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Abstract
Theobjectives of thepresentworkwere to characterize the investigated soil usingEDXRFand to evaluate
the radioactivity concentrationof theprimordial radionuclides using gamma-ray spectrometry-based
HighPurityGermanium (HPGe)detector, Broad energy type (BEGe). Soil characterizationusingEDXRF in
thepresent studygives anoverviewof the geological originorprovenienceof the investigated area.As a
result, the analyzed soil samples canbe classified chemically as Fe-soil and are illustrative dregs fromthe
Continentalmarginbecauseof high concentrationofFe (its concentration ranged from14.78%to22.26%)
in all the investigated samples. TheplottingofAl2O3/SiO2 (%) as a functionof Fe2O3 andMgO (%) for the
eighteen samplepoints investigated fromDouala and thediagramfor the tectonicdiscriminationof
sedimentprovenance evidenced that all soil samples are residue fromPassivemargins. Theobserved activity
concentrationprofile of theprimordial radionuclides and the calculated radiumequivalent activity show
thatno significant radiological risk canbeobserved for inhabitantswithin the study areas.As regards to that,
theobtained results of the twoanalytical techniques couldbe viewedasbaselinedata for subsequent
investigationsonelemental characterization and radioactivity assessment in the studyarea.

1. Introduction

Recently, human technologyhasbeen improved and the interest in ‘how the environment influencehumanbeing’ is
increasingnowadays.Humanare interested in their exposure tonatural gamma-emitting radionuclide aswell the
elemental compositionof their environment since these factors can influence their understanding inpreventing
cancers (due to ionizing radiation), otherhealth effects (due to ingestionof heavymetal inwater throughwell
exploration,K), weatheringprocess that brings changes in their life.Many studies have beenperformed in view to
characterizedifferent samples anddetermine the risk related to theusedor being involved in contactwith such
material (geologicalmaterial, soil, sand, rock,water, air, foodstuff andothermain components that are involved in
humandaily activity). Themost usefulmethods beingusingnowadays are gamma spectrometry for gamma-ray
emitters characterization andx-rays spectrometry for x-rayfluorescence characterization.

The EnergyDispersive x-ray Fluorescence well known as EDXRFmethod, is a useful nuclear technic for
studying the elemental composition of soil sample in a large range of concentration, samples fromdifferent
geological texture andmatrices, inhomogeneous/homogeneous ones, and samples described as being formed
with differentmineral characterization and grain size as soil, sediments, sand andmineral as well as building
material and ancient archaeological objects. Typical examples of these kinds of samples are soil or geological
samples for whichXRF elemental analysis is worldwide used. It is then a subject of importance to characterize
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the environment where humans live andwheremany activities have been involved. Thewell-known x-ray
spectrometry technique permits quick and precise simultaneous analysis ofmany elements in this view
(Dziunikowski 1989, Agarwal 1991, VanGrieken andMarkowicz 1993, Tsuji et al 2005, Brjesson and
Mattsson 2007,Willis andDuncan 2008, Fittschen and Falkenberg 2011, Banas et al 2013).

Elemental and chemical characterization of geological samples, as well as soil’s, is worthwhile in different
scientific fields such as agriculture, geology, physics, biology or geography (Brjesson andMattsson 2007,
Fittschen and Falkenberg 2011, Banas et al 2013, Kubala-Kukus et al 2013). One of themain and generally used
topics of these analyses is the impact on environmental contamination of soil in term of heavymetal’s
concentration, the provenience of different soil thatmay be highly radioactive and the relation between chemical
composition and activity concentration. Information about the soil’s elemental composition is also relevant to
the knowledge of different processes as soil erosion andweathering, soil formation, its degradation and
disintegration, its origin and provenience aswell as in determining its geological till properties, useful for the
advancement of applied science nowadays. It is thus necessary to bring a comparison between the composition,
the structure and themorphology of different investigated samples and their origin and the reconstruction of
their geo-history or source. The chemical composition of the sample is also relevant andmust be considered in
the quantitative description. Due to its non-homogeneity, it relies onmorphological factors for is classification.
The assessment of the different geochemical signatures, soil’s quality, differentiating between the use of different
type of land, soil’s provenance and degradation are then functions of its physical and chemical properties
(Glasby et al 2004,Hernández et al 2007, Franz et al 2013,Manso et al 2013,Melquiades et al 2013,Melquiades
and Santos 2014Walling 2013,Natara deCastilhos et al 2015, Stockmann et al 2016). XRFmethod is generally
based onmajor,minor and trace elements’ determinationwhich composed geologicalmaterials. Environmental
study assessments are then subjects of the determination ofmajor element,minor’s and trace’s concentrations as
well as radioactive concentration (Navas et al 2007).Many investigations are performed nowadays in different
countries to access environmental radioactivity and associated radiological parameters.

The present study aims to analyze the soil samples from the coastal andmost popular city inCameroon,
namedBassa –zone in the Littoral Region of Cameroon using the EnergyDispersive x-ray Fluorescence technic
(Kheswa et al 2011, Kubala-Kukus et al 2013, Kubala-Kukus et al 2015, Baba et al 2016). In addition, radioactivity
and radiological properties of analyzed samples were assessed for evaluating the exposure risk to the inhabitants
of the studied area due to natural radiation.

To set gauges and national rules that are used for providing recommendations, it is always necessary to
evaluate the radioactivity level on the national territory. For this reason, particular attention has been paying on
the knowledge of radionuclide fixation in the soil in different nations and oftenworldwide (Beretka and
Mathew 1985, Guembou et al 2017a). Radioactivity level was also determined using high purity germanium
(HPGe) detectors based on gamma-ray spectrometry technic.

