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ABSTRACT

The current study was conducted primarily to investigate and estimate **Cs activity concentrations and the external
dose rate due to fallout radionuclide **'Cs. Soil samples were collected from different 25 locations at Riyadh Province
and analyzed using low level y-spectrometry equipped with HPGe-detector. *¥Cs activity concentrations and calculated
dose rate were found in the range of 0.8 - 3.1 Bg-kg™ and 0.05 to 0.8 nSv-h™ with an average value of 1.70 + 0.7
Bqg-kg™ and 0.11 + 0.05 nSv-h™ respectively. The measured **'Cs activity concentration range was compared with the
reported ranges in the literature from some of the other locations in the world. Results obtained in this study show that
¥7Cs concentration is of a lower level in the investigated area. However, the range of **'Cs concentrations observed in
this study is significantly high relative to similar data reported from Libya. The average value of estimated external ef-
fective dose rate is found far below the dose rate limit of of 1.0 mSv-y™ for members of the general public recom-
mended by ICRP as well as the external gamma radiation dose of 0.48 mSv-y™ received per head from the natural
sources of radiation assessed by (UNSCEAR, 2000). It is concluded that **’Cs soil contamination does not pose radia-

tion hazards to the population in the investigated areas.
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1. Introduction

Radiation is present in every environment of the Earth’s
surface, beneath the Earth and in the atmosphere. Ac-
cording to [1] about 87% of the radiation dose received
by mankind is due to natural radiation sources and the
remaining is due to anthropogenic radiation. The pres-
ence of artificial radionuclides in the environment is an
important source of radiation exposure for human beings
[15]. Artificial radioisotopes may be released into the
environment during the testing of nuclear weapons, nu-
clear explosions and discharge of effluents from nuclear
facilities. Artificial radioisotopes released from these
sources are retained by environmental materials, includ-
ing soil [10]. Worldwide contamination from artificial
radioisotopes was partially caused by nuclear tests con-
ducted by different countries from time to time and nu-
clear accidents such as Chernobyl nuclear power plant
disaster which took place in 1986.In Chernobyl accident
about 3.8 x 10 Bq of **'Cs was reportedly released into
the environment. Activity concentration of **'Cs in soil
and emission of gamma rays from **’Cs therefore con-
tributes to the external gamma radiation exposure levels
[11]. Measurements of the artificial radionuclides in soil
samples provide a better understanding of the causes of
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fluctuation in dose rates of environmental radiation in the
investigated areas and help tailor public radiation protec-
tion programmers on sound scientific bases. This study is
part of nationwide programme to survey environmental
radioactivity with the aim of building up abroad database
on natural and man-made radionuclides for producing a
radiation map of the country to be used as a reference in
the event of any radiological accident of global dimesion.

2. Materials and Methods
2.1. The Study Area

Riyadh is the capital city of the Kingdom of Saudi Ara-
bia with an area of about 1554 km2. It is located centrally
in the Najd region with a population that is expected to
reach over 5.2 million in 2007, (Figure 1). Riyadh is the
major part of Riyadh Province. It is situated in the centre
of the Arabian Peninsula on latitude 34° - 38° north and
longitude 46° - 43° east 600 m above sea level.

2.2. Samples Collection and Preparation

A total of 25 Soil samples were collected from different
sites of. Riyadh Province All sampling sites were pre-
ferred to be undisturbed and none eroded without any
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Figure 1. Map Kingdom of Saudi Arabia showing the study
area.

influence of man-made structures to ensure that samples
were representatives of the sites from where they were
taken. From each site, 3 - 5 soil samples were collected
from an area of 0.5 m x 0.5 m up the depth of 25 cm. In
this way, a total of 105 soil samples were collected from
all 25 sites using a clean trowel, placed in plastic bags
and labeled. Soil samples were passed through a 2-mm
mesh sieve to remove stones and other materials. Sam-
ples were then air-dried and sieved through a 1-mm mesh
sieve. Each sample containing soil grain weighing about
200 g was stored in the standardized polyethylene con-
tainers.

2.3. Gamma-Spectrometric Measurement

B7Cs activity concentration was measured using high-
purity germanium-detector based gamma ray spectrome-
ter with an efficiency of 25% was employed. HPGe de-
tector was coupled with a Canberra multi-channel ana-
lyzer (MCA). The resolution (FWHM) of the spectrome-
try system was 1.8 keV at 1332 keVV gamma-ray line of
89Co. Spectrum of every sample was collected for 54,000
second (15 h). Spectrum analysis was done with help of
computer software and activity concentration **'Cs was
determined. To reduce the background effect, the detec-
tor was shielded in 10 cm wall lead covering lined with 2
mm copper and 2 mm cadmium foils. Standard reference
materials obtained from IAEA were used for calibration
of the spectrometer. The system was calibrated for en-
ergy and efficiency on regular basis. **'Cs activity con-
centrations were measured directly using their respective
photo peaks at 1460 and 662 keV. The environmental
gamma background at the laboratory site was determined
with an empty plastic container washed with dilute HCI
and distilled water. The background was measured under
the same conditions of sample measurement. It was later
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subtracted from the measured gamma-ray spectra of each
sample. The net integral counts under selected photo-
peaks were determined by subtracting from the total
counts under these photo-peaks the integral count above
the baseline over the same region obtained from back-
ground runs. The activity concentration of **Cs was fi-
nally measured in Bg-kg™. The total uncertainty of the
measured activity concentration, absorbed dose rate and
other indices were within 3% - 8%.

