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HIGHLIGHTS

GRAPHICAL ABSTRACT

1. Radiometric and radiological
studies of the Sukari granitoid
pluton with SSNTDs were
performed.

2. Significant levels of
radioactivity were detected in the
studied areas.

3. The results of radon radioactivity
were mapped and the areas with
peak values were identified.

4. The noticeable levels of
radioactivity pose a significant
risk to humans and the
environment.
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The Sukari granitoid pluton, namely the Sukari gold mine (SGM), located in Egypt's
southeastern desert, is outstanding gold-bearing granite in the Arabian Nubian Shield.
CR-39 and LR-115 Nuclear Track Detectors (NTD) were used in the present study to
determine radon concentration, after which the exhalation rate, annual effective dose,
and work level were calculated. The overall average radon values from the CR-39 and
LR-115 NTD are 11.27 and 11.29 kBgm, respectively, indicating a consensual
correlation that depends on the charged particles, particularly accumulation radon gas
emissions from investigated samples measured by Nuclear Track Detectors.
The findings revealed a significant quantity of NORM in the SGM due to the radon
concentration which is greater than the IAEA, ICRP, and UNSCEAR recommended limit
of 1000 Bgm. The present study aims to evaluate and predict the radioactive changes in
the investigation area, assess dangerous radiation, and implement radiation safety
standards for the workers in the SGM. The current research may also be useful in the
future investigation and mining of nuclear materials for optimization business in the
SGM and its surrounding area.
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INTRODUCTION

Internal radiation doses in the human body are
derived from inhalation of radioactive gases, particularly
radon and thoron gases, and incorporation of multi-
radionuclides which are the primary routes by which
radioactive isotopes enter the human body [1,2]. Because
an alpha decay chain of 2°Ra produces 2%Rn in
sediment, soil, and rocks, it is gaseous decay in this
series as a noble gas, accounting for a portion of the
22Rn discharged into the atmosphere. The human
population has a detrimental effect due to radon
radiation, which poses a possible threat [3]. Solid-State
Nuclear Track Detectors (SSNTDs) emulsion sheet is
utilized significantly in the different environmental
monitoring investigations and assessment of charged
particles. Radionuclides always exist on Earth's surface
and are affected by the natural geological structure. The
distribution of radioactive nuclides is associated with
geochemical and geographical aspects of location, with
varying magnitudes of the environmental process
concerning strike-slip sheared zones, thrusts, folds,
attitude/plunge of alienation, major fractures, and
orogenic strike-slip faults that occur sequentially as
shown in the geological map of Figure (1), as well as
ongoing drilling and exploration work at the Sukari gold
mine. All of the aforementioned make a noticeable
change in the background, which prompted the study to
monitor the radioactivity and assess the radiological
impact [2, 4]. Among the natural radionuclides and
different isotopes of radon, the present study is interested
in 222Rn, which decays with a half-life of 3.82 days into
many short-lived but highly alpha emitter daughter
progenies including ?'8Po and ?*4Po.

The determination of radon concentrations is very
important due to the health risk and design of the control
strategies and the hazard for occupational radiation
exposure in the Sukari Gold Mine Area (SGMA),
Southeastern Desert, Egypt. Mining and prospecting for
gold in SGMA requires deep digging operations and
whose originators produce huge amounts of rocks after
separating gold ore from rocks which are stored without
use. Thus, the study is directed to benefit from these
large and unused quantities of rocks. The SGMA is
situated about 30 km Southwest-Marsa Alam within the
Precambrian rocks of the Southeastern Desert of Egypt.
SGMA is characterized by an arc structure with
Northwest —Southeast trend in the south and Northeast—
Southwest direction in the north [5].
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Fig. (1): The geological map of the collected samples of

SGMA, Egypt [5, 6]

In terms of the geological background of the SGMA,
the samples obtained comprised Mafic-ultramafic
Ophiolitic Rocks, Island Arc-related, Volcaniclastic,
Metasediments-plutonic,  Assemblages, and Syn-
Orogenic Intrusions. They are made up of medium to
Coarse-grained  Alkali-feldspar ~ Granite,  Younger
Granite, and Monzogranite that have intruded the
Volcano-sedimentary, sequences Metagabbro-diorite
complex. Dolerite, Diorite, and Felsic Dikes
subsequently cut all of these rocks. The Sukari area's
Ophiolitic suite is fragmented and consists of
Serpentinite-talc-carbonate  and  Metagabbro-diorite
complexes. During an Island Arc stage, this Ophiolitic
suite was overlain by Volcaniclastic Metasediments and
subsequently intruded by Sukari Granites. Contacts
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between  Serpentinite-talc-carbonate  rocks  and
surrounding country rocks are Tectonic, while
connections between Serpentinite-talc-carbonate rocks
and  Metagabbro-diorite  are  gradational.  The
Volcaniclastic Metasediments are the most common rock
units in the current region. This unit comprises
mature Island Arc Assemblages of Meta-volcanic,
Meta-pyroclastic, and very thick and widespread
schists. The geological map of SGMA and the
distribution pattern of examined materials are shown in
Figure (1).

