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This study deals with natural radiation exposure to the public caused by external sources in seven
inhabited areas located in the uranium and thorium bearing region of Lolodorf, Cameroon. The
activity concentrations of U, #*Th, and “’K were measured, the annual effective dose to the public
assessed, and the distribution map of absorbed dose rate in air was performed. In-situ gamma
spectrometry and car-borne survey method using the 3-in x 3-in Nal (T1) scintillation spectrometer
were used. The average absorbed dose rates in air, the external effective dose and the activity
concentrations in soil of #¢U, #2Th and “K were 50.4 + 7.2 nGy h?, 0.33 £ 0.05 mSv y*, and 33+ 3 Bq
kg?, 53+ 9 Bq kg, 182 + 22 Bq kg respectively. The ratios of the indoor dose rate to outdoor dose
rate varied from 0.86 = 0.04 to 1.12 = 0.67 with a mean value of 1.02 £ 0.02. Compared to UNSCEAR
limits, these radiological risk indicators are relatively high at certain points in the study area.
Except for these points and their nearest neighborhood, soils can be used as building materials. In
addition, high natural radiation areas are known and well located.
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1. Introduction

The main cause of human external exposure to natural
radioactivity is the uranium and thorium series, as
well as “K. Soils, rocks and building materials contain
radioactivity at varying levels by their mineralogical
composition?. Car-borne survey and in-situ gamma
spectrometry are common methods that have proven
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effective in directly assessing the dose in the field. In
recent decades, many research teams around the world
have used these methods to quickly know the levels of
radioactivity in a vast environment. This is the case in
Brunei?, Turkey® and Japan®*® where several series of
measurements of natural and artificial radioactivity were
carried out.

In Cameroon, public exposure to natural radiation
has been extensively studied. The study conducted by
Ngachin et al.®, has revealed the occurrence of natural
radioactivity in building materials. But, the level of this
radioactivity is not harmful to the public according to the
standards defined by the Organization for Economic Co-



14 Guillaume Samuel Bineng et al. / Radiation Environment and Medicine 2020 Vol.9, No.1 13-20

(b)

iﬂn |0|
ma“‘nﬁé

th biotite and amphibole
iss grenatiferous with two micas

= | 3N Micaschists with two micas

T I migmattes

315

[C] Mbaimayo schists

N Coorainate system WGS. 0%
10°45" 11°0"

(Champedier de Ribes, 1955)

iss and quartzite with biotite, pyroxene, garet
iss with pyroxene and biotite
d amphibole

Microciinic syenite with amphibole
Source: Cameraon geological map sheet N° A 52 NE£ 22

(@)

Atlantic ocean T

2.95

il
Kribi]

with biotite only

o 1 km

= Locality — River — lineament

2.90
=

[111 Leptynitic gneiss and quartzite with biotite, pyroxene, garnets

Source: Geological map of the United Republic of Cameroon, 1975,
Coordinate system: WGS_84

Fig. 1. Geological map of the seven study areas located in the uranium and thorium bearing region of Lolodorf in West-southern
Cameroon: the localities of Akongo, Awanda, Bikoue, Eseka, Lolodorf and Ngombas in (a), and the locality of Kribi in (b).

operation and Development (OECD)?. In the uranium
bearing region of Poli in northern Cameroon, most of
the total dose evaluated is attributable to the inhalation
of radon in homes and high levels of 2°Po and #°Pb in
vegetables and foodstuffs®. High radioactivity level
was observed in soil samples due to the occurrence of
uranium and thorium bearing radiogenic heavy minerals
in the uranium and thorium bearing region of Lolodorf”.
Radioactivity measurements in soil samples using gamma
spectrometry in laboratory were performed by Ndjana
Nkoulou II et al® have shown that the concentrations of
primordial radionuclides were high in some soil samples
taken from five localities in the uranium and thorium
bearing region of Lolodorf. Similar work has been done in
Douala, the economic capital and one of the largest cities
in Cameroon. The radioactivity found in the soil was high
at certain points of the city™.

