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a b s t r a c t

In the first study, the Radon emanation and radiological hazards associated with radionuclides in soil
samples, collected from 9 various date palm farms located in 3 different districts in Saudi Arabia were
determined through a high purity Germanium (HPGe) gamma-ray spectrometer. The estimated average
values of Radon emanation coefficient and Radon mass exhalation rate for soil samples were
0.535 ± 0.016 and 50.063 ± 7.901 mBqkg�1h�1, respectively. The annual effective dose of radionuclides in
all sampling locations was found to be lower than UNSCEAR's recommended level of 0.07 mSvy�1 for soil
in an outdoor environment. In the secondary study, gross a and gross b activities in soil and date palm
pits samples were measured by a low background a/b counting system. Average values of gross a and
gross b activities in soil and date palm pits samples were 5.761 ± 0.360 Bqkg�1, 38.219 ± 8.619 Bqkg�1

and 0.556 ± 0.142 Bqkg�1, 24.266 ± 1.711 Bqkg�1, respectively.
© 2019 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Primordial radionuclides are always present in the environment
throughout the world in various isotopic forms and human beings
are constantly exposed to natural sources of ionizing radiation. The
natural decay series radionuclides (238U, 232Th, and 235U) represent
the most significant sources of ionizing radiation on earth,
contributing approximately 83% of the total effective dose received
by the global population [1]. The external exposure risk is mainly
caused by gamma radiations that emit from the decay chain of
primordial radionuclides in soil and rocks [2,3]. The internal
exposure risk to individual caused by inhalation of Radon (222Rn)
and its short-lived decay products emit alpha particles [4]. Radon
(222Rn) is an ionizing radiation gas that emanates from the radio-
active materials and enters buildings due to exhalation process
from soil to air or from building material to the air interface. That is
the reason; the study of Radon exhalation rate of the soil mainly
describes the local environmental Radon level.

Gross a and gross b activities in the environmental samples (e.g.
eb).

by Elsevier Korea LLC. This is an
air, water, soil, foodstuff, etc.) have gained much attention in recent
years. Moreover, elevated levels of b radiations may be a sign of the
accidental release of radioactivity from nuclear explosions. The
total radioactivity of alpha emitters in soil describes the gross alpha
activity which depends on the geological formations, mineral dis-
tribution, and the type of activities in the selected area. Based on
the proposed studies, the impact of radioactivity on human life due
to soil and date palm pits samples has been determined.

This experimental study aims to estimate Radon fundamental
parameters (Radon emanation coefficient and Radon mass exha-
lation rate), gross a and gross b activities, and the radiological
hazards associated with natural radioactivity in soil and date palm
pits samples collected from Al-Qassim, Riyadh District 2, and
Riyadh District 1 regions of Saudi Arabia.

Two types of studies were carried out on soil and date palm pits
samples by using two different techniques. In the first study, soil
samples were analyzed using high purity germanium (HPGe)
gamma-ray spectrometer in-order to determine the Radon funda-
mental parameters (Radon emanation coefficient and Radon mass
exhalation rate) based on 226Ra concentration in those soil samples.
On the basis of measured activity concentration of 226Ra, 232Th,
137Cs and 40K in soil samples, the radiological hazards parameters
(external hazards index, gamma index, internal hazards index,
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alpha index, absorbed dose rate in air (outdoor), annual effective
dose equivalent, and excess lifetime cancer risk), were estimated
and compared with recommended safety limits.

