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Abstract: The primary goal of this research is to determine the activity concentrations (Bg/kg) of naturally occurring
radionuclides ?°U, *Ra, ?*?Th, and “°K in various types of sedimentary rock samples from the Um Bogma Formation in
Sinai's Farsh El Azraq district. The measurements were made using a coaxial HPGe detector and gamma-ray spectrometry.
(Siltstone, variegated shale, marl and dolostone) are the samples under study. The activity ratios *Ra/**®*U and *®U/*°U
were calculated to estimate the radioactive equilibrium/disequilibrium in the area under study. This study reveals in general
that all samples are exceeding the world permissible safe criteria and consider a risk source for human environment.
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1 Introduction and their decay products). The majority of naturally

occurring radionuclides can be found in soil and rocks at
concentrations that are safe for human health and the
environment [3]. However, due to geological epochs,

The 28U, °U, and #Th are the parents of the three natural

decay series, each of which is made up of a large number of
daughter products generated by the decay of parent
radionuclides. “°K is a radionuclide that decays through
beta emission and then emits a gamma photon as a
byproduct. The mass basis there is far more *®U than #°U
in a natural sample, the activity ratio is approximately 21.7

[1].

certain areas have a relatively high natural concentration of

U, Ra, and Th.

Table 1: Samples name, type and Description.

. . T Sample Sample type Description
The radioactive sequence reaches secular equilibrium [2]. name
The Um Bogma Formation is divided into three members Siltstone (lower Reddish brown, ferruginous at the
(lower, middle, and upper) for this analysis, with the name, FAZ1 member) b°tt°mvthé’3(tj'(?gd':et't'\r:'”t
— . ore,compact,nedaed at tne top.
type, and description of the samples displayed. Grey. sucrose, the middle
This study is represented by the Um Bogma Formation FAZ 2 Dolostone (upper | member is mudstone, pale gray to
. . . member) dark yellow, ferruginous and
subdivided into three members (lower, middle and upper), medium hard with Mn pockets.
where _the name, type and description of the samples FAZ 3 Siltstone (middle Variegated in colour, ferruginous,
shown in Table (1). member) medium hard with Mn pockets.
The activity concentrations of background radionuclides Variegated in colour, ferruginous,
?25Ra, Z*2Th, and “°K in some sedimentary rocks from the Siltstone (middle medium hard with kaolin at the
. . A . FAZ 4 member) base, yellow with black patches
Farsh El Azraq region in Sinai were calculated using with sandstone lens, brown and
gamma-ray spectrometry with an HPGe detector to coarse grained.
esti_mate t_he doses originating from the presence of these Az Marl (middle Soft with white kaolin patches
radionuclides, and to Calculate the radiation doses and member) and Mn pockets.
risks, as well as the effect on the environment. ;
FAZ 6 Ms;lr(nngg;“e Dark yellow, soft, massive.
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Sample o
name Sample type Description
. . Reddish brown, highly
FAZ 7 S|Its;?:;é$;ddle ferruginous, medium hard
with Mn pockets.
FAZ 8 Siltstone (middle | Reddish brown, ferruginous,
member) medium hard.
Reddish brown, violet,
. reen, soft, with black
Variegated shale green, !
FAZ9 - gibbsite and boulder of
(middle member) dolostone embedded in the
variegated shale.

*Each sample (FAZ) represent of average of 3 samples. (A,
B, C) where, A-Base part, B- Middle part, C- Upper part of
the layer formation.

2 Experimental Sections
2.1 Study Area

The research area (Fig. 1) is in Egypt's southwestern Sinai
[4]. The samples are taken from a specific location; Farsh El
Azraq is located at the intersection of longitude 33° 25' and
latitude 29° 59', according to GPS. An environmental plan
analysis was used to select the study location.

As shown in Fig. (2), these rock units can be classified in the

lithostratigraphic section. Where the samples were collected,

they represented the Lower Carboniferous Um Bogma format
ion (325 million year).

