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Abstract

The concentration of 238U, 232Th, 40K in natural and fabricated building materials used

in Cameroon was investigated by a high-resolution γ-ray spectrometry system with a co-axial

HPGe detector. Fourteen kinds of building materials were collected from factories and in the

field. Each sample was therefore kept in a 500 ml plastic Marinelli beakers and measured in

a very low-background laboratory. The measured activity concentrations range from 1.76 to

49.84 Bq kg−1, from 0.32 to 147.2 Bq kg−1 and from 18.16 to 1226.29 Bq kg−1 for 238U ,

232Th and 40K respectively. The highest mean value of 238U concentration was found in red

compressed soil-brick type I (49.57±0.33 Bq kg−1) produced by MIPROMALO whereas the

highest average concentration of 232Th (138.89± 12.51 Bq kg−1) and 40K (1161.46±107.57 Bq

kg−1) was found in gravel collected from an exploitation site in LOGBADJECK. The activity

concentrations obtained were compared with available data from other investigations and with

the world average value for soils. The radium equivalent activity Raeq, the external hazard index

Hex as well as the indoor absorbed dose rate Ḋ in air and the annual effective dose equivalent

ḢE were evaluated to assess the radiation hazards for people living in dwellings made of studied

materials. All building materials have shown Raeq activity (range from 10.15 to 312.57 Bq

kg−1) lower than the limit of 370 Bq kg−1 set in the Organization for Economic Cooperation

and Development (OECD, 1979) report, and which is equivalent to a γ-dose of 1.5 mSv yr−1

All the examined materials are acceptable for use as building materials in accord with the

OECD criterion.
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1 Introduction

Besides terrestrial and cosmic radiations, building materials (BM) containing naturally oc-

curring radionuclides are the main sources of indoor exposure. Human beings have always been

exposed to radiation from natural origin. The assessment of natural radioactivity in BM is then

of great importance to determine the amount of public exposure to radiation, because people

spend most of their time (about 80%) indoors (Stoulos et al., 2003). Furthermore, knowledge

of the radioactivity in BM is of great interest in setting the standards and national guidelines

in regard to the international recommendations, and in assessing the associated radiation haz-

ard. The natural occurring radionuclides in BM contribute to natural radiation exposure in two

ways: the external radiation originated from γ-radiation of 238U and 232Th decay series and

40K radionuclides and the internal radiation exposure due to radon exhalation, leading to the

deposition of its decay products in the human respiratory tract.

During the past few years, particular attention has been devoted to the control of natural

radiation in building materials in European, Asian and in some African countries. Results are

available in open publications and monographes (Malanca et al., 1995; Savidou et al., 1995;

Bou-Rabee et al., 1996; Giuseppe et al., 1996; Misdaq et al., 1996; Ahmad et al., 1997; Maged

and Borham, 1997; Man and Yeung, 1998; Mantazul et al., 1998; UNSCEAR, 1988; Ibrahim N.,

1999; Sharaf et al., 1999; Amrani et al., 2001; Al-Jarallah et al., 2001; Muhammad et al., 2001;

Sroor et al., 2001; Rizzo et al., 2001; Walley El-Dine et al., 2001; Hafez et al., 2001; Kovler

et al., 2002; Petropoulos et al., 2002; Stoulos et al., 2003; Arafa W., 2004,...). Unfortunately,

radioactivity level in Cameroonian BM has not yet been evaluated. At this time, Cameroon does

not possess neither standards nor guidelines giving acceptable limits of radioactivity in natural

and manufactured BM. However, a first study of natural radioactivity in soils of a volcano region

(Buea) in Cameroon was recently performed (Ngachin et al., 2005). This second project on the

assessment of radioactivity in the most used geological samples as BM in Cameroon comes

as another part of the broader programme that has just been initiated on the environmental

radioactivity monitoring in Cameroonian soils, building materials, food, ground and mineral

water, indoor radon measurement.

