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e Measurements were carried out using gamma spectroscopy.
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In order to initiate a radiological assessment program and to establish a baseline map of radio-
activity background levels in the area extended from Agdabya to Qaminis in Libya environment,
this study has been adopted to identify the radionuclide contents in the soil of this area. Thirty
soil samples were collected at a depth of 5 cm in the area extended from Agdabya to Qaminis,
measurement of radioactivity and (pH). Measurement of the radioactivity of the Uranium 233U,
Thorium 233Th, potassium $9K and Cesium *2.Cs were done at the Atomic Energy Center of Tag-
ora in Libya using Hyper Pure Germanium detector. The average radioactivity concentration for
238U, 233Th, 13K and '31Cs were 81.32 Bq/Kg, 32.71Bq/Kg, 184.46Bq/Kg and 2.03Bq/Kg. The
variations of the assessed radiological hazard parameters indices Raeg , Hey , Hin , I, I, and Rp

were found to be as follows: 94.89-258.37, 0.26-0.698, 0.37-1.197, 0.33-0.898, 0.175-0.92 and
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42.96-120.03, respectively. The pH values ranged from 7.70 to 9.45, with an average of 8.44.

1. Introduction

The human body is exposed to radiation from different sources,
including cosmic rays; natural radionuclides; man-made radioac-
tivity from nuclear tests; and applications in medicine. External ex-
posure to gamma radiation comes from natural radionuclides and
cosmic radiation, while internal ones come from inhalation and in-
take through drinks and food (Abdul Adziz and Khoo, 2018). Potas-
sium-40 (495K) (E=1460 keV), radionuclides belong to
238U (Emax=1764.5 keV) and 232Th(Enqax=2614 keV) series, are
contaminating soil, rocks, and water by different concentrations
due to geological and geographical differences in all over the world
(Alshahri and El-Taher, 2019) (Badawy et al., 2013).

The risk from Cs-137 (E=661.6 keV) varies with its diffusion
rates in soil. If Cs-137 migrate slowly in soil, the internal irradiation
will be higher due to higher absorption by plant roots especially
from the top surface of 5 cm depth. However, if Cs-137 diffuse rap-
idly, the uppermost soil surface acts as a shield against radioactiv-
ity found in deeper soil layers and therefore the external radiation
will be less (Ahmad et al.,2019) (Karatash et al., 2016).

In this study, the focus was on natural and manmade radionu-
clides, Uranium (238U), Thorium (?33Th), potassium (43K), and Ce-
sium (13ZCs) by measuring their radioactivity concentrations in
soil and evaluation of radiation hazards. Samples of soil were col-
lected from different locations from Ajdabya to Qaminis, Libya.

These samples were investigated for their soil chemical character-
istics [(pH)]. For Gamma spectroscopy, a gamma-ray spectrometer
(HPGe) was the main tool.

2. Materials and Methods:
2.1. Sampling Area

Libya is located in the north of Africa on the Mediterranean
coast, it encompasses a geographical area estimated at (1759540
km?) between (19.30-33°N) and (9.30-25°E) and more than 90%
of the country is desert (Bauer et al., 2017). It extends from the
Mediterranean in the north to the borders of Niger and Chad in the
south, and from the borders of the Egyptian region and Sudan in
the east to the borders of Tunisia and Algeria in the west. The ele-
vation ranges from 59 m to 2,314 m. The Libyan climate is charac-
terized by hot, dry summers and mild winters (ELKenawy et al.,
2009). The total population amounts to about five million in 1998.
The rainfall in the northern part of the country varies between
100-500 mm/year but the southern section receives only as much
as 10 mm/year and some parts are completely rainless (Wheida
and Verhoeven, 2007). Rainfall is generally concentrated in a short
period of the year, usually from October to November on the coast
and as late as March or April in the desert (Bauer et al., 2017).
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Table 1
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The GPS sites for the soil samples location.