In the second study, gross a and gross b activities in soil and date
palm pits samples were measured by low background a/b counting
system (LB4200, CANBERRA). Finally, results were also compared
with corresponding results available in some other countries of the
world.
Fig. 1. The typical HPGe gamma-ray spectrum of soil sample.
2. Materials and methods

2.1. Samples collection and preparations

Soil (at depth 20 cm) and date palm pits samples were collected
from the significant date palm farms located in three different
districts (Al-Qassim, Riyadh District 2, and Riyadh District 1) of
Saudi Arabia. Locations of soil and date palm pits samples are
shown in map 1. Date palm pits samples were crushed by a grinder
tomake powder [5]. soil and date palm pits samples were sieved up
to size (z500 mm) by using a shaker. Samples were crushed to
remove organic material, stone pieces, gravel, and lump. Then,
samples were dried in annealing furnace at 110 �C for one full day
[6]. After that, (z350 g) of samples was weighed and transferred
into Marinelli beakers (500 ml). For the measurements of Radon
(222Rn) emanation coefficient in the soil samples, beakers were
sealed with adhesive tape and stored for at least 4 h to establish the
radioactive equilibrium between Radon (222Rn) and its short-lived
decay products (214Pb & 214Bi) [7]. Then, the g-ray spectrum of each
sample and the gamma-ray spectra of soil samples after the secular
equilibrium (established between radium (226Ra) and Radon
(222Rn) with its short-lived most abundant daughter products) as
shown in Fig. 1 and Fig. 2.

For the study of gross a and gross b activities, about 2 g of dry
Map 1. Agriculture area located in th
soil and date palm pits samples were used in a 2-inch diameter
stainless steel planchet and uniformly spread into the planchet
with the help of a glass rod [8]. A few drops of the diluted UHU glue
with acetone added over the surface of the samples [8]. Finally, the
samples were put under an infrared lamp for a few hours until it
became fully glued [8].

2.2. Measurements of Radon emanation coefficient and Radon mass
exhalation rate

The Radon (222Rn) emanation coefficient in soil samples was
determined by two studies using high purity germanium (HPGe) g-
ray spectrometer. In the first study, g-ray measurement was carried
out directly after 4 h of sealing the dry soil samples in Marinelli
e three districts of Saudi Arabia.



Fig. 2. The typical HPGe gamma-ray spectrum of date palm pits samples after.
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beakers to establish the radioactive equilibrium between 222Rn and
its short-lived decay products (214Pb & 214Bi). In the second one, g-
ray measurement after the establishment of radioactive equilib-
rium between 226Ra and 222Rn with its short-lived decay products.
For the energy and efficiency calibrations of the detector, mixed
radionuclides source in a Marinelli beaker (500 ml) was used for
the gamma-ray measurements in soil and date palm pits samples.
Deionized water in a Marinelli beaker (500 ml) was used to collect
the background spectra for 12 and 24 h every weekend [9].

The Radon emanation coefficient (RnEC) of soil samples was
measured through net count rate of the selected gamma-rays lines
emitted by Radon decay products [9]. Gamma-ray lines of 214Pb
(295.213 keV, 351.921 keV) and 214Bi (609.921 keV, 1120.287 keV,
1764.49 keV) were used for the measurement of Radon emanation
coefficient [9]. Based on these measurements, RnEC for soil samples
was calculated from the following relation [10];

RnEC ¼
N

No þ N
(1)

No is the net count rate of gamma-ray lines at the time of secular
equilibrium between Radon daughter products and Radon. N is the
net count rate of gamma-ray lines of Radon daughter products at
the time of radioactive balance between Radon with its daughter
products and radium [10,11].

The Radon mass exhalation rate (Ex) for soil samples was
calculated by the following relation [11];

Ex

�
Bqkg�1h�1

�
¼ARa �RnEC � lRn (2)

Where ARa is the radium (226Ra) concentration (Bqkg�1), and lRn is
the decay constant of Radon (7.587 � 10�3 h�1).

2.3. Assessment of radiological hazards

The radiological hazards (external and internal) associated with
soil samples mainly depend on the activity concentrations of 226Ra,
232Th, 137Cs, and 40K. Based on activity concentrations of 226Ra,
232Th, 137Cs, and 40K, the radiological hazards estimated through
the annual gamma radiation dose received by a person working or
living in the radiation environment, but annual gamma radiation
dose depends on the nature of personal activities as well as the
climatology of the area. The radiological hazard parameters such as
external hazards index, gamma index, internal hazards index, alpha
index, absorbed gamma dose rate in air (outdoor), annual effective
dose equivalent, and excess lifetime cancer risk are determined to
assess the potential radiation hazards associated with soil samples.

