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Abstract

Analysis of indoor radon level and its health risk parameters has been carried out in Borikiri (BT), Diobu (DR), and Rebisi (RB) towns in Port
Harcourt, Rivers State, Nigeria. A pocket sized Corentium Arthings digital radon detector meter was used to record the indoor radon concentration
levels. The geographical coordinates were recorded using a hand-held geographical positioning system (GPS) for the various sample points. A
total of ten houses were measured for each town making a total of 30 sample points for the three communities. The results obtained show that for
Borikiri town, the concentration level varied from 30.7100 — 19.9800 Bqn 3 with an average of 11.32 + 2.59 Bqm 3. The annual absorbed dose
varied from 7.7478 — 1.1202 mSv/yr with a mean value of 2.59 + 0.65 mSv/yr while the annual equivalent dose rate varied from 0.829 — 0.336
mSv/yr with an average of 0.69 + 0.16 mSv/yr The excess life time cancer risk calculated for seventy years (70yrs) varied from 6.510 —0.941 with
an average of 2.45 + 1.71. The results of the indoor concentration level for Diobu town ranged from 37.74 — 5.9200 Bgm ™ with a mean value
of 12.95 + 2.91 Bgm™>. The annual absorbed dose for the area ranged from 9.5214 — 1.1494 with an average of 3.26 + 0.73 mSv/yr, the annual
equivalent dose rate varied from 0.694 — 0.359 with a mean of 0.78 + 0.8, the excess life time cancer risk calculated for seventy years ranged from
8.000 — 1.725 with a mean of 2.91 + 0.61. The indoor concentration level for Rebisi town ranged from 12.9500 — 4.0700 Bgm ™ with an average
of 8.55 + 1.00, the annual absorbed dose ranged from 3.2671 — 1.0268 mSv/yr, the annual equivalent dose rate varied from 0.784 — 0.269 with an
average of 0.52 + 0.06, the excess life time cancer risk of 2.745 — 0.863 with an average of 1.82 + 0.21. The results of the indoor concentration
levels, the annual absorbed dose and the annual effective dose rate are all below the ICRP safe limit. However, the results of the excess life time
cancer risk are all higher than the ICRP safe standard limit of 0.029 x 1073 .
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1. Introduction decay series of Uranium-238 which is the source of radon-222.
It has a half-life of 3.81 days. Radon-222 decays to polonium-
298 with the release of an alpha particle and consequently to
other progenies of radon or radon daughters. Radon has been
classified by the international Agency for Research on cancer
[2] as a carcinogenic gas.

Radon is a radioactive gas which is colourless, odourless
and tasteless. It is predominantly found in rock samples, bedrock
formations, soil and ground water all over the world, [1]. Radon-
222 is the immediate decay product of radium- 226 during the
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the second highest cause of lung cancer after cigarette smok-
ing. It was estimated that radon-222 causes between 3% to 14%
of all lung cancers. Radon is the leading cause of lung cancer
among non-smokers. It is the cause of about fifteen percent of
all lung cancer cases throughout the world [4]. People are ex-
posed to high radon level in small houses than in bigger apart-
ments [5]. The entry routes of indoor into the houses includes,
the door, the windows, cracks on the walls, sinks, basements,
floors etc.

The health effects as a result of higher exposure to radon-
222, is radiation induced. Inhalation is the main route through
which humans are exposure to radon radiation. The dose con-
tribution to radon may be small, but the inhalation of the proge-
nies of radon which have very short half-life can deposit non-
homogenously in the human respiratory track and irradiate the
bronchial epithelium which is usually very harmful.

Two of the radon progenies (daughters) Polonium-214 and
Polonium-218 release the highest amount of alpha radiation
dose to the lungs [6]. When these radioactive particles settle
in a person’s lung they can cause damage to the mucosa linings
of the lungs. A prolonged exposure to radon-222 radiation can
also lead to series of damage to the pulmonary mucosa which
could result to lung cancer.

Anindividual’s average radiation come from the decay prod-
ucts of radon-222 such as, polonium-218 and polonium-214.
These products of radon-222 are in the solid form. They could
be attached or unattached to the surface of aerosols, dusts and
smoke particles. They can adhere deeply or stick to the lungs
where they irradiate and penetrate the cells of the mucosa mem-
branes, bronchi and pulmonary tissues. The ionizing radiation
which emanate from the radioactive decay of radon-222 begins
the process of carcinogenesis in the human lungs.

