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ABSTRACT KEYWORDS
Theradiation hazard indicesinan Oil Mineral Lease (OML) in Delta State Gamma Spectroscopy;
have been eval uated. Soil/sediment and water sampleswere collected from Radiation hazard;
ten oil fieldsinthe Oil Block and the concentrations were measured using Qil activity;
gamma ray spectrometric system. For soil samples, the mean vaue of Delta state.

Annual Gonnadal Equivalent Dose (AGED) of the ten oil fields was
380.37+38.4mSvy* and that for Annual Effective Dose Equivalent (AEDE)
(Outdoor and Indoor) were 66.95+6.9uSvy?* and 267.79+27.5uSvy?
respectively. The ExcessLifetime Cancer Risk mean valuewas0.234+0.02 x
103, These show that the mean value for AGED is above the permissible
valuewhichisanindication of radiological elevationinthe areas. Some of
the areas have values of AGED, AEDE (Outdoor) and ELCR that were
higher than the recommended limits. The radiation indices sources of water
supply in the areas were also calculated. Mean values for AGED were
55.26+5.25 mSvyr?, 47.8445.13 mSvyr! and 104.18+9.28 mSvyr* for well,
tap and river water samples respectively while the mean values for AEDE
(Outdoor), AEDE (Indoor) and ELCR were 9.90+0.95 pSvy?, 8.56+0.92
puSvytand 18.78+1.68 pSvy?, 39.60+3.78 uSvy?, 34.2443.68 pSvy*and
75.14+6.69 pSvy*and 0.0346 x 10°3+0.003 x 103, 0.0300x 10°+0.0300 x 10®
and 0.0657+0.006 x 107 for well, tap/borehole and river water samples
respectively. Although, most of the cal culated hazard indicesin water were
lower than the permissible limits, they were still higher than the values
from non oil producing areas which shows that the oil and gas activities
could haveimpacted negatively onthe radiol ogical statusof the environment.
It can be concluded that there is significant radiological hazards to the
people in the areas from soil/sediment samples which can be attributed to
theoil activitiesinthearea. ~ © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

Radiation isenergy, which can beparticlesor pho-
tons, given off by heavy isotopes (radionuclides) to
become stable. Radionuclidesarefound all around us
inour environment, intheatimaosphere, beneath theearth
and even within us. Sources of radionuclidesinclude
those that exist before the creation of the earth (pri-
mordial sources), thosethat result fromcosmicray in-
teractions (cosmogenic sources) and those that result
fromhuman activities.

Therearemany radionuclidesintheearthandin
theatmosphere. However, only thosewith haf livesin
therange of the age of the earth and their decay prod-
uctsareof interest becausethegammaradiationsfrom
these constitute the main source of external exposure
to humang*. Humansare constantly exposed to these
natura radiation, however theactivitiesof oil exploita-
tion and explorationintheoil producingregionsin Ni-
geriahaveledto higher level of exposureto radiation
dueto activitieslikedrilling, oil spillage, gasflaring etc.
Oil spillslead to the contamination of surfacewater with
hydrocarbonsand trace metal s, though most areasin
the Niger Deltahave mostly clay soilswhich provide
protection for thegroundwater aquifers, however this
cannot providesufficient protection during oil spillaged.

Oil spillageintheNiger Detaregioniscaused by
different factors. Theseindudepipdinevanddism, cor-
roded pipdlines, sabotage, oil production operationsand
faulty production equipment. Anestimated 6817 ail saills
wererecorded between 1976 and 2001, that impliesa
lossof about threemillion barresof oil, with over 70%
unrecovered®®, These have lead to thedestruction of
arablefarmland, cropsand contamination of ground-
water and soils. Also, health issuesreportedin the ar-
easincludebreathing problemsand skinlesions. The
water intheareasisnot fit for drinking dueto contami-
nation from oil and most of the dwellersthat arefarm-
ers and fishermen have been put out of work dueto
contaminaionfromail spills. Inthecoasta region, man-
grovewhichwasagood source of fuel wood and habi-
tat for biodiversity hasbeen destroyed.