2.3.1. External hazards index (Hex)
The exposure of gamma-rays from the soil, which contains the

non-uniform distribution of 226Ra, 232Th, and 40K, is used to esti-
mate the external hazard index (Hex) [12]. The primary purpose of
evaluating Hex is to limit the radiation dose up to the permissible
dose equivalent limit of 1 mSvy�1 [13]. Hex for soil samples was
evaluated by the following relation [12];

Hex ¼
�
ARa

370
þ ATh
259

þ AK

4810

�
� 1 (3)

Where ARa, ATh, and AK are the activity concentrations (Bqkg�1) of
226Ra, 232Th and 40K in soil samples, respectively and their corre-
sponding values.

2.3.2. Gamma index (Ig)
European Commission introduces the most comprehensive

radiological hazard index for the assessment of soil, called the
gamma index (Ig). According to the European Commission report, Ig
for soil samples was estimated by the following relation [4];

Ig ¼
�
ARa

300
þ ATh
200

þ AK

3000

�
� 1 (4)

2.3.3. Internal hazards index (Hin)
The internal radiation exposure is evaluated from an index

called internal hazard (Hin). Hin in the respiratory system linked
with inhalation of radioactive gases (Radon & Thoron) and their
short-lived decay products which emit alpha particles. Thus, (Hin)
for soil samples was evaluated by the following relation [12];

Hin ¼
�
ARa

185
þ ATh
259

þ AK

4810

�
� 1 (5)

2.3.4. Alpha index (Ia)
The internal hazard associated with exposure of alpha particles

evaluated from an index called alpha index (Ia). In case, if the ac-
tivity concentration of 226Ra in the soil exceeds the 200 Bqkg�1le-
vel, then Radon levels in the air (indoor/outdoor) can exceed 200
Bqm�3 level due to the exhalation of Radon from the soil. Ia for soil
samples was evaluated by the following relation [12];

Ia ¼ ARa

200
� 1 (6)

2.3.5. Absorbed gamma dose rate (AGDR)
The absorbed gamma dose rate (AGDR) in the air (outdoor) at

1 m above the ground level is the radiation dose received by a
person due to gamma-rays emitted by the radionuclides (226Ra,
232Th, 137Cs, and 40K) present in soil samples. Based on activity
concentrations of 226Ra, 232Th, 137Cs, and 40K in soil samples (AGDR)
in the air (outdoor) by the following relation [12];

AGDR
�
nGyh�1

�
¼ARað0:461ÞþAThð0:623ÞþAK ð0:0417Þ

þ ACsð0:1243Þ (7)

Where ACs is an activity concentration of 137Cs in soil samples and



Fig. 3. Conversion factors of radio-element concentration (Bq, %) to a specific activity
(Bqkg�1) used for measuring the radio-element concentration in soil samples.
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its corresponding values. Whereas 0.461, 0.623, 0.0417, and 0.1243
are the dose conversion coefficients (nGyh�1/Bqkg�1) in air (out-
door) for 226Ra, 232Th, 40K and 137Cs, respectively.

2.3.6. Annual effective dose equivalent (AEDE)
The annual effective dose equivalent (AEDE) for the outdoor

environment was estimated on the basis of the dose conversion
factor taken from absorbed gamma dose rate in the air to effective
dose equivalent received by an adult. AEDE for soil samples was
calculated by the following relation [12];

AEDE
�
mSvy�1

�
¼AGDR

�
nGyh�1

�
�8760

�
hy�1

�
� 0:2ðOFÞ

�0:7
�
SvGy�1

�
� 10�6 (8)

Where 8760 is the total hours per year, 0.2 is an outdoor occupancy
factor (OF) and 0.7 is dose conversion factor (in unit of SvGy�1) for
the environmental exposure from gamma-rays of moderate energy.

