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Abstract

The naturally occurring “K, #*Th and ***U radionuclide contents in the soil used as building materials in Ondo West Local
Government, Southwest Nigeria were determined using gamma spectrometric technique. The radiological hazards were
estimated by employing several indices consisting of radium equivalent (Raeq), representative level index (RLI), activity
utilization index (AUI), absorbed dose (D), annual effective dose, external hazard index (H ), internal hazard index (H, ) and
gamma index (I,). The average activity concentrations of 2*U, “K, **Th and Raeq were 171.8, 146.2, 19.8 and 211. 3 Bqkg'
while the average values of H, ,H_, RLI, D, AED, ELCR, AUI and L, were, 1.0, 0.6, 0.2, 97.4, 0.5, 3.9 x 103, 1.8 and 0.7,
respectively. The multivariate statistical analysis was employed to identify the relationships between the radionuclides and the
estimated radiological hazard parameters. The estimated radiological indices were within the internationally acceptable limits
confirming the safe use of these soil for building construction for human dwelling without any radiological implications.
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Introduction

Soil is a major source of human exposure to radiation and
medium of migration for the transfer of radionuclides
within the environment and to human body (Ahmad
et al, 2015; Senthilkumar and Narayanaswamy,
2016; Alajeeli, et al., 2019). Apart from serving as a
medium for plant growth and hydrological buffer, it is
used as one of the major materials in construction of
building and other physical infractstructures. Most of
the building materials such as cement, sand, limestone,

granite, marble and soil had been reported to contain
varying quantity of naturally occurring radionuclides
(Mavi and Akkurt, 2010; Ademola et al., 2014; Raghu
et al., 2017). The presence of radionuclide in building
materials most especially soil can be source of internal
and external human exposure to gamma ray from both
short and long life radioactive decay activity. Natural
radionuclides are formed through the interaction of the
high energy rays from the sun with the atmospheric

The journal is hosted and mantained by ABIS-AlmaDL. Works are licensed under CC BY 4.0


https://eqa.unibo.it/
https://sba.unibo.it/it/almadl
https://creativecommons.org/license/by/4.0/
mailto:logundele%40unimed.edu.ng?subject=logundele%40unimed.edu.ng
https://doi.org/10.6092/issn.2281-4485/9473

L.T. Ogundele et al.

DOI: 10.6092/issn.2281-4485/9473

EQA 37 (2020): 11-21

particles (cosmogenics) or at the creation of the earth
(primordial) (Alajeeli et al., 2019). The primordial
radionuclides had been reported to be the most
significant sources of over 60 radioactive elements most
especially 2*U and **Th decay chains and ’K (Akozcan,
2014) and they remain the largest contributor (85 %)
to external dose among the exposed population (Mavi
and Akkurt, 2010). It contributes approximately
85 % of the total global average annual radiation
(UNSCEAR, 2001) while the remaining 15 % might
be from cosmic rays and nuclear process (Ademola et
al., 2014). A large percentage of the total global average
annual radiation might be from the building materials,
most especially soil. Several authors had reported soil
as the basic indicator of radiological contamination
in the environment (Karahan and Bayulken, 2000;
Xinwei et al., 2006; Ravisankar et al., 2014; Feroz and
Sajad, 2015; Senthilkumar and Narayanaswamy, 2016;
Sivakunar, 2014; Raghu et al., 2017). The knowledge
of the level of the radionuclides content in the soil is
very crucial in evaluation of the absorbed dose that can
produce radiological hazard, leading to severe health
problems among the exposed population.

Soil is most frequently and quantitatively utilize in large
quantities in building construction and the inhabitants
of such building spend several years in the buildings
most likely to be exposed to the radiation from naturally
occurring radionuclides present in the soil. As a result,
there is a need to evaluate the radiological hazard in
the population living in such houses (Ravisankar et
al., 2014). The gamma radiation from the soil used in
building is a source of external radiation exposure route
while inhalation of radon gas (a potentially dangerous
radioactive element) is the principal route of internal
exposure to humans (Ademola et al., 2014). Therefore
in some cases, reference is often made to **Ra being
a short live decay product of *U (Ravisankar et al.,
2012). In an indoor micro-environment, building
and indoor-outdoor gaseous exchange
influence the activity concentration as well as the decay
products of radionuclides. The epidemiological studies
on external and internal radiation exposure from natural
radionuclides had indicated severe implications and
detrimental impacts on human health (Xinwei et al,,
2006; Gao etal., 2014). These effects include potentially
harmful genetic damage, cancer incidence and other
health outcomes such as benign tumors, cataract,
diarrhea, leukemia, loss of appetite, malaise, vomiting,
scarring, skin redness and diarrhea. Depending on
the dose of radiation received or the absorbed dose
rate, the health implications such as cardiovascular