Gasflaringisanother destructive effect of the all
and gasindustry. Gasflaring rel easestoxic components
into theenvironment, which includes methane mgjorly
and other green house gases like carbon monoxide.
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Nigeriaflaresgasmorethan any other country. A World
Bank study showed that Nigeriaflaresabout 76% of
al naturd gasfrom petroleum production, thisisincon-
trast to 0.6 percent in United States, 4.2 percent in
United Kingdom, 21, 20 and 19 percentsin Libya, Saudi
Arabiaand Iranrespectively. In 1994, the Nigerian Con-
servation Foundation reved ed that Nigeriareleased 34
million tones of methaneto the atmospherethat year
alonewith 15% of it been radon gas. Thisimplied
that Nigeriaoil fields contribute moreto globa warm-
ingthantherest of theworld.

Severa studieshavebeen carried out ontheradio-
logical hazardindicesin soil/sediment and water samples
in different parts of the country and the world at
largelt-36912:152022] B, very few of the studieshave
been dedicated to the Niger Deltaregion of Nigeria

Thisstudy isthereforeamed at assessingtheactiv-
ity concentration of radionuclidesinthisenvironment
(soil and water) and to evaluatethe radiation hazard
indices of samplesfor robust estimation of the hazard
impact on man and the environment. The results ob-
tained from theeva uationwill be compared withthat in
literature and the standard recommended limits.

MATERIALSAND METHODS

Sudy area

Thestudy arealieswithin DeltaState, South West
of Niger Deltaregion of Nigeria. It covers 1097 square
kilometersand lies45 kilometres East of Warri. Itin-
cludeseight producing field and the associated facili-
ties. Thelocation and geology have been reported € se-
whergt16l

Samplecollection and preparation

Thebulk soil and sediment sampleswerecollected
fromten oil fieldsof the Oil Mineral Leaseareas. The
collectionwasdoneinvariousareasincluding field soil,
flow station soil, oil spilled soil, sediment fromtheflare
stack or field sediment. Each samplewas collected ran-
domly from an areaof approximately 100 m?and up to
adepth of 0.3t00.50m. Thesamples, collected in black
polythene bags, wereoven dried at 60°C for about 24
hours. Thedried sampleswere ground with mortar and
pestle and then allowed to passthrough a2mm-mesh
seve, thelarger particlesdiscarded. Thefiltered soil/
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sediment wasthen sededfor at least 28 daysinair tight
plastics contai ners previoudy washed and rinsed with
diluted tetraoxosulphate (V1) acid (H,S0,) beforeandy-
siswith the gammarspectrometer’. Thiswasdonein
order to maintain radioactive equilibrium. Control
samplewasa so collected from anon oil bearing envi-
ronmentt.

Water samples(boreholewater, we | water and river
water) were collected fromtheoil fidld areas. Thewa
ter sampleswereacidified withHCl at therate of 10ml
per litreof sampleimmediately after collectiontoavoid
adsorption of radionuclide onthewallsof the contain-
ergty,

All thestoring containerswerewashed with diluted
tetraoxosul phate (V1) acid (H,S0,) and dried to pre-
vent contamination andfilled with about 1litreof water
sample. A control water sampleswerecollectedfroma
non oil bearing community and from rain water. The
samplescollected weresed ed for aperiod of onemonth
to ensurethat loss of radon does not occur and secular
equilibrium isestablished before the y-ray analysis.
Whenthisequilibrium stateis attained, the activity of
each nuclideinagiven serieswill beequd totheactiv-
ity of the parent nuclide.