The Um Bogma Formation is more significant than the others
because it contains the majority of radioactive anomalies. It is
divided into three members:

(1) Lower Shaly-Ore Member, which consists of black shale
with thin sandy dolomite bands and manganese-iron ore; (2)
Upper Shaly-Ore Member, which consists of black shale with
thin sandy dolomite bands and manganese-iron ore; and (3)
Upper Shaly-Ore Member, which consists It is introduced the
lateritic profile section and the formation of gibbsite-bearing
shale. This rock unit is highly radioactive when it is karstified
and lateritized [6].

(2) Marl with siltstone and gibbsite-bearing siltstone make up
the Middle Marly Dolostone-Siltstone Member, which is also
karstified and lateritized. It is 6-8 m thick and mildly
radioactive.

(3) The Upper Dolostone Member is a bedded dolostone with
thin shale interbeds that is unconformable overlying the
karstified and lateritized soil profile.

2.2 Sample Preparation for Natural Radioactivity

In this technique, 9 samples are used, with each sample
representing (average of 3 samples (A,B,C) of the layer
formation, for a total of 27 samples of different types of
sedimentary rocks collected from the Farsh El Azraq region
in Sinai, as shown in the diagram Table (1). The samples

were cleaned, crushed, and sieved at a scale of 200 mesh.
Samples were weighed and placed in polyethene bags.

aur

Fig. 1: Geologic map of the studied area of Um Bogma
formation in southwestern Sinai, Egypt (Farsh AL-Azraq)
area.

Age |___Rock_Unit
fm

Lithology Description

Dolostone, grey, sucrose

{u,m

Siltstone - mudstone-shale; reddish brown, yellow, medium hard
with Mn pockets and sandstone and dolostone blocks.

Middle

Lower Carboniferous
Um Bogma

Siltstone hosting Fe-Mn ore; black and reddish brown with
secondary Cu mineralization's, moderately hard to hard.

Lower

Fig.2: Lithostratigraphic section of southwestern Sinai in
Um Bogma formation.

2.3 Radioactivity Measurements
2.3.1 Measurement Setup

To make it similar to a multi-channel analyzer, a high
purity vertical germanium detector (HPGE) was coupled
to a PC-computer with a special electronic card (MCA).
The ORTEC hyper pure germanium (HPGe) detector,
model GEM-15190, is a coaxial type detector with a
serial number of 27-P-1876A. Negative 3KV is the
suggested operating bias voltage.

A single germanium crystal with a length of 47.1mm and a
diameter of 49.3mm was used in the detector. The HPGe
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detector has a complete width at half limit (FWHM) of 1.9
keV for the ®*Co gamma transition at 1332.5 keV and 0.9 keV
for the *’Co gamma transition at 122 keV. The peak to
Compton ratio of the detector is about 44 KeV. The Compton
ratio is calculated by dividing the number of net counts in the
1.33 MeV peak channels by the average.

A shaping amplifier, a preamplifier, and a high-voltage power
supply are electronic devices that transform event energy into
a pulse height range. The multi-channel analyzer converts the
pulse amplitude into an equivalent amount (MCA). The data
for the gamma-ray spectra was collected and analyzed using
the

Germanium detectors must be cooled using an isolated
Dewar in which a tank of liquid nitrogen (N,) at
temperature reduced to 77°K [10]. The following gamma
standard sources were used to calibrate the HPGe detector:
%Co (1173.2 and 1332.5 KeV), *'Am (59.5 KeV), and
226Ra (185.7, 241.92, 351.99, and 609.70 KeV). In carrying
out any measurement, attention has to be given to the fact
that the source strength of the sample under investigation is
comparable with that of the standard sources, in order to
prevent errors caused by amplification shift The
performance calibration of the HPGe detector was
calculated using three well-known reference materials for
U, Th, and K activity measurements obtained from the
International Atomic Energy Agency (IAEA): RGU-1,
RGTh-1, and RGK-1 [11, 12]. For counting, the sample
containers were put on top of the detector.