It is estimated that about 90% of the radon progenies can
attach to airborne particles [7]. Also, the unattached fraction of
the particles which constitutes about 10% has a higher rate of
deposition and is more efficient in delivering doses to the sensi-
tive cells of the lungs [8]. The more the concentration of radon
in homes the greater the risk of lung cancer due to radon ex-
posure. The risk of lung cancer increases for every100Bg/m 3
increase in radon concentration, according to the World Health
Organization (WHO, 2016). However, there is no thresholds
value below which radon exposure carries no risk of lung can-
cer. Therefore it is important that every country should set up a
national reference level “AS Low As Reasonably Achievable”
ALARA [9].

The reason for carrying out radon measurements in these
towns is because radon-222 concentration level has not been
done within Port Harcourt local government. Therefore, we
wanted to find out the radon-222 concentration level and com-
pare the results with international set standards. Also, mea-
surement of radon-222 concentration level in these areas will
provide baseline studies and literature for other researchers. It
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is well known fact that these areas are densely populated with
building styles that are poorly ventilated therefore, it was nec-
essary to find out if the residents of these towns are exposed to
higher dose of radon-222 from their environment. Additionally,
there has been incident of lung cancer cases within these areas
in recent times even though not officially reported, therefore it
was important to confirm if it was as a result of high level of
radon exposure.

MAP OF NIGERIA SHOWNG RIVERS STATE

Figure 1. Map of study area

Figure 2. Contour map of Borikiri Town

2. Materials and Methods

The radon detector used in this work is Airthings Coren-
tium Digital Radon Detector designed in Oslo Norway in the
year 2019. It is calibrated to measure radon-222 in picocurie
per litre (pCi/L). The Airthings Corentium digital detector can
be used to monitor radon concentration levels for a minimum
period of 48 hours, for daily, weekly, monthly and yearly. The
radon meter works on the principle that the Radon diffuses into
a detection chamber. As the atom decay they emit energetic al-
pha particles. The energetic alpha particles are detected by a
silicon photodiode. The alpha particle generates a small signal
current when it hits the photodiode. By the use of a low power
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Table 1. Radon Levels in Borikiri Town (BT) and the Geographical Coordinates of the Sample Points.

S/N Location GPS Coordinates Radon Levels (pCi/L)
Borikiri Town (BT) Latitudes Longitudes
1.0 BT, N4°49'55.09524"  E7°0'8.298720 0.21
2.0 BT, N4°44'50.30664"  E7°2'37.05684" 0.18
3.0 BT; N4°44'48.28200"  E7°2'40.37400" 0.83
4.0 BT, N4°50'11.16600"  E6°59'49.2420" 0.54
5.0 BTs N4°45'24.35400"  E7°2'3.384000" 0.12
6.0 BT N4°44'47.92800"  E7°2'36.49200" 0.24
7.0 BT N4°44'45.58200" E7°2'36.76800" 0.27
8.0 BTy N4°45'41.24400° E7°142.47400" 0.15
9.0 BTy N4°45'34.58400" E7°1'38.63400" 0.21
10.0 BT N4°44'37.01838" E7°1'37.78428" 0.37

Table 2. Radon Levels in Diobu Residential Area (DR) and the Geographical Coordinates of the Sample Points.

S/N Location GPS Coordinates Radon Levels (pCi/L)
Diobu Residential Area (DR) Latitudes Longitudes
1.0 DR, N4°47'55.956" E6°59'22.740 0.22
2.0 DR, N4°49'9.1560" E6°59'32.280" 0.31
3.0 DR; N4°48'4.5550" E6°59'15.906" 0.16
4.0 DR, N4°54'58.524" E6°59'49.692" 0.27
5.0 DRs N4°55'8.3860" E6°59'44.119" 1.02
6.0 DRg N4°48'20.874" E6°59'16.542" 0.31
7.0 DR, N4°47'33.690" E6°59'32.598" 0.24
8.0 DRy N4°47'35.592" E6°59'31.740" 0.46
9.0 DRy N4°4818.100" E6°59'09.500" 0.29
10.0 DR N4°48'35.7282"  E6°59'16.11168" 0.43
Table 3. Radon Levels in Rebesi Town (RB) and the Geographical Coordinates of the Sample Points.
S/N Location GPS Coordinates Radon Levels (pCi/L)
Rebesi Town (RB) Latitudes Longitudes

