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ABSTRACT

This investigation aims to estimate the levels of gross a and {8
radioactivity in soils from the Niger Delta, a region impacted by
extensive oil drilling activities. Soil samples were taken from fifteen
(15) locations, and radiation measurements were made using a
gas-flow proportional counter. The results indicated a range of
alpha activity concentrations from 1.908 to 19.09 Bg/kg, with an
average of 7.725 + 4.79 Bq/kg, and beta activity concentrations
from 448.0 to 4098.0 Bg/kg, with an average of 1749.8 + 319.6
Bq/kg. Compared to the control values, the observed radiation
levels were notably elevated. Observed patterns also showed a
moderate positive correlation between a and f activities, indicating
the impact of common sources or environmental influences. While
the radiation levels observed align with those reported in some
similar studies, the study recommends continued monitoring due to
potential long-term environmental and health impacts, especially
given the elevated beta radiation concentrations.

Keywords: Niger Delta, Gross Alpha, Gross Beta, Soil
Contamination, Radioactivity, health effects.

INTRODUCTION

Radiation is an inevitable aspect of the Earth's natural processes,
and its presence is felt everywhere, from the soil beneath our feet
to the atmosphere surrounding us. Although radiation is frequently
linked to nuclear energy and related incidents (Ohba et al., 2024),
it is essential to understand that it also exists as a natural
component of the environment (Cerrito, 2017), contributing
significantly to ecological equilibrium. Soil contains gross alpha
radioactivity from sources like 2%6Ra and gross beta radioactivity
primarily from naturally occurring isotopes such as “°K, 2'%Pb, and
28Ra (Ferdous, 2012; llori and Chetty, 2024; Salman & Hassan,
2024). These naturally occurring materials contribute to
widespread, low-level radiation exposure across ecosystems.
Anthropogenic activities have further amplified environmental
radiation levels through nuclear weapons testing, medical imaging,
industrial applications, and radioactive waste disposal (Aswal,
2024; Hatra, 2018; Esi, 2025). The oil and gas industry also
contributes via the release of naturally occurring radioactive
materials (NORM), waste from drilling, flare emissions, and the use
of depleted uranium in equipment (Phiona, 2020; Wiescher, 2025;
Esietal., 2024). Gross alpha and beta radiation in the environment
primarily stem from these natural and anthropogenic sources (May
and Schultz, 2021), each contributing to varying degrees of
radioactivity in ecosystems, with soils being a primary reservoir.
These types of radiation are categorized by the type of particles
they emit: alpha (a) particles, which are heavier and positively

charged, and beta () particles, which are lighter and negatively
charged (electrons). Both alpha and beta radiation can be
hazardous to living organisms, especially when exposure occurs
over extended periods (Esi, 2025; Riudavets et al., 2022).
Although alpha radiation has low penetration ability and cannot
pass through the skin, it poses a risk when the body inhales, ingest,
or absorb alpha-emitting substances through cuts or open wounds
(Colwell, 2013; Esi et al., 2023). Once absorbed by the body, alpha
particles can lead to significant damage to internal tissues and cells
(De Kruijff et al, 2015). For example, radon gas, a significant source
of alpha radiation, poses a major health risk when inhaled such as
lung cancer (Ponciano-Rodriguez, 2021; Riudavets et al., 2022;
Verma, 2025; Nwodo, 2025). On the other hand, Ojha et al, (2022)
stated that Beta radiation has greater penetration power than alpha
radiation and can penetrate the outer layer of skin, potentially
causing skin burns or eye damage when exposure is prolonged. In
cases of internal exposure, beta particles can damage deeper
tissues and organs, increasing the risk of cancers, particularly in
the bone and thyroid (Feldman, 2023).

Soil contaminated with radioactive particles can cause significant
ecological and health issues. Radioactive substances, including
alpha and beta particles, can be taken up by plants, which are
ingested by herbivores leading to biomagnification in the course of
food chain, impacting higher levels, such as carnivores, livestock,
and humans. (Shah and Kumar, 2022; Esi and Akpoyibo, 2023;
Cleveland et al., 2022). This contamination can also degrade soil
quality by altering its pH, microbial activity, and nutrient availability,
impairing soil fertility and hindering plant growth (Selvakumar et al.,
2018). Human exposure to radiation from contaminated soil can
occur through inhalation of dust particles or ingestion of
contaminated food, water, or soil (Einstein, 2023; Sandil and
Kumar, 2022). The analysis of gross a and 8 content in soil plays
a vital duty in understanding the presence and distribution of
radiation in the location. Measuring the radioactivity levels in
various matrices is crucial for ensuring radiation exposure stays
within safe limits and for evaluating the overall environmental
impact of radiation. This study aims to measure the gross a and 8
activities in different soil samples from the region to determine the
magnitude of radioactivity in these materials.