The current work is aimed at studying extensively
natural radiation exposure to the public in the uranium
and thorium bearing region of Lolodorf where are located
high natural radiation areas. Activity concentrations of
Z8J, 22Th, K, and absorbed dose rates in air were carried
out using in-situ gamma spectrometry and car-borne
survey method. The database of the region was extended
by studying the unexplored localities of Eseka, Akongo,
Lolodorf and Kribi. These results were making possible
the radiological mapping of the region.

2. Material and methods

2.1. Study areas
The uranium and thorium bearing region of Lolodorf
as shown in Figure 1 (a and b) is located in the Western

Cameroon, respectively in the Ocean, the Nyong & So'o,
and the Nyong & Kelle Divisions: Awanda (E1059, N322)),
Bikoue (E10°51',N3°21"), Kribi (E9°54", N2°57"), Lolodorf
(E10°44'30”, N3°14"), Akongo (E11°03’, N3°14"), Eseka
(E10°46'30”, N3°39") and Ngombas (E11°06’, N3°25") are
all approximately located between 70 km to 340 km of
Yaounde, Capital city of Cameroon. It belongs to the
pan African chain of Central Africa, more exactly in the
Yaounde-East and Yaounde-West groups?. Figurel
(a and b) displays the presence of the syenite along the
Akongo-Awanda-Bikoue corridor. In addition, there are
the gneiss, the biotite and the quartzite in Ngombas, the
south of Akongo and the north of Bikoue. The gneiss and
biotite also cover the entire south of Awanda, a part of
Eseka and much of its neighborhood. In Lolodorf, there is
rather the undifferentiated migmatite. The limestone and
various metamorphic rocks such as gneiss and Mbalmayo
schists are also there. A detailed study of the elements
in Figure 1 showed that essential minerals like potassic
feldspars, micas, muscovite, microclines, migmatites are
present in the Lolodorf region; as accessories, sphenes
and monazites are also there, zircon, apatite and rutile are
abound™. The literature shows that some rocks such
as syenite, granite, granulites, ryolites, and plutonic can
have the high U and Th content; radioactivity in diorites,
basalts and gabbros is also significant. In sedimentary
rocks, the black shale, gypsum and anhydrides contain
U and Th; the U content is high into the limestone™9,
There is also radioactivity in sandstone, gravel, sand.
Radioactivity may appear as an inclusion in the essential
minerals, which are important constituents of rocks,
or into accessory minerals. All the above-mentioned
minerals are present in the soil and rock of the uranium



Guillaume Samuel Bineng et al. / Radiation Environment and Medicine 2020 Vol.9, No.1 13-20 15

and thorium bearing region of Lolodorf**®, The climate
is equatorial; the West side is influenced by the proximity
of the sea: that is to say, wetter than on the inner plateau
at the same latitude. Temperatures range from 25 to 26°C
with two dry seasons and two rainy seasons. The dry
season is caused by a tropical continental air mass blowing
from the Sahara Desert between December-February and
July-August. The rainy season is brought by a tropical
maritime air mass blowing from the Atlantic Ocean
between September-November and March-June® '3 19,
According to Central Bureau of the Census and
Population Studies (CBCPS, 2004), population is about
164 829 inhabitants™.

