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Abstract: In recent times, researchers have shown an increasing interest in the study of radioactive gas radon
due to its radiological health hazard. Soil-gas radon (***Rn) concentrations vary from place to place and human
exposure level varies from one region to the other. The annual effective dose is commonly used for prospective
assessment of yearly radiation dose received by the public for the purpose of optimization and planning in
radiation protection within and around regions of high radioactivity concentration. In this study, soil-gas radon
concentrations were measured in-situ at 100cm below the ground from ten (10) locations with granite rock
basement within Ilorin using RAD7, a solid-state radon detector manufactured by Durridge Company (USA).
Results of radon concentrations varied from 17.54 + 500.59 Bg/m’ to 1833.66+892.00 Bq/m’ with an average
value of 387.193+218.47 Bg/m’. The estimated annual effective dose attributed to the inhalation of *’Rn
concentrations ranged from 0.00017 mSv/y at ASD location to 0.01735 mSv/y at TK location with average
value of 0.00037 mSv/y in the study area. The obtained *’Rn concentrations in all locations are found below the
tolerable levels which range from (400 to 40,000) Bq/m’. However, locations WS (543.67+ 465.52) Bg/m® and
TK (1833.66+892.00) Bg/m’ showed values above 400 Bg/m’ minimum range but below 40, 000 Bg/m’
maximum range of the world range limit. Overall, values of annual effective dose in all locations of the study
area are below the 1 mSv/y dose limit recommended for radon inhalation from all sources. From the result of
this study, it is safe to conclude that dwellers within the study area have no radiological health concern due to
soil-gas radon.
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1.0 Introduction

The earth crust has been the major source of
natural radiation, which continually emits some
levels of radiation energy to the environment thereby
making human exposure unavoidable (Oladapo et al.,
2019; Oni et al., 2019 and Ajiboye et al, 2016).
Radon (**’Rn), a radioactive noble gas which is
ordinarily imperceptible to humans has been reported
to contribute about 55% human exposures to ionizing
radiation (Fatimh et al., 2017; Shakir ef al., 2011 and
George, 2009). 22Rn has its origin from the natural
disintegration of uranium (**U) and thorium (***Th)
present in the earth crust (Ali et al., 2010). Three
natural isotopes of radon are known, but only 2Rn
having a half-life of 3.82 days has caught the
attention of many researchers due to its health
hazard, and also because other isotopes are short-
lived and their existence cannot be swiftly
determined in indoor or outdoor air (Oni and
Adagunodo, 2019; Yousif Muhsin ef al, 2017 and
Vikas Duggal ef al., 2014). *’Rn has applications in
geophysical studies as tracer for the detection of
hidden faults in geological structures. It could as well
be used to explore uranium mineralization of a region
and thus predicting earthquake (Ali et al., 2010; Al-

Tamimi and Abumurad, 2001; Kritz et al., 1990 and
Tancer, 1980). However, “*Rn pose a radiological
health damage to humans which has necessitated its
(**Rn) study across the globe. The pores in soil serve
as channels through which **Rn navigates
underneath the ground and gets to the environment
through cracks and openings in the ground at varying
concentrations from one location to the other
(Ajiboye et al., 2016; Abd-Elmoniem, 2015; Jung et
al., 2015 and Vikas Duggal ef al., 2014). Being an
alpha emitter, ’Rn interacts with biological tissues
when inhaled and if accumulated in tissue can cause
damage, usually lung cancer (Hesham et al., 2019;
Yousef et al, 2016 and Abd-Elmoniem, 2014).
Previous studies have revealed cancer induction due
to long-term exposure to high radon concentration,
and an annual lung cancer death of about 21, 000
have been associated to radon inhalation (Hesham et
al., 2019; Yousef et al, 2016; USEPA, 2012 and
IARC, 2004). Measurement of soil-gas **Rn
concentration is important to assess radiological risk
(Bala et al., 2017). This study investigated soil-gas
radon concentrations and the corresponding annual
effective dose in selected region of Ilorin, Kwara
State, Nigeria.
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2.0 Materials and Method
2.1 Study Area

Ilorin, being the capital city of Kwara State
has population density of about 974,000 (National
Bureau of Statistics, 2016) and lies within the
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coordinates 8.4799°N and 4.5418°E. Ilorin is rich in
all kinds of mineral resources which are natural
sources of radiation. The map of Kwara State
showing Ilorin is presented in figure 1.
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Figure 1: Map of Kwara State showing the Ilorin

2.2 Radon Concentration Measurement
Insitu  radon  (“?Rn)  concentration
measurements were performed in ten (10) locations
with granite rock basement using RAD7, a solid-state
detector manufactured from Durridge Company
(USA). Table 1 presents the names and location
codes of the regions where measurements were
taken. Literatures have established an increased
radon concentration at high temperature (Ajiboye et
al., 2016), therefore, measurements were done during
harmattan from November, 2020 to February, 2021.
Global Positioning System (Garmin) was used to
take coordinates of the sampling points. RAD7 is a
silicon-based alpha converter. It sniffs the energy of
alpha particle and converts it into electrical signals

while an inbuilt microprocessor saves it according to
the particle energy.

