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Abstract

A part of the survey programme on the evaluation of environmental radioactivity in Cameroon

has just been initiated. The radioactivity level of soils in a volcanic area in Cameroon was deter-

mined and discussed. 30 soils samples were collected from Buea and Limbé cities located in the

south-western Cameroon. These two regions are known for theirs volcanic grounds due to the

presence of Mount Cameroon mountain. The activity concentrations of natural radionuclides

as well as that of the fission product were evaluated by gamma-ray spectrometry using a hyper

purity germanium detector (HPGe). The ranges of concentrations in the surveyed soils were 11

- 17 Bq kg−1, 22 - 36 Bq kg−1 and 43 - 201 Bq kg−1 for 226Ra, 232Th and 40K, respectively.

The radioisotope 137Cs was also found but in a very small amount. The outdoor absorbed dose

rate 1 m above ground with the corresponding annual effective dose rate, assuming a 20% oc-

cupancy factor were estimated. The radium equivalent and the external hazard index were also

evaluated and results are compared with available data from other studies and with the world

average value (UNSCEAR, 1988, 2000).

A solid state nuclear track detector (SSNTDs), LR-115 was used for soil radon measurements

at a depth of 50 cm. The ranges of soil radon concentrations were 6.7 - 10.8 kBq m−3 and 5.5 -

8.7 kBq m−3 in Buea and Limbé, respectively. A positive correlation was found between concen-

trations of radium measured with γ-spectrometry and the soil radon concentrations measured

with the nitrate cellulose detectors. The results of this study provide the radioactivity level in

soil of a volcanic area, which has been found to be within the safety limits. The south-western

Cameroon can be considered as having normal natural background radiation in normal living

conditions.
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1 Introduction

Predominant part of the radioactivity of soils derives from the members of the radioactive

decay series of 238U (55.8%), 232Th (14%), along with 40K (13.8%). In fact, natural radiation is

the largest contributor to the collective dose of the world’s population. Just about 15% and 0.6%

are from cosmic radiation and cosmogenic radionuclides respectively. The natural radiation to

which humans are exposed consists of two distinct components: The external component due

to the γ-ray emissions and the internal one due to radon and its decay products which are

α-particles emitters (UNSCEAR, 1988). Soils and rocks beneath buildings are the source of

most radon (222Rn) to which people are exposed (Nazaroff and Nero, 1988). In fact, soils

generate radon because of their radium content. The presence of radium is in turn due to its

ultimate precursor uranium. As an inert gas, radon freely diffuse through the soils and reach

the atmosphere where it could migrate into structure of dwellings to pose a health hazard.

Inhalation of radon (222Rn) and its short-lived daughters, namely 218Po and 214Po is associated

with the risk of lung cancer if radium content is sufficiently high. In fact, 222Rn and its progeny

are responsible for about two third of the exposure from natural sources (UNSCEAR, 1988).

Hence knowledge of the natural radioactivity of soils is important for assessing the associated

radiation hazard, in determining changes in natural radiation background and for providing

appropriate protection of human beings. The study of natural radioactivity is also important

because naturally occurring radioactive materials (NORMs) can served as good biochemical and

geochemical tracers in environment in case of geological events (Singh et al., 2003).

The assessment of natural radioactivity in soils, and contaminated with NORMs has become

a focus of great interest in European (Othman and Yassine, 1995; Malanca et al., 1996; Papp et

al., 1997; Bikit et al., 2005), Asian (Miah et al., 1998; Selvasekarapandian et al., 2000; Akhtar

et al., 2005; Yang et al., 2005), American (VandenBygaart et al., 1999) and in some western and

northern African (Shenber, 1997; Sroor et al., 2001) countries. In addition, numerous activities

in the field of radon measurements in soils have been recently published (Giovani et al., 2001;

Jönsson et al., 1999; Singh et al., 2003). Unfortunately, Cameroon does not possess available

data for such investigations. A study of natural radionuclides in some buildings materials used

in Cameroon has just been initiated as a part of the broader programme on the environmental

radioactivity measurements (Ngachin et al., 2007).

The aim of this work is to study the deviation from the normal background levels in the

soils of Buea and Limbé cities, and known for being volcanic soils due to the presence of Mount

Cameroon, which is characterized by frequent eruption activities and rather often worrying.

