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Abstract: Radioactivity in the environment from sources of natural and human activities resulting in planned, emergency and
existing exposure to human population, environment and other biota has led to growing apprehensions in Nigeria and the world.
The existing exposure situations mainly from natural radionuclides, present in the earth crust from creation emits background
ionizing radiation leading to gamma dose exposures. The objective of this study was to assess the background ionizing radiation
and associated radiological hazard indices in Itu, Nigeria located at 5010°0” N 7059’0 E, and establish an eco-radiological
baseline data prior to the construction of any nuclear fission reaction facility in the area. A systematic random method of
measurement was employed within demarcated monitoring zones of entire geological map of Itu, Nigeria. The global positioning
system finder (GARMIN Etrex 10) was used for data point location, while RDS-31S/R Multi-purpose survey meter was used for
dose rate measurement. The background ionizing radiation measurement obtained ranged from 0.041 + 0.002 - 0.045 + 0.002
uSv/hr with overall mean of 0.042 + 002 uSv/hr, which was lower than the world mean of 0.2 puSv/hr. Radiological hazard
indices arising from the background ionizing radiation measurement were also evaluated. The mean estimated Gamma Dose
Rate was 9.312 nGy/hr, the terrestrial outdoor Annual Effective Dose Rate arising from gamma was 6.83 mSv/yr, that of indoor
was 21.85 mSv/yr and Excess Life Cancer Risk was 0.05 x 10~. The mean evaluated radiological hazard indices were found to be
below admissible limits, and thus poses no significant radiological health threat to the populace. Therefore, the assessment
demonstrates that there is no elevated level of dose rate, which is makes it safe for human habitation, but care should be taken to
avoid increase radiation level from human activities. It is recommended that constant radiological monitoring be encourage, and
the data considered as radiological baseline in Itu, Nigeria.
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emergency occurrence at nuclear power plants (NPPs), tests of
nuclear weapons and radiotoxic radionuclides from
refurbished nuclear plants [8]. Besides the releases from these
anthropogenic channels, long-term exposures through plant
uptake from agricultural soil and subsequent bioaccumulation
and localized contamination of plants and food produce [2,
10-13], and portable water and wastewater treatment plants
have been documented [14].

1. Introduction

There are increasing concerns over the exposure of the
human population to enhanced ionizing radiations emanating
from natural and anthropogenic sources [1-8]. In the terrestrial
environment, humans are mainly exposed to ionizing
radiations through medical applications [9], accidents or
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Planned, emergency and existing exposure has been
considered as the major types of exposure situations. The
planned exposure situation occur due to planned introduction
or operation of radiation sources from justified practice, while
an emergency exposure situations takes place as a result of
incident during a planned operation or simply when planned
operation gets out of control. However, existing exposures
situations are mainly caused by natural background radiations
that already exist in the earth crust and actions need to be
taken [15-17]. The natural background radiation in the
environment is mostly contributed by natural occurring
radioactive materials which are classified into primordial
(such as *K, #*Th, **U and ***U), cosmogenic (e.g. 'Be, '*C
and “H), and are found in the earth crust, soil, water, and the
atmosphere as well as almost every living thing [15, 18, 19].
Anthropogenically radioactive substances that are released
into the environment poses serious environmental and
ecological challenges due to their persistency in the
environment [20-22]. Primordial or terrestrial radionuclides
are naturally occurring radioactive materials that emanate
from the Earth’s crust and mantle; the cosmogenic
radionuclides arise from the atmospheric interactions between
various gases and cosmic rays.

Anthropogenic radionuclides come from a variety of human
activities such as fallouts associated with nuclear plants
accidents or global depositions from nuclear weapons tests
resulting in concentration of Technically Enhanced Naturally

2. Materials and Methods
2.1. Study Area

Occurring Radioactive Material (TENORM) in the products
and by-products of the activities. These TENORM are but not
limited to: exploration and exploitation of oil and gas, energy
production (coal), mining and milling of ores, metal
recycling/steel processing plants, water and waste treatment,
resources extraction, and some consumer products and nuclear
reaction activities and facilities. Therefore, the background
ionizing radiation (BIR) is radiation of man’s natural
environment, which is made of what emanates from cosmic
rays, the naturally radioactive elements of the earth and human
body and its activities [23]. These exposures contribute
immensely in enhancing the level of BIR, which globally
averages 2.4 mSv/y annual effective dose [24, 25].