Sampleanalyis

The gamma spectrometric measurement was car-
ried out using Gammaray spectrometric system at the
Centrefor Energy, Research and Development (CERD),
Obafemi Awolowo University, usngathdliumeactivaeted
3'x3" Sodiumiodide[Nal (T1)] detector connected to
ORTEC 456 amplifier. The detector, enclosed in a
100mm thick lead shield, was connected to a com-
puter program MAESTRO window that matched
gammaenergiestoalibrary of possbleisotopes. Since
the accuracy of the quantitative measurementsisde-
pended on the calibration of the spectrometry system
and adequate energy. The energy calibrationwasmade
possible using Cs-137 and Co-60 standard sources
fromIAEA, Vienna, whiletheefficiency cdibrationwas
performed using thereference water sources of (22U,
26Ra, 28Ra, 22Th and “°K)) obtained from IAEA |abo-
ratory, Vienna.. Spectrum were accumul ated for back-
ground for 29000s at 900voltsto produce strong peaks
at gamma emitting energies of 1460keV for “K;
609keV of 2¥“Bi and 911keV of ?22Ac, which were
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used to estimate the concentration of 2R and 2°Th,
respectively. Theenergy resol ution of the detector us-
ing Cs-137 and Co-60 standards is 9% and 10.5%
respectively whilethe activity of the standardsat the
time of calibration is 25.37KBq for Cs-137 and
4.84KBqfor Co- 60. It hasaresolution Full Width at
Half Maximum (FWHM) of 9% at energy of 0.662
MeV (¥*'Cs) whichisconsidered adequateto distin-
guishthe gammaray energiesof interest in thisstudy
The background spectra, measured under the same
conditionsfor both the standard and sample measure-
ments, were used to correct the cal cul ated sample ac-
tivitiesconcentration inaccordancewithArogunjo, et.d.
2005. Theactivity concentration (C) in Bql* of thera
dionuclidesin the sampleswas cal cul ated after sub-
tracting decay correctionusing theexpression:
Co = MgiAs
MgAgt

St @

Where Cs isthe concentration of radionuclideinthe
sample (BgK g?), Cst isthe concentration of radionu-

clideinthestandard (BgKg?), Ms: istheweight of the
standard (g), Ms istheweight of thesample(g), As¢ 1S
the counts of standard (cps) and A isthe counts of
sample(cps).

The absorbed dose due to the concentrations of
theradionuclidesin the sampleswascd culated from

D(nGyh™') = 0.462Ck, + 0.621Cy, + 0.0417C, (2)
Radiation hazard indicescalculation

Standard radiation hazard indicesareused to eval u-
ate the effects of radiation on the health condition of
peopl e exposed to radiation and theenvironment. The
indicesto beevaluated are discussed bel ow.

Annual gonnadal equivalent dose(AGED)

TheAnnua Gonnada Equivalent Doseisamea
sureof thethreat to sendtive cdlslikethegonads, bone
marrow, surfacecellsfrom exposuretoaparticular level
of radiation. Given activity concentrationsof *Ra, ?Th
and “K, AGED isca culated using the equation(¥:
AGED (Svyr?) =3.09C,, +4.18C,, +0.314C, ©)
WhereC_, C,, C, aretheactivity concentrations of
226Ra, %2Th and K respectively. The standard
UNSCEAR vauefor AGED is300mSvyr.
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Annual effectivedoseequivalent (AEDE)

Annud Effective Dose Equivaent canbecd culated
for outdoor or indoor.
AEDE (Outdoor) (uSvy™) =Absor bed dose (nGyh™) x

8760h x 0.7SvGy*x 0.2 x10° 4
AEDE ((Indoor) (uSvy?*) =Absorbed dose (nGyh?) x
8760h x 0.7 SvGy*x 0.8 x 103 (5)

Thestandard AEDE (Outdoor) valueis 70uSvyr! and
that for AEDE (Indoor) is450uSvyr?.

Theseindices measuretherisk of stochastic and
determinigtic effectsintheirradiated individuds.

Excesslifetimecancer risk (ELCR)

Thisgivestheprobability of developing cancer over
alifetimeat agiven exposureleve, consdering 70 years
astheaverageduration of lifefor human being. Itis
givenas(Taskinetd., 2009):

ELCR=AEDExDL xRF (6)
WhereAEDE istheAnnud EffectiveDose Equivaent,
DL istheaverage Duration of Life (estimated tobe 70
years) and RF isthe Risk Factor (Sv) i.e. fatal cancer
risk per Sievert. For stochastic effects, ICRP usesRF
as0.05for thepublic.

The percentagerisk analysisassociated with this
index isthen given by

Calculated ELCR-Standard ELCR
| | x 100% @
Standard ELCR

Where Standard ELCR isgiven as0.29 x 103

RESULTSAND DISCUSSIONS

TheaverageAnnual Gonnadal Equivaent Dose
(AGED) wascdculated from equation (3) and theva -
uesfor thetenoil fieldsrangefrom 241.83mSvy for
Olel/Olomoto 550.78mSvy for Kokori with amean
valueof 380.37+38.4mSvy™. Thecontributionto the
mean valuefrom “K was 34.05% whichisthehighest
while that from ?Ra was 33.31% and 32.64% for
22Th. The mean value of AGED was higher than the
permissiblelimit of 300mSvy™. Thecaculated AGED
va ueswere compared with the UNSCEAR 2000 stan-
dard valuesin Figure 1. High values of AGED were
observed in Kokori (highest), Eriemu, Evwreni and
Ughdlli West. Thiscould beattributed to theincreased
activitiesof oil explorationintheseareascompared to

