www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Assessment of the potential
radiation hazards posed by Nubian
sandstone, Egypt

Ahmed E. Abdel Gawad'*, Hassan Eliwa?, Masoud S. Masoud?,
Mayeen Uddin Khandaker?* & MohamedY. Hanfi%5*

The study found that the activity concentrations of the radionuclides 238U, 222Th and “°K in the
sandstone are 3213, 29.6£12.2, and 132.6 + 86.4 Bq kg™, respectively. These values are lower than
the reported worldwide limits of 33, 45, and 412 Bq kg™*. According to the present study, the absorbed
dose rate (D,;,), the annual effective dose, and the excess life time cancer were all found to be below
the worldwide mean. Pearson correlation, PCA, and HCA were used to analyze the data and identify
patterns in the relationship between radionuclides and radiological hazards. A statistical analysis of
the sandstones showed that the radioactive elements 228U, 232Th and “°K are the main contributors to
the radioactive risk. The study suggests that the sandstone is safe to use. The levels of radioactivity
are not high enough to pose a risk to human health.

The rapid growth of population and the expansion of infrastructure have put a strain on the urban environment,
and chemical pollution is one of the most serious problems'?. The sources of radioactivity in the environment
can be subdivided into two main categories: natural and artificial’*. Natural sources of radioactivity include
rocks, soil, water, and air. These sources contain radioactive elements that have been present on Earth since its
formation. Artificial sources of radioactivity include nuclear power plants, medical imaging devices, and nuclear
weapons. These sources emit radioactivity as a result of human activities®”. The main sources of radiation in
our environment are primordial radionuclides, which are radioactive elements that have been around since the
formation of the Earth. These radionuclides have very long half-lives, meaning that they take a very long time
to decay®'°. The radionuclides are released from the parent rock and soil through a variety of processes, such
as weathering, erosion, micro-fractures, joints, faults, shear zones and hydrothermal alteration. The way these
processes occur determines how the radionuclides are distributed in space!'2. The transmission of radionuclides
from rocks and soil to people can occur through inhalation, ingestion, and dermal contact. These pathways can
expose people to high doses of radiation, which can increase the risk of cancer and other health problems!*!*.
Background radiation levels can vary depending on the location, so it is important to have this information in
order to assess the potential risks of radiation exposure'>!. The levels of radioactivity in soil from these three
radionuclides are relatively low, with mean values of 33, 45, and 412 Bq kg™/, respectively. The exposure rate from
gamma radiation from the ground can vary depending on the location, but it is typically around 59 nGy h™!1718,
The total exposure rate is calculated by taking into account the amount of natural radiation from the ground,
cosmic rays, and other sources'*?.

Sandstones have varying degrees of durability and colors could be due to cementing and/or binding materials
between particles. These rocks have been widely used as a good building material especially in regions of compact
rocks. They were used in many glass by low-cost, road construction, concrete products, cement, bricks, natural
bio-based construction materials, gothic monuments, schools, villa developments, elegant terrace, tenement
fronts, churches, and commercial and public buildings*'~?. On the other hand, Sandstone rocks contain voids
or pores that could play an important role of fluids which are characterized by differing physical properties and
permit these fluids to movement. They have ability for carrying fluids such as oil, gas and water, which related
to variability in both porosity and permeability?”. However, Sandstones are considered as one sedimentary rock
hosted U-deposits include basal-type, tabular, roll-front and tectono-lithologic deposits®®.
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The Fileita area is a part of a major graben of Wadi Jararah-Wadi Kharit region. It is situated in the south-
western corner of the Eastern Desert, Egypt. The region is of considerable interest to many researchers since the
discoveries of many granites bearing rare-metal mineralization®-3¢.

The present work aims are twofold: study of (1) the geological and petrographical features of Fileita Nubian
Sandstone (2) the activity concentrations of natural radionuclides 2**U, 2*2Th and *°K in Timsah Formation and
Um Baramil Formation at Fileita area.

Geologic setting

Nubian sandstones comprise two formations include Early Timsah Formation and Late Um Baramil Formation
of Cretaceous age (Fig. 1). The Nubian sediments are characterized by a wide exposure in the study area and
have to form of a half-graben infill controlled by the Timsah fault zone having the NE-SW trend. The sequence
dips gently to the SE and imbricate stacking normal faults progressively down steps the sequence such that the
upper formations is preserved as sub-parallel elongate strips.

The Timsah Formation unconformable overlies the Abu Ajjaj Formation and overlains by the Um Barmil
Formation®. Timsah Formation attains 7.5 m thick, and comprises basal conglomerates, cross-bedding sand-
stone, pebbly ferruginous sandstone, gradded bedding sandstone and clayey sandstones (Fig. 2a—d). The basal
conglomerates are composed of a few bands of gravelly sand or sandy gravels overlying tonalite-granodiorite
rocks. The gravels are cemented by white calcareous materials, clayey sandstone or pigmented sand. The peb-
bles within the conglomeratic bands are mostly composed of quartz characterized by white, yellow, pink or
faint brown to reddish brown colors. They vary in shape from semi-equiaxial to triaxial, angular, sub-angular
to sub-rounded, range in diameter between 1 and 15 cm and show a concave bottom. The cross-bedding of the
most sets range from 30 to 50 cm thick. Traces of laminae are commonly curved and tangential to the underlying
erosion surface. The true dip of the cross laminae in their steepest parts commonly range between 15° and 20°
to the south. Pebbly ferruginous sandstone bands are dark brown, reddish brown, dark gray and greenish gray
colors. They are sub-rounded to rounded, spherical, nodular, rod-shaped and range in diameter from 1 to 3 cm.
They are composed of quartz cemented by calcareous and pigmented sands. Gradded bedding sandstone overlies
gravelly sandstone beds with the grain size always decreasing upwards. The pebbles show a common orientation
and usually lay down with their long axes parallel to the bedding planes. Clayey sandstone is very fine grained,
dark gray to grayish green colors. It is associated horizons of iron concentrations range in diameter from 2 to 3
cm as thinly beds. These horizons are composed of dark brown to reddish brown ferruginous sandstone. Clayey
sandstone horizon underlies pebbly ferruginous sandstone and cross cut by NNW-SSE strike slip sinstral fault
(Fig. 3d). Um Baramil Formation is the most extensive exposure of Nubian sandstone in the investigated area.
It overlies Timsah Formation and in other parts overlies the tonalite-granodiorite with non-conformity surface
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Figure 1. Geologic map of Fileita area, South Eastern Desert of Egypt.
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Figure 2. (a) The non-oriented and poorly sorted pebbles in conglomerate at Timsah Formation, (b) Basal
conglomerate underlies graded bedding sandstone, (c) Homogeneous erosional cosets of trough cross-
stratification, Timsah Formation, (d) Clayey sandstone (ClyS) underlies pebbly ferruginous sandstone (FS)
at Timsah Formation, (e) Non-conformable surface between tonalite-granodiorite (To-Gr) and Um Baramil
Formation (UBF), (f) Yellowish to gray laminated sandstone of Um Baramil Formation.