After a square-grid design (100mx100m),
the soil probe provided with RAD7 was dipped into
the soil (100 cm below the ground) at the four
corners and at the center of the grid with soft strokes
of hammer according to the set-up of Ajiboye et al.,
(2018) shown in figure 2. Grab protocol mode of
RAD7 was activated and was used to extract radon
gas from the soil for duration of five minutes into the
detector chamber. The machine delays for another
five minutes before it starts a four 5-minute cycle
counts, which after about 30 minutes stores and print
out the result of the measurement which include a
mean radon concentration.
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Table 1: Names of sampling regions within the study area.

S/N Name of Location Location Code
1 Queen Park QP
2 Sango WS
3 Okelele OK
4 Tanke TK
5 Asa Dam ASD
6 Wara WR
7 Eiyenkorin EYK
8 Malete MLT
9 Ote oT
10 Yakuba YK
Inlet fiter
Vacuum guage —~T Desiccant Outlet -
S i mp
0.7 litre hemispheric
water shut 3N sample cell
—of f valve N
@ i
S Rad7 Electronic
Radon Detector
A
1 —_—1—> Soil
im
-\.0 ‘/“ Gas inlet to the probe
OffS etk
Y __//—kre-\-—_

Figure 2: Experimental set-up for soil-gas radon measurement (Source: Ajiboye et al., 2018)

2.3 Estimation of Annual Effective Dose

Radon concentrations at 100cm depth was
used to estimate outdoor annual effective dose using
equation (1) according to Yousif Muhsin et al,
(2017).

AEDg,(mSv/y) = Cgy, X F x O x (DCF) x 8760
(M

Where AEDg, and Cg, represent annual effective

dose due to radon and radon concentration in Bg/m’

at 100cm depth respectively. F is the equilibrium
factor (0.6) for outdoor radon and its daughter; O
stands for outdoor occupancy (0.2) and 8760 is the
number of hours per year. DCF represents the dose
conversion factor (9 nSv/h per Bq/m3).

3.0 Results and Discussion

The mean value of radon concentration in Bg/m’
obtained from each sampling location with
corresponding values of annual effective dose
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(AEDg,) in mSv/y are presented in table 2. The result
of *Rn  measurements revealed  varying
concentrations ranged from 17.54 + 500.59 (0.00017
mSv/y) at ASD location to 1833.66+892.00 (0.01735
mSv/y) at TK location with an average value of
387.193+£218.47 (0.00037 mSv/y) within the study
area. High radon level is associated to several factors
such as soil type, soil permeability or high content of
uranium (Vikas Duggal et al., 2014). TK location is
observed to have higher value of radon concentration
when compared to other locations of the study area.
This could be associated to high uranium
mineralization and radium content in the region. TK
region is known to be densely populated which may
contribute to an increased anthropogenic activity and
consequently enhance radon emissions. On the other
hand, ASD location is more a residential area than
industrial area, which account for low radon
concentration recorded in the area. This is due to
little or no anthropogenic activity in the area. Figure
3 shows the variation in radon concentrations which
is often due to uranium and radium contents present
in the earth crust and Figure 4 shows the
corresponding annual effective dose obtained in the
study area (Orosun et al., 2016). Among other

sources of radon in homes such as water and building
materials, the emission of soil-gas radon to the
environment contributes to outdoor and indoor air
radon concentrations which further increases human
exposure risk. Even though, radon exposure may not
necessarily have an early effect, it is important to
emphasize its (**Rn) long-term carcinogenic effect
(Temaugee et al., 2014). Overall, the average value
of **Rn concentrations obtained in the study area is
below the tolerable level which range from 400
Bg/m’ to 40,000 Bq/m’ and the estimated values of
AEDg, in all locations of the study areas are lower
than the permissible limit of 1 mSv/y set by
International Commission on Radiological Protection
(ICRP). However, locations WS (543.67+ 465.52)
Bg/m® and TK (1833.66+892.00) Bg/m’ show values
above 400 Bq/m3 minimum range but below 40, 000
Bg/m’ maximum range. Also, 0.01735 mSv/y
recorded at TK location is just 0.0735 less than 0.1
mSv/y limit recommended by the World Health
Organization (Orosun et al., 2016). This implies that
further studies should be carried out at TK location in
the future in order to keep human exposure as low as
reasonably achievable and also to take remedial
action in the area.