In the present work, the natural radioactivity of local building materials used in Cameroon is

examined. The activity concentrations of 228Ac, 212Bi, 212Pb (from 232Th decay series), 226Ra,

214Bi, 214Pb (from 238U decay series) and 40K were measured using a high purity germanium

detector. In regard to the rule that exposure should be ”as low as reasonably achievable”, the

radium equivalent, the external hazard index as well as the absorbed dose and the annual effective

dose were assessed and compared with other studies and the worldwide average value set in the

United Nations Scientific Committee on the Effects of Atomic Radiation report (UNSCEAR,

1988).

These results are considered as being the first data on Radioactivity level in BM used in
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Cameroon. The data could be used in the national data bank of the Cameroon National Radi-

ation Protection Agency (ANRP) and then contributed to the establishment of a baseline map

of environmental radioactivity level in Cameroon.

2 Experimental procedure

Geological samples commonly used as BM in Cameroon refer to black-clay, red-bricks, con-

crete, sand, gravel, granites tiles, marbles, cement and gneiss.

2.1 Samples collection and preparation

Fourteen types of BM were collected from different locations as indicated in Figure 1. Sand

was collected from the Benoue sea (northern region), Moungo sea (south-western region) and

from the Wouri sea (littoral region). Tiles, Red compressed soil-bricks (CSB) for different

types were obtained from MIPROMALO (”MIssion de PROmotion des MAtériaux LOcaux”)

in Yaounde, Portland cement from CIMENCAM (”CIMENterie du CAMeroun”) company in

Douala, Calcareous and marbles by-product from ROCA exploitation site in Figuil. ”Tradi-

tional marbles” were collected in-situ at Pouma. Black-clay was collected in construction sites

in Garoua. Gravel was obtained from the exploitation sites in Logbadeck (littoral region) and in

Ombe (south-west region). Four samples were obtained from each type of BM except the sand

where nine samples were obtained. Therefore, sixty one samples were then prepared for γ-ray

spectrometry. Following laboratory processes, each sample was properly crushed, homogenized,

ground, air-dried and stored in 500 ml Marinelli beakers. The net weight of each sample was

recorded and measured assuming radioactive equilibrium between 226Ra (from 238U decay se-

ries), 232Th and their short-lived progeny. However significant non equilibrium is uncommon in

rocks older than 106 years and the 232Th series is considered in equilibrium in most geological

environments (Tzortzis et al., 2003)

2.2 Detection system for γ-spectrometry

A high purity vertical germanium detector (p-type with 80% efficiency) coupled to a PC

with special electronics card and to a 8192 multichannel analyzer (MCA) was used for the

measurement of γ-rays emitted in the energy range between 50 and 2800 keV.

The detector was mounted on a cryostat dipped into a 50 l dewar filled with liquid nitrogen.

The detector was housed in a cylindrical lead shield of about 11 cm thickness with 28 cm in.

diameter × 40 cm high to reduce as much as possible the background γ-rays of the laboratory.

Efficiency calibration and activity concentration calculation

The energy resolution of the detector was estimated to 1.9 keV (FWHM) at the 1332 keV

γ-ray line of 60Co (COFRAC calibration certificate No CT/040148/04/0252). The energy and
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absolute efficiency calibrations of the HPGe detector was performed using a multigamma stan-

dard source ENEA-MRL-1665 (Marinelli beaker, having a density of 1.38 kg dm−3) supplied by

”Ente per le Nuove tecnologie, l’Energia e l’Ambiente” (ENEA-INMRI in Italy) and containing

γ-ray lines of 241Am, 109Cd, 139Ce, 51Cr, 113Sn, 85Sr, 88Y, 57Co, 137Cs and 60Co with energy

ranging from 59 to 2500 keV. To carry out the calibrations, the standard source was placed in

the same and identical geometry as the samples.