Sample Latitude Longitude Elevation (m)
1 30°45'27.92"N 20°13'13.02"E 3
2 30°46'54.51"N 20°13'41.96"E 5
3 30°48'33.41"N 20°14'4.11"E 6
4 30°50'8.87"N 20°14'23.96"E 16
5 30°51'33.97"N 20°13'23.37"E 15
6 30°52'58.33"N 20°12'22.78"E 11
7 30°54'23.94"N 20°11'21.64"E 11
8 30°55'59.24"N 20°11'1.97"E 6
9 30°57'37.34"N 20°11'3.83"E 7
10 30°59'0.43"N 20°11'4.38"E 6
11 31°0'36.75"N 20°11'29.42"E 7
12 31°2'10.47"N 20°12'5.64"E 9
13 31°4'1.56"N 20°12'49.48"E 8
14 31°6'5.82"N 20°13'26.92"E 15
15 31°8'0.04"N 20°13'42.60"E 11
16 31°9'38.50"N 20°13'49.39"E 7
17 31°11'17.72"N 20°13'48.82"E 9
18 31°13'2.21"N 20°13'39.25"E 7
19 31°15'3.22"N 20°13'15.54"E 8
20 31°17'0.26"N 20°12'51.95"E 15
21 31°18'38.84"N 20°12'22.99"E 16
22 31°19'59.31"N 20°11'58.78"E 19
23 31°22'41.75"N 20°11'13.01"E 27
24 31°24'44.13"N 20°10'26.94"E 28
25 31°26'41.29"N 20°9'32.82"E 28
26 31°28'11.76"N 20°8'18.12"E 23
27 31°29'55.27"N 20°6'50.02"E 18
28 31°31'38.51"N 20°5'25.59"E 16
29 31°33'15.56"N 20°4'30.49"E 18
30 31°34'43.02"N 20°3'41.74"E 20

Note: Sample 1: was taken from the soil surrounding the Fatimid palace in

Ajdabiya

Fig. 1. The geographical map for all sites of samples using Google Earth
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2.2 Samples Collection and Preparation

Thirty soil samples were taken from the area that lay from Ag-
dabya to Qaminis in February in the year of 2018 using the tem-
plate method (Isaksson, 1997) that is the usual application of this
method is to scrape or shovel off layer after layer of soil within a
chosen area, which could be defined by some sort of rigid frame, in
some cases pressed down into the soil to a certain depth. The area
sample was cut out using a template of 25 cm 25 cm for guidance
to a depth of 5 cm (Isaksson, 1997).

All soil samples were cleaned from stones and organic matter,
they were left to dry in an oven at 80°C for 24 hours. After drying
they were crushed and passed through a 2-mm sieve. Their weights
were measured and then kept in plastic bags. The meshed soil sam-
ples were packed in 500 mL Marinelli beakers and kept sealed for
four weeks to attain radioactive equilibrium before being meas-
ured.

pH: Thirty soil samples were analyzed by weighing 30 g of air-
dried soil into a beaker and then adding 60 mL of double-deionized
(d.d.) water. The soil-to-solution ratio used was 1:2. After that the
suspension intermittently for 30 min. Then let stand for about 1 h,
after this time we immersed the electrode into the clear superna-
tant and recorded the pH once the reading was constant (Both the
glass membrane and the porous salt bridge must be immersed)
(Carter and Gregorich, 2008)

2.3. Samples Analysis

The activity concentrations of the radionuclides in the studied
samples were measured using a gamma-ray spectrometer with a
coaxial p-type HPGe detector having a relative efficiency of 50%. It
has an energy resolution of 1.89 keV for the 1332.5 keV $9Co
gamma-ray line. The detector was shielded using a 10-cm thick
low-background lead shield. The amplified signals of the detector
were acquired with a 16 K analog-to-digital converter multichan-
nel analyzer (Genie 2000, Canberra, Australia). Each soil sample
was placed on the top of the detector. The measuring times ranged
from 18,000 to 100,000 s to provide adequate counts under the
various gamma-ray photo peaks. Background measurements were
taken under the same conditions as sample measurements and
subtracted to get net counts for the sample. The energy and effi-
ciency calibrations of the detector were performed using calibra-
tion sources (Elnimr et al., 2017).

