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The current study is carried out to monitor radioactivity levels in Erediya younger granites
of the Central Eastern Desert in Egypt by using a solid-state nuclear track detector (CR-39
NTD). The polymeric CR-39 NTD was used to determine radium-226 and radon-222
activity concentration, and the theoretical conversion equations, were employed to assess
the radiological impact. Predetermined 33 samples were collected from different locations
within and around Egypt's Eradia area fulfilling the IAEA TECDOC-1415 protocols. The
measured overall average value of the radium and radon activity concentration are
7467.44+50.68 and 7840.14+53.2 Bgm®, respectively, which indicated a high abundance of
TENORM in the collected samples of the investigated area. The exhalation rate and annual
effective dose were calculated, indicating high grades than the permissible limit
recommended by IAEA and UNSCEAR, and the average values are 0.87+0.01 Bqm2h™ and
1637.82+26.87 mSvy! respectively. The present result is a reference for the radioactivity
background as well as assesses any harmful radiation, and particularly helps in applying
radiation protection principles for the occupational worker in the Erediya area. To furnish
the outcome of the study, data was plotted as counter maps for tracking the distribution
pattern of radioactivity levels and concerning radiation protection and human safety work
level index was calculated to apply perfect radiation protection methodologies for the

occupational.

INTRODUCTION

Every day, public people and particularly operational and
occupational inhale radionuclides from the air, soil, water, and
food, since natural radioactivity is common in rocks and
environmental soil, especially in uranium, coal, and mineral
mines. The principal mechanisms of reaching radioactive
isotopes are internal human body via inhalation of radon,
thoron gases moreover the primordial radionuclides and their
descendants [1]. ?22Rn is created as a noble gas by alpha-decay
of 22%Ra in this series and is a part of the ??Rn exhaled into the
atmosphere by terrestrial and rocks. Radon is the most
naturally occurring radioactive gas that is detrimental to the
human population since it is one of the primary causes of skin
and lung cancer [2, 3]. Uranium mineralization is structurally
regulated and linked with jasperoid veins inside the Erediya
granitic pluton in the Erediya area, Central Eastern Desert in
Egypt. This granite has been altered extensively, with
silicification, argillization, sericitization, chloritization,
carbonatization, and hematization occurring [4-8].
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Fig. (1): The geological map of the Erediya area, Central
Eastern Desert, Egypt, and the sample flow fields
on the right side [9, 10]
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In addition to the previous studies concerning public
health and environmental safety found that radon gas
exposure increases the incidence of carcinogenic illnesses
in the general population. Solid-State Nuclear Track
Detectors (SSNTDs) are used widely in technical
applications for numerous investigations of environmental
radioactivity and geophysics studies. Environmental
radiation is due to various radioactive nuclides present in
the sediment and rocks distributed depending on the region's
geological and geographical features, so radionuclides have
been present on the earth's surface [11-15]. Among the
different isotopes of radon, the study was carried to
determine the concentration of 22Rn, which decays with a
half-life of 3.82 days into many short-lived but highly
alpha emitter daughter progenies like ?8Po and 2“Po [16-
20]. Radon with its daughter products is the highest
contributor to human exposure to natural background
radiation. Hence, it is considered an environmental and
radio-biological health risk, particularly for enclosed areas
such as underground mines, caves, and cellars otherwise
inadequately ventilated and designed places. Therefore,
the study is carried out to measure the radium-226 and
radon-222 activity concentrations in addition to calculate
the radiological impact on public health control and
estimate the hazard of radiation exposure for occupational
[11, 13, 14, 21, 22].

GEOLOGICAL SETTING

Gabal El-Erediya is an oval-shaped outline and
elongated granite intrusion. It covers nearly 16 km?. This
locality also comprises several rock units that represent

269 14

N,

1 Km et SEEE 20,

PR TR

from oldest to youngest: metavolcanics, older granites,
younger gabbros, and younger granites Fig. (1). The
El-Erediya younger granites are dissected by two main
faulting trends (NWSE and N-S), which play an important
role in pathways for different hydrothermal or meteoric
solutions, which cause different types of hydrothermal
alterations [5, 23]. Uranium mineralization is associated
with the hydrothermally altered parts of the Erediya granite
and localized within several shears and fractured zones that
are filled with jasperoid veins Fig. 3 (b). The area is highly
altered, especially along the structural lines and around the
shear zones, the most common alteration is silicification,
sericitization, and kaolinization. The three types of
alteration mainly occur in a consistent zonal arrangement
in which silicification occurs in the innermost zone
followed successively by sericitization and then by
kaolinization. Widespread hematitization and manganese
staining are superposed on these alterations [24].

