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Abstract

Residential radon concentrations vary widely by geographic area. The higher concentration of radon is expected globally in the
grounds where uranium, radium and thoron are present. Mining processes like drilling and blasting increase radon release. So
the main consequence of exposure to high amount of radon are cancers of respiratory system. Radon enters the human organism
mainly through inhaled atmospheric air mainly in houses. Therefore, the concentrations of radon were measured in twenty un
(21) houses around the gold mine site of Bissa Golg in the Kuilséregion of Bukina Faso, using the radiation detector PCE-RD
75. Also dose exposure and cancer risk were evaluated. The results showed that activity concentrations of indoor radon in the
area ranged between 11.47 to 100.27 Bg/m®. The annual effective doses corresponding to the activity concentrations ranged
between 0.69-6.07 mSv with a mean value of 2.97 mSv. This average value of the annual effective dose of radon is lower than
the ICRP recommended limit with mitigation required above 10 mSv/yr. The average cancer risk index is 1.04. These results
indicate that there is no need remedial action about radon exposure for the population around the studied site.
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1. Introduction

Naturally occurring radioactive materials (NORMS) are in-
trinsic to the Earth's crust and mainly originate from primor-
dial radionuclides such as uranium (2*8U) and thorium (22Th).
Due to their long half-lives, these radionuclides persist in the

environment and contribute significantly to natural back-
ground radiation (UNSCEAR, 2020). Radon (???Rn), a key de-
cay product of 2%5Ra in the 28U series, is of particular concern
because it is colorless, odorless, and highly mobile. Globally,
radon and its progenies contribute about 50-55% of the natural
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radiation dose to humans (ICRP publication 115, 2010; WHO,
2026) [9]. Its ability to diffuse through fractured rocks, soil,
and building materials, combined with the absence of sensory
detection, makes its control particularly challenging, espe-
cially in enclosed settings like underground mines with inad-
equate ventilation.

Outdoor radon concentrations are generally low, typically
in the range of 5 -15 Bg/m?3, owing to atmospheric mixing and
dilution [1, 2]. In contrast, radon concentrations in under-
ground gold mines can reach several hundred to several thou-
sand Bg/m?, depending on geological conditions, mining ac-
tivities and ventilation [3, 4]. In South Africa underground
mines, concentrations of 300-1000 Bg/m?® have been reported
in the Orkney region, while substantially higher values have
been reported in other mining regions (NNR, 2013, cited in
Botha [5]). Drilling and blasting may cause transient increases
in radon concentrations, while inadequate ventilation pro-
motes the accumulation of radon and its shorts lived progeny.
The inhalation of these progeny, particularly their alpha emit-
ting components, represents an important source of radiation
dose to the respiratory tract [3, 4, 6].

The International Commission on Radiological Protection
(ICRP) and the European Union Basic Safety Standards (EU-
BSS) recommend a workplace radon reference level in range
of 100-300 Bgm~3, with mitigation required above 300 Bqm™
(ICRP 37, 2007) [7].

However, Burkina Faso and many African countries, lack
approved comprehensive legislation, monitoring systems, and
public awareness campaigns to manage radon exposure in in
workplace and residencial [8]. Some studies have already con-
ducted on radon concentration in homes, but they remain very
insignifiant. In Burkina Faso, several mines, particularly gold
mines, are in operation, and others are in the process of start-
ing up. It is therefore necessary to monitor the radon levels in
workplace and in house located near these mining sites.

The aim of this study was to investigate the possible effect
of human activities of this area on the indoor radon concentra-
tion and the risk of public exposure to it.

Therefore, the novelty of this study is the assessment of in-
door radon exposure and their impact on the health of resi-
dents in this area.

2. Materials and Methods

2.1. The Study Area

The study area is Sabcévillage close to Bissa Gold mine
site. Sabcéis located in the Bam province of Burkina Faso.
The Bam province with an area of 3931 km? is in KuilséRe-
gion in the North-center part, approximately 85 km from Oua-
gadougou, the Capital City at a latidude 13° 10’ 51” N and a
longitude 1° 30’ 59" W.