The activity concentration (in Bq kg−1) of each nuclide obtained in the spectrum is given

by the well-known expression:

Ai =
Ci

ǫ(E) × γd × t × MS

(1)

where Ci(cps) is the net peak area of a peak at energy E (the counting rate of the γ-ray), γd

is the number of gamma per disintegration of the nuclide at energy E (the absolute transition

probability of γ-decay), ǫ(E) is the detector efficiency of the specific γ-ray, t(s) is the counting

life time and Ms(kg) the mass of the sample.

For a nuclide having more than one peak in the spectrum, the activity concentration is

obtained as the weighted average activity. Following the γ-ray photopeaks emitted by 40K and

the radionuclides in the 238U and 232Th decay series, their activities were calculated. Then,

the activity concentration of parents was obtained using the weighted average of the daughters’

activities being in secular equilibrium. The γ-ray emissions of 214Bi (609.31, 1120.29, 1764.49

keV) and 214Pb (295.22, 351.93 keV) in radioactive equilibrium with their parents were assumed

to represent the activity of 238U. The γ-ray lines of 212Bi (727.33 keV), 228Ac (209.25, 409.46,

463.0, 794.95, 911.20, 964.77, 968.97 keV) and 212Pb (238.63, 300.09 keV) were used to evaluate

the activity of 232Th whereas the 40K content was determined using its 1460.82 keV γ-ray

line. Prior to the samples measurement, the environmental γ-ray background was obtained by

measuring an empty Marinelli beakers in the same condition as samples. The counting time for

activities was 72000 seconds. The data acquisition of γ-ray spectrum, storage display and online

spectra analysis was carried out using the interactive Genie 2000 basic spectroscopy software

from Canberra.

3 Results and discussion

3.1 Specific activity

Figure 2 presents the γ-ray spectra of Logbadjeck gravel with high concentrations and in-

dustrial by-product marble with low concentrations. The range and the average radioactivity

concentration of 238U, 232Th and 40K measured in different kinds of building materials are given

in Table 1. It can be seen that 40K contributes to the most specific activity compared with 238U

and 232Th isotopes. The 40K average activities vary from 18.75±2.14 in industrial by-product

marble sample to 1161.46±107.97 Bq kg−1 in gravel sample from Logbadjeck. The highest aver-

age activity of 238U was 49.57±0.33 Bq kg−1 in CSB type I and the lowest average was 2±0.22
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Bq kg−1 in ”traditional” marble collected in Pouma. For 232Th, the average activity concentra-

tions ranged from 0.35 Bq kg−1 in by-product marble to 138.89±12.51 Bq kg−1 in gravel from

Logbadjeck. Gravel from Logbadjeck appears to be the material that contains a great amount of

232Th and 40K. Except CSB type I, red-mud bricks and cement, the mean activity concentrations

of 238U in all BM were lower than that of the world average for soil (25 Bq kg−1) (UNSCEAR,

1988). The CSB (type I) 238U content is 2 times the world average value for soil. The measured

thorium activities in building materials were also found to be less than the average value of

25 Bq kg−1 except sand from the Wouri sea, CSB (type I), gravel, red-mud brick, black-clay

and gneiss. The 232Th concentration in gravel from Logbadjeck is more than 5 times higher

than the corresponding worldwide average value for soil. The concentration of 40K obtained for

Wouri sand, gravel, ”traditional marble”, black-clay and gneiss exceed the worldwide average

for soil 370 Bq kg−1. The other materials have shown a radioactivity level slightly lower than

the world average value except the industrial by-product marbles from Figuil which have shown

an extremely low activity concentration (5% of 370 Bq kg−1 )(Bou-Rabee et al., 1996). Columns

3, 4 and 5 in Table 3 show the average radionuclide concentrations from other investigations for

comparison.

