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Abstract

Dust storms are common environmental phenomena in Iraq and may affect variations in
environmental radiation levels by dispersing naturally present radioactive materials. This
study aimed to determine the radiation background levels associated with dust storm
samples collected from various locations in Iraq using the FS-600 Radiation Detector.
Twenty dust storm samples were analyzed, and the absorbed dose rate (D), annual effective
dose (AED), and excess lifetime cancer risk (ELCR) were calculated to evaluate the
potential radiological impacts. The results demonstrated that the absorbed dose rate ranged
from 0.0110 to 0.0358 puSv/h, with an average of 0.0260 uSv/h. The annual effective dosage
varied from 0.0963 to 0.3142 mSv/y, with a mean of 0.2277 mSv/y, whereas the ELCR
values ranged from 0.371 x 1073 to 1.210 x 1073, averaging 0.877 x 1072, Statistical study,
including descriptive statistics and graphical methods, demonstrated a highly consistent
distribution of radiation levels among the analyzed samples. All evaluated radiation metrics
were much below the internationally defined limits imposed by UNSCEAR and NCRP..
The results demonstrate that dust storm samples in the research area do not present any
substantial radiological risk to the environment or public health.
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1: Introduction

Dust storms are one of the most important environmental phenomena in arid and semi-arid
regions of the world, especially in the Middle East . Iraq is often affected by severe dust
storms because of its climatic conditions, land degradation, desertification and reduced
vegetation cover [1]. Such storms can transport large amounts of suspended particulate matter
over large distances and carry naturally occurring radioactive materials (NORMs) from soil,
rocks and other geological formations [2].Cosmic rays, terrestrial radionuclides and internal
radioactive elements in living organisms are sources of the natural background radiation
which is always present in the environment [3]. The local radiation background levels can be
influenced by dust storms and other changes in environmental conditions due to the change in
the concentration of dust particles in the air with attached radionuclides [4]. Thus, it is
important to measure the radiation level during dust storm events to understand the possible
radiological impacts on human health and the environment.In recent decades, the frequency
of dust storms has increased in Iraq, raising concerns about their environmental and public
health consequences [5]. Several studies have shown that the dust particles can contain
measurable concentrations of radionuclides such as uranium-238, thorium-232, and
potassium-40, which can cause external and internal radiation exposure via inhalation or
ground deposition [6]. Therefore, the radiation background levels associated to the dust
storms have to be monitored to evaluate any possible increase of the radiological
risk.Radiation detection instruments are an essential part of environmental monitoring
programs. Among these instruments, the FS-600 Radiation Detector is often used to measure
ambient gamma radiation because of its portability, sensitivity and its ability to provide real-
time radiation measurements under different environmental conditions [7]. Such detectors
enable researchers to study temporal variations of background radiation levels and their
correlation with atmospheric dust concentrations.The current study has been conducted to
determine the radiation background levels related to dust storms in Iraq by using FS-600
Radiation Detector. This work tried to evaluate the impact of airborne dust on the
environmental radiation levels by comparing the recorded radiation during the dust storm
events with those under normal atmospheric conditions, and to provide scientific data that
may help the assessment of environmental radiation and protect public health strategies in
Iraq [8].

2: Practical Work and Radiation Measurements

The experimental work of this study was performed to investigate the effect of dust storms on
the environmental radiation background levels in Iraq using FS-600 Radiation Detector. Dust
and soil samples were collected from different sites effected by dust storm activity (twenty
samples). The sites were selected as a representative of the areas of different environmental
and geographical characteristics to collect representative data of radiation levels related to
airborne dust particles [8].After collection, the samples were transported to the laboratory, air-
dried, homogenized and sieved to remove coarse impurities and organic residues. Each
sample was then put into a transparent acrylic measurement chamber designed to isolate the
sample from any other environmental influences and to maintain stable measurement
conditions. This procedure ensured the reliability and reproducibility of the registered
radiation data [9].Radiation measurements were performed using the FS-600 Radiation
Detector, a portable digital instrument that contains a Geiger—Miiller (GM) detector tube for
real-time measurement of ambient gamma radiation. The device shows dose rate values
directly in microsieverts per hour (uSv/h). It is often used for environmental radiation surveys
because of its high sensitivity, portability and fast response. The instrument was checked and
calibrated as recommended by the manufacturer before data collection and background
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radiation levels were measured and recorded for reference comparison [10].To eliminate
geometrical variations that may affect the accuracy of the measurements, the detector was
kept at a constant fixed distance from each sample container. Readings were taken over a
uniform counting period and several readings were taken on each sample. The arithmetic
mean of these readings was calculated to increase the precision of the obtained results and
decrease the statistical uncertainty. All the measurements were systematically recorded and
compiled in tabular form for further analysis.The statistical analysis of the obtained data made
it possible to determine the minimum, the maximum and the average values of the radiation
background and the standard deviation of the radiation background. The measured radiation
levels of dust storm samples were compared with normal environmental background values to
find out the role of suspended dust particles in variations of ambient radiation levels. The data
is important for the radiological characteristics of dust storms in Iraq and it contributes to the
environmental monitoring programs that are designed to assess the potential radiation
exposure risks and protect public health [11].

