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The understanding of terrestrial gamma radiation and its effect on human beings
is intertwined with advancements in radiation science, health physics, and
environmental monitoring. It is because of this that the study investigated the
terrestrial radiation level within Ladoke Akintola University Technology-Main
Campus (MC), College of Health Sciences (CHS) and Teaching Hospital (TH) of
the institution. A total of 137 sampling points were assessed for terrestrial gamma
dose rate using a portable radiation dosimeter. The measured dose rate was
subjected to statistical analysis using analysis of variance with a Tukey post-hoc
test. The results of absorbed dose rates for MC, CHS and TH ranged from 0.10 -
0.22 pSvhr?, 0.11 - 0.24 pSvhr?! and 0.10 - 0.22 uSvhr? respectively and their
corresponding mean values were found to be 0.150 puSvhr?, 0.152 pSvhrtand 0.170
uSvhr? respectively. The statistical analysis and the post-hoc test revealed that the
medical activities involving the use of radiation at the TH contributed significantly
to the dose level of the environment at p = 0.05. The estimated annual effective dose
equivalent ranged from 0.18 to 0.42 mSvyr! which is within the recommended limit
of 1 mSvyr? for the public set by the International Commission on Radiological
Protection. Also, Excess Lifetime Cancer Risk was calculated from the Annual
Effective Dose Equivalent obtained. The findings of this study provide valuable
information on the radiation level of three studied environments and hereby
recommended that the general public be radiation cautious by minimizing the
amount of time spent within the environment of teaching hospitals to mitigate the
radiological hazard.

INTRODUCTION

The discovery of natural radioactivity in the late 19th
and early 20th centuries laid the foundation for
understanding terrestrial gamma radiation (TGR).
Pioneering work by (Maia et al., 2024) provided

the Earth's crust. Throughout the early to mid-20th
century, the field of radiation dosimetry developed,
enabling scientists to measure and quantify radiation

exposure more accurately. Hence, the measurement of

insights into the presence of radioactive elements in
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TGR dose rates has received global interest and led to

extensive surveys in many countries (Wu et al., 2025).

Terrestrial gamma radiation primarily originates from
the decay of natural radionuclides such as uranium,
thorium, and potassium-40 present in the earth's crust.
These radionuclides emit gamma rays during their
decay processes, contributing to the ambient radiation
levels in the environment (Shahbazi-Gahrouei et al.,
2013). Thus, human beings, irrespective of race,
complexion and location, is unavoidably and
constantly exposed to varying doses of background
radiation (Ugbede and Echeweozo, 2017; Isola et al.,
2019). There can be large variances in natural
background radiation levels from place to place, as
well as changes in the same location over time
(Kendall et al., 2016). The radioactivity level of
naturally occurring radionuclide materials is found in
greater quantity in some areas of the country than
others (Akinloye et al., 2012). On average, two-thirds
of the effective dose that people receive from natural
sources comes from radioactive substances in the air
inhaled, food intake and water consumed (Akinloye

and Abodunrin, 2008).

Studying the levels of radionuclide distribution in the

environment  provides  essential  radiological
information. In addition, natural background sources
and anthropogenic activities such as exploration and
exploitation of natural resources have continued to
make significant additions to the background radiation
levels of varying environments, thus resulting in
increased exposure for the general public (Ugbede et
al., 2020). In many parts of the world, radiation
exposure levels are being monitored regularly, to
address increased public concern over radiation safety.
In the time past, terrestrial gamma radiation levels, for
the majority part of the Nigerian environment, were

believed not to have been established (Abba et al.,
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2017), but in recent times, terrestrial gamma radiation
levels have been measured and mapped in various
parts of Nigeria, providing valuable data for radiation
protection and environmental monitoring (Ononugbo
and Anekwe, 2020). Despite all the measurement and
mapping in various parts of the Nigerian environment,
many people are still unaware that radioactivity is
present in the environment naturally (Omeje et al.,
2023).

