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The main natural radionuclides U-238, Th-232, U-235, and the members of their decay
chain were studied in detail. P-type HPGe detector was used for specific activity
concentration measurements. The present work stresses on the distribution of these
natural radionuclides in forty-five sedimentary rock samples collected from west Gabal
Adediya, southwestern Sinai, Egypt. The average activity concentrations for 28U, 22Th,
and “K ranged between 104.38 + 42.16 Bq/kg and 4507.41 + 202.96 Bq/kg, 9.97
2.2Bq/kg and 143.83 + 14.53 , and 60.02 + 3.78 Bq/kg and 1567.34 + 9.11 Bq/kg with
an average value of 1016.31 *+ 83.87 Bq/kg, 87.39 + 10.10, and 804.53 + 7.32 Bq/kg
respectively. The obtained values were higher than the recommended values.
Radiological hazard parameters were estimated based on the activity concentrations of
26Ra, 22Th, and “°K to find out any radiation hazard associated with these sediments.
The radiological hazard parameters such as: absorbed gamma dose rates in air(Dg;,.),
annual effective dose equivalent (AEDE), external hazard index (H,,) internal hazard
index (H;,), the annual gonad equivalent dose (AGED), and excess lifetime cancer risk
(ELCR), were calculated and compared with the internationally approved values and the
recommended safety limits.

1. INTRODUCTION

Natural ionizing

is an unavoidable

the 238U and 2%2Th series and their progenies(also known
as terrestrial background radiation), which exist at
detectable levels in all ground rock formation, is the

component of life. Every day, humans are exposed to
natural background radiation emitted by the earth,
building materials, air, food, outer space, and even
substances within their own bodies. Gamma radiation
emitted by primordial radionuclides and their products is
one of the primary external sources of radiation exposure
for human. A region's geological background and
soil type determine terrestrial radioactivity and the
resulting external gamma radiation exposure. Rocks and
soils are two parameters that have strong influence on
the dose distribution from natural terrestrial gamma
radiation [1].

Gamma radiation emitted by potassium-40 naturally
occurring radioactive materials and radionuclides from

primary external source of ionizing radiation to the
midum [2].

The measurement of gamma radiation dose from
natural sources is critical as the natural radiation is the
primary contributor to global non-internal dose. The
concentrations of radionuclide activity in the ecosystem
differ with geologic formation; radionuclides in rocks
are easily mobilized into the environment by both natural
and anthropogenic activities [3].

Terrestrial and extraterrestrial radiations are present in
the environment. As a result, primary radioactivity data
collection and the derived radiological related
parameters are critical aspects in terms of public
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2 Aya M. Zaghloul. et.al

awareness and environmental safety. The natural
radioactivity found in soil, rock, sand, and other
environmental materials significantly contributes to the
total dose received by the living system [4].

The most commonly used analytical technique for
estimating 238U, 22Th, and “°K in various environmental
samples is gamma-ray spectrometry. External
contaminants, such as radionuclides, trace elements, or
organic compounds, that enter a soil cell through wet or
dry precipitation, behave differently in each soil type
depending on absorption properties, texture, density,
humidity, and other influences. The external gamma
dose rate estimated is raising public awareness about
radiation and providing important information about
radiological protection [4].

The aim of the prestent study is the measurement of
radioactive components for 23°U, 238U ,22%Ra, 23%Th,
and “°K in sedimentary rock samples collected from
west Gabal Adediya by using a gamma ray spectrometry
(HPGe) detector, and also, to assess the radiological
hazard parameters. The outcomes are compared to
similar studies conducted in other countries as well as
the global database reported by [5,6].

2. GEOLOGY OF THE STUDIED AREA

The Sinai Peninsula is situated in the northeastern
part of Egypt covering an area of about 23000 miles
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is located in southwestern, Sinai between longitudes
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The Um Bogma Formation unconformably overlies
the Adediya Formation [7]. It varies in thickness
from 43 meters at Wadi Nukhul to 2 meters at Gabal
Ghorabi.

The studied samples are belonging to the Um Bogma
Formation of the early Carboniferous age (=360 Ma).
This Formation (Fig. 2) is classified into three members
named from the older to the younger as follows:

a. The lower member. Shale ore-sandy
dolomite beds with thin shale
intercalations. The word ore means that, it
contains one or more valuable minerals
such as manganese- iron ore [8,9]. It is
about 2-3 m in thickness in the studied area.

b. The middle member (4m thick) consists of
shale, marl, and sandy dolostone and
represents the most important member from
the radioactivity point of view [10].

¢c. The upper member (3m thick) consists of
sandy dolostone, jointed and fractured [11].
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Fig. (1): Drainage map showing the studied area
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3 Dispersion of Natural Radionuclides and Radiological Characterization....