This study became imperative due to a proclamation made
on choosing some candidate sites for constructing NPP
facilities and corresponding activities in Nigeria which Itu,
and Geregu, Nigeria amongst others were listed [26, 27].
Therefore, the aim of this study was to evaluate the eco
radiological baseline, which could provide necessary
radiological data and make invaluable input to knowledge
prior to the construction of any nuclear fission reaction facility.
This study will provide baseline information and stopgap
check for future build-up of radiation level values that could
arise from operation of such facility and offer public
reassurance as regards to current environmental radiation
level to the populace.
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Figure 1. A 2-Dimensional Arc-GIS Map of the study area (Insert: Map of Nigeria & Akwa Ibom State).
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The study area is Itu, Nigeria, located within the
coordinates of 5010’0 N 7059°0”E as presented in Figure 1. It
is a Local Government Area in Akwa Ibom State, Southern
Nigeria. The projected population as at 2013 was put at
161,572 and the major occupation of mainly of farming,
fishing and trading. It is bounded by four villages/LGAs from
North by Eki/Odukpani of Cross River State; South by Uyo,
East by Anakpa/Uruan and West by Oko Ita/ Ibiono Ibom all
in Akwa Ibom State. The climate of Itu like Nigeria generally
is categorized as tropical climate, which is further classified
into rainy and dry season. The rainy season could experience
averaged 2409 mm annual precipitation with mean air surface
temperatures ranging between 25.5 - 28.3°C [28].

2.2. Background Radiation Measurements

The global positioning system (GPS) — GARMIN Etrex 10
(Serial number 3964) was used to designate the data point
coordinates prior to dose rate measurements, and RDS-31S/R
Multi-purpose survey meter with serial number 2100372 was
used for dose rate measurements, which has the ability to
display in dose rate uSv/hr and pR/hr. The BIR measurement
was conducted according to the NPP radiological monitoring
demarcated zones span over the six districts of Itu, Nigeria,
and segmented in accordance with NPP radiological
monitoring plan. These are: Exclusive Zone at 1.5 km from the
major river, Sterilized Zone at 5 km, Emergency Planning
Zone at 16 km, Impact Assessment Zone at 30 km and
measurements conducted 5 km bounded around Itu, L.G.A as
presented in Figure 2 [29].

Prior to the monitoring exercise, a pre-operational /
functionality and quality checks prior to BIR measurement
were performed on the equipment to ensure their effective,
accurate and perfect working conditions [15]. Upon the
location of each survey unit/data point, BIR measurements
were conducted through a process of scanning around 360°

with survey meter at each data points before taking reading at
1 meter from ground. A Total of 255 measurements were
recorded, averaged from 51 data points in the four radiological
monitoring zones entire study area, and at 5 km impact
distance to serve as control. These dose rate measurements are
presented in Table 1.

2.3. Evaluation of Hazard Indices

2.3.1. Gamma Dose Rate (D)

The BIR measurements recorded were used to estimate
radiological hazard indices as presented in Table 1. Gamma
shine due to surface-dwelling gamma rays measured at Ilm
from the ground was used to determine gamma dose rate by
using the expression [30]:

87 . | 87x107 ) )
D=1 =—1%|= Gy~ =76.212uGyy™ (1)
{/f””" hr } /8760 < Hoyy

2.3.2. Annual Effective Dose Rate (AEDE)

However, the annual effective dose equivalent estimations
are calculated from gamma dose rate with a conversion factor
of 0.7 Sv/Gy of absorbed dose in air to effective dose an adults
receives and 20% time out-of-doors (80% indoors) using
equation 2 [31, 32]:

AEDE g, = Dygyn X 8760, x 0.2 x 0.7 g6y X 107 (2)

2.3.3. Excess Life Cancer Risk (ELCR)

In addition, the ELCR was determined from the annual
effective dose rate with duration of life (DL) estimated as 70
years for children and 50 years for adult. The risk factor (RF,
5%) for public exposure considered to produce stochastic
effect is given as [33, 34].

ELCR,s,y = AEDE .5, X RF x DL 3)

Table 1. BIR measurements and the estimated hazard indices from of the study area.