materials
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disrupt, gastrointestinal breakdown, hematopoietic
and central nervous system dysfunction can also occur
(USEPA, 2017). The radiological hazard vary from an
absorbed dose depends on the type of radiation and
the sensitivity of different tissues and organs. Pregnant
women and children are especially vulnerable to
radiological hazards. The cells in children and fetuses
divide rapidly, providing more opportunity for radiation
damaging consequences and cause cellular dysfunction.
The assessment of activity concentration of naturally
occurring radionucles in the soil used for building had
drawn the attention of researches worldwide (Sroor et
al., 2001; Darko et al., 2005; Xinwei et al., 2006; Tufail
et al., 2007; Mavi and Akkurt, 2010; Ravisankar et al.,
2012; Hassan and Khoo, 2014; Usikalu et al., 2014;
Raghu et al., 2017). In most of these studies showed a
large variation of radioactivity concentrations from one
country to another

The detailed assessment of the radioactivity and
radiological hazard of **U, ?*Th and “K in the soil of
the studied area is lacking in the literature. The present
study therefore determines the radioactivity level of
238U, 22Th and “K in the soil samples obtained from
Ondo, Southwestern Nigeria. This was with the aim of
establishing baseline information on radioactivity level
in the soil commonly used as building materials in the
study area and to estimate the potential radiological
hazards by employing the various indices such as Radium
equivalent activity (Ragq), representative level index
(RLI), activity utilization index (AUI), absorbed dose
(D), external hazard index (H ), internal hazard index
(H,), annual effective dose (AED), excess life cancer
risk (ELCR) and gamma index (I). The obtained results
were compared to the world average and corresponding
values of 28U, 222Th, “K and Ra soil from different
countries. The activity concentrations of U, 2?Th, “K
and the estimated radiological indices were subjected to
multivariate statistical analysis in order to establish the
relationship among them.

Materials and Method

Sample collection and preparation

A total of thirty soil samples were collected at the
functional excavating pits in Ondo West Local
Government area, Ondo, Nigeria where soils used for
building materials are obtained at 0 — 20 cm depth. For
each sample at each site, 5 representative samples were
taken, pooled and homogenized to form a representative
sample. The soil samples were packed in polythene
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bags, coded serially (S1 to S30) for easy identification
and they were brought to the laboratory for further
preparation. In the laboratory, the samples were dried at
ambient temperature for about two weeks. The organic
materials, plant debris, coarse stones, gravel lumps and
pebbles were removed from each sample. Afterward,
they were crushed and grounded using agate mortar
and then sieved through a 150-mm mesh. In order to
completely remove the moisture content of the samples
and obtain a constant weight, the powdered samples
were oven dried at 110°C. Prior to gamma spectrometric
measurement, two hundred grams (200 g) of each of
the processed soil samples were weighed and packed
into cylindrical plastic (polyvinylchloride) containers
(6 cm diameter and 7 cm height) and uniform mass,
hermetically sealed with adhesive masking tape in a
radon impermeable airtight condition. The samples were
then stored for a period of 40 days so as to ensure secular
equilibrium between *?Ra and its short-lived progenies
with ?*Ra (Ravisankar et al., 2012; Senthilkumar and
Narayanaswamy, 2016).

Gamma spectroscopy

The activity concentration of natural radioactivity in
the soil samples were measured using a Cs(Ti) detector
and a multi-channel analyzer (model URSA II) was
used to record the gamma spectra. A custom made lead
shielding array was employed to reduce the background
radiation by a factor of about 95 %. The qualitative
and quantitative analysis of the radionuclides present in
each sample was conducted by energy calibration using
standard sources of known gamma ray energies and
activities. The activity concentrations of radionuclides
were determined in Bgkg' using the count spectra
obtained from each of the samples. The gamma ray
photo peaks corresponding to energy of 1460 keV for
40K, 352 keV (*"*Pb) for ?*U and 583 kev (***Tl) for
22Th were considered to determine the activity of “K,
»*Th and **U in each soil samples. The counting time
for each sample was 36,000 s (10 hours). Each sample
was counted twice and the average was then taken. The
gamma spectrometric measurement was conducted at
the Biological Trace Element Laboratory, Department
of Physics and Engineering Physics, Obafemi Awolowo
University, Ile Ife, Nigeria.