The interpretationwith regards to the variation of the sample’smatrix on the elemental characterization of
the sampleswas done accordingly. The qualitative and quantitative improvement of the soil sample analysis was
themainmotivation of the undertaken research that had been done concerning the site characterization, a new
and innovative subject in the region (Central Africa). It is a great interest in the research field since no data
concerning this subject is available. The paper describes the experimental devices andmeasurement as well as
the obtained results and discussion. The section conclusions summarize EDXRF andGamma spectrometry
studies of soil samples from the studied area.

2.Material andmethods

2.1. Study area
Thefield of the experiment is awell-known region that covers the two campuses of theUniversity ofDouala—
Cameroon, a site locatedwithin the basin ofDouala, named ‘Douala—Bassa’ zone (04° 03′14.8″–04° 03′29.7″N
and 09° 44′00.1″–09° 44′45.2″W). The geology of the site is characterized by sedimentary rocks from the tertiary
to quaternary sediments as shown infigure 1 (AsaahVictor et al 2006). The formation of the investigated area
consists dominantly of sandstoneswith a few intercalations of limestone and shale. The basin ofMungo consists
of poorly consolidate grits and sandstones that used to be displayed bedding. Soils from the study area vary from
yellow through brown to black ferralitic soils (AsaahVictor et al 2006). The details of the description of the study
area are presented in research done byGuembou et al (2017b, 2016). It is a part of the largest city of Cameroon
andCentral Africa where the average annual temperature fluctuated around the value of 27.0 °C (80.6 °F). The
studied area sits on high hydrologywithflowing rivers asWouri andDibamba and characterized by a tropical
climate. It typically features warmand humid conditions with an average annual humidity of∼83%and the
rainfall is a particularity of the area which experiencing around 3600 millimeters (140 in) average of
precipitation per year (WorldWeather Information ServiceWWIS 2016, Guembou et al 2017a, 2017b).
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2.2. Sample collection and pellets preparation
Composites of 18 soil samples were randomly sampled from the 02 campuses, 07 fromCampus 1 named ESSEC
situated at Ange-Raphael and 11 fromCampus 2 located atNdong-Bong (Douala—Bassa area). For details
concerning samplingmethod, the previously published research done byGuembou et al described the
methodology used in the present research (Guembou et al 2017a, Guembou et al 2017b,Guembou et al 2016).
The samples were labeled accordingly and transferred to the laboratory for specific preparation and analysis.
Samples were dried at 60 °C for 48 h once in the lab, ground and sieved to achieve homogeneous content with a
grain size less than 100 μmforXRFmeasurement. It was also dried at around 105 °C for 24 h in a special oven, a
tool for gamma spectrometry, ground and sieved for grain size less than 250 μmfor gamma spectrometry
preparation (Guembou et al 2016). The sampling procedure is presented in Figure 2.

2.3. EDXRF experiment
2.3.1. Portable energy dispersive x-ray fluorescence spectrometer (EDXRF)
The EnergyDispersive x-ray Fluorescence (EDXRF) instrument used in this research is a powerful tool that can
be very effective in the validation of both the absence and presence of certain elements in soil samples. This
commercial instrument could be employed to provide rapid detection of the presence of elements such as Pb,Ni,
As, Cr, Cd, Cu, Zn, andHg in geological samples (Radu andDiamond 2009).

The portable XRF spectrometer used during acquisition consists of aMOXTEK instrument with anRh x-ray
tube (Ag target, 50 kV, and 5W). The outcome radiations (x-rays) are collimated by a Ta (Z=73) collimator
bringing a 5 mmdiameter beam at the sample surface. All the samples are placed at the same distance of 55 mm
from the 10 mm from the SSDdetector. The SSD (Super SiliconDrift) detector used for experiments is a 25 mm2

detection areawith 500 μmthickness andwith 12.5 μm7Bewindow.More details are provided in the technical
usermanual. The energy resolution is 140 eV at 5.9 keV, which is about 2%value. The angle between the
incident and emitted beam is 90° (with 45° optimization preference between the incident collimated x-rays and
the normal to the sample’s surface) as figure 3 shows real system’s arrangement during acquisition. The
geometry arrangement is the optimizedmeasurement system so that the background noise due toCompton
Scattering can be reduced. The positioning of the sample was set at the focal point of the two laser beams for

Figure 1.The study area: Douala Bassa area.

Figure 2.Composite sample collectionwithin the sampling sites.
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efficient irradiation and detection. Specification on the x-ray generator shows that it was operating on 50 kV and
50 μAof 900-seconds acquisition’s time.Only experimental setup arrangements and conditions are set at the
laboratory; the detector and software used are provided by another scientist (Solé et al 2007, Blagoev et al 2013,
Smith et al 2015). This part of the studywas performed directly on the surface of different pellets realized in the
laboratory.Measurements were performed at three points of the sample surface and the considered result is the
mean of the three in the case of very lowdeviation. The experimental setup used to performour experiment was
proposed andwell described byWenbin (Blagoev et al 2013, Smith et al 2015) and is represented infigure 3.
Once acquired the XRF spectra, the PyMCA software packagewas used for data analysis and treatment.

2.3.2. Referencematerials and PyMCAdescription
To check the precision and accuracy of the x-ray fluorescence spectrometry technic in the evaluation ofmajor,
minor and traces components in soil samples, GeoReM reference samples were used. A total of four (04) samples
of reference were used for EDXRF calibration procedure. These samples were certified referencematerial (CRM)
andweremade and provided by theNational Institute of Standards andTechnology (NIST). It includedNIST -
SRM-610, PACS -2,MESS-3, and BE-N. These standard referencematerials (SRMs)were produced and certified
to facilitate the improvement of compound strategies for the analysis of elemental composition in geological
samples. Theywere prepared in rod form and have been sliced intowafers in the laboratory. SRM-610was used
in a special way: it contains almost all the elements present in the sample. It is used to detect the presence of any
element in the sample before refining its concentrationwith the other reference samples.