The energy calibration of the MCA was obtained using standard
point sources such as?2Na, 37Co, $9Co, *33Ba, *2ICs, etc. The effi-
ciency of the detector for different radionuclides of interest of dif-
ferent energies was determined by mixing standard sources of
known activities and different energies such as 122, 245, 344, 411,
444,779,963,1086,1112 and 1408 keV supplied by Health Physics
Division, Atomic Energy Centre, Dhaka and following the standard
method. The unknown efficiencies of different radionuclides were
then calculated using Eq. (3-1) to draw a standard efficiency curve
(Figs. 3-4) (Ferdous et al., 2015). The efficiency calibration curve
was drawn up using different energy peaks covering a range of up
to 2000 keV to obtain the efficiency of the detector for the particu-
lar gamma-ray energy of interest (Ferdous et al., 2015).

Radium equivalent (Ra,q), external hazard index (H,,),internal
hazard index (H;,), gamma index (I,), alpha index(l,) and the ra-
diation dose (Rp) were calculated using equations below (Mouan-
dza et al., 2018) (Zubair et al.,, 2013) (Sowole, 2014) (Fares, 2017)
(Ahmed et al.,, 2019) (Zubair et al.,, 2013) :

10 10

Raeq =AR0_ +7ATh +mAk (1)

Rp = 0.4624, + 0.6044A, + 0.04174, )
Apa | Arn | Ax

Hex =370 % 259 T 2810 )
Ara  Arn  Ag
Hin =185 % 259 T 3810 )
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Ay Amn | Ay
b =300 * 200 " 3000 ®)
Ay
la =506 (6)
2. Results and Discussions
As seen in Table 2, the concentrations 235U and 233Th ranged

between (35.09 to 184.69) Bq/Kg and (12.43 to 65.77) Bq/Kg, re-
spectively. The activity concentration values of 43K and 3ICs
ranged from (106.82 to 390.50) Bq/Kg and (0.00 t010.10) Bq/Kg,
respectively. The average activity concentration of, 232Th,49Kand
137Cswere (81.32, 32.71, 184.46 and 2.03) Bq/Kg, respectively.

Table 2

Activity concentration for the measured radionuclides of 235U,

232Th, 43Kand 21Csin the soil samples at depth 5 cm

Samples?33U (Bq/Kg)[*33Th(Bq/Kg)|13K (Bq/Kg)['32Cs(Bq/Ke)
1 184.69 30.50 390.50 10.10
2 124.20 47.20 21531 7.21
3 112.21 20.32 170.70 2.40
4 1363 12.43 166.32 3.23
5 80.51 23.40 165.32 1.50
6 76.15 19.32 231.78 1.37
7 67.30 19.73 115.13 0.96
8 130.48 22.39 137.05 0.55
9 113.95 41.51 154.35 0.35
10 118.12 22.25 136.25 1.02
11 99.58 20.01 227.47 0.82
12 50.60 44.31 284.14 2.36
13 74.44 28.85 198.91 0.92
14 62.64 27.68 169.11 1.47
15 69.64 31.34 189.10 0.81
16 4395 31.90 180.20 0.63
17 74.69 65.77 199.57 0.80
18 73.41 51.84 182.08 0.00
19 49.65 39.50 106.82 0.85
20 43.38 32.24 107.72 1.08
21 50.30 49.30 166.50 1.80
22 96.40 27.87 170.04 1.70
23 76.32 31.53 166.90 1.83
24 113.88 36.64 153.51 2.48
25 82.00 32.80 167.45 0.89
26 63.00 33.02 194.41 2.99
27 58.05 31.80 203.85 1.19
28 40.85 30.36 137.93 0.49
29 37.86 40.29 208.73 5.75
30 35.09 35.06 236.71 3.39

Average] 81.32 32.71 184.46 2.03
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Fig. 2. The Activity concentration of (%38U) in (Bq/Kg) for the soil samples.
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Fig. 3. The Activity concentration of (233Th) in (Bq/Kg) for the soil sam-
ples.
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Fig. 4. The Activity concentration of (43K)in (Bq/Kg) for the soil samples.
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Fig. 5. The Activity concentration of (*3Cs) in (Bq/Kg) for the soil samples.

pH measurements are shown in Table 3 It is found that the values
of pH ranged from 7.70 to 9.45, with an average of 8.44.

