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ABSTRACT

There has been great concern about the health aigariated with exposure to natural radioactipitysent in
soil, thus in this work, the natural radioactiviggntents in surface soil of Oyo and Osun stateontl&\Western Nigeria;
which is commonly used as building material andrfag were analyzed. The analysis was carried oumiegns of
gamma ray spectrometry using Nal(TI) scintillatias the detector coupled to PGT, multichannel aeald00R. The
radioisotopes identified in the samples of the miateinclude those of the series headed®ly and?**Th as well as the
singly occurring isotopé®K. The mean activity concentrations of these radtides were found to be 23.39+3.20,
19.37+2.60 and 165.14+7.10 Bg/kg f6fRa, 2°Th and*K respectively. The mean absorbed dose rate, amfieaitive
dose equivalent and the collective effective dapgwalent were determined from the measured agtodaincentration of

the radionuclide respectively. The results obtaimetlesser than the requirement for materials usbdlk amounts
KEYWORDS: Natural Radioactivity, Atomic Radiation
INTRODUCTION

Natural radioactivity is common in the rocks and sltat make up our planet, in water and oceansianour
building materials. We inhale and ingest radiordedi every day in our lives and radioactive matéréal been existing on

earth since its creation.

People in developing countries spend most of ttigie indoors. For this reason, it is very importamthave
knowledge of the constitution of the immediate emwment within the premises. It is very well knotrat people are
irradiated mainly by natural sources of ionizingdiation, therefore there is need for the monitprat all levels, due to
their harmful effects.

Soil not only consists of organic and inorganic ponmds but also radioactive materials. The natudturring
radio nuclides present in soil include the progemikthe series headed 5§U, 2*Th and the singly occurring radionuclide
“K. Gamma radiation emitted from these naturally undng radioisotopes called terrestrial backgrouadiation,
represent the main source of irradiation of the &mnbody and contribute to the total absorbed daseingestion,
inhalation and external irradiation. Uranium is thlémate source of radium and radon. Radon isctape the decay
products of radium in uranium decay series. Asnantigas, radon can diffuse through the soil aridrethe atmosphere.

Radon exposure is associated with the risk of leukend certain other cancers, such as malenomezameers of kidney.

Since these radionuclides are not uniformly disiteéd, the knowledge of their distribution in splays an
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important role in radiation protection and measwenin Also, the radioactivity of soil is essential funderstanding

changes in the natural background.

Beck (1972) showed that 50 — 80% of the total ganfima at the earth’s surface arises fréfiK, a singly
occurring radionuclide and tH&%U and?*Th series in top soil. This study is aimed at datring the activity levels and
the resulting human impact due to naturally ocogrriadionuclides in Oyo and Osun State of Nigérteese results would

also serve as yardstick for any further researc¢hersoil of this part of the country.
MATERIALS AND METHODS

Two hundred and thirty-six soil samples were ca#ddrom the study area each weighing 1.00kg. Hmepéing
was done according to the size of the town. Handieh was employed for the collection of the sampbethe depth of
about 5.5cm at 22 towns. After removing the stcaared some grasses and leaves, the samples werdrdaadven at a
temperature of ST for 24 hours to ensure that as much as moissipossible was removed from the samples; they were
then crushed and pass through 2mm sieve to honmegéimeém. Representative samples were packed inyethglene

cylindrical containers of 95mm diameter and 38miiglie

KWARA STATE
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Figure 1: Location of the Towns where Samples wer€ollected

The packed samples were tightly sealed and ke@&alays to attain a state of secular equilibrhetween radon
and its decay products. The samples were thereadterted for a period of 36000s, using a gammatspaetry system
with Nal (TI) as the detector.

The scintillation detector, a 3x3 inch Nal (TI)peoduct of Princeton Gamma Tech. USA was placed iead
shield to reduce the effect of background radiatienergy and efficiency calibrations of the detect@re carried out
using a standard source traceable to AnalyticalliQu@ontrol Services (AQCS), USA; which contairshtradionuclides

of y-emitters with energies ranging from 59.54 83@keV.
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The activity concentration 6f®U was determined from the 63.3 KeV peak¥Th, ?*Ra was determined from
the average activity concentration of 295.3Ke\VV'dPb and 1764.5 KeV &f“Bi. The activity concentration 6f*Thwas
determined from the average concentratioft b (238.6 keV)*®Ac (911.1 keV) and®TI (2614.7 keV), and that K
1460.0 keV. The activity concentration 5fU was determined from the 185.7 keV gamma line ctvhiere corrected by
removing the contribution from the 186.2 keV?8Ra using the following equation:

Nyge—A[P7%Ra). fz (*?%Ra] M.Te

Tigs-

A(238U) - yge- e (P30} M. Te )

Where, Nggis the total counts for the 186 keV doublets.?RY) and A?°Ra) are the activity concentrations of
9 and ?Ra respectivelynigs is the detection efficiency of the 186keV ling(*¥U) and £(***Ra) are the emission
probabilities of the 185.7 and 186.2keV gamma lioe$°U and?*°Ra respectively. Jis the counting time and M is the

mass of sample.