The configuration parameter of the acquisition systemmust be as straightforward as could be expected
under the circumstances tofit the requirements. The setup usedmust have been validated there before. PyMCA
(PythonMultichannel Analyzer)was used as software for analyzing the obtained results. It is an application that
relies on Python bindings bases onC++Qt programming toolkit. It is necessary to highlight here thatQt is a
C++ toolkit for cross-platformdevelopment (VanEspen et al 1977, Solé et al 2007, Kaniu et al 2012, Erick
Towett et al 2013, Baba et al 2016). Backgroundmeasurementwas subtracted from the sample’s experimental
data prior to the least squares fitting and interpretation of the fluorescence peaks. PyMCA implements a fitting
modewhere the continuum is portrayed by an analytical function prior to the determination of different
concentration (VanEspen et al 1977, Eivindsona andMikkelsen 2001). Calibration curve for EDXRF analysis IS
presented infigure 4 bellow and presented the range of energies of importance for elemental characterization.

The spectra (the calibration one and those from samples)were obtainedwith an equipment calibrated for
acquisition of energy gap ranged from0.12 to 30.5 keV covering the energy of Pb–Lα (10.552; 10.450), Pb–Lβ
(12.614; 12.623), Pb–Lγ (14.764); Th–Lα (12.969; 12.810), Th–Lβ (16.202; 15.624), Th–Lγ (18.983); U–Lα
(13.615; 13.439), U–Lβ (17.220; 16.428), U–Lγ (20.167) andK–Kα (3.314; 3.311), K–Kβ (3.590)where all
fluorescence lines are expressed in keV (Nicholas andZhang 1997).

The discriminant function of Roser andKorsch are also used for soils classification and provenance (Roser
andKorsch, 1988). It usesmajor detected elements as variables. Provenance discrimination diagrams construct
usingmajor and trace element concentrations are very useful and certain appropriate ones are used for the
provenance and tectonic assessment of sediment (Bhatia 1983, Taylor andMcLennan 1985, Bhatia and
Crook 1986). Some affecting factors are theirmoderately lowmobility in sedimentary processes aswell as their

Figure 3.Representation of the system of detection used (x-ray incident beam and the geometry) for experiment with SiliconDrift
Detector X-123SDD: θ varies in differentmeasurement but in our experiment, θ=45°.
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low residence time in seawater (high solubility and disintegration). Ti is very useful to assess this type of element
for such geological provenance determination of studied samples. Diagramswere plotted using themajor and
minor elemental concentration as function and variables at the same time.

2.4. Gamma-ray spectrometry
Radiometricmeasurements were performed following the procedure of counting individual photons
characterized by energy emitted fromdifferent radionuclides present in the investigated samples. Two analysis
using fairly similarmethods of detectors’ calibrationwere performedwithHPGeBE6530model (to assess
activity of two radionuclides: 226Ra and 232Thwith low photon energy) andwithGC0818-7600SLmodel (to
assess 40K radioactivity level which gamma-ray line is around 1460 keV higher than 226Ra and 232Th gamma-ray
lines) (Guembou et al 2016). The 295.2 and 351.9 keVof 214Pb and 1120.3 keVof 214Bi γ-ray emissionwere used
tomonitor the activity concentration of 226Ra. The case of 232Thwas resolved using the 911.2 and 969 keV 228Ac
γ-lines, while the 1460.8 keV gamma-ray linewas used directly for 40Kwith 95% confidence level uncertainties.

Guembou et al andmanyother authors presented themethodologyused for radioactivity assessment in the
present study (Guembou et al2016, 2017a, Tzortzis et al2004). The sample analysis processwas followed by the
calculation of activity concentration inBq/kg.Background subtractionwas done on each sample’ spectrumusing
Genie-2000 software v 3.2 and implemented algorithms accordingly (Genie 2000,Guembou et al 2016). This step
included cascades summing correction aswell as auto-absorption correction.

24 hwere set as counting time for the acquisition of each sample and the spectral analysis was done using
Genie 2000 software. The analyzing procedure included peak search, nuclide identification, activity and
uncertainty calculation,MDA (forMinimumDetectable Activity) and including coincidence summing and self-
absorption correction based on the following equation (Venkataraman et al 1999, Guembou et al 2016):
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MS, ε,Pγ,KSC,KSA, andKDC referred to activity concentration of radionuclide, count

rate for the sample, count rate for the background, sample’smass, efficiency, emission probability, cascade
summing correction, correction factor for self- attenuation, and decay correction factor for radionuclide
respectively (Venkataraman et al 1999,Mikael et al 2013, Guembou et al 2017b,Guembou et al 2016).
uncertainties on the computed values using the previous formula are calculatedwith the formula presented by
Guembou et al in 2018 (Guembou et al 2018,Hazou et al 2019).

To evaluate the radiation hazard connectedwith soils, the radium-equivalent activity (Raeq)was considered.
This parameter evaluates the activity concentration in Bq/kg of a radionuclide equivalent to 370 of 226Ra and
gives outdoors the external effective dose rate of 1 mSv/year. The Raeqwas defined in researches done bymany
authors (Guembou et al 2016,Ndontchueng et al 2014b, Beretka andMathew 1985) and is based on the
following relation:

Figure 4.Calibration curve for EDXRFmeasurement: the four elements used in this process areNIST-SRM610, PACS-2,MESS-3,
and BE-N.
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Ra A A A1.43 0.77 2eq Ra Th K= + + ( )

WhereAi referred to the activity concentrations of the ith element and expressed in Bq kg−1.