(The last eruption was in 1999). In addition, we study the possible correlation between the soil

radon level and its radium content. The concentrations of 238Ra, 232Th, 40K and 137Cs isotopes

were measured by γ-ray spectrometry using a coaxial HPGe detector. We also described a

method based on the usage of nuclear track detectors, LR-115 type II for the soil gas radon
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measurements. The use of time-integrated nuclear tracks detectors for radon concentration and

radon emanation in geological samples appears as an important tool due to its simplicity as well

as the cheapest cost of the technique. The radium equivalent activities, the outdoor absorbed

dose rate, the annual effective dose and the external hazard index are reported and discussed

in the light of the international recommendations. Data are compared with available data from

other studies. The present work allows to fill the gap of knowledge in this volcanic region

with a possibility of future eruptions. Results on radioactivity level reported in this study can

be included into baseline map of radioactivity background levels in Cameroon, and used for

enrichment of data bank of Cameroon and therefore the world data bank.

2 Experimental procedure

2.1 Samples preparation

Buea and Limbé are located at the south-western Cameroon as indicated on the Figure 1.

They are the most populated cities of the region. Due to their charming natural environments

they are among the most visited cities by the tourists. Buea lies at latitude 04o09
′

00
′′

and

longitude 09o13
′

48
′′

whereas Limbé lies at latitude’ 04o00
′

00
′′

and longitude 09o13
′

12
′′

. They

are known to be surrounded by volcanic rocks since they are situated near the Mount Cameroon

mountain. Five eruptions provided flows of basaltic lava running out on the flans. A Total

of 30 soil samples, i.e., eighteen from Buea and twelve from Limbé, were collected referring

description procedure for soil sampling (IAEA, 2004). Prior measurements of 226Ra ( from 238U

decay series), 232Th and 40K content, samples were crushed to fined grain size, air-dried and

homogenized. The net weight of each sample was recorded. Samples were sealed and stored to

allow radioactive equilibrium in the 238U and 232Th decay series even if in the nature, 226Ra and

238U are not often in equilibrium (Jönsson et al., 1999).

2.2 HPGe Detector and γ-spectrometry

The activity concentrations of 226Ra, 232Th and 40K were determined by γ-spectrometry

using a coaxial HPGe. The characteristics of the detector and the experimental set-up for the

determination of the activities were previously described by the authors (Ngachin et al., 2007).

2.3 Radon concentration measurement

A cylindrical chamber, hermetically closed at its top and with its bottom opened was used

to measure the radon concentrations at a depth of 50 cm in the soil. The tubes used had a

diameter of 15 cm and height of 50 cm. They have been installed in the hole where a surface

soil sample was collected. The detector was maintained at a sufficient distance (20-25 cm) so

that direct α-particles emitted by the surface of the ground would not reach the detector. The

experimental set-up is shown in Figure 2. Prior measurements, The cellulose nitrate LR-115
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type II films (supplied by Kodak Pathé CO., France) of 12 µm thickness were calibrated and

conditioned as described by authors (Giovani et al., 2005), before being placed in soil air for 20

days (from April 15 to May 4, 2005, corresponding to the small raining season in Cameroon).

During the exposure, α-particles from radon and its progenies strike the SSNTD and cause

damage tracks. At the end of the exposure, detectors were collected, sealed and returned to

the laboratory for etching and reading. The etching conditions for LR-115 detectors were 2.5%

NaOH at 60◦C for 93 minutes etching time. At the end of the etching process, the detectors

were washed in distilled water and air-dried. The α-particles produced were counted using a

spark counter. The number of tracks counted was then used to evaluate the radon concentration

in the air volume of the chamber as a function of time.

3 Results and discussion

The peaks identified in the spectrum and used for activity calculations are indicated in Table

1. The concentrations of the main radionuclides encountered in the spectrum are specified in

Table 2. Table 3 resumes the concentrations of natural radionuclides as well as that of the fission

product. The radium equivalent, Raeq and the radiation hazard index associated are also given.