2.3.7. Excess lifetime cancer risk (ELCR)
International Commission of Radiological Protection recom-

mends the following relation for the assessment of excess lifetime
cancer risk (ELCR) associated with soil samples [13];

ELCR¼AEDE � DL� RF (9)

Where DL & RF are the average duration of life for adult (70 years)
and risk factor (in the unit of Sv�1), respectively. For stochastic ef-
fects in adults, RF has taken as 0.05 Sv�1 [13].

2.4. Gross a and gross b activities measurements (Bqkg�1)

Gross a and gross b activity in soil and date palm pits samples
were determined by the help of a low background a/b counting
system (LB4200 CANBERRA). The system is equipped with 16 gas
flow detectors using P10 gas (90% of Ar and 10% of CH4). Apex-
alpha/beta control and analysis software used for gross a and
gross b measurements. As per routine practices, the system was
calibrated simultaneously (counting both a and b at the same time)
by disc shape standard sources (210Po for a and 90Sr for b). The
counting efficiency of the system was found to be 2.94% for alphas
based on U3O8 (guaranteed reagent) and 28.92% for betas (based on
KCl (high purity reagent) standard) using 2 g of a standard reference
sample. The background and samples were counted for 200 min.
The gross a and gross b activities in the samples were measured by
using the following relation [12];

Aa;b

�
Bqkg�1

�
¼Net Counts Rate ðNs � NBÞ

m � εeff ð%Þ
(10)

Where NS, NB, m, εeff are the count rate of the sample in cps, count
rate of background in cps, the mass of dry sample in kg, and
counting efficiency of detector for a and b measurements, respec-
tively. for soil and date palm pits samples, the minimum detectable
activities (MDAs) are 0.11 Bqkg�1 for gross a and 0.16 Bqkg�1 for
gross b, respectively.

3. Results

3.1. Radioelement concentrations in soil and date palm pits

Based on IAEA [14] conversion factors of activity concentration
(Bqkg�1), the radio-element concentrations (Bq & %) of 226Ra, 232Th
and 40K in soil samples were calculated and the distributions of
radioelement concentrations of 226Ra, 232Th, and 40K in soil samples
have been shown in Fig. 3. The radio-element concentrations of
226Ra, 232Th, and 40K in soil samples varied from 0.647 to 1.765 Bq,
1.301e4.572 Bq and 0.611e2.262%, respectively. The average radio-
element concentrations of 226Ra, 232Th and 40K were 1.020 ± 0.187
Bq, 2.533 ± 0.521 Bq and 1.050 ± 0.279%, respectively. As low values
of radio-elements concentrations of 226Ra and 232Th in soil samples
might be explained by the fewer contents of silicon dioxide (SiO2)
and mafic minerals whereas high values of radio-element con-
centrations of 40K might be due to high contents of light minerals
(potash-feldspar, illite, and mica). 226Ra radio-element concentra-
tion in all samples lies within the world-wide range of 0.1e20 Bq in
soil [12]. Whereas all sampling locations have 232Th radio-element
concentration values lower than the 7.4 Bq at the upper crust of the
earth [12]. Only at 1 sampling location have 40K radio-element
concentration was higher than the 1.3% at the upper crust of the
earth [12].

The radio-element concentrations (Bq) of 226Ra, 232Th, and 40K
in Date palm Pits samples were calculated by the conversion factors
[15] based on the activity concentration (Bqkg�1) and the distri-
butions of radioelement concentrations of 226Ra, 232Th, and 40K in
Date palm Pits samples have been shown in Fig. 4. The radio-
element levels of 226Ra, 232Th, and 40K in date palm Seed pits
samples varied from 0.107 to 0.564 Bq, 0.349e1.569 Bq, and
3.403e9.585 Bq, respectively. The average radio-element concen-
trations of 226Ra, 232Th, and 40Kwere 0.454 ± 0.101 Bq, 0.686 ± 0.112
Bq, and 6.881 ± 0.638 Bq, respectively. The measured values of
radio-elements concentrations of 226Ra do not lie within an
acceptable range of (8 � 10�5 to 3.3 � 10�2 Bq) in seed [15]. The
values of the radio-element concentration of 232Th were higher
than the acceptable limits of 0.02 Bq for seed, whereas the
measured values of radio-element concentration of 40K were less
than the acceptable limits of 133 Bq in seed [15].
3.2. Poisson correlation coefficients, the relative contribution of
radionuclides and ratio of 232Th/226Ra, 40K/226Ra & 40K/232Th