Fig. (2): West Gabal Adediya

2.1 Sampling and Sample Preparation

Forty-five sedimentary samples were collected from
three different members (upper, middle and lower) of the
studied area. The samples have different lithology,
namely, siltstone, claystone, dolostone, shale, and
dolomite. Twenty-three samples were crushed using a
crushing machine at the laboratory of the Nuclear and
Radiation Safety Research Center and the remaining
twenty-two samples were crushed at the laboratory of
Al-Azhar University, Faculty of Engineering. To avoid
cross contamination of the samples, the machine was
thoroughly cleaned after each pulverizing process. Each
sample was crushed and grounded to about 63 mesh and
then quartered to get representative samples for carrying
out the experimental measurements and analyses.

These samples were packed in a cylindrical plastic
container of constant volume (200 ml) to ensure
geometric homogeneity around the detector, and the
respective net masses were measured and recorded using
a highly sensitive digital weighing balance with a
percent of 0.01% correctness. The cylindrical plastic
container was then sealed with plastic tape to prevent
airborne radionuclides from escaping and left for at least
four weeks to establish secular equilibrium.

2.2 Gamma-Ray Spectrometry

The gamma ray spectrometry was carried out using a
high purity germanium (HPGe) detector, coaxial, p-type
with a relative efficiency of about 50% of the 3"x3”
Nal(TI) crystal efficiency. The full width at half
maximum (FWHM) at 122 keV, Co-57 is 0.8 keV, and
at 1332 keV, Co-60 is 1.9 keV. A 10 cm thick lead

cylinder shield, internally coated with 2 mm thick copper
foil, isolates the detector from background radiation. The
gamma detector was chilled with liquid nitrogen at 77 K
to reduce leakage current and thermal disturbance. The
detector is connected to a multi-channel analyzer (MCA)
card installed in a personal computer (PC) and is
matched to conventional electronics. The data was
collected and analyzed using the software program
MAESTRO -32. The detection system's energy and
efficiency calibrations are accomplished using a set (RG-
set) of high-quality certified reference sources [12]. The
HPGe detector was calibrated for efficiency using the
reference material RGU-1 from IAEA. The certified
activity of uranium is 4940 Bq/kg. Calibrations were
performed by placing the reference source in the same
position as the samples when determining their gamma-
ray spectra. The minimum detectable activity (MDA) for
radionuclides 2%°U, 238U, 232Th, and “°K are 0.5 Bq/kg,
4,07 Bq/kg, 0.56 Bq/kg, and 4.33 Bq/kg respectively.

The 1460.8 keV photopeak was used to measure the
concentration of “°K. Under the conditions of secular
equilibrium, the uranium-235 activity was measured by
its gamma ray photopeaks: 143.8, 163.4 and 205.3 keV
[13]. The counting rate under the 63 kel/peak, was
measured from the following equation [14]:

€ (63) = C(***Th,63.3) + C(***Th,63.9) (1)

; where C(“X, E,) is the counting rate occurring from a
gamma ray of energy E,, emitted by the nuclide X,

Equation (2) was used to calculate the contribution at
63.9 keV:

Arab J. Nucl. Sci. Appl., Vol. 55, 4, (2022)



4 Aya M. Zaghloul. et.al

£(63.9)xI1(*3?Th,63.9)
£(338.32)x1(%?8Ac,338.32)

C(?*®Ac,338.32) (2)

where I( “X,E,) and &(E, ) are the emission probability
and detection efficiency for the E,, keV gamma-ray.

C(***Th,63.9) =

238 activity was determined indirectly from two
gamma rays emitted by its daughter product (?*™Pa)
whose activities are determined from the 1510.1 and
1001 keV photopeaks [15]. The counting rate under the
1510 keV peak, was given in equation (3):

C(1510) = C(***Bi,1509.2) + C(***"Pqa,1510.1)  (3)

The contribution at 1510.1 keV may be isolated by using
the clean 1001keV gamma ray of 2**™Pa by
substituting in equation (4) [14]:

C(***™pq,1510.1)
£(1510.1) x I(#*™Pqa,1510.1)
= T£(1001) x 1(?**™Pa, 1001)
x C(***™Pa,1001) 4

The 295.1 and 352 kel two gamma photopeaks were
used to determine the activity concentration of 1“Pb,
whereas the activity concentration of 2“Bi was
established using the 609.3, 1120.3 and 1764.5 keV
gamma photopeaks [13]. The specific activity of radium-
226 was determined using the 186.1 keV from its own
gamma-ray. The peak at 186 kel/ was used in the
present study, considering that [14]:

C (186) = C(**U,185.7) + C(**°Ra,186.1)  (5)

The contribution at 186.1 keV can be isolated by
substituting in equation (6) using the clean gamma ray
295.1 keV of 214Pb [14]:

£ (186.1) x I(**°Ra, 186.1)
€ (295.1) x I(3**Pb,295.1)
x C(?**Pb,295.1) (6)

C(**°Ra,186.1) =

1. RESULTS AND DISCUSSION
3.1. Radioactivity Concentration

Forty-five sedimentary samples from west Gabal
Adediya area were measured radiometrically using
HPGe gamma ray spectrometry. Table (1) shows the
specific average activity concentrations (Bq/kg) of
238, 235 and their ratios 238U /%*°U in the studied area.
The forty-five samples were collected from three
members: upper (6 samples), middle (34 samples) and
lower (5 samples).

At the upper member, Table (1) shows that the average
activity concentration of U-238 ranged between 221.78 +
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40.58 Bq/kg and 354.27 * 52.70 Bq/kg with an
average value of 298.88 + 47.22 Bq/kg. ?*U ranged
between 10.22+1.01Bq/kg and 16.22+1.30 Bq/kg with
an average value of 13.82+1.19 Bq/kg.

At the middle member (top meter), the average activity
concentration of U-238 ranged between 162.36 + 46.35
Bq/kg and 4507.41+ 202.96 Bq/kg with an average
value of 1713.44+108.54 Bq/kg. The activity
concentration of 23U ranged between 7.50+ 1.22
Bq/kg and 205.85+ 5.25 Bq/kg with an average value
of 77.79+ 3.01 Bq/kg.

At the middle member (middle meter), the activity
concentration of 238U ranged between 192.56 + 31.05
Bq/kgand 1911.00 + 104.83 Bq/kg with an average
value of 895.70 + 80.02 Bq/kg. While the activity
concentration of 2%°U ranged between 9.04 + 1.00
Bq/kg and 87.87 + 3.02 Bq/kg with an average value
of 41.17 £ 2.31 Bq/kg.

At the base meter (middle member), the average
activity concentration of **8U ranged between 474.12 +
45.97 Bq/kgand 2022.19 + 154.95 Bq/kg with an
average value of 994.63 + 95.91 Bq/kg . The activity
concentration of 23U ranged between 21.87 + 1.75
Bq/kg and 93.20 £ 4.00 Bq/kg with an average 45.80
+2.48 Bq/kg.

At the lower member, the average activity
concentration of 23U ranged between 104.38+ 42.16
Bq/kg and 416.92 + 61.07 Bq/kg with an average
value of 24939 + 48.74 Bq/kg. The activity
concentration of 2%U ranged between 4.83 + 0.88
Bq/kgand 19.21 + 224 Bq/kgwith an average
11.55+1.39 Bq/kg.

The average activity concentrations (Bq/kg) of ??°Ra,
22Th and “°K for all different sedimentary samples
corresponding to their lithology collected from the
studied area are given in Table (2). The average activity
concentrations of ?%°Ra, 2%Th and “°K for siltstone are
1480.81+10.61 Bq/kg,  95.45+10.84  Bq/kgand
875.20+£7.84 Bq/kg, respectively.

For claystone the average activity concentrations of
26Ra, 22Th and “K are 645.85+7.86 Bq/kg,
104.83+11.61 Bq/kgand 1018.28+7.84 Bq/kg,
respectively. While for shale, the average activity
concentration of 2°Ra, 2%Th and “°K are 208.74+5.20
Bq/kg, 98.43+11.13 Bq/kg and 818.03+7.03 Bq/kg,
respectively. For dolostone, the average activity
concentrations of ??°Ra, 23?Th and “°K are 229.71+4.65
Bq/kg, 10.95+3.31 Bq/kgand 75.57+4.84 Bgq/kg,
respectively. As for dolomite, the average activity
concentrations of ??°Ra, 23?Th and “°K are 198.57+4.88
Bq/kg, 11.94+3.32 Bq/kgand 60.02+3.78 Bq/kg,
respectively.



Dispersion of Natural Radionuclides and Radiological Characterization....