MATERIALS AND ANALYSIS

Many previous studies concerning the geology of the
Erediya mine area, [5, 7, 9, 25-27], are largely made of
precambrian igneous and metamorphic bedrock that is
unconformably overlain to the west by undeformed flat-
lying igneous and metamorphic foundation. Nubian
sandstone has a precambrian igneous and metamorphic
substrate that is unconformably overlain to the west by
undeformed flat-lying Nubian sandstone Fig. (1).
Predetermined 33 samples were collected from different
locations within and around Egypt's Eradia area as shown
in Fig. (2).
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Fig. (2): The samples localities of El Erediya area, Central Eastern Desert, Egypt
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Fig. (3): View (a) sample of collected rocks significant with uranium mineralization limited by red cycle and
View (b) Gabal El Erediya uriniferous shear zone (Photo by Gehad Saleh).

The methodology of collecting samples followed the
recommendations protocol of IAEA [11]. The
experimental investigation technique depended on the
passive method to measure radium-226 and radon-222
activity concentrations. After the collecting process, the
investigated samples were dried at 110°C for 60 minutes
in the electric oven and sieved through a 1-mm to obtain
a fine and homogenous powder of investigated samples.
After accurate preparation, all samples were weighed
and then sealed for 28 days in a closed cylindrical can
made of stainless steel [13]. The Can's geometric
dimension is 10.6 cm in diameter and 12 cm high, with
a density of 7620 kgm=. The containers were capped
tightly with an inverted cylindrical metal cover and
about concerning standardization of the height of the
samples inside the sealed can. The free distance between
the surface of investigated samples and the installed
polymer detectors was 8 cm. The CR-39 NTD, with
2 cm?, was fixed at the bottom center of each inverted
metal cover.

After the irradiation process mentioned above, which
means that the decay of ??°Ra secular equilibrium has
occurred, the CR-39 NTD were carefully removed from
the cans cover. The CR-39 NTD were etched chemically
via 6.25£0.05 N NaOH solution within 70+1°C for
8 hours, hence the CR-39 NTD were cleaned in
distilled water and then immersed for 5 minutes in
a 3% CH3COOH solution with less than 1% water and

over 98% concentration. Finally washed again with
distilled water and dried in a closed plastic box [13, 28].
The tracks of alpha particles recorded on CR-39 NTD
were counted using an optical microscope with
a magnification of 640x. The experiment has taken care
of the background of CR-39 NTD, which were
calculated and subtracted from the total count of all
samples [29-31]. The below-mentioned equations were
employed for radiometric calculation and radioactivity
monitoring as well radiological protection and
assessment.

For calculating the concentration of radon (Bgm) at
secular equilibrium status, the following equation was
used:

(04
frr?
c, =L+ 117 (1)
nt nt

where: Cgn is radon concentration (Bgm-3), p is the track
density (trackem?), T is the exposure duration
(28 days), and n is the detector calibration factor of
CR-39 [16].

__a | «a @
p far?  \ far?

where ¢ is the summation of tracks, f is the number of

investigated fields, zr? is the calibrated area of the
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studied fields, T is the irradiation time (28 days), and n
is the calibration coefficient of CR-39 detectors [13, 16,
32]

For calculating the levels of dissolved radon
concenteation functional depth of investigated samples
the following equation was used [33, 34]:

_dt A, Cq,

Cs, =
Rn h

)

where Csrn is the dissolved radon concentration, d is
the free distance between the surface of sample and CR-
39 NTD (m), t is the exposure time (h), A is the radon
decay constant hl, Cgr, is the radon concentration
measured with CR-39 NTD in Bgm™ and h is the height
of stored sample in (m).

For calculating the radon surface exhalation rate, the
following equation was used:
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where Ea is exhalation rate (Bgmh?), Ew is exhalation
rate (Bgkgth?), A radon decay constant (0.00756 h),
Crn radon concentration (Bgm®), V is the volume of the
closed Can (m?®), A is the surface area covered by sample
(m?), M is the mass of the sample (kg), T is the
irradiation time [16, 35] and Te is effective time which is
related to the actual exposure time T and decay constant
A for 22Rn [16, 36, 37].