As indicated, the concentrations of 226Ra, 232Th and 40K vary slightly in the two cities. The

activity of 226Ra ranges from 11 to 17 Bq kg−1 with an average of 14±2 Bq kg−1 and the highest

value found in location 1. The range of measured activity of 232Th was 22-36 Bq kg−1 with and

average of 30 ± 3 Bq kg−1 and the highest value found in location 1. The concentrations of

40K range from 43 to 201 Bq kg−1 with an average of 103 ± 12 Bq kg−1 and the highest value

found in location 2. The mean activities were found to be very closed for the two regions. In

addition, the mean concentration of 40K was found to be 7 times higher than that of 226Ra and

approximately 3.5 times than that of 232Th. The presence of 137Cs is also observed in a very

small amount. Its origin could be attributed to fallout. Figure 3 shows the spectrum of a soil

sample with more than 16 resolved photo peaks. Table 4 gives the comparison of the activity

levels from this study with available data from other investigations and with the world average

value for soils (UNSCEAR, 2000). The mean activity of 226Ra in the two studied locations

exceed the average found in southern Egypt, and Tripoli. The 232Th concentration was found

to be lower than that found in India, China, Brazil and Pakistan. The activity of 40K was 0.3

times the world average value. These results could be due to the fact that samples are not from

uranium-bearing mineralization zone as for instance in China and India.

226Ra, 232Th and 40K are non-uniformly distributed in soil samples. The radium equiva-

lent activity, Raeq is defined and used to assess the hazard of materials containing the above

mentioned radionuclides. It is defined by the following equation

Raeq = ARa + 1.43ATh + 0.077AK (1)
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where ARa, ATh and AK are the mean activities in Bq kg−1 of 226Ra, 232Th and 40K, respectively.

Eq. (1) is based on the fact that 370 Bq kg−1 of 226Ra, 259 Bq kg−1 of 232Th and 4810 Bq kg−1

of 40K produce the same γ-ray dose equivalent. Column 8 of Table 3 indicates that the Raeq

ranges from 58 to 79 Bq kg−1 with a mean value of 63 ± 2 Bq kg−1. For the studied regions,

the mean Raeq is found to be less than the maximum admissible value of 370 Bq kg−1 set in the

UNSCEAR report (1988).

The absorbed dose rate, Ḋ (nGy h−1) in outdoor air at 1 m above the ground was also

calculated using the conversion factors given by UNSCEAR, i.e., 0.43, 0.67 and 0.042 nGy h−1

per Bq kg−1 for 238U, 232Th and 40K, respectively. Column 6 of Table 3 shows that, Ḋ ranges

from 27 to 37 nGy h−1 with an average of 29 ± 2 nGy h−1. We notice that location 1 has the

highest value of Ḋ. The calculated absorbed dose rates from the two locations lie within the

world range (18-93 nGy h−1) and were found to not exceed the world average value of 55 nGy

h−1 (UNSCEAR, 1988).

The annual effective dose rate was also evaluated using the absorbed dose to effective dose

conversion factor of 0.7 Sv Gy−1 and the occupancy factor of 0.2 for one year. Column 7 of

Table 3 summarizes the results. It can be seen that Ė varies from 33 to 45 µSv yr−1 with a mean

value of 36 ± 2 µSv yr−1. The obtained mean values of Ė for the two localities are lower than

the average annual effective dose rate of 460 µSv.y−1 for soils (Yang et al., 2005). According to

UNSCEAR (2000), the south-western Cameroon could be considered as having normal natural

background radiation in normal living conditions.

The γ-radiation hazard index was finally calculated by the following expression

Hex =
ARa

370
+

ATh

259
+

AK

4810
(2)

Column 9 of Table 3 indicates that Hex varies from 0.15 to 0.21 with an average of 0.17. We

notice that this mean value does not exceed unity. The studied soils may be therefore considered

harmless to people living in these regions.

It is expected that indoor radon levels will likely increase with increasing concentration of

226Ra (or 238U) in the soils or in building materials. To evaluate the radon risk in the studied

area, the time-integrated LR-115 detectors was used to determine the radon concentration in the

soil. A relation between the 226Ra content and the soil radon concentrations were checked. An

evidence of this correlation is depicted in Figure 4. The measured soil radon levels are reported

in Table 5. A comparison is made with the radium content of the soil samples from the studied

locations.

Irrespectively of the type of soil, if one makes the assumption that 1 Bq kg−1 of 226Ra

corresponds to 1.7 kBq m−3 of 222Rn gas in the soil air (Jönsson et al., 1999), the potential

radon level in the soil could be evaluated from the measured radium content. As indicated in

Table 5, the measured radon levels seem to be less than the potential radon level. This could be

due to moisture content of the soil since measurements were performed during the season with
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low precipitation rates.