3.2 Radium equivalent activity and external hazard index

226Ra, 232Th and 40K are ununiformly distributed in building materials. In order to compare

the specific activity of materials containing different amounts of 226Ra (from 238U decay series),

232Th and 40K, the radiun equivalent activity Raeq is used and it is defined by the following

expression (Hayambu et al., 1995)

Raeq = ARa + 1.43ATh + 0.077AK (2)

where ARa, ATh and AK are the mean activity concentrations in Bq kg−1 of 226Ra, 232Th and

40K respectively. Eq. 2 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. Table 2 resumes the Raeq results

in all studied samples. These values ranging from 10.15 Bq kg−1 in industrial by-product marble

to 312.51 Bq kg−1 in Logbadjeck gravel, are found to be less than the maximun admissible value

of 370 Bq kg−1 set in the UNSCEAR report, and which is equivalent to an external dose of

1.5 mSv yr−1 (OECD, 1979). All these materials are then considered not to pose a significant

radiological hazard if used in building constructions. However from the observed results, we

can notice that the Raeq varies considerably in the different materials and in the same type of

material collected from different areas (Gravel: Raeq=312.51 Bq kg−1 in Logbadjeck and 80.12

Bq kg−1 in Ombé; Sand: Raeq=104.06 Bq kg−1 for Wouri sand and 37.29 Bq kg−1 for Benoué

sand). Therefore the choice of materials for dwelling constructions must be suitable for dose

limitation criterion. Figure 4 shows the Raeq in all investigated building materials. Column 5

in Table 3 presents the radium equivalent activities from other investigations for comparison.
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To limit the external γ-radiation dose from building materials to 1.5 mSv yr−1, a model

(Hayumbu et al, 1995) was used to serve as criterion. This criterion uses the external hazard

index Hex and it is defined as:

Hex =
ARa

370
+

ATh

259
+

AK

4810
≤ 1 (3)

where ARa, ATh and AK are the activity concentration of 226Ra, 232Th and 40K respectively.

This index must be less than unity, so that the radiation exposure due to radioactivity in material

under investigation must be less or equal to 1.5 mSv yr−1. As indicated in Table 2, it appears

that Cameroonian materials meet this criterion.

3.3 Absorbed dose and annual effective dose rate

For materials containing naturally occurring radioactive materials (NORMs) such as 238U,

232Th and 40K, the absorbed dose rate Ḋ can be defined if their concentration is known. It can

be obtained in units of nGy h−1 using the formula proposed by UNSCEAR (1988)

Ḋ =
∑

x

Ax × Cx (4)

where Ax are the mean activity concentrations of 238U, 232Th and 40K, Cx (in nGy h−1 per Bq

kg−1) their corresponding dose conversion factors.

In the present work, we considered the dose conversion factors reported by UNSCEAR

(UNSCEAR, 1988), that is 0.427, 0.662, 0.043 nGy h−1 per Bq kg−1 for 238U, 232Th and 40K

respectively. Table 2 gives the results of absorbed dose rate in air for some building materials

used in Cameroon. We notice that gravel from Logbadjeck shows the highest value (152.33 nGy

h−1) whereas the lowest value is found in marbles (from Roca’s exploitation site) (4.54 nGy

h−1) with low 238U, 232Th and 40K content. Except the gravel sample which extremely exceed

the worldwide average value of soils (55 nGy h−1) (Yang et al., 2005), all the other values lie

within the world range (18-93 nGy h−1) (Akhtar et al., 2005). Fig. 4 illustrates the Ḋ results

as varying with the Raeq.

Finally to calculate the annual effective dose rate ḢE (in mSv yr−1) the conversion coefficient

from the absorbed dose in air to the effective dose (0.7 Sv Gy−1) and the indoor occupancy factor

were used. ḢE was calculated using the following formula:

ḢE = Ḋ × Of × Cf (5)

where Ḋ is given by Eq. 4. Of is the occupancy factor time for a year (0.8 × 365 d × 24 h ≃

7010 h yr−1) and Cf is the conversion factor.

The last column of Table 2 resumes the ḢE results. One can notice that the annual effective

dose rate varies from 22.28 to 747.30 µSv y−1. Except the value of 747.30 µSv y−1 obtained in
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gravel from Logbadjeck, all the other values are lower than the outdoor average effective dose

of 460 µSv y−1 for soils (Yang et al., 2005).

