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ABSTRACT

On this paper, the gamma dose rate is measured) tkaldentiFINDER device which is equipped by eagine
gamma-ray spectrometer. Horizontal and depth pesfibre then obtained in the study area. The memsnts are
performed at one meter above the ground and unaléables depths often reaching 100 cm on a detezthireographical
point of interest. The dose rate at one meter attbeegground varies between 0.050 pSvand 0.300 pSv-h. The mean
value in the study area is about 0.128 uSwikhich is well higher than the world average of gamdose rate from
natural radioactivity. It is also higher than thetablished limit of gamma dose rate for the int¢iorzal recommendation
of public exposure to the natural source of iongznadiation. The gamma dose rate also rises with diepth and this

variation confirms the terrestrial origin of the amaly.
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INTRODUCTION

Radioactivity is a spontaneous phenomenon manifdsgethe emission of ionizing radiations by a radiclide.
These radiations are often dangerous for humaraifife unfortunately, their existence cannot be pesdeby the human
senses. Radio nuclides are present everywhere iarttironment and they are unevenly distributedalicg to the rock
structure of the land. Appropriate devices of meaisient are used to detect them. The earth is abbudiillion years old
and contains several serial chains of long-liveturally occurring isotopes in soil. The parentépes (and radiological
half-lives) of these chains aféU (4.47 billion years)?*U (0.70 billion years)**Th (14.05 billion years)>*'Np (2.10
million years) which is disappeared because oféiatively short half-life, and’K (1.27 billion years). The main source
of public exposure to ionizing radiation is duetbh@se isotopes, their decay products, and cosmiatian ([1]). The
public exposure to the ionizing radiation can benifal to health depending on the intensity of thsabed radiation.
This intensity is sometimes evaluated by the valighe dose rate. When the absorbed dose is velty, fiiis able to
damage several cells of the human body that caug liie death of the concerned organs. That situatio lead to the loss

of human life. On the other hand, when the absbdmse is relatively lower, the living cells cardengo modifications
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and those responsible for the cell division caudthsmit these aberrations to their descendantkesr This can lead to

leukemia or cancer and even hereditary diseasps ([2

In Burkina Faso, an airborne gamma spectrometrgysteported the presence of uranium anomaly in the
Northeastern part of the country ([3]). This lobalis said to bear uranium anomaly because ofdtwity, there, was
found to be slightly higher than any other placeoider to know the origin of these anomalies d=dlével of the dose
emitted by them, it is necessary to conduct a studyhe ground. That will permit to prevent harméffects on public
health. A preliminary study was therefore condudigaur team and the result will be presented anghper. Our goal in
this work is to locate points with high dose ratel 40 see the variation of this dose with the depfter presenting the

method, the horizontal distribution of gamma date will be presented before giving the verticalfie.
MATERIAL AND METHODOLOGY
Description of the Study Area

The study area is the northeastern part of Burlkaso located in the Sahel region where the clinmte
Sudano-Sahelian. There are mainly two seasonsy Aehson which runs from November to May and ayrane from
June to October. The dry season is characterizeddmyd period from December to February accomplbjea hot wind
coming from the Sahara and a significant heat whadtes place in March. During the dry season, éktreme

temperatures are reached and they worth 45° C it &pd 15° C in January.

The study area essentially consists of three deyeauts which are Bogande, Sebba, and Dori. The ptipnlis
rural there and about 96.3% of the inhabitantsiliveural areas in the provinces of Gnagna (Boghadd Yagha (Sebba)

while in Seno (Dori) this proportion is about 92%.
Determination of the Effective Dose

lonizing radiation is omnipresent and its interaes with matter allow particles to release energthe middle.
This energy can be evaluated per unit mass of rahtéris an average of the dose absorbed byiisags of the whole
body. This dose is a measurable quantity. It can be calculated in the case of natural exposwethts purpose, the
activities of the main source of exposure to iamgzradiation must be known first. The interactidriamizing radiation
with living tissue results in the deposition of egein that tissue. The average energy deposite@rupit mass (Joule/kg)
of tissue is defined as the absorbed dose. Theahatdiation background consists of a range otg@henergies that must
be evaluated in order to convert exposure to dosaversion factors [2] will be used to compute gaenma dose rate a
tone meter above the ground due to terrestrialoradiclides. Their values per unit activity concatim in Bq.kg'
corresponds to 0.462 nG¥.hfor uranium, 0.604nGyHor thoriumand0.042nGytorpotassium.The method of
calculation has been used by several authors adeing determined the activitied8,%**Thand°kby the gamma ray
spectrometry method[4].The absorbed dose ratetésrdaned by the following equation:

