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Introduction 

Natural radionuclides occur naturally in terrestrial soils and 

rocks and in building materials. Upon decay, these radionuclides 

produce an external radiation field to which mankind are 

exposed. Studies and survey of these radioactive elements in our 

living environment are of great importance and interest in health 

physics not only for many practical reasons but for more 

fundamental scientific reasons. The progressive development of 

radiation and radioactive isotopes in industries and other 

contaminating technologies necessitate the evaluation of 

background dose rate to detect humanly manufactured 

contamination to protect the population and the environment [1]. 

Soil radionuclide activity concentration is one of the mains 

determinants of the natural radiation background [2]. Soil is 

mineral deposits formed through the weathering and erosion of 

rocks. The deposits found at different trace levels within the soil 

contain natural radionuclides that contribute to external gamma 

radiation. The distributions of these radionuclides in various 

soils are related to the nature of the parent rock from which the 

soils are derived and the processes through which the soils are 

concentrated [3, 4]. In addition to the natural sources, soil 

radioactivity may also be affected by man-made radionuclide 

such as 
137

Cs, 
134

Cs, 
90

Sr etc resulting from nuclear weapon 

atmospheric weapons testing conducted in the past century and 

nuclear accidents [2]. External exposure to high level of these 

non-natural radionuclides can result in malignant tumors and 

shortening of life. Nonetheless, NORM concentration in soil can 

also be increased above average natural background level 

through specific industrial activities, including waste products 

from the companies. 

The aim of the present study tends to determine the specific 

activity of 
235

U, 
238

U, 
137

Cs, 
133

Xe using high purity germanium 

HPGe detector and measurement of dose rate due to γ-rays using 

an In situ survey meter of the soils samples obtained from two 

campuses of University of Douala-Cameroon.  

 

The Study Area 

The field experiment was carried out at the two campus of 

the University of Douala - Cameroon (04° 03’14.8ʺ - 04° 

03’29.7ʺ N and 09° 44’00.1ʺ - 09° 44’45.2ʺ W). The studied 

sites are located within the Douala-Bassa zone where the 

geology of the region is compromised by the sedimentary rocks 

namely by the tertiary to quaternary sediments as seen in figure 

1 below. These sedimentary rocks found in the Douala-Bassa 

zone (within the Douala basin) consist of poorly consolidated 

grits and sandstones that occasionally display bedding with a 

few intercalations of limestone and shale. Soils in Douala-Bassa 

zone vary from yellow through brown to back, freely drained, 

sandy ferralitic. It is sand at the top and sandy clayey at the 

subsoil [5].  

The climate of Douala metropolis is uniform and is 

described as a particular equatorial type called “Cameroonian” 

marked by lengthy rainy season (at least nine months), abundant 

rainfall (about 4000 mm per annum), high and stable average 

annual temperatures (26.7°C). The main relative air humidity 

remains high throughout the year with a mean value of 82.6%.  
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ABSTRACT 

An evaluation of 
238

U, 
235

U,
 137

Cs and 
133

Xe in soils from two campuses in university of 

Douala-Cameroon using gamma spectroscopy based Broad Energy Germanium Detector 

(BEGe6530) has been performed. The mean activities in soils from Campuse 1 were 

40.16±8.98 Bq/kg for 
238

U, 3.39±0.33 Bq/kg for 
235

U, 0.46±0.33 Bq/kg for
 137

Cs and 

0.14±0.16 Bq/kg for 
133

Xe. In Campus 2, the mean activities in soils were 31.45±12.24 

Bq/kg, 3.02±1.00 Bq/kg, 0.30±0.26 Bq/kg and 0.35±0.24 Bq/kg for 
238

U, 
235

U, 
137

Cs and 
133

Xe respectively.  Using the In situ survey meter, the mean values of the absorbed dose rate 

measured was 71.43 nGy/hr for Campus 1 and 62.72 nGy/hr for Campus 2. The evaluated 

average outdoor effective dose for Campus 1 and 2 were 87.60 µSv/yr and 76.93 µSv/yr 

respectively. The overall results obtained in this work were generally low compared to that 

of UNSCEAR.  
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Samples Collection and Preparation Techniques   

Eighteen soil samples were randomly chosen for all over the 

two campus of the University of Douala (seven from Campus 1 

ESSEC situated at Ange-Raphael and eleven from Campus 2 

located at Ndong-Bong Douala-Bassa). Each soil samples was 

collected from five subsamples in an area of approximately 1m
2
 

and up to a typical depth of about 20 cm from the top surface 

layer. The subsamples were mixed thoroughly to make a 

composite sample and packed into its own secure polyethylene 

bag to prevent contamination. In order to cover the study site 

and to observe a significant local spatial variation in terrestrial 

radioactivity, the sampling points at each site of the study area 

were selected at a minimum distance of 300 m from one 

another. Each sampling point was marked using a global 

positioning system (GPS) as shown in Table 1. The samples 

were transferred into the laboratory after they were labelled 

accordingly. 