1.0 RB; N4°49719.53522"  E6°5736.53706 0.35

2.0 RB, N4°49'13.3944"  E6°57'32.43258" 0.19

3.0 RB; N4°49'12.84108"  E6°5733.7956" 0.27

4.0 RB, N4°49'7.63932"  E6°5729.95014" 0.16

5.0 RBs N4°49'9.0387"  E6°57'24.7416" 0.31

6.0 RBg N4°49'2.71242" E6°57'22.00974" 0.12

7.0 RB; N4°49'9.59052"  E6°57 17.23656" 0.24

8.0 RBg N4°49'43086"  E6°5757.75876" 0.33

9.0 RBy N4°49'3.9673" E6°5725.41666" 0.11

10.0 RBio N4°49'7.37353"  E6°57'41.99568" 0.23

amplifier stage, the signal current is converted into a large volt-
age signal. The maximum amplitude of the voltage signal is de-
tected and sampled by an analogue to digital converter (ADC).
The amplitude of this signal is proportional to the energy of the
alpha particle that hit the photodiode. The brain of the monitor
is a micro-controller which registers the time and the energy of
every detected particle. This information is used to calculate
the mean Radon concentration for, daily, weekly, monthly and
yearly periods.

183

Indoor radon concentration measurement was carried out
in three towns in Port Harcourt using the Arthings digital radon
detector while the geographical position system (GPS) was used
for the measurement of the geographical coordinates of the sam-
ple points. A total of 30 sample points were measured for the
three towns, Borikiri (BTA) ,Diobu (DR) and Rebisi (RB) mak-
ing 10 samples each.

The Arthings Corentium digital radon detector was placed
in the dwelling room at a height of about 50cm above the ground
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Table 4. Computed values of annual effective dose and annual equivalent dose rate of Borikiri Town

S/N S/Pts Cry (PCi/L) Cgy Dgy AEDR ELCRx1073
(Bg/m®) (mSv/y) (mSv/y)

1.0 BT, 0.21 7.7700 1.9603 0.470 1.6470

20 BT, 0.18 6.6600 1.6802 0.403 1.4117

30 BT; 0.83 30.7100 7.7478 1.859 6.5096

40 BTy 0.54 19.9800 5.0407 1.210 4.2351

50  BTs 0.12 4.4400 1.1202 0.269 0.9411

60 BT, 0.24 8.8800 2.2403 0.538 1.8823

70 BT, 0.27 5.5500 1.4002 0.336 1.1764

80 BT 0.15 7.7700 1.9603 0.470 1.6470

90 BT, 0.21 13.6900 3.4538 0.829 2.9019

100 BTy 0.37 7.7700 1.9603 0.470 1.6470

AVERAGE 031+0.07 1132+259 2.59+0.65 0.69 + 0.16 240 +0.55

Table 5. Computed values of excess lifetime cancer risk for ages of ; 70(Std), 60, 50, 40 and 30 yrs of Borikiri Town
SN S/Pts ELCR x1073 ELCR x1073 ELCR x1073 ELCR x1073 ELCR x1073
70 yrs(Std) 60 yrs 50 yrs 40 yrs 30 yrs

1.0 BT, 1.647 1.411 1.176 0.941 0.706
2.0 BT, 1.412 1.210 1.008 0.807 0.605
3.0 BT; 6.510 5.578 4.649 3.719 2.789
4.0 BT, 4.235 3.629 3.024 2.420 1.815
5.0 BT 0.941 0.807 0.672 0.538 0.403
6.0 BT 1.882 1.613 1.344 1.075 0.807
7.0 BT, 2.118 1.815 1.512 1.210 0.907
8.0 BTy 1.176 1.008 0.840 0.672 0.504
9.0 BTy 1.647 1.411 1.176 0.941 0.706
10.0 BTy 2.902 2.487 2.072 1.658 1.243
AVERAGE 245+ 1.71 2.10 = 1.47 1.75+ 1.22 1.40 +0.98 1.05 £ 0.73