4 Conclusion

With a high purity γ-ray spectrometry system, the natural radioactivity and the related ra-

diation hazards in various kinds of Cameroonian building materials were assessed. The following

conclusions can therefore be retained:

1. The average value of the concentrations have been found lying within the range 1.99±0.22-

49.57±0.33, 0.35-138.89±12.51, 18.75±2.12-1161.46±107.97 Bq kg−1 for 238U, 232Th and

40K respectively.

2. The lowest value of 238U concentration has been found in ”traditional marble” and the

highest in compressed soil-brick type I, whereas the 232Th and 40K lowest concentrations

have been found in industrial by-product marble and the highest in gravel collected in

Logbadjeck.

3. The radium equivalent activities ranging from 10.5 to 315.51 Bq kg−1 have been found

lower than the maximum admissible value 370 Bq kg−1 set in the UNSCEAR report.

4. The adsorbed dose rate in air was found to vary from 4.54 to 152.33 nGy h−1, and the

corresponding effective dose ranging from 22.28 to 747.30 µSv yr−1 was found lower than

the value 1.5 mSv yr−1 set in the OECD report .

In regard to the above results, except the LOGBADJECK gravel which has shown an annual

effective dose 1.62 times the worldwide average for soils, all the investigated samples can be

safely used as building materials for dwelling constructions. Indeed, these results are to be

considered just for local building materials. In fact Cameroon also imports building materials

and more investigations are needed to estimate the average exposure of people living in Cameroon

dwellings.
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Table 1: Natural radioactivity concentration in buildings materials used in Cameroon

Type of BM Location Specific acti-
vity(Bq kg−1)

238U 232Th 40K

Sand Wouri sea Range 13.49-14.86 30.34-31.81 572.87-598.29
Mean 14.23±1 31.25±1 586.33±12.77

Benoue sea range 7.26-8.87 7.62-8.32 201.3-234.6
Mean 7.33±1.21 8.74±1.1 226.76±20.59

Moungo sea range 6.69-8.08 10.86-12.78 230.68-242.65
Mean 7.52±1 11.61±1 237.2±6.10

Portlant cement Cimencam company Range 22.39-29.62 14.56-15.67 258.94-291.38
(CPJ 35 by-product) Douala Mean 27.01±4 15.24±0.6 276.53±16.39
Calcareous Roca company Range 3.4-5.95 0.67-1.2 101.94-110.92

Figuil Mean 4.68±1.3 1.02±0.25 105.9 ±4.58
Red-CSBa type I Yaounde Range 49.21-49.84 89.5-93.78 167.42-176.26
(by-products) Mipromalo lab. Mean 49.57±0.33 91.28±2.22 171.96±4.42
Red-CSB type II Yaounde Range 22.48-24.46 36.64-38.52 33.11-36.22
(by-products) Mipromalo lab. Mean 23.4±1 37.45±1 34.35±2.82
Gravel Logbadjeck Range 21.45-26.37 124.51-147.2 1036.81-1226.29

Mean 24.47±2.64 138.89±12.51 1161.46±107.97
Red-soils bricks Yaounde Range 33.46-41.06 78.22-82.57 -

(by-products) ENSPb Mean 37.72±3.88 80.5±2.17 -
Traditional- Pouma Range 1.76-2.2 4.12-5.63 418.07-451.63
marbles Mean 1.99 ±0.22 5.02±0.8 429.94±18.81
Gravel Ombe Range 19.02-19.89 24.13-27.51 294.53-328.51

Mean 19.44 ±0.43 26.07±1.74 303.92±22.85
Black-clay Garoua Range 22.81-25.79 41.78-45.13 447.6-451.95

Mean 24.14±1.51 43.56±1.70 449.22±2.37
Gnesis Mipromalo lab. Range 15.12-16.85 32.81-39.67 427.58-485.84

Yaounde Mean 16.18±1 37.3±3.88 459.73±29.59
Tiles Mipromalo lab. Range 15.13-17.05 12.69-13.96 -

