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ABSTRACT

The soil is one of the most important natural sources of ionizing radiation to which humans are
exposed. Naturally, radionuclides such as 238U series,?®*Th series and potassium “°K radioisotope are
widespread in the soil and are considered the main sources the terrestrial natural radiation. The study
under investigation is regarded as one of the rare studies that deals with the effect of the contents of the
radionuclides on levels of natural radiation, besides being helpful in drawing of radiological maps for the
area under study. The gamma radiation has been measured to determine U, 2?Th and “°K natural
radioactivity in the soil of selected area in Najaf city, south western part of Iragq. Google Earth program
was used to get an upper view picture or photo of the area of study. In addition to this photo, our study
involved maps that supported by the center of engineering affairs in the University of Kufa to get a
geographical location of area under the study. As soil surface samples, 30 soil samples were obtained in a
methodical manner. These samples were investigated using gamma-ray spectrometry, which included a
high-counting-efficiency Nal (TI) detector with a 2"'x2" crystal dimension linked to the amplifier via a
unit of preamplifier, an analog to digital converter (ADC), and a multichannel analyzer (MCA) with 4096
Cassy type channels. The findings of our research were shown in contoured radiological maps and
analyzed using the Gaussian frequency distribution. Finally, all radiation results in the area of study were
lower than limits of the global average, and they were also compared to the values recommended by
international authorities and “°determined to be within permissible limits.

1: INTRODUCTION

any unstable nuclides were present in

the star material from which the earth
was born roughly 4.5 billion years ago [1]. Some
of the original primordial nuclides are still
present, with half-lives comparable to the age of
the earth. Radiation is emitted from outer space
(cosmic), the earth (terrestrial), and even within
the human body. It's in the air we breathe, the
food we eat, the water we drink, and the building
materials we use to construct our homes. As a
result, radiation is everywhere around us; it is a
natural part of our environment and has been
since the beginning of time [2]. One of the most
common causes of human exposure is
radioactivity in the soil environment [3]. The
238y 232Th, and natural “°K series are the main
sources of natural radioactivity in soil [4,5].
Because natural occurring  radionuclides
materials (NORMs) such as 28U, 22Th, 2V and
4K have exceptionally long half-lives (up to

1010 years), their presence in soils and rocks can
be substantial, and should be treated as
permanent. The geological and geographical
circumstances, as well as natural environmental
radioactivity and the related external gamma
radiation exposure, are the key variables. As a
result, various quantities of radiation develop in
the soil of different parts of the earth [6].
Exposure to natural sources of radiation becomes
a significant issue in terms of radiological
protection. The National Radiological Protection
Board (NRPB) estimated in 1992 that radon
accounted for around half of all annual doses of
radiation in most of the world [7]. According to
the National Council on Radiation Protection
and Measurements (NCRP), the average person
receives about 3 millisieverts of radiation per
year from natural sources, compared to about 0.5
millisieverts from produced material sources of
radioactive materials such as medical X-rays, as
shown in Figure 1 [8].
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Radon 2 mSv

l:] Natural 3 mSv
- Man-made 0.66 mSv

Other 0.03 mSv

Occupation 0.01 mSv
Fallout 0.011 mSv
Nuclear fue cycle 0.004 mSv

Miscellaneous  0.004 mSv

Cosmic 0.3 mSv

Terrestrial 0.3 mSv

Internal 0.4 mSv

Medical x-ray 0.39 mSv

Nuclear medicine 0.14 mSv

Consumer products 0.1 mSv

Fig. (1): Annual radiation doses from natural and man-made sources
according to (NCRP1987) [8].

The general populace is unlikely to be
exposed to radiation from any source. The
European Commission has released a draft
proposal for revising the minimum safety
requirements for worker and public protection
against the hazards of ionizing radiation [9]. The
United Nations Scientific Committee on the
Effects of Atomic Radiation estimates that the
global mean dosage from natural radiation
sources of normal area is 2.4 mSvly, while the
global mean dose from all man-made sources,
including exposure, is roughly 0.8 mSvly
[10,11]. As a result, natural sources of radiation
account for 75% of the radiation dose absorbed
by humans. The largest component to the world
population's external dosage is undoubtedly
gamma radiation dose from natural sources [12].
This information ensures radiological control
because the higher soil layer holds the majority
of the environmental radiation. 2%U, #2Th, and
40K have significant radioactivity [11,13]. The
significant radioactivity of ?*Ra and ?*Ra, as
well as the pressure they exert on soil, need extra
caution. It is well established that even little
amounts of radiation can cause biological harm,
and that radiation that is eaten or breathed poses
a serious health risk [14].