The following equation was used to estimate the annual
effective dose Dg:

AHFT |- 2
fzr

D =AHFTC,, + (7
nT
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where De is the annual effective dose, A is the
conversion coefficient (9x10¢ mSvh? / Bqm3), H is the
indoor occupancy factor (0.8), F=0.4 is the indoor
equilibrium factor between radon and its progeny, and
T is the indoor exposure time in hours per year which,
equal 2000 hy' [14, 38].

The working levels were calculated by using the
following equation [39]:

(24

Cpo X f far? f
L==mXl V7 ®)
3700 7T x3700

where Cg, is radon concentration in Bqm3, f is the

equilibrium factor for radon has been taken as 0.4 by
ICRP [14, 18, 20, 21, 40], and 3700 is the conversion
factor to Working levels [14, 18, 41].

The effective radium content (Bgkg™) was calculated by
the following equation:

hA |-
ahA N frr

C. = +
" Mfar’T, MT

e

(9)

where Cra is the effective radium content of investgated
samples (Bgkg™?), M is the mass of sample (kg), A is the
area of cross-section of the container (0.01 m?), h is the
distance between the detector and the top of the sample
(0.08 m), fis the sensitivity factor to (0.18 tracks-cm2-d-
Bgm®) and T. is the effective exposure time.

The alpha radiation index from the radon inhalation and
originating from the exploration and geological process
was calculated by tht following equation [42]:

la = Cra (10)
200

where Ia is the alpha radiation index, Cra is the effective
radium content of investigated samples (Bgkg?), and

200 is the conversion coefficient.

RESULTS AND DISCUSSION

Table (2) shows the values of track density, radon
concentration, dissolved radon concentration, surface
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exhalation rate, and mass exhalation rate of the
investigated samples using CR-39 NTD. The values of
track density are ranged from 6323 to 177544
Trackcm2 with an average value of 70561.27
Trackcm2, The radon concentrations are ranged from
702.56+3.11 to 19727.11+125.78 Bgm= with an
average value of 7840.14+53.24 Bgm3. The radon
concentration is different from one sample to another
due to the variation in the chemical composition and
geological structure of the samples as a function of
uranium immigration strategy moreover rocks bearing
heavy elements, especially uranium mineralization as
shown in Fig. 3 (a) where the related work concerning
the chemical composition find the uranium-bearing
minerals in Erediya area with the majority of the
uranium minerals are pyrochlore group [43] as well
the pyrochlore group's known U-rich (U>0.4 atom per
formula unit) species include uranpyrochlore,
uranmicrolite, and betafite. REE, U, and Th are often
found in pyrochlore group minerals. Because of this
property, this structure type is one of the primary
actinide host phases for nuclear waste disposal, and it
is one of the ingredients of Synroc [44-46].The radon
concentration values are higher than the permissible
and recommended limit of 1000 Bqm-3 [14, 18-20, 41,
47]. Based on the radon concentration the dissolved
concentrations of radon are ranged from 301.15+1.33
to 8351.67+53.25 Bgm™ with an average value of
2074.03+£15.83 Bgm. The surface exhalation rate is
ranged from 8.39+0.49 to 237.35+2.96 Bgm-h! with
an average value of 94.077+1.52 Bgm-2h-t. Because of
the variety of samples density, the mass exhalation
rate is calculated and ranged from 6.59+0.03 to
186.41+1.19 Bgkg*h? with an average of 73.88+0.5.
Table (2) shows the values of radon concentration,
radium activity concentration, alpha index, annual
effective dose, and work level values. The activity
concentration is calculated to monitor the
radioactivity levels of investigated samples which
help to record the background of radiation in the area
under study. The values of radium-226 are ranged
from 714.01+3.16 to 7467.44+50.68 Bgm= with an
average value of 18966.01£120.93. Concerning