DUST STORM SAMPLE
MEASUREMENT SETUP

Measurement of radiation background
levels in dust storm samples using the
FS-600 Radiation Detector

PRESSURE GAUGE
Monitors the air pressure
inside the chamber.

VALVES

Control the air flow
and ensure a sealed
environment.

ACRYLIC Cﬂﬂ

Provides a controlled
and sealed environment
for accurate measurements.

FS-600 RADIATION DETECTOR
Detects gamma radiation

and displays dose rate -
in real time.

DUST STORM SAMPLE
Collected from an open
area during a dust storm
eventin Iraq.

SAMPLE TYPE UNIT PURPOSE
Dust storm soil sample Microsievert per hour (uSv/h) Assessment of radiation

background levels during
dust storm events

SAMPLE ORIGIN MEASUREMENT MODE
Iraq — Open area B Real-time dose rate

Figure 1. Experimental Arrangement Used for the Determination of Radiation Background
Levels Resulting from Dust Storms in Iraq Using the FS-600 Radiation Detector

3: Calculation of AED and ELCR

The radiation dose rate (D) was measured directly for each sample with the FS-600 Radiation
Detector and displayed on the LCD screen in microsieverts per hour (uSv/h). The data
recorded reflect the radiation exposure rate at the time of the evaluation. The measured dose
rate was converted to the Annual Effective Dose (AED) in order to estimate an annual
radiation dose to an individual. The measured dose rate was multiplied by a conversion factor
of 8.766 for continuous exposure over the year to obtain millisieverts per year (mSv/y) [10].
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For a measured radiation dose rate of 0.12 uSv/h, the effective dosage of a year was estimated
to be approximately 1.05 mSv/year. Following determination of the AED for each sample, the
Excess Lifetime Cancer Risk (ELCR) was calculated to evaluate the potential probability of
developing cancer from long-term radiation exposure.. The computation was predicated on
the annual effective dosage, an average human lifespan of 70 years, and a cancer risk
conversion factor of 0.05 Sv'. Consequently, the annual effective dose was multiplied by
these two parameters to calculate the lifetime cancer risk linked to the measured radiation
levels [12-13].

4: Results and Discussion

In Table 1, the obtained absorbed dose rate (D), annual effective dose (AED) and excess
lifetime cancer risk (ELCR) for the twenty dust storm samples collected from different
locations in Iraq are presented. The measured values of dose rate were ranged from 0.0110 to
0.0358 uSv/h with an average value of 0.0260 uSv/h. These values are also much lower than
the internationally recommended reference level of 0.247 uSv/h reported by the international
radiation protection organizations, which indicates that the investigated dust storm samples do
not contribute significantly to the external gamma radiation exposure [13,14].

Table 1. Absorbed dose rate (D), annual effective dose (AED), and excess lifetime cancer
risk (ELCR) for dust storm samples collected from the study area in Iraq.

sample Code D (uSv/h) AED (mSv/y) ELCR x1073
1 0.0229 0.2009 0.773
2 0.0239 0.2098 0.808
3 0.0204 0.1788 0.688
4 0.0239 0.2091 0.805
5 0.0283 0.2476 0.953
6 0.0284 0.2486 0.957
7 0.0266 0.2334 0.899
8 0.0326 0.2857 1.100
9 0.0295 0.2585 0.995
10 0.0289 0.2534 0.976
11 0.0298 0.2616 1.007
12 0.0221 0.1939 0.747
13 0.0242 0.2124 0.818
14 0.0332 0.2910 1.120
15 0.0210 0.1843 0.710
16 0.0110 0.0963 0.371
17 0.0358 0.3142 1.210
18 0.0206 0.1807 0.696
19 0.0260 0.2275 0.876
20 0.0304 0.2665 1.026
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Figure 2. Comparison of the absorbed dose rate (D) of dust storm samples with the
internationally recommended limit.