Natural radionuclides have a radiological
impact because they expose the body to gamma
rays and irradiate lung tissue through inhalation
of radon and its daughters. In general, human
exposure to ionizing radiation occurs via medical
diagnosis and therapeutic tools or instruments, as
well as radiated food, air, and environmental
sources. Because the last one's radiation cannot

be turned off, environmental radioactivity
surveillance becomes a need. In general,
scientific data on the radioactivity contents of
naturally occurring radioactive compounds in
soil in Iraq is scarce, particularly in terms of
environmental radiological examinations. Based
on these facts, it is reasonable to conclude that
knowledge of (NORMSs) such as 28U, #32Th, and
“0K is a necessary pre-requisite for assessing the
rate of exposure and absorbed dose by the
population in order to assess radiological
implications and establish a baseline. Data
repository that can be used as a reference by
radiation observers in the studied area [15].

2: NATURAL RADIATIONS

The environmental radioactivity can be
classified into two types based on the source of
radiation: natural and artificial. The natural
radioactivity is obtained from natural sources of
Uranium, Thorium, and Actinium radioactive
series, as well as rare non- radioisotopes series
such as Potassium-40 [16]. Radioisotopes with
short half-lives, such as Platinum-190, Rhenium-
187, Lutetium-176, Hafnium-174, Gadolinium-
152, Samarian-147, Neobynium-144,
Lanthanum-138, Indium-115, Rubidium-87, and
Vanadium-50 were not studied. Artificial
activity, on the other hand, is primarily derived
from abandoned sources, radioactive waste, and
radioactive fallout in nature. As shown in Table
1; four unique natural series: Uranium,
Actinium, Thorium, and Neptunium were found.
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Table (1) :The Natural series of Uranium ,Actinum , Thoriom and Neptunium

Series First Isotope Half-life(vears) Last Isotope
Uranium Z5U 4.5%10° 206Pp
Actinium 35U 7.10x108 207Pb
Thorium 2Th 1.39%10%0 208ph
Neptunium BTNp 2.14x106 20°Bj

In nature, the uranium, actinium, and thorium
series only are found. Because the ’Np isotope
has a significantly shorter half-life (about 5
billions years) than the earth's lifetime, hence, all
neptunium perished during the first fifty million
years beyond the planet originated.

3: STUDY OBJECTIVES

This research intends to conduct continuous
soil contaminants aiming to monitor the health
and safety control measurers from radiations
caused by NORM radioactivity in soil. Create a
radiological contour map to depict the amounts
of radioactivity in the soil. Qualify and quantify
the occurrence of natural radionuclides in the

soil of Najaf city, such as (U 2%, Th 22, and K
40)'

4: EXPERIMENTAL PART

4-1: Gamma-Ray Spectrometer

Gamma rays are utilized in nuclear
spectroscopy because of their deep penetrating
power. A set-up was used to measure the number
of gamma rays, as seen in the image below. The
spectrometer is made up of a scintillation
counter Nal (TI) with a crystal diameter of
(2""x2"), a scalar, shielding, and a specially
designed sample container that allows the
sample to completely surround the scintillation
detector on all sides.

PMT

pd

Scintillation
Detector

Amplifier MCA

|~ Source

|7
2 ‘
T

Fig. (2): A spectrometer system is depicted as a block diagram [23]

4-2: Study Subject

The soil samples were taken from the study
area, which includes biologically significant sites
such as the University of Kufa in Najaf, Irag.
4-3: Obtaining and Preparing Samples

To quantify NORMs in the soil surface,
thirty soil samples were collected in a
systematical selection as matrix distribution.
Drilling a hole at a depth of 35 cm before the
earth surface yielded an average from each point.
The gathered samples were packed in labeled
closed polyethylene bags and transferred to the
radiation detection and measurement laboratory
of the university of Kufa's college of science's
physics department. Soil samples were roasted
for 24 hours at 100°C to eliminate moisture. A