Yaounde Mean 16.37±1 13.75±1 -
Ceramic aggregate Yaounde Range 11.3-13.13 18.63-22.64 301-436
(white cement+gness) Mipromalo lab. Mean 12.22±1 20.4±2.45 318.76±15.58
Marbles Roca company Range 6.63-9.79 0.32-0.48 18.16-20.98
by-products Figuil Mean 8.21±1.6 0.35 18.75±2.12

aCompressed Soil-Brick
bEcole Nationale Supérieure Polytechnique
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Table 2: Radium equivalent activity, external hazard index absorbed dose rate and annual
effective dose in BM used in Cameroon

Building Material type Raeq Hex Ḋ ḢE

(Bq kg−1) (nGy h−1) (µSv yr−1)

Wouri sand 104.06 0.28 51.97 254.97
Benoue sand 37.28 0.10 18.66 91.57
Moungo sand 42.38 0.11 21.09 103.49
Portland cement 70.1 0.19 33.51 164.40
Calcareous 14.29 0.038 7.22 35.45
Red-CSB type I 193.34 0.52 88.98 436.53
Red-CSB type II 79.59 0.21 36.26 177.88
Gravel (Logbadjeck) 312.51 0.84 152.33 747.30
Red-soil brick 152.83 0.41 69.39 340.43
Traditional marble 42.27 0.11 22.66 111.16
Gravel (Ombé) 80.12 0.21 38.62 189.49
Black-clay 121.02 0.32 58.46 286.78
Gnesis 104.91 0.28 51.37 252
Tiles 36.03 0.097 16.1 78.94
Ceramic aggregate 65.93 0.17 32.43 159.08
By-product marble 10.15 0.027 4.54 22.28
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Table 3: Comparison of activity concentration and Raeq in building materials used in Cameroon along with that of other countries

Type of Country Activity Raeq Reference
BM concentra (Bq.kg−1)

tion (Bq.kg−1)
226Ra 232Th 40K

Sand Algeria 12±1 7±1 74±7 28±7.1 Amrani et al., 2001
Bangladesh 14.53±8.23 34.78±2.4 303.11±141.91 87.52±38.05 Mantazul et al., 1998
Brazil 10.2±6.3 12.6 51±1 34.0 Malanca et al., 1995
Egypt 9.2 3.3 47.3 16.6 Sharaf et al., 1999
Greece 18±7 17±10 367±204 - Stoulos et al., 2003
India 9.4 52.05 65.5 84.15 Kumar et al., 2003
Kuwait 7.9±0.7 7.2±0.3 360±14 45.4 Bou-Rabee et al., 1996
Malaysia 60±3 13±2 750±53 136±33 Ibrahim N., 1999
Pakistan 25.1 14.6 188.1 (41.1-85.6)60.5 Ahmad et al., 1997
Zambia 24±1 26±2 714±17 117±12 Hayambu et al., 1995
Cameroon 14.23±1 31.25±1 586.33±12.77 104.06 This work

Portland Algeria 41±7 27±3 422±3 112±8.1 Amrani et al., 2001
cement

Bangladesh 62.28±9.66 59.41±7.35 328.98±22.42 172.81±19.75 Mantazul et al., 1998
Egypt 31.3 11.1 48.6 50.9 Sharaf et al., 1999
Greece 20±5 13±3 247±68 - Stoulos et al., 2003
Hong Kong 42.56 - - - Man et al., 1998
India 45.92 42.3 36.16 108.5 Kumar et al., 2003
Italy(Sicily) 38±14 22±14 218 92±50 Rizzo et al., 2001
Jordan 45.8 12.0 201.1 (78.7-77)78.5 Ahmad et al., 1997
Kuwait 12.6±0.8 9.3±0.5 240±3 45.1 Bou-Rabee et al., 1996
Malaysia 51±1 23±1 832±69 188±27 Ibrahim, 1999
Qena city(Egypt) 134±67 88±35 416±162 - Ahmed N.K., 2005
Zambia 23±2 32±3 134±13 79±11 Hayambu et al., 1995
Cameroon 27.01±4 15.24±0.6 276.53±16.39 70.1 This work
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Table 3: cont.

