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ABSTRACT

Activity concentration of naturally occurring radionuclides in soil from Oredo ail field in Benin city, Edo Sate
Nigeria have been measured using gamma-ray spectroscopy. A total of sixty-four samples were collected in the
field. The range of average activity concentration of “*Ra, “**Th and “°K were found to be 3.80 to 16.28 Bq kg™,
11.69 to 62.48 Bq kg and 47.75 to 406.42 Bq kg™ respectively. The average absorbed dose rates ranged from 17.50
to 51.33 nGy h™ with an overall mean of 46.75 nGy h™*, while the average annual effective dose rates ranged from
21.46 t0 62. 92 Sy y* with an overall mean of 46.30 uSv y™. The overall average of external hazard index was 0.22.
All the samples have radium equivalent activities lower than the limit (370 Bq kg™) set by UNSCEAR. The overall
average annual gonadal dose associated with the field does not exceed permissible levels by UNSCEAR.

Keywords: Soil; Spectrometry; Activity concentration; Hadassessment.

INTRODUCTION

Nigeria has one of the world’s largest marshy-lacaléed Niger Delta. This covers 20000 Sg. km. Hesvethis
area is facing severe threat from man through enuiental pollution by oil spills and gas flaring).[A lot of
multinational oil companies do carry out oil exglbon and production activities within the area.e3é led to
refine, storage and transportation of large amoohtsude petroleum through this marshy lands &oatijacent near
shore habitat [1]. The amount of radioactivity @il varies widely and is a source of continuousape of human
kinds to terrestrial radioactivity. Exposure toréstrial radioactivity from soil depends on mangtfas such as
types of soil, uses [2] most-especially oil exptmna. Activities involving in oil and gas explorati and production
had been shown to contain naturally occurring ractive materials (NORM) from uranium, radium, thwn and
their daughters [3] and lead. Geologists have neizeg the presence of aforementioned radionuclgitese the
early 1930 and use it as a method of prospectipgsits. Wastes such as mineral scale inside p#jeslydge’s,
contaminated equipment or components produced svater produced during exploration [5]. Also accogdto
United State Environmental Protection Agency (USEPiled surveys have shown that petroleum pipdesca
originating from oil production may have very hitffiRa concentration, and on disposal exposes thecemment to
associated radioactive contamination [6]. ExposofdORM by humans occurs in different pathways. (Fafon at
risk from this exposure includes workers at equiptneleaning of facilities and oil field workersrttugh inhalation
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of ’Rn; a decay product 6f°Ra [7]. More also pathways of concern to the gdneulic are through water
ingestion and radon inhalation [8] due to transt@yh of soil from oil and gas producing areas tioeo regions
through various geomorphologic processes suchossoer, flooding, leaching and eluviation. Howewgformation

on the radioactive content of soils from Oredo faéld is not available. This study therefore detiered the

presence, concentrations and hazards potentialatofal radionuclides in soils from Oredo oil fiéddBenin Niger

Delta.

MATERIALSAND METHODS

2.1 STUDY AREA AND ITS GEOLOGY

Oredo is one of the three Local Governments in Bemétropolis in Edo State [9]). Benin as the camfaEdo lies
between latitudes’®0'N and 6 31'N and between longitude§ 85' East and $41' East of Greenwich meridian.
By its tropical location, it has a temperature bbat 27C and annual rainfall of over 2000mm [10]. Oreds ha
total land area of about 317.08 kend a population of 344671 [11]. The formationsnid in the area are mostly
unconsolidated sands and shale [12]. The oil fieldbcated in approximately 40 km south east ofiB&Zity and
lies within the oil prolific belt of Niger Delta-Meria [12].

2.2 SAMPLING AND SAMPLE COLLECTION

The area was divided into eight (8) plots and altof sixty four samples were collected to a degtiO cm. The
samples were properly labeled catalogued and btdiogthe radiation laboratory at the Centre for é&esh and
Development (CERD) at Obafemi Awolowo Universitg-Ife, Nigeria for processing before analysis.

