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Radon Concentration Due To Alpha Contribution Effects Of Soil And Rock
Samples In Different West And Midlibyan Regions

Abdu Assalam A. Algattawi, Ali M Elmansuri?
! Faculty of Technical Electronic Tripoli Libya
’Medical Science and Technology Collage-Tripoli Libya

Abstract: The activity concentration of natural radioactivity for soil samples
collected from western and mid Libyan regions were measured using HPGe
detector. The average activity concentration of ?°Ra, ?**Th and “°K for ten
samples were found to be 51.86+7.14, 75.56+10.95 and 128.98+6.88 Bq/kg
respectively. 2*°U was detected for six samples with average activity 8.6+1.0
Bqg/kg. The results obtained for the corresponding nuclides *°Ra and #**Th are
above worldwide average values (35 and 30 Bg/kg) while “K was smaller than
worldwide average (400 Bag/kg). The average outdoor absorbed dose and the
annual effective dose rates due to “*Ra, **Th and “°K were observed to be
21.51£2.93 nGy/h and 0.297%.03 mSv/y respectively, which are lower than world
average values (60nGy/h and 0.8 mSvl/y). The radium equivalent activity and
external hazard indices were found less than the world wide average values.

Keywords: Activity concentration, Absorbed Dose, Effective Dose, World
average Activity values, Soil samples, Gamma spectroscopy, Western and Mid
Libya

Introduction

The knowledge of radionuclides distribution and radiation levels in the
environment is important for assessing the effects of radiation exposure due to
both terrestrial and extraterrestrial sources. Natural background radiation is of
terrestrial and extraterrestrial origin. Terrestrial radiation is due to radioactive
nuclides present in varying amounts in rocks, building materials, water, soils and
atmosphere. Natural radionuclides of uranium **U, thorium ***Th and potassium
YK are present in the earth’s crust. When these radionuclides and their daughters
in the series undergo decays gamma rays, beta and alpha radiations are released to
the environment. Therefore, human beings are continuously exposed to ionizing
radiation both inside and outside their dwellings. People ingest and inhale
radionuclides through their food, air and water. The gamma ray exposure in room
is due to radiation emitted decay products of **°Ra, **Th series and “°K. Human
has always been exposed to natural radiation arising from the earth as well as
from outside the earth [1,2 and 3] Natural environmental radioactivity and the
related external exposure due to gamma radiation depend mainly on the
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geological and geographical conditions, and appear at different levels in the soils
of each region in the world. Every building construction material contains
different quantities of natural radioactive nuclides. Radiation exposure due to
building materials can be divided into external and internal exposure. The
external exposure is caused by direct gamma radiation whereas internal exposure
is caused by the inhalation of radon (**Rn), thoron (**Rn) and their short lived
decay products. As, radon is a noble gas, it can transport easily through porous
media for instance building materials, while usually only a fraction of that
produced in the material reaches the surface and enters the indoor air .

The natural radioactivity in the environment is the main source of radiation
exposure for human body. Natural radionuclide in soil contributes a significant
amount of background radiation exposure to the population through inhalation
and ingestion. It can be also transferred to plants and foods and drinking water.

According to A.L.A.R.A, principle, the radium equivalent Ra., the external
hazard index He, the Absorbed Dose Rate A.D.R and the Annual Effective Dose
Equivalent A.E.D.E were estimated and compared with results of other studies
and with the worldwide average value.

This work was undertaken to measure the activity concentrations and y-ray
absorbed doses of the naturally occurring radionuclides in soil samples. Another
aim of this work is to create the public awareness about the radiation hazards and
it will also be helpful to establish a research base line in the investigated regions.
Some previous studies of Libyan soil, Arab and neighbors' countries soil are
summarized and tabulated in Table (1).

The samples were collected, as shown in map represented, in Figure (1), at
depth 1-10cm. Samples were treated thermally at 60 °C for 24 hours after that
they were sieved to obtain uniform particle size about 550um then the soil will
filled in beaker which was sealed and then weighted and stored for a month to
each the secular equilibrium.

Table. 1 Represents the mean and range of activity concentrations in Bg/kg of
radionuclides for different countries.

