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ABSTRACT

Radiation is the emission of energy in the form of particles or photons, and it has two types:
cosmic radiation and terrestrial radiation. Materials that emit radiation as they decay over
time are called naturally occurring radioactive elements. This study, which was conducted
at the Asalah site after removing radioactive contamination, included taking 15 samples
from different locations at the site and conducting radiological tests on them using the HpGe
(high-purity germanium) system available at the laboratory of Iraqi Atomic Energy
Commission- Radiological and Nuclear Applications and Laboratories Directorate From this
study one can see that the average value of specific activity for 226Ra was 15.51 Bq/kg, with
the highest value for As 9, ranging between 22.2+1.9 Bq/kg and the lowest value for As 2,
which was 12+1.4 Bq/kg. The average value (14.56) and the highest value of 228Ac were
25+4.2 Bq/Kg for As 11, while the lowest was 13.5+1.9 Bq/kg for As 12. The average value
of 90K was 317.28 Bq/kg, with the highest value (391.6+30.7) Bq/kg in As11 and the lowest
value (295+22.3) Bq/kg in As5. The average value for the dose rate was 0.14 uSv/h, ranging
from 0.08 uSv/h in As 1 to 0.17 pSv/h. The dose and risk of cancer were elevated using the
RESRAD 7.2 code. The external radiation dose at the site decontamination, according to the
RESRAD calculations, is 2.5x10-7 Sv/year, which is the highest value of any pathway. The
total dose from all pathways decreases to 1.1 x 10”7 Sv/year. After 100 years, it approaches
zero after 1000 years. The total dose determined by RESRAD at the Al-Asalah site is less
than the 1 mSv/year acceptable limit for public radiation exposure as established by the
[AEA's International Basic Safety Standards.
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1. INTRODUCTION

Radiation is the emission of energy in the form of particles or waves, playing a crucial role
in physics and environmental science. One type of radiation is terrestrial radiation, which
comes from naturally occurring radioactive materials, including 238U and 226Ra found within
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the earth (Najm et al., 2022; UNSCEAR, 2015), and cosmic radiation originates from space
and includes high-energy particles from the sun (Abdullah, 2018; Mirko et al., 2020).
Radiation is categorized into three types: alpha particles, which are heavy and positively
charged; beta particles, which are lighter and may carry a negative or positive charge; and
gamma rays, which are uncharged, high-energy electromagnetic waves. (Kaddoori et al.,
2021; IAEA, 2010). Natural radioactive elements are isotopes that emit radiation as they
decay over time. They play important roles in geology and have significant implications for
human health and safety. Natural radioactive elements include 238U, 232Th, and 49K. Uranium
mainly exists as 238U, with an average concentration of about 2.8 ppm in the Earth's crust. It
has a half-life of approximately 4.468 billion years and a density of 18.95 g/cm?®. Due to its
radiotoxicity, 238U is also considered chemically toxic and classified as a metallic element
(Baird et al., 2021). Research is being conducted to examine uranium 238U concentrations
in soil and water because of the impact of its radioactivity on the environment (Mohammed
etal., 2024). Radiation toxicity indicates the damage that radionuclides can inflict on human
health via inhalation or ingestion (Halstead and Wong, 2025). The level of harm is
influenced by the type and energy of the radiation emitted, with risks arising from both
external exposure and internal contamination (Asia, 2014). Thorium primarily exists as
232Th, with an approximate concentration of 12 parts per million (ppm) in the Earth's crust.
It has a half-life of about 14.05 billion years and a density of 11.72 g/cm?. While thorium
232Th is less toxic than 238U, it still presents radiological risks and is classified as a metallic
element (Da Conciercao and Bonotto, 2006; Rejah, 2017). Potassium 49K contains the
radioactive isotope 4°K, which makes up about 0.012% (120 ppm) of natural potassium. 4°K
has a half-life of approximately 1.248 billion years and a density of 0.86 g/cm?. Potassium
40K is classified as a nonmetal; it contributes to natural background radiation and is generally
considered to have low toxicity (Rejah, 2021).