3. Results and discussion

Energy dispersive x-ray spectrometry analysis results formajor,minor and trace elements’ characterization are
reported in tables 1, 2 and shown infigures 5–7.

3.1. Concentrations ofmajor,minor and trace elements
Major and trace component investigationof eighteen (18) soil samples from the twocampuses ofDouala are
recorded in tables 1 and2.Table 1 shows themajor element concentrationof the soil samples. In campus1, themost
abundant elements found in all investigated soil samples are SiO2 (meanvalue of 45.85%) andFe2O3 (meanvalue of
17.79%). Thepresence ofTiO2,CaO,Al2O3,K2O, andMnO (withmean concentrationvalues of 10.10, 10.79, 5.11,
3.87 and3.87 in termof percentage respectively) is also relevant.CaO iswidely distributed in theEarth’s crustwith a
mean concentrationof 0.83% in this campus.Theminor (trace) elements such asNa2OandP2O5werenot detected
in themajor andminor analysis due to the settingof thedetection limit during experiments.

From campus 2, themost abundant elements found in all investigated samples are also SiO2 averaging
45.14%and Fe2O3 (mean value of 18.47%). The highest concentration of Fe2O3was 22.26% found in sample
UD9. The presence of TiO2, CaO, Al2O3, K2O, andMnO (withmean concentration values of 11.68, 9.31, 5.71,
2.95 and 4.11 in termof percentage respectively) is also relevant. The concentrations ofMgOvaried from0.69 to
1.04%with amean value of 0.86%. The concentration found in themajority of the investigated soil samples put
into evidence that the analyzed sample can be classified as Fe-soil (or Fe-sand as presented bymany other
scientists) due to the concentration of Si and Fe in analyzed samples. This has been suggested after investigating
the concentration of Fe in different soil samples. It is not very surprising that the concentration of Fe in samples
is a little high compared to the same analysis in different countries.Many reasonsmay explain this high Fe
concentration in the investigated samples, Douala Bassa area is the primary site for industrial activity in
Cameroon aswell as inCentral Africa sub-region. In addition, the history of the campus shows that it was the
valley of waste early the foundation of the city ofDouala. Themineral composition of the parent rock (the
primary geological formation)may be also one of themain reason for the high concentration of Fe.

Table 2 shows the trace elemental concentration of the soil samples. Themost detected trace elements found
in all investigated soils are S, Ca, Cr, Ni, Cu, Zn,Ga, As, Sr, Zr, Nb andAgwithmean concentration values of
240.0, 30.8, 5.3, 75.4, 23.6, 31.1, 2.4, 11.8, 3.1, 32.6, 2.0 and 21.7 μg/g for the samples fromCampus 1 and 227.0,
26.6, 6.3, 76.0, 22.0, 26.2, 2.2, 11.6, 3.4, 29.9, 2.4 and 21.8 μg/g for the samples fromCampus 2 respectively.

Tables 1 and 2 highlighted the differences in the elemental content found in investigated soil and these data
can be included in the baseline data inCameroon as well as in the sub-region of Central Africa. The soil’
composition varies slightly fromone sampling point to another. These differences are evidenced (or observed) in
figure 5 and in tables 1 and 2, where themean elemental content of all the elements obtained in eighteen analyzed
soil samples is presented. Itmay be due to the non-uniform distribution of soil characteristics and geological and
geochemical properties on the Earth. The agreement between obtained values of elemental concentrationwith
literature are presented in different research studies (Baba et al 2016, Banas et al 2013, Erick Towett et al 2013,
Franz et al 2013, Kaniu et al 2012, Kubala-Kukus et al 2015) and this was observed using PyMCA.

Figure 5 presents EDXRF spectra of soil samples fromCampus 1, and similar spectra fromCampus 2were
analyzed after acquisition simultaneously and presented in detail in theAnnex section, figures A1, A2, andA3.

It can be also observed from theobtained result that the calibrationprocedurewaswell done because all
elements’peaks arefixed at the sameenergy range (no translation of peaks can beobserved)but just a difference in
the count rate. For example, the concentration of Fe indifferent soil samplewas concentrated into 14.78 to 22.26%.
A slight variation canbeobserved (due to thebackground anddifference found indifferent samples) and can be
explained as the low statistical variation duemeasurement time and equipment and the history of the studied site
previously explained. The observed variation probably suggests the different concentrations found in soil samples
due to their age, their origin (geologicalmaterialswhichwere included in their formation) anddifferent past
human activities. In this part, it is important to notice that the two studied siteswere thedischargingwaste site of
theurban community ofDouala early its foundation.This discharging ofwaste also justified the higher level
concentration ofK2O in the studied site comparing to other sites around theWorld (Baba et al2016, ErickTowett
et al 2013, Kaniu et al 2012, Kubala-Kukus et al 2015). It is necessary tofix backgroundfluctuations in the case that
the interest is about the peak determination and the related concentration values.

Low content of Cr,Ni, Cu, Zn, As, Sr, Zr, andAgwere found in the investigated samples, thus, does not
exclude the possibility of environmental pollution. It shows the necessity of yearly assessment of radioactivity
and heavymetal pollution. This can be done bymeasuring the elemental concentration of different elements
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Table 1.Concentrations ofmajor compounds and their standard deviation (s) in terms of percentage (%) of all soil samples from the two campuses.