At the laboratory, the samples were air dried in an oven for 

24 hours at a temperature of 105
0
C. The dried samples were 

grinded into powder and sieved through a 2 mm wire mesh to 

obtain a uniform particles size. In order to maintain radioactive 

equilibrium between 
226

Ra and its daughters, the soil samples 

were then packed in a 360 ml air tight polyethylene cylindrical 

container, dry-weighed and stored for 32 days to attain secular 

equilibrium between the long-lived parent and daughter 

nuclides. 

Table 1: Sampling Locations Marked using GPS 

Sample ID Longitude Latitude 

C1-01 04°03'20.8'' 09°43'57.6'' 

C1-02 04°03'25.1 09°44'00.1'' 

C1-03 04°03'22.6'' 09°44'07.1'' 

C1-04 04°03'19.7'' 09°44'04.1'' 

C1-05 04°03'17.2'' 09°44'02.9'' 

C1-06 04°03'14.8'' 09°44'08.0'' 

C1-07 04°03'16.7'' 09°44'11.0'' 

C2-08 04°03'29.7'' 09°44'26.5'' 

C2-09 04°03'31.0'' 09°44'30.3'' 

C2-10 04°03'22.0' 09°44'30.0'' 

C2-11 04°03'25.1'' 09°44'36.8'' 

C2-12 04°03'21.5'' 09°44'39.0'' 

C2-13 04°03'16.5'' 09°44'39.8'' 

C2-14 04°03'18.4'' 09°44'37.5'' 

C2-15 04°03'16.8'' 09°44'35.5'' 

C2-16 04°03'24.9'' 09°44'42.2'' 

C2-17 04°03'21.2'' 09°44'45.2'' 

C2-18 04°03'18.2'' 09°44'42.7'' 

Experimental 

Each sample was counted for 86400 sec. for effective peak 

area statistics of above 0.1%. Following the sample analysis 

process, the specific activity concentration in Becquerel per 

kilogram (Bq.kg
-1

) for each radionuclide was calculated 

automatically by Genie-2000 software based on the following 

equation: 

( )
i

sp

i S

CR
A

E P M C


  

                                    (1) 

S B

s B

N N
CR

t t
 

           (2) 

where CR=count rate, Ns = net counts of the radionuclide in 

the samples; NB = net counts of radionuclide in the background; 

Pγi = gamma emission probability (gamma yield); ε(Ei) = peak 

efficiency of the detector at energy Ei; ts = sample counting 

time; tB = background measuring time; Ms = mass of the sample 

(kg) and C = cascade summing correction coefficient. 

Assuming a state of secular equilibrium between 
238

U and 
232

Th and their respective decay daughter products, the 

following relatively intense gamma-ray transitions were used to 

measure the activity concentrations for the above-mentioned 

radionuclides.  

a) 
238

Uspecify activity was calculated using the gamma-ray line 

1001.03 keV of 
234m

Pa 

b) 
235

U was determined using its direct gamma-rays photopeak 

185.71 keV. Interference correction due to the presence of 186.2 

keV energy peak of 
226

Ra has been taken into account and 

subtracted accordingly. 

c) 
137

Cs was directly determined by using 661.66 keV gamma-

ray line. 

d) 
133

Xe was determined using its direct gamma-rays photo-peak 

81.00 keV 

Annual Effective Dose Equivalent 

The absorbed dose rate in air at 1 metre above the ground 

surface was measured. In Situ measurement does not directly 

provide the radiological risk to which an individual is exposed 

[7]. The absorbed dose can be considered in terms of the annual 

effective dose equivalent from outdoor terrestrial gamma 

radiation which is converted based on; 

- conversion coefficient from absorbed dose in air to effective 

dose and  

- outdoor occupancy factor.  

The annual effective dose equivalent was evaluated based 

on the published work by [8, 9]. 