2.2. Methodology

In the current work, the car-borne survey method and
in-situ gamma spectrometry using the 3-in x3-in Nal
(T1) scintillation spectrometer (EMF-211; EMF Japan Co.
Japan) were used to estimate the radiation dose and the
activity concentrations of U, #?Th and “/K respectively.
The field work was carried out in the studied areas
from July 20" to 24" and August 1% to 2" 2016. The
methodology and the calibration of the equipment are
well detailed by Minato? and Hosoda et al.? respectively.
The detector, connected to a laptop for the controls, was
placed inside the car (Land Cruiser TOYOTA) at about 1
m from the ground. The car was moving with an average
speed of 40 km h. In order to determine the dose rate in
the air outside the vehicle, the count rate measured inside
has been corrected by multiplying it with a shielding
factor. Due to the absorption of gamma rays by the
car’'s body, a shielding factor was evaluated to convert
the values measured inside the car into the ambient
dose rate outside of the car at 10 points and correcting
them with the inside counts rate. Count measurements
were recorded over consecutive 30 s intervals during
a total recording period of 2 min. Every 30 s the
detection system, directly connected to a GPS, makes
measurements, records the data along the road as well as
the geographical coordinates of the different measuring
points. When the absorbed dose rates in air is very high
in an area, we get out of the car and at a specific point
of the area, the 15min measurements is used just to
determine the activity concentrations of the primordial
radionuclides responsible for absorbed gamma dose rates.
Measurements of gamma-ray pulse height distribution
were carried outside the car 1 m above the ground
surface for 15 min at 52 points. Activity concentrations
of #8U,2?Th and *K in soil and their contribution to the
absorbed dose rates in air were determined using the
method developed by Minato et al.?? and well detailed by
Hosoda et al? The statistical errors for absorbed dose
rate in air and activity concentrations for “K, #3U and
#2Th obtained using this method depend on the integral

air kerma at each measurement point?, and these
were evaluated in this study as 2%, 2%, 6-8% and 4-5%,
respectively.

The external effective dose can be obtained directly
using the following equation:

E-= Dout X DCF X T X (Qm X R+ Qout) X 10b (1)

Where E is the external effective dose (mSv y?), Dowis
the average absorbed dose rates in air (nGy h'), DCF
is the dose conversion factor from the air kerma to the
external effective dose to adults (0.748 £0.007 Sv Gy?),
T is 8,760 h (24 hx365 d), @i» and Q.. are indoor and
outdoor occupancy factors respectively, and R is the ratio
of indoor dose rate to outdoor dose rate.

The DCF value used in this study was given by
Moriuchi*”, whereas R value has been obtained
experimentally for natural gamma-ray in the studied
areas in the current work. Outdoor and indoor ambient
dose rate measurements were performed using Graetz
X5 DE manufactured in Germany and operational in the
ranges 48 keV - 1.3 MeV for energy and 1pSv h'- 20 mSv
h for dose rate.

DCF, Qin and Qo are 0.7 Sv Gy, 0.6 and 04, respectively.

3. Results and Discussion

3.1. Shielding factor and dose rate conversion factor
Yield between the outside and inside count rates is the
shielding factor. It value was 1.62 = 0.03. Dose conversion
factor was evaluated as 0.002 (nGy h'lcpm™); it is the
relationship between absorbed dose rates in air (nGy h*)
evaluated using the 22 X 22 response matrix method and
total count rate outside the car (cpm)® %, Its uncertainty
was found to be 0.001; the decision coefficient R? for dose
conversion factors was 0.958.

Thus, D, the absorbed dose rates 1 m above the
ground surface at each measurement point can be
estimated using the following equation:

Dot = 2Nin X 1.62 % 0.002 )

In this study, the counts N inside the car were obtained
by 30 s measurements using car-borne survey. Since the
dose rate conversion factor was given as dose rate (nGy
h?) for counts per minute (cpm), it is necessary to double
Ninin order to convert into the counts per minute.

3.2. Distribution of absorbed dose rates in air

The survey route and the variations of the outdoor
gamma dose rates in air were mapped in (Fig. 2) using
QGIS software. This map was drawn using 1402 data in
the studied areas of the uranium and thorium bearing
region of Lolodorf except Kribi. A heterogeneous
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Fig. 2. Map showing the survey route and the variations of the outdoor
gamma dose rates in the uranium and thorium bearing region of
Lolodorf, except Kribi.

