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Abstract :

The aim of this work is focused on preparation and using gamma- ray spectrometry to
investigate and demonstrate a method to determine and evaluate natural radio nuclides which are
uranium, thorium and potassium and their activity concentrations, radium equivalent activity ,
absorbed dose rates in air at one meter above the ground surface and the annual external and
internal effective dose rates . The spectrometer consists of Nal (Tl ) detector coupled with
preamplifier and ADC of 4096 Chanel memory , CASSY type. The suitable gain was determined.
The efficiency , energy calibration and resolution had been measured by using some standard
source .. In order to evaluate the radiological impact for the population , four soil samples have been
Collected from different localities in middle area of Najaf province , and measured in which **U
22Th and “°K were noted. The value of activity concentration ranged from 4.84+0.52 to 17.52+0.94,
5.92+0.31 to 7.07+0.344 and 103.39+2.52 to 185.48+2.09 (Bq kg?) for 28U, #®?Th and *K
respectively . The calculated values of radium equivalent activity (Raeq ) ranged from 25.25 to 33.94
(Bq kg™) whereas absorbed doses varied from 12.35 to 16.09 (Bq kg™) . Annual effective Doses were
found to be in the range (0.061) to (0.079) and (0.015) to (0.020) (mSv) for indoor and Outdoor
respectively . The comparison between our results and standard levels recommended by the IAEA
and UNSCEAR show low radiation level .
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1-Introduction

The knowledge of radionuclide distribution
levels in the environment is important for assessing
the effect of radiation exposure due to both
terrestrial and cosmogenic sources .Terrestrial
radiation is due to radioactive nuclei present in
varying amounts in soil , building materials
,water, rocks [1]. The transference of some radio
nuclides from these sources to man was happened
through food chain or inhalations . The internal
exposure is due to irradiation and external
exposures occur because of inhalation and
ingestion . The particular importance of evaluation
of gamma radiation dose from natural sources
comes from largest contributor of natural radiation
to the external dose of word population [2]. The
wide #8U , #2Th, “K and their daughter product
dangers effect to human health is the main
motivation behind several studies of measuring
radiation in environment including the soil and
building materials [3,4,5].For this reason and from
the natural risk point of view , it is necessary to
obtain a system by which we can observe and
measure the natural radiation levels [5,6,7].
Gamma ray spectrometry is a good technique used
to measured and analysis of natural and artificial
radionuclide [8,9].The result of this study will b
used to establish a baseline map for Najaf area
which will be use a reference in formation to
record any change in the radioactivity background
level due to the change in the topography of the
location , other developments and settlement
around it and any artificial influences on the
environment . The aim of this work is to estimate
and demonstrate a method based on the use of
gamma- ray spectroscopy technique to determine
the natural occurring radionuclide (NOR) in soil in
middle of Najaf city .

2-Theoretical part
2-1 Specific activity

The calculation of specific activity was based
on equation (1):

A=C/(el,tm) ... )

Where : A : specific activity,
C : area under the photo peak ,

€ : counting efficiency ,

R. Obid Hussain , E. Kadum. Abbas

I, : probability of gamma transition ,
t : time of measurement ,
m : mass of the sample .

2-2 Ragq (Radium equivalent activity) :

T o asses the radiological hazard of soil , it is
useful to calculate an index called the radium
equivalent activity (Rae) [10] defined according to
estimation that 1Bq kg™ of “*Ra , 0.7Bq kg” of
22Th and13 Bq kg™ of K produce that the same -
ray dose [10,11] . Ragq is given as .

Ragg=Au+B*Am+C*Ac  ...(2)

Where : Ay Ar, and A . the specific activity of *U
22Th and “K respectively . B, C : are conversion
factors .

2-3 Absorbed doses

The gamma dose rate in the outdoor air at one
meter above the ground is calculated by using
equation (3)[13] .

D(nGy/h) =C; Ay+ CoAm+C3Ak  ....(3)

Where : C1, C2 and C3 : are the absorbed dose
rate conversion factors (DRCF) ; AU ,ATh and AK
are the activity concentrations of **U , **?Th and
K in (Bq kg™ ) respectively .

2-4 Effective dose

To convert the absorbed dose rate to
human effective dose equivalent with an indoor
occupancy of 80 % and 20% for outdoor , a
conversion factors (A) and (B) in (SvGy™) were
used for indoor and outdoor respectively [1,13] .

The annual effective doses were determined as
following [14] .

Indoor (nSv) = (Absorbed Dose ) nGyh™ x 8760h
x (A) % 0.7SVGY™" ... 4)

Outdoor (nSv) = (Absorbed Dose ) nGyh™®  x
8760h x (B) x 0.7 SVGy™ ............... (5)

Where : A and B are conversion factors .
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3- Experimental Part :

3-1 Sample preparation

Four surface soil samples were
collected from different locations in the middle
area of Najaf province . from each location ,
one sample was collected by digging a hole at
a depth of 10 cm before the ground surface .
the samples were , crushed , sieved through
0.2 mm mesh and dried in an oven at a
temperature of 100 C° for 24 h . One kg of
each sample was packed in polyethylene
marginally beaker of 1.4 L volume . The
samples were counted for a period of 10000
second .

