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ABSTRACT

Evaluation of the radionuclide$3{U, #*Th and**K) content to understand the radiation hazards
from the waste dumpsite areas to mankind. Natuadlaactivity analysis has been carried out for
the samples collected from different points of &liceclaimed dumpsite of rivers state, Nigeria. The
determined activity concentrations of some sampés gall within the typical world values with
variation in some showing extreme values. To asgessadiological hazard of soils and water
samples, the radiological hazard indices such asodted dose rate, annual effective dose
equivalent (outdoor and indoor) (AEDE), hazard el (Hyx and H,), activity utilization index (1)
and excess life time cancer risk (ELCR) are cal@mdaThe radiological hazard indices are below
the internationally recommended values. The pregalutes of indoor and outdoor AEDE is lower
than 70 Sv/y and 450 Sv/y for outdoor and indodheaworld average values (Orgun et al., 2007).
Average ELCR for all samples is less than the wavierage (0.29 x 1¥) (Taskin et al., 2009). This
indicates that the Eliozu’s soils and waters aredar construction purpose and for utilization.

Keywords: Absorbed dose rate, Excess life cancer risk, Anheffiective dose equivalent, Hazard
indices, activity utilization.

INTRODUCTION

The disposal of the waste without adequate managgeparticularly the radioactive contaminants
expose the populace to radiation hazard. Wasteosli$by landfill has led to the pollution of

environmental resource such as water, land anthag, landfills are liable recipient of any such
failure in containment of radioactive materialsr@tat al., 2007). Contamination of land and water
can occur from deposition of waste materials ogthjnintroduced into the atmosphere, from
discharge directly into surface or subsurface vgatélom wastes placed in or on the ground.
Wastes generated by human activities ranges fraiatively innocuous substances to toxic
substances and high-level (radioactive) waste aomiaments of harmful substances whose origin
and risk to human and environmental health canf lgge@t concern.

The dumping of large amount of waste materialstessvithout adequate soil protection measures
results in soil surface and groundwater pollutibrkélboom et. al., 2001)

Atmospheric pollutants eventually deposit on sorflsurface waters involve transport by water by a
sequence of processes, including surface runofteawhing into soil-water that eventually seeps to
streams.

Groundwater or erosion surface water may eventuadipilizes the land contaminant which can be
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passed to subsurface aquifers, soils, and the ptraos Natural environmental radioactivity due to
gamma radiation depends on the geological and gpbgral conditions, and found in various
guantities in soils around the world (UNSCEAR, 2D00

One of the main determinants of the natural backuloradiation is the soil radionuclide activity
concentration; disintegrated rocks through natpratess allow radionuclides to escape to soil by
rain and flows. In addition to the natural souraas! radioactivity is also affected by anthropoigen
activities.

There are radioactive isotopes in our environmedts,water and ground (Eisenbud and Gesell,
1997; Henriksen and Maillie, 2003) measurement i/ aeliable source to accurately reflect
people’s true exposure. Over-emphasizing the etfassed by radon decays with a series of solid,
short-lived radioisotopes that are collectivelyereéd to as radon daughters or radon progeny.
Isotopes of such can emit alpha particles of higergy and high mass particles consisting of two
protons and two neutrons. When these emissions pdee within the lung as inhaled radon
progeny decay the genetic material of the celigdirihe airways may be damaged and lung cancer
may result. (NRC, 1980)

Naturally occurring radioactive materials are foumdboth groundwater and surface water. At high
levels, when ionizing radiation strikes a livingganism’s cells, it may mutate the organism’s d€ll.
radiation affects a significant number of cellg thrganism may eventually develop cancer among
other liable diseases.

In order to assess any possible radiological haandankind due to the waste dump of the site this
is suggested to have allowed easy passage roonsfituent radionuclides. Hence, the objective of
this study is to evaluate radiation hazard indea excess lifetime cancer risk due to the natural
radioactivity in soil and water around reclaimedsteadumpsite.