Evaluation of radiation hazard indices in an oil mineral lease

ESAIJ, 8(10) 2013

Oleh/Olomoro. Thisshowsahighleve of threat tothe
sengitive cellslikethe gonads, bone marrow, surface
bone cellsof oil workersand dwellersinthese aress.
TheAGED for the control areawas cal culated to be
162.6 mSvy?, thislow value could haveresulted from
lack of oil exploration activitiesinthearea. Thisfurther
confirmed that the presence of oil and gasactivitieshas
enhanced the NORM values of theareaunder study.
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Figure1: Annual gonnadal equivalent dosecompared with
standard for soil samples
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Figure2: Annual effectivedose equivalent (Outdoor) com-
pared with standard for soil samples
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TheaverageAnnud Effective Dose Equivaent (in-
door and outdoor) va ueswere cal culated from Equa
tions(4) and (5) respectively. Theoutdoor va uesranged
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TABLE 1: Radiation indicesin soil samples

226 232 40 AEDE AEDE ELCR
L ocation Bqllfg'll qughl Bqlfg’l n G?/h'l) (QS\EDD (outdoplr) (indoo_g) (x 10'1)
(uSvy™) (uSvy™) (nSvy™)
Uzere E&W 317 28.3 288.6 44.2 306.9 54.3 217.1 0.190
Oleh/Olomo 30.7 17.1 240.4 34.8 241.8 42.7 170.8 0.149
Oweh 36.9 304 454.8 54.9 383.9 67.3 269.3 0.236
Evwreni 45 289 559.6 62.1 435.6 76.1 304.5 0.266
Eriemu 60.4 475 496.5 78.1 541.1 95.8 383.2 0.335
Kokori 64 39.6 597.1 79.1 550.8 97.0 387.8 0.339
Afiesere 324 22.1 3317 42.5 296.6 52.2 208.6 0.183
Ughelli East 349 25.6 440.2 50.4 353.1 61.8 247.1 0.216
Ughelli West 46 34.6 450.5 61.5 428.2 75.5 301.8 0.264
Otorogu 28 23 266.2 38.3 266.2 47.0 188.0 0.164
Mean Value 41+5 20744  4125£20 54.6£5.6 380.4+38.4 66.9+6.9 267.8+27.5  0.234+0.02
TABLE 2: Summary of specific activitiesin water samples
WATER SAMPLE ACTIVITY CONCENTRATION (Bgl™)
SIAL'\AFPILEEDD Host Comm.Well water Host Comm.Tap Water Field River Water
2Ra 2Ra 0K 2Ra 2Ra 0K ZRa 2Ra K
Uzere East& West 2.4+0.4 1.3+0.2 27.6+£2.8 3.0£0.2 0.9£0.1 32.143.0 10.2£0.7 3.2+0.1 30.2+1.8
Olomoro/Oleh 3.5+£0.4 2.7+0.2 244422 0.7£1.0 1.5+0.1 12.1+0.6 4.3+0.4 4.440.5 24.2+2.2
Oweh 12.4+1.6 8.3+0.8 8.3+0.8 7.4£1.3 6.6+£0.4 32.543.0 4.6+0.2 8.5+0.2 40.3£5.4
Evwreni 2.7+0.1 12.7+0.1 31.3£2.6 4.9+0.3 7.2£0.8 24.442.0 12.0+1.3 7.2£0.8 17.2+2.0
Eriemu 6.4+0.4 6.3£0.6 101.1+2.7 14.1+1.7 12.2+1.3 79.2+7.9 36.4+2.9 31.5+2.4 113+9.7
Kokori 15.2+1.3 8.2£1.0 28.4+2.1 4.3+0.7 3.1+0.1 16.242.2 8.1+0.9 6.0+£0.5 29.4+2.2
Afiesere 11.9+0.9 4.3+0.5 26.7+2.4 6.2+0.4 4.0+0.2 22.5+1.8 13.5£1.2 6.4+1.1 32.6£3.7
Ughelli East 9.2+1.0 5.5+0.6 28.6+2.7 4.4+0.5 4.3+0.3 30.9+3.4 26.4+2.1 11.6+1.2 48.143.5
Ughelli West 0.4+0.8 0.5+0.3 16.7+1.4 4.8+0.5 6.2+0.7 19.7+1.8 28.4+2.6 18.3+1.5 56.3+6.2
Otorogu 8.3t1.1 5.6+0.6 26.2+2.1 5.1+0.6 6.0+0.4 20.7+2.4 10.1+1.6 6.4+0.8 26.7+3.2
Mean 7.2+0.8 5.5+0.5 31.9+2.2 5.5+0.7 5.2+0.5 29.0+2.8 15.4+1.4 10.4+0.9 41.8+3.8
Control 2.7+0.2 2.4+0.3 19.4+1.9 1.3+£0.2 0.7+0.1 6.3+1.1 3.6+0.4 2.9+0.6 21.0+1.7