The sample containers were placed on top of the detector
for counting. The same geometry and size were used for
both the samples and the reference materials [13]

The uranium reference material (RGU-1) is U-ore diluted
with silica with 4940 Bqg/Kg of U, 228 Bqg/Kg of ?°U, a
negligible amount of “°K (less than 0.63 Bg/Kg) and some
traces of *°Th (less than 4 Bg/Kg). The thorium reference
material (RGTh-1) is Th-ore diluted with silica having 3250
Bq/Kg of Z2Th, but containing some 28U (78 Bq/Kg) and
K (6.3 Bg/Kg). The potassium calibration reference
material (RGK-1) is made from high purity (99.8%)
potassium sulphate with 14000 Bqg/Kg of potassium and
uranium and thorium contents of less than 0.001 and 0.01
ppm, respectively [10]. To reduce the variability in gamma-
ray intensities, as well as the effect of cascade summation
and self-absorption effects of the emitted gamma photons,
absolute efficiency calibration of the gamma spectrometry
device was performed using the radionuclide basic
efficiency method [14].

2.3.2 Data Analysis

The primordial U is the most abundant isotope of U
(99.27 %). It decays to ***Th with the emission of a-
particle. Through two consecutive B - transitions, “*Th
decays to ***™Pa (half-lives of 24.10 days and 6.69 h,
respectively) and to U, with the half-life time of 245,250
years, which decays to 2*°Th [13].”®U activity was

determined indirectly from the gamma rays emitted by its
daughter products (**Th and ?*™Pa). The gamma-ray
transitions of ®Ac, ?Bi and **TI were used to evaluate

the specific activity of 22Th [15].

?28Ra activity concentration was measured from 186.1 KeV
after the subtraction of the 185.7 KeV of **U. The activity
concentrations of ?*Pb and **Bi were measured from (295.1,
351.9) KeV and (609.3, 1120.3, 1238.1, 1764.5) KeV.

By subtracting the ?**U contribution calculated by v-
spectrometry, the 186 KeV multiple was corrected. As a
result, *®Ra activity can be calculated as follows:

A”Ra= (Ngs A 2°U * Pigs 7* Eggs7* M* 1)/ (Pigo2* Esge * m* 1) (1)

Where Nigs is the total count for the 186 KeV multiple, A
2 js the activity of **°U in Bqg/Kg calculated from the
activities of 143.8, 163.4 and 205.3 KeV, P1g57 and P.gg, are
the emission probabilities of the 185.7 and 186.2 KeV lines
of ?®U and ?*Ra, respectively, Eigs; and Eigg, are the
detection efficiencies of the 185.7 and 186.2 KeV lines of
25 and ?*°Ra, respectively, m is the mass of the sample in
Kg and t is the counting time in seconds [16].

For the actinium series gamma energies of 143.8 KeV, 163.4
KeV, 185.7 KeV and 205.3 KeV were taken to represent the
2 concentrations. “°K was determined directly from the
1460 KeV peak energy. 2*U activity was determined directly
from the gamma rays emitted from this nuclide at energies of
53.2 KeV and 120.9 KeV is used [15].

The net count rate under the most prominent photo peaks of
all radionuclide's are calculated from respective count rate
after subtracting the background counts of the spectrum
obtained for the same counting time. Then the activity of the
radionuclide is calculated from the background subtracted
area of prominent gamma ray energies. Activity of radium,
thorium and potassium is calculated using the following
equation:

Activity (Bq/Kg) = Net area / (T*&* M * I,) )

Where Net area is the net detected counts under a given
peak area corresponding to the energy E, T is total counting
time in seconds, & is counting the efficiency of the detector,
M is Mass of sample in Kg and I, is intensity of the gamma
spectral. The permissible activity levels for all types of
sedimentary rocks are 32, 33, 45 and 412 Bg/kg for ***U,
?2%Ra, #2Th, and “°K respectively [17].

2.4 Radiation Hazard Indices
Estimation of y-radiation dose

The assessment of the radiation doses in humans from
natural sources is very important. The absorbed dose is
used to compare the amount of ionization induced by
gamma rays in air to the extent of biological harm caused in
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living tissue in the radiation field [18]. The absorbed dose
rate of one meter above the ground level owing to the
concentration of Ra-226, Th-232 and K-40 is given by [7]:

Dout = Kra Ara + Kyn A + Kk Ak (3)

Where D, is the outdoor absorbed dose rate (nGy/h) and
Aga, Am, and Ag are the activity concentrations of “*Ra,
22Th and “°K respectively expressed in Bg/kg. Also, Kga,
K, and Ky are the conversion factors (or dose rate
coefficients) expressed in (nGy/hr per Bg/Kg) for Radium
(0.462), Thorium (0.604) and potassium (0.042)
respectively, the world's average value of Dy is 59 nGy/h
[19].