The correlations among activity concentrations of 226Ra, 232Th,
and 40K in soil samples have been shown in Table 1 (a). The value
(R ¼ 0.996) as correlation between 226Ra and 232Th is the relatively
strong association due to fact that they have some similarity in their
environmental source (sand dunes) which make up the samples,
including their chemical behavior and the presence of heavy min-
erals (monazite, zircon, quartz, xenotime) in sand dunes are more
likely. In contrast, the correlation between 40K and 226Ra in soil
samples is found to be a relatively good association (R ¼ 0.829) due



Fig. 4. Conversion factors (15) of radio-element concentration (Bq Bq) to a specific
activity (Bqkg�1) used for measuring the radio-element concentration in date palm
pits samples.

Table 1a
Correlation between activity concentrations of 226Ra, 232Th, and 40K in soil samples.

226Ra 232Th 40K

226Ra 1
232Th 0.996 1
40K 0.829 0.812 1

Fig 5. Ratio between the activity concentrations of 226Ra, 232Th, and 40K in soil
samples.

Fig. 6. Ratio between the activity concentrations of 226Ra, 232Th, and 40K in Date palm
Pits samples.
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to the high solubility of potash-feldspar or illite. The value
(R ¼ 0.812) as correlation (R) between 232Th and 40K is the rela-
tively positive association implying that zircon and quartz minerals
in soil are the same in proportion when compared to potassium
minerals.

The correlations among activity concentrations of 226Ra, 232Th,
and 40K in date palm pits samples have been shown in Table 1 (b).
The value (R ¼ 0.190) as the correlation between 226Ra and 232Th is
the relatively very weak association, moreover, a relatively weak
association (R¼ 0.289) between 40K and 226Rawas found. The value
(R ¼ 0.483) as correlation (R) between 232Th and 40K is the rela-
tively positive association.

In Fig. 5, the distribution of 232Th/226Ra in soil samples is found
to be less than standard implying that heavy minerals may have
absorbed uranium either in the form of soluble oxides or oxy-
hydroxides or organic matters in soil (farms). In contrast, thorium
may be leached from soil (farms), whereas the range of 40K/226Ra in
samples is found to be higher than standard indicating the abun-
dance of feldspars or mica or illite or a combination of all in the soil
(farms). Similarly, it is also found in Fig. 5 that the distribution of
40K/232Th in soil samples is much higher than standard, which may
be due to considerable variation from feldspar (low) to kaolinite
(high).

In Fig. 6, the values of 232Th/226Ra, 40K/226Ra and 40K/232Th in
date palm pits is varied from 0.196 to 1.162, 12.689 to 157.005, and
34.751 to 148.423, respectively.
Table 1b
Correlation between activity concentrations of 226Ra, 232Th, and 40K in Date palm
Pits samples.

226Ra 232Th 40K

226Ra 1
232Th 0.190 1
40K 0.289 0.483 1
3.3. Radon emanation coefficient and Radon mass exhalation rate