Table 1. Contributions of ?*U, ?*Th and “/K to the absorbed dose rate in air in the studied areas of the uranium and thorium bearing region of
Lolodorf

Area Absorbed dose rate (nGy h) Pl Rt o eyl

Na 238U ISZTh 40K Mlnb Maxc mU ZSZ’I‘}I 40K
Eseka 8 102%07  148+15  33%02 28+2 212 35 2 861 523 117
Ngombas 5  168+46 37+ 12 5707 6017 301 105+ 3 280 625 95
Awanda 6  83%07  181% 14  46%02 31 2 %5305 35407 26 584 150
Akongo 6  111%11 29+ 5 42+ 01 4=6 2%62+05  696+14 251 64 95
Lolodorf 3  148+34  326+73  73+13 55 2 821 690414 268 592 140
Kribi 7 113%38 225 105 b1 39+14 10802 146%23 206 470 234
Bikoue 17 157+33 438+ 147  113+22 7120 25%06 3578 %51 566 183
Average 132 28+ 6 6+1 478 282 573 145

aN is the number of data for each area; "Min: minimum value; ‘Max: maximum value

Table 2. Mean, median and range of **U, #?Th and “K activity concentrations, absorbed dose rates in air and external effective doses in the studied

areas of the uranium and thorium bearing region of Lolodorf

Activity concentration (Bq kg™)

Absorbed dose rate in air (nGy h?)

. - — EED{(mSv y*)
U #2Th WK =0 #2Th WK Total
AM =SD 33£3 53£9 182+22 13£2 28+6 6t1 47+8 0.33=0.05
GM (GSD) 28+1 38*1 150+1 11£2 22+6 56+0.8 40+8 0.26 =0.69
Median 26 34 128 10 19.5 5.6 34.5 0.29
Minimum 6+1 61 792 3+1 4+1 3+1 11+1 0.07+0.01
Maximum 158 +11 450+ 23 841+17 62+2 263+ 6 31x1 357+8 2.37+0.05

2AM : Arithmetic mean ; "GM : geometric mean ; °SD: standard deviation; °GSD: geometric standard deviation EED®: Annual effective dose

distribution of absorbed dose rates in air 1m above the
ground was seen. The doses range from 70 to 185 nGh h*
in the north of Akongo, east of Ngombas and in some
places along the Bikoue, Awanda, Lolodorf corridor.
Elsewhere, the dose was relatively lower than the
world average value of 59 nGy h! (UNSCEAR)". Those

variations could be explained by the fact that, ground,
rock and bedrock were not homogeneous in the whole
region. Moreover, the geological intrusions such as
lineaments could also justify this behavior of the absorbed
dose rate.

Table 1 displays the mean contributions of #*U, ?*Th
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Fig. 3. Activity concentrations of #*U, #?Th and “’K in the seven study areas of the uranium and thorium bearing region of Lolodorf.

and “K to the absorbed dose rate in air for the seven
inhabited areas. **Th contribution to the absorbed dose
rate was higher than those of U and *K. The mean
absorbed dose rates in air of each of the studied areas
are also listed in Table 1. The average values of absorbed
gamma dose rates in air varied from 11 nGy h'! (Kribi at
the beach, N2.923175, £9.900265) to 357 nGy h' (Bikoue,
N3.327398, E10.867035), with a mean value of 47 nGy h'.
This mean value was lower than the world average value
of 59 nGy h' (UNSCEAR)". It can be seen in Table 1 that,
two of the studied areas had a mean value higher than
the world average value of 59 nGy h'.

Compared with other studies in the world, the average
value of 47 nGy h' obtained for the uranium and thorium
region of Lolodorf was very lower than 227.8 nGy h! and
153 nGy h' measured from the soil samples collected
respectively at three beaches in Safaga, Egypt®®, and
at the border of the “Baie des Francais”, Antsiranana,
Madagascar® in Africa. In Japan, Inoue et al?® detailed
data of absorbed dose rates in air in metropolitan Tokyo
before the accident of the Fukushima Daiichi Nuclear
Power Plant using car-borne survey; the mean value 49 +

6 nGy h'observed was higher than the value obtained in
this work.