These elements are important for comprehending natural processes and their effects on
health. Radiation interacts with matter through the processes of ionization and excitation.
lonizing radiation (Sahani and Dixit, 2022), including X-rays and gamma rays, transfers
energy to electrons, resulting in ionization via mechanisms such as the photoelectric effect,
Compton scattering, and pair production (World Health Organization (WHO), 2023;
Cember et al., 2022; Podgorsak, 2020). Non-ionizing radiation, such as ultraviolet light
and microwaves, mainly causes excitation and thermal effects without leading to ionization
(International Atomic Energy Agency, 2024). Biologically, radiation can cause DNA
damage, including both single-strand and double-strand breaks, which may result in
mutations and an increased risk of cancer. Additionally, radiation can lead to cellular effects
such as apoptosis and necrosis, impacting tissue health (ICRP, 2022). Radiation exposure
can originate from various sources, including natural sources like cosmic rays and radon,
medical sources such as imaging and therapy, occupational exposures in certain industries,
and the use of radioactive materials in industrial applications (Jing, 2024; UNSCEAR,
1988). Understanding these interactions is crucial for risk assessment and safety measures.
Radiation pollution remediation is defined as a set of technical processes aimed at reducing
or neutralizing radioactive materials in the environment through decontamination and
containment, to protect human health and ecosystems (Padhye et al.,, 2023). These
measures are essential for restoring environmental safety and achieving natural balance
after contamination resulting from nuclear activities or industrial accidents (Omoniyi et al.,
2023). Radiation Pollution Remediation consists of three main methods: Physical Methods
involve cleaning surfaces and excavating contaminated soil to remove radioactive materials.
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Chemical methods include stabilizing waste to reduce its movement, using solvents to
separate radioactive isotopes, and using two methods that combine physical and chemical
methods to achieve effective removal of pollutants (Hang et al., 2024; Claus and Mark,
2016).

Using the RESRAD v7.2 code, the dose and risk of cancer were elevated as shown in Figs. 6
and 7. The RESRAD calculations for the site post-decontamination show that the external
radiation dose is 2.5x10- uSv/year, the highest value among all pathways. The total dose
from all pathways is 1x10-° uSv/year, which decreases to 2x10-° uSv/year after 100 years
and approaches zero after 1000 years. It can be compared with the study of (Basim et al.,
2021), which uses the antioxidation scavenger to reduce the cancer effects on humans.

At the Asalah site, the total dose calculated using RESRAD v7.2 does not exceed the
acceptable limit for public radiation exposure, as specified by the International Basic Safety
Standards set by the IAEA, which is 1 mSv/year (Qadr, 2025). The cancer risk assessment
indicates that the area is considered clean, with calculated values not exceeding acceptable
global averages.

The study aims to assess long-term health concerns following decontamination, determine
acceptable clearance levels, and evaluate residual radioactivity. By advancing our
knowledge of post-remediation environments, this work helps to ensure public safety by
facilitating the creation of efficient monitoring plans and preventative measures. To
determine whether the site is suitable over living and other human activities, the study
intends to measure the amount of remaining organic radioactive substances in the Asalah
area in Baghdad-iraq, following the procedure of elimination using an HPGe detector,
evaluate dose and cancers risk using a RESRAD v7.2 code, and then contrast its findings with
local studies and international standards.

2. MATERIALS AND METHODS
2.1 Sampling and Preparation of Samples (Soil)

Soil samples were collected from the Asalah site in Al-Tuwaitha, approximately 200 km from
Baghdad, which covers the area suitable for the study, to evaluate its post-remediation
cleanliness. The samples were stored in one-kilogram containers for later analysis. A total of
fifteen samples were randomly chosen from different locations within the target area to
ensure thorough coverage. Each sample was collected with care to avoid contamination from
external sources, then placed in designated containers and securely sealed for transport to
the laboratory. The samples were analyzed in the lab to identify contaminants and assess
their concentrations in the soil.