Table (1): The average activity concentrations (Bq/kg) of 23U, 235U and their ratios for the investigated area

] 234mpg 234mpg 238 ,s 238y
Member  Lithology =~ Sample ID (1001 keV) (1510 keV) (Average) U g
530;22;0”8 ue7 331.98 + 1132 33123 + 5564 331.60 + 3348 1535 + 0.87 21.60
(DTOO'gjtone ues 28115 + 1885 28037 + 8358 280.76 + 5122 1305 + 1.14 2152
(DToo'gth”e U69 20549 + 1934 20473 + 9245 20511 + 5590 1372 + 143 2151
[ -
[«6)
£ (?30;22;(’”6 uT73 35465 + 19091 35380 + 8548 35427 + 5270 1622 + 130 21.85
[«5]
s
5 ?"Omne u74 31014 + 1673 30937 + 8211 30976 + 4942 1434 + 137 21.60
= (Top) _
(DTOO'Z;n'te u7s 22216 + 1578 22140 + 6538 22178 + 4058 1022 + 101 21.70
Range 222.16 - 354.65 221.40 - 353.89 221.78 - 354.27 10.22 - 16.22 -
Average 29926 + 1699 29850 + 77.44 208.88 + 47.22 1382 + 1.19 -
Siltstone U1 37770 + 2059 37672 + 94.40 37721 + 57.49 1721 + 1.28 21.92
(East R.H)
Claystone U2 61392 + 2612 61298 + 12450 61345 + 7531 2702 + 214 2198
(In Medium)
Siltstone U3 17403 + 3234 18834 + 87.04 18119 + 59.69 8.03 + 157 2255
Shale U4 19353 + 1920 19270 + 66.75 19312 + 4297 892 + 135 21.64
(West L.H) Sad D ® 00 Ao ® 4 Do 2 L :
Siltstone
Us 4507.90 + 66.00 450692 + 339.92 450741 + 20296 20585 + 525 21.90
(West L.H)
(CT'?IStone U 246412 + 3917 246313 + 21655 246363 + 127.86 11560 + 3.41 21.31
Siltstone
(Bace) u7 336256 + 53.84 336167 + 27826 336211 + 166.05 15059 + 4.83 2233
S
[<5)
o -
E g | Siltstone u1s 32763 + 2709 32665 + 96.40 32714 + 6174 1502 + 142 2178
S s (East R.H)
L o
5 8 | Claystone UL9 64649 + 2825 64556 + 12653 64602 + 7739 2068 + 231 2176
2 Z | (In Medium)
2 Siltstone
+ + + +
(West L H) U20 16283 + 2250 16190 + 70.19 16236 + 46.35 750 + 1.22 21.66
Shale u21 188.04 + 1958 18721 + 7252 18762 + 46.05 8.65 + 137 21.68
(West L.H) 0= oL ® e 0c & 40 oo 2 L :
Siltstone
U22 450737 + 7046 450640 + 367.85 4506.88 + 21916  202.96 + 5.88 2221
(West L.H)
E:T'?Sto”e U23 256820 + 49.63 256723 + 25285  2567.72 + 15124 11931 + 434 21,52
Siltstone
(Bace) U24 389273 + 6474  3891.80 + 30588 389226 + 18531  171.81 + 581 21.96
Range 162.83-4507.90 161.90-4506.92 162.36-4507.41 7.50-205.85 ;
Average 171336 + 3854 171352 + 17855 171344 + 10854  77.79 + 3.01 ;
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Continue, Table (1)