Sample Point SiO2 s Al2O3 s K2O s Fe2O3 s TiO2 s MgO s CaO s MnO s

UD1 48.55 0.24 5.21 0.09 6.99 0.12 17.04 0.02 7.84 0.03 0.80 0.03 9.64 0.11 2.17 0.44

UD2 48.76 0.11 7.26 0.11 3.51 0.10 21.08 0.02 12.56 0.04 0.98 0.03 1.82 0.08 2.07 0.60

UD3 44.53 0.09 4.83 0.08 4.99 0.11 15.87 0.01 8.35 0.03 0.74 0.02 14.98 0.12 3.87 0.43

UD4 51.92 0.10 4.43 0.08 3.13 0.10 17.68 0.02 5.56 0.02 0.83 0.02 12.06 0.11 2.64 0.42

UD5 45.66 0.09 4.68 0.08 2.52 0.09 17.00 0.02 10.84 0.03 0.79 0.02 11.03 0.10 5.61 0.41

UD6 40.57 0.09 4.21 0.08 2.65 0.10 18.25 0.02 13.21 0.03 0.85 0.02 12.09 0.11 6.54 0.45

UD7 40.93 0.09 5.14 0.09 3.28 0.11 17.64 0.02 12.34 0.03 0.82 0.03 13.94 0.12 4.20 0.47

Min 40.57 0.09 4.21 0.08 2.52 0.09 15.87 0.01 5.56 0.02 0.74 0.02 1.82 0.08 2.07 0.41

Max 51.92 0.24 7.26 0.11 6.99 0.12 21.08 0.02 13.21 0.04 0.98 0.03 14.98 0.12 6.54 0.60

Average 45.85 0.12 5.11 0.09 3.87 0.10 17.79 0.02 10.10 0.03 0.83 0.03 10.79 0.11 3.87 0.46

UD8 39.11 0.08 4.53 0.07 2.41 0.10 14.78 0.02 6.78 0.02 0.69 0.02 25.16 0.13 5.09 0.34

UD9 48.39 0.10 6.98 0.11 3.11 0.10 22.26 0.02 11.57 0.03 1.04 0.03 2.71 0.08 2.15 0.45

UD10 45.38 0.09 5.56 0.09 2.75 0.09 18.07 0.02 15.81 0.04 0.84 0.03 7.41 0.10 2.45 0.47

UD11 49.31 0.10 6.08 0.10 3.33 0.10 19.38 0.02 11.75 0.03 0.90 0.03 3.34 0.08 4.08 0.53

UD12 49.88 0.09 4.66 0.08 2.27 0.09 15.56 0.01 6.23 0.02 0.73 0.02 14.86 0.11 4.37 0.38

UD13 45.03 0.10 6.59 0.10 3.40 0.10 20.58 0.02 13.87 0.04 0.96 0.03 3.31 0.09 4.53 0.59

UD14 45.87 0.10 5.81 0.09 2.60 0.09 19.78 0.02 14.86 0.04 0.92 0.03 3.25 0.08 5.08 0.52

UD15 52.46 0.11 6.26 0.10 2.93 0.09 20.31 0.02 10.00 0.03 0.95 0.03 1.90 0.08 3.34 0.52

UD16 40.30 0.09 5.94 0.10 3.19 0.11 17.76 0.01 12.81 0.04 0.83 0.03 13.36 0.13 3.91 0.63

UD17 42.04 0.09 5.64 0.09 3.54 0.10 17.70 0.01 13.49 0.04 0.83 0.03 8.88 0.11 5.80 0.58

UD18 38.82 0.08 4.71 0.08 2.95 0.10 17.03 0.01 11.28 0.03 0.79 0.02 18.18 0.13 4.45 0.47

Min 38.82 0.08 4.53 0.07 2.27 0.09 14.78 0.01 6.23 0.02 0.69 0.02 1.90 0.08 2.15 0.34

Max 52.46 0.11 6.98 0.11 3.54 0.11 22.26 0.02 15.81 0.04 1.04 0.03 25.16 0.13 5.80 0.63

Average 45.14 0.10 5.71 0.09 2.95 0.10 18.47 0.02 11.68 0.03 0.86 0.03 9.31 0.10 4.11 0.50
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Table 2.Concentrations ofminor and trace elements and their standard deviation (s) in termofmg. g−1 (except only the case of S inμg. g−1 or ppm) of all soil samples from the two campuses. The detection limit for all the trace elements
was set to be around 1 ppmexcept for the element S (∼100 ppm).

Sample point S s Ar s Ca s Cr s Ni s Cu s Zn s Ga s As s Sr s Zr s Nb s Ag s

UD1 34 3 0.1 0.0 27.5 0.3 4.6 0.2 15.1 0.2 25.0 0.4 30.3 0.5 2.2 0.0 1.7 0.1 3.5 0.1 21.1 0.1 2.0 0.1 21.0 0.7

UD2 49 3 0.1 0.0 5.2 0.2 7.4 0.2 17.5 0.2 27.9 0.5 23.1 0.5 2.4 0.1 1.7 0.1 3.3 0.1 38.3 0.1 2.7 0.1 22.7 0.6

UD3 36 3 0.1 0.0 42.8 0.3 4.8 0.2 16.8 0.2 20.7 0.4 26.3 0.4 2.1 0.0 1.2 0.0 3.7 0.1 38.1 0.1 2.0 0.1 24.7 0.6

UD4 48 3 0.1 0.0 34.5 0.3 4.9 0.2 14.4 0.2 21.0 0.4 26.8 0.4 1.5 0.0 1.2 0.0 2.8 0.1 38.1 0.1 1.6 0.1 21.0 0.6

UD5 30 2 0.0 0.0 31.5 0.3 5.0 0.2 14.5 0.2 18.5 0.4 28.7 0.4 2.5 0.0 1.5 0.0 2.9 0.1 56.9 0.1 1.9 0.1 17.4 0.6

UD6 54 3 0.0 0.0 34.6 0.3 4.9 0.2 14.2 0.2 27.8 0.4 53.8 0.5 2.0 0.0 2.7 0.0 2.4 0.1 14.5 0.1 1.8 0.1 25.5 0.7

UD7 30 3 0.1 0.0 39.8 0.3 5.3 0.2 15.4 0.2 24.4 0.4 28.8 0.5 4.0 0.1 2.6 0.1 3.2 0.1 20.9 0.1 2.0 0.1 20.0 0.7

Min 30 2 0.0 0.0 5.2 0.2 4.6 0.2 14.2 0.2 18.5 0.4 23.1 0.4 1.5 0.0 1.2 0.0 2.4 0.1 14.5 0.1 1.6 0.1 17.4 0.6