from42.71uSvy* dsofor Olel/Olomoro to 96.96uSvy
1 for Kokori with amean value of 66.95+6.9uSvy*
and the indoor values varied from 170.85uSvy? to
387.83uSvytwithameanvaueof 267.79+27.5uSvy
!, Themean valuesfor both outdoor and indoor were
below the world average values of 70uSvy* and
450uSvy*respectively. Themean valuefor AEDE (Out-
door) was higher than that reported for tertiary institu-
tionsin Minna, Niger State¥! and that reported for dif-
ferent placesinthecity of Uttah Pradeshin Indid?.
However, highvauesabovetheaveragefor AEDE (out-
door) were observed in Eriemu, Kokori and Ughélli
West. Anincreased activity of oil explorationinthese
areas, for the production of more barrelsof oil, could

be responsiblefor thiselevation sincethe soil isnot
known to containradiation bearing mineras.
TheAEDE (indoor) valueswereal bel ow the per-
missiblelimit of 450 uSvy*, though, high valueswere
observed in Kokori (387.83uSvy?) and Eriemu
(383.2uSvy?) compared with Oleh/Olomoro
(170.85uSvy?). Themean vauefor AEDE (Indoor)
was found to be higher than that reported for volcanic
tuff stonesused as building and decoration material in
the Cappadociaregion of Turkey!® and that reported
for different placesin thecity of Uttah PradeshinIn-
did?. Thecontrol vauesfor both outdoor and indoor
were28.4uSvy*and 113.5uSvy? respectively. No ail
exploration activitiesinthearea, hencethelow values.
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Theaverage ExcessLifetime Cancer Risk values,
calculated from Equation (7), ranged from 0.149 x 10
310 0.339 x 10 with a mean value of 0.234 x 103
+0.02 x 103, These va ueswere higher than those ob-
tained by Avwiri et al.,¥ inthe soil of Udi and Ezeagu
Local Government areas of Enugu State. The mean
ELCR valuewas below the standard value of 0.29 x
10 and al theareashad EL CR valuesbel ow permis-
sblelimit except Eriemu (0.335) and Kokori (0.339).
TABLE 6dsoshowsradiologica elevation of 15.52%
and 16.90% for these two areasrespectively fromthe
percentagerisk andyss. Olel/Olomoro community had
thelowest value aside the control area. Thiscould be
attributed to reduce il activitiesinthearea. Also, the
radiological eevation could beattributedtoincreaseoil
explorationactivitiesintheareaand dsoto ol spillage.
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Figure4 : Excesslifetimecancer risk compared with gandard
for soil samples
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Figure5: Annual gonnadal equivalent dose compared for
water samples

Therefore, the probability of devel oping cancer ishigh
for oil workersand peoplelivinginthesecommunities.
Thevalueinthe control areawas cal culated as 0.099,
whichwaslow, possibly asaresult of non-oil activity.