2.3 SAMPLE PREPARATION, PROCESSING AND PACKING

Soil samples were dried at room temperature totaahsveight and sundry at 252 to remove the moisture
content. The samples were also oven dried at aernpe of 10% [13]. The removal of moisture took care of
self-absorption in each of the sample. The driedgas were pulverized into fine grains so as tedase the total
emission area [14] and passed through a sieve shmsize 200 um, so that clay and mineral partickey m
homogenize [2]. Samples were sealed in air tighstpg containers of diameter 6.5cm that could setite detector
head. Samples were left for more than one monthder to allow secular equilibrium betweBfRa and*Rn and
its decay products before counting by gamma-ragtspmetry.

2.4 RADIOACTIVE MEASUREMENT

Gamma-ray spectroscopy method was employed fomissurements of the radioactivity in the samplakthe
procedures of this method as described in liteeatvere followed [15]. A 76 mm x 76 mm Nal (TI) detier crystal
couple to a Canberra series 10 plus multichannalyaer (MCA) through a photomultiplier tube was difer the
radioactivity measurement. IAEA-375 reference nmatevas employed for the efficiency calibrationtbé system.
The specific activities of the measured radionediadre in good agreement with the reference valihes.activity
concentration of**Th was determined by the mean of the specific #ietivof2°®T1, 2*?Pb and*®Ac and the activity
concentration of?®Ra was the mean specific activities due to gamnergées of**Pb and?“Bi [2], “K was
measured directly using the 1.460 MeV photopeakhEample was counted for 10 hrs. [16] in orderetich + 5
% of analytical accuracy of measurements.

RESULTSAND DISCUSSION

3.1 ACTIVITY CONCENTRATION

The average concentrations %fRa, “**Th and“*K in the oil area are shown in Table 1 and Fig e Bverage
activity concentrations range f6™Ra, *Th and*K are 3.80-16.28 Bq kfywith an overall average 12.94 + 3 Bq
kg™, 11.69-62.43 Bq kiwith an overall average 35.69 + 4 Bq'kand 47.75-406.42 Bq Kgwith an overall average
199.04 + 4 Bq kg, respectively. The concentration 8K accounts for approximately 80 % of the total gaamm
activity of the soil samples. This indicates tha specific activity due t&K is the largest contributor to the total
activity for all soil samples. The results in Tallereveal that the overall activity concentratioofs these
radionuclides are in conformity with the worldwidencentrations.

3.2 ABSORBED DOSE RATE (D)
Neglecting the contribution of radionuclides sust®Cs,*°Sr and®**U decay series due to their little contribution,
absorbed dose rate is calculated based on the rtoattens of three measured naturally occurringotaaclides.
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Based on the facts that radiation exposure pathiaydved inhalation of radioactive pollutantsjstimperative to
calculate absorbed dose rate. This is done by ubimglirect relationship between terrestrial gameathation and
radionuclide concentrations at 1 m above grourgt@gosed by Beck [17] and UNSCEAR [18]:

D(nGy h™1) = 0.427Ag, + 0.662A7, + 0.04324, 1
WhereAg,, Ay, Ax are the activity concentrations 8fRa, >**Th and'K in Bq kg?, respectively.

The absorbed dose rates in air for the field ingastd are listed in column 4 of Table 1. The agerabsorbed dose
rates at Oredo oil field for soil samples variedinir17.50-51.33:Gy h~! with an overall average 37.7&y h™!
(Fig 3). This value is lower than the populationeighted average value of global primordial radiatmf 55
nGy h~1[18, 19].

3.3 RADIUM EQUIVALENT

Activity mass concentration due ¥Ra, **Th and*K is not uniformly distributed throughout in theils@]. This
non-uniformity in respect of exposure to radiatttas been defined in terms of radium equivalenwigt{Ra).
This is a single quantity that takes into consitierathe radiation hazard associated ViftiRa, 2**Th and*K. It is
calculated as [20, 21].

Ragq = Apq + 14347, + 0.077Ax 2
WhereAg,, Ay, Ax are the activity concentrations 8fRa, **Th and'K in Bq kg?, respectively.

The average values &, varied from 36.85-110.98 Bq Rgvith an overall of 79.30 Bq Kgas seen in column 6
of Table 1. The estimated overall average valu®af, in the present work is lower than the 370 B8

Comparing this value with values from other cowegrof the world, it is observed that the overairage is lower
than the measured values for all other countriabl@ 2).