Bam province belongs to two geological eras: Inferior pre-
cambrian formations (Anttebirimian) represented by com-
pound gneisses with biotites and amphiboles, and compound
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gneisses and granites; those of mean Precambrian (Birimian)
represented by the plutonic rocks and the volcanogenic rocks.
The plutonic rocks consist of granites with biotites.

2.2. Radon Concentration Measurement

Radon concentrations were measured in houses around the
gold mine site of Bissa Golg using the radiation detector PCE-
RD 75. The houses were selected roundomly in an area of
eight (08) km? approximately. The PCE-RD 75 detecteors
were placed in the different houses for measurement.

The radon detector accurately measures the radon concen-
tration in indoor air within a range of 2 Bg/m?® to 20 kBg/m?®
with a resolution of 1 Bg/m? and an accuracy of +10%. Detec-
tors are placed in each home for at least one hour to obtain
reliable concentration data.

According to the recommendation of the World Health Or-
ganization (WHO, 2009), the annual average concentration of
radon inside buildings should be less than 100 Bq / m®,

2.3. Radon Concentration Measurement

The annual effective dose due to indoor radon exposure was
calculated based on the radon concentration (CRn) and using
the following relation [10, 11].

D(mSv) = Cgy,. F.0.T.D (1)

Where,

Crn is the radon concentration in Bg/m?®,

F: equilibrium factor is taken to be 0.4,

O: the occupancy factor is estimated that people spends 80%
of their time indoor,

T=24 hours x365 days=8760 hours/y which is the number
of hours in a year,

D: dose conversion factor converts radon concentration into
effective dose, 9 nSv (Bg/m?/h) [12, 13].

According to the recommendation of the World Health Or-
ganization (WHO), the annual average concentration of radon
inside buildings should be less than 100 Bg/m?.

2.4. Effective Dose Equivalent

The radiation produced by radon is alpha particle and the
critical tissue expose by radon for lung tissue. The calculation
of effective dose equivalent was done by using weighting fac-
tors for alpha particle for lung tissue based on ICRP, 2007.

The weighting factor for alpha particle is 20 and the
weighting factor for lung tissue is 0.12 [12, 15].

Equivalent dose is the dose received by occupants. The ef-
fective dose equivalent was calculated by using annual expo-
sure dose D in mSv, weighting factors for alpha particle (Wg)
and for lung tissue (Wr).

The effective dose equivalent was estimated by the follow-
ing relation [14]:
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E(mSv/y) = D.Wg. Wy (2)

2.5. Lung Cancer Risk (LCR)

The impact of radon indoor exposure on the health of resi-
dents was quantified by the lung cancer risk (LCR) given by
the following equation [16]:

LCR = Exp(0.00087352. Cgy,) ©)

where, Cry is the radon concentration in Bg/m?®.

3. Results and Discussions

3.1. Radon Concentration

The indoor radon concentration of houses around the gold
mine site of Bissa Golg was studied.

The radon concentration of samples and the average radon
concentration values are presented in Figure 1.
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Figure 1. Radon Concentration.

Maintaining safe level of radon concentration in the housess
is one of the sustainability plans for safe physical life environ-
ment. House radon concentration ranges from 11.47 to 100.27
Bg/m®. The average radon concentration is 49,12 Bg/m?®.
House 16 recorded the highest value of 100.27 Bg/m®. This
house is in the middle of many houses. The high value may be
due to the lack of ventilation.

Concentrations in all houses, with the exception of house
16, are below 100 Bg/m? which is the value recommended by
the WHO, and 300 Bg/m? that also is the ICRP reference value.
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The highest values, 93.24 Bg/m? and 100.27 Bg/m?3, were rec-
orded in houses 1 and 16, respectively. These two houses pose
a potential risk to the residents, and efforts should be made to
improve their ventilation. This ventilation effort should be ap-
plied to all houses in the area to minimize the risk.

3.2. Comparison of Radonconcentration with
Previous

Figure 2 below shows a comparison of the average concen-
tration value from our study with those of previous studies and
with the WHO and ICRP reference values. Example of con-
centrations values taken from the following references [17-21].
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Figure 2. Comparison of radon concentration with previous studies.

