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Abstract

The specific activities of twenty-five soil samples have been
measured with gamma ray spectrometry system using a High Purity
Germanium (HPGe) detector in order to evaluate the radiological
hazard effects of the natural radioactivity, the activity utilization
index(AUI), Gamma Index (I,), alpha index (I,) and the radiation

exposure rate (1), The annual effective dose indoor AEDE(uSv y°
Bindoor , and outdoor AEDE(uSV yYoeutdeor have been calculated.

The activity utilization index values ranged from 0.06 to 0.34 with
an average 0.15, and Gamma Index (I,) values ranged from 0.142
to 0.372 with an average of 0.2028, while the alpha index values
ranged from 0.025 to 0.117 with an average 0.049, and the values of
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radiation exposure rate (I) ranged from 39.02 pR/h to 102.66 pR/h
with an average value of 56.34 puR/h.

Keywords: natural radioactivity, Gamma index, Alpha index,
radiation, exposure rate, High Purity Germanium (HPGe) detector.

1.Introduction

The exposure concentrations of natural radionuclides of the
members is the most significant part of the exposure to radiation.
Usually, Radon is the largest natural source of radiation contributing
to the exposure of members [1].

Nuclides emitted gamma rays during the decay, and natural
radiation is the largest contributor of external dose to the world
population, gamma radiation dose from natural sources is important.
The concentration of 2%2Th, ?2Ra and “°K varies considerably
depending on the type of soil formation [2]. Calculate of
radioactivity index is very important to control gamma radiation
annual effective doses and monitoring radiation inside human body
to be sure that the radiation doesn’t exceed the worldwide
permissible high dose values [3].

In this work we determined the activity utilization index (AUI),
alpha index (Ia) and radiation exposure rate (I) for twenty-five soil
samples were collected from Ajmail city. The activity
concentrations in (Bq/K g) for 22Th, 2°Ra and *°K have been taken
from [4].

2. Materials and methods

2.1 Sample Collection and Preparation.

The soil samples were collected from the soil surface (3-5 cm
depth), These samples were carried out at Ajmail city, Libya. the
coordinates of each sampling location were recorded. Table 1.

A total of Twenty-five soil samples were collected from all of the
districts in the selected study area, then macroscopic traces of the
stones rubber, and organic matter was removed from these samples
by crushed to pass through 2 mm sieve to be homogenized in size.
every one of these samples were weighed, then the samples were
left to dry, these samples are kept in Marinelli Beakers and left for
one month to reach the secular radioactive equilibrium condition.

2 Copyright © ISTJ b gine okl (3 gia
Al 5 o glall 4 sall dlsall



International Science and Ry gl 30 i
JN Tt ] Sy il vt sl
Technology Journal Volume 30 ) ) (

Al gl kg A wy2ss | ST A7

High Pure Germanium Detector (HPGe) with relative Efficiency
90% and a resolution of 1.92 Kev for the 1332.5 Kev gamma ray
emission of °°Co.

The energy calibration of the detector and the Activity
concentrations of “°K, ??°Ra, and #2Th in soil samples were
measured and present in [4].

Table 1: GPS location of the sampling points.
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2.2 Calculation of Activity Utilization Index (AUI)

The activity utilization index for soil samples was calculated by
using the appropriate conversion factors, an activity utilization
index (AUI) is given by the following equation [5]:

_ ARa ATh Ak
AUl = (SOBq/Kg) fra + (SOBq/Kg)fTh + (SOOBq/Kg)fK (1)

Where Ag, , Arp and Ay are activity concentrations in (Bq/Kg)
for 232Th, 22°Ra and K. (fy, = 0.462), (fr, = 0.604), and (fx =
0.041) are the fractional contributions to the total dose rate in air
due to gamma radiation from the actual concentrations of these
radionuclides.
2.3 Calculation of Gamma Index
The Gamma index for soil samples was calculated by using
following equation [6].

I, = 1502“ g Am A 2)

q/Kg 100Bq/Kg 1500Bq/Kg

Where I, is Gamma index, and Ag, , Arp and Ag are activity
concentrations in (Bq /K g) for 22Th, 22Ra and *°K . The soil sample
environment is generally safe if the Gamma index lower than or
equal to one.
2.4 Calculation of Alpha Index (1a)
The Alpha index for soil samples was calculated by using following
equation [7].