Hence, studies like the measurement of radiation dose
rates in air derived from terrestrial gamma rays play an
important role in radiation protection and monitoring.
Hence, the determination of terrestrial gamma dose
rate is crucial for assessing radiation exposure levels
in a given area, especially within educational
institutions. Understanding the gamma radiation levels
within the environment is essential for ensuring the
safety and well-being of students, faculty, and staff.
This study thereby assesses the terrestrial gamma dose
rates of three different environments of Ladoke
Akintola University of Technology, Ogbomoso. The
data expected from this study will be an addition to the
already existing radiation dose databank of the country
which will be of importance to the regulatory activities
of the Nigeria Nuclear Regulatory Authority (NNRA).

MATERIALS AND METHODS

An in-situ method was used for this research to
measure the terrestrial gamma dose rate within the
Ladoke Akintola University of Technology, Oyo
State, Nigeria.

Study Area

The study was carried out at Ladoke Akintola
University of Technology's main campus, college of
health sciences and teaching hospital which are all

located at Ogbomoso North Local Government,
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Ogbomoso Oyo State, Nigeria with geographical
coordinate of latitude 8° 8' 0" North and longitude 4°
16' 0" East. The dominant rock type in the area is
granite, which is a coarse-grained, light-colored, and
acidic igneous rock. Sandy loam soils are also present
in some areas of the study areas which are well-drained

and suitable for agriculture.
Sampling Locations

Since each of the study areas has different dimensions,
sampling locations were chosen from each of them
depending on their sizes. A total of 137 in-situ
measurements were taken within the study areas which
were randomly selected to cover the studied locations.
102 sampling locations were chosen at the Main
Campus to cover all the faculties in the main campus
(MC), 15 sampling locations were chosen at the
College of Health Sciences (CH), and 20 sampling

locations were chosen at the Teaching Hospital (TH).
Measurement of Background radiation

A portable environmental radiation dosimeter called
RADEX RD1503 manufactured by QUARTA-RAD
Ltd, Moscow was used and the equipment uses a
Geiger counter to detect the amount of gamma
radiation within 40 seconds and indicates the values in
uSvhrt and pRem/hr on an LCD screen. The range of
gamma radiation energy of the device is between (0.1-
1.25) MeV. The instrument has a detection range of
0.05 - 9.90 pSvhr! with no additional calibration
because the device is pre-calibrated with a tolerance of
+/- 15% and is capable of measuring Gamma, Beta and
X-ray radiation. The instrument is very sensitive,
relatively inexpensive, rugged and suitable for
environmental gamma radiation. An in-situ approach
of Terrestrial Gamma Radiation Dose (TGRD) rate
measurement was carried out at 1 meter standard
in the outdoor

height above the ground level
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environment of the chosen locations. This is to avoid
the effects of ground and buildings on outdoor
measurements and to retain at least six meters away
from the walls of any building nearby (Gholami et al.,
2011). Three sets of readings were taken at each
sampling location from which the average was
recorded at intervals of two minutes, this was done to
minimize error and to account for the fluctuating
nature of background radiation (Ononugbo et al.,
2017; Ugbede and Benson, 2018). The areas chosen
for background radiation measurements covered the
entire university community. The absorbed dose rate
was measured in pSvhr-1. The data measured were
read directly from the display screen of the dosimeter.
This method of TGRD measurement enables the study
locations to maintain their original environmental
characteristics (Ugbede and Benson, 2018).