From Table 4 it is found that the radium equivalent (Ra.q)
ranges between (94.89 to 258.37) Bq/Kg, with an average value of
142.29 Bq/Kg. External and internal hazard indices ranged from
(0.26 t0 0.698) and (0.37 to 1.197), respectively, the average values
for external and internal hazard indices are (0.38 and 0.60, respec-
tively. For Gamma and Alpha indices values ranged between (0.33
to 0.898) and (0.175 to 0.92), respectively, the average values for
Gamma and Alpha indices are (0.496 and 0.406), respectively. The
radiation dose ranged from (42.96 to 120.03) nGy/h, with an aver-
age of 65.02 nGy/h. The Cs-137 activity was not taken into account
because of the limited contribution to the total exposure rate
(Gillard et al.,, 1989).
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Table 3

pH Measurements:

Sample Ne | pH | Sample Ne | pH Sample Ne | pH
1 8.81 11 8.08 21 8.50
2 9.29 12 8.47 22 8.44
3 9.45 13 8.02 23 8.15
4 9.28 14 8.67 24 8.43
5 8.30 15 8.44 25 8.46
6 7.70 16 8.32 26 8.40
7 8.59 17 8.44 27 831
8 7.90 18 8.04 28 8.47
9 8.30 19 8.61 29 8.20
10 8.66 20 8.24 30 8.19

Average pH=8.44

Table 4

The values of radium equivalent, radiation dose, external and internal
hazard indices, and gamma and alpha indices in the soil samples at a
depth 5 cm.

S| RaBaxe) | Ha Hiy Iy le | Ro(nGy/h)
1 258.3735 | 0.6981 | 1.1973 | 0.8983 | 0.92345 | 120.03263
2 20827487 | 05627 | 0.8984 | 0.72177 | 0.621 | 94.867627
3 1544115 | 0.4172 | 0.7205 | 0.5325 | 0.56105 | 71.23249
4 166.88154 | 0.4509 | 0.8193 | 0.5719 | 0.6815 | 77.413864
5 12670164 | 0.3423 | 0.5599 | 0.4405 | 0.40255 | 58.223064
6 121.62466 | 0.3286 | 0.5344 | 04277 | 0.38075 | 56.515806
7 10437891 | 0.2820 | 04639 | 03614 | 0.3365 | 47.810441
8 173.05055 | 0.4676 | 0.8202 | 0.5926 | 0.6524 | 79.520305
9 185.19425 | 0.5003 | 0.8083 | 0.6388 | 0.56975 | 84.153335
10 160.42875 | 0.4335 | 0.7527 | 0.5504 | 0.5906 | 73.692065
11 14570949 | 0.3937 | 0.6628 | 0.5078 | 0.4979 | 67.577499
12 135.84208 | 0.3669 | 0.5037 | 04849 | 0.253 | 61.989078
13 131.01157 | 0.3539 | 0.5551 | 0.4587 | 0.3722 | 60.111227
14 115.24387 | 0.3113 | 04806 | 040357 | 0.3132 | 52.710287
15 129.0169 | 0.3485 | 0.5368 | 04519 | 0.3482 | 58.98851
16 103.4424 | 02794 | 03982 | 0.3661 | 0.21975 | 47.08684
17 184.10799 | 0.4973 | 0.6992 | 0.6443 | 0.37345 | 82.553929
18 16156136 | 0.4364 | 0.6348 | 0.5646 | 0.36705 | 72.819516
19 11436014 | 0.3089 | 04431 | 0.3986 | 0.24825 | 51.250694
20 97.77764 | 0.2641 | 0.3814 | 03417 | 0.2169 | 44.006444
21 133.6195 | 0.3609 | 04969 | 0.4697 | 0.2515 | 59.95885
22 14934718 | 0.4035 | 0.6640 | 05174 | 0.482 | 68460948
23 1342592 | 03627 | 056898 | 04677 | 0.3816 | 61.26369
24 178.09547 | 0.4812 | 0.7889 | 0.61397 | 0.5694 | 81.144487
25 14179765 | 0.3831 | 0.6047 | 0.4931 041 | 64.677865
26 125.18817 | 0.3382 | 0.5084 | 04399 | 0315 | 57.156977
27 119.22045 | 03221 | 04789 | 0.42045 | 0.29025 | 54.526845
28 94.88541 | 0.2563 | 0.3667 | 0.3339 | 0.20425 | 42.961821
29 11154691 | 0.3013 | 0.4036 | 0.3972 | 0.1893 | 50.530521
30 103.45247 | 0.2794 | 0.3743 | 03712 | 0.17545 | 47.258627