Table 2: Results of *’Rn concentration and annual effective dose obtained in the study area.

S/N Location Geographical  Coordinates  “*’Rn Conc. AED
Code Lon / Lat (Bqm™ (mSvly)
1. QP N8°47°76°°/ E4°53°55” 245.22 +161.00 0.00232
N8°31°37°°/ E4°35°68”’
2. WS N8°43°657"/ E4°24°15 543.67+ 465.52 0.00514
N8°2811°° / E4°39°82”’
N8°26°97°°/ E4°32°45”
+
3. OK N8°27.68”°/ EA°29°26°° 376.89+ 716.26 0.00356
N8°©23°68°°/ E4°27°87”’
4. TK N8°70°81°°/ E4°47°40°" 1833.66+892.00 0.01735
N8°19°35°’/ E4°23°32”
5. ASD N8°33°45°°/ E4°37°44>° 17.54 +500.59 0.00017
6 WR Study 64.84 £994.34 0.00061
area
7. EYK 242.55+907.73 0.00229
8. MLT 151.89+ 633.03 0.00144
9 OT 171.34+ 135.00 0.00162
10. AYK 224.33+ 860.00 0.00212
Max. 1833.66+892.00 0.01735
Min 17.54 £ 500.59 0.00017
Ave. 387.193+218.47 0.00037
WHO - 0.1
ICRP 400 - 40,000 1

45
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Figure 3: Radon distribution in the study area and their corresponding annual effective dose.
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Figure 4: Annual effective dose obtained in the study area.

4.0 Conclusion in all sampling locations are well below 1 mSv/y
Soil-gas radon concentrations measured within limit set by ICRP. From the result of this study,
the study area revealed an average value that it is safe to conclude that dwellers within the
falls below the tolerable range of (400 — 40, 000) study area have no radiological health concern

Bg/m’. Values of annual effective dose obtained due to soil-gas radon. Results of this study could



World Rural Observations 2021;13(4)

http://www.sciencepub.net/rural| WR a

be useful as a baseline data in setting national
reference level for monitoring radiological risk
of the general public.

References
1) Abd-Elmoniem  A. Elzain (2015).
“Estimation of Soil Gas Radon

Concentration and the Effective Dose Rate
by using SSNTDs”. [International Journal
of Scientific and Research Publications,
5(2), pp: 1-5

2) Abd-Elmoniem  A. Elzain (2014).
“Measurement Of Radon-222 Concentration
Levels In Water Samples In Sudan”
Advances in Applied Science Research,
5(2), pp: 229-234.

3) Ajiboye Y., Badmus O. G., Ojo O. D., and
Isinkaye M. O. (2016). “Measurement of
Radon Concentration and Radioactivity in
Soil Samples of Aramoko, EKkiti State,
Nigeria” International Journal of Public
Health Research, 4 (5). pp: 37-41.

4) Bala, P., Kumar, V., and Mehra, R. (2017).
Measurement of Radon Exhalation Rate In
Various Building Materials And Soil
Samples. Journal Earth System Science,
126, 2-8.

5) Emmanuel Abiodun Oni and Theophilus
Aanuoluwa Adagunodo, (2019).
“Assessment of Radon Concentration In
Groundwater Within Ogbomoso, SW
Nigeria”. IOP Conf. Series: Journal of
Physics: Conf. Series 1299
doi:10.1088/1742-6596/1299/1/012098

6) Fatimh Alshahri, Atef El-Taher and Abd
Elmoniem  Ahmed Elzain, (2017).
“Characterization of Radon Concentration
and Annual Effective Dose of Soil
Surrounding a Refinery Area, Ras Tanura,
Saudi Arabia”. J. Environ. Sci. Technol.,
10, pp: 311-319

7) George, A.C. (2009) World History of
Radon Research and Measurement from the
Early 1900’s To Today”. 26th Avenue
Bayside NY 11360 US, pp.201-207.

8) Hesham A. Yousef, K. A. Korany, Hamed L
Mira, Sayed F. Hassan and Gehad M. Saleh.
(2019). “The Annual Effective Dose Of
Granite Rock Samples Using Alpha Track
Detector”. Journal of Radiation Research
and Applied Sciences, 12(1), pp: 112-117

9) IARC. (2004). IARC monographs on the

evaluation of carcinogenic risks to humans

(1st ed.). Lyon, France: Author. p. 1452.