Item Mean activity concentration Bg/kg (range)
2°Ra 22Th K country
1 7.5(4-13.5) 4.2(2.8-6.7) | 27.5(19-39.6) Libya, [4] Beach sand of Tripoli -2008
2 (58.8-102.1) Libya, [5] Aljabel.Al.Gharbi-2011 Using
Portable Nuclear Radiation Detector

3 Libya,[6]Northwestern,2001

4 | 26.02(17.09-34.03) | 30(11-64) 400(140-850) Iraq, [7]kurkukoil field 2006

5 |20.05(10.87-30.94) | 16.43(6.78- | 216.69(127.74- Qatar state [8]soil in Dukhan oil field

20.61) 272.7) 2015
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6 22.03 (1.8-76.4) 27.91(6.3- | 285.0(84-516.7) Jordan, [9]soil in Tafilla2012
85.5)
7 16 (46-115) 10 370 Kuwait[10]before war
After war
8 (32.2-63.7) (44.3-95.6) (96-102) Egypt, [11],Beach sand Dune
(5-13.8) (2.3-15.3) (29-582)
9 30(2-110) 25(2-140) 370 (66-1150) Algeria,[12]
10 23 (10-64) 20 (10-32) 270 (78-780) Syria , [13],phosphate rocks
11 12.9 (0.15-41) 6.98 (4.21- 278 (167.79- Nigeria, [14],Akuk,Ondo state
9.92) 419.52)
= == | Libyal
=Ty = B A TN o

“Figure 1: Distribution of selected Samples on Map of Libya

MATERIALS AND METHODS
Sample Collection and Preparation
The samples are selected from different geographic and geological regions in
western and mid Libya. Two samples were collected, with masses varied 0.3-0.53
kg, for each region with separate distance 20 km. The samples information is
illustrated in Table 2.

.Table. 2 Samples information

: Sample Location
Sa:ngles Region V\(lg:g)h t Type of sample _ P _

: Latitude Longitude
SAl Qarabulli | 330 Coast 32° 44 15Y 14
SA2 Bu-njim 350 Sand (desert) 30° 35 15° 24"
SA3 Zawia 480 Mountain(stones) | 32° 45 12° 44"
SA4 Qaddahea | 510 Near the coast 31° 22 15° 14"
SA5 Orban 450 Sand(Oises) Near Ghrian Near Ghrian
SA6 Tajoura 300 Sand (desert) 32° 53 13° 23'
SA7 Sokna 530 Coast (near sea) 29°  10' 16° 10"
SA8 Ghrian 315 Coast 32° 21 15° 08'
SA9 Misurata | 450 | Mountain (stones) | 32° 25 15° 05'
SA10 Qaser 240 Desert Near Near Qarabulli

Akhiar Qarabulli

http://tarbawej.elmergib.edu.ly 659




/‘\ ¢ 3=A) Alaa ;
Journal of Educational 1.5 a8t Jalas

L, ISSN: 2011- 421X 271 2a=ll
\ Arcif Q3

Gamma-ray Spectrometry

Gamma spectrometry offers a convenient, direct, and non-destructive method to
measure the activity of different radionuclides in the environmental samples. It
also offers high efficiency Nal(TI) detectors and high resolution (semiconductor
detectors) detection. This technique enables the use of large quantities of samples
to be counted. It is also possible, in this method, to reduce the essential
background to very low values using suitable shielding arrangement. These
advantages together with appropriate ability software ( Genie 2000) that have
now become available has made the gamma spectrometry method one of the most
accurate technique for determining the activity concentration of the
environmental samples. In the present work, HPGe gamma spectrometer was
used for the determination of gamma active radionuclide in soil and rock samples.
Nal(TI) scintillator and HPGe semiconductor detector are commonly used for the
gamma ray spectrometry. Hyper pure germanium detectors are widely used for
gamma ray spectroscopy to determine quantitatively the activities of natural “°K,
%2Th, *®Ra in the environmental samples. The HPGe detectors have very high
resolution, but the efficiencies are low compared to those of scintillation detectors
such as Nal(Tl). The high purity germanium detector can be produced from either
n-type or p-type (Germanium) semiconductor material. The block diagram of
HPGe gamma ray spectrometer system is shown in Figure (2).The spectrum was
analyzed using multichannel analyzer (MCA) connected to computer using
Genie-2000 software. The sealed sample was placed in the protection unit of
gamma ray spectrometry for the counting time of six hours the energy resolution
(FWHM) of this detector is 2.01 keV at 1.33 MeV (*°CO).

