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Abstract

This study aims to assess the activities of radioactive isotopes >*U, ***U, and **®U in earth samples collected from the
Missour region in Morocco using alpha spectrometry. The samples were collected at different depths (0 cm, 10 cm, and 20
cm), and their mass, as well as the tracer mass, was accurately measured. The results showed significant variations in
isotope activities depending on the depth. The activities of *>*U and ***U increased with depth, while the activity of **°U
showed a less pronounced increase. These observations suggest the influence of geochemical processes and soil compo-
sition on the distribution of isotopes. These findings contribute to our understanding of natural radioactivity in the region
and underscore the importance of monitoring radiation levels to assess environmental and human health risks.

Keywords Radioactive isotopes - Alpha spectrometry - Geochemical processes - Environmental monitoring -

Human health risk - Uranium

1 Introduction

Alpha decay is the process where a radioactive nucleus
disintegrates by emitting an alpha-particle. Alpha-emitting
radioactive isotopes of uranium, namely 234U, 235U, and
238U, hold a significant importance in various fields of
science and environmental safety (Hahn 2005). Naturally
occurring in the soil, these isotopes differ in their nuclear
composition based on the number of neutrons in their
atomic nucleus.

234U, composed of 92 protons and 142 neutrons, is a
radioactive isotope that decays into thorium-230 by emit-
ting alpha-particles. On the other hand, U-235, consisting
of 92 protons and 143 neutrons, is particularly important
due to its fissility, enabling nuclear fission reactions that
generate energy, used in nuclear reactors and nuclear
weapons. Finally, U-238, the most abundant isotope of
uranium with 92 protons and 146 neutrons, can also
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participate in nuclear reactions, notably through neutron
capture, leading to the formation of plutonium-239, a fissile
material (Suppes and Storvick 2016; Moeller et al. 1980).
Figure 1 illustrates the radioactive decay pathways of **°U
and **U.

These isotopes possess the unique property of emitting
ionizing radiation, such as alpha-particles, beta-particles,
and gamma-rays, making them versatile in various appli-
cations, ranging from nuclear energy production to radio-
metric dating in geology and nuclear medicine (Lloyd and
Goddard 2020). However, their presence and behavior in
soil also raise concerns in terms of radiological and envi-
ronmental safety, prompting in-depth studies to assess risks
and understand the geochemical processes governing them
(Gascon and Munoz 2003; Kenna 2009). The background
radiation produced from the isotopes of uranium can pro-
vided some problems like the migration of radon from soil
and rocks into buildings, where it can accumulate and pose
a potential health risk. Radon exposure is associated with
an increased risk of lung cancer, particularly in indoor
environments (Oviri et al. 2023). This introduction will
shed light on the essential characteristics of these
radioactive isotopes in soil, revealing their significant
implications for science and society (Nash et al. 2006).
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Fig. 1 The radioactive decay pathways of 25U and 2¥U

Samples were collected at various depths in the Missour
region of Morocco (Fig. 2). The precise measurement of
radioactive isotope activities in environmental samples is
of great importance for evaluating radiation levels and
understanding interactions between isotopes. In this study,
we applied alpha spectrometry to analyze the activities of
234U, 235 U, and 238y isotopes in samples collected from the
mentioned region.

2 Methodology

Samples were collected at three different depths in the
Missour region, Morocco (Fig. 2). After collection, the
samples were carefully processed to measure their precise
mass as well as the mass of the tracer. The activities of
isotopes 2**U, 2*°U, and ***U were measured using alpha
spectrometry, with particular attention to radiological
safety measures.

2.1 Experimental
2.1.1 Instrumentation

The alpha-particle spectrometer utilized for measuring the
massic activities of 2*U and ***U radioisotopes was the
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Canberra Alpha Analyst model, equipped with a passivated
implanted planar silicon (PIPS) detector with an active
surface area of 450 mm?. Data processing was performed
using the Gennie 2000 and Alpha Analyst software. Thin
uranium sources for all samples were prepared via elec-
trodeposition onto a stainless-steel disk. The uranium
deposition process involved utilizing an electrodeposition
cell assembly consisting of a disposable plastic vial, a cap
assembly with a stainless-steel plating planchet (cathode),
and a platinum electrode (anode).

2.1.2 Reagents and Tracer

All chemicals employed in this investigation were procured
from Sigma-Aldrich and were of high analytical purity.
The **?U tracer solution utilized was sourced from AEA
Technology, QSA, with a massic activity of approximately
0.19 Bq g in the diluted tracer solution.