The current work is interested in assessing radon
concentration and its radiological impact to detect
background radioactivity levels that can help protect
workers from hazards and monitor the change parallel to
the geological process in the area dependent on mining
operations in the SGMA.

Sampling and experimental methods

A research project to monitor environmental
radiation is concerned with conducting a radiological
survey of important areas such as mines and quarries to
produce ores and minerals. It is worth noting that the
project began its activities in 2020 to the present time.
The study was concerned with gold mines, and twenty
samples were collected from various places inside and
around the SGMA.

According to the drilling work and mining process,
the investigated samples have been taken within the
mine from a certain depth ranging from surface to
5 meters. In addition, some samples have been collected
from the residual material stored after gold extraction,
taking the geological features into chronology as shown
in Figure (1) which illustrates the distribution pattern of
the collected samples. The sampling strategy followed
the Egyptian Geological Survey and Mining Authority
standards and IAEA guidelines for the environmental
pollutants. The weight of the samples was restricted to
about 400 gm, which is a closely monitored effective
volume and geometric closed-can technique, and Figure
(2) shows an example for the collected samples. The
samples were collected using the closed-can method to
quantify radon concentrations and exhalation rates using
SSNTDs.

All investigated samples were dried in an oven at
110°C for 3 hours, sieved through one mesh, and
weighed before being sealed for 50 days in a closed
cylindrical stainless-steel container. The specified can
have a geometric size of 10.6 cm in diameter, 17 cm in
height, and a density of 7620 kgm=. The containers

were firmly sealed with an inverted cylindrical metal
cover. The free space between the surface of the sample
and the installed polymer detectors was 11 cm to
standardize the height of the stored samples within the
sealed can as shown in Figure (3) which presents
a diagram of the irradiation process of the SSNTDs with
alpha particles emitted from the investigated samples.
The CR-39 and LR-115 detectors, each having an area
of 1.5 cm, were mounted at the bottom center of each
inverted metal cover.

o - & -

Fig. (2): Actual collected sample of Sukari gold
Mine, Egypt

The CR-39 and LR-115 NTD were -carefully
removed from the can after 27 days of irradiation
duration, indicating that the degradation of ?2°Ra secular
equilibrium had occurred. when long radioactive half-
lives, 238U and 2**U isotopes are in secular equilibrium
in all minerals and rocks greater than one million years
old in a closed system or undisturbed minerals since
234U is a daughter product of 228U and the activity ratio
(AR) of %4U to %8U is unity in the bulk of such
materials. However, when such rocks, sediments and
minerals have interacted with hydrothermal and
geochemical activity in addition to ongoing drilling and
exploration work. the ratio may deviate from unity on
either side; disequilibrium is the result depending on the
geochemical conditions therefore the atypical
deformation rebalanced [7-11]. For 8 hours, the CR-39
NTD was etched in a 6.25N NaOH solution at 70+1°C.
The CR-39 NTD were rinsed in distilled water after
etching and then submerged for several minutes in
a 3 percent acetic acid solution; thenthey have been
cleaned again in distilled water and dried [10, 12-14].
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The LR-115 detectors were etched in NaOH 2.5N for 2
hours in a water bath at 60+1°C. Following chemical
etching, the LR-115 NTD were washed with distilled
water and placed in 50 mL of ethyl alcohol, followed by
50 mL of distilled water. They were then washed with
distilled water again and dried in air.

The CR-39 and LR-115 detectors' Alpha tracks were
counted using a 640% optical microscope after they were
etched. For the actual summation of alpha tracks, both
SSNTDs' backgrounds were counted and subtracted
from the overall count [12, 14, 15].

The following equation gives the radon concentration
Cg, in Bgm™ at secular equilibrium [7-11]:

(04
frr?
CRn :ﬁ + —7[ (1)
nt nt

Where p is the track density (tracks/cm?) and it is
calculated by the following relation [14]:
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Where ¢ is the actual summation of Alpha tracks, f is

the number of the investigated fields, zr’ s the
calibrated area of the studied fields, T is the initializing
irradiation period (27 days), and n is the calibration
coefficient of CR-39 and LR-115 detectors [10, 14].

