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Assessment of radioactivity levels and hazards for some soil
samples from different localities, Zintan city, Libya.
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Abstract
This study aimed to assessment of the activity concentrations and radiation hazard indices with excess lifetime cancer

risk (ELCR) in fourteen soil samples obtained from different localities, in Zintan City, Libya. The natural radionuclides
have been measured by using HPGe detector with a specially designed shield. This study showed the activity concentrations
of 226Ra, 232Th and 40K were lower than the world's average levels. The radium equivalent (Raeq) in Bq/Kg, external
hazard index (Hex), radioactivity level index (Iy), the absorbed dose rate (D) and the annual effective dose (AED) in outdoor
environment were estimated. The excess lifetime cancer risk (ELCR) was found to be low for all the samples in the area
under investigation which mean the soil of the study area does not pose any radiological hazard to the public and
environment.

Keywords: Natural radioactivity, HPGe detector, Soil, Excess lifetime cancer risk, Zintan city, Libya.

1- INTRODUCTION: (_"0)K), composition the majority of
For evaluating the consequences of radiation. Numerous minerals found

radiation exposure from both terrestrial practlcall_y everywhere on the earth's_
and extraterrestrial sources, it is crucial to surface include these elemental nuclei
be aware of the distribution of [Roba Badghish and Safia Hamidalddin,

radionuclides and the amounts of radiation 2022_]' AS a re_sult of _regul_ar_ exposure 1o
in the environment [Keser et al., 2013]. a_mblent radiation, radioactivity levels a_nd
Gamma rays, which are created by the risk assessment are among the major

radioactive disintegration of unstable is_sues fgcing_ _environmental research.
nuclei  (( ~238)U, ( ~232)Th, and Since radioactivity levels across the world

(2023 yiy 2l sl y 3 2l bl
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differ substantially, Acute leukopenia,
cataracts, and kidney cancer are just a few
of the disorders that can affect people
when they are exposed to high levels of
radioactivity over an extended period
[Qureshi et al., 2014; Taskin et al., 2009].
soil is an essential natural resource for
both humans and ecosystems, given that it
serves as the foundation for agricultural
output and offers a range of ecosystem

collected from localities as shown in fig(1)

Kaxima, Naima & Fsma

2.Materials and methods

2.1.Study area

Zintan is one of the biggest cities in
northwestern part of Libya, exactly in the
middle of Jabal al Gharbi or The Western
Mountain. The study area is at the
intersection of longitude 31° 93' N and
latitude 12° 25' E. Where the samples were

Lo B2 e

¢ e
X

(Fig.1): Location map of the studied area samples.

terrestrial

services. For plants and
wildlife, it also provides a favorable
habitat [FAO, 2019]. To calculate natural
background radiation, it is important to
analyze soil radioactivity and create risk
distribution maps [Filgueiras et al., 2020].
The data on natural background radiation
may be utilized for a variety of purposes,
such as mineral exploration, risk
assessment, uranium contamination, and
monitoring other environmental processes
[Belyaeva et al. 2021].

The purpose of this study is to identify
naturally occurring 226Ra, 2**Th, and *°K
in the soil of the area under investigation,
determine their activity level, and assess
the radiological hazards in this area.

Rwafed Al- Maerefah (June 2023)

2.2Sampling.

Fourteen soil samples were collected
from different locations (Fig.1). These
samples were prepared for y-Ray
spectrometric analyses by HPGe detector
where the samples first dried and sieved
through -200 mesh size. Weighted
samples were placed in polyethylene
bottles of 1000 cm3 volume. These bottles
were totally sealed for more than a month
in order to allow for radioactive
equilibrium. This procedure was required
to guarantee that the daughters were still
present in the sample and that the radon
gas was contained inside the volume.
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2.3.Radioactivity measurements

Gamma-ray spectrometry was done
using a high purity germanium p-type
coaxial detector with 30% relative
efficiency. Which is connected to a
multichannel  (4096) analyzer. The
software used is called APTEC 2000. The
energy resolution FWHM of the detector
is 1.98 Kev at 1332 Kev of 60Co. The

operating voltage is 3000. The
manufacturing company of the detector is
Eurysis.