3.3. Activity concentrations of 23U, %2Th and “K

Figure 3 displays the box plot graphs which show median,
25 percentile, 75 percentile, maximum, and minimum
values of #8U, #2Th and “K activity concentrations
in each study area. Arithmetic and geometric means,
median, minimum and maximum activity concentrations
of #3U, ?2Th and “K in the soil for the whole study area
are displayed in Tables 2. Activity concentrations of U,
#2Th and “K varied from 6 =1 to 158 + 11 with an average
of 33+ 3 Bq kg?, 6 =1 to 450 + 23 with an average of 53
+9 Bq kg and 79 + 2 to 841 + 17 with an average of 182
+ 22 Bq kg, respectively. The mean values of Z8U, #?Th
and “K in the earth’s crust were 35, 30 and 400 Bq kg™
(UNSCEAR)". However, in Figure 3, it can be seen from
Bikoue that, the value of K is higher than 400 Bq kg™
in five points: 4739 Bq kg at (N3.32246, E10.826437),
454 +9 Bq kg! at (N3.326707, E10.855557), 602 £12
Bq kg! at (N3.3272, £10.866825), 701 =14 Bq kg at
(N3.32743, E10.866988) and 841 +17 Bq kg™ at (N3.327398,
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E10.867035). This last value observed in Bikoue area was
two times higher than the world average value.

Activity concentration of Z%U found in Ngombas, Kribi
and Bikoue are higher than the world average value
of 35 Bq kg. But, it can be seen from Figure 3 some
points which have values 2-5 times higher than the world
average one. High concentration of #%U observed in this
study area can be explained by the occurrence uranium
bearing radiogenic heavy minerals”. Compared to the
value of 35 Bq kg above, it can be seen in Figure 3 that,
28J average activity concentrations in the ground were
low in Akongo, Awanda and Eseka. This is consistent
since the uranium and thorium mining activities have not
yet started; Eseka is not identified as a potential uranium
or thorium mining site. Therefore, radioactivity in these
studied areas can be classified into high-level, mid-level
and low-level background radiation.

In this study, 67.3% (35 over 52) of the measurement
points have activity concentration of #**Th 2-15 times
higher than the world average value of 30 Bq kg™
(UNSCEAR)". In Eseka, this activity concentration is the
lowest. Correlation between uranium and thorium in soil
under investigation for the major studied areas is good
(correlation coefficient is 0.83).

In the previous section titled “study areas”, it is shown
that the bedrock of the uranium and thorium bearing
region of Lolodorf consists of many rocks and minerals
which have the high U, Th and K content. But under
the excessive action of heat and pressure, the rocks of
that bedrock eventually crack causing the circulation
of hot water or vapors underground. The intensification
of this phenomenon can lead to the dissolution of many
elements and induce their migration to the empty zones
formed by these cracks. The nature of the crystals thus
formed depends on the composition of the initial rock.
Under the action of erosion, precipitation, winds, soil
structure and reservoir rock, this natural radioactivity will
migrate to the soil surface. In situ gamma spectrometry
of the soil at a similar location will obviously reveal high
levels of natural radioactivity. In addition, some studies
have shown that the area has a significant uranium and
thorium potential® ™. It is this set of elements that can
justify these low, medium and high values of the specific
activities of U, Th and K at certain points of the current
study areas.