. Sample 234mpgy 234mpg 238y s 238y
Member  Lithology ID (1001 keV) (1510 keV) (Average) v 235y
Shale us 29331 + 2560 29237 + 98.11 29284 + 6186 1386 + 143 2114
(East R.H)
Claystone U9 42487 + 2548 42393 + 11856 42440 + 72.02 1957 + 198 2169
(In Medium)
Siltstone u10 19299 + 1172 19212 + 50.38 19256 + 31.05 9.04 + 1.00 21.30
(In Medium)
Siltstone
Ull 161453 + 4257 161360 + 19117 161406 + 116.87 7278 + 361 2218
(West L.H)
(ST";S:)O”G Ul2 190392 + 2880 190310 + 14312 190351 + 8596 8558 + 225 2224
° (Sé';zg)’”e u13 96438 + 3462 96335 + 16432  963.86 + 09.47 4404 + 283 2188
£
= | Shale
= u2s 27164 + 2619 27070 + 9531 27117 + 60.75 1257 + 176 2158
2 | (EastR.H)
©
S | Claystone u26 317.02 + 2478 31609 + 10225 31656 <+ 63.52 1434 + 163 2208
~ | (In Medium)
Claystone u27 21545 + 1800 21457 + 73.79 21501 + 4590 1010 + 162 21.29
(In Medium)
Siltstone
U28 174760 + 4955 174668 + 207.70 174714 + 128.62 8309 + 416 2103
(West L.H)
Siltstone
(Top) U29 191200 + 3577 191115 + 173.88 191158 + 104.83 8787 + 302 2175
?é';ig”e U30 89622 + 3127 89521 + 14741 89571 + 89.34 4119 + 248 2174
Range  192.99 - 1912.00 192.12 - 1911.15 192,56 - 1911.58 9.04 - 87.87 -
Average 89616 + 2053 89524 + 13050 89570 + 80.02 4117 + 231 -
Siltstone u14 47463 + 1623 47360 + 7570 47412 + 4597 2194 + 129 2161
(East R.H)
Siltstone
UL5 202280 + 5299 202157 + 25691 202219 + 154.95 9320 + 400 2170
(West L.H)
(CTl?Stone U16 74975 + 3409 74861 + 16837 74918 + 101.23 3448 + 234 2173
__| Stitstone u17 89873 + 3291 89773 + 16336 89823 + 98.13 4168 + 239 2155
= | (Base)
£
s | Claystone U3l 47718 + 2730 47619 + 10098  476.69 + 64.14 2187 + 175 21.80
o | (EastR.H)
< .
@ | Siltstone U32 161919 + 4852 161800 + 23237 161859 + 140.44 7382 + 414 2193
(West L.H)
(CT'x;mne U33 72886 + 3248 72770 + 15626  728.28 + 94.37 3355 + 198 2171
gzz;tone u34 990.24 + 2292 98926 + 11315  989.75 + 68.04 4583 + 195 2159
Range  474.63 - 2022.80 473.60 - 202157 474.12 - 2022.19 21.87 - 93.20 -
Average 99517 + 3343 99408 + 15839 99463 + 95.91 4580 + 248 .
Claystone 070 21432 * 1974 21343 = 8224 21387 * 5099 997 * 130 2145
g Claystone u71 40642 + 1851 40554 <+ 87.42 40598 + 5296 1892 + 150 2146
()
g Siltstone u72 99.29 + 1775 11231 + 5534 10580 + 3654 483 + 088  21.90
s Claystone u76 41736 + 2399 41648 =+ 98.15 41692 + 61.07 1021 + 224 2170
5 Siltstone u77 99.92 + 2394 10883 <+ 60.38 10438 + 4216 484 + 103 2155
5 Range 99.29 - 417.36 108.83 - 416.48 104.38 - 416.92 483-19.21 i
Average 24746 + 2079 25132 + 7671 24939 + 4874 1155 + 1.39 .
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The average activity concentrations of 22°Ra, 23%Th,
and *°K for the studied sedimentary samples were given
in Table (2). According to the obtained results for all
studied samples, siltstone has a higher average activity
concentration value for 238U series, however claystone

Table (2): The average activity concentrations (Bq/kg) of ?%Ra, 22Th and “°K for all studied sedimentary samples according to
their lithology

has higher values for 23?Th and *°K. Variation among
the radioactivity concentration for different locations

has been observed, it may be due to

condition[16].

geological

Lithology Sample ID 26Ra 232Th WK
U1 311.00 + 5.89 9763 * 10.74 1567.34 =+ 9.11
U3 14297 + 556 8333 * 12.09 565.57 + 7.27
U5 359846 + 18.42 14383 + 1453 106245 + 955
u7 3539.31 + 1812 10951 + 12.00 955.18 + 8.69
u18 28322 + 6.19 8825 + 10.86 145112 + 938
U20 12499 + 520 8245 + 989 555.94 + 5.85
u22 353852 + 21.39 126,69 + 14.68 1094.68 + 10.98
u24 3933.82 + 1859 12373 + 13.05 102339 + 10.18
u10 18239 + 3.37 103.03 * 8.39 77393 + 4.89
U1l 2381.90 + 1378 7376 * 9.70 54517 + 693
u12 175085 + 8.62 97.16 * 7.75 1022.75 + 5.77
Siltstone u13 1024.14 + 1037 9075 + 1171 864.25 + 832
u28 2580.92 + 1559 10562 + 12.12 54260 + 7.72
u29 191548 + 11.19 99.40 + 947 1021.77 + 7.05
u30 96140 + 8.95 8952 + 10.87 831.99 =+ 7.49
u14 401.02 + 467 12284 + 912 937.90 + 5.39
u15 178259 + 14.09 12575 + 1511 381.65 + 7.53
u17 818.75 + 957 8654 + 1169 1095.66 + 9.26
us2 166551 + 14.30 12325 + 1503 33553 + 7.69
u72 7639 + 3.89 1590 + 4.32 BLD*
u77 7429 + 502 1549 + 4.42 BLD
Range 74.29 - 3933.82 15.49 - 143.83 BLD - 1567.34
Average 148081 + 1061 9545 + 10.84 87520 + 7.84
U2 63558 + 7.35 97.78 + 11.36 147563 =+ 9.47
U6 164585 + 11.43 97.00 * 1022 1153.84 =+ 7.97
u19 64281 =+ 8.05 11005 + 11.99 144137 + 7.00
u23 174269 + 13.79 9290 + 1141 112123 + 9.72
U9 36152 + 7.71 10562 + 12.85 1293.02 + 9.72
u26 34588 + 7.35 10041 * 12.22 122851 + 933
u27 18942 + 574 119.64 + 1164 810.58 + 6.59
u16 62391 =+ 913 109.76 + 1450 111281 + 1021
Claystone us1 391.97 + 6.16 11957 * 1159 93113 + 7.02
u33 637.79 + 8.73 10373 + 13.40 114781 + 9.90
u34 84091 =+ 6.62 10433 + 8.75 107355 =+ 6.15
u70 188.03 + 4.93 11707 + 12.38 560.77 + 6.16
u71 41475 + 547 9340 * 961 44839 + 493
u76 380.82 + 7.57 9632 + 1061 45734 + 555
Range 189.42 - 1742.69 92.90- 119.64 448.39 - 1475.63
Average 64585 + 7.86 10483 + 1161 1018.28 + 7.84