D.(NGyh) = 04624, + 0604A, + 0042A, 0

Where A, Ar, and A are the specific activities 61U, 22Th and*K respectively
The absorbed dose rate is used to assess thesgekiaed with the exposure to ionizing radiatidhis risk

depends not only on the nature of the particlesalsd on the nature of the tissue of organs wtscim iconcern by the

interaction with radiation. The radiological rislegends on the type of ionizing particles since tbayry energies of
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different quantities. Then, a radiological weightifactor W ([2]) is introduced to differentiate the type afiation. This

factor makes it possible to calculate a radioldgicatection quantity, the equivalent dose d¢fined according to ([5]):
Hy = WeD;p )
R

In the above relation, £xis the average of dose absorbed into a tissue organ, caused by R-type radiation
(gamma, alpha, beta, neutron, etc.). The equivalese at the level of the skihl (007) is a measurable quantity.

It refers to the absorbed dose at a deptfO&f7mmof the skin. This value is obtained through the oan individual

dosimeter.

For taking into account the tissue sensitivity,issie weighting factoMV; is introduced too. Thus, one can

determine the effective dose E which is a protecjuantity ([5]) given by the following formula:
E=>W > WD 3)
T R

The effective dose can also be computed after m@terg the specific activities of the main telluniadio

nuclides by gamma-ray spectrometry method. Theteit@s are used to determine the absorbed dose Tden, the

result is multiplied by the conversion coefficie(&).?SVGy_l) and the outdoor occupancy fact(f).Z) proposed by
([2]). This factor is obtained by considering tiia¢ proportion of time, people spend outside thartapent is about 20%.

Therefore, the annual effective dose is given leyftiiowing formula:
D(MmSvy*) = D, (nGyhH*)x876( ™ x 0.7x 10°mSy10°)nGyx 0.2 @)

The IdentiFINDER R-400 is equipped with a portagganma detector for acquiring the spectrum of aatash
source. This spectrum permits the device to caleulze equivalent dose rate. In many cases, ttge doobtained after

laboratory analysis of the samples taken from therce. Generally, a personal dosimeter is usedeterchine an

operational measurement which is an effective @osedepth ofLOmmof the tissud- P @0) . In the present work, data

obtained by the IdentiFINDER R-400 are equivalergedrate expressed,ﬂSVh—l.

Gamma Dose Rate Measurement

The device used in this work, for the dose rate suemament, is the IdentiFINDER R-400 model ideF2-ULK
NGH. It is equipped with a 35mm (1.38 in) x 51mnO@in) sodium iodide (Nal) gamma detector ([6])dbes not need
to be cooled as it is the case with High Purity rG@mium detectors ([7]) which makes it easily poealdhis detector
allows the device to acquire gamma spectrum anttdoice the equivalent dose rate. An external patasd-40) source
is used for energy calibration before using. ThentdFINDER R-400 is also equipped with a neutrooppirtional counter

and a Geiger Muller tube capable to measure intdoses.

Using a GPS for recording geographic coordinatesamIdentiFINDER device, started on dose rate mtiae
team went through the study area to look for lacetiwhere the dose rate is quite high. When a jpbiimterest is located,
the dose rate is measured at one meter abovedbhadyand then, using a drill, the soil is dug weath of 1m at intervals

of twenty centimeters. Unfortunately, in most casles rocky nature of the soil Figure 1 just pertmitlig up to 40cm.
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Tangarce Soula

Pougbonne Niapsi

Figure 1: The Soil Nature in the Study Area

RESULTS AND DISCUSSIONS
Horizontal Distribution of Gamma Dose Rate

Measurements have been taken at 1m above the gafutwienty-eight points in the study area. The ktssu
revealed that dose rates vary betweés0uSvh~! and0.300uSvh~1. The minimum value is obtained in the village of
Tangarce while the maximum one is found at Niapse average value of the dose rate in the studyiafe128uSvh™1.