Ra & o ctive ]
s

s [
}i _:e

Figure (2): Block diagram of gamma-spectrometer detectors

Calibration of Gamma-ray Spectrometer System

The calibration of the spectrometer system for energy measurements is necessary
to know the approximate energies of the radiation source being analyzed. The aim
of calibration is to identify the radionuclide and activity concentrations present in
an environmental sample. Energy calibration is carried out to confirm linear
relationship between energy and the number of channels corresponding to that
energy, and to determine the energy of each channel in a spectrum. The spectrum
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IS obtained for a reasonable time so that the photo peaks have sufficient counts for
analysis. The regions of interest and centroid peak channel numbers are
identified. Then the slope of the straight line plotted between the

Channel numbers versus energy represents the energy calibration factor. Figure
(3) shows the energy calibration curve for HPGe detectors.

= Energy Calibration Curves

Curve
L ] Measured Calculated ] & Energy " Shape

5000

4000 f—"
x 3000 -—
e

2000
v Order of the

1000 polynomial: 1 l

s
0 Peak: f e
) 4086 8192 12288 16384
Channel

Datasource: C:\GENIE2K\OLD Files\GENIE 2K [old)\GENIE 2K\CAMFILES\NPCIL Research project\gra:
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FWHM = 7.836e-001 keV + 3.663e-002"E"1/2
Lo Tail = 7.378e-001 keV + 8.160e-004°E
| oxill Cancel | Help | Print

Figure (3): Energy calibration curve for the p-type HPGe detector generated by
the Genie-2000 software.

In the present work, the detector efficiency calibration was performed using
standard assurance reference materials and standard soil. These standard
reference materials were taken in containers similar to the containers used for
filling the soil samples for gamma spectrometric determination. The standard
materials and samples were taken in containers of the same size and type so that
the geometry remained the same. The samples were counted long enough (one
week) to reduce the counting error. The variation of efficiency of the detector
with energy for different gamma lines of various radionuclides for the p-type
HPGe gamma ray spectrometer system used in the present work is shown in
Figure (4).

Curve

Low Energy =] Measured High Energy < Dual " Linear
¢ Empirical " Interpolated

Scale
" Linear " Log

Order of low
] energy poly:
] = Order of the -
500 1000 1500 2000 2500 3000 3500 polynomist
Energy [ke¥) Peak: l_

Datasource: C:AGENIEZKACAMFILES \Aurangabad samplestSample 2, 1.3.2017.CNF
In[Eff) =-7.110e+002 + 5.841e+002%In[E] - 1.884e+002"IN(E]"2 + 2.983e+001%In[E)"3
- 2.326e+000%In[E)"4 + 7.160e-0024IN(E])"5

ok | Cancel | Help | List Pks...

Figure (4): Efficiency calibration curve for the p-type HPGe gamma spectroeter
system (as generated using Genie-2000 gamma spectrum analyses software).
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Calculation of Activity Concentrations
The radioactivity of each sample was measured with keeping the samples one by
one on the top of the detector and counted for a period of one day. The activity
concentration (A) of each radionuclide in the sample was determined by using the
count rates (N.) (after subtracting the back ground).

— NC

AW 1)
Where ¢ =Efficiency of the detector for the specific energy, I,= Intensity of the
gamma ray and W= Sample weight (kg). For the analysis of peak areas of gamma
spectra, a computer software programming (Genie 2000) was used .
Determination of NORM were carried out by measuring different daughters that
emit clear gamma peaks of high intensity to confirm the attainment of radioactive
secular equilibrium within the samples between “*Ra and its daughters. This was
carried out by measuring “°Ra directly through the 186.2 keV and indirectly by
measuring the ?**Bi (609.3, 1120.2 and 1764.5 keV) and ?**Pb (351.9 keV) photo
peaks. 2°U was determined directly through the 143.8 keV photo peak. 2*Th was
determined through ??®Ac (911.2 keV), “?Pb (238.6 keV after subtract 241.2
value) and 2®TI (2614 keV) photo peaks, and estimation of “°K through the
1460.8 keV photo peak. The main radionuclides and specifications are listed in