radiological impact estimation the alpha index is
calculated and ranged from 3.29+0.01 to 93.2+0.59
with an average value of 36.94+0.25 as well as the
annual effective dose varied from 47.8+1.02 to
13592.7£115.02 mSvy! with an average of
1637.82+26.87 mSvy, which is higher than the
permitted dose of 20 mSvy! recommended by [40,
48]. The dose level of annual effectiveness is more
elevated than the recommended level [40]. The
worldwide average value is equal to 1 mSvy~!' and
corresponds to the annual effective dose equivalent of
1 mSvy! for the public [14]. The permissible dose of
occupational radiation exposure is 20 mSvy* in all
European countries and 50 mSvy-! in the USA. The
obtained results compatible with the literature work
for similar environments [13, 18, 29, 49-54] in
addition Table (3) present the recorded measurements
in different countries. Fig. (4) shows a comparison of
radon concentration results for CR-39 NTD. Sample
No. (10), with the code (ED10), exhibits a high radon
content. That is, the radon concentration values are
high in this position due to an increase in the level of
238y and 2%%Ra activity concentration; however,
sample No. (28), its cod (T207), indicated the lowest
value of radon concentration, and frequencies of radon
concentration range of investigated samples are
included in the top part of the figure.

The correlation between radon concentration and
its dissolves measured by CR-39 NTD is shown in
Fig. (5), with R? = 0.99, significant a high agreement
between radon concentration measurement and surface
exhalation rate as presented in figures (6) in addition
to significant correlation relation between radium and
radon concentration measured by CR-39 NTD as
shown in Fig. (7) and Fig (8) which conducted to
correlation between (radon concentration and its
surface exhalation rate), (radon concentration and its
mass exhalation rate), and its ration that indicate
significant measurements of radon in the secular
equilibrium phase For monitoring the radioactivity
levels for the Erediya area the activity concentration
of radium-226 was tracked by contour maps as shown
in Fig. (9).
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Table (1): The values of track density, radon concentration, dissolved radon concentration, surface exhalation rate, and
mass exhalation rate

NG Code Trac‘I)<cm'2 (E;Znnizg %53:7_12'232 qulf1/'A2h‘1 Bq kEgh{llh'1
1 ED1 23809+415 2645.44+46.11 1147.97+£20.01 31.83£1.69 24.93+0.43
2 ED2 34483+499 3831.44+55.44 1723.46+£24.94 46.1+£0.64 35.69£0.52
3 ED3 50580+604 5620+67.11 2230.58+26.64 67.62+1.05 54.35%0.65
4 ED4 1037811865 11531.22+96.11 4942.88+41.2 138.74+0.57 113.84+0.95
5 ED5S 97366+838 10818.44+93.11 4408.34+37.94 130.16+2.96 99.11+0.85
6 ED6 626921673 6965.78+74.78 3096.48+33.24 83.81+2.46 64.9+0.7
7 ED7 108930887 12103.33+98.56 5316.22+43.29 145.62+0.81 115.36+0.94
8 EDS8 1084691885 12052.11+98.33 5102.38+41.63 145.01+1.39 117.58+0.96
9 ED9 1375151996 15279.44+110.67 6549.56+47.44 183.84+2.94 148.19+1.07
10 ED10 177544+1132 19727.11+125.78 8351.67+53.25 237.35+1.02 189.66+1.21
11 ED11 160164+1075 17796+119.44 7345.76+49.3 214.12+2.27 176.22+1.18
12 ED12 149233+1038 16581.44+115.33 7107.67+49.44 199.5+£1.26 157.58+1.1
13 ED13 17041+351 1893.44+39 761.53+£15.69 22.78+1.59 17.74+0.37
14 ED14 253291428 2814.33+47.56 1102.12+18.62 33.86x1.16 25.931£0.44
15 ED15 37826+523 4202.89+58.11 1912.79+£26.45 50.57+1.09 37.88+0.52
16 ED16 79130£756 8792.22+84 3815.33+36.45 105.79+0.72 79.89£0.76
17 ED17 74149+732 8238.78+81.33 3095.57+30.56 99.13+0.49 79.67£0.79
18 ED18 47229584 5247.67+64.89 2277.19+28.16 63.14+1.29 46.04+0.57
19 ED19 83127£775 9236.33+86.11 4154.69+38.73 111.13+2.05 92.85+0.87
20 ED20 82769+773 9196.56+85.89 3796.12+35.45 110.65+1.64 87.65+0.82
21 T200 12815+106 1423.89+11.78 595.28+4.92 17.12+£1.63 13.72+0.11
22 T201 21514+100 2390.44+11.11 1024.67+4.76 28.71+1.63 22.61+0.11
23 T202 13247465 1471.89+7.22 576.4+2.83 17.66+1.63 14.24+0.07
24 T203 15899162 1766.56+6.89 710.49+2.77 21.18+1.63 16.87+0.07
25 T204 1157947 1286.56+5.22 503.83+£2.04 15.41+£1.63 11.54+0.05
26 T205 9047138 1005.22+4.22 425.57£1.79 12.03£1.63 9.69+0.04
27 T206 7662+33 851.33+3.67 364.93+1.57 10.18+£1.63 7.88+0.03
28 T207 6323+28 702.56+3.11 301.15+1.33 8.39+1.62 7.14+0.03
29 T208 78088192 8676.44+10.22 3260.02+3.84 103.52+1.62 84.44+0.1
30 T209 117514+108 13057.11+12 5044.17+4.64 155.64+1.62 122.94+0.11
31 T210 106535+98 11837.22+10.89 4823.48+4.44 140.97+1.62 111.03+0.1
32 T211 122486100 13609.56+11.11 5761.74+4.7 161.93+1.62 121.28+0.1
33 T212 1446471105 16071.89+11.67 7144.4+5.19 191.05+1.62 155.83+0.11