(Fig. 2e). This formation attains 70 m in thickness and comprises three beds (a) yellowish to dark gray sand-
stone; (b) kaolinitic sandstone and (c) pebbly ferruginous sandstone. The lower part composed of yellowish to
dark gray sandstones characterized by coarse grained, massive, laminated, yellow to dark gray colors and their
thickness attains 7 m (Fig. 2f). The kaolinitic sandstone horizons attain 2.5 m and characterized by its higher
content of radioactivity than the other two beds of yellowish to dark gray and pebbly ferruginated sandstones.
Pebbly ferruginated sandstones are fine- to medium-grained, dark brown to pale brown colors. They attain 13.5
m thick. The three horizons are repeated along this formation. Timsah and Um Baramil formations are traversed
by N-S strike slip sinstral faults.

Material and methods

Ground GS-256 spectrometer

The ground survey gamma-ray spectrometry measurements made over Nubian sandstone rock at Fileita, South-
eastern Desert, Egypt. All ground gamma-ray spectrometric measurements were made using a portable Geo-
physica Brno GS-256 spectrometer. The spectrometer has a 0.35 L sodium iodide (Nal) thallium detector. It was
adjusted on 150 s to establish a stable spectrum for radioelement measurements especially for K %, eU ppm and
eTh ppm as well as total count (T.C) (Ur, Unit of radioelement concentration). The measured spectrometer data
were repeated three times in each site to have a good statistics for the three radioelements. The spectrometer
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Figure 3. (a) Poorly sorted sandstone composed of rounded quartz grains surrounded by subrounded to
subangular quartz grains in ferruginous sandstone, (C.N.); (b) Angular grains of quartz crystals in ferruginous
sandstone, (C.N.); (¢) Zircon crystal embedded in iron oxide matrix and surrounded by quartz grains in
ferruginous sandstone, (C.N.); (d) Elongated cavity filled by opaque minerals and surrounded by calcite,
greywackes, (C.N.); (e, f) Greywackes consist of quartz and few plagioclase cemented by carbonates-rich matrix
(CN).

integrates horizontal surface 1 m diameter of the studied sandstones. It is well-calibrated on artificial concrete
pads of K, eU and eTh at the Nuclear Materials Authority of Egypt as reported by Grasty et al.””.

Laboratory measurements

To determine the radiological hazard indexes, the natural radioactive content of selected 73 samples was investi-
gated. The radioelement of 28U, *?Th, and *’K were detected. To obtain the secular equilibrium of radionuclides
in the 28U and ?**Th series, the samples were sealed to avoid leakage of >*?Rn and *Rn, and, then, measured after
1 month. A gamma spectrometer with a 76 x 76 mm? NaI(Tl) crystal and a voltage level powered photomultiplier
tube (PMT) were used for rapid, non-destructive, and effective radiation detection in the granitic rocks (GR)
samples®. The pulse management and information analysis apparatus included a multi-channel analyzer and a
spectroscopic amplifier, and it was connected to Gamma Vision software for the analysis of the spectra. Gamma
energies from the nuclei of the %U, **Th, and “)K are 1764 keV, 2614 keV, and 1460 keV respectively. Energy
and efficiency calibrations were obtained using three multi-y-ray sources with known activity and energy values
from 59.5 to 1332.5 keV. The range of calibration efficiency is varied from 0.5 to 2%. The granitic samples were
measured for 2000s using the minimum detection limits (MDL) of 2, 4, and 12 Bq kg™ for 28U, 22Th, and *K,
respectively. The MDL for 2*U, **Th, and *’K are calculated for each sample by Eq. 1%°.
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2.7 + 4.65/B
Mel,t

MDL = , (1)

where B is the count of the background below the peak of interest, € is the absolute value Efficiency, Iy is the
intensity of the gamma rays and t is counted. Time (seconds).
Table 1 shows the commonly used radiological hazard indexes estimated in the present study*.

Results and discussion

Petrographic studies of Nubian sandstone

Microscopically, ferruginous sandstones are poorly sorted, fine- to medium-grained. They are composed essen-
tially of quartz grains and cemented by iron-rich fine-grained. Quartz forms subrounded, subangular, to angular
grains of various size, (Fig. 3a, b), up to 50% of the rock volume. Zircon form euhedral prismatic crystals dis-
tributed in the ferruginous matrix (Fig. 3¢).

Greywackes are fine- to medium-grained, poorly sorted and consisting mainly of quartz and feldspar embed-
ded in a fine -grained matrix of quartz, feldspar, sericite and opaques. Quartz occurs as subrounded to subangular
crystals embedded in carbonates (calcite)-rich matrix. It forms up to 40% of the rock volume. Some elongated
cavities are filled by iron oxides and lined by carbonates (Fig. 3d). Feldspars are represented by plagioclase and
microperthite. Plagioclase is fresh to slightly saussuritized and shows lamellar twinning. It is common together
with quartz grains in the carbonate-rich matrix (Fig. 3e, f).