1.5 el Ll Jalza
271 daall

Table (3).
Nuclide to be | Nuclide | Energy in | Probability | Half-life
determined measured | keV in % time
“*Ra “*Ra 186.1 3.51 1600y
T 295.22 18.15 26.8 mit
214pp 351.1 35.1
214B;j 609.31 44.6 19.9 min
214 1120.22 14.7
22Th | #®Th | *®Ac 209.25 3.89 6.13h
28 338.32 11.27
2Bpc 911.2 25.8
“Ra | T 583.19 30.4 307 min
208 860.56 4.47
208 2614.53 35.64
K K 1460.83 10.67 1.28x10° y

Table(3) : Natural Radionuclides found in samples and background [16].

Computation of Radiological Effects
Radium equivalent Activity Rag

The important radionuclides in nature “°Ra, ?**Th and “°K are not uniformly
distributed ,this due to disequilibrium between ?°Ra and its decay products .For

http://tarbawej.elmergib.edu.ly 662
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uniformity in exposure, estimates the radionuclide concentrations have been
defined in terms of radium equivalent activity (Rae in Bg/kg) . This allows
comparison of the specific activity of materials (Ars, At and Ag ) containing
different amounts of °Ra, ?**Th and “°K according to:

Raeq=Ara + 1.43A7, +0.077A (2)

External and Internal Hazard Index:

The hazard index (He, Hin ) is the indoor radiation dose rate due to the
external/internal exposure gamma radiation construction materials which was
calculated by:

Hex= 0.0027Ag, +0.0038 At + 2.08x10™Ax (3)
Hi=0.00541 Ag, +0.0038 Ar, + 2.08x10*Ax

Calculation of air absorbed dose rate:

The external outdoor absorbed gamma dose rates due to terrestrial y-rays from
the nuclides of ?°Ra, ?**Th and *°K at 1m above the ground level was calculated
as :-

A.D.R=(0.461Ag, +0.623A, +0.0414A« ) nGyh™ (4)

About 98% of the external y dose rate from **°U series is delivered by the **°Ra
sub series .So disequilibrium between #°Ra and 2**U will not affect the results of
dose calculations from the measurement of “°Ra. The absorbed dose rate was
converted into annual effective dose equivalent by using conversion factor of
0.7SvGy and 0.2 for the outdoor occupancy factor by considering that the people
on the average spent 20% of the time outdoors.
Effective dose rates:
The Effective dose due to natural activity in soil was calculated by:

(A.E.D.E) in = 8760x0.2x0.7x10°A.D.R) pSvy™ (5)

Gamma index (Iy):

The index (Iyr) is used to estimate the level of y —radiation hazard associated with
the natural radionuclides in specific investigated samples, is defined as :-

|, =0.007Ag,+0.01 A, +6.6x10"Ax (6)

For materials that are used in bulk quantities (Such as clay bricks and concrete
etc.), the value of Iy < 0.5 corresponds to a dose rate criterion of 0.3 mSv yr-1
whereas 0.5 < Iy < I corresponds to a criterion of 1 mSv y™ [17]

http://tarbawej.elmergib.edu.ly 663
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Alpha index (Ia):

As radon daughters decay, they emit radioactive o- particles and attach to
aerosols, dust and other particles in the air. As persons inhale, radon progeny are
deposited on the cells lining the airways where the a- particles can damage DNA
and potentially cause lung cancer. The excess a- particles radiation due to radon
inhalation originating from building materials is estimated through the a- index

(la ), which is defined as follows [14]: la = ZA—SB ( 7) The recommended upper

limit concentration of ?°Ra is 200 Bq kg™ which gives la= 1.