Location Measurement Abs. Dose Gamma Dose AEDR (Out) AEDR (IN) ELCR
(uSv/hr) (uR/hr) Rate (nGy/y) (mSv/yr) (mSv/yr) x10°

EXCLUSIVE ZONE

Akpa Ekpene Oton 0.042 0.012 9.262 14.20 45.44 0.05
Obio Inwang Itu 0.045 0.013 9.923 15.21 48.68 0.05
Ikot Efa 0.045 0.013 9.923 15.21 48.68 0.05
Ayadehe Quarry 0.041 0.012 9.041 13.86 44.35 0.05
Mbiabo Ikot Edem 0.043 0.012 9.482 14.54 46.52 0.05
Mbiabo Edera 0.041 0.012 9.041 13.86 44.35 0.05
Mbiabo Abasi Efiori 0.042 0.012 9.626 14.76 47.22 0.05
Ikot Essien Ekpe Inyang 0.041 0.012 9.041 13.86 44.35 0.05
Mkpana Uruk 0.041 0.012 9.041 13.86 44.35 0.05
AVERAGE 0.042 0.012 9.626 14.76 47.22 0.05
STERILIZED ZONE

Itu 0.042 0.012 9.626 14.76 47.22 0.05
Edem Nnwosu 0.041 0.012 9.041 13.86 44.35 0.05
Afia Isong 0.041 0.012 9.041 13.86 44.35 0.05
Leper Settlement Colony 0.042 0.012 9.626 14.76 47.22 0.05
Mbak Atai 0.041 0.012 9.041 13.86 44.35 0.05
Afaha Ikot Udo 0.041 0.012 9.041 13.86 44.35 0.05
Okopodi Itu 0.042 0.012 9.626 14.76 47.22 0.05
Ikot Nya 0.041 0.012 9.041 13.86 44.35 0.05
Obot Itu 0.041 0.012 9.041 13.86 44.35 0.05
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Location Measurement Abs. Dose Gamma Dose AEDR (Out) AEDR (IN) ELCR
(uSv/hr) (uR/hr) Rate (nGyly) (mSv/yr) (mSv/yr) x10°
AVERAGE 0.041 0.012 9.041 13.86 44.35 0.05
EMERGENCY PLANNING ZONE
Obot Etim 0.042 0.012 9.626 14.76 47.22 0.05
Obot Itu 0.043 0.012 9.482 14.54 46.51 0.05
Ikot Uso Akpan 0.042 0.012 9.626 14.76 47.22 0.05
Ikot Eka Iko 0.041 0.012 9.041 13.86 44.35 0.05
Ikot Essie 0.043 0.012 9.482 14.54 46.51 0.05
Ikot Ntuen Oku 0.041 0.012 9.041 13.86 44.35 0.05
Adang Itam 0.042 0.012 9.626 14.76 47.22 0.05
Ekim Itam 0.041 0.012 9.041 13.86 44.35 0.05
Ema Itam 0.041 0.012 9.041 13.86 44.35 0.05
Ikot Annie 0.042 0.012 9.626 14.76 47.22 0.05
Ikot Andem 0.041 0.012 9.041 13.86 44.35 0.05
Ikot Anen Atai 0.043 0.012 9.482 14.54 46.51 0.05
AVERAGE 0.042 0.012 9.626 14.76 47.22 0.05
IMPACT ASSESSMENT ZONE
Ibiaku Ikot Obong 0.042 0.012 9.626 14.76 47.22 0.05
Ikot Ayan 0.041 0.012 9.041 13.86 44.35 0.05
Ikot Ukono 0.041 0.012 9.041 13.86 44.35 0.05
Mbiabong Afaha 0.042 0.012 9.626 14.76 47.22 0.05
Uyo Itam 0.041 0.012 9.041 13.86 44.35 0.05
Ikot Ebom Itam 0.041 0.012 9.041 13.86 44.35 0.05
Ikot Ekwere Itam 0.042 0.012 9.626 14.76 47.22 0.05
Ikot Obong Erong 0.041 0.012 9.041 13.86 44.35 0.05
Mbribit Itam 0.041 0.012 9.041 13.86 44.35 0.05
Nung Ukot Itam 0.042 0.012 9.626 14.76 47.22 0.05
AVERAGE 0.041 9.041 13.86 44.35 0.05
Overall Average 0.042 9.312 6.83 21.85 0.05
of Itu, Nigeria and the world limit on a demarcated
3. Results radiological monitoring zones as stated in Paragraph 2.2. The

3.1. Data Presentation

The BIR measurement values recorded from demarcated
radiological monitoring zones as well as at Skm from Itu, LGA
are presented in Table 1 and Figures 2 and 3 presents a
3-Dimensional Arc-GIS Map showing the BIR measurements
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BIR measurement values recorded for the entire four zones of
Itu LGA were (0.041+£0.002 - 0.045+0.002) pSv/hr with an
overall average dose rate of 0.042+002 uSv/hr. The average
BIR value was found be lower than world average dose rate
value of 0.2 uSv/hr which indicated no human activity for
increase radiation level [15, 17, 35].