1.4 L polyethylene marinelli beaker was utilized
as a sampling and measuring container in this
experiment.

4-4: Specific activity measurements:

The spectra of soil samples were analyzed.
The specific activities and radium equivalent
activities of 2%Th, 28U, as well as “K
radionuclides were  measured and listed in
Table 2. These values were discussed as follows:
4-5: Energy calibration

The calibration of the instrument is the first
step in every spectroscopic measurement.
Calibration is the link between the number of
channels and the energy absorbed in the detector.
The quantity of energy absorbed in the detector
is proportional to the responsiveness of a good
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multi-channel analyzer across its entire MCA
[23]. The detector's reaction is proportional to
the quantity of energy absorbed in the detector
and has a linear response across its entire MCA
[23]. The slope is determined in some MCAS
using a simple two-point energy, as indicated in
the equation below.
E = Axch +B

The energy is E, the channel number is ch,
while A and B are constants. As a result, the
energy as a function of channel number can be
read directly, allowing the user to choose
between first-order (linear) and second-order
(quadratic) equations using least square fit to

data points [17]. The spectrometer's energy was
calibrated by obtaining a spectrum from
radioactive reference sources with known
energies such as %°Co (Er1= 1332 keV, E .=
1773 keV) and ¥*¥'Cs (E., = 662 keV).

The first order equation was used in this
study. The energy calibration can be done with a
variety of radioactive sources with established
peaks. The spectrometer was calibrated in the
investigation using six standard gamma radiation
sources provided by Spectrum Techniques LLC.
Table 2 shows the sources: *Na, ’Co, ®Co,
109Cq, 13383, and 187Cs.

Table (2): Standard source energies and transition probability [23]

Isotope E,(keV) I, % Isotope E,(keV) I,%
22 511 100 109
Na 1274 99.94 cd 88 3.6
. 302.8 18.3
Co igé ?gg 133Ba 356 62
’ 383.8 8.9
50 1173 99.97 157 _ .
Co 1333 99.98 Cs 662 85.1
2500 -
2000
1500 -
1000 -
S00 - /
o Ch. No
o 100 200 300 400 S00

Fig. (3): Calibration curve of channel-energy of Nal (T() detector.

4-6: Efficiency Calibration

Using the six standard gamma ray sources
stated above, the photo-peaks relative intensities
corresponding to respective gamma ray lines
were calculated. To measure the photo-peak
relative efficiency, divide the relative intensity
of the photo-peaks with energy (E) by the
reference relative intensity of the identical
photo-peak [26]. To rectify the activity of each
standard source, the following relationship was
used:
A=Ace—AAL

Where Ao is each source's beginning activity
(Bq) at time t,, A is the source's activity (Bq) at

time t, A is the decay constant, and At=t—t,.
The following relationship was used to compute
the detector measuring system's efficiency (€) for
a specific energy:

€= ¢ x100%
A-1

After background subtraction, C was the
count (area) under the prescribed energy peak,
for spectrum collection t was the time (sec), and
ly was the emitted gamma ray transition
probability.
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Fig. (4): The efficiency calibration curve of Nal (TI) detector

5: RESULTS AND DISCUSSION specific activities and radium equivalent
activities of 2%¥U, 2°2Th and “°K radionuclides
5-1: Specific activity measurements: The were measured and listed as values in Table 3.

spectra of soil samples were analyzed. The

Table (3): Specific activities of natural radionuclides and Radium equivalent in
(Bg/kg) with their total uncertainties of soil samples.

