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Abstract

This paper presents an evaluation of 238U, 235U, 137Cs and 133Xe in soils from two campuses in university of Douala-Cameroon using gamma spectroscopy based Broad Energy Germanium Detector (BEGe6530). The mean activity of 238U, 235U, 137Cs and 133Xe in soils from two campuses in university of Douala-Cameroon were 40.16±8.98, 3.39±0.33, 0.46±0.33 and 0.14±0.16 Bq/kg for Campus 1; and 31.45±12.24, 3.02±1.00, 0.30±0.26 and 0.35±0.24 Bq/kg for Campus 2, respectively.  In terms of health scrutiny, the absorbed dose rate in air  at 1.0m above the ground  was measured  using an In situ survey meter and the annual effective dose was calculated. The mean values of the absorbed dose rate were 71.43 nGy/hr and 62.72 nGy/hr for Campus 1 and 2, respectively. The estimated average of the outdoor effective dose for Campus 1 and 2 were 87.60 µSv/y and 76.93 µSv/y, respectively. The results obtained in both  sites were found to be relatively high than the save limit of 70 µSv/y by UNSCEAR. The observed traces of 137Cs and 133Xe in the studied samples call for future investigation to seek for the origin of these radionucleides.  

The National Radiation Protection Agency (NRPA) within the activities planned in the Cameroon INSSP: “Establish and maintain national capability to provide technical support to front line detection capabilities and to categorize and characterize suspected radioactive material” will carry out investigations, considering that the radioactivity from the fallout nuclear tests since 1986 in the Sahara reached as far as West Africa (Nigeria) and the Central African Republic to the south.  More than 210 nuclear tests were carried out in North Africa between 1960 and 1996.  However, no research has been carried out in Cameroon in this domain after the Chernobyl catastrophe in 1886 and the Fukushima accident in 2011.
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1. 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 [1]. 

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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2. 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 1m2 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) . The samples were transferred into the laboratory after they were labelled accordingly. 

3. RESULTS AND DISCUSSION
The Absorbed Dose (AD) in air and the Annual Effective Dose Equivalent (AEDE) were calculated from the activity concentrations of nuclei 238U, 235U, 137Cs and 133Xe. The values were found to be above the UNSCEAR limits [3]. This is due to the higher values of   238U concentrations (average value of 40.16 Bq/Kg) in all the measured samples, which were above the UNSCEAR safe limit (33 Bq/Kg).
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Fig. I: Absorbed Dose (AD) in air and Annual Effective Dose
Bauivalent (AEDE) compared to UNSCEAR values




The isotopes of  Caesium  (137Cs) and Xenon (133Xe) known as artificial radionuclides were found at low level in the majority of the collected samples from the two campus of the University of Douala-Cameroon (mean values of 0.30 and 0.35Bq/Kg, respectively). The present of this trace amount of 137Cs and 133Xe  in the investigated soil samples might be as result of human activities
4. ORIGINS OF CAESIUM (137CS), XENON (133XE) AND URANIUM (235U) FOUND IN SOIL SAMPLES 
4.1. Introduction
Caesium-137 was deposited as fallout primarily during the late 1950s and the 1960s and in most environments was rapidly and strongly absorbed by soil particles at the ground surfaces. Subsequent redistribution of the radiocaesium reflects the movement of soil particles since the caesium-137 remains absorbed and moves in associated with the soil particles. If it is assumed that the initial distribution of the caesium-137 fallout input was uniform, the deviations in the measured distribution of caesium-137 from the local fallout inventory represent the net impact of soil redistribution during the period since caesium-137 deposition. Higher inventory indicates deposition and lower inventory indicates erosion. 
4.2. Relationship between nuclear tests in Algeria in the 1960s and caesium found in soil samples from the University of Douala
The publication of a hitherto classified "secret" map shows that the explosion of the first atomic bomb in Saharain 1960 caused a radioactive cloud in West Africa and Central for a fortnight. The publication of this map on the exact extent of radioactive nuclear fallout made in the Algerian Sahara atomic tests was greeted with great interest especially in the countries concerned. Cameroon may likely be concerned as regarding the results of some research work carried out but yet does not appear on the map ( where at least is considered from Nigeria). On February 14, 1960, was published in the newspaper "Le Parisien" a map showing radiation contamination due to those first nuclear tests in the Algerian Sahara.  There was a total of 17 tests in Sahara with 04 Jerboas multicoloured. The first nuclear test, Blue Jerboa is made ​​February 13, 1960. As a result of that, radioactive cloud was distributed in the nature. The Figures below show the areas or countries that may likely be contaminated during those nuclear tests in Sahara. 
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Figure 3: Radioactive impact of the nuclear tests in the Sahara and the rest of Africa. [2]