Estimation of Annual Absorbed Dose

The annual absorbed dose rate D, was calculated from

the measured absorbed dose rate in puSvyr-!  using
equation 1:
D =G X 24 hrs X 365 days (3]

where G represents the mean outdoor dose rate

recorded at each sampling location in pSvhr?,
Estimation of Annual Effective Dose Equivalent

The Annual Effective Dose Equivalent (AEDE) is a
measure of the total radiation dose received by an
individual in a given year, taking into account the
effective dose from various sources of ionizing
radiation. It is typically expressed in millisieverts
(mSv). UNSCEAR (1988) recommended indoor and
outdoor occupancy factors of 0.8 and 0.2 respectively.
This occupancy factor is the proportion of the total
time during which an individual is exposed to a

radiation field. Equation 2 was used to convert the
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dose rate in pSvhr? into the annual effective dose
equivalent (AEDE) in mSvyr,

-1
AEDE = D(uSvy~*)x0.2 (2)
1000

where D is the estimated annual absorbed dose rate
(uSvyr?), AEDE is the estimated annual effective dose
equivalent (mSvyr?), 0.2 is the outdoor occupancy
factor and 1000 is the conversion factor used to
convert from microsieverts per hour to millisieverts

per year.
Excess Lifetime Cancer Risk (ELCR)

Excess Lifetime Cancer Risk (ELCR) for each study
area was also estimated, the Annual Effective Dose
Equivalent (AEDE) values and a risk coefficient were

substituted into equation (3) below:

ELCR (%) = AEDE (mSvyr?!) x Risk Coefficient
(%/Sv) 3)

Risk Coefficient

Based on the ICRP publication 103 (2007), 5% /Sv
was recommended as the risk coefficient for cancer
incidence (5% increase in cancer risk per sievert of
radiation exposure). This value was used for Excess
Lifetime Cancer Risk (ELCR) calculations.

Calculation of Excess Lifetime Cancer Risk
Study Area A (LAUTECH Main Campus)
AEDE = 0.260 mSvyr?

ELCR (%) = 0.26 mSv/yr x 5%/Sv = 0.013% or
approximately 1 in 7692

Study Area B (College of Health Science)

AEDE = 0.270 mSvyr?

80

ELCR (%) = 0.27 mSvyr! x 5%/Sv = 0.0135% or
approximately 1 in 7407

Study Area C (LAUTECH Teaching Hospital)
AEDE = 0.300 mSvyr?

ELCR (%) = 0.3 mSvyr?! x 5%/Sv = 0.015% or
approximately 1 in 6667

RESULTS AND DISCUSSION

Table 1 gives a summary of the descriptive results
obtained from the in-situ measurements of background
ionizing radiation at the Main Campus, College of
Health Sciences and Teaching Hospital of the
university. The highest dose rate was recorded at the
Dental Centre at the College of Health Sciences which
could be a result of radiographic equipment such as a
Dental X-ray machine, while the lowest was recorded
at the Architecture 250 Lecture Theatre in the Main
Campus which may be as a result of absence of
radiographic equipment as lecture theatres do not
These

differences in the mean of absorbed dose rate values

always house radiographic equipment.

can be linked to the varying geological factors and soil
properties across the sampling locations, which affect
the distribution and accumulation of naturally

occurring radioactive materials (llori et al., 2024).

Mathematical Expressions for Mean and Standard

Deviation

(i) Mean: The mean was estimated using equation (4)
This can be expressed mathematically as;

pH=Xxi/n 4
Where:

u = mean, X x; - the sum of the values of all individual

sampling points, n = number of sampling points
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Table 1: Descriptive Statistics

Min Max Mean SD
Location Code (uSvhrt) (USvhrh) (uSvhr?) (uSvhr?)
MC 0.10 0.22 0.150 0.0263
CH 0.11 0.24 0.152 0.0308
TH 0.10 0.23 0.170 0.0333

MC — Main Campus, CH — College of Health Sciences, TH — Teaching Hospital

(ii) Standard Deviation: The standard deviation SD

was estimated using equation (5) below

o = V[E&i — ©?) /n] (5)

Where:
o = standard deviation, x; = individual sampling point
[ = mean, n = number of sampling points

¥ = summation symbol, indicating the

sum of the values.