4 Conclusion

The results of this study indicate that the mean activities of 226Ra, 232Th and 40K do not

exceed their corresponding mean activity values measured all over the world. The range of the

absorbed dose rate was 27-37 nGy h−1 with an average of 29 nGy h−1, which is found to lie

within the worldwide range (18-93) nGy.h−1. The investigated area is then found to have a

normal natural radiation background in normal living conditions.

The reported soil radon levels allow to observe a correlation with the measured radium

activity. Globally, one can assume that 1 Bq kg−1 of 226Ra corresponds to 571 Bq m−3 radon

gas in the soil air.

Results reported in this study can be used as reference data to assess any changes in the

radioactive background due to geological events such as earthquakes and volcanic eruptions.
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Table 1: Peaks identified in the spectrum and used for activity calculations

Radionuclide Peaks identified(γ-ray energy in keV)

226Ra 214Bi (609.31, 768.36, 1120.29, 1238.11, 1764.49)
214Pb (295.22, 351.93)

232Th 228Ac (209.25, 328, 463, 911.20, 964.77, 968.97)
212Bi (727.33)
212Pb(238.63, 300.09)

40K 1460.82

137Cs 661.67

Table 2: Concentration (Bq kg−1) of high intensity radionuclides found in the spectra

Location 228Ac 212Bi 212Pb 214Bi 214Pb 40K 137Cs

Location 1
Range 18.64-35 29.35-42.33 25.6-32 10.3-16.4 11.4-17 77.2-139.3 1.34-2.22

Mean 29.35 34 28.4 13.4 14 108.8 1.70

Location 2
Range 19.4-31 24.4-35.25 22.5-33 10-16 11.2-15.4 43-200.8 1.65-4.93

Mean 26.6 30.9 25.4 11.9 13.3 96.4 3.2
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Table 3: Activity, absorbed dose rate Ḋ, annual effective dose Ė, radium equivalent Raeq and
external hazard index Hex

Locations Activity Ḋ Ė Raeq Hex

(Bq kg−1) (nGy h−1) (µSv y−1) (Bq kg−1)
226Ra 232Th 40K 137Cs

Buea

Range 11-17 26-36 77-139 2-3 27-37 33-45 58-79 0.15-0.21

Mean 14± 2 30± 2 109± 11 2.5 30± 2 37± 2 65± 4 0.18

Limbé

Range 11-15 22-33 43-201 2-5 27-29 33-36 59-63 0.15-0.17

Mean 13± 1 29± 3 96± 13 3.5 28± 1 35± 1 61± 1 0.16

Average 14± 2 30± 3 103± 12 3 29± 2 36± 2 63± 2 0.17

Table 4: Comparison of mean activity and the absorbed dose rate Ḋ with those published by
other investigations

Location Activity Ḋ Reference
(Bq kg−1) (nGy h−1)

238U 232Th 40K

Gudalore, India 37.7 75.3 195.2 74.3 Selvasekarapandian et al., 2000
Tripoli 10.5 9.5 270 23 Shenber, 1997
Xiazhuang, China 112 71.5 672 124 Yang et al., 2005
Southern, Egypt 13 6 433 - Sroor et al., 2001
Rio Grande, Brazil 29.2 47.8 704 72.6 Malanca et al., 1996
Vojvodina 51 53 554 - Bikit et al., 2005
Lahore, Pakistan 25.8 49.2 561.6 65 Akhtar et al, 2005

South-west, Cameroon 14 30 103 29 Present work

World average 40 40 580 55(18-93) UNSCEAR (1988, 1993, 2000)

Table 5: Radon concentration compared with soil radium content of the two studied locations

Location 222R concentration ( kBq m−3) 226Ra content ( Bq kg−1)
Measured Potential

Buea
Range 6.7-10.8 18.7-28.9 11-17
Mean 9±2 23.8 14±2

Limbé
Range 5.5-8.7 18.7-25.5 11-15
Mean 7±2 22.1 13±1
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Figure 1: A part of the south-western Cameroon indicating the two sampling locations.
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Figure 2: Experimental set-up for soil radon measurement.
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Figure 3: γ-ray spectrum of a soil sample showing some photopeaks used to evaluate the activities.
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Figure 4: Relation between radium activity and soil radon concentration for soil samples collected in: a) Buea
and b) Limbé.
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