Distribution of the radioelements

Nubian sandstone

Timsah formation comprises different rock types including basal conglomerate, cross-bedding, pebbly ferrugi-
nous and clayey sandstones (Table 2). Basal conglomerates are characterized by low radioactivity level, which
ranges from 5.3 to 7.8 Ur for T.C, 0.2 to 1% for K, 2.2 to 4.8 ppm for eU, 5.9 to 13.3 ppm for eTh. Meanwhile
eU-(eTh/3.5) value ranges from ~1.4 to 2.54 ppm, and eU/eTh ratio ranges from 0.18 to 0.61. Cross-bedding
sandstones show that eU range from 1.8 to 5.1 ppm with a normal distribution of the radioactivity level. It is
characterized by low radioactivity level; where K ranges from 0.1 to 0.5%, eTh ranges from 4.5 to 11.7 ppm and

Parameter

Definition Formula

Absorbed dose rate D,;;, (nGy h™)

Dose rate exposure in the air at 1 m from radiation sources due

to the concentrations (A) of 238U, 2**Th and “°K Dyir=0.462 Ay +0.604 Aq, +0.0417 Ag

Outdoor annual effective dose
AED,, (mSvy™)

AED, =D, (nGy h™') x0.2x 8760 (h/y) x 0.7 (Sv/Gy) x 10-

Indoor annual effective dose AED,,, (mSv y™)

Monitor of the radiation exposure indoor and outdoor during a (mSv/nGy)
stationary period (1y) AED,, =D, (nGy h™) x 0.8 x 8760 (h/y) x 0.7 (SV/Gy) * 10~
(mSv/nGy)

Excess lifetime cancer risk ELCR

Probability of developing cancer over a lifetime at a given

exposure level ELCR=(AED;, + AED,,)) x 70 y x 0.05

Table 1. Used radiological hazard indexes for Nubian Sandstone from Fileita, South Eastern Desert, Egypt.

‘ No ‘ T.C Ur K % eU ppm eTh ppm eU/eTh eU-(eTh/3.5) ppm

Timsah formation

Range 5.30-7.80 0.20-1.00 2.20-4.80 5.90-13.30 0.18-0.61 -1.40-2.54
Conglomerates 31

Mean +SD 6.91+0.60 0.49+0.18 3.30+0.79 8.98+2.03 0.39+0.15 0.74+1.19

Range 4.00-7.30 0.10-0.50 1.80-5.10 4.50-11.70 0.21-1.13 —0.86-3.81
Cross-bedding sandstones 33

Mean +SD 5.00+£0.97 0.23+0.13 3.08+0.90 7.42+2.16 0.46+0.24 0.96+1.19

Range 4.40-6.90 0.10-0.60 2.40-4.40 5.90-12.00 0.21-0.59 -0.86-2.29
Pebbly ferruginous sandstones | 36

Mean+SD 6.13+£0.79 0.35+0.17 3.11+0.56 8.69+1.72 0.38+0.12 0.63+£0.92

Range 7.40-11.10 0.60-1.40 1.80-5.50 5.80-14.90 0.19-0.40 -1.46-1.59
Clayey sandstones 32

Mean +SD 9.81+1.10 0.78+0.19 3.28+1.10 12.54+2.84 0.27+0.07 -0.31+£0.95
Um Baramil formation

Range 2.00-4.20 0.10-0.90 0.20-3.40 2.40-6.40 0.03-0.83 -1.63-1.80
Yellowish to gray sandstones 37

Mean +SD 3.08+0.69 0.41+0.29 1.58£0.91 496+1.16 0.35+0.23 0.16+1.03

Range 2.00-7.40 0.10-1.40 0.70-3.40 4.10-6.50 0.11-0.61 -1.10-1.80
Kaolinitic sandstones 31

Mean+SD 4.28+1.67 0.58+0.39 1.95+£0.70 5.31+0.83 0.37+0.13 0.43+0.71

Range 1.30-3.70 0.10-0.60 0.40-3.30 2.90-6.80 0.07-0.88 -1.34-2.21
Pebbly ferruginous sandstones 35

Mean +SD 2.66+0.74 0.28+0.14 1.71+0.86 4.65+1.22 0.41+0.25 0.39+1.08

Table 2. Ranged and mean values of radioelements K, eU, eTh and their ratios of studied rocks using ground
GS-256 spectrometer. Unit of radioelement concentration (Ur).
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eU/eTh ratio from 0.21 to 1.13. Pebbly ferruginous sandstones are characterized by low radioactivity level with
4.4 10 6.9 Ur for T.C, 0.1 to 0.6% for K, 2.4 to 4.4 ppm for eU, and 5.9 to 12 ppm for eTh, while, eU-(eTh/3.5)
value ranges from -0.86 to 2.29 ppm. Clayey sandstones are characterized by low radioactivity level with range
of radioactivity of 7.4 to 11.1 Ur for T.C, 0.6 to 1.4% for K, 1.8 to 5.5 ppm for eU and 5.8 to 14.9 ppm for eTh.
The eU/eTh ratio ranges from 0.19 to 0.4.

Um Baramil formation is the upper part of Nubian sandstone comprising yellowish to gray sandstones, kao-
linitic sandstones and pebbly ferruginous sandstones (Table 2). Yellowish to gray sandstones are characterized
by low radioactivity level. Their range of radioactivity is limited between 2 to 4.2 Ur for T.C, 0.1 to 0.9% for K,
0.2 to 3.4 ppm for eU, 2.4 to 6.4 ppm for eTh. Kaolinitic sandstones have 2 to 7.4 Ur for T.C, 0.1 to 1.4% for K,
0.7 to 3.4 ppm for eU and 4.1 to 6.5 ppm for eTh. The eU/eTh ratio ranges from 0.11 to 0.61, so these rocks don’t
show any significance for radioactivity. Pebbly ferruginous sandstones show radioactivity which range from 1.3
to 3.7 Ur for T.C, 0.1 to 0.6% for K, 0.4 to 3.3 ppm for eU, 2.9 to 6.8 ppm for eTh.

Radioelements staked profiles of nonconformable surface
The two formations are constructing the radioelements potentiality through staked profiles along the noncon-
formity surface between tonalite-granodiorite and Nubian Sandstone (Fig. 4).