Figure 2. A 3-Dimensional Arc-GIS Map showing the BIR measurements of Itu, Nigeria and the world limit.
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Figure 3. A 3- Dimensional Arc-GIS Map showing the BIR measurements of Itu, Nigeria and 5 km surrounding cities

3.2. Discussions - Radiological Hazard Indices

The average BIR values of 0.042+002 pSv/hr presented in
Table 1 was found be equivalent of 0.35 mSv/yr lower than
equivalents annual dose stipulated for the public being 1
mSv/yr and world average dose rate value of 0.2 pSv/hr, and
the radiological hazards indices considerations from BIR
measurements were evaluated as presented in Table 1 and a
graphical presentation in Figure 4. The measured BIR values
were as a result of terrestrial gamma contribution which were
within the dose rate measurement of 10 nSv/hr to about 180
nSv/h obtained in the Southern and other regions of Nigeria
except for Jos, Plateau State that is about 0.2 uSv/hr [36] due
to mining activities. The calculated GDR arising from
terrestrial gamma of BIR measurement for entire four zones of
the study area was with mean of 9.312 nGy/hr which was
lower when compared with world mean of 59 nGy/hr [32, 35].
Also, the AEDR from both terrestrial outdoor and indoor
gamma from absorbed gamma dose rate were subsequently
estimated for outdoors with mean value of 6.83 mSv/yr, and
the evaluated indoor AEDR with mean value of 21.85 mSv/yr
were within admissible value when compared with world
mean of 460 mSv. The major reason outdoor AEDR is lower
than the AEDR indoor is that more time is spent indoors as
well as radiation contributions from building materials. The
acceptable annual effective dose for public without any
constraint is 1 mSv/yr for the purpose of safety and with
constraint of 0.5 mSv/yr [32, 33, 35]. Furthermore, the
estimated ELCR evaluated was with the mean value of 0.05 x
107, which was lower when compared with world mean value
0f 0.29 x 102 [32, 35]. This means that the likelihood of infant

of adult becoming a cancer patient in the study area is very
negligible.

Lastly, the various estimated hazard indices within 5 km
from Itu for the four villages/LGAs were all within range
values earlier quoted for the different zones in Itu LGA. The
radiological hazards indices evaluation from the BIR
measurements shows there is no likelihood of any effect of
radiation risk or health implications for both humans and other
biota through various pathways. However, caution on
anthropogenic activities, which is likely increase radiation
level in the Itu, Nigeria should be avoided.

BIR Hazard Indices
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Figures 4. A Radiological hazard indices of the study area in comparison with
the world average.
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The average BIR values of 0.042+002 pSv/hr was found be
equivalent of 0.35 mSv/yr lower than equivalents annual dose
stipulated for the public being 1 mSv/yr and world average
dose rate value of 0.2 puSv/hr which indicated no human
activity for increase radiation level [32, 35]. The measured
BIR values obtained in the area of study were as a result of
terrestrial gamma contribution which were within the dose
rate measurement of 10 nSv/hr to about 180 nSv/h obtained in
the Southern and other regions of Nigeria except for Jos,
Plateau State that is about 0.2 pSv/hr [36]. Also, the
evaluation was attributed to geological formation and
geographical location and not natural occurrence radioactive
material human activities from the study area.