Results and Discussions 

The activity concentrations of 
238

U, 
235

U, 
137

Cs and 
133

Xe in 

soil samples from the University of Douala-Cameroon have 

been measured and presented below in Table 2.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

In Campus 1, the specific activities concentration of 
238

U 

and 
235

U varied from 29.53±11.66 Bq/kg (C1-02) to 

58.08±11.92 Bq/kg (C1-04) with an average of 40.16 Bq/kg and 

3.02±0.25 Bq/kg (C1-04) to 3.98±0.33 Bq/kg (C1-01) with 

average value of 3.39 Bq/kg respectively. In the studies of the 

specific activities of the two isotopes, the noble gas xenon-133 

(
133

Xe) and the aerosol-bound caesium-137 (
137

Cs), which have 

very different release characteristics as well as behavior in the 

atmosphere, 
133

Xe was observed to vary from 0.13±0.08 Bq/kg 

(C1-07) to 0.45±0.09 Bq/kg (C1-05) with an average value of 

0.14 Bq/kg and 
137

Cs was 0.28±0.06 Bq/kg (C1-07) to 1.01±0.09 

Bq/kg (C1-06) with an average value of 0.46 Bq/kg respectively.  

 
2

1

1

1

N

i

i

SD x x
N 

 



 

where SD= Standard Deviation, N= number of sample, 
ix = 

specific activity of i
th

 radionuclide and x = average activity 

concentration. 

In Campus 2, the specific activity concentration of 
238

U, 
235

U, 
137

Cs and 
133

Xe ranged from 22.16±10.53 Bq/kg (C2-14) to 

42.82±10.41 Bq/kg (C2-12) for 
238

U with an average value of 

31.45 Bq/kg; 0.72±0.44 Bq/kg (C2-08) to 3.74±0.33 Bq/kg (C2-

18) for 
235

U with a mean of 3.02Bq/kg; 0.17±0.05 Bq/kg (C2-

09) to 0.95±0.08Bq/kg (C2-18) for 
137

Cs with an average value 

of 0.30 Bq/kg and 0.02±0.04 Bq/kg (C2-14) to 0.76±0.11 Bq/kg 

(C2-13) with a mean value of 0.35 Bq/kg respectively. 

It can be seen from the Table 2 above that the specific 

activity of 
238

U in all measured soils samples from campus 1 & 2 

is compared to be higher than those of 
235

U.  
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These differences in the content of 
235

U and 
238

U in the 

collected soil samples is attributed to the abundances of both 

isotopes in the entire earth i.e. 
235

U (0.75%) and 
238

U (99.28%). 

However, the mean specify activity of 
238

U obtained in campus 

1 is high compared to the established value of UNSCEAR [6]. 

The mean value of 
238

U obtained in Campus 2 is observed to be 

slightly lower than the safe value of UNSCEAR [6].  Even 

though the collected soil samples in both sites originate from the 

same geological formations as shown on the geology map 

represented in figure 1, the high content of 
238

U in sample from 

campus 1 compared to the 
238

U content found in sample from 

campus 2 may result from the irregularities in the distribution of 

the uranium rock matrices. This might also depend on the 

structural and geochemical composition.  

The aerosol-bound caesium-137 (
137

Cs) and the noble gas 

xenon-133 (
133

Xe) were found to be low in the collected samples 

from the two campuses of the University of Douala-Cameroon.  

However, the presence of these trace amount of radionuclides in 

the studied soil samples might be as result of human 

anthropogenic activities since these sites were used in the past as 

a dumping ground of residues from HYSACAM industry before 

the construction of the University of Douala. Another attributes 

for the presence of the trace 
137

Cs and 
133

Xe in the soils samples 

might result from the fallout of the nuclear weapon testing that 

might have travelled long distances due to some of the 

atmospheric activities.  

