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Abstract:

All living organisms are exposed to natural radiation in the air, water, andsoil.
Since the radiation is transmitted through the water to the plant that is irrigatedwith it ,or
through the soil in which it is grown, or both of them ,has been measured. Samples are
collected from a site around the city of Al-Bayda, Libya. The study wascarried out using
a gamma ray spectrometer (Nal (TI)) with a crystal detector of 3"x3" to measure the
specific activity of the radionuclides as well as the calculation of radiation hazard indices.
Three natural radionuclides; k-40, Bi-214(Ra-226), and Ti-208(Th-232) have been
detected in the studied samples with various specific activitiesSeveral hazard indices have
been calculated also depending on the specific activitiesmeasured in each sample; The
radiological parameters such as indices: indoor absorbed gamma dose rate (nGy/h),
annual effective dose and Cancer risk factor. Almost of them results are more than the
recommended values given by (UNSCEAR,2000).
Keywords: Cancer Risk ,radiation hazard, gamma ray spectrometer (Nal (TI)), Libya, Annual
effective dose .

Introduction:

The radiation to which the human populace is uncovered comes from numerous as
sorted sources. Aportion of these sources are normal; others are the consequence of
human exercises. The radiation from regular sources in corpora teen or mous radiation,
outside radiation from radionuclides in earth's covering and inside radiation from
radionuclides breathed in or ingested and held in the body. The greatness of these regular
openings reliesupon geological area and on a few human exercises. Level above ocean
level influences theportion rate from infinite radiation; radiation starting from the earliest
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stage on the nearbygeography; and the portion from radon, which leaks starting from the
earliest stage houses(Guretal., 2001). A significant part of the total dose contribution in
the form of natural sources comes fromTerrestrial gamma radionuclides (UNSCEAR,
2000). Uranium-238 and thorium-232 are the parent primordial nuclides that along with
their progenies are sources of radiation exposure to which persons are exposed directly or
indi- rectly. (Ahmad, Jaafar, Bakhash& Rahim,2015).

Uranium, thorium and radium are radioactive weighty metals that happen normally in
thedirt, where uranium addresses the most plentiful rate in the world's covering and
furthermorewill in general spread through the dirt on the grounds that the stones in the
external outsidelayer have experienced enduring and disintegration factors (water, air,
plants, creatures) and because of these cycles and factors Soil was shaped and the
fundamental idea of soil contamination relies upon data connected with the cycles of
development and amassing awayfrom the site of contamination, in light of the fact that
the collection and development ofradioactive materials relies upon the association of
materials and accumulates with the strongaspect of the dust and the sort of this
cooperation mirrors the capacity of the dust to hold radioactive materials. The pace of
precipitation, how much water system water, the sort of plants developed, and soils the
board processes lead to the development of radioactive poisons into groundwater or their
exchange to plants or different media like water and air. The radioactivity of soil models
incorporates radio nuclides having a place with the 238Useries, the most significant of
whichis Ra 226, whose focusis (6-7 Bg/kg). A limitedquantityof 137 Csdoesn'tsurpass(10
Ba/kg).

There are three regular chains from which the majority of the normally happening
radioactive isotopes start:

1- Uranium-238 series: The isotope (U?*®) is broken up through a chain comprising of
(14) a radionuclide that finishes in the steady isotope of lead (Pb*®).

2- Thorium-232 series: The isotope (***Th) is broken down througha progression of (15) a
radionuclide to a steady isotope (Pb?*?).

3- The actinium-235 series: The isotope (U%®) iscorr up tedin series through a chain
comprising of (11) radioactive nuclides finishing in asteady isotope(**’Pb).

Only nuclides with half-lives comparable with the age of the earth or their
correspondingdecay products existing in terrestrial materials, such as 40K, 238U and
232Th radionuclidesare ofgreat interest. Abnormal occurrences ofuranium andits decay
products inrockandsoil are the main sourcesof high natural background areasthat have
been identified inseveral areas of the world, e.g., Yangjiang in China, Rasmar in lIran,
Kerala coast of India,Istanbul in Turkey etc. (Zhuet al., 1993;Sunta,1993; Karahan
andBayulken,2000).Therefore, measurements of natural radioactivity in soil are of a great
interest for manyresearchers throughout the world, which led to worldwide national
surveys in the last twodecades (McAulay and Moran, 1988; Ahmad et al., 1997; Karahan
and Bayulken, 2000; Guretal., 2001;Al-Jundi, 2002;Al-Jundietal., 2003).