Annual effective dose rate (outdoor) (AED) out

AED (annual effective dose rate) (outdoor) (AED)g is
calculated using the outdoor external dose rate (Dgy), time
spent in the outdoors (OF = 20% of 8760 hours in a year),
and the conversion factor (CF = 0.7 Sv/Gy) to convert the
absorbed dose in air to effective dose. The annual effective
dose rate was calculated during the current analysis
(AED)qy in units of mSv per year is calculated by the
following formula from [17]:

(AED)oux (MSV y*) = Do (NGy/ h) * 8760(/ y) * 0.2 * 0.7 (SV/ Gy) * 10°
G

The world's average value of the annual outdoor effective
dose rate is 0.07 mSv/ y [19].

Excess lifetime cancer risk (ELCR)

The following formula was used to measure the excess
lifetime cancer risk (ELCR) based on annual effective dose
values:

ELCRuygoor (MSV) = AED * 66 * 0.05 (5)

Where 66 years is the period of life and 0.05 is the fatal
cancer risk factor per Sievert [20], the world average value
of ELCRgutgoor 1S 0.29 * 1072 Sv = 0.29 mSv.

External hazard index (Hex)

The external hazard index (Hey) due to the released y— rays
of the concentration materials samples is measured and
analyzed using the following criteria:

Hex = Ara / 370 + A / 259 + Al / 4810 < 1 6)

Where: ARa; ATh and AK are the activity concentrations
(Ba/kg) of Radium, thorium and potassium in samples,
respectively [21]

Annual gonadal dose equivalent (AGDE)

The organs of interest by UNSCEAR include the thyroid,
the lungs, bone marrow; bone surface cell, the gonads and
the female breast. Using the formula below, the annual
gonadal dose equivalent (AGDE) attributable to the
individual activities of “*Ra, “’Th, and “°K can be
determined.

AGDE (MmSV/ y) = 3.09Ag + 4. 14Am+ 0.314A¢ @

Where the world average value of (AGDE) is 300 mSv/y
[17,22].

2.5 Radon mass exhalation rate and emanation
coefficient

The emanation coefficient of the samples was estimated with
Y -spectroscopy, by measuring y rays from the radon decay
daughter products, “*Pb or **Bi [23]. Assuming an
equilibrium state,

ARa = AD + ARn (8)

Where Ag, is the measured activity of *Ra, Ap is the
measured activity of the daughter elements ?*Pb or #“Bi and
A is the estimated activity of *’Rn, which disseminates
throughout the environment Ag, can be expressed using the
radon emanation factor F, which is specified as

F= ARn / ARa = (ARa - AD) / ARa (9)

The mass exhalation rate or radon mass exhalation rate is the
product of the emanation coefficient and 222Rn production
rate [24]. The mass exhalation rate (Eg, in Bq / Kg s) was
determined through the following equation:

ERn = ARnARa}\'Rn (10)

Where, Ay, is specific activity of *?Rn in (Bq/Kg), Ag. is the
specific activity of “°Ra in (Bg/Kg) and Ag, is the decay
constant of ?Rn (2.1*10° s%).

Radon concentration was converted in to an effective dose,
because the long-standing exposure to high concentration of
radon and its progenies may lead to pathological effects like
lung cancer. The annual effective dose received by workers
due to inhalation of radon gas and its decay products, where
calculated by the following equation:

AEDgn = (Arn *0.4 *K *H) / (3700 Bg/m® *170h) (11)

Arn (BAIM®) = (Ara — Ap) * p 12)

Where p is the density of radon ( 9.73 kg/m>), AEDg, is the
annual effective dose of radon (mSvly), Ag, is the
emanation coefficient of radon (Bg/m ®), K is the ICRP
dose conversion factor 5 mSv WLM™ for occupational
worker and 3.88 mSv WLM™ for general public, H is the
annual occupancy at the location 2160 h for workers and
7000 h for residents (80 % of total time) and 170 is
exposure hours taken for WLM™ (Working Level Month).
Where, the World average value of AEDg, is (10 mSv)
recommended by [25].