2.1.3 Acid Leaching

To assess the moisture content, soil samples were initially
weighed using an analytical balance and subsequently
subjected to a 105 °C drying process lasting 24 h. Fol-
lowing cooling, the samples were reweighed, and the dried
sample quantity was then placed in a Teflon beaker for
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Fig. 2 The position of earth soil sample collection

dissolution. The addition of the ***U tracer to the sample
enabled the determination of the chemical yield (Gascon
and Munoz 2003). Next, a volume of 50 ml of aqua regia
was introduced to the sample. The Teflon beakers were
covered with Teflon watch glasses, and the sample was
gently evaporated for 4 h. Once complete dissolution was
achieved, the Teflon watch glass was removed, and the
solution was evaporated nearly to dryness. To dissolve the
silicates, 50 mL of concentrated HF was added, and the
ashy sample was carefully evaporated to dryness on a hot
plate, maintaining a temperature of 220 °C throughout the
solution evaporation process. The resulting residue was
then prepared for the chemical separation of uranium
(Kenna 2009).

The residues were dissolved in 10 mL of 8 M HNOs.
Uranium was separated from other radionuclides using a
liquid-liquid extraction technique employing the organic
solvent tributyl phosphate (TBP), xylene, and deionized
water (Oviri et al. 2023). Following separation, uranium
was electrodeposited onto stainless-steel disks measuring
19.6 mm in diameter, utilizing the electroplating tech-
nique. Figure 3 provides a comprehensive illustration of
the electroplating system, displaying the constituent com-
ponents, connections, electrodes, and electrical circuits

comprising the entire setup (Johnston et al. 1991). This
graphical representation facilitates a clearer understanding
of the implementation and operation of the electroplating
process.

After the uranium solution was evaporated to a few
milliliters, 1 ml of 0.3 Mol/L Na,SO,, several drops of
concentrated NHs, and 4 ml of deionized water were added
to prepare the electrolysis cell. The medium’s pH was
adjusted by adding concentrated NHj3 and 1% H,SO,.
Electrodeposition was conducted at 1 A for 1 h. Subse-
quently, the disk was removed from the cell, rinsed
sequentially with 1% NH;, ethanol, and acetone. The
electrolyte-coated disk was then dried for 5 min at 200 °C
and immediately measured in an alpha-particle spectrom-
eter. The alpha sources were counted over a period of
1-2 days (Suarez-Navarro et al. 2023).

2.2 Spectrometric Analysis and Calculation
of 222U and #**U Massic Activities

The regions corresponding to the ***U and ***U peaks,
spanning energy intervals of 4000-4200 keV and 4600-
4780 keV in the spectrum, were identified and subse-
quently adjusted for background interference. The ambient
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Fig. 3 Electrodeposition system
and vacuum chamber with
semiconductor detector

background was subtracted for the uranium peaks by
measuring a pristine stainless-steel disk under identical
conditions. The specific activities and associated uncer-
tainties of **U and ***U in the soil samples were calcu-
lated using the following Egs. (1-3):

Ni _ B

—— PIPS Detector

_ Measurement
support

3 Results

Figure 4 provides a detailed graphical representation of the
spectra corresponding to the surface-level sample (0 cm)
containing uranium isotopes, namely 234U, 235U, and 238U,
with  respective activities of 18.00 £ 1.40 Bqg/kg,

B m
R %*Am . 2 (1) 042 + 0.14 Bq/kg, and 12.63 & 1.06 Bq/kg. Each of
1 T ! these spectra reveals distinct features that allow for the
U(A,') _ U2(Si) U2(5232) U2(Ii) U2(1232) U2(m232) + Uz(m) g (A232) (2)
Aj i $3 I I3, ma32 m? Alp
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S — ( _ ) and Sy — < - ) 3)

L 1 153 151

e A232 (Bg/kg) is the specific activity of the tracer.

e m232 (kg) is the weight of tracer solution added to the
sample.

e 2 (s) is the duration of the sample spectrum count.

e t1 (s) is the duration of the background noise count.

e Ni (cps) is the number of raw counts attributed to
isotope “i” in the spiked sample.

¢ Bi (cps) is the background noise measured on the area
of the spectrum attributed to the isotope “i”.

e [i is the emission rate relative to the peak considered
for the radionuclide “i”.

e m is the mass (kg) of sample.

22, Q) Springer

differentiation of these isotopes based on their specific
radiological signatures. The analysis of these spectra is
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Fig. 4 The peaks of 234y, 23U, 23U, and the tracer in the sample
collected at the surface
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Fig. 5 The peaks of 234y, 2%y, 23U, and the tracer in the sample
collected at a depth of 10 cm
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Fig. 6 The peaks of 234U, 235U, 238U, and the tracer in the sample
collected at a depth of 20 cm

crucial for precise identification and reliable quantification
of these isotopes in various scientific, industrial, and
environmental applications, contributing to our overall
understanding of radioactivity and its implications.

Furthermore, Fig. 5 also presents spectra corresponding
to the same isotopes but at a depth of 10 cm, with
respective activities of 17.78 + 2.22 Bg/kg,
0.70 + 0.29 Bg/kg, and 13.45 + 1.79 Bg/kg for ***U,
235y, and 28U, respectively.