The Minimum Detectable Activity (MDA) for each radiuclide?*Ra, ***Th and*K was calculated using the

following equation:

1645, Ng

MDA = P —
fg-0lEles. M @)

Where, 1.645 is the statistical coverage fact@586 confidence Ievef,"lﬁ' is the background counts at the region
of interest, ¢is the counting timefis the gamma emission probabilitfF) is the photopeak efficiency and M is the mass
of sample. The MDA for each of the radionuclide evealculated as 0.30Bqg/kg f6¥U, 0.12Bq/kg for*Ra, 0.11Bqg/kg
for 32Th and 0.9Bg/kg fof’K respectively.

Calculation of the Absorb Dose Rate and Annual Effetive Dose:The absorbed dose rate at 1m above the

ground (in nGy/h) due to U-Th series &fid was calculated using the following equation;

eV o
D(™2) =z, 4,.DCF o

Where DCF are the dose coefficient in nGy/h perkBdaken from UNCEAR (2000) report (UNCEAR, 2000)

and Aare the activity concentrations of the radionudide

The annual effective dose equivalent, frbm external exposure to gamma rays from the saihples sand was
calculated from the absorbed dose rate using theesgion (UNSCEAR, 2000):

He = D(nGy/h)* 8760(h)* 0.2 * 0.7(SV/Gy) (6)

Where, 0.2 is the occupancy factor for outdoor,®Bi&the total time of the year in hours and 0.78VviS the

conversion factor for external gamma irradiation.
Radium Equivalent Activity.

The exposure due to theradiation, defined in terms of the radium equinalactivity Ra, is given by equation
(2) (Faheenet al, 2008):

Raug = Ara+ 1.43 A, + 0.077 A < 370 )
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According to this formula, 1Bag/kg 6f°Ra, 0.7Bq/kg of**Th and 13 Bqg/kg of’K yield the same ray dose. The
radium equivalent activity for the material analge this work was calculated and a value of 5B88tkg was obtained.
This value is much less that the upper limit of Bgg. by (UNSCEAR).

RESULTS AND DISCUSSIONS

The results of measurements for 34 soil sampleleatet at different locations in Osun and Oyo state
presented in Table 1. The activity concentratiohthe radionuclides in Bgkgranged between 14.38 + 2.50 and 32.72
+5.00 for’®Ra, 12.50 + 1.50 and 28.42 + 4.30 f&iTh and from 130.42 + 6.00 and 230.12 + 12.00*fsrrespectively.
Substitution of these values into equation 3 gitessmean absorbed dose rate due to the three neddianuclides as
29.39 +0.012 for the two states. A conversion factor afS¥.Gy* was employed to convert the absorbed dose rate to
human effective dose equivalent with an outdoorupaacy of 20% on the absorbed dose rate that aatithe mean
annual effective dose equivalent of 0.036 mSvgrthe two states.

The radium equivalent activity values ranged fé8070 to 91.08 Bgky These values are less than 370 Bhkg
thus the material may be considered acceptabledfer use. The mean absorbed dose in air obtaine®%a9 nGyht

(min. 22.85 nGyhtand maximum 41.88nGyfy, this is comparable to the world average of 5ymG.

The calculated values of external hazard index iatainal hazard index have mean values of 0.1702 and
0.24 +0.03 respectively. Since these values arerddivan unity, it can be said that the radiatiomalnd is negligible.
The calculated values of annual effective dose edngm 0.028 to 0.051 mSviwith a mean value Of 0.036 mSWyr

this is much lower than the world average of 0.48/yr".

Table 1: Activity Concentration, Radium Equivalent Activity and Calculated
Absorbed Dose Rate, Effective Dose Rate for Soil Bales