MATERIALSAND METHOD
STUDY AREA

Present study is located along Eliozu Rukpoku madilies between Latitude850’ to 453'N and
Longitude 700’ to 02’E within Port Harcourt Metropolis in Obio/ Akpaocal Government Area

of Rivers State in Nigeria. The survey area is sside through networks of tarred roads. The site
is traversed by a set of high-voltage power trassmn line owned by the Power Holding
Company of Nigeria (PHCN) and two swamps, one aufjato and the other opposite the landfill.
There are residential houses nearby but they ateahmbvious serious threat from landfill
radiations since they are quite distant from tmelfdl. The site has been closed by the government
and sealed by security agency for reclamation iéetsvand thus limit the activities of scavengers
and do not allow them to construct make shift stnes.

GPS
Location

N04053.
086’
E007°00.

797

N04°53.
105’
E007°00.
800’

Soils (Bq/kg) Water (Bq/1)

Samples K-40 U-238 Th-232 GPS Location  Samples K-40 U-238 Th-232

A1 570.08+87.56 20.52 £5.22 18.95+£9.90 N04°53.060’ w1 16.40+7.28 8.24+2.82 5.87+1.98
E00700.785

A2 105.57 £24.87 18.94 £8.43 16.62 £ 6.74 N04°53.969’ w2 26.74+7.70 7.48+3.32 7.44 £2.22
E00700.806’
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N04053. A3 404.95+99.76 34.81+13.58 19.33 +6.46 N04°53.084’ W3  2498+9.81 9.32+225  832+245
160’ E00700.693’
E007°00.
794’
N04053. A4 140.49 +35.76 23.87+9.73 17.84 + 6.47 N04°53.270’ W4  19.84+698 7.89+3.04 7.89+2.14
182’ E00700.781
E007°00.
794’
N04053. A5 254.55+79.45 38.28 +11.40 29.54+11.54 N04°53.179’ W5  2351+9.73 8.04+211 6.78+2.34
201’ E00700.796’
E007°00.
801’
N04053. A6  256.22 +68.64 26.54 +9.65 22.46 +8.69 N04°53.139’ W6  32.08+8.17 9.06+3.21  829+3.09
230’ E00700.797’
E007°00.
831’
N04053. A7  527.91+89.35 35.91+11.35 19.41+9.98 N04°53.112’ W7  16.12+7.21 941+265  7.89+2.54
085’ E00700.802’
E007°00.
893’
N04053. A8 545.13+87.49 26.41+11.14 18.63 + 7.84 N04°53.230° W8  27.16+9.02 6.94+353  520+1.99
986’ E00700.831’
E007°00.
799’
N04053. A9  323.64+75.86 29.36 +9.32 13.43 +7.32 N04°53.316’ W9  2167+7.43 599+210 4.76+2.08
034’ E00700.822'
E007°00.
783’
N04053. A10 132.23+18.65 19.44 +9.89 16.52 + 6.46 N04°53.347° W10 39.15+9.98 6.85+1.83  7.34+2.87
294’ E00700.794’
E007°00.
793’
Average Values 326+ 66.74 27.41+9.97 19.27 +8.14 Average Values 24.77+ 833  7.92+2.69 6.96+2.37
SOIL
S/N D{nG/hr) AGED(uSv/y Ra Hazard Indices byr AEDE ELCR x 107
r) (Ba/kg) Hs Hin outdoor Indoor
1 45.25 + 12.45 321.62 91.52 0.247 0.303 0.71 55.49 221.98 0.1942
2 2353+9.11 161.09 50.84 0.137 0.188 0.32 2886 115.43 0.1010
3 44.68 + 14.28 315.52 93.63 0.253 0.347 0.73 54.80 219.18 0.1924
4 27.924+9.95 192.44 60.20 0.163 0.227 1.28 34.24 136.96  0.1198
5 46.60 +15.84 321.69 100.12 0,270 0.374 0.68 57.15 228.60 0.2000
6 3697 +12.76 256.34 78.39 0.212 0.283 0.52 45.34 181.36 0.1587
7 50.39+15.21 357.86 104.32 0.282 0.379 0.83 61.80 247.19  0.2163
8 46.52 +13.63 330.65 95.03 0.256 0.328 0.72 57.05 22821  0.1997
9 35.05+12.02 248.48 73.48 0.198 0.278 061 42.99 171.94 0.1504
10 24.80 +9.29 170.64 53.24 0.144 0.196 0.35 30.41 121.66 0.1065
MEAN 38.17+12.45 267.63 80.08 0.216 0.290 0.58 46.81 187.25 0.1638
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WATER
SIN D(nG/hr) AGED({uSv/yrl  Ra(Bg/l) Hazard Indices L AEDE ELCRx 107
Hex Hin outdoor Indoar
1 7.80 £ 2.82 55.148 17.890 0.0484 0.0709 0.12 9.57 38.26 0.0334
2 9.24 +3.21 62.609 20.180 0.0546 0.0750 0.12 11.33 45.33 0.0397
3 10.54 £ 2.99 71.420 23.140 0.0622 0.0372 0.14 12.93 5171 0.0452
4 9.43+3.01 £3.590 20.658 0.0551 0.0767 0.12 11.57 46.26 0.0405
5 8.91+2.86 60.566 19.550 0.0529 0.0744 0.12 10.93 43.71 0.0382
B 10.71+£3.76 72721 23.380 0.0627 0.0877 0.14 13.14 52.54 0.0456
7 9.92+3.12 67.119 21.930 0.0584 0.0843 0.14 1247 48.66 0.0426
g 7.55+3.21 51.709 16.470 0.0447 0.0632 0.11 9.26 37.04 0.0324
9 6.62 + 2.59 45.210 14.467 0.0385 0.0549 0.09 8.12 32.48 0.0284
10 9.68 +3.10 64.141 20.365 0.0551 0.0731 0.12 11.87 47.49 0.0416
MEAN 9.03 + 3.07 61.423 19.807 0.0532 0.0697 0.12 11.07 44.30 0.0388