To evaluate the level of clearance at the site, fifteen soil samples were collected from the
remediation area. Samples were taken from the topsoil at a depth of 0 cm to 5 cm, with each
sample weighing approximately 1 kg, and collected using a trowel. After collecting the
samples from the site, the first step is to remove gravel or solid materials to isolate the soil,
reducing interstitial spaces. The soil is then dried in an oven at a temperature between 80°C
and 105°C to prevent the evaporation of radioactive isotopes, such as radon gas, which has
a half-life of 3.5 days. The sample is kept at 100°C for at least one hour or until fully dry. Once
dried, the soil is passed through a sieve with a 6 mm mesh and mechanically sifted for five
minutes to ensure uniform particle size and homogeneity.

The samples were placed in plastic containers for laboratory analysis, and detailed
information about each sample, including relevant soil characteristics, was recorded on
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adhesive labels attached to the containers. Additionally, the dose rate was measured with an
inspector meter from a distance of 1 meter for each sample, and the coordinates and GPS
data of the sampling locations were noted, as shown in Table 1.

Next, the sample is prepared for weighing. The empty container is weighed and zeroed out.
Each sample's unique code is recorded, and the finely ground soil is placed into the
container, which is then weighed on a sensitive balance with a precision of four decimal
places. The prepared samples are stored for about 30 days to allow radioactive equilibrium
to be established, particularly concerning radon gas.

2.2 Gamma Spectroscopy Measurement

The calculation of the net area under the photo peaks in the energy spectrum involved
subtracting background counts from the specific peak areas using a HPGe (High Purity
Germanium) detector system with Genie 2000 data analysis package in the Iraqi Atomic
Energy Commission-Radiological and Nuclear Applications and Laboratories Directorate.
This method allowed for the determination of specific activity (Bq/kg) at well-separated
high-energy photo peaks (Hannan, 2024). The findings included gamma rays from the
progeny of 226Ra in gamma line 609.8 MeV for 214Bi (Bismuth) isotope and 228Ac (Actinium)
in the 911.2 MeV gamma line, which exist in secular equilibrium. In addition, 4°K was
measured directly from its gamma line at 1460 keV. The sample examination time was 3600
seconds (Alaa and Sura, 2015).

3. RESRAD CALCULATIONS

A group of workers at the Argonne National Laboratory has developed a set of RESRAD
(Residual Radioactivity) codes to analyze the potential radiation exposure of humans and
living organisms resulting from environmental contamination by residual radioactive
materials. These codes are used to analyze the exposure pathway in the human body and
living organisms to assess radiation exposure and the risks resulting from it, and to deduce
radiation-free standards and permissible limits for the concentration of radioactive
materials in the contaminated environment. In more than 100 countries around the world,
RESRAD v7.2 codes are used by universities and organizations interested in assessing
radiation risks, which include total dose and risk of cancer.

4. RESULTS AND DISCUSSION
4.1 Gamma Spectroscopy Calculation

Specific Activity (A): Activity in unit mass of the gamma-emitting radionuclides in the sample
can be calculated using the following equation (Jiaying et al., 2022):

A8 - e

kg - I, xex M XT
Where A is the specific activity, Iy is the probability of gamma decay, N is the net count rate

of the peak, € is the detection efficiency, T (3600 sec) is the counting time, and M is the mass
of the sample (Francesca et al., 2025; Rukia, 2023), as shown in Table 1.
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Table 1. Explain the sample code, location, 226Ra, 228Ac, 4K, dose rate, and their average values
for all studied samples.