Max 54 3 0.1 0.0 42.8 0.3 7.4 0.2 17.5 0.2 27.9 0.5 53.8 0.5 4.0 0.1 2.7 0.1 3.7 0.1 56.9 0.1 2.7 0.1 25.5 0.7

Average 40 3 0.1 0.0 30.8 0.3 5.3 0.2 15.4 0.2 23.6 0.4 31.1 0.5 2.4 0.0 1.8 0.0 3.1 0.1 32.6 0.1 2.0 0.1 21.7 0.6

UD8 12 2 0.0 0.0 71.9 0.4 3.3 0.1 13.8 0.1 15.8 0.3 25.1 0.4 2.2 0.0 1.8 0.0 2.9 0.1 13.9 0.1 2.0 0.1 16.9 0.6

UD9 42 3 0.1 0.0 7.7 0.2 5.2 0.2 17.1 0.2 32.5 0.5 22.0 0.5 2.3 0.1 1.6 0.1 3.1 0.1 29.9 0.1 3.1 0.1 29.9 0.7

UD10 13 3 0.1 0.0 21.2 0.3 7.5 0.2 18.2 0.2 27.5 0.4 33.0 0.5 3.6 0.1 1.5 0.0 2.6 0.1 28.2 0.1 3.0 0.1 21.0 0.6

UD11 33 3 0.1 0.0 9.5 0.2 7.1 0.2 17.8 0.2 26.5 0.5 27.4 0.5 2.2 0.1 1.6 0.1 3.5 0.1 35.7 0.1 2.3 0.1 22.2 0.6

UD12 22 2 0.1 0.0 42.4 0.3 4.0 0.2 16.4 0.2 23.4 0.4 22.0 0.4 1.9 0.0 1.6 0.0 2.8 0.1 14.8 0.1 1.8 0.1 20.2 0.6

UD13 37 3 0.1 0.0 9.5 0.2 7.6 0.2 12.5 0.2 21.2 0.5 15.1 0.5 1.7 0.1 1.5 0.1 3.5 0.1 19.7 0.1 2.4 0.1 24.4 0.7

UD14 34 3 0.1 0.0 9.3 0.2 6.1 0.2 13.9 0.2 16.6 0.4 20.2 0.5 1.8 0.0 1.6 0.1 3.0 0.1 41.8 0.1 2.4 0.1 21.4 0.6

UD15 41 3 0.1 0.0 5.4 0.2 7.1 0.2 17.9 0.2 25.4 0.5 19.0 0.5 2.3 0.1 1.3 0.1 3.3 0.1 42.3 0.1 2.2 0.1 21.4 0.6

UD16 16 3 0.1 0.0 38.2 0.4 8.4 0.2 15.3 0.2 16.0 0.4 25.2 0.5 2.6 0.1 1.6 0.1 5.2 0.1 19.1 0.1 2.5 0.1 21.7 0.7

UD17 22 3 0.1 0.0 25.4 0.3 6.4 0.2 17.5 0.2 20.6 0.5 44.1 0.5 2.0 0.0 1.7 0.1 3.6 0.1 51.5 0.1 2.5 0.1 21.1 0.7

UD18 26 3 0.1 0.0 51.9 0.4 6.1 0.2 15.7 0.2 17.0 0.4 35.3 0.5 1.7 0.0 2.0 0.0 3.6 0.1 31.7 0.1 1.8 0.1 19.4 0.6

Min 12 2 0.0 0.0 5.4 0.2 3.3 0.1 12.5 0.1 15.8 0.3 15.1 0.4 1.7 0.0 1.3 0.0 2.6 0.1 13.9 0.1 1.8 0.1 16.9 0.6

Max 42 3 0.1 0.0 71.9 0.4 8.4 0.2 18.2 0.2 32.5 0.5 44.1 0.5 3.6 0.1 2.0 0.1 5.2 0.1 51.5 0.1 3.1 0.1 29.9 0.7

Average 27 3 0.1 0.0 26.6 0.3 6.3 0.2 16.0 0.2 22.0 0.4 26.2 0.5 2.2 0.0 1.6 0.1 3.4 0.1 29.9 0.1 2.4 0.1 21.8 0.6
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Figure 5. Spectra of different samples (UD1 toUD7) fromCampus 1. All curves have similar composition and are represented on the
same graph. AComparative view of Fe and other surrounding representative peaks shown in the annex.

Figure 6.Positive correlation of K2O andAl2O3.

Figure 7.Chemical classification of the eighteen soil samples fromDouala—Bassa area based on binary diagrams; log (SiO2/Al2O3) as
a function of log (Fe2O3/K2O) diagramofHerron (Herron 1988).
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present in the studied site and correlated with the radioactivity concentrations. This study does not imply the
correlation because the Pb (themain problematic heavymetal) concentrations in every sample were lower than
the detection limit set for the acquisition.