Sample Collection and Preparation: The present study area covers a total length dfrhQfrom
different locations was selected. Location of sangpkite with their latitude and longitude are
given in Table 1. Each location is separated bylyesjual distance of 1 Km approximately. All
soil samples were collected at 0-10 cm depth duthegwinter season (October-November 2010).
Each sample has a weight of 2kg approximately. ¢bkected samples were dried at room
temperature in open air for two days and stordalack polythene bags. The samples were dried in
an oven 60°C till the constant dry weight was aisdi crushed and homogenized. The
homogenized samples were packed in a 250 ml plaestitainer to its full volume with uniform
mass. The water samples were acidified with 11NHGL at the rate of 10ml per litre of sample
immediately after collection to avoid adsorption raflionuclide on the walls of the containers
(IAEA, 1989).

All the storing containers were previously washethwlilute sulphuric acid (b8Q;) and dried to
avoid contamination, filled with about 1litre of tea each.

These containers shielded hermetically and alselds#d externally to ensure that all daughter
products of uranium and thorium, in particular,aadsotope formed, do not escape.

A time of four weeks was allowed after packing t@ia secular equilibrium between Ra-226 and
its short-lived daughter products. The net weidtihe sample was determined before counting.

Radioactivity measurements:

Each sample was then counted using a gamma rayrapeter with Nal(Tl)detector coupled with
an amplifier, which amplifies the incoming signalsd integrates them to volts (0-10volts). The
detector was shielded by thick massive lead osid#s to reduce background of the system. The
detector have an efficiency of 18-20%. The detebt® resolution of specified for detectors as the
full width (in KeV) at half maximum (FWHM) of theufl energy peak of the 1.33MeV peak of
60Co between 1.8KeV and 2.2KeV. The energy resmiuti 2.0 Kev and relative efficiency of 23%
at 1.33Mev was achieved in the system with the togrtime of 36000 seconds to reduce the
statistical uncertainty.