Arab J. Nucl. Sci. Appl., Vol. 55, 4, (2022)
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Continue, Table (2)

Lithology Sample ID 26Ra 2%2Th 40K
U4 15273 + 3.95 9406 * 977 697.83 + 579
u21 14930 + 454 0426 * 1043 650.99 * 6.07
e us 27009 + 572 10718 % 1246 996.23 + 8.27
u25 26284 + 657 0823 * 1188 927.08 + 7.98
Range 149.30 - 270.09 94.06- 107.18 650.99 - 996.23
Average 208.74 + 520 9843 + 1113 818.03 + 7.03
ue7 258.04 <+ 3.23 997 ¥ o208 9271 £+ 1.88
u68 20842 + 4.39 1062 * 351 6464 * 564
U69 22606 + 507 1199 t 365 6618 + 8.9
Dolostone u73 24238 + 4.99 1004 T 323 8472 + 3.89
u74 21364 + 556 1216 ¥ 360 69.59 + 459
Range 208.42 - 258.04 9.97-12.16 64.64 - 92.71
Average 229.71 + 4.65 1095 + 331 7557 + 484
Dolomite u75 19857 + 4.88 1194 + 332 60.02 + 3.78

BLD*: Below limit of Detection

For all the studied samples, 23U average activity
concentration ranged between 104.38 + 42.16 Bq/kg
and 4507.41 + 202.96Bq/kg with an average value of
1016.31 + 83.87 Bq/kg. #?Th average activity
concentration ranged between 9.97 + 2.2Bq/kg and
143.83 £ 14.53 with an average value of 87.39 + 10.10.
While “°K ranged between 60.02 + 3.78 Bq/kg and
1567.34 + 9.11 Bq/kg with an average value of 804.53
+7.32Bq/kg.

The most contribution for the average activity
concentrations of the radionuclides for the studied area
(Fig. 3) are 238U (35%) followed by 2%°Ra (32%),
0K (28%), 232Th (3%) then 23°U (2%).

Figure 4 (a) shows that there is an equilibrium between
226Ra and 28U activity concentration for the middle
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member. Also, Fig. 4 (b, ¢, d) shows weak relations
between the activity concentrations of (?3U and 232Th),
(38U and “°K), and (?*?Th and “°K), in the studied area
respectively. This means that there is no significant
correlation between 238U and either 2*2Th or “°K, and
also between 2%2Th and “°K, that may be indicating the
pattern of significant geochemical weathering effect on
these samples.

Table (3) shows a comparison between the average
activity concentrations for 2®Ra, #2Th, and *°K in the
studied area and other the world.
The present studied area has the highest average
activity concentration for ?2Ra with a value of 940.46
Bq/kg, which is higher than that the world average
value.

countries in
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Fig. (3): Relative contribution of average activity concentrations for 28U, ?Ra, 2®U, %2Th and “°K for the

studied area.
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Fig. (4) (a, b, ¢, d): Correlations between the activity concentrations of (?*Ra and 23U), (%2Th and 2U), (K
and 2%U), and (“°K and %*?Th) respectively.