The site chosen, In Ecker is south Reggane and about 150 km north of Tamanrasset. The shots are made ​​of galleries, each dug horizontally into a granite massif of the Hoggar, Tan Afella. From November 1961 to February 1966, thirteen shots gallery are conducted four were not completely contained or confined (Beryl, Amethyst, Ruby, Jade)

The newspaper "Le Parisien" unveiled a map , classified "Secret defence" for decades on nuclear tests in the Algerian Sahara. This card has just been declassified under criminal investigation launched by veteran’s campaigns of nuclear tests in the Algerian Sahara. This map reveals that large areas of contamination are kept secret for decades, was published exclusively in Friday's edition of the newspaper "Le Parisien", revealing that declassified document shows the extent of the fallout nuclear tests in the Algerian Sahara in Algeria and the rest of the whole world [2], [6], [7] . "For the first time, people discovered the true extent of radioactive nuclear fallout from atmospheric tests carried out  in the Algerian Sahara," the newspaper writes. The impact of nuclear tests covered the entire North Africa and sub-Saharan even into the city of Douala in the large southern Cameroon [2] . The publication of this map showing the fallen Blue Jerboa on different countries of Black Africa is explicit. The radioactive cloud needed only one day to find the Chadian capital N'Djamena and Chad-Cameroon border Kousseri,  02 days to find Poli north, 03 days to arrive in the region of Adamawa and 04 days to reach the deep south Cameroon (where the area of Douala-Bassa). These clouds are not been without impact on radiology of contaminated sites and the inhabitants of these sites.
5. NUCLEAR SECURITY AND CAMEROON NATIONAL RADIATION PROTECTION

"Except that the standards of the time were much less stringent than now and that medical advances have since demonstrated that even at low doses, radiation can trigger, ten, twenty, or thirty years later serious illness. The zoning map of the impact of  "blue jerboa" shows that some radionucleides ejected in the air by explosions, such as the 131I or  137 Cs could be inhaled by people despite their dilution in the atmosphere and induce cancer or cardiovascular disease.
The CBTO station was installed in Edea Town of Cameroon to control any Nuclear activities in the Region.
The National Radiation Protection Agency of Cameroon (NRPA) was created in 2002 and started functioning in 2007. All the activities are carrying out to protect people and environment from harmful effect of ionizing radiations. In 2013, the Integrated Nuclear Security Support  Plan (INSSP) was established with the help of International Atomic Energy Agency (IAEA). The implementation of this plan will Establish and maintain national capability to provide technical support to front line detection capabilities and to categorize and characterize suspected radioactive. This preliminary studies will contribute to the achievement of these activities. Around 52 years after the explosion of the Blue Jerboa, cesium has not completely disappeared. Its half-life of around 30 years, two periods are insufficient for considering the negligible amount of radionuclide that remains in the environment today [5].  Cesium found in samples from the University of Douala certainly comes from these fallen nuclear tests in the 1960s in the African Sahara.
6. CONCLUSION
The natural and anthropogenic radioactivity levels of 238U, 235U, 137Cs and 133Xe have been determined in soil from the selected areas within the Douala-Bassa zone in the Littoral Region of Cameroon using gamma spectrometry based Broad Energy Germanium detector (BE6530). The Absorbed Dose (AD) in air and the Annual Effective Dose Equivalent (AEDE) were calculated from the activity concentrations of nuclei 238U, 235U, 137Cs and 133Xe. The values were found to be above the UNSCEAR limits. This is due to the higher values of   238U concentrations (average value of 40.16 Bq/Kg) in all the measured samples, which were above the UNSCEAR safe limit (33 Bq/Kg). The artificial isotopes of  Caesium  (137Cs) and Xenon (133Xe) known as artificial radionuclides were found at low level in the majority of the collected samples from the two campus of the University of Douala-Cameroon (mean values of 0.30 and 0.35Bq/Kg, respectively). The present of this trace amount of 137Cs and 133Xe is explained to be from the fallen nuclear tests in the 1960s in the African Sahara. This will be confirmed by the implementation of some activities in the Cameroon INSSP.
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