Compared to the average values of 24 +1 Bq kg for
28, 28 =1 Bq kg for #?Th and 506 +3 Bq kg for “K
determined in the uranium bearing region of Poli, by
Saidou et al? using gamma spectrometry measurements
of soil samples in laboratory, these different values are
all lower than the one determined within the framework
of the current study except K which is about three
times higher. Activity concentrations of 160, 480 and 1050
Bq kg for #¥U, #?Th and “K obtained by Ele Abiama

N, = 1,02N,

R*=0,89
N =241

2000 -

1500 <

1000 +

Outdoor (nGy h'1)

500 +

) v L M L M L) M L M L M
800 1000 1200 1400 1600 1800 2000
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—TTTT
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Fig. 4. Ratio of indoor to outdoor dose rates in the seven studied areas
of the uranium and thorium bearing region of Lolodorf.

et al? using gamma spectrometry measurements of soil
samples in laboratory, in the same region of Lolodorf
(Awanda, Ngombas and Bikoue) are highest. Difference
observed between in-situ and laboratory measurements
could be explained by the fact that in-situ gamma
spectrometry gives representative source concentration
in the horizontal plane while gamma spectrometry
measures radioactivity in soil sample collected from a 1 m?
area. According to Ele Abiama et al.”, these highest
activity concentrations of #8U, #?Th and “K in the above
areas could be explained by the fact that most of the
sampled points are located in the zones identified with
uranium and thorium anomalies in the studied area. One
should note that the world average values of the activity
concentrations (*®U, #?Th and “K) used for comparison
in the present study were estimated by UNSCEAR?Y using
natural radiation survey data from countries including
uranium and thorium mining regions, although they are
not well represented.

3.4. External effective dose assessment

The average external effective doses of the entire study
area are displayed in Table 2. The mean value in this
study is lower than the world average value of 0.5 mSv y*!
(UNSCEAR)V.

Compared with other studies in Cameroon, external
effective dose in this study is lower than 0.6 mSv y*, 0.41
mSv y! and 042 mSv y* determined respectively in Poli
by Saidou et al.?, in Awanda, Ngombas and Bikoue by Ele
Abiama et al” using gamma spectrometry of soil samples
in laboratory, in Douala by Takoukam Soh et al.!V using
car-borne survey method.

In Japan, the average value of 0.32 mSv y! obtained by
Inoue et al?” in Metropolitan Tokyo before the accident
of the Fukushima Daiichi Nuclear Power Plant, using car-



Guillaume Samuel Bineng et al. / Radiation Environment and Medicine 2020 Vol.9, No.1 13-20 19

borne survey method is more equal to the value measured
in the present work.

The materials used for most of building constructions
also contain radionuclides. The average factor R of 1.02
+ (.02 experimentally obtained in the entire studied area
was applied to take into account their contribution in the
external dose estimation. Figure 4 showed the ratio of
indoor dose rate to outdoor dose rate in 241 houses in the
seven studied areas.

The slope of this regression line was used as the factor
above. In Eseka, Ngombas, Awanda, Akongo, Lolodorf,
Kribi and Bikoue inhabited areas, these ratios were 0.89
+0.04, 0.98 = 0.04, 0.95 = 0.05, 1.11 = 0.67, 0.93 £ 0.05, 0.86
+0.04 and 1.12+0.42 respectively. These different values
are all higher than 0.6 and lower than 2.0, which are the
boundary world values®.

4. Conclusion

The car-borne survey was performed in the uranium
and thorium bearing region of Lolodorf, located in West-
southern Cameroon to study natural radiation exposure
to the public caused by external sources. This work was
achieved by measuring the activity concentrations of #8U,
22Th and “K, the air kerma rates followed by external
effective dose to the public assessment in the studied
areas. Absorbed dose rates in air higher than 60 nGy h'
were observed in the high natural radiation areas of
Ngombas and Bikoue. Average activity concentration of
“K was found to be lower than the world average value
while U and *?Th were found to be higher than the
corresponding world average values. External effective
dose was 0.33 mSv y!less than the world average value of
0.5mSv y. This study made possible the production of a
radiological map of the region. The high natural radiation
areas are now well located. These data were used to select
inhabited areas for radon, thoron and thoron progeny
measurements indoors. Results will shortly be reported.
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