Table (3): Comparison for 2°Ra, 2?Th and “°K average activity concentration (Bq/kg) for west Gabal
Adediya with other areas of the world

Country 226Ra 22Th 40K References

Sinai, Egypt 940.46 87.39 804.53 Studied area
Egypt 215.43 131.26 822.76 [17]
Turkey 45.94 50.23 721.27 [18]
Egypt 30 20 430 [19]
Nigeria 25 77 710 [20]
USA 33.7 31.9 300 [21]
West, Nigeria 12.1 60.1 426.5 [22]
China 26 49 440 [23]
The Worldwide Average 32 45 412 [5]
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3.2. Radiological Risk Health Assessment

The aim of conducting a radiation risk assessment is to
identify the measures needed to limit radiation exposures
and address all relevant regulatory requirements. The
threat assessment system has four distinct phases: hazard
analysis, hazard classification, exposure assessment, and
risk characterization. For forty-five sediment samples,
radiological hazard indices were estimated and
represented in Table (4).

3.2.1. Absorbed Dose Rate (D;;-)

The absorbed gamma dose rate in air one meter above
the ground surface for a uniform distribution of
radionuclides**®Ra, ***Th and *°K was calculated using
the provided guidelines. The conversion factors used to
calculate the absorbed gamma dose rate in air (D) per
unit activity concentration (1Bq/kg)are 0.462 for
226Ra, 0.604 for 2%2Th and 0.0417 for “°K (equation

(M)[24].

Dgiy(nGy h™1) = 0.462 Agg + 0.604 App, + 0.0417 A, (7)

where Ag,, A7y, and Ak are the activity concentrations
of 2°Ra, #?Th, and “°K in the sediment samples,
respectively. The mean absorbed dose rate value is
519.34 nGyh~! which is higher than the world limit
with value 59 nGyh™1.

3.2.2. Radium Activity Equivalent (Ra,,)

The gamma radiation hazards associated with materials
containing %?°Ra, #?Th, and “°K were assessed using
radium equivalent activity (Ra.q). It is assumed that
dose rates of 370 Bq/kg of ?°Ra, 259 Bq/kg of 2%°Th,
and 4810 Bq/kg of “°K are comparable. Equation (8)
gives the radium equivalent activity (Bq/kg) [1].

Raeq = ARa + 143ATh + 007141( (8)

The radium activities equivalent for the middle
member (Fig. 5) are higher than the world limit of
370 Bq/kg except four samples U3, U4, U20, and
U21. The mean radium equivalent value at the
middle member is 1387.42 Bq/kg which is higher

than the permissible level (P.L). While at west
Gabal Adediya, the average value of radium
equivalent is 1119.24 Bq/kg which is exceed the
permissible level.

3.2.3. Annual Effective Dose
(AEDEoutdoor & AEDEindoor)

Equivalent

These indices assess the risk of stochastic and
deterministic effects in irradiated participants [24].
The AEDE (outdoor & indoor) were determined using
the subsequent formulas:

AEDE 4ytq00ry(mSvy~") = D (nGyh™") X 8766h X
0.2 X 0.7(Sv Gy™!) x 107° (9)

AEDE naoory(mSv y~) = D(nGyh™") x 8766h x 0.8 x
0.7(SvGy™1) x 107° (10)

The expected mean annual indoor effective dose
from naturally occurring radionuclides (NORM) was
0.05 mSv y*, while outdoor was 0.7 mSv y™* [25]. In
the studied area, the average value of AEDE,,tq00r
was 0.64 mSy~! which is lower than the
recommended value of 0.7 mSy~!. While the
average value of AEDE;,g,0r Was 2.55 mSy~1,
which is higher than the permissible value of
0.05 mSy~1.

3.2.4. External (H,,) and Internal (H;,) Hazard
Indices

The major sources of radiation hazard threat to
people are external and internal exposures. The
external and internal radiological hazards posed by the
soil in the studied area were quantified using
equations (11) and (12) [26]:

ARa | ATh Ak
= ZRa 4 TTh , K o
Hex 370 + 259 + 4810 1 (11)

— ARa y Arth , Ak
Hy = 185 250 T ami0 = 1 (12)

The mean H,, and H,, values for all collected
samples were 3.04 and 5.58, respectively, which
exceed the recommended valuel
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Fig. (5): The radium equivalent for the middle member samples

3.2.5. Alpha Index (1)

The alpha index has been proposed to assess the
level of exposure due to radon inhalation from
building materials using equation (13) [26].

I, =0.0054,, <1 (13)

The recommended upper level for ??°Ra is 200
Bq/kg. The mean alpha index result in the studied
area was 4.70, which is greater than the allowable

level.

3.2.6. Gamma Index (I,,)

The gamma emission index, I, is one of the health
indices that assess the excess external and internal
gamma radiation from building materials [26].

_ ARa

14 150

Arn
100

Ak -

1500 — (14)

The average value of gamma index for all samples
was 7.66, which exceed the maximum permissible
value (unity).