CALCULATION OFACTIVITY

Calculations of count rates for each detected peatk and radiological concentrations (activity per
mass unit or specific activity) of detected radicides depend on the establishment of secular
equilibrium in the samples.
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The activity concentration in Bgkg-1 (A) in the @mmnmental samples was obtained as follows:

A= L
g X nxxm
Where Np = net count rate (cps), measured couet mahus background count rate,is the
abundance of the-line in a radionuclidey is the measured efficiency for each gamma-line
observed for the same number of channels eitheh&sample or the calibration source, and m the
mass of the sample in kilograms.

RESULT AND DISCUSSION
Activity Concentration of U, %?Th and K

The activity concentration of natural radionuclidé$®U, #**Th and *“*K) for all samples are
determined and shown in Table 1. The radionuclaeserved with reliable regularity belonged to
the decay series chain headed¥y and**Th as well as the non-seri&%. Table 1 illustrates the
activity of the natural radionuclide&{U, 2**Th and*’K) in the soil and water samplé32U activity

in the soil samples is distinctly higher than toaf**Th with a mean activity of 27.41+ 9.97Bq/kg,
the variations among the radiation levels in séibifferent countries may be linked to the wide
variations in geological formations of differenpgs of soil (Senthilkumar, 2010).

Soil samples (A1-A8) collected from the reclaimeaste-dumpsite are of relative higher values of
radionuclides compared with the control samples &8 A10) and is due to the radionuclides
concentration contributed by waste from medicalrses of diagnosis co-disposed with other
hazardous wastes in the reclaimed waste-dumpsiten8l A8 have relatively high concentration of
K-40 compared to all other samples in the studredsa

232Th concentration in the soil samples is found tddveer than those of bothi®U and*°K with a
mean activity of 19.27+ 8.14Bq/kg. The activity*8K is observed comparatively higher tHafrh
and®**U in all sampling locations studied with an avera§@26+ 66.74Bq/kg in soil and with an
average of 24.77+8.33Bg/l in water samples.

238 concentration in water samples ranges betwee®+3.90 to 9.41+2.65Bq/l with the mean
value of 7.92+ 2.69Bq/I.

232Th concentration in the water samples ranges betweg6+2.08 to 8.32+2.45Bq/l and have a
mean value of 6.96x 2.37Bq/l.

238 activity in some water samples is higher than ¢i&>*Th, this is becaus&®U is moderately
soluble in natural water (Ashraf et al., 2001).

The activity concentration df?U,?*Th and*®K in water were higher than the world permissible
value of 10.0, 1.0 and 10.0Bg/I (WHO, 2008)

The activity concentration of®U,>*Th and“® in soil were lower than the world permissible
value of 35.0, 30.0 and 400.0Bg/kg (UNSCEAR, 2000)

Calculation of Dose:

Absorbed dose rate: The mean activity concentrations of Th and K ameverted in to dose rate
based on the conversion factor given by UNSCEAR@2QTable 2).

D = 0.042C, + 0.429C, + 0.666C,
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Where D is the absorbed dose rate (n§yity Cr, C« are the activity concentrations (Bg/kg) of
233y, #2Th and*® and 0.429, 0.66 and 0.042 Dose constants of3&)-Zh-232 and K-40 in the
reclaimed dumpsites respectively.

The absorbed dose rates for the samples undettigmtasn are listed in Table 2. The dose rate for
soil samples were found to be between 23.53+ Mil158.39+ 15.21nGy/hr with an average value
of 38.17+ 12.45 nGy/hrwhich is less than international recommended vabie nGy/hr.
The dose rate due to ingestion of these sourcestEr ranged from 6.62 to 10.54nGy/hr with an
average of 9.03+ 3.07nGy/hr in the study areaseWsample from W6 had the highest absorbed
dose rate level. Water sample from W3 were nexVéin dose content, followed by W7, W10,
W4,W2, W5, W1, and W8 in that order. No significalifference in radionuclide concentration was
shown by the water samples of the reclaimed wastepdite area and other sources (W4 and
W10), this is attributed to frequent migration atironuclides in the direction of flow of water.