The Timsah Formation overlain granitoids (tonalite-granodiorite) which contain lower range of radioele-
ments distribution; 2 to 4.2 Ur for T.C, 0.5 to 2.2 ppm €U, 1.5 to 4.8 ppm for eTh. Moreover, the nonconformity
surface is characterized by low content of radioactivity reached 7.1 Ur for T.C, 1.5 ppm for eU, and 2.6 ppm for
eTh. The basal sandstone conglomerates are show higher radioactivity attaining 7.3 Ur for T.C, 3.7 ppm for eU,
and 9 ppm for eTh. The lower bed of cross-bedding sandstone shows high peak in the chart attaining 5.1 ppm
for eU. The sandstone conglomerates at the base of graded bedding sandstone has high peak reached 4.4 ppm
for eU. Clayey sandstone bed shows the higher radioactive zone of the Timsah Formation attaining 11.1 Ur for
T.C, 1.4% for K, 5.5 ppm for eU, and 19.9 ppm for eTh. On the other hand, pebbly ferruginous sandstone shows
low radioactivity level attaining 6.8 Ur for T.C, 3.5 ppm for eU and 10.4 ppm for eTh.

The lower Um Baramil Formation in some parts has overlain Timsah Formation while it is overlain tonalite-
granodiorite in other parts. Tonalite-granodiorite shows low content of their radioactivity reaching 4.1 Ur for T.C,
1.3% for K, 2.1 ppm for eU, and 4.8 ppm for eTh. The nonconformable surface between Um Baramil Formation
and tonalite-granodiorite attains 2.6 Ur for T.C, 0.1% for K, 2.4 ppm for eU, and 4.6 ppm for eTh. Yellowish to
gray sandstone is characterized by low radioactivity level which reaches 4.2 Ur for T.C, ranges from 0.2 to 3.4
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Figure 4. Staked profiles showing radioelements potentiality for Timsah Formation (7 m), and Um Baramil
Formation (70 m), along the nonconformable surface between the tonalite-granodiorite and Nubian Sandstone
at Fileita area, South Eastern Desert, Egypt.
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ppm for eU, from 2.4 to 6.4 ppm for eTh. Kaolinitic sandstone shows the highest peak relative to the other beds
(Fig. 4) with radioactivity level attaining 5.4 Ur for T.C, 0.9% for K, 2.4 ppm for eU, and 5.8 ppm for eTh. Pebbly
ferruginous sandstones are characterized by low radioactivity level of 3.7 Ur for T.C, ranges from 0.4 to 3.5 ppm
for eU and from 2.9 to 6.8 ppm for eTh.

Therefore, the nonconformity surface between tonalite-granodiorite and Nubian Sandstone at Timsah and
Um Baramil formations does not represent a significant potentiality for their radioactivity.

Radioactive hazards

Table 3 summaries the results of the content of natural radionuclides sandstone samples. Hereby, the terms eU
or eTh denote equivalent of 28U or of #**Th, meaning the natural radiation emitted by all radionuclides belong-
ing to the decay series of 28U (eU =%*Ra=2!*Bi) and ***Th (eTh =??*Th =2%Tl), which occur in the analyzed
samples*!. This fact is performed assuming the secular equilibrium of radionuclides, obtained by sealing the
samples to avoid leakage of >?Rn and **’Rn, and, then, measuring the samples after 1 month. In particular, eU
ranged from 1 to 15 ppm, eTh ranged from 1.3 to 50 ppm, *’K ranged from 0.2 to 5% with means of 5.7 ppm,
14.4 ppm and 3.2%, respectively. The following conversions can be used to obtain the radionuclide content into
activity concentration’: 1% of “*K in rock corresponds to 313 Bq kg™'; 1 ppm €U in rock is 12.35 Bq kg™! of 28U;
1 ppm of €Th in rock is 4.06 Bq kg™ of **Th.

The obtained results in Table 3 show low values in accordance with the literature of sandstones: 3-6 ppm
for eU and 8-23 ppm for eTh***%. According to the work®, Table 3 also reported the coefficient of variability
(CV) that determines how statistically significant are the data from gamma-ray spectrometry. According to the
equation from*, i.e. CV % = (0/X) x 100 with o the standard deviation and X the arithmetic mean, the data tend
to have a normal distribution in the study region if the CV is less than 100%. In the Table 3, CV determines the
degree of distributions homogeneity of the several radioelement for the sandstone rocks. Table 3 shows that K
distributions are high homogeneous compared to eU and eTh that indicate moderate levels of homogeneity.
These values can be explained by the presence of different minerals during geological formations in sandstone
samples. Figure 5a illustrates the relationships between eTh-eU, showing a very strong relationship (R*=0.77).
This aspect suggests that uranium and thorium mineralization are controlled by magmatic processes. Figure 5a
illustrates the weak correlation between eU and eTh (R*=0.14). Figure 5b, ¢ show also the weak relation of K
with eU and eTh, respectively. This may be attributed to the alteration processes of feldspars. The relationship
between the radioelements exhibits that their distribution are not only magmatic but also hydrothermal altera-
tion. Moreover, in Fig. 5d the eTh/K versus eTh/eU shows that the majority of the samples under evaluation are
located in the leached-U sector, indicating that using them as building material or decorations could be safely*’.

In the examined sandstone, the radionuclide activity concentrations of #*U, 2**Th and “’K in Bq kg™ are also
displayed in Table 3. The range of **U, 2**Th and “’K activity concentrations are 4.9-67.9 Bq kg™', 11.8-60.5 Bq
kg™ and 31.3-438.2 Bq kg ™!, respectively. The mean values with standard deviation of 2*U, **Th and *’K activ-
ity concentrations are 32+ 13 Bq kg™!, 29.6 £12.2 Bq kg™! and 132.6+ 86.4 Bq kg™, respectively. The obtained
results show that the mean data for 2*®U, 232Th and ’K are lower than the worldwide mean data, which are 33,
45, and 412 Bq kg!, respectively®*®. The high radioactive levels of some investigated samples are as a result of
weathering, leaching, modification, and alteration processes. A buildup of radioactive minerals, such as staurolite,
zircon, rutile, magnetite, ilmenite and garnet are associated with sandstone beds at Fileita according to their
dominance®. The skewness data revealed an uneven distribution that aligned with the fundamental statistical
analysis of radioelement activity concentrations. Favorable findings indicated an asymmetric distribution. Despite
referring to their negative conclusions as negative data, the tail of the asymmetric distribution is extended. As
a result, the data on 28U (0.36) and 2**Th (0.86) activity concentrations’ are positive skewness suggest that the
asymmetry is positive. Secondly, the kurtosis values indicate the peakedness of the distribution probability. The
activity and normal distributions are asymmetrical, as evidenced by the radioactive materials *°K (1.14), which
has kurtosis coeflicients greater than 1. Conversely, the kurtosis coefficient for sample 2**U (0.37) and **?Th
(-0.12) was less than 1, suggesting that the probability distribution is flat. The frequency distribution of 38U,
22Th and *K in the 73 samples are presented in Fig. 6.