The sample containers were placed on
top of the detector for counting. The same
geometry and size were used for both the
samples and the reference materials
[Pekala et al., 2010]. 226Ra activity was
determined indirectly from the gamma
rays emitted by its daughter products
(214Pb  and  214Bi) where; the
concentrations of 214Pb and 214Bi were
measured from (295.1(18.7%), 351.9
(35.8%)) KeV and (609.3 (45%),
1120.3(14.9%),1238.1(5.96%),1764.5(16
.07%)) KeV photo peaks, respectively.
The gamma-ray transitions of 228Ac (911
(29%)) KeV, 212Bi (727.3 KeV (7%)) and
208TI (583.1 KeV (30%)) were used to
evaluate the specific activity of 232Th.
40K was determined directly from the
1460 KeV (10.7%) peak energy
[Technical Reports Series, 1989].

3. Radiological hazard indices
Radium equivalent activity (Ra eq)
The radium equivalent (Raeq) activity

has been defined to estimate the radiation

risk associated with radionuclides226Ra,

Rwafed Al- Maerefah (June 2023)
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232Th and 40K. This index is calculated

by the following equation:
Rage = Cpq + 1.43Cqy, +0.077Cx (1)

Where CRa, CTh and CK are the
activity concentrations of 226Ra, 232Th
and 40K in Bag/kg, respectively. This
common index is convenient for
comparing the specific activities of
materials containing different
concentrations of these radionuclides.

External hazard index (Hex)

The external hazard index due to the
emitted y-rays of the samples is calculated

according to the following
criterion[Bassioni et al., 2012]:
_ (Cra | Crp Ck
ex = (370 t o5t 4810)
<1 )

Radiation Level Index (ly)

This index can be used to estimate the
level of y-radiation hazard associated with
the natural radionuclides in the samples
which is given by the following equation:

CRa , CTh Ck
Iy = Tso + Too + T500 3)

Absorbed dose rate (D)

Equation (4) was used to compute the
absorbed dose rate D in outdoor air at 1m
above ground level based on the natural
activity of 226Ra, 232Th and 40K
(Bg.kg— 1) dry Weight.

Dout
= 0.436 Crq + 0.599 Cpy,
+ 0.0417 Cx (nGyh™1) (4)

This factor is very important to
evaluate the annual effective dose in an
outdoor environment, AED can be given
by equation (5):

AED= Doy (nGyh"(-1) ) x20% of 8760 h
x0.7(Sv Gy™1)
AED=D,,; X 1.226 uSv (5)

94



ssessment of

*Rwafed Al- Maerefah Journal — Faculty of Sciences — Azzaytuna University *

The excess lifetime cancer risk
(ELCR) was determined using equation
(6) based on estimated values of annual
effective dose;

ELCR= AED X 66 x 0.05 (6)

Where the 66 is the life expectancy
(66years) and 0.05 is the fatal risk factor
per Sievert, [Qureshi et al., 2014].

4. Result and Discussion

4.1.Activity concentrations

The measured activity concentrations
of 226Ra, 232Th and 40K are shown in
table (1). the activity concentration of

Kaxima, Naima & Fsma

226Ra, 232Th and 40K are ranged from
512 £ 0.17 to 18.56 + 1.24 , 7.31 £ 0.96
to 20.48 £ 2.27 and 158.28 + 1.03 to
349.85 £ 3.37 respectively. The sample
Zn21 records the lowest measurements,
while the sample Zn15 records the highest
measurements of 226Ra and 232Th.
However, the samples Zn16 and Znl9
record the highest and the lowest
measurements of 40K. The most
important radionuclide discovered was
40K, which was a very abundant natural
radionuclide in all surface layers of the
earth.

Table (1): The activity concentrations in (Bq/Kg) of ***Ra, ***Th and *°K.

Sample 226Ra Z2Th g

Number
Znl 9.20+1.18 9.91+1.19 173.79 + 2.40
Zn2 14.46 +1.26 13.25+ 1.55 260.79 £ 5.90
Zn3 865 +1.11 11.44+1.37 187.18 + 2.86
Zn5 11.85 +1.52 14.49 + 2.05 213.69 +2.70
Zn6 11.18 +1.36 16.78 +1.30 251.02 + 2.07
Znl2 17.89 £ 1.05 18.04 + 1.01 25793 +2.81
Znl3 11.66 +0.56 18.06 + 1.33 281.88 +2.18
Znl15 18.56 +1.24 2048 +2.27 160.98 + 1.49
Znl6 10.86 + 1.55 13.72 + 2.03 349.85 + 3.37
Znl8 15.92 + 2.03 20.13 + 2.09 322.38 + 3.51
Znl19 6.17 + 0.41 7.50 +0.23 158.28 + 1.03
Zn20 18.07+ 1.91 17.97 + 2.03 221.82 +2.87
Zn21 5.12+0.17 7.31 +0.96 190.98 + 2.45
Zn24 134 + 1.77 15.61 +2.01 302.61 + 3.04