Sample . 226Ra 228Ac Dose Rate
No. Location 40K (Bq/k
Code (Ba/kg) | (Bq/kg) (Ba/ke) (uSv/h)
1 As1 N:332155716 14.5+1.4 185+ 2.2 317 +23.8 0.08

E:0445136067

N:332157687
2 As?2 F:0445133687 12+14 155+1.8 297 £ 23 0.15

N:332158437
3 As 3 E:0445131707 145+13 | 15619 298 +23.4 0.13

N:332157387
4 As 4 0445129629 141+16 | 15321 306.3 £ 24 0.16

N:332157421
5 As 5 E:0445129468 17515 | 17619 295+22.3 0.16

N:332152837
6 As6 F:0445130782 148+1.6 15+2.2 27123 0.11

N:332159202
7 As7 E:0445155294 134+1.4 18 +2 310.6 £ 24 0.16

N: 332168295
8 As8 E: 445138622 17.5+16 | 205+24 | 3383255 0.17

N:332145758
9 As9 0445123401 22.2+19 16 +2.1 359+£258 0.16

N:332154963
10 As 10 E:0445116974 15+1.7 2125 3243 +£26 0.15

N:332133586
11 As11 F:0445103215 155+18 2542 391.6 £ 30.7 0.16

N:337170286

12 As 12 F:0445194162 154+15 | 13.5+19 | 291.2+23.2 0.15
13 As 13 ]é\fé)i:i}13)31132135 15.7+1.6 | 204+2.1 338.4+25 0.13
14 | As14 ]é\IO%LTSZZSALSILt) 175+18 | 148+23 | 289.6+253 0.13
15 As 15 301113232033% 131+14 | 16.7+19 33225 0.12

Average 15.51 17.56 317.28 0.14

From Table 1, one can note that the average value of specific activity for 226Ra was
15.51Bq/kg, with the highest value ranging between (22.2+1.9) Bq/kg for as 9 and the
lowest value in As 2, which was (12+1.4) Bq/kg as shown in Fig.1. For 228Ac, the highest
value was (25% 4.2) Bq/kg for As 11, while the lowest value was (13.5+ 1.9) Bq/kg for As 12
as shown in Fig. 2. Regarding 4°K, the highest value was (391.6+30.7) Bq/kg in sample 11,
and the lowest value was (295+ 22.3) Bq/kg in sample 5 with the average value was 317.28
Bq/kg as shown in Fig. 3. Fig. 4 shows that the average dose rate was 0.14 puSv/h, ranging
from 0.08 uSv/h for As 1 to 0.17 uSv/h in As 8. In contrast, (Basim et al., 2021) this study
focused on characterizing contaminated areas at the AL-Nahrawan site using portable
Geiger-Miiller devices and scintillation detectors. Surface contamination ranged from 0.46
to 50.9 Bq/cm?, with radiation exposure levels between 0.016 and 1.823 mRad/hr. The
activity concentrations of radionuclides in soil samples exceeded accepted limits, indicating
contamination above background levels. The study highlighted an elevated cancer risk
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(2.2x107%) at this site, compared to the global average reported by UNSCEAR (0.29x1073 to
1.16x1073). Restrictions on public use of the site are recommended.
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Figure 1. ?°Ra concentration in all studied samples.

[EnN

I - oo

U1
[y
(2}
[y
[e)]
~N

[any
o
o

I &

-

w

N
G Immmmmm - <

10

228Ac (Bq/kg)
&

(03]

i s
I S
Mm-S
I &

] —

(- &
[

T

IR
N
w
D
w
[e)}

7 8 9
Samples Code

Figure 2. 2 Ac concentration in all studied samples.

=
o
=
=
=
N
=
I
=
(9]

500

400 338.3 359 324.3

317 297 298 3063 295 . 3106
300

[Eny

200
100

Iy

40K (Ba/kg)
AR
TR
AR
AR

=

2 3 4

(6]
(o))

7 8 9
Samples Code

[any
o
[Eny
=
=
N
=
w
[EEY
I
[EnY
(&3]

Figure 3. “°K concentration in all studied samples.
0.2

0.15
0.1

0.05 I I
0

As1l As2 As3 As4 As5 As6 As7 As8 As9 As10As11As12As13 As 14 As 15

Samples Code

Dose Rate (uSv/y)

Figure 4. The dose rate in all samples.