Determination of Radium equivalent and radiation
hazards indices

Radium equivalent. Radium equivalent (Raeq)
common radiological index use to estimate the actual
activity level of radionuclides in the samples and
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their associated radiation hazards (Mavi and Akkurt,
2010). The “K, **Th and ?*U radionuclides in the
soil samples under investigation are not uniformly
distributed. Therefore, Raeq is a universally accepted
single index which represent the weighted sum of the
activity concentration of primordial radionuclides of
“K, #?Th and #*U in the soil samples based on the fact
that 10 Bq kg of »*U, 7 Bqkg" of **Th and 130 Bq
kg “K produce an equal gamma ray dose (Laili et al.,
2012). In order to estimate the Ra in the soil used as
building materials in the study area, equation [1] was
used (Gbenu et al. 2016; Kaliprasad et al. 2017).

(1]

where

A, A, and A care the activity concentrations of **Th,
238U and “K in Bgkg”, respectively.

Internal hazard index. Inhalation of gaseous
radionuclide and its short-lived progeny had been
reported to be hazardous to respiratory organs from the
inhalation exposure route (Ademola et al., 2015; Gbenu
2016; Kaliprasad et al., 2017). The hazardous
impact of short-lived products was quantified by the
internal hazard index (H,) following the equation [2]
developed by (Krieger, 1981):

et al.,

(2]

where

A A, and A LAare the activity concentrations of “’K, »*Th
and **U in Bqkg, respectively. For a negligible internal
radiation hazard and a safe use of the soil material for in
the construction of building, the estimated H, should
also be less than unity (Senthilkumar et al., 2014).

External hazard index. The external hazard index
(Hex) is the excess gamma radiation emanating from
the soil samples and it was assessed using the widely
employed hazard index equation introduced by Bereka
and Mathew (1985). In order to ensure the safe limit as
well as the suitability of soil as building materials and to
ascertain that the radiation hazard is kept insignificant,
the H  must be less than unity.

(3]

where A,, A,, and A, are the activity concentrations of

ZSSU’ 232’1’1,1 and 40K.
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Representative level index. The representative level
index (RLI) is primarily denotes the level of gamma
radioactivity associated with different concentrations
of some specified radionuclide measured in the sample
matrix and it is estimated using equation [4]:

(4]

where A,, A, and and A, are the activity concentrations
of #%U, #*Th and “K, respectively The maximum
permissible limit for RLI is 1 (Alam et al., 1999).

Absorbed dose rate. To quantify the outdoor absorbed
dose rate (nGyh™) in air from the terrestrial sources of
gamma radiation in the soil samples at 1 m above the
ground surface for uniform distribution of the studied
naturally occurring radionuclide (Gbenu et al., 2016),
the activity concentration of A, A,, and A, were used.
This is based on the assumption that contribution of
other naturally occurring radionuclide like °U, '¥La,
147Sm, ¥Rb and '®Lu to actual dose rates are less
important (Senthilkumar et al., 2014). The formula
developed by the United Nations Scientific Committee
on Effect of Atomic Radiation (UNSCEAR, 2010) and
the European Commission (EC, 1999) were adopted to
determine the gamma ray emission from the studied soil
samples. The conversion coefficient of 0.462, 0.0417
and 0.604 nGyh™ for U, ?*Th and “K, respectively
were used in the computation of absorbed dose rate
from the activity concentration by employing equation

[5]:
(5]

where A,, A, and and A, are the activity concentrations
of 28U, #*Th and “K, respectively.