3.2. Soil classification and provenance
3.2.1. Soil classification
Asgiven infigure 6, the correlationbetweenK2OandAl2O3 concentrations, that is positive, infers that theK-bearing
minerals have anoteworthy impact on thedistributive existence ofAl in the samples andhighlights the relative
abundanceof these components in basic control set by the substance ofmudmineral. Taking into account theFe
concentration in soil samples, it is found that themajority of the analyzed samples canbe classified chemically as Fe-
soil (Bhatia 1983, 1985a andBhatia andCook1986). Thediscriminant functions (for the classificationof thedifferent
typeof soils)ofRoser andKorsch (1988)useddifferent variable oxide components asAl2O3,TiO2, Fe2O3,MgO,CaO,
Na2O, andK2O (Taylor andMcLennan1985). Theuse of this functionwas intended topresent fourdifferent
provenances of the sediments. Theoceanic one so-called ‘Mafic- ocean island arc’, the solid continental one so-called
‘Felsic - active continentalmargin’, themiddle of theprevious twonamed ‘Intermediate -mature island arc’, and the
last one, the ‘Recycled–granitic, gneissic’. The comparison confirmed that all analyzed soils are illustrative dregs from
theContinentalmargin (McLennan et al1983,Roser andKorsch1988). These results are further supportedby low
Al2O3/SiO2 (as shown infigure 7) ratios that allowed the classificationof less numberof samples as beingLitharenite
(only two samples) and asFe-sandor Fe-soil due to thehigher concentrationof Fe2O3of the studied area (soil from
other sixteen samplingpoints) (Chris et al2013, Pettijohn et al1987).

The classification of samples shown infigure 7 presents two groups of samples. Thefirst characterization
group so-called ‘Fe-sand’ by the literature is related to the important rate of Fe in samples. It shows that∼90%of
investigated samples are classified as ‘Fe-sand’ or Fe-soil as the samples are soils. The second group containing
two samples is Litharanite. Such information highlights the abundance of rock fragments in the investigated
samples. Only around 10%of the sample are classified as Litharanite.

3.2.2. Provenance
Figure 8 reports Al2O3/SiO2 (%) as a function of Fe2O3 andMgO (%) for the total eighteen samples analyzed
fromDouala and the so-called diagram for the tectonic discriminationwhich is provided here to discriminate the
provenance of sediment formed by the samples (Bhatia 1985b, Fitton 1987). Description shows in figure 8
evidenced the PassiveMargin origin of analyzed soil samples. Such results show that the process of alteration or
erosionwere not highly involved in the studied area during past centuries, but tectonic processes.

Different similar researches done inother areas in theWorldwere examined to set the provenience of geological
samples investigated in thepresent research. Fromtheobtained results, itwas observed that the samples fromDouala
basinpresumably emerged from thedismantling,weathering, and transportationof rawmaterials present in the ‘Gulf

Figure 8.Al2O3/SiO2 (%) as a function of Fe2O3 andMgO (%) for the different investigated soil samples (the discrimination diagram
of tectonic for the determination of sediment provenance).
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ofGuinea’ (Caldeira andMunha, 2002,Déruelle et al2007,Gaudru andTchouankoue, 2002,Halliday et al1990,
Marzoli et al2001). The erosion actions in thepastwere oneof the consequencesof the geologyobservednowadays in
the study area aswell as inmany coastal areas andbig basins in theWorld. Passive continentalmargins are found
along the remaining coastlines. Since there is no collisionor subductionoccurring, tectonic activity is negligible and
theEarth’sweathering and erosional processes arewinning. Sand and rock fromGulf ofGuinea (theRioDelRay
Basin) are acidic intrusive igneous (kindof rock containing about 20%ofquartz), such as granites andmetamorphic
rocks such as gneiss. These results highlighted thepresence of SiO2withhigh concentrations in analyzed soil samples.
Informationaboutweathering in a geological basin is also a subjectmatter of interest for petroleum industries (oil and
gas resources are potential presents in such areas).

3.3. Activity concentration determination
The activity concentrations of natural radionuclides as 226Ra, 232Thand 40K in analyzed soil samples arepresented in
table 3. Their values vary fromone sampling point to another. The average activity concentrationof 232Th is higher
than theworldwideusually assessed value recommendedbyUNSCEAR (2008). But, the activity concentration for
226Ra and 40Kare lower than theworld average value of 35 and400 Bq kg−1 respectively (UNSCEAR2008). Themost
abundant radionuclide is potassium. It is about 66%and70%of the total (226Ra+232Th+40K), 226Ra is 09%and
08%, and 232Th is 25%and22%inCampus 1 andCampus 2 respectively.Different values of the activity
concentrations of 226Ra, 232Th, 40K and radiumequivalent activity indifferent soil samples are given in table 3.

As shown in table 3, the radioactivitymeasured inboth studied sites slightly varied fromonepoint to another. The
gapbetween theminimumvalue and themaximumvalue for activity concentrations of 226Ra, 232Th, and 40K is not as
large as that observed inmanyother countries. This observed variation in radioactivity concentrationof both studied
sitesmay result from thenon-uniformdistributionof radionuclides and radioactivity contents presentunder the
Earth crust (UNSCEAR2008). The slight variationobserved for both sitemaybedue to theproximity of both sites.
Considerable gabdifference inPotassium-40 activity is alsodue to the irregular distributionofUranium,Thorium
(the two telluric radioactive series), andPotassiumcontent in the investigated sites.

Table 3. Specific activities of 226Ra, 232Th, and 40K, andRaeq in investigated samples fromDouala based on broad energy germanium
detector (BEGe -Douala) and high purity germaniumdetectors’measurementGC0818-7600SL (Liege).