Theradium equivalent (Raeq)

Radium equivalent activity (Bg/kg) is a guide whislsuitable to compare the specific activities of
samples contains of different concentration’@Ra, 2**Th, and“*°K.It is defined based on the
assumption that 10 Bg/Kg®Ra, 7Bq/kg®**Th and 130 Bq/kd°K produce the same gamma dose
rate. Therefore radium equivalent activity depemdsctivities of Ra, Th and K radionuclides. It is
defined as;

Raeq = Cp, + 1.43Cp, + 0.077Cy
Where Raeq is the radium equivalent activity apgd A, and A¢ are the specific activities of
Ra, Th and K, in Bq K§ respectively (Tufail et al., 1992).
Annual Gonnadal Equivalent Dose (AGED)

The annual gonnadal equivalent dose (AGED) thesadibne marrow and the bone surface cells
are considered as organs of interest by UNSCEARB8LI he AGED for the resident of a building
using a material with given activity concentratioi?*°Ra, 2**Th and*’K was calculated using the
equation.

AGED (uSv/yr) = 3.09Cs, + 4.18Cy, + 0314C,
Where G, Cri and G are the radioactivity concentration®fRa,***Th and*’K.
Radiological Hazard Indices:

The Gamma ray radiation hazards due to the spéctigionuclides in soils and waters are assessed
by calculating different indices. Even though totadtivity concentration of radionuclides is
calculated, it does not provide the exact indicat@dbout the total radiation hazards. Also these
hazard indices are used to select the right méderia

Hazard Indices (He and Hip): The two indices are that represent the exterrdiraernal radiation
hazards. These indices are calculated (table ®)llmyving relation (Orguret al.,2007).

HEI — CRE _|_ Cl"h CK
370 259 4810

CRE Cl"h CK
H:’n -
185 259 4810
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Where @, Cr, and G are the mean activity concentrations 81U, **Th and “K in Bg/Kg
respectively.

The calculated values of RaAGED, H. and H, for the soil samples studied ranged between
50.84 and 104.32Bqg/kg for Rawith an average value of 80.08Bg/kg. Thefvd the soils samples
were below the recommended value of 370Bg/kg (UNSKRE982).

The annual gonnadal equivalent dose ranged fron02@d 357.86uSv/yr with the mean value of
267.63uSv/yr compared to Ademola et al (2010) 0948 77.5uSv/yr, and which is lower than the
world average of 0.30mSv/yr. The results of AGEDw# higher values in some samples (Al, A3,
A5, A7 and A8) compared to the standard limit aBr@Sv/yr. This shows that the immediate
environment is impacted.

0.137 and 0.282 for A with an average value of 0.2162. 0.188 and 0.84 Hf, with an average
value of 0.2903. These values are far below therain limit (Hx and H, less than or equal to 1)
for the European Commission on Radiation Proteateports (1999). The external hazard, radon
and its short-lived products are also hazardoushéorespiratory organ and can cause cancer
(Xinwei, 2004).

The calculated values of ReRAGED, H., and H, for water samples studied ranged between 14.467
and 23.380 Bg/l for Rg with an average value of 19.807Bq/l. 45.21 and@ZRuSv/yr of AGED
with average value of 61.423uSv/yr, 0.0385 and Z706f H.x with an average value of 0.0532.
Also 0.0372 and 0.0877 ofiHwith an average value of 0.0697. This shows tmahediate water
sources of environment are contaminated and viailityobf water contaminants other water
sources are affected. Eliozu reclaimed waste-dumpssidential houses are located close to the
landfill, about 50-100metres away, and therefore immediate environment is impacted.
Residential, Scavengers and workers in area aresexlpto different doses of radiation, since
radiations have harmful effect on the human bdagntthey could suffer such debilitating medical
disease such as radiation poisoning, cancer ahchag&tion.