Figure5 presentsacomparison of AGED for well,
tap and field river water intheoil field areas. Eriemu
fieldriver water had the highest value of 279.63 mSvyr
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Hfollowed by Ughelli West (181.93mSvyr™) and Ugheli
East (145.17 mSvyr?). Thesehighvauesinthefield
river water could be attributed to oil spillageand inces-
sant and intensivegasflaresin thesethreeareas. This
had al so affected the host communities’ well and tap
water especially in Eriemu with the highest value of
AGED for tap water (119.43 mSvyr?). Kokori had
the highest valuefor well water (90.16 mSvyr?). The
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Figure6: Annual effective dose equivalent (Outdoor) com-
pared for water sample
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Figure7: Annual effective dose equivalent (Indoor) com-
pared for water samples
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Figure8: Excesslifetime cancer risk compared for water
samples

spilled il infiltrated into theground, contaminating the
groundwater aquifersand surfacewater bodies. Oleh/
Olomoro communitiesrecorded lowest valuesfor both
tgp and river water sampleswhile Ughdlli West had the
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lowest vauefor well water (8.57 mSvyr?). Meanval-
ues were 55.26+5.25 mSvyr?, 47.84+5.13 mSvyr?
and 104.18+9.28 mSvyr* for well, tgp and river samples
respectively. Thecontrol valueswerelowest for al the
threewater samplesdue, possibly tonon il activitiesin
thearea

TABLE 3: Radiation indicesfor well water in host commu-
nity
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corded the highest valuefor tap water (21.33 Svyr?).
Thiscould beattributed againto oil spillsand incessant
gasflares. Kokori hasthehighest valuefor well (16.31
Svyr?). The mean values were 9.90+0.95 Svyr?,
8.56+0.92 Svyr!and 18.78+1.68 Svyr* for well, tap
and river water samples.

TABLE 5: Radiation indicesfor field river water in host
community

_ AGED AEDE _AEDE ELCF;
L ocation (mSvyr?) (outdoq{) (mdoorl) X 10_1
(uSvyr™) (uSvyr™) (Svyr™)
Uzere E&W 21.52 3.76 15.05 0.0132
Oleh/Olomo 29.76 5.29 21.15 0.0185
Oweh 75.62 13.77 55.09 0.0482
Evwreni 71.26 12.80 51.21 0.0448
Eriemu 77.86 13.59 54.38 0.0476
Kokori 90.16 16.31 65.24 0.0571
Afiesere 63.13 11.38 45.53 0.0398
Ughelli East 60.40 10.86 43.46 0.0380
Ughelli West 8.57 1.46 5.85 0.0051
Otorogu 57.28 10.31 41.23 0.0361
Mean 55.26+5.25 9.90+0.95 39.60+3.78 0.0346+0.003
Control 24.47 4.35 17.40 0.0152

TABLE 4: Radiation indicesfor tap water in host community

_ AGED AEDE AEDE ELC§
L ocation (mSvyr ™) (outdogr) (|ndoq£) X 10_1
(Swyr?)  (Swyr™) (Swyr?)
Uzere E&W 23.11 4.03 16.11 0.0141
Oleh/Olomo 12.23 2.16 8.63 0.0076
Oweh 60.66 10.88 4353 0.0381
Evwreni 52.90 9.51 38.03 0.0333
Eriemu 119.43 21.33 85.32 0.0747
Kokori 31.33 5.63 22.50 0.0197
Afiesere 42.94 7.71 30.84 0.0270
Ughelli East 41.27 7.35 29.39 0.0257
Ughelli West  46.93 8.45 33.80 0.0296
Otorogu 47.34 852 34.07 0.0298
Mean 47.84+5.13 8.56+0.92 34.24+3.68 0.0300+.0.03
Control 8.92 159 6.37 0.0056

From Figure6, it was also observed that thethree
aress(Eriemu, Ughdli West and Ughelli East) recorded
thehighest AEDE (Outdoor) vauesfor river water com-
pared withtheother areas. Eriemu had the highest vaue
of 50.39 Svyr*followed by Ughelli West with 32.91
Svyrtand Ughelli East with 26.25 Svyr?. Theseareas
haveincreased oil activitiescompared to otherswhich
could haveresultedinthehighvaues. Also, Eriemure-

_ AGED AEDE AEDE ELCE
L ocation (mSvyr ) (outdoor) (indoor) X 10
(Svyr-1) (Svyr-1) (Svyr-1)