Radiological hazard indices

The radiological hazard indexes determine the assessment of sandstone from Feleita used as construction materi-
als: in Table 4 are reported the results. The absorbed dose rate D,;, varied among 18 and 74 nGy h™?, with a mean
value of 38 nGy h™! that is lower than the UNSCEAR population-weighted average of 59 nGy h™'. Consequently,

Minimum | Maximum | Mean+SD* | CV (%)
eU (ppm) 0.4 5.5 2.6+1.1 40
eTh (ppm) 29 14.9 7.3£3.0 41
40K (%) 0.1 1.4 0.4+0.3 65
28U (Bq kg™) 4.9 67.9 32.0+13.0 |40
22Th (Bqkg) |11.8 60.5 2964122 |41
4K (Bqkg™) 31.3 438.2 132.6+86.4 | 65

Table 3. Statistics of radiometric results on 73 samples sandstones from Feleita area. *SD standard deviation.
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Figure 5. Radiometric analysis in 73 samples of sandstones in the studied region: correlations between (a) eTh
and eU, (b) eK and eU, (c¢) eK and eTh, (d) eTh/eK and eTh/eU.
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Figure 6. Radiometric analysis in 73 samples of sandstone in the studied region: frequency distribution of the
activity concentration (Bq kg™) of (a) 2*U, (b) **Th, (c) K.

the exposure from these sandstones does not give a considerable radiation dose to the public. Indoor and
outdoor annual effective dose AED;, and AED,,, mean values are 0.05and 0.19 mSv y™!, respectively, which
are lower than the allowable means of 0.40 mSv y! (indoor) and 0.07 mSv y! (outdoor)®. This means that this
long-term low-level exposure is not expected to have negative health repercussions®. The excess lifetime cancer
risk (ELCR)  i.e. the probability of developing cancer over a lifetime at a given exposure level, is found over the
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D,, (nGyh™') | AED,, (mSvy™') |AED;, (mSvy') |ELCRx103
Mean 38 0.05 0.19 0.16
Sd 12 0.02 0.06 0.05
Minimum 18 0.02 0.09 0.08
Maximum 74 0.09 0.36 0.32

Table 4. Radiological hazard indexes in the 73 sandstone samples from Feleita area.

worldwide mean limit of ranges from 0.08 to 0.32 with a mean value of 0.16, where it is significantly lower than
the reference limit of 0.0029.

Pearson correlation, principal component and hierarchical cluster analysis
Correlations between 28U, 2*?Th and *’K activity concentrations and radiological hazard indicators in the 73
sandstone samples from Feleita area are studied by using the Pearson correlation analysis (PC) (Table 5). The PC
analysis classified the correlations into four categories: weak (0.3-0.49), moderate (0.5-0.69), high (0.7-0.9), and
extremely strong (>0.9) **. Weak correlations are between ***U with “K (R*=0.-0.07) and **Th (R*=0.40). The
correlation between “°K and #*Th is weak (0.28). These low correlations are explained by the investigation of stau-
rolite, zircon, rutile, magnetite, ilmenite and garnet are associated with sandstone beds at Fileita according to their
dominance®. Table 5 shows that there are high connections between ***U and #*?Th with the radiological hazard
indexes (>80%). As a result, the main causes of the negative health effects associated with the gamma radiation
which produced from the high activity concentrations of uranium and thorium of some sandstone samples.
The principal component analysis (PCA) is also performed to further analyze the relation among the U,
22Th and “)K activity concentrations and radiological hazard indicators in the 73 samples of sandstone from
Feleita area®®. Component 1 (PC1) and component 2 (PC2) are obtained and shown in Fig. 7. From the figure
is clear that PC1 is heavily loaded with the activity concentrations of 2**U and #**Th in relation to all radioac-
tive components (74.24%). In fact, in the sandstones at the work location, ?**U and ***Th were the primary
naturally occurring radioactive contributions. Contrarily, the PC2 load for “°K (17.82%). This is also evident in
the radiological hazard indexes behavior*>*!. The hierarchical cluster analysis (HCA) is a data categorization
system that use multivariate algorithms to distinguish between several types of data. The Euclidean distance
between radiological hazard indexes and radioactive activity concentrations is performed. The HCA output
is the dendrogram of the investigated data in Fig. 7, obtaining three major clusters. 28U is present in cluster I,
22Th is present in cluster I1, along with radiological hazard indexes, and *°K is present in cluster III. According

287y 22h K D, AED,,, AED,, ELCR
28U 1 0.40 -0.07 0.71 0.71 0.71 0.71
227p W\ 1 028 0.88 0.88 0.88 0.88
a0y W\ \ 1 0.42 0.42 042 0.42

Table 5. Pearson correlation among radionuclides content and radiological hazard indexes in the 73 samples
of sandstone from Feleita region of Egypt.
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Figure 7. Graphical representation of PCA analysis (a) and dendrogram from hierarchical cluster analysis (b)
of radionuclides content and radiological hazard indexes in 73 samples of sandstone from Feleita area.
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to HCA, the principal gamma radiation sources (**U and **?Th) in the sandstone samples of the analyzed area
are connected with the radiological danger factors, which can be explained by this*’.