3.2.7. Annual Gonad Equivalent Dose (AGED)

An increase in annual gonad equivalent dose has
been known to affect the bone tissue, causing
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destruction of the red cells that are then replaced by
white blood cells. This situation results in a blood
cancer called leukemia which is fatal. AGED was
calculated using equation (15) [27].

AGED (m Sv y™') = 3.09 Ag, + 4.18A, + 0.31444, (15)

The mean value of AGDE was 3513.02 m Sv y 1,
which is more than the world limit value (300

m Sv y~1). Consequently, the residents of the study
area face a threat to their bone marrow and bone
surface.

3.2.8. Excess Lifetime Cancer Risk (ELCR)

The excess lifetime cancer risk predicts the chance
of contracting cancer over a lifetime at a given level
of exposure. The subsequent equation is used to
calculate the ELCR [17].

ELCR = AEDE,,;q x DL x RF (16)
where DL is the average life span (70 years) and RF is
the risk factor coefficient (Sv?). The International
Commission on Radiological Protection (ICRP-60)
recommendation is RF = 0.057. ELCR was calculated
with an average of 12.72, which is much higher than
the global average of 0.29 x 1073,
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Table (4): Descriptive statistics of radiological hazard indices at the studied area

Dair Raeq AEDEout AEDEindoor AGED AEDEotal
Locality Lithology Hex Hin la Iy ELCR
(nGy/h) (Bg/kg) (mSvy?l) (mSvy?l) (mSvy? (mSvy?)
Range  43.68-1934.83  96.44-4182.39  0.05- 2.37 0.21- 9.50 ?fgé (2)'1425' 0.37-19.67  0.65-28.15  294.29-12994.44  0.27-11.87 1.07 - 47.37
Siltstone
Average 774.80 1672.73 0.95 3.80 4.54 8.54 7.40 11.35 5223.63 4.75 18.97
Range 180.96-907.99  394.69-1945.02  0.22-1.11 0.89-4.46 %’%%’ i('f’gi 0.94-8.71 2.80-13.29  1246.66-6125.74 1.11-5.57 4.43-22.23
Claystone
. Average 404.16 867.04 0.50 1.98 2.36 4.11 3.23 6.03 2754.01 2.48 9.90
>
§ 0.90 1.31
b Range 153.06-231.06 329.66-493.10  0.19-0.28 0.75-1.13 1 35' ” 08' 0.75-1.35 2.37-3.54 1060.02-1595.82 0.94-1.42 3.75-5.66
< Shale
[so]
O Average 190.00 406.76 0.23 0.93 1.11 1.68 1.04 2.92 1313.65 1.17 4.65
3
= R 0.62-  1.18-
ange 105.40-129.10 228.13-278.78  0.13-0.16 0.52-0.63 0.76 145 1.04-1.29 1.54-1.88 708.74-868.15 0.65-0.79 2.58-3.16
Dolostone
Average 115.89 250.66 0.14 0.57 0.68 1.30 1.15 1.69 779.35 0.71 2.84
Dolomite Average 101.45 219.84 0.12 0.50 0.60 1.13 0.99 1.48 682.36 0.62 2.48
Average 519.34 1119.24 0.64 2.55 3.04 5.58 4.70 7.66 3513.02 3.19 12.72
P.L 592 3702 0.7 0.052 <1e <1a <1e <1a 300" - 0.29x103 2
a: [5]; b: [6]
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4. CONCLUSIONS AND RECOMMENDATIONS

Radioactivity levels of the environment vary with the
geological characteristics of rock samples, where they
are found in different concentration. The activity
concentrations of the radionuclides 23U, 2%2Th, and “°K
in forty-five sedimentary rock samples collected from
three members at southwestern Sinai, Egypt were
measured using gamma-ray spectrometry with a high-
purity germanium (HPGe) detector. Siltstone has
a higher average activity concentration value for 238U,
however claystone has a higher value for **2Th and *°K.
The contribution of the average activity concentrations
of the radionuclides for the studied area are ordered as
follows 238U  followed by 2*?®Ra, *°K,?3?Th then
235y, The study of radionuclides and their creation in
natural samples has become one of the most important
issues due to its impact on human health, plant, and
animal. The obtained results show that the dispersal of
radionuclides activity concentrations in the sedimentary
sample varieties affects the values of all hazard indices
such as absorbed dose rate, radium equivalent, outdoor
and indoor annual effective doses, gamma index, alpha
index, excess lifetime cancer risk, annual gonad
equivalent dose, internal and external hazard indices. All
the measured hazards indices were found to be higher
than the worldwide limit. The studied area is rather risky
for human outdoor activities such as agriculture,
construction, and industry. Since the average value of the
external hazard index is greater than one, these rocks
should not be used for construction for safety reasons.
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