MATERIALS AND METHODS

Study Area

The study area is located within the latitude 4° 17" N and 4° 51" N
and longitude 5° 31" E and 7°42" E coordinates of the Niger Delta
region in Delta State, Nigeria. The total area covers 112,000 km?
with a population of over 30,000,000 million people according to
the 2006 census (lke and Emaziye, 2012). The presence of crude
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oil has attracted significant attention from both national and
international corporations, leading to widespread extraction
activities in the area. The local population primarily engages in
agriculture, relying on fertile land to cultivate crops. This research
is focused on analyzing the effects of gross alpha and gross beta
radioactivity in soil samples from the area.

Sample Collection and Preparation Techniques

The procedure followed in this study involved stratified random
sampling techniques (Boschetti et al., 2016). An Etrex Garmin GPS
meter was used to obtain coordinates and locations of the sampling
points (Tien Bui., et al., 2015). Soil samples were dug from fifteen
predefined coordinate locations across the study area with a
prepared hand auger, following world scientific method (Nielsen.,
2005). Thereafter, the hand auger was used to collect soil samples
from 0 to 15 cm depth, corresponding to the topsoil layer (Margesin
and Schinner, 2005), with stones in the Niger Delta, vegetation,
and organic material carefully removed. The samples were
prepared in accordance with international procedures and place in
a well prepared and labeled black polythene bags before
transporting it to the laboratory. The samples were further stored in
drying cabinet at 50°C temperature to ensure no loss of

' c > SINo | Samples | a-Activity B —Activity
radionuclides. Thereafter, the samples were grounded with a (Bqlkg) (Balkg)
mortar and pestle, homogenized by passing through a 100mm- .
mesh sieve to ensure better sample homogeneity and detection 1 Soilt 10.26+6.41 | 1420.94399
sensitivity. 2 Sail2 18.1248.85 | 3819.0+439.5

3 Sail3
Measurement of gross a and f activities 1 Sold 4.362+3.30 1095.2+234
The measurements were conducted at the Centre for Energy, O! 5.253£3.92 1456.5+303
Research and Training (CERT), at Ahmadu Bello University, Zaria. 5 Soil5 10.93+5.09 1590.0+321
The concentration of gross a and B activity in the prepared soil 6 Soil6 5.970+4.41 2217.0+313
samples was measured using IN-20 model gas-flow proportional 7 Soil7
(GFP) counter, with window thickness of approximately 450 ug 8 Soid gijjﬁsg% iiggfggg
cm~ and a diameter of 60 mm. The GFP counter was linked to - —— —
graphic software that has spreadsheet and microprocessor, and 9 Soil9 1.908+2.75 | 1477.9+238
position in flexible lead shielding to block radiation. The GFP 10 Soil10 6.662+3.56 | 1355.5+223
counter channel efficiency was determined to ascertained 1 Soil11 8.18+4.65 1255.3+322
background radiation of the surrounding (Selvakumar et al., 2018). 12 Soil12 35614353 1204 94323
An blank planchette was clean and dried to eliminate any residual .
contaminants or moisture, which could affect the count rate (Damla 13 So!l13 3.977£3.79 3272.0+233
et al., 2025). The count rate was then recorded over a specified 14 Soil14 19.09+9.85 4098.0+569
period to ensure accurate background data. During counting, the 15 Soil15 4610+4.39 | 680.5+348
(GFP) counter was configured to a mode according to the particle Average 7.725+4.79 1749.8£319.6
to be detected alpha-only and beta-only with a bias voltage of Control 3.042+0.61 158.2+6.44

approximately 1100V and 1700V respectively. The samples were
counted for 13 cycles and 25 cycles respectively for alpha and beta

each lasting 180 seconds. A scatter plot was created from the

counting data, displaying the counts versus the eight channels

measured simultaneously. The specific activities were determined

using the following expression (Jibiri and Fasae, 2012):

Specific Activity (Ac) =
(CR« —background CRy)

(chennel alpha ef ficiency)x(sample ef ficiency)x(sample volume)

1

Specific Activity (Ag) =
( CRp —background CRB)
(chennel beta ef ficiency)x(sample ef ficiency)x(sample volume)

2

RESULTS AND DISCUSSION

The specific activities of gross a and B radiation in soil samples
were determined for radioactive contamination levels and the mean
results are presented in Table 1.