Ava. 70561.27 7840.14+53.24 2074.03+15.83 94.077+1.52 73.88+0.5
Max. 177544 19727.11+125.78 8351.67+53.25 237.35+£2.96 186.41+1.19
Min. 6323 702.56+3.11 301.15+£1.33 8.39+0.49 6.59+0.03
S.D. 51491.66 5721.29+41.68 2427.23+17.75 68.62+0.58 53.89+0.39
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Table (2): The values of radon concentration, radium activity concentration, alpha index, annual effective dose, and
work level values

NO  Code BEFS-S Bﬁfr’;‘_s Alpha index mngy_l B\Q’n';_3
1 ED1 2645.44+46.11 2492.66:+43.45 12.5+0.22 66.79+3.55 0.20+0.02
> ED2 3831.44+55.44 3569.48+51.65 18.1+0.26 96.73+1.34 0.4140.01
3 ED3 5620+67.11 5434.77+64.9 26.55+0.32 141.88+2.2 0.6140.01
4 ED4 11531.22496.11 11384.17+94.89 54.48+0.45 291.12+1.19 1.2540.01
5  EDS 10818.44+93.11 0911.25+85.3 51.11+0.44 273.1246.21 1.1740.03
6  ED6 6965.78+74.78 6489.51+69.67 32.91+0.35 175.8645.17 0.75+0.02
7 ED7 12103.33+98.56 11535.76+93.93 57.18+0.47 305.56+1.71 1.3140.01
8  EDS 12052.11+98.33 11758.02+95.93 56.94+0.46 304.27+2.92 1.3+0.01
9  EDY 15279.44+110.67 14819.17+107.33  72.1940.52 385.75+6.17 165+0.03
10 EDI0  19727.11#12578 18966.01+120.93 93.240.59 498.03+2.14 213+0.01
1 EDL1 17796+119.44 17621.66+118.27  84.08+0.56 449.28+4.77 1.9240.02
12 EDI2  16581.44+11533 15758.474109.61  78.34+0.54 418.62+2.65 1.7940.01
13 EDI3 1893.44+39 1773.98+36.54 8.95+0.18 47.8+3.34 0.2+0.01
14 ED14 2814.33+47.56 2502.7+43.81 13.3+0.22 71.05+2.44 0.3£0.01
15  EDI5 4202.89+58.11 3787.5452.37 19.86+0.27 106.1142.29 0.45+0.01
16 EDI6 8792.22+84 7988.55+76.32 41.54+0.4 221.97415 0.95+0.01
17 EDI17 8238.78+81.33 7967.23+78.65 38.93+0.38 208:+1.02 0.89
18 EDI8 5247 67+64.89 4603.58+56.92 24.79+0.31 132.4842.7 0.57+0.01
19 EDI9 9236.33+86.11 9284.84+86.56 43.64+0.41 233.18+4.31 140.02
20  ED20 9196.56+85.89 8765.3+81.86 43.45+0.41 232.18+3.43 0.99+0.01
21 T200 1423.89+11.78 1371.66+11.35 6.72+0.06 1258241202 0.15+0.01
22 T201 2390.44+11.11 2261.06+10.51 11.27+0.05 362.1+20.6 0.26+0.01
23 T202 1471.89+7.22 1423.55+6.99 6.93+0.03 315.86429.18  0.16+0.01
24 T203 1766.566.89 1687.16+6.58 8.32+0.03 49058+37.77 0194001
25 To04 1286.56+5.22 1154+4.68 6.05:0.02 4384944635 0144001
26 T205 1005.2244.22 960.49+4.07 4.7240.02 406.05¢54.94  0.11#0.01
27 T206 851.33+3.67 787.96+3.39 40,02 397.6246352  0.09+0.01
28 T207 702.56+3.11 714.0143.16 3.29+0.01 372.47+72.1 0.08+0.01
29 T208 8676.44+10.22 8443.79+9.95 40.65+0.05 5147.50+80.60  0.94+0.01
30 T209 13057.11+12 12293.91+11.3 61.12+0.06 8570.66+8927  1.41+0.01
31 T210 11837.22+10.89 11103.09+10.21 55.36+0.05 8517.04+97.85  1.28+0.01
32 T 13609.56+11.11 12128.16+9.9 63.50+0.05  10651.23+106.44  147+0.01
33 T2 16071.89+11.67 15583.04+11.31 75.02+0.05 13502.74115.02  1.74+0.01
Ava. 7840.14+53 24 7467 44450 68 36.94+0.25 1637.8242687  0.85+0.01
Max. 19727.11+125.78 18966.01+120.93 93.240.59 13592.7+115.02  2.13+0.01
Min. 702.56+3.11 714.0143.16 3.20+0.01 47.8+1.02 0.08
S.D. 5721.29+41.68 5518.19+40.208 26.94+0.20 3467.46+3634  0.62+0.01
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Fig. (7): Correlation relation between radium and radon concentration
measured by CR-39.
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Arab J. Nucl. Sci. Appl., Vol. 56, 3, (2023)