International Commission on Radiological

Protection, (1993). Protection against

Radon-222 at Home and at Work. ICRP

Publication 65, Pergamon Press, Oxford,

UK., pp: 46. ISBN-13: 9780080424750.

10

~

47

11) Jung KW, Won Y.J, Kong H.J, Oh C.M,
Cho H, Lee D.H. (2015). “Cancer Statistics
In Korea:

12) Incidence, Mortality, Survival and
Prevalence In 2012”. Cancer Res Treat,
47(2), pp:127-41.

13) Kritz, M. A., Le Roulley, J. and Danielsen,
E. F. (1990). “China Cipper-Fast Advective
Transport of Radon-rich Air from the Asian
boundary layer to the upper troposphere
near California. Tellus Series B, 42, pp. 46—
6l.

14) N. Ali, E. U. Khan, P. Akhter, F. Khan and
A. Waheed (2010). Estimation of Mean
Annual Effective Dose Through Radon
Concentration In The Water And Indoor Air
Of Island of Islamabad and Murree.
Radiation Protection Dosimetry, pp: 1-9.
doi:10.1093/rpd/ncq160

15) M. H. Al-Tamimi and K. M. Abumurad
(2001). “Radon Anomalies along faults in
North of Jordan” Radiation Measurements
34(1-6), pp: 397-400.

16) M. Shakir Khan, A.H. Naqvi, A. Azam and
D.S. Srivastava. (2011). “Radium and radon
exhalation studies of soil” Iran. J. Radiat.
Res., 8(4): 207-210.

17) 0. 0. Oladapo, O. M. Oni, A.E. Oni, A. O.
Adelodun, A. A. Aremu, I. D. Olatunde,
0O.P. Oyero, M.K. Lawal. (2019) “Nigeria
Assessment of Chemical Toxicity and
Radiological ~ Toxicity = of  Uranium
Associated with Drinking Water in Kuye,
Ogbomoso, Nigeria” International Journal
Of Innovative Research & Development. Vol
8 Issue 12, pp 172-178

18) ONI Olatunde Michael, AMUDA Dauda
Biodun, OYERO Olaoluwa Peter, AJANI
Adegbenro Sunday and AREMU Abraham
Adewale (2019). “Effect of 2.45GHz
Radiofrequency Radiation Exposure on
Ovarian Follicle Reservoir of First Filial
Generation of Albino Rat. International
Journal of Research and Innovation in
Applied Science 4(5), pp:107- 111.

19) Orosun. M. M., Lawal. T. O and Akinyose
F. C. (2016). “Natural Radionuclide
Concentrations and Radiological Impact
Assessment of Soil and Water in Tanke-
llorin, Nigeria”. Zimbabwe Journal of
Science & Technology. Vol.11. pp: 158-
172. ISSN 2409-0360.

20) S.T. Temaugee, T.A. Daniel, K.O. Oladejo,
S. Daniel. (2014). Assessment of Public
Awareness of the Detrimental Effects of
Ionizing Radiation in Kontagora, Niger
State, Nigeria. International Journal of
Science and Technology, 4(7). pp: 134-141



World Rural Observations 2021;13(4) http://www.sciencepub.net/rural| WR a

21) Taneer, A. B. (1980). “Radon migration in
the ground, a supplementary review. In
Proceedings of the Natural Radiation
Environment 11" (Springfield, VA: National
Technical Information Service) pp. 5-56.

22) U.S. Environmental Protection Agency
(2012). “A Citizens Guide to Radon: The
Guide to Protecting Yourself and Your
Family from Radon”. EPA 402/K-12/002.

23) Vikas Duggal, Asha Rani and Rohit Mehra
(2014). “Measurement of Soil-Gas Radon In
Some Areas of Northern Rajasthan, India”
J. Earth Syst. Sci. 123(6), pp: 1241-1247

24) Yousef, H. A., Saleh, G. M., El-Farrash, A.
H., & Hamza, A. (2016). Radon Exhalation
Rate For Phosphate Rocks Samples Using
Alpha Track Detectors. Journal of
Radiation Reseach and Applied Sciences, 9,
41-46.

25) Yousif Muhsin Zayir Al-bakhat, Nidhala
Hassan Kazem AIl-ANI, Batool Fayidh
Mohammed, Nabeel Hashem Ameen,
Zainab Abdul-Zahra Jabr, Saliha Husayn
Hammid. (2017). “Measurement of Radon
Activity in Soil Gas and the Geogenic
Radon Potential Mapping Using RAD7 at
Al-Tuwaitha Nuclear Site and the
Surrounding Areas”. Radiation Science and
Technology. 3(3), 2017, pp: 29-34.

11/15/2021

48