Uzere E&W 54.38 9.76 39.04 0.0342
Oleh/Olomo 39.28 7.02 28.10 0.0246
Oweh 62.40 11.14 44.56 0.0390
Evwreni 72.58 13.16 52.65 0.0461
Eriemu 279.63 50.39 201.57 0.1764
Kokori 59.34 10.66 42.65 0.0373
Afiesere 78.70 14.19 56.76 0.0497
Ughelli East 145.17 26.25 105.01 0.0919
Ughelli West 181.93 32.91 131.63 0.1152
Otorogu 66.34 11.96 47.85 0.0419
Mean 104.18+9.28 18.78+1.68 75.14+6.69 0.0657+0.006
Control 29.84 5.32 21.29 0.0186

Figure 7 showed theAEDE (Indoor) for well, tap
and river samplesfor al theareas. Eriemu, Ughdl li West
and Ughelli East still recorded the highest values of
201.57 Svyr?, 131.63 Svyr! and 105.01 Svyrire-
spectively for river water dueto contamination of the
oil fields. Eriemu had the highest valuefor tap water
with 85.32 Svyr*and Kokori had the highest for well
water with 65.24 Svyr?. Oleh/Olomoro had thelowest
valuesfor both tap and river sampleswith 8.63 Svyr?
and 28.1 mSvyr* respectively. Ughdli west had thelow-
est valueof 5.85 Svyr? for well water. Themeanval-
ues were 39.6+3.78 Svyr?, 34.24+3.68 Svyr! and
75.14+6.69 Svyr for well, tap and river water respec-
tively. The control valueswerelow for al the samples.
All thevaueswerelower thantherecommended limit.

Figure8 showed the comparison of ELCR for well,
tap and river samplesin all theareas. Though, al the
va ueswerelower than therecommended limit, Eriemu,
Ughdli West and Ughelli East had thehighest va ues of
0.176 Svyr?, 0.115 mSvyr?, 0.092 Svyr*for river
samplesrespectively compared to the others. Kokori
had the highest value of 0.057 Svyr*for well water while
Eriemu had the highest value of 0.075 for tap water.
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However, OlelvOlomoro had thelowest vd uesof 0.007
and 0.025 respectively for tap and river water while
Ughelli West had thelowest of 0.005 Svyr- for well
water. The mean values were 0.035+0.003 Svyr?,
0.03+0.03 Svyr! and 0.066+0.006 Svyr™. The con-
trol vaueswerelower for al thearess.

From the results discussed above, it can be seen
that somearess, like Eriemu, K okori, Ughdli West and
Ughelli East, have high radiation indiceswhileothers
havelower values.

CONCLUSION

Theradiologica hazard indicesinthe Oil Minera
Leasein Delta State have been evaluated in the soil/
sediment and water samplesof theoil field areas.

The results obtained showed that the areasradio-
nuclidelevel hasbeen elevated which could be attrib-
utedtotheail activitiesinthearea.

Theradiationindicesfor thesoil and sediment/dudge
sampleswere abovethe permissible valuesfor some
areas. Areaslike Eriemu and Kokori with valuesfor
Annud Effective Dose Equivalent (Outdoor) and Ex-
cessLifetimeCancer Risk abovetherecommended lim-
its could have been impacted negatively by activities
such asoil spillageand gasflaring as observed during
samplecollection. These areas a so show radiological
elevation fromthe percentagerisk analysissignifyinga
radiological burden on the peopleand theenvironment
of theseareasand thereisthe possibility of oneout of a
million devel oping cancer beforethe age of 70 yearsby
theworkersand the peoplelivinginthearess.

All thecdculated indiceswerelessthan therecom-
mended limitsfor water samples. Although, the calcu-
latedindiceswerelower thanthepermissiblelimits, they
aredtill higher than theva uesfromnon oil producing
areaswhich showsthat theoil and gasactivitiescould
haveimpacted negatively on theradiol ogical status of
theenvironmen.

Therefore, care need to betaken to prevent an ac-
cumulation of dosesover timeespecidly inareashav-
ingindicesmarkedly higher than other aress.

Asaresult of the conclusions above, wewant to
recommend thefollowing:

The oil companies should ensure adequate and
regular maintenanceof their pipelinesand facilitiesto

Evaluation of radiation hazard indices in an oil mineral lease
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preventincessant oil spillage.

Oil companies should be madeto comply within-
ternationa standard for best practicesin the sector

Further studiesshould be carried out toinvestigate
Eriemu and Kokori ail fieldwith clinical collaborative
study strongly recommended to determinetheradioac-
tive health burden on the people.
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