudi Arabia, using passive (CR39NTDs) and active (SSBD) detecting method. Radon concentration, effective radium content
and radon exhalation rate were estimated in sand samples measurements. The ranges of the
obtained results are as follows: 10.96 to 12.62(Bq.m-1 ) for radon concentration active, 107.1
to 126.4(Bq.m-3 ) radon concentration passive, 22.4 to 19.5 Bqkg -1 for radium content, and
the values of EA ranged from 6.19 to 31.1 (10-5 Bq.m-2 h-1 ) and values of EM range from 0.18
to 0.89 (10 -5 Bq.m-2 h-1 ). The results showed that there is a linear relationship between the
ratio of radon concentration and the effective radium content in sand samples. A comparison
between our results with that mentioned in international reports was done.
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INTRODUCTION
Radon is a naturally occurring radioisotope. Radon -222 is one of the elements in the long radioactive
decay chain from uranium-238. The elements above radon in the chain are relatively long – lived and of
less concern for radiation exposure, but radon and the elements immediately following it in the chain are
short- lived and therefore more hazardous (1). Whereas the predecessors to radon in the chain are sands
and will not migrate far from their place in the sands, radon is a gas and can migrate through a few feet
of earth, radon in the outside air is diluted rapidly, but if it enters through a basement floor, it can reach
high concentrations, and therefore, more hazardous appear for poor ventilation rate (2). Uranium is the
proximate source of radium and radon in the sand, soil and rocks. Uranium present in the earth, is
transferred to water, plants, food supplements and then to human beings. Uranium accumulated in
humans may have a dual effect due to its chemical and radioactive properties. High intake of uranium and
its decay products may lead to harmful effects in human beings. According to an estimate ( 3), food.
MATERIALS AND METHODS
This samples collected different region from Shaybah field is a major crude oil producing site in
Saudi Arabia, this region is shifting sands Fig. (1). And is located approximately 40 km from the
northern edge of Rub,Al- Khali/Empty Quarter desert. It is located about10 km south of the border to Abu
Dhabi, United Arab Emirates, which is a straight line drawn in the desert, This samples were measured
using two techniques. First technique CR-39 (Intercast, Italy) based radon exhalation; nuclear track
detector with a thickness of 400 µm was used in this work. Samples were dried, pulverized, homogenized
and placed in plastic containers. A piece of CR-39 detector with area 1x1 cm2 was embedded in the sample
in each container [8-10]. The containers were left at room temperature for one month exposure time. During
this time α particles from the decay of radon, and their daughters bombard the CR-39 nuclear track
detectors in the air volume of the container (11-12). After exposure the detectors were etched chemically with
6.25 N NaoH solutions at 70 C0 for 5.5h. The tracks were counted using an optical microscope of 400X
magnification. The second technique; Silicon surface Barrier Detectors (SSBD) counts alpha particle
emissions from Radon. This system is called Radon-Scout. It is provided with sensors to measure the
temperature and relative humidity during radon measurement Fig. (2). the system outputs are available both
in analog and digital display. Contributes about 15% of ingested uranium, while drinking water contributes
about 85%. The measurement of radon exhalation rates of sand, soil and rocks are helpful to study radon
health hazard (4-7). The purpose of this study was to assess the radon concentration, radon exhalation
rate and the radium content in sand samples in selected areas in Shaybah field Saudi Arabia using passive
and active techniques type CR-39 NTDs and SSBD respectively to quantify the radon activity of sand
samples.
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Fig. (1): Shifting sands.

Fig. (2): Design room calibration to measure the temperature and relation humidity during radon
measurement.
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Determination of the Radon concentration, Radium content and Radon Exhalation rate.
A. Radon concentration (Bq.m-3).
Average radon concentration in the sand samples is calculated using the following formula (13).

Where ρRn is the radon track density (track/cm2), KRn is the calibration factor for radon (=0.2083
track.cm-2 . d-1/Bq.m-3) which is calibrated in previous work (14), and this factor depended on the
detector efficiency for detect alpha particles, which are emitted from radon and its progeny (15), and t is
the exposure time(=30 days).
B. Radium Content and Radon Exhalation Rate.
The effective radium content of the samples was calculated using the formula (16)

Where M is the mass of the sample, A is the area of cross-section of the cylinder in m2, h is the distance
between the detector and the tope of sand samples in meters, and Te is the effective exposure time,
which is related to the actual exposure time T and decay constant λ for Rn222 by the relation.

Where λ is the decay constant for radon (h-1) and T is the exposure time in (h). The radon exhalation
rate in terms of area is calculated from the equation (17-18).

Where Es is the radon exhalation rate expressed in Bqm-2h-1, V is the effective volume of the bottle in
m3, C is the integrated radon exposure as measured by CR-39 plastic track detector (Bq.m-3.hr). This
formula was also modified to calculate the radon exhalation rate in terms of mass (Bq.kg-1. hr-1).
Where Em is the radon exhalation rate in terms of mass (Bq.kg-1. hr-1) and M is the mass of the sample
(1kg).
RESULT AND DISCUSSION
The result for radium activity and radon exhalation rate in sand samples belonging to some area of
Shaybah field in Saudi Arabia, are presented in Table (1). The radium activity in sand sample varies from
22.4 to 19.5 Bqkg-1 with a mean value of 21 Bqkg-1. The radon exhalation values were calculated in
terms of area EA and EM. The values of EA ranged from 6.19 to 31.1 (10-5Bq.m-2 h-1) and values of
EM range from 0.18 to 0.89 (10-5Bq.m-2 h-1).
One observed that the radon concentration had high and low values in the location of Shaybah,
because the geological formation of the locations was different, and this is clear in Fig.( 3). In Fig.(4), one
observed that there is a linear relationship a good correlation (R=0.89) between an effective radium
content in the sand samples radon concentration. This mean that, sand radon is a good correlation
(R=0.82) has been observed between the results of the passive and active detector for measure radon
concentration in the soil samples in Fig.5. Slop of the linear relation is 9.43, this is due to the long and
short measurements. For CR-39NTDs the measurements were for 1 month, and for SSBD the
measurement was for 1 hour.
A comparison between our results about sand radon concentration, radon exhalation rate and
effective radium content in sand samples in some location in Shaybah with that report in (Hafez et al.,
2001). The values of radium activity determined are less than the permissible value 370 Bqkg-1, which is
acceptable for safe use OECD, 1979. Thus, results reveal that the area is safe as far the health hazard
effects are concerned.
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Fig. (3): Relation between the location and radon concentration.

Fig. (4): Relation between the radium content and passive radon concentration.

Fig. (5): Relation between active and passive radon concentration.
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Table )1(: Values of radium and radon exhalation rate in terms of area (EA) and mass (EM) in sand
samples of different Shaybah field in Saudi Arabia.
Radium concentration in sand
Samples

Radon exhalation rate

(Bq.kg-1 )

EA (10-5 Bq.m-2 h-1 )

EM (10-5 Bq.m-2 h-1 )

1

21.38

8.71

0.25

2

21.83

7.21

0.21

3

21.47

6.19

0.18

4

22.4

6.47

0.19

5

20.05

31.1

0.89

6

20.34

18.16

0.52

7

20.09

12.87

0.37

8

19.45

9.47

0.27
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