Table 6. Computed values of, annual effective dose and annual equivalent dose rate and risk of Diobu Residential Area (DR)

S/N S/Pts Crn (PCi/L) Cryn Dy, AEDR
(Bg/m®) (mSv/y) (mSv/y)

1.0 DR, 0.22 8.1400 2.0536 0.493
2.0 DR, 0.31 11.4700 2.8937 0.694
3.0 DRy 0.16 5.9200 1.4935 0.358
4.0 DRy 0.27 9.9900 2.5204 0.605
5.0 DR;5 1.02 37.7400 9.5214 2.285
6.0 DR 0.31 11.4700 2.8937 0.694
7.0 DR; 0.24 8.8800 2.2403 0.538
8.0 DRg 0.46 17.0200 4.2939 1.031
9.0 DRy 0.29 10.7300 2.7071 0.650
10.0 DR 0.43 8.1400 2.0536 0.493
AVERAGE 0.37 = 0.08 12.95 +2.91 3.26 +0.73 0.78 £ 0.78

and about 150cm from both the window and door and 25cm
from the walls, [10] The detector was kept for a period of two
days (48hrs.) in a given dwelling before relocating to another
house or home.

The windows and doors were kept closed throughout the
period of the measurement to ensure that the indoor air is not
distorted to achieve accuracy within the period of 48 hours.
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2.1. Radon Risk Parameters

2.1.1. Annual Absorbed dose(DRn) from Radon Concentration

The annual absorb dose calculated from the radon concen-
tration is the magnitude of energy delivered in a tissue from
exposure to ionizing radiation within a specified period. The
physics of the equation employed in the computation of the an-
nual absorbed dose rate according to the report of United Na-
tion’s Scientific Committee on the Effects of Atomic Radiation
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Table 7. Computed values of excess lifetime cancer risk for ages of; 70(Std), 60, 50, 40 and 30 yrs of Diobu Residential Area (DR)

S/N  S/Pts ELCR x10~° ELCR x107° ELCR x107° ELCR x10~° ELCR x10~°
70 yrs(Std) 60 yrs 50 yrs 40 yrs 30 yrs

1.0 DR, 1.725 1.479 1.232 0.986 0.739

2.0 DR, 2431 2.083 1.736 1.389 1.042

3.0 DR; 1.255 1.075 0.896 0.717 0.538

4.0 DRy 2.118 1.815 1.512 1.210 0.907

5.0 DRs 8.000 6.855 5.713 4.570 3.428

6.0 DRg 2.431 2.083 1.736 1.389 1.042

7.0 DR; 1.882 1.613 1.344 1.075 0.807

8.0 DRg 3.608 3.092 2.576 2.061 1.546

9.0 DRy 2.274 1.949 1.624 1.299 0.975

10.0  DRjg 3.372 2.890 2.408 1.927 1.445

AVERAGE 291+ 0.61 2.50+ 0.52 2.08+0.43 1.66+ 0.35 1.25 +0.26

Table 8. Computed values of annual effective dose and annual equivalent dose rate of Rebisi Town (RB)

S/N S/Pts Cry (PCi/L) Cry Dg, AEDR
(Bg/m®) (mSv/y) (mSv/y)

1.0 RB; 0.35 12.9500 3.2671 0.784
2.0 RB, 0.19 7.0300 1.7736 0.426
3.0 RB3 0.27 9.9900 2.5204 0.605
4.0 RB, 0.16 5.9200 1.4935 0.358
5.0 RB; 0.31 11.4700 2.8937 0.694
6.0 RBg 0.12 4.4400 1.1202 0.269
7.0 RB, 0.24 8.8800 2.2403 0.538
8.0 RBg 0.33 12.2100 3.0804 0.739
9.0 RBy 0.11 4.0700 1.0268 0.246
10.0 RBjo 0.23 8.5100 2.1470 0.515
AVERAGE 0.23 £ 0.03 8.55+1.00 2.16 £ 0.25 0.52 + 0.06

Table 9. Computed values of excess lifetime cancer risk for ages of 70(Std) 60, 50, 40 and 30 yrs of Rebisi Town (RB)

S/N S/Pts ELCR %1073 ELCR %1073 ELCR %1073 ELCR %1073 ELCR %1073
70 yrs(Std) 60 yrs 50 yrs 40 yrs 30 yrs