Results and discussion

In this work the activity concentrations and radiological indices of soil samples,
taken from different Libyan sites, are summarized. Activity concentrations for
nuclides 2°U, #*Ra, **Th and “°K was determined by equation (1) and the results
were tabulated in Table (4) and illustrated togather in Figure ( 5). The highest
value is found for sample S10A, for *®*U (**°Ra) 103.81 Bg/kg, while SA4 for
282Th(153.5Bq/kg) also SA4 for K 168.57 Bg/kg). The highest activity, of the
nuclide, may vary from place to place due to chemical changes in elements of soil
or using agriculture fertilizers or material wastes, weapons etc . The results for
these nuclides are also shown independently through Figures. (6-8).

Table (4) The Activities concentrations of the 2°U , *°Ra , ***Th and “K in
Ba/kg for the measured samples.

D 235 Lo 2351238 BITh W 28R /57T
S1A 12.33+1.3 74+7.85 0.17 63.00+6.70 | 146.2+15.16 1.17
S2A 7.47.£0.82 | 56.83%6.77 0.14 42.96+4.44 | 131+13.39 0.78
S3A 5.32+0.66 | 33.06+4.53 0.16 40.74+4.94 | 146.4+16.2 2.13

S4A | 10.79+1.65 | 60.16+6.52 0.18 153.5+16.47 | 168.57+17.30 1.56

S5A 7.83+0.76 | 29.12+5.42 0.27 92.33+8.79 | 108.57+11.14 1.09

S6A 7.89+0.78 | 30.09+3.86 0.26 102.3+£9.02 | 116.01+13.24 0.57

S7TA N.D 26.71+5.95 N.D 47.62+6.21 | 103.44+10.36 1.42
S8A N.D 33.26+4.49 N.D 46.92+6.36 | 100.35+9.65 0.71
S9A N.D 71,6+7.08 N.D 47.7+6.19 | 140.3+14.52 2.25
S10A N.D 103.81+11.28 N.D 118.3+11.60 N.D 0.87
Average 8.6+1 51.86+5.14 0.196 75.56+7.36 | 128.98+12.05 1.305
Max 12.33 103.81 0.27 153.5 168.57 2.25
Min 5.32 26.71 0.14 40.74 100.35 0.57
S.D 0.99 5.14 0.0005 7.36 12.05 0.16

N.D Not Detected
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Figure (5 ):The activity concentration of radionuclides for investigated samples

From Table (3), *°U appears in six regions (labeled from 1 to 6 as illustrated in
Figure (6) with high abnormal concentrations (5.32-12.33 Bg/kg) and higher ratio
(0.14-0.27) than normal (0.026) as illustrated in Figure (7 ), the samples were
taken from these regions after NATO strikes during sixth months 2011; the type
of used weapons has fission nature.

U-235 (Bqg/kg)

20}
0 T T T T T T T

SA1 SA2 SA3 SA4 SAS5 SA6
Samples I.D

S.activity of U-235
(Ba/kg)

Figure ( 6): Soil Samples Activity Concentration of 2*°U
U-235/U-238

0.5
PPTT I e
0 T T T T T T T

SA1 SA2 SA3 SA4 SAS5 SA6

Figure (7) **U to ***U activity concentration ratio “*°Ra activity
In soil samples the activity concentrations of °Ra were found in the range of
26+0.71-103.8+12.38Bq/kg, with an average value 51.68+7.14 Bqg/kg .This result
IS higher than the world wide average value of 35 Bq/kg for the same
radionuclides in soils reported by UNSCEAR.
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Ra-226 (Bq/kg)

150
100

w1
o O

S.Activirt of Ra -226 (Bg/kg)

SA1 SA2 SA3 SA4 SA5 SA6 SA7 SA8 SA9 SA10
Samples I.D

Figure( 8): Soil Samples versus activity concentration of “°Ra radionuclides (**U
Series) “**Th Activity
The concentration of **Th is found in the range 40.74+2.70 - 153.5+7.57 Ba/kg
with mean value 75.56£10.95 Bq/kg this result is higher than the world average
of 30 Bg/kg. SA1 Qarabulli).The ratio concentration of ?°Ra( %**U series) to **Th
is less than unity,( concentration of **Th is higher than *°Ra)

Th-232

200 A
150
100
50 A

S.Activity of Th-232 (Bq/kg)