Some comparison studies conducted in other places
compared with this present study were reported. An
evaluation of radiation indices and excess life cancer risk
within Uyo, Unity Park, Uyo, South-South Nigeria were
reported with an average dose rate of 0.116 uSv/hr [37]. Also,
measurements of surface dose rate of nuclear radiation in
coastal areas of Akwa Ibom State, an oil producing state of
Delta region, South-South Nigeria reported an average dose
rate of 0.12 puSv/hr (0.012 pR/hr) [38]. An in-situ assessment
of the indoor and outdoor background radiation was
conducted in Akwanga and Keffi towns of Nasarawa state
North Central Nigeria for both indoor and outdoor background
radiation, and the results showed that in Keffi town were 0.148
+0.02 pSvhr and 0.139 +0.02 pSvhr”', Akwanga town were
0.176 +0.02 pSvhr' and 0.155 +0.02 uSvhr” for indoor and
outdoor background radiation, respectively [39]. Similarly, a
measurement of BIR from some selected refuse dumpsites in
Yola Metropolis, North-Eastern Nigeria was conducted with
the mean background ionizing radiation values in all the five
dumpsites as 0.132 +£0.021 pSvhr (0.015 + 0.002 mR/hr’")
[40].

Also, in-situ BIR measurements were conducted to
assess terrestrial naturally occurring radioactive material in
soil and mine tailings in Awo and Ede, Osun-State, South
West Nigeria. The result obtained showed a ranged from
0.02 pSvhr' to 0.11 pSvhr' with an average value of 0.06
uSv/hr [41]. A study on BIR Assessment of Solid Mineral
Mining Sites was conducted in Enugu State, South East
Nigeria. The average BIR level recorded in the mining sites
in Enugu was 0.156+0.035 puSv/hr (0.018 £+ 0.004 mR/hr™)
[42]. However, there are several other places where BIR
measurement values were recorded to be above the world
average. BIR measurement was carried out three years after
the 2011 Tsunami that resulted in NPP accident in
Fukushima, Japan with radiation levels in most affected
areas recorded within the range of (0.563+£0.08 -
22.84+1.26) uSv/hr. This values were found to be
equivalent of (5 - 200) mSv/hr which is higher than
equivalents dose stipulated for the public being 1mSv/yr
and also higher than the world average dose rate value of
0.2 uSv/hr [35, 43].

The BIR measurements enumerated from different parts of
Nigeria generally was quite low which fell below the world
average as it possesses no threats to both human and

environment; this is however with an exception of areas where
anthropogenic activities (mining and milling, oil and gas
drilling, etc.) are conducted likely pose significant
radiological health hazards to the public. It is pertinent to note
that the power of data acquisition from the BIR measurements
in the entire Itu, Nigeria is grossly adequate and sufficient to
be relied upon for consideration as BIR baseline measurement.
The tabulated comparison of BIR measurements of this study
in Itu, Nigeria and other is presented in Table 2.

Table 2. Comparison of BIR measurements from published reports with the

present study.

Locations BIR Measurements References
Unity Park, Uyo, Akwa
TRt 0.11pSv/hr [37]
Coastal Areas of Akwa
[ 0.12puSv/hr (0.012pR/hr) [38]
Akwanga Nasarawa, 0.176 £0.02 uSvhr! /0.155 [39]
Nigeria (indoor / outdoor) ~ +0.02 uSvhr’
Keffi Towns, Nigeria 0.148 +0.02 uSvhr! /0.139 [39]
(indoor and outdoor) £0.02 pSvhr!
Awo and Ede, Osun-State, 1
Nt 0.06puSvhr [41]
Solid Mineral Mining 0.156 +0.035 pSvhr [42]
Sites Enugu State (0.018 £ 0.004 mR/hr™")
el YO oot
PO1S, ¢ (0.015 £ 0.002 mR/hr™)
Eastern Nigeria
+ — +
TR Dorslicony Jrga (0‘563_ 0.08 —22.84+1.26) [43]
puSvhr
Itu, Nigeria 0.042+002pSv/hr Present Study
World Average 0.2uSv/hr [17,32,35]

4. Conclusions

Background ionizing radiation measurements conducted in
Itu, Nigeria were found to be lower than world mean values,
which was an indication of no natural occurrence radioactive
material anthropogenic activity except that attributed to
geological formations and geographical location of the area.
Also, the radiological hazard indices subsequently evaluated
were found to be lower than world mean, which poses no
significant radiological health threat to the populace.
Therefore, the assessment demonstrates that there is no
elevated level of dose rate, which is makes it safe for human
habitation, but care should be taken to avoid increase radiation
level from human activities. It is recommended that constant
radiological monitoring be encourage, and the data considered
as radiological baseline in Itu, Nigeria.
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