3 Results and Discussion
3.1 Specific Activities

The average activity concentration of the radionuclides,
28 #°Ra, #*2Th and*K in the sedimentary rock samples
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under investigation is given in Table (2). The activity
concentration by Bg/ kg for 28U, #*Ra, #*Th and “K

varied from [717.09£2151 to 6819.65+204.59],
[842.86+25.28 to 9666.95+290.01], [29.85+0.89 to
170.46£5.11] and [345.38+10.36 to 856.54+25.70],

respectively in the samples studied in the present work. The
radioelement's World average values are 32 Bg/kg for 22U,
33 Bq/kg for ?*Ra, 45 Ba/kg for Z?Th and 412 Baq/kg for
K [17].

The activity concentrations of all studied samples for ?°Ra
and **®U are also higher than the acceptable limit, as are the
activity concentrations of all studied samples for 232Th,
with the exception of sample (FAZ 1), and the activity
concentrations of all studied samples for “°K. (FAZ 3, FAZ
8).

Owing to the gaseous nature of its daughter radon, which
has a half-life of 3.8 days, radium is the most harmful
decay product of uranium. The alpha particles emitted by
radon cause radiation damage to the lungs when inhaled
through sedimentary rock dust. These findings point to a
rise in radium activity levels.

In this work the activity ratios 2*U/?°U, *Ra/**U was
calculated for all samples see Table (2). The activity ratio
28U/ for all samples varies between (20.28 and 21.68)
and the average is 21.3, which shows a good agreement
with the normal ratio (21.7). The activity ratio *°Ra/ 2*U
ranging between (1.31 to 2.15) > 1, which show
disequilibrium between **Ra and **®U, this indicating
preferential migration in for *Ra that indicate an alkaline
solution as media of migration [1].

3.2 Radiological Hazard Indices

In order to assess the health effects, the radiation hazards of
natural radioactivity in the samples, such as, absorbed dose
rate (Do), annual effective dose rate (outdoor) (AED) oy,
excess lifetime cancer risk (ELCR), external hazard indices
(Hex) and annual gonadal dose equivalent (AGDE)
associated with the radionuclide's were calculated and
compared with internationally recommended values as
shown in Table (3).

The absorbed dose rate (Do) (nGy/h) for all analyzed
samples related to the behavior of *2U,?*?Th, and “°K in the
samples was measured and ranged from (454.12 to
4587.20) nGy/h, according to (Table 3). The values of the
absorbed dose rate, which ranged from (0.56 to 5.62)
mSv/y and (1.84 *10° to 18.56 *10”%) Sv respectively for
all studied samples, were used to measure the Annual
effective dose rate (outdoor) (AED): (MSv/y) in air and
the amount of Excess lifetime cancer risk (ELCR) (Sv). All
result are higher than the world average value 59 nGy/h for
Doy, 0.07 mSv/y for (AED) o and 0.29*10°° Sv for ELCR
[17].

Since ?°Ra has the highest activity concentration, it
contributes the most to the absorbed dose rate in air,
followed by *®U, “K, and finally ?**Th. The contribution

of #°Ra, **8U, #*2Th, and “°K to the absorbed dose rate in
air in the study region is depicted in the graph below (Fig.
3). ?*Ra accounts for 58% of the absorbed dose rate in air,
28y, “K and then #Th account for 34%, 7% and 1%
respectively. Also, the value of external hazard indices
(Hey) due to terrestrial gamma rays at 1m above the ground
were varies from (2.65 to 26.87) Bg/kg which is higher
than unity. This result points to a dangerous effect in that
region for human health.

The value of Annual gonadal dose equivalent (AGDE)
(mSvly) related to the activity of **U,?*Th and “K in the
samples was calculated for sedimentary rock sample and
ranged from (3067.9 to 30719.8) mSvly, all results are higher
than the world average value 300 mSv/y [17]. This means
that these sedimentary rocks are not safety for human beings
from the environmental radiation.