The radon surface exhalation rate E, is given by the
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Where E, is exhalation rate (Bqm2h?), A is the radon

decay constant (0.00756 h’'), Cg is the radon

concentration (Bqm3), V is the effective volume of Can
(m3), A is the cross-sectional area (m?), and T is the
initializing irradiation period (27 days) [16-18].

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

[24

AHFT P

D.=AHFTC,, =
nt

Where A is the conversion factor of the annual effective
dose (9x10® mSvh / Bgm), H is the indoor occupancy
factor (0.8), F=0.4 is the indoor equilibrium factor
between radon and its progeny [4, 11, 19-21], and T is
the indoor exposure time in hours per year which equals
2000 hy' [4, 18].

The working levels are calculated using the following
equation [22]:

a
C f frr? xf
Lo XD VI7 ®)
3700 nT x 3700

Where C, is radon concentration in Bqm=3, f is the

equilibrium factor for radon that has been taken as 0.4 by
ICRP [4, 11, 19-21], and 3700 is the conversion factor to
working levels [4, 11, 23].

Fig. (3): Set-up system used to determine radon concentrations
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RESULTS AND DISCUSSION

The present investigation reveals that the radon
concentration values obtained from the CR-39 and LR-115
detectors are comparable, owing to the energy window of
each NTD, as shown in Figure (2). The NTD radon
concentration values for CR-39 and LR-115 varied from
0.68+0.02 to 37.75+0.17 kBgm3, with an average value of
11.30+0.08 kBgm=. The radon concentration fluctuates
from sample to sample according to the geological
processes such as strike-slip sheared zones, thrusts, folds,
alienation attitude/plunge, significant fractures, and
orogenic strike-slip faults that occur consecutively, as well
as continuing drilling and exploratory operations. This is in
addition to the geochemical structure of the collected
samples  (intermediate to  basic = Metavolcanics,
Volcaniclastic Metasediments, Schists, Serpentinites, and
Talc Carbonates).

Table (1) shows the radon concentrations and
exhalation rate of the investigated samples by CR-39 and
LR-115 detectors. It is noted that radon activity
concentrations are greater than 1000 Bgm, which is
higher than the permissible range and world limit
recommended by ICRP, IAEA [15, 24, 25].

Table (1): Radon concentration and exhalation rate values for

As for the surface exhalation rate, the result values
ranged from 0.30 to 4.54 Bgm2h't with an average value
of 1.36+0.01 Bgm2h. The annual effective dose varied
from 3.9 to 217.47 mSvy?! with an average value of
64.92+0.70 mSvy?, as shown in Table (2), which is
higher than the permitted dose of 20 mSvy?!
recommended by the ICRP and UNSCEAR [21, 24]. The
work level values ranged from 0.07 to 4.07 with an
average value of 1.22+0.03 kBgm. Table (3) shows the
permissible dose limit corresponding to radon gas
exposure and its product druthers.

Table (2): Annual effective dose and work level values for

SGMA
D¢ (mswy W, (kBgm?)
Sample
CR-39 LR-115 CR-39 LR-115
s.1 3.90+0.81 393+184  007+002 0.07+0.03
S.2 6.78 +0.31 642+0.72  013+001 0.12+0.01
S.3 1113+£050  2215+106 021001 0.42+0.02
S4 2550+027  2444+074  048+001 0.46+0.01
S5 2376+142  2342+313  045+003 0.44+0.06
S.6 1440118  1407+264 027+002 0.26+0.05
F.1 2689+039  2545+090 05001 0.48+0.02
F.2 2676+067  27.02+144  05+001 051+0.03
F3 3460+141  3478+3.16  0.65+003 0.65+0.06
F.4 4541+049  4391+114 085+001 0.82+0.02
F5 4072+1.09  41.14+246  076+002 0.77+0.05
F6 37.77+061  37.76+137 071+001 0.71+0.03
R.1 60.88+0.76  59.73+172  114+001 1.12+0.03
R2  10312+056 10260+127 1.94+001 1.93+0.02
R3 68.45+052  67.81+117  128+001 127+0.02
R4 68.28+0.34  67.47+0.82 128+001 127+0.02
NI 122544023 12260+0.72 23+000 23+0.01
N.2  148.81+0.62 14808+130 279+001 2.78+0.02
N.3 217474098 21672+222 4.08+002 4.07+0.04
Gl  21127+078 21125+174 397+0.01 3.96+0.03
Ava. 64.92 65.04 122 122
Max. 217.47 216.72 4.08 4.07
Min. 3.90 3.93 0.07 0.07
S.D. 64.02 63.55 12 1.19

