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Abstract: Human beings are exposed to ionizing radiation from natural sources everyday and it is an
inescapable feature of life on earth. Outdoor and indoor ambient radiation levels were measured using GeigerMuller (GM) based system “BlueGeiger PG-15”. A total of 15 locations were surveyed and measurements of
dose rates for both indoor and outdoor were taken and each was repeated five times and the standard deviation
was determined to take care of errors in data. The dose rate for indoor and outdoor ranged from 0.12 ± 0.02 –
0.22 ± 0.02 and 0.12 ± 0.03 – 0.20 ± 0.02 µSvhr-1 respectively. The annual equivalent dose rates were computed
using relevant equations. The mean annual equivalent dose rates in mSvyr-1 for indoor was 1.09 ± 0.17 and that
of outdoor was 0.27 ± 0.04. The values of the dose rate and annual equivalent dose rate for both indoor and
outdoor were found to be below world average. The indoor and outdoor radiation exposures in this study area
have not been reported in literature, so these results provide the essential information for future assessment of
radiation activities in the area.
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I. Introduction
Natural radioactivity has great contributions in ionizing radiations to the human and non-human
population due to its presence in the surrounding at different quantities because of natural existence [1]. Ionizing
radiation in our environment can occur either naturally or can be produced artificially through human activities
such as mining, oil exploration, nuclear weapon tests, accidental or normal releases from nuclear power reactors,
etc. [2]. The effects of artificial and naturally occurring radiation are the same [3].
It is important to develop capacity to delineate the influence of such activities on the natural background
radiation levels, and it is equally imperative to be able to establish the baseline levels. Environmental surveys
meant for establishing the gamma dose rates baseline within a country may be carried out using a number of
different techniques and methods [2].
Indoor and outdoor measurements of dose rates in various parts of Nigeria at different times have been
reported in [4,5,6]. These studies reported values that are within the permissible limits recommended by ICRP
[11].
Previous studies around the globe particularly in high background radiation areas in places such as
Ramsar (Iran); Yangjiang in China, Malaysia and Hong Kong have reported maximum outdoor and indoor dose
rates [10].
This present study attempts to measure equivalent dose rate in Ozoro town, the results of this survey
would provide baseline information for future references.

II. Materials and method
2.1 The study area
The study area is the headquarters of Isoko North Local Government Area of Delta State and lies
within the Niger Delta sedimentary basin which is characterized by both Marine and mixed continental
quaternary sediments that are composed of abandoned beach ridges and mangrove swamps [7]. The area lies
0

0

along latitude 5 33’23’’N and longitude 6 14’58’’E. The area experiences wet and dry seasons which are
typical seasons in Nigeria [8, 9].
2.2 Materials and Method
The indoor and outdoor background radiation levels of 15 locations in the study area were measured
one metre above the ground using a Geiger-Muller (GM) based system “BlueGeiger PG-15” from Kindenoo,
France. It logs dose rate as well as Global positioning system (GPS). The device is very simple to use and is
designed for determining normal background radiation levels and responding to high levels of gamma and beta
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radiation. It is a compact Geiger counter which can be linked to an Android smart phone through Bluetooth. The
reading of dose rate of each location was repeated five times and standard deviation of each data was
determined to account for errors in data.

III. Theory and calculation
Indoor and outdoor occupancy factor of 0.8 and 0.2 respectively as recommended by UNSCEAR
(1988) were used. Occupancy factor is the proportion of the total time during which an individual is exposed to
radiation field [10]. Conversion of meter readings in hours to years was done using 8760hr/yr [11].
Equations (i) and (ii) were used to convert dose rate in µSvhr-1 into annual equivalent dose rate in mSvyr -1.