Specific activity (Bq/kg)

Sampling sites 226Ra 232Th 40K Raeq
Laboratory ofmeasurement Dla* (BEGe) Dla (BEGe) Lge (7600SL) Average

26.70±0.76 65.88±1.55 117.94±3.80 129.99

28.95±0.84 80.03±1.87 195.72±4.07 158.46

21.99±0.68 59.14±1.41 218.30±4.13 123.37

Campus 1 25.44±0.77 63.27±1.52 170.06±3.94 129.01

23.27±0.71 59.78±1.42 93.82±3.74 115.98

29.17±0.87 71.06±1.71 187.97±4.10 145.26

22.82±0.69 62.57±1.48 254.53±4.27 131.89

Minimum 21.99±0.68 59.14±1.41 93.82±3.74 115.98

Maximum 29.17±0.87 65.88±1.55 254.53±4.27 158.46

Average values±StandardDeviation 25.48±0.92 65.96±7.39 176.91±4.01 133.42

22.27±0.68 52.60±1.27 248.63±4.28 116.63

27.68±0.80 62.79±1.51 47.38±3.60 121.12

24.94±0.73 72.50±1.66 225.98±4.65 146.02

21.99±0.68 63.93±1.49 172.56±4.21 126.65

22.89±0.69 64.46±1.51 238.96±4.63 133.47

Campus 2 25.87±0.76 74.12±1.71 225.65±4.52 149.24

23.84±0.71 63.27±1.48 198.16±4.41 129.57

26.74±0.80 78.99±1.83 260.74±4.78 159.77

24.64±0.76 71.66±1.69 244.97±4.59 145.98

24.98±0.74 72.39±1.66 240.18±4.56 146.99

23.67±0.71 57.20±1.36 271.76±4.74 126.39

Minimum 21.99±0.68 52.60±1.27 47.38±3.60 116.63

Maximum 27.68±0.80 78.99±1.83 271.76±4.74 159.77

Average values±StandardDeviation 24.50±1.80 66.72±7.91 215.91±4.45 136.53

Worldwide Range 17.00–60.00 11.00–68.00 140.00–850.00

Average 35.00 30.00 400.00 370
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3.3.1. Radium equivalent activity (Raeq)
Raeq ranged from115.98 to 158.48with amean value of 133.42 and from116.63 to 159.77with amean value of
136.53 in campuses 1 and 2 respectively. The difference with the value of 370 is about 0.44 order ofmagnitude
(mean∼3700.44). These values are lower than the recommendedworldwide value (UNSCEAR 2008, Guembou
et al 2017a). The radiological analysis shows that these two campuses are safe asUNSCEAR and ICRP
recommended values were not exceeded. The distribution of radionuclides in the analyzed samples shown a
non-uniform trend in the terrestrial radioactivity variation in the study area.

3.3.2. Frequency distribution
Figure 9 shows the graph displaying the frequency distribution of the investigated samples. The description of
226Ra, 232Th, and 40K activity concentrations in termof frequency shows fairly variation range of the
radionuclides in the samples. 23–25 and 58–66 Bq kg−1measured for 226Ra and 232Th, respectively (33% for
226Ra and 44% for 232Th) are the ranges that includedmost samples. This shows about half of the samples with
40K activity concentrationmeasures between 220 and 280 Bq kg−1. Compare to the value of 30 Bq kg−1

(UNSCEAR 2008), the 232Th’s activity concentration showed a right translation and is higher in themajority of
the analyzed samples (in all the investigated samples). Radium (Ra-226) and potassium (K-40) activity
concentrations are lesser than theworldwide recommended values of 35 and 400 Bq kg−1 found inUNSCEAR
report (2008) respectively. In conclusion, the radionuclide thatmost contribute to the radiological parameter in
the area subjected to the present study is thorium (232Th).

Average values of Raeq activity fromboth campuses are lower than theworldwide value of 370 Bq kg−1

measured by theUnitedNations ScientificCommittee on the Effect of Atomic Radiation (UNSCEAR 2000).
This value shows how the investigated area and people spending time in this area are less exposed to natural
radiation, though are also subjected to less risk relies on the exposition to ionizing rays.

4. Conclusions

XRF analysis based on EDXRFmethodwas performed for chemical characterization and all investigated soil
samples were found to be illustrative dregs fromContinentalmargin. Graph of correlation showed a positive
gradient between the variation of K2O andAl2O3. The plotted correlation (positive slope) then suggested a
relative abundance of these components that are basically adjusted by the substance ofmudminerals. This
proved that analyzed samples in this study have the same origin and provenience (according to the obtained
concentration values of Al2O3, TiO2, Fe2O3,MgO,CaO,Na2O, andK2O).

Gamma-ray spectrometrymeasurements were also performed on the samples based onHigh Purity
GermaniumDetector. The gamma-ray spectrometry results present higher radioactivity of 232Th ofNORM
than the global safe limits recommended byUNSCEAR (2008) but lesser in that of 226Ra and 40K. The radium
equivalent values showed that the area of study is safe compared to theworldwide value of 370 Bk kg−1

Figure 9.Diagram of frequency distributions of 40K, 226Ra and 232Th in the analyzed soil samples (Douala–Cameroon).
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recommended byUNSCEAR. The observed activity concentration profile of the primordial radionuclides and
the calculated radium equivalent activity show that no significant radiological risk can be observed. The obtained
results of the two analytical techniques can be seen as baseline data for future investigations about elemental
composition and radioactivity background levels in the study area.Measured activity concentrations confirm
results obtainedwith theXRF analysis. The future projectmay consist on investigating the elemental
characterization of the studied sitedwhether to correlate the natural radioactivity level with the presence of
heavymetal or to determine if the pollution by heavymetal is due to industrial activity (time-dependent).
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AnnexA : Spectra of different samples

Figure A1. Spectra of different samples (UD1 toUD7) fromCampus 1. (a)All curves have similar composition and are represented on
the same graph. (b)Acomparative view of Fe and other surrounding representative peaks.
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Figure A2. Spectra of different samples (UD8 toUD18) from campus 2. (a)All curves have similar composition and are presented in
the same graph. (b)A comparative view of Fe and other surrounding representative peaks.
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