Annual effective dose. The indoor exposure to gamma
rays due to naturally occurring 2**U, ?*Th and “K in
the measured soil samples was determined due to the
fact that indoor exposure inherently higher than that
of the outdoor provided the earth materials are used
for construction (UNSCEAR, 2000). A factor 0.8 was
used as the indoor occupancy factors (meaning that on
the average around the world, 80 % of time is spent
indoors) while and 0.7 nGyh"' was the conversion
coefficient from absorbed dose (D) in air to effective
dose received by adults. The indoor component of the
annual effective dose, AED (mSvy') was estimated as
follows equation [06]:
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(6]

Excess Lifetime Cancer Risk. Low doses of ionizing
radiation can increased the risk of cancer can be increased
in jonizing radiation even at low dose. The risk of cancer
increases as the dose of radiation increases. Exposure to
one Sievert of radiation spread out over time is estimated
to increase the lifetime risk of fatal cancer in an average
adult by around 4 % and a 0.8 % chance of hereditary
defect in future offspring. The excess lifetime cancer risk
(ELCR) due to external gamma dose exposure in the
soil used for building was calculated as follows equation

[7] (Jaillad, 2016; Mohammed and Ahmed, 2017):

(7]

where AED, ALE and RF are annual effective dose,
average life expectancy of the exposed population
(70 year) and RF is the fatal risk factor (0.005 Sv*'),
respectively. For stochastic effects due to low dose
background radiation, RF value of 0.057 was used in
this study as suggested by International Commission
on Radiological Protection (ICRP-103) for public
exposure (ICRP, 2007).

Activity utilization index. The activity utilization
index (AUI) is the dose rates in air obtained from the
combination of “K, *?Th and **U(Bq kg') in soil
samples. Some suitable conversion factors are applied
in calculating AUI. The AUI values of the soil samples
were calculated using equation [8] (El-Gamal et al.,
2007).

(8]

The exception criterion and upper limit dose 0.3 and 1
mSvy ! were introduced by the European Commission
for gamma dose of the building materials. The upper
limit is mostly applied by most countries. The value of
AUI should be below 0.5 for materials used in bulk.
If the upper level of unity is, then the values of AUI

should be below 1 for such materials.

Multivariate statistical analysis (Correlation and
Factor analysis)

Correlation analysis statistical tool used to measure
the strengths of association between two variables. In
statistics, correlation coefhicient is used as a measure
of relationship between two variables. The correlation
coefhicient varies between 1. Spearman’s correlation
coefficient is a statistical measure of the strength of a
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monotonic relationship between paired data. In this
study, Spearman rank correlation was used. It is an
alternative to Pearson correlation coefficient when non-
parametric statistics is involved (Gbenu et al., 2016).
The activity concentrations of 2*U, ?Th and “K and the
evaluated variables Raeq, H, ,H ,RLIL D, AED, ELCR,
AUI and I, were subjected to Spearman’s correlation
analysis in order to determine the mutual relations and
the degree of association between pairs of variables.
Factor analysis is a multivariate statistical method that is
conducted to describe the underlying dimensions of the
variables. Factor analysis provides a unique solutions
and the interpretation of the factor output is straight
forward. In factor analysis approach, only the factors
with eigenvalues greater than 1 are extracted and factor
loading above 0.5 (50 % association) are interpreted
(Raghu et al., 2017). The fundamental equation, basic
principle and procedure of factor analysis can be found
elsewhere (Marcazzan et al., 2003; Pekey et al., 2005;
Kothai et al., 2008; Ogundele et al., 2018).

Results and discussion

Activity concentrations and Radium equivalent
results

The measured average values together with their
respective  standard deviations (+SD) of activity
concentrations of “K, 2*U and ?Th are presented in
Table 1. The activity concentration of “K varied from
94.1 to 267.9 Bqkg™! with the average of 146.2 Bqkg™.
The activity values of “°K in all the samples were less than
the set limit 370 Bgkg'. The activity concentrations
of 28U varied from 98.9 to 303.9 Bqkg' and it has
a mean of 184.8 Bgkg'. All the samples were 3 to 6
times the criteria 35 Bgkg' for 2*U. In case of ***Th,
the activities concentration ranged from 12.6 to 32.3
Bqkg' with the average of 19.7 Bqkg™'. The variation
in activity concentration could be related to differences
of geological structures of the area. The average ratio of
“K/*8U is 0.8, signifying high activity concentration of
238U compared to “’K. The higher activity concentration
of 28U compared to “K is consistent with IAEA report
(IAEA, 2007). The high activity concentrations of
80U might be traced to geochemistry of the soil of
the study studied area (Mir and Rather, 2015). The
average value of “K in this study is similar to the values
obtained for Nigeria soil samples but several order of
magnitude higher than the values reported by Tufail et
al. (2007) for Pakistan soil samples. The **U, **Th and
“K were greater than the values stipulated by United
Nations Scientific Committee on the Effects of Atomic

15

Radiation (UNSCEAR, 2010) stipulated the world
mean values of *°Ra, %*Th and “K as 50, 50 and 500
Bqgkg'.