A;’;; 142.294 0.384 0.604 0.496 0.406 65.02

4. Conclusion

The international recommended limits for (238U),(%32Th)
and ($9K) are (3530 and 400) Bq/Kg respectively
(UNSCEAR,2000). The results showed that in all samples the con-
centration of (23§U) was higher than international recommended
limits and the samplel showed the highest value at the level of all
samples. For (232Th) the samples (3,4, 5,6,7,8,10,11,13, 14, and
22) showed lower concentrations, the rest of the samples had
higher concentrations than international permitted values and as
the sample17 showed the highest value at the level of all samples.
For Potassium (}9K), the concentration in all samples were lower
than international recommended limits except sample 1 that is
considered the highest one, but it is still within international rec-
ommended limits. For (Cs-137) sample 1 showed the highest value
at the level of all samples, that was 10.10 Bq/Kg.

Radium equivalent in all samples was lower than the interna-
tional recommended limit which is about 370 Bq/Kg (Najam et al.,
2015). The external hazard index for all samples was less than the
unity value while the allowed value is unity. On the other hand, the
internal hazard index for the sample was higher than unity. The

rest of the samples were less than unity (El-Gamal& El-Haddad,
2019). For the Gamma and Alpha index, all samples were less than
unity while the allowed limit is a unity(Ahmed Najam et al., 2017).
The recommended value for the absorbed Gamma dose rate in air
given by (UNSCEAR, 2000) is 55 nGy/h. Absorbed Gamma dose rate
inairin samples 1, 2, 3,4, 5, 6,8,9,10,11, 12,13,15,17, 18, 21, 22,
23, 24, 25, 26 were higher than the recommended value limit.

It was noted that the concentration of , (43K),(12%Cs), internal
hazard index and the radiation dose in the first sample showed the
highest value at the level of all samples, this is due to the rocky soils
that formed the monuments. It is known that igneous rocks of gra-
nitic compositions (granodiorite, monzogranites, syenogranites
and alkali feldspar granite) and their equivalent volcanic rocks
(rhyolite, rhyodacite, dacite etc) are strongly enriched in the radi-
onuclides. Radionuclide distribution is not the same in all rock-
forming minerals. They sometimes create their minerals like
uraninite, thorite, and K-feldspar and sometimes geological
processes cause their accumulation in some minerals also. Th and
U are accumulated in xenotime, zircon, allanite, apatite, sphene,
and epidote among others; K is accumulated in biotite, muscovite,
and orthoclase (Heikal & Top, 2018) (Szczepaniak, 2014).

References

Ahmad, AY., Al-Ghouti, M. A,, AlSadig, 1., & Abu-Dieyeh, M. (2019)
“Vertical Distribution and Radiological Risk Assessment of
137Cs and Natural Radionuclides in Soil Samples”, Scientific
reports, 9(1), pp. 1-14.

Alshahri, F., & El-Taher, A. (2019) “Investigation of Natural
Radioactivity Levels and Evaluation of Radiation Hazards in
Residential-Area Soil Near a Ras Tanura Refinery, Saudi
Arabia”, Polish Journal of Environmental Studies, 28(1), pp. 25-
34.

Adziz, M.A., & Khoo, K.S (2018) "An Assessment of Absorbed Dose
and Radiation Hazard Index from Soil around Repository
Facility at Bukit Kledang, Perak, Malaysia", IOP Conference
Series, Materials Science and Engineering, 298(1), pp. e12001

Ahmed Najam, L.A., Ebrahiem, S.A., Akram Abbas, S.A. (2017)
"Evaluation of natural radioactivity in Selected Soil Samples
from the Archaeological of Ur City by using HPGe detector”,
World Scientific News, 62, pp. 79-92.

Bauer, A.M,, DeBoer, J.C.,, Taylor, D.J. (2017) "Atlas of the Reptiles of
Libya", Proc. Cal. Acad. Sci, 64(8), pp. 155-318.

Badawy, W.M., Eissa, H.S. Belal, A, Mohamed, E.S. (2013)
"Estimation of some radiological parameters due to gamma
radioactivity in soil samples from some Southern
Governorates-Egypt", Journal of Nuclear Research and
Development, 5, pp. 37-44.