3-2 Shielding

The block diagram of gamma ray
spectrometry was shown in fig (1) .The detector is
shielded by a chamber of 2 layer starting from
inside with copper (2 mm thick), followed by lead
10 cm thick from out side .
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Figure (1) : Block diagram of spectrometer
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Figure (2): Different processes in the Nal(T¢) crystal
3-3 The gain

To obtain a suitable value of gain , we
recorded several spectra of ®°Co standard
source for different values of gain as shown in
figures (3,4,5) .
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Figure(3) : Measured spectrum of ®°Co , gain = (-8) .
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FIgure(4) : measured spectrum of **Co , gain = (+3) .
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Figure(5) : measured spectrum of ®°Co , gain = (-0.98) .
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Fiaure. (6) Spectrum of **'Cs
From the three figures (3,4,5) , the best value
of the gain was of -0.98 .For energy calibration
we requiring a spectrum from radioactive

m

standard sources of known energies like (**'Cs
, E, =662 KeV) and (*°Co ,E,i= 1173 KeV

and, E,»=1332 KeV) as shown in figures (5,6).

3-4 Counting efficiency
To calculate the counting efficiency of the
detector we use equation (6) [1,4].
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SZAre/At.txlOO% .(6)

Where :
A : recorded area under the photo peak ,

A, : Activity of standard source ,

We used equation (7) to correct equation (1)[1].

A= Ay et

Where:

A,: The primary activity at manufactured date.

t4: The period of time between the date

of manufacturing and the date of
measuring in second.

3-5 Energy resolution:
The resolution of spectrometer is defined as
the ability to separate two peaks that closed
together in energy

The resolution of photo peach is found by solving
the followin

Ach
5 X 100%......(8)

Where :R: The resolution ; Ach = The Full width

of photo peak at half of the maximam count level
(FWHM) measured in number of channels; P.P :
The channel number at the centre of the photo
peak.

4- Result and Discussion:

The counting efficiency of the
system was calculated by using Bics |
®Co and #Na ,standard sources. The
efficiency curve was plotted in figure (7)
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E(KeV)
Figure (7) : Counting efficiency of the
detector

From these spectra , three gamma-ray lines
of 2“Bi (1760 KeV) , *®T¢ (2615 KeV) and
K (1460 KeV) were used to determine the
activity concentration of *®U, %?Th and *“K
respectively .
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Figure (10) Spectrum of soil sample s3

Table (1) represents the activity concentrations

of soil sample obtained by direct gamma-ray
spectrometry . the activity concentrations of *°K
was found to be in the range 103.39%£2.52 to
185.48+2.09 (Bq kg™) while for *®U it was in the
range 4.84+0.52 Bq kg™ to 17.52+0.94 Bq kg™. On
the other hand

20

Table (1) : Activity concentrations of the sample

Sample Activity concentration Bq kg™

Code U “Th K
Sy 9.18+0.67 6.38+0.32 163.2+2.86
S, 17.52+0.94 5.92+0.31 103.39%£2.32
S3 4.84+0.52 6.21+0.33 149.69+2.9
S4 9.85+0.70 7.07£0.34 185.48+2.09

the activity concentrations of %*Th was
found to be in the range5.92+0.31 to
7.07+0.344 Bq kg*. The results are
comparable to the world average activity
concentration . which are 40.35 and 420 Bq
kgt. For 2®U , ®*Th and “°K . respectivity
[13]. Table 1 indicates also that the activity
concentrations of U , %2Th and “°K are
under the worldwide average .
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Figure (11) Spectrum of soil sample s4
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The air-absorbed dose rate due to the
gamma-ray emission from the samples
ranged from 12.35 to 16.09 nGyh™ which
is also in the permissible limit [13] . the
obtained results showed that the effective
doses were lower than world average
which is 1.0 Svy™.

Ragg AD Indoor Outdoor
(Bq kg™ (nGyh™)  (AED")(mSv) (AED")(mSv)
30.87 15.02 0.074 0.018
33.94 16.09 0.079 0.020
25.25 12.35 0.061 0.015
26.54 12.52 0.061 0.015

5- Conclusions

gamma ray spectrometry has some
advantages which are , it is a good technique
extensively used in determination of radio nuclides
, the wide range of natural and artificial radio
nuclides that can be determined and its
applicability in a variety of sample matrices . the
value of activity concertinos , radium equivalent
activity and absorbed dose rate of U, ***Th and
“OK were found to be lower than the world average
. the activity concentration of “°K was higher than
that of 2*U and #*Th . in general the obtained
results showed that indoor and outdoor effective
dose due to natural radioactivity of soil samples
were less than permissible limit which is 1.0 Svy ™
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