Finally, Fig. 6 reveals the spectra obtained at a depth of
20 cm, using alpha spectroscopy for the same isotopes
(234U, 235U, and 238U), with respective activities of
19.66 £ 2.75 Bq/kg, 0.88 &+ 0.4 Bg/kg, and
11.95 + 1.89 Bg/kg. These graphical representations are
crucial for studying the distribution and variability of these
isotopes in the soil at different depths, which has significant
implications in various research and application domains.

The fourth peak present in all three figures corresponds
to the tracer peak used in this study. The role of the tracer is
of fundamental importance in monitoring and characteriz-
ing processes involving uranium isotopes (***U, **°U, and
238U) at various soil depths. As a specific radioactive ele-
ment, the tracer is intentionally introduced into the sample
or the studied medium to facilitate the traceability of its
movements, reactions, or transformations.

In our study, the selected tracer is ***U. This decision
was made due to its ability to mimic the behaviors of
uranium isotopes present in the soil while being more
easily traceable and measurable. In a controlled manner,
this tracer was incorporated into the soil samples at each of
the examined depths, namely O cm, 10 cm, and 20 cm.

The use of this specific tracer is essential for monitoring
and quantifying the mechanisms of dispersion, migration,
and retention of uranium isotopes across different soil
layers. These data are crucial for a thorough understanding
of underlying geochemical and environmental processes, as
well as for the assessment of potential radiological risks
associated with the presence of uranium isotopes in the
soil.

In this section, we present Table 1, which summarizes
all the information related to each sample. This table syn-
thesizes data on the depth of each sample and the measured
activities of the corresponding uranium isotopes at each
level. It provides a convenient overview of the results of
your study.

4 Discussion

Data analysis reveals significant variations in the activities
of isotopes 234U, 235U, and 2**U with depth in the Missour
region. The observed increases in the activities of U-234
and U-238 with depth could be attributed to geochemical
processes and soil composition. The activity of U-235 also
shows an increase, but to a lesser extent. These results
suggest the importance of considering the natural distri-
bution of radioactive isotopes in samples.

The results mentioned in the table appear to indicate
relatively low activities for isotopes 234U, 235U, and 2*®U in
the collected samples. These activities are typically
expressed in Becquerel’s per kilogram (Bg/kg). Based on
the values provided in the table, it seems that the measured

Table 1 Data on the depth of

each sample and the measured Depth (cm)

Simple mass (g)

Tracer mass (g)

U-234 (B/Kg) U-235 (Bq/Kg) U-238 (Bq/Kg)

activities of the corresponding 0 0.6543
uranium isotopes at each level ’
10 0,6654
20 0,4197

0,0494 18,00 £ 1,40 042 £ 0,14 12,63 £ 1,06
0,0573 17,78 £ 2,22 0,70 £ 0,29 13,45 £ 1,79
0,0457 19,66 £ 2,75 0,88 £ 0,40 11,95 £ 1,89
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activities are within a reasonable range and do not pose a
major issue for the environment (UNSCEAR 2008).

However, it is important to note that assessing the
environmental impact of radioactive activities depends on
several factors, such as soil composition, local geology,
background natural radiation levels, and ecosystem char-
acteristics. Radiological safety standards and thresholds
also vary from one country to another.

To assess the potential impact of the measured
radioactive activity levels on the environment, we com-
pared these values to the standards and regulatory thresh-
olds established by competent radiation protection
authorities. These standards are specifically designed to
ensure the safety of both humans and the environment. Our
analyses revealed that the observed radiation levels are
below the recommended thresholds.

Please note that the values of the activities of radioactive
isotopes U, ?*U, and ***U can vary significantly
depending on geology, geographical location, and other
factors.

Here are some examples of activity ranges for these
isotopes:

U-234: Typically ranging from 0.1 to 10 Bg/kg in ter-
restrial soils.

U-235: Typically ranging from 0.01 to 1 Bg/kg in ter-
restrial soils.

U-238: Typically ranging from 1 to 100 Bg/kg in ter-
restrial soils.

When the measured values remain below regulatory
thresholds and do not exceed levels considered safe for
human health and the environment, the results suggest that
radioactive activities in the studied region likely do not
pose a significant risk to the environment.

5 Conclusion

The application of alpha spectrometry allowed for the
determination of the activities of the radioactive isotopes
234U, 235U, and *%U in earth samples collected in the
Missour region of Morocco. These results provide crucial
information about natural radioactivity in the studied area
and underscore the importance of monitoring radiation
levels to assess potential risks to human health and the
environment. This study also contributes to the under-
standing of geochemical processes influencing the distri-
bution of radioactive isotopes in the region.
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