1.0 RB; 2.745 2.352 1.960 1.568 1.176

2.0 RB,; 1.490 1.277 1.064 0.851 0.638

3.0 RB; 2.118 1.815 1.512 1.210 0.907

4.0 RBy4 1.255 1.075 0.896 0.717 0.538

5.0 RBs 2.431 2.083 1.736 1.389 1.042

6.0 RBg¢ 0.941 0.807 0.672 0.538 0.403

7.0 RB; 1.882 1.613 1.344 1.075 0.807

8.0 RBg 2.588 2.218 1.848 1.479 1.109

9.0 RB; 0.863 0.739 0.616 0.493 0.370

10.0  RByjg 1.804 1.546 1.288 1.031 0.773

AVERAGE 1.82 +0.21 1.55+0.18 1.29 £ 0.15 1.04 = 0.12 0.78 + 0.09

[7, 11] is given as: 2.1.2. Annual Effective Dose Rate (AEDR) from Radon Con-
centration
DRn(mSv/y) = CRn.D.H.T.F @))

The annual dose rate was calculated by applying a tissue
where CRn = the the measured concentration of indoor radon- and r?ldia.tim? weighting factor [12, 13]. The inhalation dose
222 in Bgm™, F = Radon-222 equilibrium indoor factor of ~ €quationis given as:

(0.4), T = the indoor-222 occupancy time 7000 hr, (0.8x24 hrx
365), H = indoor radon-222 occupancy factor (0.4), and D =
dose conversion factor (9.0 x 107 mSv/hr per Bqm™3).

AEDR(mSv/y) = DRn.WR.WT 2)

where DRN = indoor radon concentration, WR = radiation

185
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Figure 3. Contour map of Diobu Residential Area (DR)

Borikiri Town

Diobu Residential Area (DR) Rehesi Town (RB)

Figure 5. Average Indoor Radon Level of sample locations and ICPR reference
1

weighting factor for alpha particles (20), and WT = tissue weight-
ing factor for the lung (0.12).

2.1.3. Excess Life Time Cancer Risk(ELCR) from Radon Con-
centration

The excess life time cancer risks (ELCR) is the potential

carcinogenic effects, from the calculation based on probability

of cancer induced incidence in a population. It indicates the
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Rn levels(Bg/m3), MICRP(Std) min ICRP(Std) max

Diobu Residential Area (DR) Rebesi Town (RB)

Borikiri Town

AEDR!| " ICRP(St)

Borikiri Town Diobu Residential Area (DR) Rebesi

Figure 7. Annual Effective Dose Rate (AEDR) and ICRP Standard

locations

Borikiri Town Rebesi

Diobu Residential Area (DR)

Figure 8. Excess Life Time Cancer Risk (ELCR) of sample locations with
World Standard

chances of contracting a cancer from the exposure from radia-
tion or toxic chemical substances for a specific life time. Ac-
cording to [14] the excess life time risk was calculated from the
equation:

ECLR = AEDR X DL X RF 3)

where AEDR = Annul effective dose rate, DL = Average dura-
tion of life (70 years), RF = Risk Factor (0.05)
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Statistical Analysis

The mean values and standard deviation for the radon con-
centrations was computed using equations (4) and (5). This can
also be computed with the aid of a histogram and contour maps
showing the spatial distribution of radon concentration and its
health risk parameters which will also be plotted with the aid of
statistical package for social sciences (SPSS) version (22) and
surfer-8 contour map software.

2i X
n

Uy = (Mean value) 4)

ney.. 2
SD. = ,/an("f’“;) 5)

3. Results and Discussion

Indoor radon concentration and their geographical coordi-
nates for the three Borikiri, Diobu and Rebisi are presented
in Tables 1, 2 and 3, respectively. Tables 4 — 9 represent the
computed values of annual effective dose and annual equivalent
dose rate and the values of excess lifetime cancer risk for ages
of: 70(Std), 60, 50, 40 and 30 yrs of Borikiri , Diobu and Rebesi
towns respectively.