3. Results and Discussion

The activity concentrations of fallout radionuclide *¥Cs
in soil samples are shown in Table 1. The activity con-
centrations of *¥'Cs ranged from 0.8 - 3.1 Bg-kg™ with
an average value of 1.70 + 0.69 Bq-kg™. Spatial distribu-
tion of the measured **’Cs concentrations Figure 2 the
results obtained indicate that the location 10, 11, 13, 14,
15 and 25, the concentration of **’Cs is extremely on the
lower side having values even less than the mean value
of 1.70 + 0.69 Bq-kg™. However, as appears from Fig-
ure 2, activity concentrations of **'Cs vary from location
to location and are not uniform. It is well documented in
the literature that **’Cs concentration in soil varies due to
topographic differences, geomorphology ,and meteoro-
logical conditions of the region .Upon comparing the
results with global data it was found that the obtained
values are far below the reported range from Spain 10 -
60 Bg-kg™ [5], Egypt 1.6 - 19.1 Bq-kg™ [6], Yugoslavia
1.5 - 28.4 Bq-kg™ [7], USA 5 - 58 Bq-kg™ [8], 1.1 - 5.3
Bq-kg™ [4] and Sudan 2 - 26 Bg-kg™ [9]. However, the
range of **¥'Cs concentrations observed in this study is
significantly high relative to similar data reported from
Libya 0.9 - 1.7 Bg-kg™ study conducted by Shenber [10].

Table 1. Statistical summary of **¥Cs activity concentration
Bq-kgand absorbed dose rate nGy™.

Distractive Samplesize Mean+Std ~ Minimum Maximum

¥cs 25 1.70+0.7 0.8 3.1

Dose 25 0.14+0.15 0.05 0.8

137Cs activity
N ~ o
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Figure 2. Location-wise distribution of fallout radionuclide
¥7Cs concentration.
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To compute the gamma-ray dose rate owing to exter-
nal exposure on account of **'Cs activity concentration in
the ground soil, consider a smooth and uniform semi-
infinite plane made of soil containing *'Cs contamina-
tion and a volume element of soft tissue is under the
influence of a constant photon flux (¢) originating from
B37Cs source concentration in the soil plane. Considering
the photon flux due to single prominent energy peak of
661.6 keV with 85.12% abundance, the estimated exter-
nal effective dose rate in a volume element of soft tissue
at 1 m height from the ground is given by using the for-
mula (1) and (2) [8,11,12].

tissue

D(E):0.576xE><¢(E)x[yaT(E)J )
where D (E), in Equation (1), represents external effective
dose rate in nSv-h™, E is gamma photon energy in (MeV),
#E) is the mean gamma-ray flux at energy E and (uzy
)" is the energy dependent mass absorption coeffi-
cient in cm®.g™* for a small volume element of soft tissue.
For the conservative estimate of the maximum dose on
the ground surface owing to source concentration in the
soil, the photon flux &(E) is defined as under [8,13].

p(E)=— A @)

2[{ﬂa(E)Jmil
P

In Equation (2), yzx is fractional abundance of gamma
rays, 4 is experimentally determined activity concentra-
tion in Bg-kg™ of a radionuclide and (u /)" repre-
sents the energy-dependent mass attenuation (scattering)
coefficient in cm?-g™ of soil containing gamma-ray emit-
ting radionuclide of energy 661.6 keV. Soils vary con-
siderably in chemical composition, but their relative
shielding effectiveness depends mainly on density and
water content and, therefore, mass attenuation coefficient
varies with different water contents (%) of soil and
gamma-photon energy. Mass attenuation coefficient for a
typical soil of density 1.625 g-cm® containing 30% water
content by weight and 20% air by volume against
gamma-ray energy of 661.6 keV for **’Cs has been cal-
culated to be 0.0780 cm*.g™* from the given data avail-
able in the literature [14]. The x of constant photon flux
considered in the present study, the mass absorption co-
efficient is determined to be 0.0316 cm?.g™ at 661.6 keV
energy using the reported data [12]. Obviously dose build
up factor is not considered here as the same is very small
for air thickness of one meter and small volume element
of soft tissue. Calculated values of external dose rate falls
within the range of 0.05 nSv-h™ to 0.21 nSv-h™ with an
average value of 0.11 + 0.05 nSv-h™ (Figure 3).

To avoid the radiation hazards, the dose rate limit reco-
mmended by the International Commission on Radio-
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Figure 3. Calculated external dose.

logical Protection (ICRP )for members of the general
public is 1 mSv-y™ [15]. The average external gamma-ray
dose rate computed in this study is found to be very small
as compared with the dose rate limit of 1.0 mSv-y™ as
well as the average external gamma dose of 0.48 mSv-y™
received per caput from natural radiation sources as-
sessed by UNSCEAR [16].

4. Conclusion

There is no abnormal elevation seen in the level of **'Cs
activity concentrations in the soil of the Riyadh. The
values are typical of a normal background level. **'Cs
activity concentrations in Riyadh area is lower than the
worldwide data .The ranges of **'Cs concentrations in
soils are fairly normal compared with those reported for
most of the regions of the world. However, the range of
B37Cs concentrations observed in this study is signifi-
cantly high relative to similar data reported from Libya.
Further study is necessary in order to draw a detailed
radiation map of Saudi Arabia. There is a need to initiate
a comprehensive nation-wide program of environmental
radioactivity monitoring to bring under regulatory con-
trol all the associated sources.
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