Sample code Specific activity (Bg/kg) Raeq(Bq/kg)
238y 2321, 40k

S1 14.87+0.84 4.90+0.28 83.56+2.02 28.31+1.39
S2 3.63+0.42 3.37+0.23 110.98+2.32 16.99+0.92
S3 10.15+0.71 3.31+£0.23 125.34+2.53 24.53+1.24
S4 11.72+0.80 3.67+0.26 159.10+£2.98 29.22+1.40
S5 5.18+0.49 4.16+0.25 96.09+2.12 18.52+1.01
S6 6.99+0.58 1.40+0.15 80.49+1.98 15.19+0.94
S7 8.48+0.62 4.22+0.25 156.52+2.70 26.56+1.19
S8 19.25+1.03 5.33+0.31 93.97+2.29 34.10£1.65
S9 4.20+0.46 1.69+0.17 96.98+2.22 14.08+0.87
S10 8.25+0.64 7.02+0.34 106.86+2.33 26.52+0.58
S11 10.17+0.71 4.64+0.27 90.10+2.12 23.74+0.64
S12 8.69+0.63 7.09+0.33 107.53+£2.25 27.11+0.56
S13 10.90+0.74 8.48+0.37 148.30+£2.75 34.44+1.6148
S14 3.06+0.38 3.80+0.24 64.62+1.77 13.48+0.87
S15 9.55+0.70 3.89+0.26 116.42+2.47 24.08+1.26
S16 14.22+0.81 5.03+0.28 132.69+2.51 31.63+£1.40
S17 10.57+0.69 3.72+0.23 68.69+1.78 21.18+1.16
S18 15.73+0.93 7.92+0.38 130.82+2.71 37.13+1.68
S19 11.70+0.76 4.04+0.26 161.38+2.87 29.91+1.35
S20 9.11+0.64 2.02+£0.17 86.21+1.99 18.63+1.04
S21 10.73+0.70 5.25+0.28 132.33+£2.46 28.43+1.28
S22 7.78+0.57 3.42+0.22 84.65+£1.91 19.19+1.03
S23 11.03+0.73 2.64+0.20 87.37+2.07 21.54+1.18
S24 18.65+0.94 4.10+0.25 83.95+2.02 30.98+1.46
S25 10.69+0.70 4.73+0.27 95.58+2.12 24.82+1.25
S26 8.58+0.61 4.12+0.24 138.07+£2.49 25.10+1.15
S27 13.19+0.75 7.41+0.32 83.63%£1.90 30.22+1.35
S28 2.94+0.35 1.40+0.14 73.93%£1.79 10.63+0.69
S29 8.76+0.62 3.40+0.22 103.03+2.14 21.56+1.10
S30 5.61+0.49 3.67+0.23 85.04+1.94 17.41+0.97
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5-2: Uranium activity concentrations:

The specific activity concentrations of 2%U
were measured for soil samples. As shown in
Table 3, the values of specific activities in
detected samples with their total uncertainties
were ranged from  2.94+0.35Bg/kg to

19.25+1.03Bqg/kg. Figure 5 depicts a map of the
concentration

28 radionuclide  activity

wm (&K

distribution in the research area. These findings
are owing to the relatively low levels of 28U in
the virgin soil of the research area, which is
dominated by sand-claying soil. lastly, the low
28y level in the investigated area poses no
concern to residents or the general public in
terms of radiation protection.

U -238 Bq/Kc

N
°

19

SINWAGRID

Fig. (5): A map of the activity concentration distributions ot «<**U (Bg/kg) In the studied area

5-3: Thorium activity concentrations:

Table 3 shows the results for #2Th and the
particular activity concentrations radionuclide
radioactivity on centration in soil samples, while
Figure 5 shows the concentrations radionuclide

5-4: Potassium activity concentrations:

Table 3 was revealing the results of the “°K
radionuclide activity concentrations in soil
samples, as well as their average values. The
map of specific activities is shown in Figure 7.

in the research region. The activity
concentrations ranged from 1.40+0.14Bqg/kg to
8.48+0.37 Bg/kg as a maximum value. The
research area's activity concentrations of 22Th
below the allowed limits.

were

Th-232 ( Ba/Kg)

The values with their total uncertainties were
found to be in a range from 64.62+1.77 Bg/kg to
161.38+2.87Bg/kg. The average activity
concentration collected in this work is lower
than the permissible.
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Fig. (7): A map of the activity concentration distributions of “°K (Bg/kg) in the studied area

6: CONCLUSIONS

1- Contour maps can be used for the
description of the natural radiation in the
soil.

2- The radioactivity concentration of 28U,
232Th and “°K are generally very safe and
have consistent values  with those reported
by many other countries in the world for soil
samples.

3- The natural radiation level using sodium
lodide detector revealed that the distribution
was not uniform.

4- Artificial radionuclides were not detected
in any of the measured soil samples.
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