Red-clay Algeria 65±7 51±5 675±4 190±9.5 Amrani et al., 2001
bricks

Bangladesh 29.47±6.33 52.50±12.19 292.25±43.65 127.14±9.85 Mantazul et al., 1998
Brazil 46.8±19.4 119.9±110.6 322±152 247.7±170.3 Malanca et al., 1993
Egypt 24.5 24.4 227 77 Sharaf et al., 1999
Egypt 24.0 24.1 258 78 El-Tahawy et al., 1995
Greece 35.6 51.5 732 - Savidou et al., 1995
Greece 35±11 45±15 710±165 - Stoulos et al., 2003
Hong Kong 82±3.6 - - - Man et al., 1998
India 18.03 33.33 44.8 69.15 Kumar et al., 2003
Kuwait 11.9±0.7 6.6±0.2 332±4 41.6 Bou-Rabee et al., 1996
Malaysia 241±3 51±4 7541±272 895±107 Ibrahim N., 1999
Qena city(Egypt) 33±20 37±17 511±158 - Ahmed N.K., 2005
Zambia 32±2 81±7 412±19 180±22 Hayambu et al., 1995
Cameroon 49.57±0.33 91.28±2.22 171.96±4.42 193.34 This work

Gravel Bangladesh 25.26±6.28 54.71±12.91 228.4±31.38 121.29±22.63 Mantazul et al., 1998
Egypt 9.8 3.5 62.4 19.7 Sharaf et al., 1999
Pakistan 33 32 57 - Iqbal et al., 2000
Cameroon

Logbadjeck 24.47±3.72.64 138.89±3.712.51 1161.46±3.7107.97 312.51 This work

Ombé 19.44±3.70.43 26.07±3.71.74 303.92±3.722.85 80.12 This work

Industrial Algeria 23±2 18±2 310±3 73±4.1 Amrani et al., 2001
Marble

Jordan(Azraq) 20.1 11.4 85 42.9 Ahmad et al., 1997
Kuwait 3.9±0.5 0.22±0.08 3.7±0.5 4.2 Bou-Rabee et al., 1996
Qena city(Egypt) 205±83 115±60 865±392 - Ahmed N.K., 2005
Cameroon 8.21±1.6 0.35 18.75±2.12 10.15 This work

Tiles Zambia 52±18 96±22 - - Hayambu et al., 1995
Cameroon 16.37±1 13.75±1 - 36.03 This work

15



��
��
��
��

��
��
��
��

��
��
��

��
��
��

�
�
�
�

��
��
��
��

��
��
��

��
��
��

��
��
��

��
��
��

sand 

Marble

Black−clay

Tiles

Ceramic agregate

Portland cement

Red−soil brick

Calcareous

Traditional marble

Gneiss

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

E

(1, 2, 6, 7, 9, 12, 14)
Yaounde

Ombe(15)

Garoua

(5, 4)

Figuil

(3, 10)

LEGEND

(4, 8, 13)

South−west
Centre

  N

09o 10o 11o 12o 13o 14o 15o 16o

o

o

2 38’

38’

o

o4 38’

o5 38’

o6 38’

o7 38’

o8 38’

o9 38’

o10 38’

o12 38’

1

3 38’

11o38’

Red compressed soil− brick I

Red−compressed soil− brick II

(14)

Gravel

Red−mud brick
(15)Douala

Littoral

North 

Figure 1: Cameroon map with sampling location
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Figure 2: γ-ray spectra: a) Logbadjeck Gravel (high concentrations), b) industrial by-product
marble (low concentrations)
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Figure 3: Mean activity concentration in buildings materials used in Cameroon

Figure 4: Radium equivalent activity and absorbed dose rate for buildings materials used in
Cameroon
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