From the results obtained, the indoor radon concentration
level for the towns as 30.7100 — 19.9800 Bq/m3, 37.7400 —
5.9200 Bg/m* and 12.9500 — 4.0700 respectively. The annual
absorbed dose for the thre communities varied as 7.7478—1.1202
mSv/yr, 9.5214 — 1.1494 mSv/yr and 3.2671 — 1.0268 mSv/ yr
with averages of 0.69 = 0.16m Sv/yr, 3.26 + 0.73 mSv/yr and
2.16 £ 0.25 mSv/yr. The annual equivalent dose rate ranged
from 0.829-0.336 mSv/yr, 0.694—0.359 mSv/yr, 0.784—-0.269
mSv/yr with mean values of 0.69 + 0.16 mSv/yr, 0.78 + 0.78
mSv/yr, 0.52 + 0.06 mSv/yr. The excess life time cancer risk
calculated for seventy years (70yrs) varied from 6.510 — 0.941,
8.000 — 1.725, 2.745 — 0.863 with mean values of 2.45+1.71,
2.91+0.61, 1.82+0.21. The measured values of the indoor radon
concentration and the calculated values of the annual absorbed
dose, annual equivalent dose rate are all lower than the set stan-
dard by the International Commission on Radiological Protec-
tion (ICRP). The calculated values of the excess life time cancer
risk calculated for life time of 70yrs, 60 yrs, 50 yrs, 40 yrs and
30 yrs are all higher than the set limit by International Com-
mission on Radiological Protection (ICRP). However, there are
no observed cases of lung cancer epidemic in these areas. The
contour maps of the study area are plotted in Figures 2, 3, and 4,
respectively. The red colour on the contour map represents area
of high radon concentration while the green colour represents
area of very low radon distribution. Also, the values of the in-
door concentration levels, annual absorbed dose, annual equiv-
alent dose rate and the excess life time cancer risk are plotted
in the bar-chart of Figures 5, 6, 7, and 8, respectively.

From the result obtained, there is no appreciable difference
between the different study areas, this is due to the similarities
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in the building design, materials used in the building, ventila-
tion rate of the living houses and the life style of the people.
These results obtained are comparable to the indoor radon con-
centration level for different types of buildings in covenant uni-
versity, Nigeria by [15]. The mean radon concentration for the
three different building types Glass, Brick house and Basement
house were 14.96 Bgm=3, 10.74 Bgm™3, and 144,6 Bgm™3, re-
spectively. However, the concentration level for the basement
house was higher than the recommended value by the Interna-
tional Commission on Radiological Protection (ICRP). Also,
the indoor radon level concentration measured by [16] in Obas-
femi Awolowo University Ile-Ife are similar to the indoor radon
level measured in Borikiri, (BT), Diobu (DR) and Rebisi (RB)
towns. The radon level obtained from the offices varied from
0.0 — 5.3 Bgm™>. The average value obtained was 0.9 pCi/L.

Similarly, the health risk parameters, the annual absorbed
dose, the annual equivalent dose rate and the excess life time
cancer risk agreed with the calculated values in Borikiri, Diobu
and Rebisi towns. The indoor radon level concentration mea-
sured at Borikiri, Diobu and Rebisi towns are also comparable
to the work done earlier by [17] in Okrika local government
area in Rivers state, Nigeria. The average concentration level
was 19.36:Bqm -3 for mud house, while the overall average
indoor radon concentration was 11.37+3.28 Bgm™> for Okirika
local government.

Also, the overall average of the annual absorb dose was
3.36 + 0.26 mSv/yr, the mean annual effective dose rate was
0.15 + 0.42 mSv/yr, These values are all lower than the ICRP
set standard. However, the overall excess life time cancer risk
calculate from the indoor radon concentration level was (0.52 +
0.15)x1073 and all above the world standard of 0.029 x 1073.

4. Conclusion

The analysis of indoor radon concentration level and its
health risk parameters has been done in Borikiri, Diobu and
Trans-Amadi towns in Port Harcourt, Rivers State, Nigeria us-
ing the Corentium Arthings radon digital detector. The con-
centration levels measured for the three towns were all below
the action level of 200 — 600 Bg/m> given by the International
Commission on Radiological Protection (ICRP). However, the
excess life time cancer risk for the three towns were all higher
than the world average. It was also observed that there was no
appreciable difference in the indoor radon concentration level
between the three towns Borikiri, Diobu and Rebisi respec-
tively. This is because of the similarities in the building styles,
materials used for the buildings, the life style of the people and
the ventilation methods.
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