Serial | Lo No of Ra - 226 Th—232 K40 Req, nggrnge g:::g;’:t .
No sample | (Bakg?) Gag) | Bagh) | (akgy | [oseRale | Dose R
1 | wo 8 21.02 + 2.40 17.205+150]  15252+6.00  487. 26.49 0.032
2 | Oyo 8 23.92 + 2.50 1827170 16462640  7B2. 28.95 0.036
3 [ Iseyin 6 22.32£2.30 21.38:200 17350740 66.25 30.46 0.037
4 | Ede 8 23.72+2.50 2055+140  150.32£550  6®4. 20.64 0.036
5 | Ejigho 5 18.75 £ 2.50 1535+1.00]  152.71£6.00 5246 24.30 0.030
6 | Iragbjj 4 24.90 £ 2.90 1250+ 1.50]  183.33+B.  56.89 26.70 0.033
7 | Ikej 4 20.32 £ 2.50 1721£150] 151622580 6.8 26.11 0.032
8 | Ogbomoso 15 28.30 + 3.80 1854+ 14 1016088  69.56 32.26 0.040
9 | Igboora 4 20.05  4.00 2243+190  157.05+6.80 73.22 33.52 0.041
10 | Ifon 4 23.40 £ 3.00 10.78+2.00]  153.71%6.10 350 20.17 0.036
11 | Ipew 4 21.45 + 2.80 2154+310  156.25+7.00 68.52 31.39 0.038
12| Ibadan 50 23.42 £ 3.00 2342360 22354500, 7542 34.89 0.043
13| Erinjjesa 4 23.42 £ 3.40 2248+310 1659887 |  68.27 31.28 0.038
14 | Okeimesi 4 22.30 £ 3.50 1758360  155.87287] 59.44 27.42 0.034
15 | Agoare 4 21.45£2.80 21.38£290 17120+ 7.50 6521 29.96 0.034
16 | Eruwa 4 23.80 £ 3.00 2342:310 15241+ 7.00 69.03 31.50 0.037
17| Ogbooro 4 24.85 £ 2.90 1550£2.00  133.70854 57.31 26.42 0.039
18 | sak 8 20.20 £ 2.70 1871200 18370+ 7.80 118 28.30 0.032
10 | Tede 4 17.35 £ 2.40 1258 2.00 _ 173.48%7.00 48.70 22.85 0.035
20| ljebujesa 4 25.50 £ 3.60 1805124 165.71996]  64.07 29.59 0.028
21 | Kishi 4 20.30 £ 2.60 1072+ 160]  14485%5710 59.65 27.33 0.036
22 | lloko 4 29.90 £ 4.00 1842300  18168%8.40 70.23 32.52 0.034
23| Igboho 4 23.42 £ 3.50 1753+150 13344850 58.76 26.97 0.040
24| Okeiho 6 20.62 £ 3.40 1532150  14550%5.50 53.73 24.85 0.033
25| llaorangun 6 26.30 £ 4.20 17.28:25 182.8010 65.05 30.19 0.030
26 | Esaoke 4 24.48 £ 3.50 1853:3.0 180.51 + 8]0 64.88 30.03 0.037
27 | Okuku 4 3142 £4.20 26.30£4.30 16720 £6.50 81.90 37.37 0.037
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Table 1: Contd.,

28 llesa 25.57 + 3.50 24.03 + 3.30 156.08 +7.50 71.95 32.84 0.046
29 Ikire 19.82 + 3.50 18.44 + 3.00 143.90 £+ 7.0 57.27 26.30 0.040
30 Gbongan 14.38 + 2.50 21.88 + 3.4 155.28@7)0 57.62 26.33 0.032
31 Ikirun 15.08 + 2.00 18.24 + 3.40 156.65 +7.90 53.23 24.52 0.030
32 Igbeti 19.29 + 3.50 20.33 +3.50 130.42 + 6.00) 58.40 26.63 0.033
33 Ife 32.72 £5.00 28.42 £4.30 230.12+12.p0 1.08 41.88 0.051
34 Osogbo 27.77£4.30 15.70 £ 3.0 184.50 + 800 64.43 30.01 0.037
35 Awe 22.55 + 3.50 19.78 + 3.30 175.58 +7.90 .364 29.69 0.036
Mean 23.39 £3.20 19.37 £ 2.60 165.14 + 2.60 53.80 29.39 0.036

CONCLUSIONS

This study has presented the results of the measumts of the activity concentrations of terrestgamma
emitters for soil samples from Oyo and Osun st&esth-West, Nigeria. The analysis was undertakemmiegns of
gamma-ray spectrometry using the results obtainditated that, samples from the area have actogtycentrations
ranging from 14.38 + 2.50 to 32.74 + 5.00 BdKgr ?Ra, 12.50 + 1.50 to 28.42 + 4.30 Bgkfpr #2Th and 130.42 +
6.00 to 230.12 + 12.00 BgKgfor “°K. The values of the absorbed dose rate in the lesmpnge from 22.85 to 41.88
nGyh' with a mean value of 29.39nGyThe annual effective dose rates in the air vairiesh 0.028 to 0.051 mSvywith
an average value of 0.03 mSwyThis value is about 22% compared with the wowdrage of 70.Q:Svy* and about 80%

value of the result obtained in Ondo and Ekiti &tat

The values obtained for the natural radioactivityl @bsorbed dose rates due to the activity coratémis of
22Ra,?*Th and*X of the study area with population of about 5.%omis could not be considered to constitute radickig
hazard and can be safely used in construction @ndther uses without posing any significant raatiidal threat to the

population.
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