Ri  T ( Svhr 1 )  8760 hryr 1  0.8  10 3

(i)

Ro  Y ( Svhr 1 )  8760 hryr 1  0.2  10 3

(ii)

Where
Ri
Ro
T
Y

is indoor annual equivalent dose rate in mSvyr-1
is outdoor annual equivalent dose rate in mSvyr-1
is the indoor meter reading in µSvhr-1
is the outdoor meter reading in µSvhr-1

IV. Results and discussion
The blueGeiger PG-15 mean readings and annual equivalent dose values obtained by using equations
(i) and (ii) are presented in table 1, figure 1 and 2. The highest dose rate was in location 10 with 0.20 ± 0.02 and
0.22 ± 0.02 for outdoor and indoor respectively. The high dose rate may be due to the presence of radon in air in
the area and probably the geology of the area.
Table 1. Dose rate and annual equivalent dose rate at different locations of Ozoro

SN

Location

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Poly shopping mall
Hostel
Library
School of business studies
Accountancy office
Hospital road
NDC
Owhelogbo road
Idheze road
Ughelli road
Ozarighe road
Etevie
Rendevous hotel
Mission road
School of engineering

Dose rate in µSvh-1
Y
T
0.12 ± 0.03
0.12 ± 0.04
0.20 ± 0.02
0.17 ± 0.02
0.15 ± 0.02
0.16 ± 0.03
0.12 ± 0.02
0.16 ± 0.04
0.14 ± 0.02
0.20 ± 0.02
0.16 ± 0.02
0.14 ± 0.03
0.17 ± 0.02
0.16 ± 0.02
0.14 ± 0.02
Annual average

0.12 ± 0.02
0.12 ± 0.02
0.20 ± 0.02
0.17 ± 0.02
0.15 ± 0.01
0.16 ± 0.03
0.12 ± 0.04
0.17 ± 0.02
0.14 ± 0.02
0.22 ± 0.02
0.16 ± 0.03
0.14 ± 0.02
0.17 ± 0.04
0.16 ± 0.02
0.14 ± 0.02

Annual equivalent dose rate (mSvh-1)
Ri
Ro
0.84±0.14
0.84±0.14
1.40±0.14
1.19±0.14
1.05±0.07
1.12±0.21
0.84±0.28
1.12±0.28
0.98 ±0.14
1.54 ±0.14
1.12±0.21
0.98±0.14
1.19±0.28
1.12±0.14
0.98±0.14
1.09 ± 0.17

0.21±0.05
0.21±0.07
0.35±0.04
0.30±0.04
0.26±0.04
0.28±0.05
0.21±0.04
0.30±0.04
0.25±0.05
0.35±0.04
0.28±0.04
0.25±0.05
0.30±0.04
0.28±0.04
0.25±0.04
0.27 ± 0.04

The mean annual equivalent dose rate in mSvhr-1for outdoor was found to be 0.27 ± 0.04 while the
indoor was found to be 1.09 ± 0.17. The general public is not in any danger since these values were found to be
lower than the world average dose of 2.4mSv/yr for a human being [12]. The mean outdoor annual equivalent
dose rates is lower compare to the indoor annual equivalent dose rates probably due the rocks and sand used
for the foundation of the buildings were mostly igneous rocks which are believed to be rich in potassium and
other primordial radionuclides [13]. .
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Figure 1. Outdoor and indoor dose rates in Ozoro

Figure 2. Annual equivalent dose rates in Ozoro
The results quite agree with previous studies done in other places in Nigeria as reported in [4,5,6,10,
13,14,15, and16]. Areas with slightly higher values (as shown in figure 1 and 2) should be further investigated
using the techniques specified for radon gas measurement in buildings to ascertain the radiation level [10]. Since
no similar work has been done in this study area, the result of this work will be a bench mark for future studies.

V. Conclusion
In this study it revealed that the dose rate and the annual equivalent dose rate are within the limit of the
world average. However, there should be continuous monitoring by the relevant agencies since long time
exposure to these could be harmful. The indoor and outdoor radiation exposures in this study area have not been
reported in literature, so these results provide the essential information for future assessment of radiation
activities in the area.
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