1. = L <1 3)

% 200Bq/Kg ~
Where I, is Alpha index, and Apg, is activity concentrations in
(Bq/Kg) for ?°Ra.
2.4 Calculation of Radiation Exposure Rate (1)
The total electric charge produced in a certain mass of air when
radiation passes is called radiation exposure. the radiation exposure
rate potential due to 2*?Th, ?Ra and “°K in soil samples was
calculated by using following equation [8].

[ =1.90 Ara + 2.82A1h + 0.179Ak 4)

Where I is Radiation exposure rate, and Az, , Ay, and Ay are
activity concentrations in (Bq/Kg) for 232Th, ??°Ra and “°K.
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2-5 Calculation of Annual Effective Dose Equivalent

The annual effective dose rate (AEDR) for human in one year due
to the soil radioactivity can be determined by using a conversion
factor of (0.7 Sv/Gy), with indoor and outdoor occupancy factors of
0.8 and 0.2, respectively. The annual effective dose indoor and
outdoor were calculated by using the following equations [9].
AEDE(uSV Y Youtdoor= D, (NGyh™) x 0.7x0.2x8760x10~3 (5)
AEDE(uSV Y Yindoor= D,-(nGyh™) x 0.7x0.8x8760x10~3 (6)
Where AEDE(uSV Y )outdoor is the annual effective dose outdoor,
AEDE(uSV/Y )indoor the annual effective dose indoor, D,.(nGyh?) is
dose rate, and 8760 is the time conversion factor (hy™?).

3. Results and discussion

The activity utilization index(AUI), Gamma Index (I ), alpha index
(I,) and the radiation exposure rate (1) for a total of 25 soil samples
were presented in Table 2, and figures 1, 2, and 3.

Table 2 The activity utilization index(AUI), Gamma Index (1,,), alpha

index (I,) and the radiation exposure rate (I) for a total of 25 soil
samles.
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As illustrated in Table 2 the calculated values of activity utilization
index were varying from 0.06 to 0.34 with an average 0.15, which
corresponds to an annual effective dose of generally less than
0.3mSv/y[10]. While Gamma Index (1) is ranging from 0.142 to
0.372 with an average of 0.2028. In all soil samples, the calculated
values of (I,) are smaller than 1, these values are lower than the
international assigned levels[11], which implies that these soil could
be used.

0.30
0.25

0.20

0.05

0.00
A°'B C DEF G H I J KLMMNOPI QRS T U V W X Y

Figure (1): The Activity Utilization Index (AUI) for the soil samples.
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The calculated values of alpha index were varying from 0.025 to
0.117 with an average 0.049, In all soil samples, the calculated
values of (I,) are smaller than 1, and the values of radiation
exposure rate (I) ranged from 39.02 pR/h to 102.66pR/h with an
average value of 56.34pR/h, these values are lower than the
international assigned levels[11].

Il Gamma Index
0.40 B Alpha Index

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00
ABCDEFGHI JKLMNOPQRSTUVWXY

Figure (2): The Gamma Index, and Alpha Index for the soil samples.

Also the results of the annual effective dose indoor AEDE(uSv y°
Dindoor , and outdoor AEDE(uSV y™)outdoor for a total of 25 soil
samples were presented in Table 3, and figure 4.

The annual effective dose indoor were varying from 11.28uSv y! to
22.10 uSv yt with an average 16.06, and the annual effective dose
outdoor were varying from 45.13 to 115.04 with an average 64.16,
these values are lower than the international assigned levels which
equal to 460 uSv y* [11].
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Table 3: The annual effective dose indoor AEDE(uSV Y )indoor , and
outdoor AEDE(uSV Y outdoor fOr the soil samples.

Sample no. || Soil simple || AEDE(uSV yY)outdoor || AEDE(uSV y1)indoor
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Figure (3): The Radiation Exposure Rate(l) for the soil samples.
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Figure (4): The annual effective dose indoor, and the annual effective
dose outdoor for the soil samples.

Conclusion

It is important to determine background radiation level in order to
assess health risks. In this study, the activity utilization index(AUI),
Gamma Index (I,,), alpha index (I,) and the radiation exposure rate
(1), The annual effective dose indoor AEDE(uSV Y )indoor , and
outdoor AEDE(uSV yY)outdoor have been calculated. In all soil
samples, the calculated values of (I,) ,and (I,) are smaller than 1.
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The annual effective dose values are found to be lower than the
corresponding allowed limits which is equal to 460(uSv y*) [11].
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