The radionuclide that could probably contribute to
radiological hazard from the soil

Code 40K 28 22Th Ra_
S1 105.8 144.0 15.8 174.8
S2 243.3 126.4 21.5 175.9
S3 102.3 145.0 16.7 176.8
S4 104.5 149.1 15.4 179.2
S5 168.2 25.9 23.2 72.0
S6 131.4 18.9 17.7 54.4
S7 124.0 178.3 17.6 213.0
S8 134.0 208.7 20.4 248.1
S9 117.5 164.5 15.8 196.1
S10 191.7 270.2 25.0 320.6
S11 112.3 171.4 16.3 203.3
S12 201.6 293.1 26.7 346.9
S13 104.1 177.1 19.7 213.3
S14 137.5 158.8 16.4 192.9
S15 129.7 216.2 21.6 257.1
S16 177.8 224.7 21.0 268.5
S17 102.8 130.2 12.6 156.2
S18 175.6 303.9 23.1 350.5
S19 94.1 134.0 13.6 160.7
S20 133.1 211.5 224 253.8
S21 134.9 180.0 16.4 213.8
S22 186.5 98.9 19.6 141.2
S23 111.9 167.6 17.2 200.8
S24 196.9 125.3 23.2 173.7
S25 108.0 165.6 18.9 200.9
S26 119.7 131.9 14.8 162.2
S27 109.3 161.5 16.7 193.9
S28 205.1 301.6 29.5 359.6
S29 268.0 143.1 323 209.9
S30 154.4 225.4 223 269.2
Mean 146.2 171.8 19.8 211.3

Table 1. Activity concentration and Radium equivalent
results (Bgkg™).
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Country K »5U 2Th Ra References
Australia 62.9 162.8 403.3 326.7 Bereka and Mathew, (1985)
China 44.0 47.0 593.1 156.8 Zigiang et al. (1988)
Turkey 317.0 210.0 342.0 - Karahan and Bayulken, (2000)
Egypt 13.0 6.0 433.0 - Sroor et al., (2001)

China 40.7 21.5 302.6 96.4 Xinwei et al., (2006)
Pakistan 46.5 60.8 698.6 187.2 Tufail et al. (2007)

India 6.5 19.0 314.9 57.9 Ravisankar et al., (2014)
Nigeria 19.7 18.1 167.2 58.5 Nwaka et al., (2001)
Malaysia 16.8 20.1 38.5 48.5 Hassan and Khoo, (2014)
Malaysia 60.7 70.2 229.1 185.8 Solehah et al., (2016)

India 116.1 43.5 300.1 201.5 Raghu etal. (2017)

Nigeria 146.2 171.9 19.7 211.3 This study

Table 2. Comparison of 2**U, 22Th, “°K activity concentrations and Ra_ with some other studies

around the world.

of the studied areas is **U considering its high activity
concentration compared to that “K and *?Th. The
calculated radium equivalentactivity (Ra, ) values ranges
from 54.4 to 359.6 Bgkg' with a mean value of 211.3
Bgkg"'. In all the soil samples, the estimated Ra, values
were lower than the 370.0 Bqkg™ stipulated as ‘the safe
limit for soil as building materials. The average value
of Ra, obtained in this study were found to be higher
than Values reported by Hassan and Khoo (2014) (48.5
Bqgkg-'), Nwaka et al. (2001) (58.5 Bgkg™"), Ravisankar
et al. (2014) (57.9 Bqgkg"), Xinwei et al. (2006) (96.4
Bqgkg') and Tufail et al. (2007) (187.2 Bgkg™”) in other
countries. However, the Ra_ values were lower than