In terms of the ionising radiation affects as shown in Table 

2, the measured absorbed dose using the In Situ survey meter 

ranged from 60 90 nGy/h to 90 nGy/h with a mean of 71.43 

nGy/h in Campus 1 and from 5090 nGy/h to 80 nGy/h with an 

average of 62.72 nGy/h in Campus 2. The estimated annual 

outdoor effective dose obtained from the direct absorbed dose 

measured in the present study varies from 73.36 µSv/y to 110.38 

µSv/y for Campus 1 with a mean of 87.60 µSv/y and 61.32 

µSv/y to 98.11 µSv/y for Campus 2 with an average of 76.93 

µSv/y. The obtained values of the absorbed dose rate in air 

measured In Situ in the present investigation are comparably low 

than the recommended values of 18.00 nGy/h to 93.00 nGy/h 

(average value of 60 nGy/h) by UNSCEAR [6]. The estimated 

average annual outdoor effective dose obtained from the 

absorbed dose rate measured In Situ in the present study is 

compared to be slightly high in Campus 1 than the safe limit of 

70µSv/y by UNSCEAR [6] whilst the value obtained in Campus 

2 is comparably the same with the safe limit value.  These 

variations are due to due to the variation of the background 

radiation in the investigated areas. 

Conclusion  

The natural and anthropogenic radioactivity concentrations 

of 
238

U, 
235

U, 
137

Cs and 
133

Xe have been determined in soils 

samples from two campuses of University of Douala. The 

observed specify activities due to 
238

U in all samples from both 

campuses were relatively higher compared to specify activities 

due to 
235

U due to the irregular distribution of these 

radionuclides in soil matrices. The trace amount of 
137

Cs and 
133

Xe were observed in the investigated soil samples to emanate 

from the human anthropogenic activities and dumping residues 

from HYSACAM industry in the past before the construction of 

the University. The measured average absorbed dose rate in air 

is relatively high in Campus 1 and low in Campus 2. The 

average annual outdoor effective dose from the absorbed dose 

Table 2: Specify activities of 
238

U, 
235

U, 
137

Cs and
 133

Xe in soil samples from Campus 1 and 2 of the University of Douala 

Sample ID 
Specific Activity (Bq/kg) Radiological health parameters 

238U 235U 137Cs                  133Xe AD (nGy/h) AEDE (µSv/y) 

C1-01 41.45±6.97 3.98±0.33 0.56±0.06 ND 60.00 
73.58 

C1-02 29.53±11.66 3.24±0.17 ND ND 80.00 
98.11 

C1-03 33.96±9.74 3.16±0.29 0.39±0.12 0.24±0.04 60.00 
73.58 

C1-04 58.08±11.92 3.02±0.25 0.31±0.06 ND 60.00 
73.58 

C1-05 41.38±11.61 3.38±0.30 0.70±0.13 0.45±0.09 70.00 
85.85 

C1-06 39.45±10.42 3.69±0.32 1.01±0.09 0.18±0.08 80.00 
98.11 

C1-07 37.27±12.42 3.27±0.03 0.28±0.06 0.13±0.08 90.00 
110.38 

Av. Val.±SD 40.16±8.98 3.39±0.33 0.46±0.33 0.14±0.16       71.43    87.60 

    
  

 

C2-08 28.05±9.08 0.72±0.44 ND 
0.35±0.09 60.00 

73.58 

C2-09 ND 3.79±0.33 0.17±0.05 
0.09±0.06 70.00 

85.85 

C2-10 37.27±10.15 1.53±0.89 0.27±0.06 
0.44±0.10 70.00 

85.85 

C2-11 40.60±10.60 2.84±0.23 0.46±0.06 
0.27±0.04 60.00 

73.58 

C2-12 42.82±10.41 3.63±0.29 0.32±0.06 
0.32±0.09 50.00 

61.32 

C2-13 34.66±11.46 3.52±0.32 0.33±0.06 
0.76±0.11 60.00 

73.58 

C2-14 22.16±10.53 3.22±0.29 0.34±0.06 
0.02±0.04 50.00 

61.32 

C2-15 34.83±13.46 3.63±0.32 0.21±0.06 
0.50±0.04 70.00 

85.85 

C2-16 39.73±10.99 2.93±0.29 0.22±0.06 
0.64±0.12 60.00 

73.58 

C2-17 27.00±12.63 3.62±0.32 ND 
0.38±0.08 80.00 

98.11 

C2-18 38.82±11.25 3.74±0.33 0.95±0.08 0.05±0.02 60.00 73.58 

Av. Val.±SD 31.45±12.24 3.02±1.00 0.30±0.26 0.35±0.24    62.72       76.93 

UNSCEAR 33 - -       60.00     70.00 

Val = Value, ND =  Not Detected, C1= Campus 1, C2 = Campus 2 
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rate measured was slightly higher in Campus 1 than the safe 

limit of 70 µSv/y by UNSCEAR whilst in Campus 2 was 

comparably the same with the safe limit value by UNSCEAR 

[6].  
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