The hazard indices (Hand H,) should be less than unity for it to be regardedsafe. The
calculated values are of 0.07Bagind 0.05Bq/(Hi, and H,) which are comparable to standard and
are far lower than the recommended safety limie Tiiean Rg obtained for all water samples is
less than the maximum recommended limits of 37030EAR 1982) and indicates that all the soill
samples investigated are radiologically safe anll pose no health effects on the populace.
Therefore the average of the radioactivity hazadices and radium equivalent values are far less
than restricted levels for the public. So onlyibgressive activities occur hence some precautions
such treatment from water sources should be folmd take into consideration for the public
residences in this area

Activity Utilization Index (1):

The samples are also examined whether it facilithée dose criteria when it used as building
material. For that reason, the Activity utilizatibmdex (1) is calculated using the equation givgn b
Tzortzis and Haralabos (2003). The calculatedalues for all the samples are presented in table2.
The values range from 0.32 t01.28 with an averd@e58 and 0.09 to 0.14 with an average of 0.12
for soil and water samples, exhibit that ‘I' (lekan) <2, which conform to an annual effective dose
< (less than) 0.3 mSv/y (El-Gantl al. 2007).

TheTheAnnual Effective Dose Equivalent (AEDE):

annual effective dose equivalent received by a neensbcalculated from the absorbed dose rate by
applying dose conversion factor of 0.7 Sv/Gy areldbcupancy factor for outdoor and indoor was
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0.2(5/24) and 0.8(19/24), respectively (Veaaal, 2006). The annual effective dose is determined
using the following equations

AEDE (Outdoor) ( uSv/y) = (Absorbed dose) nGy,/h X 8760h X 0.75v/Gy x 0.2 X 1073

AEDE (indoor) (uSv/v) = (Absorbed dose)nGy/h X 8760h X 0.7 5v/Gy X 08X 1073

The calculated indoor and outdoor AEDE values areteql in table 2. The minimum, maximum
and mean value for outdoor and indoor in wateoist to 8.12 Sv/y, 13.14 Sv/y and 11.07 Svly,
respectively and 32.48 Svly, 52.54 Sv/y and 44.80/,Sespectively while in soil sample for

outdoor is 28.86 Svly, 61.80 Sv/y and 46.81 Swgpectively and indoor of 115.43 Svly, 247.19
Svly and 187.25 Svly, respectively.

Excess Lifetime Cancer Risk (ELCR): Excess Lifetime Cancer Risk (ELCR) is calculateohgis
below equation and shown in Table 2.

ELCR = AEDE X DL XRF

Where AEDE, DL and RF is the annual effective degaivalent, duration of life (70 years) and
risk factor (per Sv), fatal cancer risk per sievdfor stochastic effects, ICRP 60 uses valuesQ& 0
for the public (Taskiret al, 2009). The range of ELCR is between 0.028 % t000.046 x 13 with

an average of 0.039 x dor water samples and 0.1010 x*1® 0.2163 x 18 with an average of
0.1638 x 10 for soil samples.

CONCLUSION

The absorbed dose rate and excess life canceduisko natural radioactivity in soil and water
around reclaimed waste dumpsite in the city of Ptatcourt have been carried out Rivers state.
The average activity concentrations of soil andewaamples were within the world permissible
value. Although some extreme values have been rdeted from water samples in it activity
concentration indicating some elements of contatiinaof water body. The average outdoor
terrestrial gamma doses are higher than world geer&he other calculated radiological hazard
indices are below the acceptable limit (Safety tjmiihe calculated activity utilization index iske
than 2; this indicates that the Eliozu’s soils araders can be used for construction of buildings
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