326.8 Bgkg! reported by Bereka and Mathew (1985).

Radiological indices results

Table 3 shows the results of the estimated values of the
radiological indices (H,, H_, RLI, D, AED, ELCR,
AUI and Iy). The values of H, in soil samples were
closed to maximum permissible value of unity except
in some few samples (S5, S10, §12, S18 and $28). The
measured H_ ranges from 0.4 to 0.9 with the mean of
0.6. All the H_ values were below the criterion (< 1).
For the RLI values, it was observed that most of the
sample had the RLI values close to 1 except some few
samples S5, 88, S10, S12, S15, S16, S18, S28 and S30.
The value of absorbed dose rate vary from 24.9 to 165.7
nGyh™.. The average value of the absorbed dose was 97.4
nGyh! which was about 3.5 times the recommended
world average value of 60 nGyh' (UNSCEAR, 2000).
The differences could arise from the geological setting
of the studied area, soil physical and chemical properties
which are common phenomenon in assessment of
radiation in the environment (Usikalu et al., 2014).
The annual effective dose ranges from 0.12 to 0.80
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mSv'. The mean value of annual effective dose is 0.47
mSvy! which is quite less than 1.0 mSv stipulated by
UNSCEAR (2000) as the maximum tolerable dose from
building materials. Mavi and Akkurt (2010) found that
dose rates higher than 1 mSvy" should be permitted
only in some very exceptional cases where materials are
used locally. The estimated average of excess lifetime
cancer risks as a result of the level of radionuclides in
the soil samples is 3.9 x 107, This value is lower than
the world average value of 2.9 x 10 recommended by
(UNSCEAR, 2000) due to low level radiation exposure
from the soil. About two-third of the total soil samples
had the AUI to be less than 2, signifying the safety use
of soil in the studied area for building construction. The
Iy values vary from 0.70 to 1.22. The average value I is
0.72, which was less than the recommended value (<1).
This implies that the gamma activity in soil samples
does not exceed the established criterion level, hence
pose no significant radiological hazards when used in
the construction of dwelling.

Correlation analysis results

Table 4 shows the summary of the correlation coeflicient
matrix of all the radiological variables considered for the
soil samples in Ondo, Southwest, Nigeria. “°K is weakly
correlated with all the measured variables but strongly
correlated with 2*Th (0.80). Similarly, **U is strongly
correlated with other radiological parameters except
22Th. There is a weak correlation between K and #*U,
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which is similar to the results obtained by (Senthilkumar and Narayanaswamy, 2016).

Code H_ H_ RUI D AED (ELlCOJI; AUL 1
S1 0.86 0.47 1.19 80.5 0.39 3.27 1.53  0.59
S2 0.82 048 0.12 81,5 0.39 3.31 1.45 0.61
S3 0.87 0.48 0.12 81.4 0.39 3.31 1.55 0.60
S4 0.89 0.48 0.12 82.5 0.40 3.35 1.57 0.61
S5 0.26 0.19 0.05 33.0 0.16 1.34 0.53 0.26
S6 0.20 0.15 0.04 24.9 0.12 1.01 0.40 0.20
S7 1.06 0.58 0.14 98.2 0.48 3.99 1.87 0.72
S8 123  0.67 0.17 1143 0.55 4.65 2.19  0.84
S9 0.97 053 0.13 904 044 3.68 1.72  0.67
S10 1.60 0.87 0.22 1479 0.72 6.01 2.81 1.09
S11 1.01 0.55 0.14 93.7 0.45 3.81 1.79  0.69
S12 1.73 0.94 0.24 160.0 0.77 6.50 3.05 1.18
S13 1.06 0.58 0.14 98.1 0.47 3.99 1.88 0.72
S14 0.95 0.52 0.13 89.0 0.43 3.62 1.68  0.66
S15 1.28 0.69 0.17 1183 0.57 4.81 227  0.87
S16 1.33 0.73 0.18 1239 0.60 5.04 2.35 091
S17 0.77 0.42 0.11 72.1 0.35 2.93 1.36  0.53
S18 1.77 0.95 0.24 161.7 0.78 6.57 3.10 1.19
S19 0.80 0.43 0.11 74.1 0.36 3.01 1.41 0.55
S20 126 0.69 0.17 1168 0.57 4.75 2.24  0.86
S21 1.06 0.58 0.15 98.7 0.48 4.01 1.87 0.73
S22 0.65 0.38 0.10 65.3 0.32 2.65 1.17  0.49
S23 1.00 0.54 0.14 92.5 0.45 3.76 1.77  0.68
S24 0.81 0.47 0.12 80.1 0.39 3.26 1.45 0.60
S25 0.99 0.54 0.14 92.4 0.45 3.76 1.77  0.68
S26 0.79 044 0.11 748 036 3.04 1.41 0.55
S27 096 052 0.13 893 043 3.63 1.70  0.66
S28 1.79 0.97 0.24 165.7 0.80 6.74 3.16 1.22
S29 0.95 0.57 0.15 96.8 0.47 393 1.74  0.73
S30 1.34 0.73 0.18 124.0 0.60 5.04 2.37 091
Mean 1.04 057 0.18 974 047 3.96 1.84 0.72
Min 0.20 0.15 0.04 249 0.12 1.01 0.40 0.20