3.3 Radon Exhalation Rates

The annual effective dose from radon (AEDg,) is represented
by the activity concentration of *’Rn, radon emanation factor
F, radon mass exhalation rate, and radon mass exhalation rate
Table (4) .The activity concentrations of *’Rn were varied
between (304.33- 5458.02) Bg/Kg, The values of the radon
emanation factor and the radon mass exhalation rate of the
samples are ranged from (0.21 to 0.71) and (538.67 to
109019.54) mBqg/Kg.s, respectively.

We discovered that Fig. (4) Shows a strong correlation
between ?*°Ra and Rn mass exhalation rate Eg, in
(mBg/Kg s) with correlation coefficient. (R*= 0.853), which
means that 2Rn and ***Ra accompanied each other, i.e. the
highest ?°Ra activity has the higher value of Eg, (109019.54
mBg/Kg s) as it clear in sample FAZ 5.

In the samples, the annual effective dose from radon AEDRn
ranged from 50.84 to 911.84 mSv/y, with the highest value in
sample FAZ 8 and the lowest value in sample FAZ 7. The
results show that the Farsh ElI Azraq region in Sinai has high
levels of annual effective dose from radon. All the samples in
this locality were higher than the average world dose (10
mSv) recommended by [25] as showed in Fig. (5).

[CATEGORY
MAME] m Doseof
L
Doseof
Tha
B Doseof
3%
HDoseof
Th%
Dose of 1%
K%
™

Fig. 3: Contributions of ?*Ra, ***U, *’Th and K to the
absorbed dose rate in air in the study area.
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Table 2: Average Specific activity concentration (Bg/kg), Activity ratios for sedimentary rock samples and Permissible
level (P.L).

Sample 226Ra 235U 238U 232Th 40K 238U/2 226Ra/238U
No ®u
FAZ1 | 5778.29+173. | 111.53+3.34 | 2404.53+72.13 | 29.85+0.89 | 428.74+12. | 21.55 2.40
34 86
FAZ?2 | 1630.28+48.9 | 57.50+1.72 | 1246.34+37.39 | 52.45+1.57 | 625.26+18. | 21.67 1.31
0 75
FAZ3 | 3918.15+117. | 117.31+3.51 | 2524.38+75.73 | 75.19+2.25 | 410.67+12. | 21.51 1.55
54 32
FAZ4 | 4075.40+122. | 103.34+3.1 | 2095.97+62.87 | 62.97+1.89 | 493.60+14. | 20.28 1.94
25 80
FAZ5 | 9666.95+290. | 324.30+9.7 | 6819.65+204.59 | 170.46+5.11 | 434.39+13. | 21.03 1.42
01 03
FAZ6 | 1953.60+58.6 | 55.58+1.66 | 1205.29+36.16 | 124.68+3.74 | 856.54+25. | 21.68 1.62
0 70
FAZ7 | 842.86+25.28 | 33.94+1.01 | 717.09+21.51 | 64.84+1.94 | 612.94+18. | 21.13 1.17
39
FAZ8 | 7699.26+230. | 165.82+4.97 | 3576.36+107.29 | 95.16+2.85 | 345.38+10. | 21.57 2.15
98 36
FAZ9 | 3355.44+100. | 122.32+3.66 | 2602.96+78.09 | 96.13+2.88 | 619.24+18. | 21.28 1.29
66 58

Table 3:The average values of Absorbed dose rate (Do), Annual effective dose rate (outdoor) (AED): , Excess
lifetime cancer risk (ELCR), External hazard indices (He) and Annual gonadal dose equivalent (AGDE) for
sedimentary rock sample with the World average value.