Conclusion

This study examines the distribution and potential mechanism of occurrence for the radioactive substances in
sandstone at Feleita area, Egypt. A range of radiological hazard parameters were estimated, such as the dose rate,
the annual effective dose and excess life time cancer risk. The study of the correlation between radionuclides
and their corresponding radiological hazard variables involved the use of multivariate statistical techniques like
Pearson correlation, principal component analysis, and hierarchical cluster analysis. These findings indicated the
activity levels of 2**U, 2**Th and *K in the sandstones are 32+13, 29.6+12.2, and 132.6 £ 86.4 Bq kg™, respec-
tively. They are lower than the global limit 33, 45 and 412 Bk kg™'. Sandstones’ radioactivity is primarily caused
by the uranium, thorium and potassium. Building materials made from sandstones are not likely to present any
danger for the public.

Data availability
All data generated or analyzed during this study are included in this published article.

Received: 19 September 2023; Accepted: 9 November 2023
Published online: 01 December 2023

References

1. Taylor, K. G. & Owens, P. N. Sediments in urban river basins: A review of sediment-contaminant dynamics in an environmental
system conditioned by human activities. J Soils Sediments 9, 281-303. https://doi.org/10.1007/s11368-009-0103-z (2009).

2. Abbasi, A. & Mirekhtiary, S. E Risk assessment due to various terrestrial radionuclides concentrations scenarios. Int ] Radiat Biol
95, 179-185 (2019).

3. Ravisankar, R. et al. Assessments of radioactivity concentration of natural radionuclides and radiological hazard indices in sedi-
ment samples from the East coast of Tamilnadu, India with statistical approach. Mar Pollut Bull 97, 419-430. https://doi.org/10.
1016/j.marpolbul.2015.05.058 (2015).

4. Abbasi, A. & Mirekhtiary, F. Comparison of active and passive methods for radon exhalation from a high-exposure building mate-
rial. Radiat Prot Dosimetry 157, 570-574 (2013).

5. Hanfi, M. Y,, Emad, B. M., Sayyed, M. 1., Khandaker, M. U. & Bradley, D. A. Natural radioactivity in the prospecting tunnel in Egypt:
Dose rate and risk assessment. Radiat. Phys. Chem. 187, 109555. https://doi.org/10.1016/j.radphyschem.2021.109555 (2021).

6. UNSCEAR, 2010. Sources and effects of ionizing radiat-on—exposures of the public and workers from various sources of radiat-
on—UNSCEAR 2008 Report, United Nations Publication.

7. Awad, M. et al. Radioactive risk assessment of beach sand along the coastline of Mediterranean Sea at El-Arish area, North Sinai,
Egypt. Mar Pollut Bull 177, 113494 (2022).

8. El-Taher, A., Alshahri, F. & Elsaman, R. Environmental impacts of heavy metals, rare earth elements and natural radionuclides in
marine sediment from Ras Tanura, Saudi Arabia along the Arabian Gulf. Appl. Radiat. Isotopes 132, 95-104. https://doi.org/10.
1016/j.apradiso.2017.11.022 (2018).

9. Gaafar, L, Hanfi, M., EI-Ahll, L. S. & Zeidan, I. Assessment of radiation hazards from phosphate rocks, Sibaiya area, central eastern
desert, Egypt. Appl. Radiat. Isotopes 173, 109734. https://doi.org/10.1016/j.apradis0.2021.109734 (2021).

10. Hanfi, M. Y. Radiological assessment of gamma and radon dose rates at former uranium mining tunnels in Egypt. Environ Earth
Sci https://doi.org/10.1007/s12665-019-8089-3 (2019).

11. Jakhu, R., Mehra, R., Bangotra, P., Kaur, K. & Mittal, H. M. Estimation of terrestrial radionuclide concentration and effect of soil
parameters on exhalation and emanation rate of radon. ] Geochem Explor 184, 296-303. https://doi.org/10.1016/j.gexplo.2017.03.
002 (2018).

12. Ribeiro, EC.A,, Silva, J.I.R., Lima, E.S.A., do Amaral Sobrinho, N.M.B., Perez, D. V., Lauria, D.C. Natural radioactivity in soils
of the state of Rio de Janeiro (Brazil): Radiological characterization and relationships to geological formation, soil types and soil
properties. J. Environ. Radioact. 182, 34-43. https://doi.org/10.1016/j.jenvrad.2017.11.017 (2018)

13. Dothariczuk-Srédka, A. Estimation of external gamma radiation dose in the area of Bory Stobrawskie forests (PL). Environ Monit
Assess 184, 5773-5779. https://doi.org/10.1007/s10661-011-2380-4 (2012).

14. Abbasi, A., Kurnaz, A., Turhan, $ & Mirekhtiary, F. Radiation hazards and natural radioactivity levels in surface soil samples from
dwelling areas of North Cyprus. ] Radioanal Nucl Chem 324, 203-210 (2020).

15. Navas, A., Gaspar, L., Lopez-Vicente, M. & MacHin, J. Spatial distribution of natural and artificial radionuclides at the catchment
scale (South Central Pyrenees). Radiat Meas 46, 261-269. https://doi.org/10.1016/j.radmeas.2010.11.008 (2011).

16. Assessment of radioactivity levels and radiation hazards in building materials in Egypt. Nucl. Eng. Technol. https://doi.org/10.
1016/j.net.2023.11.006 (2023).

17. UNSCEAR. Exposures from natural radiation sources (Annex B). Sources and Effects of Ionizing Radiation 84-141. https://doi.
0rg/10.1097/00004032-199907000-00007 (2000a).

18. Risk assessment and rare metals mineralization associated with alteration aspects of Rhyolite flow tuffs Egypt Radiat. Phys. Chem.
215, 111379. https://doi.org/10.1016/j.radphyschem.2023.111379 (2024).

19. Shahrokhi, A., Adelikhah, M., Chalupnik, S. & Kovécs, T. Multivariate statistical approach on distribution of natural and anthro-
pogenic radionuclides and associated radiation indices along the north-western coastline of Aegean Sea, Greece. Mar Pollut Bull
https://doi.org/10.1016/j.marpolbul.2021.112009 (2021).

20. Mohamed, Y., Hanfl Ilia, V., Yarmoshenko Andrian, A., Seleznev Michael, V. & Zhukovsky. M. The gross beta activity of surface
sediment in different urban landscape areas. J. Radioanal. Nucl. Chem. 321(3), 831-839. https://doi.org/10.1007/s10967-019-
06657-9 (2019).