Max 1.79 0.97 1.19 165.7 0.80 6.74 3.16 1.22
Table 3. Radiological indices results.

“K U *Th Ra, H, H, RU D AED ELCR AUl I,
40K 1
28U 10.201 1

#2Th [0.790 0.384 1

Ra 0.359 0.969 0.538 1

H 0.293 0.989 0.482 0.990 1

0.376 0.965 0.550 0.999 0.989 1

RLI 0.305 0.858 0.462 0.878 0.873 0.873 1

D 0.376 0.968 0.539 0.999 0.990 0.999 0.878 1

AED 0.380 0.965 0.549 0.997 0.988 0.997 0.878 0.998 1

ELCR |0.376 0.968 0.539 0.999 0.990 0.999 0.884 1.000 0.998 1

AUI  |0.310 0.982 0.512 0.996 0.997 0.994 0.881 0.994 0.993 0.994 1

I, 0.416 0.950 0.573 0.996 0.980 0.996 0.872 0.997 0.996 0.997 0.987 1

Table 4. Spearman correlation analysis results.
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A strong positive correlation co-efhicient exists
between most of the measured radiological parameters,
implying a strong association among the pairs. A
correlation coefficient value of 1 also exists between
ELCR and D indicating a perfect monotonic
relationship and a reflection of mutual dependence
among them.

Multivariate factor analysis results

The results of the rotated factor loading of “K, #U
and **Th and measured radiological indices are
presented in table 5.

. Factors

Variables ] 5 3

K 0.114 0.963 -0.047
U 0.994 0.088 0.066
Th 0.351 0.896 -0.015
Raeq 0.975 0.213 0.058
Hin 0.986 0.153 0.062
Hex 0.975 0.213 0.058
RLI 0.105 -0.055 0.993
D 0.975 0.215 0.058
AED 0.975 0.215 0.058
ELCR 0.975 0.214 0.058
AUI 0.984 0.168 0.061
I, 0.972 0.230 0.057
Variance (%) 78.44 12.79 7.66

Table 5. Rotated factor loading of the radionuclides and measured

radiological indices.

Three factors were extracted and explained about 99
% of the total variance of the data set.
loaded with concentration of ?**U and the estimated
radiological health hazards (except RLI) and explained
78.44 % of the total variance of the data. Factor 2
exhibits high loading of concentrations of **Th and
“K with 12.79 % as the percentage explained variance.
The presences of *?Th and “K in factor 2 is similar to
the result of the correlation analysis earlier obtained in
this study, indicating their common association the soil
of the study area. Factor 3 is singly loaded with RLI,
which explains 7.66 % of the total variance.

Factor 1 is

Conclusions

The activity concentration of the naturally occurring K,
28U and #*Th in the soil samples from Ondo, Southwest,
Nigeria have been studied using the convectional
gamma ray spectrometry. The results showed that the
activity concentration “K, »%U and **Th in the soil
samples of the study area are within tolerable levels. The
average activity concentrations of “K, U and #*Th
are 146.20, 184.83 and 19.70 Bgkg', respectively. The
averages values of the radiological indices consisting of
Ra ,H , H , RLI, D, AED, ELCR, AUI and I, were
22Z.47, 1.01, 0.61, 1.53, 203.60, 0.47, 1.65 x 107,
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0.96 and 15.30, respectively. The values obtained in
this study are within the recommended and tolerable
safety limits, showing that these soil samples do not
pose any significant radiological hazard. The results of
this study are of great relevance in the environmental
radiological protection and safety because soil is used as
building material on a large scale in the studied area. It
can be used as a reference data for future environmental
radioactivity monitoring in the study area.
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