Figure 2 indicates that all measured dose rate values were much lower than the recommended
safety limit. Sample 17 was found to have the maximal dose rate (0.0358 uSv/h), followed by
Samples 14 and 8, while Sample 16 had the minimal dose rate (0.0110 pSv/h). These
variations can be attributed to differences in the mineralogical composition of dust particles
and the concentrations of naturally occurring radioactive materials such as uranium-238,
thorium-232 and potassium-40 transported during dust storm events [15]. But all values are
within the range of natural background radiation and do not indicate any significant
radiological concern.The AED values showed a similar trend since the AED is directly
proportional to the absorbed dose rate. The calculated values of AED varied between 0.0963
and 0.3142 mSv/y with an average value of 0.2277 mSv/y. These values are much lower than
the average global annual effective dose of 2.4 mSv/y suggested by UNSCEAR and NCRP
[14].
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Figure 3. Annual effective dose (AED) of dust storm samples compared to the global
reference level.
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As shown in Figure 3, all AED values were significantly below the international reference
level. This confirms that the calculated annual dose due to the analysed dust storm samples is
relatively low and does not pose an additional health risk to the population living in the study
area [16].The calculated Excess Lifetime Cancer Risk (ELCR) values ranged from 0.371 X
1073 to 1.210 x 1073 with an average value of about 0.877 x 1073. Values were generally low
and comparable to those reported in similar studies on environmental radioactivity worldwide
[17] with slight differences among the samples.

Figure 4. Contribution of the excess lifetime cancer risk (ELCR) values in dust storm samples
in terms of relative percentage.

Figure 4 shows the percentage contribution of each sample to the total ELCR. Most samples
show almost identical percentages, reflecting the quite homogeneous radiological
characteristics of the dust storm deposits studied. Samples 17, 14 and 8 had a slightly higher
contribution due to their relatively higher radiation levels. Sample 16 had the lowest
contribution due to its lowest absorbed dose rate and annual effective dose.To further evaluate
the statistical properties of the measured radiation levels, a box and whisker plot was
generated from the absorbed dose rate data.
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Figure 5. Box plot distribution of absorbed dose rate (D) for dust storm samples.
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Figure 5 shows the box plot indicating that the majority of the dose rate values are clustered
within a relatively narrow range around the median value. The low variability and good
homogeneity of the samples studied is shown by the small interquartile range. This
distribution shows that natural radionuclides are evenly distributed in dust storm samples
obtained from the study area [18].A histogram of the absorbed dose rate values was
constructed to study the frequency distribution of the radiation levels.

5_

Frequency

0 -
0.010 0.015 0.020 0.025 0.030 0.035
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Figure 6. Frequency distribution histogram of dust storm samples absorbed dose rate (D)
values.

As can be seen from the histogram of Figure 6, most of the values of the dose rate are
aggregated around the mean value of 0.0260 puSv/h leading to a nearly unimodal distribution
with a slight skew towards lower values. The lack of a number of peaks indicates the lack of
distinct radiological zones in the area under investigation and that the observed variations are
largely related to natural environmental and geological factors . The histogram further asserts
the stability and consistency of the measured radiation levels and supports the conclusion that
the dust storm samples of the study area are similar to normal background radiation
characteristics.The overall obtained results revealed that the absorbed dose rate, annual
effective dose and excess lifetime cancer risk of dust storm samples are considerably lower
than the international accepted safety limits. Thus, the investigated dust storm deposits are not
a significant radiological hazard to the environment or public health[13—18].

5: Conclusion

The results of this work demonstrate that the absorbed dose rate (D), annual effective dose
(AED) and excess lifetime cancer risk (ELCR) of dust storm samples collected from different
locations in Iraq are within the internationally accepted limits. The obtained values showed
small differences between samples, indicating rather homogeneous distribution of naturally
occurring radioactive materials in the studied dustdeposits. The statistical and graphical
analysis showed stable measured radiation levels and no abnormal radiological contamination
was demonstrated. Moreover, the calculated radiological parameters were found to be
significantly lower than the global reference values suggested by international agencies. Thus,
the dust storm samples studied do not represent a significant radiological risk for the
environment and the general public, and may be considered radiologically safe. Results of this
study also provide useful baseline data for future environmental radiation monitoring
programs in Iraq.
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