21. Bos, K. & Gullentops, E IJzerzandsteen als bouwsteen in en rond het Hageland. Bull Soc Belg Géol 99, 131-151 (1990).

22. Bluck, B. J. & Porter, J. Sandstone buildings and cleaning problems. Stone Ind. 26(2), 21-27 (1991).

23. Young, M. E., Ball, ], Laing, R. A. Quantification of the long-term effects of stone cleaning on decay of building sandstones. In
Fassina V, editor. Nineth International Conference on Deterioration and Conservation of Stone, vol. 2, Venice, 19-24 June 2000.
Amsterdam: Elsevier, ISBN 0-444-50517-2, 179-86 (2000).

24. Young, M. E., Urquhart, D. C. M. & Laing, R. A. Maintenance and repair issues for stone cleaned sandstone and granite building
fagades. Build Environ 38, 1125-1131 (2003).

25. Dusar, M., Dreesen, R., De Naeyer, A. Natuursteen in Vlaanderen, versteend verleden. Kluwer Renovatie & Restauratie. 562 p (2009).

Scientific Reports |

(2023) 13:21202 https://doi.org/10.1038/s41598-023-47150-4 nature portfolio


https://doi.org/10.1007/s11368-009-0103-z
https://doi.org/10.1016/j.marpolbul.2015.05.058
https://doi.org/10.1016/j.marpolbul.2015.05.058
https://doi.org/10.1016/j.radphyschem.2021.109555
https://doi.org/10.1016/j.apradiso.2017.11.022
https://doi.org/10.1016/j.apradiso.2017.11.022
https://doi.org/10.1016/j.apradiso.2021.109734
https://doi.org/10.1007/s12665-019-8089-3
https://doi.org/10.1016/j.gexplo.2017.03.002
https://doi.org/10.1016/j.gexplo.2017.03.002
https://doi.org/10.1016/j.jenvrad.2017.11.017
https://doi.org/10.1007/s10661-011-2380-4
https://doi.org/10.1016/j.radmeas.2010.11.008
https://doi.org/10.1016/j.net.2023.11.006
https://doi.org/10.1016/j.net.2023.11.006
https://doi.org/10.1097/00004032-199907000-00007
https://doi.org/10.1097/00004032-199907000-00007
https://doi.org/10.1016/j.radphyschem.2023.111379
https://doi.org/10.1016/j.marpolbul.2021.112009
https://doi.org/10.1007/s10967-019-06657-9
https://doi.org/10.1007/s10967-019-06657-9

www.nature.com/scientificreports/

26.
27.
28.
29.
30.
31.

32.

33.

34,
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

45.
46.

47.
48.
49.

50.

51.

52.

Au

Mansour, G., Zoumaki, M., Tsongas, K. & Tzetzis, D. Starch-sandstone materials in the construction industry. Results Eng. 8,
100182 (2020).

Cross, T. A. et al. Applications of high-resolution sequence stratigraphy to reservoir analysis. In Subsurface Reservoir Characterisa-
tion from Outcrop Observations (eds Eschard, R. & Doligez, B.) 11-33 (Editions Technip, 1993).

Finch, W. L, Davis, J. F. Sandstone-type uranium deposits—An introduction. In Geological Environments of Sandstone-Type Ura-
nium Deposits, TECDOC-328, IAEA, Vienna, 11-20 (1985).

Abdel Gawad, A. E. Geology and radioelements potentialities of unconformable basement-sedimentary rocks at G. Nikeiba and
G. Fileita areas, south Eastern Desert, Egypt. Ph.D. thesis, Faculty of Science, Minufiya University, Egypt, 141 p (2011).

Abdel Gawad, A. E. Mineral chemistry (U, Th, Zr, REE) in accessory minerals from Wadi Rod Elsayalla granitoids, South Eastern
Desert, Egypt. Arab. J. Geosci. 14, 1996 (2021).

Ali, K. G, Eliwa, H. A., Masoud, S., Murata, M., Abdel Gawad, A. E. Structural evolution of Wadi Road El-Sayalla area, Eastern
Desert, Egypt. News Ural State Min. https://doi.org/10.21440/2307-2091-2018-4-7-17. Univ. 7-17 (2018)

Eliwa, H. A, Ali, K. G., Masoud, S. M., Murata, M., Abdel Gawad, A. E. Geochemical features of granitoids at Nikeiba area, Eastern
Desert, Egypt. Vserossiyskaya nauchnaya konferentsiya “Ural’'skaya mineralogicheskaya shkola-2018. XXIV All- Russian. Sci. Conf.
“Ural Mineral. Sch. 280 (2018).

Nady, A. G., El Arafy, R. E., Al-Ibiary, M. G., Nabeh, M. M., Abdeen, S. S. Use of remote sensing and gamma ray spectrometric data
for elucidating radioactive mineralized zones, Wadi Jararah-Wadi Kharit area, south Eastern Desert, Egypt. Global J. Sci. Front.
Res.: H Environ. Earth Sci. 19(1.0), 2249-4626 Print ISSN: 0975-5896 (2019).

Abdel Gawad, A. E. et al. Radiological investigation on sediments: A case study of Wadi Rod Elsayalla the Southeastern Desert of
Egypt. Appl. Sci. 11, 11884. https://doi.org/10.3390/app112411884 (2021).

Skublov, S. G., Abdel Gawad, A. E., Levashova, E. V. & Ghoneim, M. M. U-Pb geochronology, REE and trace element geochemistry
of zircon from El Fereyid monzogranite, south Eastern Desert, Egypt. J. Mineral. Petrol. Sci. 116(4), 220-233 (2021).

Hanfi, M. Y. et al. Assessment of radioactivity in granitoids at Nikeiba, south Eastern Desert, Egypt; radionuclides concentrations
and radiological hazard parameters. Radiat. Phys. Chem. https://doi.org/10.1016/j.radphyschem.2022.110113 (2022).