The distributions of Radon emanation coefficient (RnEC) and
Radonmass exhalation rate (Ex) for soil samples are shown in Fig. 7.
RnEC determined for soil samples varied from 0.480 ± 0.010 to
0.572 ± 0.130 with an average value of 0.535 ± 0.016. Similarly, Ex
varied from 34.630 ± 7.907 to 79.286 ± 1.604 mBqkg�1h�1 with an
average value of 50.063 ± 7.901, mBqkg�1h�1. In Fig. 7, the slight
variation in the Radon emanation coefficient might suggest that
soil has almost similar grain size and radium in samples from
Fig. 7. Radon emanation coefficient and Radon mass exhalation rate from soil (farms)
samples.
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selected regions is not enriched near the grain surface and also
small surface area of the grain tends to decrease the Radon
emanation coefficient because RnEC in soil depends on the differ-
ences in radium concentration in samples, radium distribution
within mineral grains of sample, crystallization of the surfaces of
the grains, permeability of the grains, and the texture and size of
the grains. Similarly, the variation in Radon mass exhalation rate
from one location to another may be attributed to differences in
radium contents in soil.
Fig. 8. Gross a and gross b activities in soil samples.
3.4. Assessment of radiological hazards

The estimated external hazards index (Hex) associated with soil
samples is shown in Table 2. Hex determined for the samples varied
from 0.08 to 0.27, with an average value of 0.14 ± 0.03 Values of Hex
were less than standard as recommended for a safe radiological
material corresponding to 1.5 mSvy�1 annual effective dose
equivalent [12].

The gamma index (Ig) values determined for the soil samples
have been shown in Table 2. Ig in the samples varied from 0.11 to
0.40, with an average value of 0.20 ± 0.04. All sampling points have
Ig values less than the recommended limit of 0.5, corresponds to
dose criterion of 0.3 mSvy�1 for a radiologically safe material [12].

The estimated internal hazards index (Hin) values associated
with soil samples are shown in Table 2. Hin values determined for
the samples varied from 0.10 to 0.33, with an estimated average
value of 0.17 ± 0.03. Values of Hin were less than standard as rec-
ommended for a radiologically safe material corresponding to 1
mSvy�1 annual effective dose equivalent.

The alpha index (Ia) values determined for soil samples have
been shown in Table 2. The estimated values of Ia in the samples
varied from 0.04 to 0.10, with an average value of 0.06 ± 0.01. Values
of Ia were less than standard as recommended for radiologically
safe material [16].

Estimated values of the absorbed gamma dose rate (AGDR) in
the air (outdoor) at 1 m above the ground level are shown in
Table 2. The average of AGDR in air (outdoor) is 25.95 ± 5.74
nGyh�1, ranging from 15.11 to 51.15 nGyh�1. All sampling points
that have AGDR values were less than the world-wide average of
59nGyh�1 ranged from 10 to 200 nGyh�1 [12]. However, the levels
of absorbed gamma dose rate in air depend on the activity con-
centration of primordial and artificial radionuclides in soil.

The values of annual effective dose equivalent (AEDE) in soil
samples for an outdoor environment are shown in Table 2. AEDE
values determined for samples, varied from 0.01 to 0.06 mSvy�1

with an estimated average of 0.03 ± 0.01 mSvy�1. All sampling
locations have AEDE values were less than the internationally safe
limit of 0.07 mSvy�1 for an outdoor environment [12].

The values of excess lifetime cancer risk (ELCR) for soil samples
are shown in Table 2. ELCR values ranged from (0.06e0.21) � 10�3

with an estimated average of (0.11 ± 0.02) � 10�3. ELCR in all
Table 2
Measurements of external hazards, internal hazards, absorbed gamma dose rate in the air
activity concentrations of 226Ra, 232Th, 137Cs and 40K in soil samples.

Sample ID Hex Ig Hin Ia

1 A 0.27 0.40 0.33 0.1
1 B 0.11 0.16 0.13 0.0
2 B 0.10 0.15 0.13 0.0
1 C 0.12 0.17 0.16 0.0
2 C 0.08 0.11 0.10 0.0
Min 0.08 0.11 0.10 0.0
Max 0.27 0.40 0.33 0.1

Average 0.14 ± 0.03 0.20 ± 0.04 0.17 ± 0.03 0.0
sampling locations were found to be lower than the world-wide
estimated average value of 0.29 � 10�3 in the building material [2].
3.5. Gross a and gross b activities