Carter, M.R Gregorich, E.G (2008) Soil Sampling and Methods of
Analysis(2"ded). CRC Press.

El-Gamal, H. El-Haddad, M. (2019) "Estimation of Natural
Radionuclides and Rare Earth Elements Concentration of the
Rocks of Abu Khuruq Ring Complex, Egypt", Symmetry, 11(8),
pp. 1041-1051.

Elnimr, M.A,, Turhan, S., Khalid, M.M., Ali Madee, Y.G., Gala, H.,
Kurnaz, A., Hancgerliogullari, A (2017) "Radiological impact
assessment of nuclear weapon depots in Valley Rwagh, Libya",
Environmental Forensics, 18(3), pp. 207-213.

El Kenawy, A.M., Lopez-Moreno, J. I, Vicente-Serrano, S.M., Mekld,
M. S. (2009) "Temperature trends in Libya over the second half
of the 20th century", Theoretical and applied climatology, 98(1-
2), pp. 1-8.

Fares, S. (2017) "Measurements of natural radioactivity level in
black sand and sediment samples of the Temsah Lake beach in
Suez Canal region in Egypt", Journal of Radiation Research and
Applied Sciences, 10(3), pp- 194-203.

Ferdous, ], Rahman, M.M., Rahman, R, Hasan, S., Ferdous, N. (2015)

152



Elorfi, Ali & Nagem./Libyan Journal of Science & Technology 14:2 (2023) 149-153

"Radioactivity Distributions in Soils from Habiganj District,
Bangladesh and their Radiological Implications"”, Malaysian
Journal of Soil Science, 19, pp. 59-71.

Gillard, ], Flémal, ].M., Deworm, ].P., Slegers, W. (1989)
"Measurement of the natural radiation of the Belgian territory",
Centre d'Etude de I'Energie Nucleaire, (BLG--607).

Heikal, M. T. S, Top, G. (2018) "Assessment of radioactivity levels
and potential radiation health hazards of Madsus granites and
associated dikes nearby and around Ruwisat village, South
Sinai, Egypt", Journal of African Earth Sciences, 146, pp. 191-
208.

Isaksson, M. (1997) “Methods of Measuring Radioactivity in the

Environment”, unpublished Doctoral Dissertation, Lund
University, Sweden.
Jayaraman, Subramania, Lanzl, Lawrence,H. (2004)

ClinicalRadiotherapy Physics(2"ded)". Heidelberg: Springer-
Verlag Berlin.

Karatasl, M., Turhan, $., Varinlioglu, A., Yegingil, Z (2016) "Natural
and fallout radioactivity levels and radiation hazard evaluation
in soil samples", Environmental Earth Sciences, 75(5), pp. 01-
09.

Mouandza, S.Y.L.,, Moubissi, A.B., Abiama, P.E., Ekogo, T.B., & Ben-
Bolie, G.H. (2018) "Study of natural Radioactivity to Assess of

radiation hazards from soil samples collected from Mounana in
the south-east of Gabon", International Journal of Radiation
Research, 16(4), pp. 443-453.

Najam, L. A, Younis, S. A, Kithah, F. H. (2015) "Natural radioactivity
in soil samples in Nineveh Province and the associated
radiation hazards", Int. J. Phys, 3(3), pp- 126-132.

Sowole, 0. (2014)."Assessment of radiological hazard indices from
surface soil to individuals from major markets at Sagamu Ogun
State, Nigeria", Science World Journal, 9(3), pp. 1-4.

Szczepaniak, M. (2014) 1. Rock materials in monuments and
archaeology-research methods.

UNSCEAR (2000) The United Nations Scientific Committee on the
Effects of Atomic Radiation, Sources and Effectsof lonizing

Radiation, Annex B(exposures from natural radiation
sources)".

White, E., Verhoeven, R. (2007) "An alternative solution of the
water shortage problem in Libya", Water resources

management, 21(6), pp. 961-982.
Zubair, M., Verma, D. Azam, A, & Roy, S. (2013) "Natural
radioactivity and radiological hazard assessment of soil using

gamma-ray spectrometry”, Radiation protection dosimetry,
155(4), pp. 467-473.

153