For all samples

Range 5.12:0.17 - 18.56+1.24 7.3110.96 - 20.48+2.27 158.28:1.03 - 349.85+3.37
mean 12.36+1.22 14.62+1.53 238.08:2.76
UNSCEAR, 35 45 420
2010
95 |~
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From fig(2) and fig(3) the activity
concentrations of all the samples are lower

Kaxima, Naima & Fsma

BgKg-1JUNSCEAR, 2010], for
232Th and 40K, respectively.

226Ra,

than permissible levels (35, 45 and 420)
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(Fig.3): the Activity Concentration of 40K.

4.2.Radiation hazards

For the area under investigation, Table
(2) lists the radium equivalent (Raeq) in
Bg/Kg, the external hazard index (Hex),
the radioactivity level index (I), the
absorbed dose rate (D), the annual
effective doses (AED), and the excess
lifetime cancer risk (ELCR). The ranges
of Raeq, Iy and Hex are (29.08-69.53)
Bg/Kg, (0.222- 0.522) and (0.079-0.188),
respectively, the results of the studied

Rwafed Al- Maerefah (June 2023)

locations are lower than the recommended
limit of Raeq 370 Bg/Kg and all the
samples are lower than the unity for 17y
and Hex UNSCEAR (2010). The values
of D and AED ranged from (13.78 to
32.44) nGyh-1 and (0.017 to 0.04) mSvy-
1, respectively. The results of absorbed
dose rate D of radiation for the samples are
lower than the recommended limit of 59
nGyh-1 also the annual effective dose
AED in outdoor air for all the samples are
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lower than 0.07 mSvy-1 UNSCEAR
(2010). The excess lifetime cancer risk
ELCR for the samples ranged from (0.056
x 10-3 t0 0.131 x 10-3), these results were

Kaxima, Naima & Fsma

lower than worldwide 0.29 x 10-3. the
highest and the lowest values for all the
Radiation hazards present in the sample
Zn18 and Zn19, respectively.

Table (2). The values of Radium equivalent activity, Radioactivity level index, External hazard index, absorbed
doses rate D, the annual effective doses AED and excess lifetime cancer risk ELCR for the area under investigation.

Sample Ra,, Bq/Kg I, H,, D(out) E(out) mSvy™! ELCR(out)

Numbe nGyh™! x 1078
Znl 36.75 0.276 0.099 17.19 0.021 0.070
n2 53.49 0.403 0.144 25.12 0.031 0.102
Zn3 39.42 0.297 0.106 18.43 0.023 0.075
Znb 49.04 0.366 0.132 22.76 0.028 0.092
neé 54.51 0.41 0.147 25.40 0.031 0.103
7n12 63.55 0.472 0.172 29.36 0.036 0.119
Znl3 59.19 0.446 0.16 27.65 0.034 0.112
Znl5 60.24 0.436 0.163 27.07 0.033 0.110
Znl6 57.41 0.443 0.155 27.54 0.034 0.111
Znl8 69.53 0.522 0.188 32.44 0.04 0.131
7n19 29.08 0.222 0.079 13.78 0.017 0.056
Zn20 60.85 0.448 0.164 27.89 0.034 0.113
Zn21 30.28 0.235 0.082 14.57 0.018 0.059
Zn24 59.02 0.447 0.159 27.81 0.034 0.113

For all samples

Range 29.08-69.53  0.222- 0.522 0.079-0.188 13.78 -32.44 0.017 - 0.04 0.056 - 0.131

mean 51.60 0.387 0.139 24.07 0.03 0.097
UNSCEAR, 370 1 1 59 0.07 0.29

2010

5.Conclusions

In the present study the activity
concentrations of 226Ra, 232Th and 40K
are in agreement with the world wide
average. The estimated dose rates,
Radium equivalent activity and external
hazard index in the studied area are lower
than the recommended values, The results
of this study lead to the conclusion that

Rwafed Al- Maerefah (June 2023)

there are no radioactive risks to the general
public or the environment from the soil in
the studied area .

Further, the results of the present study
would be useful as a base line data of the
regions under study and also help as a
guideline for the competent authority to go
forward to fix up the dose limit for the
radiation protection activities of the
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country and in the academic activities of

the health physics, geophysics and

environmental science.
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