The aim of the present work is to measurement the specific activity of (**Ra,?**Thand
“K),EFF dos for the studied samples, using Nal (TI) with a crystal detector of ("3x3").
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Calculations:

Activity Concentration

The specific activities have been calculated by the following equation [Agedaetal.,
(2017).]:

A(Bglkg) — —YET
e*I *m*r

Where A is the specific activity of the sample, NET is the area under the peak, € is the
detection efficiency, m is the mass of sample in kg, andt is the timeof the measurement
(7200sec.).

Absorbed Dose Rate

The estimation of the absorbed dose rate from external exposures is done using the dose
conversion factors [Kadhum & Omron.(2019).,Gaso etal.,(2000)]:
D=0.462AR,+0.604ATH+0.0417A

Where A, ATh and Ak are the activity concentration of ?°R,,***Thand **Krespectively.
Annual Effective Dose

The annual effective dose from environmental gamma radiation can be estimated by
[Kadhum & Omron.(2019),Gaso etal.,(2000).]:

-1
E t(mSv/y)=D(nGy.h'1)x10_6x8760(h/y)x0.20x0.7(Sva )
ou

-1
E (mSv/y)=D(nGy.h"1)x10~0x8760(h/y)x0.08x0.7(SvGy )

where the 8760 refers to the number of hours in year.
ExcessLifetimeCancerRisk
Is the increased of acquiring cancer as a result exposure to radiation during a person's
lifetime [Kadhum & Omron.(2019), Gaso etal.,(2000)]:
ELCR=E,,+xDLxRF
Where Eo: mean the annual effective dose equivalent (outge), DL denotes life
expectancy (70years) and RF denotes the risk factor v(Sv. y™)
Experimental work:
Preparationofsoilsamples

Sixteen samples of eight sites were taken from a site around the city of Al-Bayda,
Libya.Coordinates of the collected samples are shown the figure 1. Each sample was
collected byselecting a square area of 3 m? per site, and the top surface of any organic
material or debris wascleaned. Three samples were taken from each square at a depth of
0-10 cm and 10-20 cm. Eachof the three samples of the same site were well mixed
together, then all the mixed samples were kept in plastic bags and sent to the laboratory
for further treatment to proceed with the analysis.
All soil samples were cleaned of stones and organic matter, then dried and after drying
theywere crushed and passed through a 2 mm sieve. Their weights were measured and
then kept inplastic bags for a whole month and , then gamma spectroscopy measurements
have beenachieved with the scintillation detector Nal (Tl) gamma spectroscopy system
with a crystaldimensionof ("3x 3"),SCIOIXmodel51S51, Germanyorigin.
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Tablel:Directionsand locationsofsamples.

Alrg

(273-279)

Sample | Direction (L;;Z“;:(":.OD @Dz“;:tl":Eo)) Depth(cm)
s1 South 32°49731.2888 21°41°30.1272 0-10
s2 South 32°45'58.92126 21°4328.2846 0-10
s3 North 32°49°15.7044 21°41°37.8276 0-10
54 North 3243213132 21°48°11.1168 0-10
S5 West 32°45735.9568 21°4014.6496 0-10
S6 West 32°4536.432 21°4014.9844 0-10
S7 East 32°4821.96 21°48°13.5072 0-10
S8 East 32°47°18.1824 21°493.6912 0-10

Results and Discussion:
Table 2: Activity concentration (Bg.kg™) for ?°Ra #**Th and “°K at depth 0-10 cm and
10-20cm.

Depth 0-10 cm Depth 10-20 cm
Ig.f;;: e';r *2°Ra 2Th MK *¥Ra | ¥**Th K
S1 53.56 61.69 77.36 84.3 63.64 81.17
52 47.88 82.69 263.82 41.75 97.37 78.46
S3 45.79 41.77 338.73 56.97 67.44 218.12
S4 49.5 64 S55.73 56.62 31.39 553.01
S5 55.83 76.36 174.16 45.44 38.77 636.33
So 56.29 77.34 93.57 65.31 37.30 130.78
S7 92.6 56.22 146.83 63.68 64.82 151.76
S8 69.95 62.96 105.85 72.05 62.3 178.559
Average 58.925 65.379 | 157.006 | 60.765 | 57.886 | 253.524

In Table 2, to make it clear Results when compared, where we note that the concentration
of thorium was the highest among the results, the activity concentration of radium are
higher than the permissible level for almost samples and the activity concentration of the
studied samples are lower than the permissible level for potassium except (S4-2 and S5-
2) samples.
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Table3:The radiological parameters: indoor and outdoor effective dose rate (mSvly),
absorbed dose rate (nGy/h) and Cancer risk factor at depth 0-10 cm.