Comparing the results of our study with those of some pre-
vious work, we find that the average value of 49.12 is close to
the average values of some of them. However, it is practically
double the average radon concentration value of (Bambara et
al., 2021), which was 26.9. These studies were conducted in
Ouagadougou, approximately 85 km from our study area. Fur-
thermore, two critical values were recorded in our measure-
ments: 93.24 Bg/m?3 and 100.27 Bg/m®, recorded in houses 1
and 16, respectively. This could be explained by the fact that
our study area is near an active mining site, which could re-
lease gas trapped in underground rocks into dust that subse-
quently accumulates in houses, especially those with poor
ventilation. Also, the average radon concentration value in our
study is two levels lower than that recommended by the WHO.

3.3. Effective Doses

Table 1 shows the radon concentration already discussed in
section 3.1, the results on effective doses and cancer risk.
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Table 1. Radon concentration and effective doses.

Sample ID Radon Activity (Bg/md)
HSE 1 93.24
HSE 2 42.55
HSE 3 25.16
HSE 4 71.41
HSE 5 42.55
HSE 6 28.49
HSE 7 25.16
HSE 8 62.16
HSE 9 51.43
HSE 10 12.58
HSE 11 42.55
HSE 12 42.55
HSE 13 58.46
HSE 14 28.49
HSE 15 56.61
HSE 16 100.27
HSE 17 62.16
HSE 18 71.41
HSE 19 31.45
HSE 20 71.41
HSE 21 11.47
Min 11.47
Max 100.27
Mean 49.12

The effective dose of radon varies between 0.29 mSv per
year and 2.53 mSv per year, with an average value of 1.24
mSv per year. The average effective dose is higher than the
UNSCEAR 2000 [13, 14] normal background level of 1.1
mSv per year. Furthermore, the effective dose in houses 1 and
16 is more than twice the UNSCEAR 2000 [13, 14] normal
background level. However, these values are below the limits
recommended by ICRP 2014 [22], where remediation action
is required. As for the equivalent effective dose, it varies from
0.69 mSv per year to 6.07 mSv per year. The average equiva-
lent effective dose is 2.97 mSv per year. It is almost three
times higher than the overall average annual effective dose of
radon received by inhalation from all sources, which is 1 mSv
per year. It is also noted that the effective dose for houses 1
and 16, which are 5.65 mSv per year and 6.07 mSv per year,
are respectively five and six times of 1 mSv per year but less

D (mSv/an) ET (mSv/an) LCR
2.35 5.65 1.08
1.07 2.58 1.04
0.63 152 1.02
1.80 4.32 1.06
1.07 2.58 1.04
0.72 1.73 1.03
0.63 1.52 1.02
1.57 3.76 1.06
1.30 311 1.05
0.32 0.76 1.01
1.07 2.58 1.04
1.07 2.58 1.04
147 3.54 1.05
0.72 1.73 1.03
1.43 3.43 1.05
2.53 6.07 1.09
1.57 3.76 1.06
1.80 4.32 1.06
0.79 1.90 1.03
1.80 4.32 1.06
0.29 0.69 1.01
0.30 0.69 1.01
2.53 6.07 1.09
124 2.97 1.04
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than the limit of the recommended action level (3-10 mSv per
year) as reported by the ICRP-1993 [23]. The Lunch Cancer
Risk range was from 1.01 to 1.09 with an average of 1.04
which is almost equal to one.

4. Conclusions

This study aimed to evaluate radon concentration in homes
surrounding a mining site in Burkina Faso. In most of the sam-
pled houses, the concentration was below 100 Bg/m?®, but in
some cases, particularly houses 1 and 16, the radon concentra-
tion was high, at 93.24 Bg/m? and 100.27 Bg/m? respectively.
The average effective dose is higher than the UNSCEAR 2000
[13, 14] normal background level of 1.1 mSv per year but less
than the limit of the recommended action level (3-10 mSv per
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year) as reported by the ICRP-1993.

Although the average effective dose is below the recom-
mended limits, it is necessary to be careful about radon con-
centration evolution to protect residents against the risks of
prolonged radon exposure.
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