The standard deviation of all the sampling locations
was obtained using equation four (4). In Table 2, the
total mean absorbed dose value was also compared

with results from earlier research. Though not all of

these studies were conducted in the same study area as
the present study a major comparison of the present
study was done with other works both outside and
within educational institutions. Overall, these studies
confirm that the background gamma radiation levels
found in the current research area fall within
acceptable bounds. The study results are consistent
with the variety of background radiations reported in
the literature. The variation recorded can be attributed
to human activity and geological features that existed
at the sites of earlier research. Generally, these studies
confirm that the background gamma radiation levels
within

found in the current research area fall

acceptable bounds.

Table 2: Comparison of present work result obtained for Mean Absorbed Dose Rate with those from other

works

Author

Mean Absorbed Dose Rate (uSvh?)

Akinloye et al, 2007
Ajayi and Ibikunle, 2013
Oladapo and Oni, 2014
Osimobi et al., 2015
Isolaet al., 2018
Ajetunmobi et al., 2023
Present Study

0.04
0.13
0.04
0.16
0.02
0.10
0.16

The Tukey posthoc test revealed no significant

difference at p = 0.05 level of significance between
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locations CH-MC and TH-CH respectively. However,

a comparison of TH-MC revealed a significant
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difference at p = 0.05. This test of significance further

confirmed that the activity at the Teaching Hospital

0.175
0.17
0.165
0.16
0.155
0.15

0.145

Mean Absorbed Dose
(uSv/h)

0.14
Main Campus

College of Health
Location

contributes significantly to the radiation level of the

environment.

Teaching Hospital

Figure 1: Bar Chart of the Studied Locations with their Corresponding Mean Outdoor Absorbed Dose Rate

Table 3: Descriptive summary of the Annual Effective Dose Equivalent (AEDE) at each studied location

Locations Min (mSvyr?) Max (mSvyr?) Mean (mSvyr?)
MC 0.18 0.39 0.260
0.19 0.42 0.270
CH
0.18 0.39 0.300
TH

From Figure 1, it can be deduced that natural
background radiation is the primary source of
radiation at both the main campus and college of
Health Science and that human activities are negligible
whereas radiation-emitting equipment like X-ray
machines as well as radioactive materials used for
medical procedures within Teaching Hospital

contribute to highest mean values of absorbed dose.

Table 3 shows the summary of the estimated annual
effective dose equivalent (AEDE) values that were
converted from the background radiation results. The
results showed that, accordingly, the Teaching
Hospital had the greatest AEDE value and the Main
Campus had the lowest. The computed AEDE has an

overall mean of 0.28 mSvy-1, with a range of 0.26 to
0.30 mSvy-t. This value demonstrates compliance
with internationally accepted radiation safety
standards since it is 28.0% below the ICRP’s set limit
(ICRP, 2007) recommended maximum limit of 1
mSvy-! for the general public. The results obtained are
in agreement with AEDE values from previous
research. Even if all projected values are within
acceptable ranges for public exposure, it is imperative
to continue monitoring, all the study locations to
forestall any unnecessary hazards from radiation
exposure. Table 4 shows a descriptive summary of the
annual effective dose equivalent (AEDE), Risk
Coefficient and Excess Lifetime Cancer Risk (ELCR)



Oke et al. /LAUTECH Journal of Engineering and Technology 18 (4) 2024: 77-85

for each of the study locations, variation in the results
was due to the absorbed dose from each of the
locations; LAUTECH Teaching Hospital has the

highest ELCR, followed by LAUTECH College of
Health Sciences, and then LAUTECH Main Campus.