The gross a and gross b activities in soil samples are shown in
Fig. 8. The gross a activity in samples varied from 4.16 to 6.36
Bqkg�1, with an average value of 5.76 ± 0.36 Bqkg�1. Similarly, the
gross b activity in samples ranged from 23.39 to 76.07 Bqkg�1, with
an average value of 38.21 ± 8.61 Bqkg�1. The distributions of gross a
and gross b activities across the samples are shown in Fig. 8 implies
that gross a activity is lower than the gross b activity, which may be
due to the fact that activity concentrations of 226Ra and 232Th were
much lower than 40K concentration.

Distributions of gross a and gross b activities in date palm pits
samples are shown in Fig. 9. The gross a activity in date palm pits
samples varied from 0.13 to 0.86 Bqkg�1 with an average value of
0.55 ± 0.14 Bqkg�1. Similarly, gross b activity in date palm pits
samples varied from 19.07 to 35.65 Bqkg�1, with an average value of
24.26 ± 1.71 Bqkg�1. It was found that the gross a activity in date
palm pits samples ID: (0.3A, 1B, 2B, 1C & 3C) were lower than the
detection limits. Gross a activity in date palm pits samples was
comparatively much lower than the gross b activity, which may be
due to fact that the activity concentrations of 226Ra and 232Th were
also much lower than 40K concentration.

In a worldwide comparison study of gross a and gross b activ-
ities, the range of gross a activity in soil samples was lower than 15
to 9634 Bqkg�1 reported by Ref. [6], 800 to 4713 Bqkg�1 reported by
Ref. [5], whereas; gross b activity was also lower than 142 to 6173
Bqkg�1 reported by Ref. [6], and 73 to 11773 Bqkg�1 reported by
Ref. [5].
(outdoor), annual effective dose equivalent, and excess lifetime cancer risk based on

AGDR (nGyh�1) AEDE (mSvy�1) ELCR � 10�3

0 51.15 0.06 0.21
4 21.30 0.02 0.10
5 19.82 0.02 0.08
7 22.39 0.02 0.10
4 15.11 0.01 0.06
4 15.11 0.01 0.06
0 51.15 0.06 0.21

6 ± 0.01 25.95 ± 5.74 0.03 ± 0.01 0.11 ± 0.02



Fig. 9. Gross a and gross b activities in date palm pits samples.
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4. Conclusion

In the primary study, the Radon emanation coefficient, Radon
mass exhalation rate, and radiological hazard parameters, (external
& internal hazard indices, gamma & alpha indices, absorbed
gamma dose rate in air (outdoor), annual effective dose equivalent,
and excess lifetime cancer risk) were measured by using HPGe g-
ray spectrometer. The estimated average values of Radon emana-
tion coefficient and Radon mass exhalation rate of soil samples
were 0.53 ± 0.01 and 50.06 ± 7.90 mBqkg�1h�1, respectively. In
radiological hazards analysis, estimated average values of Hex, Ig,
Hin and Ia for soil samples were less than standard as recommended
for safe constructionmaterials. The estimated average AGDR for soil
samples was less than the world-wide population-weighted
average of 59 nGyh�1. The average value of AEDE for soil samples
was lower than the recommended safety limit of 0.07 mSvy�1. for
the soil in an outdoor environment. Finally, estimated average ELCR
for soil samples was less than the world-wide average of
0.29 � 10�3 in building materials. In the secondary study, low
background a/b counting systemwas used to determine the gross a
and gross b activities in soil and date palm pits samples ranged
from 4.16 to 6.36 Bqkg�1, 23.39 to 76.07 Bqkg�1 and 0.13 to 0.86
Bqkg�1, 19.07 to 35.65 Bqkg�1, respectively. Based on the proposed
studies, it is concluded that soils (farms) of study areas (Al Qassim,
Riyadh District 2, and Riyadh District 1) do not pose any significant
radiological hazards to inhabitants living in the selected regions of
Saudi Arabia.
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