90

Fatma Qabeeli et al.

26.28 26.3 26.32

26.28 26.3 26.32

26.34 26.36 26.38

26.34 26.36 26.38

Cp, kBg/m?3

Fig. (9): Contour map for tracking the distribution pattern of Radium concentration for the Erediya area,
Central Eastern Desert, Egypt.

Table (3): The recorded measurements for radioactivity level in different countries

Country Area/Category Cra (Bgm™®) Crn (Bgm®) Ea (Bgm2h?) Reference
Egypt Abu Rusheid na 5121.05 1.83 [55]
Egypt Al-Qusair 322.95 98.82 15.56 [28]
Egypt Granite 32.46 136.19 88.02 [56]
Egypt (Safaga) 32.00 20045.3 18.07 [57]
Egypt Rocks na 29,000 26.24 [35]
Egypt Phosphat ore 22.18 1675.40 4.12 [34]
India Soil na 277.78 0.348 [58]

Cameron Fertilizers na 653.82 n/a [59]

Pakistan Uranium ore na 7891 n/a [60]

Egypt Granites 7467.44+50.68 7840.14+53.24 94.077+1.52 Present work
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CONCLUSIONS

The present work is organized and carried out for
environmental radioactivity measurements. Ecological
processes are very complex and unpredictable.
Remarkably, the migration of pollutants (radionuclides)
in sediments is hard to follow. Therefore, systematic
studies are needed. The story presented in the manuscript
was prepared systematically, and what is essential is that
the estimates are described with uncertainty analysis.
This aspect gives higher credibility to the results of the
research. Geological materials are usually contaminated
with TE-NORM. The current research reveals that the
Eradia area is heavily polluted with radon concentration;
hence, study findings aid in determining the places in the
Eradia area with the greatest and lowest radon
concentration values. In addition, the fluctuation of the
concentration of the radioactive radionuclides that
impact the environment may be detected. The average
concentrations of radon levels are higher than the
limitation (1000 Bgm®), recommended by (ICRP) [40],
and it is generally higher than the reference level in
workplaces, which (1500 Bgm2), which is recommended
by (UNSCEAR and IAEA) [19, 21]. The data analysis
records the radioactivity background levels in rock
samples and is used as a reference to identify any change
in the radioactive background level caused by geological
processes.
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