Sample E(in) E(out) Dr(nGv/h) ELCR(oun t)xll:l‘!

51 0.3116 0.0778 63.5362 0.257
S52 0.3993 0.0998 81.4108 0.3293
S3 0.2899 0.0724 59.1081 0.2391
54 0.3053 0.0763 62.249 0.2518
55 0.3794 0.0948 T77.343 0.3129
=1 0.3667 0.0916 T4.7T712 0.3025
s7 0.3933 0.09382 80.174 0.3243
S8 0.3562 0.089 72.626 0.2938
P.L 1 0.07 39 0.29

At depth 0-10 cm, the values outdoor absorbed rate Dr range from59.108 to 81.4108
(nGy/h), These values are higher than the permissible level of 59 (nGy/h), as in Table (3),
the indoor effective dose rate E(in) range from 0.2899 to 0.399 (mSv/y) which are lower
than the permissible level value of unity (mSv/y), the outdoor effective dose rate E (out)
range from 0.0724 to 0.0998 (mSv/y) which are higher than the permissible level value of
0.07 (mSvly) as infig.(2). Excess lifetime cancer risk (ELCR), the values of outdoor
(ELCR(out)) range between (0.2391 and 0.3293). In the all samples the values of outdoor
(ELCR(out)) are more than permissible level of 0.29 x10”, except samples(51-1,53-1and S4-1).

1-
0.5

0.8

0.

=

=
i

llll

I

57-1 56 35-

I

34-1

MU

B De(aGy/h)/100
» Efin)

Efout)
WEL CR{out)/1000

Fig.(2):indoorandoutdooreffectivedoserate(mSv/y),absorbeddoserate(nGy/h)andCancerris
kfactoratdepth 0-10 cm.
Table4:Theradiologicalparameters:indoorandoutdooreffectivedoserate(mSv/y),absorbedd
oserate(nGy/h) andCancer risk factor atdepth 10-20 cm.

Sample E(in) E(out) Dr(nGy/h) ELCR(out)x10”
S1-2 0.3839 0.0959 78.2601 0.3166
S22 0.3915 0.0978 798114 0.3229
$3-2 0.3646 0.0911 74.3276 0.3007
S4-2 0.3264 0.0815 66.5551 0.2692
$5-2 0.3412 0.0852 69.5654 0.2814
S6-2 0.2762 0.069 56.3067 0.2278
$7-2 0.3577 0.0894 72.9218 0.295
S8-2 0.3737 0.0933 76.1799 0.3082
P.L 1 0.07 59 0.29
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At depth 10-20cm,the values outdoor absorbed rate Dgrange from56.3067 to
79.8114(nGy/h), These values are higher than the permissible level of 59 (nGy/h) except
sample (S6-2),as in Table.(4), the indoor effective dose rate E (in) range from 0.2762 to
0.3915 (mSv/y) whichare lower than the permissible level value of unity (mSv/y), the
outdoor effective dose rate E(out)range from 0.069 to 0.0978 (mSv/y) which are higher
than the permissible level value of 0.07 (mSv/y) except sample (S6-2) as in fig.(3).
Excess life time cancer risk (ELCR), the values of outdoor (ELCR(out)) range between
(0.2278 and 0.3229) which are half of the samples aremore than the permissible limit of
0.29 x107, and the other half is less than the permissible limit as in Fig.(3).
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Fig.(3):indoor and outdoor effective dose rate (mSv/y), absorbed dose rate (nGy/h) and
Cancer risk factor at depth 10-20 cm.

Conclusion:

For sixteen samples of eight sites were taken from a site around the city of Al-Bayda,
Libya,the activity concentration of radionuclides #°Ra,**Th,*’K and their radiological
parameters: indoor and outdoor effective dose rate (mSv/y), absorbed dose rate (nGy/h)
and Cancer risk factor, were measured using gamma ray spectrometry system consisting
of Na(Tl) detector. In this investigation, the activity concentrations of almost the studied
samples are higherthan the permissible level for radium and the activity concentration of
the studied samples arelower than the permissible level for potassium except (S4-2 and
S5-2) samples. The Activity concentrations are higher than the permissible level for
thorium for all samples. The calculatedvalues of external effective dose rate obtained in
this study are higher than the permissible levelvalue at depth (0-10), and at depth (10-20)
the valuesof external effective dose rate are higher than the permissible level value of
0.07 (mSvly) except sample (S6-2). Alsoat depth (0-10) theinternal indoor effective dose
rate for all samples are lower than the permissible level value ofunity (mSv/y) and at
depth (10-20) all samplesarelower than the permissiblelevel value ofunity(mSv/y).
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