Grasty, R. L., Holman, P. B,, Blanchard, Y. B. Transportable calibration pads for ground and airborne gamma-ray spectrometers.
Geol. Survey Can. https://doi.org/10.1038/075149¢0 (1991)

Guillén, J., Tejado, J. J., Baeza, A., Corbacho, J. A. & Muifioz, ]. G. Assessment of radiological hazard of commercial granites from
Extremadura (Spain). J. Environ. Radioact. 132, 81-88. https://doi.org/10.1016/j.jenvrad.2014.02.004 (2014).

Fatimh, A. Activity concentrations of 226Ra, 232Th, 40K, and 238U in detergent powders and their potential radiation hazards.
J. Radiat. Res. Appl. Sci. 13(1), 426-432. https://doi.org/10.1080/16878507.2020.1750848 (2020).

Ahmed, I. K. et al. Fly ash radiological characterization from thermal power plants in Iraq. ] Radioanal Nucl Chem 329, 1237-1245.
https://doi.org/10.1007/s10967-021-07907-5 (2021).

Roveratti, G. & Bonotto, D. Comparative analysis of gamma ray spectrometers applied to Irati Formation, Parana basin, Sdo Paulo
State, Brazil. Appl. Radiat. Isotopes 188, 110399. https://doi.org/10.1016/j.apradiso.2022.110399 (2022).

Hanfi, M. Y., Masoud, M. S., Ambrosino, F. & Mostafa, M. Y. A. Natural radiological characterization at the Gabal El Seila region
(Egypt). Appl Radiat Isot. 173, 109705. https://doi.org/10.1016/j.apradis0.2021.109705 (2021Jul).

Abbasi, A. Calculation of gamma radiation dose rate and radon concentration due to granites used as building materials in Iran.
Radiat. Prot. Dosimetry 155, 335-342. https://doi.org/10.1093/rpd/nct003 (2013).

Sivakumar, S. et al. Measurement of natural radioactivity and evaluation of radiation hazards in coastal sediments of east coast of
Tamilnadu using statistical approach. J. Taibah Univ. Sci. 8, 375-384. https://doi.org/10.1016/j.jtusci.2014.03.004 (2014).

Sarma, D. D. & Kock, G. S. A statistical analysis of exploration geochemical data for uranium. Math. Geol. 12(2), 99-114 (1980).
Ali, K. A. et al. U-pb zircon and sr-nd-hf isotopicevidence for a juvenile origin of the ¢ 634 ma el-shalulgranite, central eastern
desert, Egypt. Geol. Mag. 149, 783-797 (2012).

Sadek, A. M., Abbas, A. H. & El-Sherif, A. M. Natural radioactivity measurements in local and imported commercial granites used
as ornamental stones. Nucl. Sci. 4, 37-45 (2015).

Asgharizadeh, F, Abbasi, A., Hochaghani, O. & Gooya, E. S. Natural radioactivity in granite stones used as building materials in
Iran. Radiat Prot Dosimetry 149, 321-326 (2012).

Durante, M. A. et al. Influence of the shielding on the induction of chromosomal aberrations in human lymphocytes exposed to
high-energy iron ions. J. Radiat. Res. 43(5), S107-S111. https://doi.org/10.1269/JRR.43.5107 (2002).

Sabbarese, C. et al. A preliminary study of the characteristics of radon data from indoor environments and building materials in
the Campania region using PCA and K-means statistical analyses. Environments. 9(7), 82. https://doi.org/10.3390/environmen
59070082 (2022).

Ravisankar, R. et al. Assessments of radioactivity concentration of natural radionuclides and radiological hazard indices in sedi-
ment samples from the East coast of Tamilnadu, India with statistical approach. Mar. Pollut. Bull. https://doi.org/10.1016/j.marpo
1bul.2015.05.058 (2015).

Abedin, M. J. et al. Dispersion of radionuclides from coal-fired brick kilns and concomitant impact on human health and the
environment. Radiat. Phys. Chem. 177, 109165. https://doi.org/10.1016/j.radphyschem.2020.109165 (2020).

thor contributions

Mohamed Hanfi and Ahmed Abdel Gawad: Conceptualization, sample preparation, data curation, formal analy-

sis,

investigation, methodology, software, visualization, writing—original draft, writing—review and editing.

Hassan Eliwa, Mayeen Uddin Khandaker and Masoud S. Masoud: Investigation, writing—review and editing,

vali

dation, visualization, supervision.

Funding
Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in coopera-
tion with The Egyptian Knowledge Bank (EKB).

Co
The

Ad

mpeting interests
authors declare no competing interests.

ditional information

Correspondence and requests for materials should be addressed to A.E.A.G. or M.Y.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and

inst

itutional affiliations.

Scientific Reports |

(2023) 13:21202

https://doi.org/10.1038/s41598-023-47150-4 nature portfolio


https://doi.org/10.21440/2307-2091-2018-4-7-17
https://doi.org/10.3390/app112411884
https://doi.org/10.1016/j.radphyschem.2022.110113
https://doi.org/10.1038/075149c0
https://doi.org/10.1016/j.jenvrad.2014.02.004
https://doi.org/10.1080/16878507.2020.1750848
https://doi.org/10.1007/s10967-021-07907-5
https://doi.org/10.1016/j.apradiso.2022.110399
https://doi.org/10.1016/j.apradiso.2021.109705
https://doi.org/10.1093/rpd/nct003
https://doi.org/10.1016/j.jtusci.2014.03.004
https://doi.org/10.1269/JRR.43.S107
https://doi.org/10.3390/environments9070082
https://doi.org/10.3390/environments9070082
https://doi.org/10.1016/j.marpolbul.2015.05.058
https://doi.org/10.1016/j.marpolbul.2015.05.058
https://doi.org/10.1016/j.radphyschem.2020.109165
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |  (2023) 13:21202 https://doi.org/10.1038/s41598-023-47150-4 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Assessment of the potential radiation hazards posed by Nubian sandstone, Egypt
	Geologic setting
	Material and methods
	Ground GS-256 spectrometer
	Laboratory measurements

	Results and discussion
	Petrographic studies of Nubian sandstone
	Distribution of the radioelements
	Nubian sandstone
	Radioelements staked profiles of nonconformable surface

	Radioactive hazards
	Radiological hazard indices
	Pearson correlation, principal component and hierarchical cluster analysis

	Conclusion
	References