87



O.R. Alietal. Journal of Engineering, 2025, 31(8)

4.1.1 Descriptive Statistics

Table 2 shows that potassium has a high concentration (391.6 Bq/kg), nearly twice that of
radium and actinium so the coefficient of variation (that represents the average of the
squared differences from the mean value) will have a high value (960.766%), as this value is
believed to indicate that the high concentration in the studied region comparing with that
values of variance Ra and Ac (6.004, 9.428))%, respectively. While the measure of how
spread-out numbers are, the standard deviation confirms this result.

Table 2. Descriptive Statistics of the measurement results.

Element No. of Samples Minimum | Maximum Mean | Std. Deviation
Ra 15 12.00 22.20 | 15.5133 2.45033
Ac 15 13.50 25.00 | 17.5600 3.07055
K 15 271.00 391.60 | 317.2867 30.99622
D 15 0.08 0.17 0.1413 0.02446
Average 74.145 109.74 87.62 9.135

4.1.2 Frequentist probability

Probability is the likelihood that an event will transpire within a specific set of probable
results. It is a useful and quick way of distributing measured values. Figs. 5 to 8 show the
concentrations of Ra, Ac, K, and D, respectively, for all samples. From this study, one can
observe an expected calculated normal distribution (bell-shaped) with a single peak (black
curve) and a gradual decrease (taper) at both ends of the figure. It can also be seen from the
figure that there is an approximate symmetry of the two sides of the distribution (the highest
and lowest values for each variable), where each one has an unequal population in a certain
parameter. This data and the following figures were obtained using the IBM SPSS statistical

program.

10 7

Mean =15.5131
Std. Dev. =2.36724
N =16

Frequency

.

12.50 15.00 17.50 20.00 22.50
VARO00001

Figure 5. Represent the frequency distribution of the concentration of the measurement
values for Ra-226.
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Figure 6. Represent the frequency distribution of the concentration of the measurement
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Figure 7. Represent the frequency distribution of the concentration of the measurement

4.1.3 RESRAD calculation

values for K-40.

From the risk cancer assessment calculated using RESRAD, the area is considered clean, and
the cancer risk is negligible as the calculated values do not exceed the acceptable global
average values according to the UNSCEAR (United Nations Scientific Committee on the
Effects of Atomic Radiation) (UNSCEAR, 2000). which specifies that the acceptable limit for
public exposure is not to exceed 1 mSv/year, as shown in Figs. 9 and 10.
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Figure 8. Represent the frequency distribution of the dose rate of the measurement values.
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Figure 9. Explain the dose in all nuclides summed and component pathways.
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Figure 10. Explain the excess cancer risk in all nuclides summed and component
pathways.

5. CONCLUSIONS

Laboratory analysis using an HPGe detector on samples from the site confirmed that
radiation doses at the Asalah site do not exceed the average levels found in clean areas. The
concentrations of 226Ra, 232Th, and 4K in the soil samples are lower compared to
international standards and neighboring regions, making it suitable for human activities.
Random measurements at various points on the site revealed that radiation levels are within
acceptable limits for public exposure according to IAEA (International Atomic Energy
Agency) standards. The calculations show that the concentrations of radioactive elements
fall within acceptable international limits, confirming the suitability of the site for habitation.
The results of this study, which were obtained using the RESRAD 7.2 code, showed that the
calculated dose falls within the permissible limit in the international safety standards set by
the International Atomic Energy Agency, which is 1 mSv/year. As a result, the site is now
safe for habitation. The results of the soil sample testing were below the allowable level
because there was no radiation present. Residential development, commercial project
establishment, agricultural usage, and industrial use are among the suggested applications
for a protected location in the Al-Tuwitha region, for the Al-Asala site.

NOMENUCLATURE
Symbol Description Symbol Description
A Specific activity € Detection efficiency
N Net count rate of the peak T Counting Time(3600sec)
Iy Probability of gamma decay M Mass of the sample
A Area yr Year
Bq Becquerel hr. Hours
Sv Sievert g Gram
ppm Parts per million Kev Kilo electron volt
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