Table 1: The mean results of Gross a and B Activity concentration
in Soil samples
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Figure 1: Relationship between the mean values of a activity with Soil control (Bg/kg)
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Figure 3: Relationship between the mean values of a and f activity (Bq/kg)
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Figure 4: Correlation relationship between the mean values of a and B activity
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Figure 7: Contour map of gross a Activity concentrations for Soil Sampled
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Figure 8: Contour map of gross [ activity concentrations for soil sampled

The a activity concentrations ranged from the 1.908 Bq/kg (Soil9)
to 19.09 Ba/kg (Soil14) with mean of 7.725 + 4.79 Bqlkg. The B
activity concentrations ranged from 448.0 Ba/kg (Soil8) to 4098.0
Ba/kg (Soil14) with mean of 1749.8 + 319.6 Bg/kg. Soil14 recorded
the highest values for both alpha and beta activities with 19.09
Bq/kg and 4098.0 Ba/kg, respectively. The control sample recorded
3.042 + 0.61 Bq/kg and 158.2 * 6.44 Bg/kg for both gross a and
B activity concentrations respectively. Figure 1 and 2 showed

linear regression equation y = 145.3x + 626.7 which also indicates
a positive relationship between a and B activity in the soil.
Specifically, for every unit increase in a-activity, B-activity is
expected to increase by 145.3 Bg/kg. An upward trend in beta
activity appears to accompany higher alpha activity levels, albeit
not in a perfectly linear fashion. This indicates that the correlation,
while present, may be influenced by other environmental variable

Table 2: Show gross a and {8 activity comparison with other studies

comparison statistical bar chart analysis, indicating that the Ranged of | Ranged of Gross Reference

measured gross a and B concentrations values exceeded the Gross alpha ( | beta (Bq/kg)

control measured gross a and B values. Also, the gross a and f3 Balkg)

activity concentrations values compared indicate elevation in beta 0.35 0 053 04610 1.04 Amakom etal 2018

radiation levels in the study area as shown in figure 3. These are 4é 5t - y - = -
o ; . ! 51t064.0 411.5t0 2710.0 Ogundare and

shown that the B -emitting radionuclides are dispersed by both Adekova. 2015

human interventions such as excavation, drilling and natural forces ya., v

like water and wind. As these B-emitting isotopes disperse over :13232)1 to | 31115106155 Anekwe et al., 2013.

larger areas, the concentration of beta activity tends to be higher in :

the studied samples. Figure 4 shows the coefficient of the 2.7 o 17 12.510237.9 Uf:henna etal.,, 2019.

correlation as R2 = 0.43 between a and B activity concentrations, BDLto 585.73 | 142.82 to | Sindhu etal., 2017

indicating a moderate positive correlation between the two 2570703

variables. This is supported by the corresponding results from the 1.90810 19.09 | 448.0to 4098.0 Current study
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A comparative analysis of current study with previous reports is
shown in Table 2. Itis evident that § activity concentrations tend to
surpass a concentrations; this may be explained by the greater
range and penetration of 8 particles in matter and air. Because of
their greater mobility, beta-emitting radionuclides can accumulate
in larger quantities in certain environmental media. These findings
also indicate that the gross alpha concentrations in the present
study were on the lower end of the spectrum or comparable when
compared to these referenced studies. This might suggest a
reduced risk of radiation exposure; however, even lower levels of
radiation can still pose health risks over extended periods,
especially in occupational settings where workers are continuously
exposed to these materials. The long-term cumulative effect of
even low-level radiation can increase the risk of cancer and other
health conditions. The a and 8 sources in studied soil may also be
traceable to minerals containing radioactive material such as
hydrocarbon, been explored in the area as indicated in the bell-
shaped degree of multi-modality as shown in histograms frequency
distributions of soil in figure 5 and 6. The dense and the less dense
regions of the contour maps as shown in figure 7 and figure 8
indicate the concentrations regions, with the much dense region
showing the contamination region while the less dense region
shows the less contamination region of the studied area. This also
indicates log-normal form of multimodality intensity of gross a and
B activity of soil in the studied area.

Conclusion

The gross a and B activity concentrations in the study area were
determined using a/f spectroscopy. The results obtained from the
measurement of gross a and B activity in soil samples indicated
that while the gross a activity concentrations were relatively
moderate and in line with similar studies, the gross B activity
concentrations were significantly higher compared to most of the
referenced studies. This suggests that B-emitting radionuclides are
more prevalent or dispersed in the environment, potentially due to
factors such as the mobility of B-emitting isotopes and human
activities in the study area. The elevated beta concentrations,
particularly in comparison to the control values, suggest that the
area may have a higher level of B radiation than expected.
However, the overall radiation burden, considering a and B
activities, remains within the limits of other similar studies.
Continuous monitoring is recommended to assess any potential
long-term environmental and health implications associated with
the observed beta radiation levels.
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