This value is well above the world mean value dedoated.48mSvy~1 which is worth0.055uSvh™1.
048mSvy' = 480uSvI(876Ch)™ = 00554SVh* 5)

The maximum dose obtained at Niapsi almost workhtishes the world average. Figure 2 is a graphical
representation of the gamma dose rate distributidime study area. It shows that the most interssseds observed
at Sebba. Figure 3 shows the average value of gadusa rate in some villages of the study area. &ldese rates
are compared to the world average and the recomeaklichit values ([5]). The doses rate of the stwdga are
higher than or equal to the world mean value. Iditain, three villages have been identified where tlose rate is
well above the limit of the international recommatidn. This limit has been established for puldkposure to a
natural source of ionizing radiation. Its valuealsoutlmSvy~! which is worth0.114uSvh™1. This is actually a lower
limit established in the context of radiologicabpection in order to prevent the harmful effectsafizing radiation.
The localities marked by a fairly significant gamohase rate are Pougbonne, Niapsi, and GourgnekeTaeeas have
a high-level radioactivity background. There armifr places in the world where the level of natuwadiation is
quite high. This is the case, for example of Keratal Kalpakkam in India ([8], [9]), the southeasteegion of
Brazil ([10]) and the west-central of Burkina Fd44].
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Gamma dose rate distribution
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Figure 2: GammaDose Rate Distribution at 1m above th&round
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Figure 3: Mean Values of Gamma Dose Rate

Vertical Profile of Gamma Dose Rat

In some localities, the gamma dose rate has beasured according to the depth of the ground. Tasbeer
done for seeing the evolution of the dose rate  depth. In some places, however, the soil couldoeodug, sometime
because of its rockyature. The results are represented on the diagfiFigure4. The dose rate mostly rises very sligt
with the depth. This can be shown Figure5 where the variation of minimum, maximum and mealues of gamm
dose rate with depth is represssh For each of these cases, the dose rate iecrads depth. This confirms that tl
radiological anomaly is of terrestrial origin sinttee radiation source seems to concentrate moeetl subsoil. It i
necessary to specify that the dose meastt any depth is not only for that but also contdia tontribution of all thi

above one. What is wanted to show is that the da@wae increases with the dej
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Dose rate distribution with depth
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Figure 4: Vertical Profile of the Gamma Dose Rate
Dose rate variation with depth
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Figure 5: Gamma Dose Rate Minimum, Maximum and MearValues Variation with Depth

CONCLUSIONS

The work presented in this paper is a preliminaugg for locating radiological anomalies and camfing their
telluric origins. It was made using an IdentiFINDER400 equipped by a portable gamma detector. dhiector
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measured the gamma dose rate at one meter abogeothed in several localities in the northeasteart pf Burkina Faso,
resulting in the horizontal distribution of gammasé rate due to natural exposure. This distributesealed fairly high
levels of exposure to ionizing radiation in thedties of Pougbonne, Niapsi, and Gourgnel. Ind¢leese villages have
gamma dose rate levels well above the worldwidennvadue and the lower limit of the internationat@enmendation. In
addition, measurements were performed accorditiget@epth of the ground. This permits to obtainwésical profile in
some localities. The profile has shown that theedage increases with depth and this confirms eHaric origin of the
anomaly. In the villages where the level of gamradiation is quite high, it is important to carryowdiological
monitoring to prevent the risks related to the Hatrmaffects of ionizing radiation on the health iohabitants. Then, a
radiological analysis by gamma-ray spectrometrgafe samples could make it possible to know theilalision of the

radio nuclides at the origin of the high level afhgma radiation. This would allow the evaluatiomaxfiological risks.
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