Sample No Dot (NGy/h) AED out doon ELCR (Sv) Hex (Ba/kg) | AGED (mSvly)
(mSvly)

FAZ 1 2705.48 3.32 10.94 x10° 15.82 18114.34
FAZ 2 810.94 0.99 3.28 x10° 4.74 5453.13
FAZ3 1872.72 2.29 7.58 x10° 10.96 12550.33
FAZ 4 1941.45 2.38 7.86 x10° 11.36 13011.18
FAZ5 4587.20%* 5.62%* 18.56 X107 ** 26.87** 30719.80**
FAZ6 1013.59 1.24 4.10 x10° 5.94 6826.74
FAZ 7 454.12* 0.56* 1.84 x10% * 2.65* 3067.91*
FAZ S8 3628.94 4.45 14.69 x10° 21.25 24296.94
FAZ9 1634.09 2.00 6.61x10° 9.57 10964.57

World ?verage 59 (nGy/h) 0.07 (mSvly) | 0.29 x10° (Sv) 1 300 (mSvly)
value

*The lowest value **The highest value
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Table 4: The average values of the activity concentration

of radon ?*Rn (Bg/Kg), radon emanation factor, radon

mass exhalation rate (mBq/Kg s) and the average annual effective dose (mSv/y) from radon AEDg, for Sedimentary

rocks samples.

Sample No Rn*** (Bg/Kg) Frn Ern (MBg/Kg s) AEDg, (mSvly)
FAZ 1 1196.80 0.21* 14522.48 199.94
FAZ 2 579.06 0.35 1982.45 96.74
FAZ 3 2600.27 0.66 21395.35 434.41
FAZ 4 2596.81 0.64 22224.39 433.84
FAZ5 5370.26 0.55 109019.54** 897.18
FAZ 6 879.41 0.45 3607.84 146.92
FAZ 7 304.33* 0.36 538.67* 50.84*
FAZ 8 5458.02** 0.71** 88247.77 911.84**
FAZ9 1567.81 0.47 11047.35 261.92

*The lowest value **The highest value
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Fig. 5: The annual effective dose from radon AEDg, in all
samples and the World average value.

3.4 Comparison of the Average Activity
Concentrations of 22U, ?*Ra, %?Th, and *°K with
Values from other Studies Worldwide

In order to infer the degree of similarity or differences, the
average activity concentration of different radionuclides
obtained from sedimentary rocks in this study are compared
with other works in Egypt and other workers around the

world Table (5).

According to [32], the world wide average value of activity
concentration for 2®U, #2Th“K are 8-160 Bg/kg (mean
value 32 Bag/kg), 4-130 Bg/kg (mean value 40 Bg/kg) and
100 -700 Bg/kg (mean value 420 Bq/kg), respectively.
Sedimentary rocks in this study were greater than the world
wide average value.

It is important to note that the values shown are not
representative values for the countries mentioned, but only
for the regions in which the samples were collected, The
findings also showed that natural environmental
radioactivity and subsequent external gamma radiation
exposure are mainly influenced by geological and
geographical conditions, and that they occur at different
levels in the soils and rocks of different parts of the world

(3]

4 Conclusions

The activity concentrations of all studied samples for *°Ra
and #U are also higher than the acceptable limit, as are the
activity concentrations of all studied samples for #*2Th
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except sample (FAZ 1) and the activity concentrations of
all studied samples for “°K are higher than the permissible
limit, with the exception of sedimentary rocks samples
(FAZ 3, FAZ 8) from the Farsh El Azraqg region in Sinai
(FAZ 3, FAZ 8).

The activity ratio “°Ra/?*®U is greater than unity for all
studied samples which show disequilibrium between °Ra
and “*®U, this indicating preferential migration in /or
accumulation of uranium. The average activity ratio
238U/ for all samples shows a good agreement with the
normal ratio (21.7).

The dose rate and external hazard index have high values.
The ELCR factor assessed during this work on the basis of
outdoor effective dose (Eo,) was found to be higher than
the permissible level. The values obtained shown a higher
contribution from uranium and actinium series and
therefore an annual effective dose higher than world
average limit. In these sites, all of the measured samples
show elevated levels of annual effective dose from radon.

This may indicate that the workers receive higher total
effective doses due to high radioactivity, and this can result
in significant radiation exposure, therefore the studied
sedimentary rocks are not safety for human being from the
environmental radiation. To minimize the risk, staff in these
areas must take all necessary precautions and protective
measures against the high levels of radioactivity. It can also
not be used as a construction material due to its radioactive
potential.
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