Table 4: Descriptive Summary of the AEDE, Risk Coefficient and ELCR results of each Study Location

RISK
LOCATION AEDE(mSvyr?) COEFFECIENT (%/Sv) ELCR (%)
LAUTECH Main Campus 0.260 5 0.013
LAUTECH College of 0.270 5 0.0135
Health Sciences
LAUTECH Teaching
Hospital 0.300 5 0.015

CONCLUSION

The findings from this study provide valuable
information on the gamma radiation level within the
main campus, College of Health and teaching hospital
of Ladoke Akintola University of Technology,
Ogbomoso Oyo State, Nigeria. Moreover, the
absorbed dose rate, annual dose rate and annual
effective dose equivalent values obtained are within
the safety limit recommended by the International
Commission on Radiological Protection (ICRP). It is
hereby recommended that the general public should be
radiation cautious by minimizing the amount of time
that will be spent within the environment of
LAUTECH Teaching Hospital where the mean of the
absorbed dose rate is higher to mitigate the

radiological hazard.
REFERENCES

Abba, H. T., Hassan, W. M. S. W., Saleh, M. A.,
Aliyu, A. S. and Ramli, A. T. (2017).
Estimation of Terrestrial gamma radiation

(TGR) dose rate in characteristic geological

formations of Jos Plateau, Nigeria. Malaysian
Journal of Fundamental and Applied Sciences,
13(4), 593-597.

Ajayi, O. S., & Ibikunle, S. B. (2013). Radioactivity of
surface soils from Oyo state, South Western
Nigeria. International Journal of Radiation
Research, 11(4), 271.

Ajetunmobi, E.A., Shamsideen, K.A., Joseph, O.C.,
Timothy, W.D., Kolawole, R.O., Adetoro,
T.T., Peter, B., and Sofiat, A.A., (2023). In-situ
measurements of dose rates in villages near
mining sites in Oke-Ogun, Oyo state, Nigeria.
Equity Journal of Science and Technology,
2023 10(1): 36 — 41

Akinloye, M. K., and Abodunrin, O. P. (2008).
Radiation exposure in the environment of
LAUTECH X-ray Centre: contribution due to
the building materials. Nigerian Journal of
Science Vol42, 15, 23.

Akinloye, M. K., Isola, G. A. and Oladapo, O. O.
(2012). Investigation of natural gamma

radioactivity levels and associated dose rates



Oke et al. /LAUTECH Journal of Engineering and Technology 18 (4) 2024: 77-85

from surface soils in Ore Metropolis, Ondo
State, Nigeria. Environment and natural

resources research, 2(1), 140.

Akinloye, M.K., Ogunkinle, M.O., and Abodunrin,

O.P., (2007). Radiation exposure rates in the
environment of Ogbomoso General Hospital.
Science Focus, 12(2):152-156.

Gholami M., Mirzaei S. and Jomehzadeh A. (2011)

ICRP

Gamma background radiation measurement in
Lorestan province, Iran. International Journal
of Radiation Research. 9(2): 89-93.

(2007) The 2007 Recommendations of the
International Commission on Radiological
Protection. ICRP Publication 103. Annals of
the ICRP, 2007, 37(2-4).

llori, A. O., & Chetty, N. (2024). A review of the

occurrence of naturally occurring radioactive
materials and radiological risk assessment in
South African soils. International Journal of
Environmental Health Research, 34(8), 2969-
2982.

Isola G. A., Oni O. M., Akinloye M. K., and Ayanlola

P. S., (2018). Measurement of Natural
Radioactivity in Soil Samples from Ladoke
Akintola University of Technology, Ogbhomoso
South-West, Nigeria; International Journal of
Scientific and  Research  Publications;
8(8);618-627.
http://dx.doi.org/10.29322/1JSRP.8.8.2018.p8
080

Isola G. A., Akinloye M. K., Amuda D. B., Ayanlola

P.S., and Fajuyigbe A. (2019): Assessment and
Evaluation of Enhanced Levels of Naturally
Occurring Radionuclides Materials due to Gold
Mining in Soil Samples obtained from
Iperindo, Osun State, Southwestern, Nigeria;
International Journal of Scientific and
Engineering Research, 10(9); 1647 - 1657

Kendall, G. M., Wakeford, R., Athanson, M., Vincent,

T.J., Carter, E. J., McColl, N. P., & Little, M.
P. (2016). Levels of naturally occurring gamma
radiation measured in British homes and their
prediction in particular residences. Radiation

and environmental biophysics, 55, 103-124.