SGMA.
sample Cg, (kBqm?) E, (Bam?h?)
CR-39 LR-115 CR-39 LR-115
S1 068+002  068+005 008+002 008+004
S.2 1184003  1.12+007  014+001 0.13+001
S3 193+004  385+012 023+001 0.46+0.02
S4 443+006  424+013  053+001  0.51+0.02
S5 4134006  407+013  05+003  0.49+0.07
S.6 250+£0.04  244+010  03+0.02  0.29+0.06
F.1 467+006  442+013 056+001  053+0.02
F.2 465006  469+014  056+001  0.56+0.03
F.3 601+0.07 604016  0.72+003  0.73+0.07
F.4 788+0.08  7.62+018  095+001  0.92+0.02
F5 707+£008  7.14+017  085+002 0.86+0.05
F.6 656+007  656+016 079+£001 0.79+0.03
R. 1057£0.09  10.37+£020 127+002 1.25+0.04
R.2 17.9+£012  17.81+027 215+001  2.14+0.03
R3 11.88+010 11.77+£022 143+001 1.42+0.02
R4 11.85+£010 11.71£022 143+001 1.41%0.02
N.1 21274013  21.29+029 256+000  2.56+0.01
N.2 2584+0.14 2571+032 311+001  3.09+0.03
N.3 37.75+0.17 37.63+039 454+002 4.53+0.05
G.1 36.68+0.17 36.68+038 4.41+002 4.41+0.04
Ava. 11.27 11.29 1.36 1.36
Max. 37.75 37.63 454 453
Min. 0.68 0.68 0.08 0.08
S.D. 11.11 11.03 1.34 1.33

In all European nations, the allowable effective
dosage from occupational radiation dose is 20 mSvy?,
whereas, in the United States, it is 50 mSvy™. In this
regard, the obtained results are in agreement with the
literature published data for the similar environment of
different countries [3, 13, 26-36]. Figure (4) shows a
comparison between radon concentration results for
NTD, sample (N3) that has a high value of radon
concentration due to increasing content of 238U and ??°Ra
activity concentration; on the other hand, sample coded
(S1) has a low value of radon concentration due to low
level of 238U,

Arab J. Nucl. Sci. Appl., Vol. 56, 1, (2023)
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Table (3): Radon gas concentration for different countries and organizations

Limitation
R* (Bgm?) R* (Bgm?) R* (Bgm?) R* (Bgm™)
WHO 100 Russia 200 Germany 250 ICRP 400
USA 150 Australia 200 Luxemburg 250 France 400
India 150 Ireland 200 Turkey 400 Canada 800
Norway 200 China 200 EU 400 UNSCEAR 800
UK 200 Sweden 200 Denmark 400 IAEA 1000
R* = Reference of permissible limit dose

B CR-39 [1LR-115 T+
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Fig. (4): Comparison between radon concentration
results of both CR-39 and LR-115 NTD

Figure (5) shows the correlation between radon
concentration and the surface exhalation rate, which

indicates a significant agreement between Cg,

measurement and E, related to the typical effective

volume of the container, the surface area of the sample,
and the radon decay constant. These affect the exhalation
rate have given. Radon exhalation is significant for
determining the relative contribution of the material to
the overall radon concentration observed and for related
health risks associated with radon. The measurement
results have been fed to the Surfer® software, and
contour maps of Figures (6) which have been drawn to
track radon concentration on the function of the
coordinates for the collected samples from SGMA.
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Longitude
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Fig. 6 (B): Contour map of radon concentration using
LR-115 NTD as the geographical coordinates
of the collected samples

CONCLUSIONS

The present study of the Sukari gold mines region
determined that it is significantly polluted with radon
concentrations due to the geological makeup of
numerous rocks and geochemical processes which occur
consecutively in the Sukari gold mine and the nearby
places. The result of this study will help determine the
locations with the highest and lowest levels of radon
concentration in the SGMA, as well as identified
fluctuations in the concentration of radioactive
radionuclides that affect the environment of SGMA.
Radon concentrations are often higher than the
recommended threshold by ICRP and UNSCEAR (1000
Bgm=3) as it is frequently greater than the ICRP's
occupational reference level (1500 Bgm™). The data
produced records the radioactivity background levels in
rock samples and may be used as reference information
in the SGMA to detect any radioactive background level
changes caused by geological activity in the area.
Contour maps may be used to track changes in
environmental radioactivity by monitoring the
distribution of radon concentrations. The SGMA
investigated samples and stations analyzed to serve as
the basis for future elemental composition studies using
neutron activation analysis to explore heavy and rare
elements. Furthermore, the study estimate the equivalent
content of uranium and thorium as a source of radon
isotopes, moreover will be very valuable if the research
is related to nuclear material exploration.
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