SA1 SA2 SA3 SA4 SA5 SA6 SA7 SA8 SA9 SA10
Samples I.D

Figure (9): Soil Samples activity concentration of of *Th series *°K Activity

The activity “°K is found in the range (100.35+4.36) — (168.57+27.26) Ba/kg
with the average value of 168.98+6.88 Bg/kg . This result is mostly lower than
the world wide average of 400 Bg/kg but SA4 is very high for the same kind of
nuclide.
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Figure (10): Soil Samples concentration of °K
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Figure (11): ?*®*U(**Ra) to ?**Th Activity Ratio

To estimate the health effects ,the radiation hazards such as radium equivalent
(Ragg),external and internal hazard index (Hex,Hin) ,absorbed dose Rate (A.D.R)
,effective dose rate (AEDE), level index (l,,) and a- -index have been calculated
from the activity of nuclides ?°Ra ,**?Th and “°K using the equations (2-6)
respectively and the values have shown in Table( 5) and Figure.( 12-16)
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Figure.( 12): Radiological Indices of the Investigated Sample (Hazards-Indices)
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Figure.( 13): Radiological Indices of the Investigated Sample (Absorbed Dose)
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Figure.( 14): Radiological Indices of the Investigated Sample (Annual Effective

Dose)
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Figure.( 15): Radiological Indices of the Investigated Sample (1., and I, indices)

Table (5), shows that the radium equivalent (Rag) is found in the range
(102.59+20-292.64+34.33 Bg/kg), and has average value of 157.25+13.18 Bg/kg.
The average value of radium equivalent is less than the safe limits 370 Bq/kg'.
The mean value of external radiation hazard index is (0.45+0.09) which is less
than 1 and confirm it as safe to carry out the activities for the human in that
region . The outdoor air absorbed dose rate due terrestrial gamma rays at 1m
above the ground were calculated for *°Ra ,**Th and “K and the range is
(12.4911.66) — (34.35+£3.76) nGy/h with an average 21.52+2.20 nGy/h which is
lower than the world average of 60 nGy/h!¥The annual effective dose rate
equivalent is calculated using a conversion factor of 0.7 Sv/Gy to convert the
absorbed dose rate to the effective dose equivalent and 0.2 for the outdoor
occupancy factor. The annual effective dose rates are found in the range of
(153.23+14.50 - 263.89%£28.1) uSv/ly with an average-e 296.75+29.60 uSvly
which is lower than the world average of 1000uSv/y for the general public
(UNSCEAR, 2000).The representative level index I, equation (6) must be less
than unity. For the investigated samples this index is in average 1.52+0.20 Bg/kg,
where higher than unity in most samples. Table ( 5) gives Average activity
concentration compared with others.

Table( 5). Radium Equivalent Activity (Ra.y), Absorbed Dose Rate
(A.D.R),External Hazard Index (He), (A..E.D.E) and Representative level index

(1)
I.D Rae(Ba’kg) | A.D.R(n Gy Hin Hex AED.E Ly I,
1y) (u.Ssly) (Ba/kg) Index
S.Al 175.34 34.35 0.67 | 0.469 421.31 1.980 0.37
S.A2 128.34 26.36 049 | 0.34 323.30 1.70 0.28
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S.A3. 102.59 15.39 0.36 | 0.274 188.81 1.69 0.17
S.A4 292.64 28.31 0.94 | 0.78 347.28 2.10 0.30
S.A5 169.51 13.77 0.53 | 0.45 168.94 1.28 0.15
S.A6 185.31 14.26 0.57 | 0.49 174.89 1.37 0.16
S, A7 102.77 12.49 0.34 | 0.27 153.23 1.22 0.13
S.A8 108.08 15.51 0.37 | 0.28 190.23 1.23 0.18
S.A9 150.61 33.18 0.59 | 0.40 407.03 1.90 0.36
S.A10 272.97 48.30 1.011 | 0.72 592.42 0.72 0.52
Average | 157.247 21.51 0.59 | 0.45 296.74 1.52 0.25
Max.- 292.64 34.35 1.01 | 0.78 263.89 2.10 0.52
Min. 102.591 12.49 0.34 | 0.27 153.23 0.72 0.13
S.D 16.05 2.93 0.023 | 0.027 0.030 0.43 0.096
Table ( 6) Average activity concentration in this work and others (Bg/kg)

Country =8y “2Th K Ref.