Maia, J. M., da Silva, R. C., & Mingacho, J. (2024).

Evaluation of effective dose for gamma-rays of
terrestrial gamma-ray flashes in aviation;
spectral-and
Physics and Chemistry, 215, 111332.

atmosphere-effects. Radiation

Oladapo, O. O.,, & Oni, E. A. (2014). Activity

concentration of gamma emitting natural
radionuclides in building materials.
Measurement, Journal of Natural Sciences

Research .4(23),1-4

Omeje, M., Chijuo, C., Okafor, I. F., Adewoyin, O. O.,

Joel, E. S., Ekwueme, B. N. and Bello, O. O.
(2023). Measurements of Terrestrial Gamma
Dose Rate Distributions along Idiroko Road,
Ota, Ogun State, Nigeria: Health Implications
on Roadside Dwellers. In 10P Conference
Series: Earth and Environmental Science 1178
(1), 012031. 10P

Ononugbo, C. P., Avwiri, G. O., & Agbalagba, E. O.

(2017). Radioactive pollution and excess
lifetime cancer risk due to gamma exposure of
soil and groundwater around open  landfills

in River State Nigeria. Canadian J Pure Appl
Sci, 11(1), 4121-4130.

Ononugbo, C., & Anekwe, U. (2020). Background

gamma radiation in Nigerian market
environment.  American  Journal  of

Environmental Sciences, 16(3), 48-54.

Osimobi, J. C., Agbalagba, E. O., Avwiri, G. O., and

Ononugbo, C. P. (2015). GIS Mapping and
Background lonizing Radiation (BIR)


http://dx.doi.org/10.29322/IJSRP.8.8.2018.p8080
http://dx.doi.org/10.29322/IJSRP.8.8.2018.p8080

Oke et al. /LAUTECH Journal of Engineering and Technology 18 (4) 2024: 77-85

Assessment of Solid Mineral Mining Sites in
Enugu State, Nigeria. Open Access Library
Journal. 2 (10), 1-9.

Shahbazi-Gahrouei, D., Gholami, M., & Setayandeh,
S. (2013). A review on natural background

Advanced Biomedical
2(1),  65.
9175.115821

Ugbede, F. O. and Echeweozo, E. O. (2017).

radiation. Research,

https://doi.org/10.4103/2277-

Estimation of annual effective dose and excess
lifetime cancer risk from background ionizing
radiation levels within and around quarry site
in Okpoto-Ezillo, Ebonyi State, Nigeria. The
land, 7(12).

Ugbede, F. O., & Benson, I. D. (2018). Assessment of
outdoor radiation levels and radiological health
hazards in Emene Industrial Layout of Enugu
State, Nigeria. International Journal of
Physical Sciences, 13(20), 265-272.

Ugbede, F. O., Aduo, B. C., Ogbonna, O. N. and Ekoh,
O. C. (2020). Natural radionuclides, heavy

metals and health risk assessment in surface

85

water of Nkalagu river dam with statistical
analysis. Scientific African, 8, e00439.

United Nations Scientific Committee on Effects of
Atomic Radiation (1988). Exposure from

natural sources of radiation. UNCEAR Report

121-167
United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR), (2008).

Sources and Effects of lonizing Radiation, 1;
Annex B, 221 - 242

United Nations Scientific Committee on the Effects of
Atomic Radiation. (2000). Sources and Effects
of lonizing Radiation, United Nations
Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) 2000 Report, Volume
I: Report to the General Assembly, with
Scientific Annexes-Sources. United Nations.

Wu, Z. Q., Sun, J., Huang, W. Q., Wang, B. R., Cheng,
J. X., Wu, J. F., ... & Shan, K. (2025). In situ
measurement of environmental $$\gamma $$
radiation dose rates of key nuclides for large
radioactive surface sources. Nuclear Science
and Techniques, 36(1), 1-11.