3.4 EXTERNAL HAZARD INDEX (H.,)
The external hazard index {)is another parameter of interest. It is calculdig a model proposed by Krieger as:

Apa  Arn  Ag
Hey = SThy K <
ex =370 " 259 T 2810 =

It must not exceed unity for the radiation hazardé negligible [22]. The mean results obtainedpaesented in
Tablel. The results range from 0.11-0.30 with agral average of 0.22. The overall average is faonoe< 1 for
the study area.

3.5 ANNUAL GONADAL DOSE EQUIVALENT (AGDE)

UNSCEAR considered the activity of bone marrow dode surface cells as the organ of interest whémating
dose equivalent [18, 19]. Therefore, AGDE due ®4gpecific activities o¥**Ra, ?**Th and*’K was calculated using
the following relation [19, 22]:

AGDE(uSv y™1) = 3.0945, + 4.1847;, + 03144, 4

The average values &GDE are presented in Table 1. The values varied fraj12£334.0uSv y~! (Fig 2) with an
overall average found to be 2148 y~! . The overall average is lower than 238 y~! obtained at Eastern
Desert of Egypt [23].

3.6 ANNUAL EFFECTIVE DOSE EQUIVALENT (AEDE)

Applying the conversion factor of 0.7 Sv Gywhich convert absorbed dose in air to human gffecose and using
an outdoor occupancy factor of 0.2 as recommengedMSCEAR [8], the average annual effective dose tiu
gamma-radiation from these terrestrial sourcesratl®oil field can be assessed. However, sincelpdmrause of
socio-economic reasons would always be in the ,fi@éld outdoor occupancy factor was used in thigystdhe
annual effective dose equivalent was calculatech fimlowing relation:
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AEDE(uSvy=*) = D(nGy h™*) x 8760(hy~*) x 0.2 x 0.7(Svy~*) x 1073 5

The results of the calculation are given in Tahl@le meamAEDE values varied from 21.46-62.96v y~1 with
an overall average 46:Sv y~1. The overall average is lower than % y~* (world averaged) [18]. The summary
of the aforementioned radiation hazard parameterpr@sented in Fig 2.

CONCLUSION

The activity concentrations of primordial radioridels in soil of Oredo oil field in Benin, Edo-Statiégeria have
been studied in this work. The results obtainedewesed for estimation of the potential health fiskhe area.
Hazard parameters were found to be within the rapgeified by UNSCEAR [8] report. Therefore, itsigffices to
say that soil samples from the environment will pase any significant radiological threat to theylace.
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Fig 1. The concentration variation of “K, *2Th and ?*Ra in the collected soil samples
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Fig 2: Distribution of absorbed doserate, radium equivalent, exter nal hazard index, annual gonadal equivalent and annual effective dose

rates

Table 1 Aver age radioactivity concentrations, absorbed doserates, radium equivalent, external hazar d index, annual gonadal dose
equivalent and annual effective doserates

Plot MKto | PThto | ZRawo | D Raeq | | AGDE | AEDE
Bgkc® | Bgkg® | Bgke® | nGyt?* | Bgkg® uSvy?* | uSvy*t
1 60.84+3 | 62.48+3 1628+ 5133 110.08 0/30 334.462.95
2 406.42+5| 29.76x4 1047+0 4178 8492 023 284.36L.18
3 258.17+5| 11.69+3 3.80+] 2051 4040 0[i1 1416751®
4 76.77+4 | 18.98+4 3.80+J 1750 36.85 0p9 11518 481
5 334.04+ | 27.96+% | 2575+ | 43.9. | 91.4% | 0.2t | 301.3: | 53.8¢
6 24159+4| 50.02+§ 158148 5030 10504 0|29 333.861.69
7 157.72+4] 23.89+4 1154+ 2756 57.85 0]16 185.083.80
8 4775+3 | 60.73t3 16.07+8 4913 10659 0/29 318.560.25
Overall 199.04+4| 35.69+4 1294+ 37.7%  79.30 0[R2 214.29 .304§
Average
Worldwide Average* 580 40 40 55 370 46(
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Table 2 Overall aver age radium equivalent from Oredo compar ed with different countries

Country Ra. (Bq kg?)
Eastern Desert Egypt 493.8 [23]
Eskisehir, Turkey 366.9 [24]
Xiazhuang, China 266.0 [25]
Northern, Jorde 103.1 [22
Rize, Turkey 166.3 [19]
Oredo, Nigeria 79.3 present study
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