Malizia 39+0.7 52+1 61+15 [18]

Egypt 7912 44+1 586+18 [19]

Libya 7.5+2.5 6.7+1.9 4.5+1.3 [20]

Iran 7444 6914 113032 [21]

Turky 70+0.8 83+1 1234+7 [22]

Kenya 12.63-72.51 11.45-58.12 234.8-1058.52 [23]

Nigeria 74.7445.67 199.23+43.30 1021.27+7.14 [24]

This work 51.86+4.38 75.56+7.36 128.98+12.09
World wide 33 45 412 [2]

Correlation study:

Correlation analyses were performed to reveal the possible relationship between
concentrations of different radionuclides in the samples. The Pearson product-
moment correlation matrixes for the correlation coefficient values (R) between
the radionuclides activity concentrations were calculated. The correlation between
*°Ra &”*Th, *°Ra &K and Radium and absorbed dose in air of soil samples is
computed from the concentrations of these radionuclides and shown in figures
(16 to 18) respectively. There is a weak correlation between®°Ra and 2**Th, for
the samples (with negative correlation coefficients R= 0.504) in all sampling
locations. And there is negative correlation between *°Ra &*K[ Correlation
coefficient R = -1.43] in samples. The value of correlation between #°Ra and
absorbed dose significantly higher with positive correction [correction coefficient
R=0.99]
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Conclusion

The activity concentration of ?°Ra, ?*Th and “°K has been measured for some
soil and rock samples from different locations of West and Mid Libya by using
gamma-ray spectrometry (HPGe) detector. The activity of “°Ra, ?**Th and “°K in
samples are found to ranges from 26.71+ 5.95 to 103.31+ 11.28 Bq kg™,
40.74+4.94 to 153.5£16.47 Bqg kg-1 and100.35+9.65 to 168.57+17.30 Bq kg-1,
respectively. While world average concentrations are 35, 30 and 400 Bq kg-1 for
?2°Ra, **Th and *°K, respectively (UNSCEAR, 2000). The average and ranges of
activity concentration of “°Ra , ?**Th in soil of these areas are quite higher than
the world average reported values (UNSCEAR, 2000) while for “°K less than
world range . The Average value of radium equivalent activity is 157.25 Bq kg-1
which is below the recommended value of 370 Bqg kg-1. T he values of absorbed
dose rates due to “*Ra, **Th and “°K in soil samples vary from 12.47 t034.35
nGy h-1 with an average value of 21.52 nGy h-1 . The calculated values of
absorbed dose has been found lower than global average value. The annual
effective dose rates in outdoor is found to vary from 0.153 to 0.264 mSv y-1with
an average value of 0.297 mSv y-1. This is below the limit of 1 mSv y-1 for
general population (UNSCEAR, 2000). The calculated values of external hazard
Hex are vary from 0.27 to 0.78 with an average value of 0.45 whereas internal
hazard index Hin are vary from 0.34 to 1.01 with an average value of 0.59. All
values of Hex and Hin are less than unity except SA10 for H;, . However, the
value of gamma index ly is found to vary from 0.71 to 2.6 with an average value
of 1.52 and most values of Iy were also found higher than one. All the values of
Alpha index la were found below the maximum permissible value i.e.1.

For samples SAl, SA6,SA8 and SAL10 the ratio of activity concentration
(**®Ra/***Th) is less than unity; this is due to that monazite contains more
thorium than uranium. Also the abnormal activity concentration and ratio
activity concentration (*°U/**®U) that is more than normal (0.026), this
phenomena can be explained due to NATO strikes war during 2011, at
these regions. The obtained result in this work can be used as the regional
base line data for estimation the future radioactivity contamination in the
studied regions.

Therefore, the soil of some regions used in the present study is exempted from all
the restrictions concerning radioactivity, also these soil samples are safe to be
used in building construction. However the soil samples of regions as mentioned
above have higher values for #?Th, **Ra, ***U and radionuclides indices than
world (UNSCEAR, 2000)[25]. The mean value of gamma index is obtained
above the limit of 1 for most samples. On the basis of these results, researcher
concluded that the soil of the study area (in particular regions) have radiological
health hazard to the public.
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