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ABSTRACT

The activity concentrations of ™K, ®"U and ®*Th in some vegetables commonly consumed in Jegele.
Idanre and Agbabu have been measured wsing the gamma ray spectrometer consisting of a lead
shielded 76mm by Tomm Mal (T1) deteclor crysial coupled o n Canberra senes 10 plus I'I]H“I-l..'hﬂ.lilrl.ﬁl
analyzer, Preset counting time of 10 hours (36 000s) was used lor each sample. Resulls showed
the concentralions of radionuclides varied from one location (o another  The highest radwacuvity
conceniration ::n.l'i-lﬁﬂ.?iﬂ]qu", '!J'?ji‘llqhg" and IE.#Jqug.'l g, #uand T, respechively was
obtained from Tialium Triangulare, Talivm Trionpulore nnq African Spunech respectively all in
Idanre The lowest concentration of 721 86Bqgkp™, 2 368qkp "and 6 238gke™" K. “™U and B
respectively was oblained from FPelfaivic Cocidentalis, Solanimm Macnoorpon and  Corchorous
(itarious in Jegele and Agbabu The equivalent dose rates due w intake of the vegetables were
determined. The mean eflective dose equivalent for Jepele, ldanre and Agbabu were 0 59mSvyr ',
U-Hmﬂwr" and U.erﬁvyr'l. These transfite 1o collective doses of 2.'.15.~ctu*mm‘ivyr =
L46x10 manSvyr" and 1.28x10' manSvyr' | for Jegele, Idanre and Agbabu respectively. All these
values are lower than the recommended 2 4mSvyr ' (UNCEAR, 1993) for normal backeround. The
resulls presented here serve as reference for fulure radicsctivily monitoring especially in Agbabu

alter the scheduled exploitation of the bilumen
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exploration cannol be preempled  Hence the inclusion of bilumen producing, area i this

research

1.3 THE SCOPE OF THE STUDY

The primary aim of the presenl research is to mvestigale the radioachvily levels in the
edible paris of locally grown vegetables in a bilumen producing area specilically Agbabu,
compare the activily level wilh the same vegetables obiained lrom ldanre o rocky lown
and *Akure with normal vegelation o serve as conlral  This will be dong wath y
specirometer using MNal (Tl) detector coupled through a pre-amphilier base 1o a
multichannel analyzer (MCA) in the Centre for Energy Research and Developmient
Obafemi Awolowo University, He-lfe. Allempl was made lo delermine the absorbed
rudiation dose and the equivalent radiabion dose o the people o the areas consunung

ihese vegeiables.
1.4 GEOQLOGY OF THE LOCATIONS

Jegele (T'N, 5"E) is under the junisdiction of Akure North local Government which was
created in 1997 hrom Akure local Governmenti Omole. 20001} It s below 300m,
dissecled by mnumerable sireams and nivers Mlowing in broad sandy valleys. I lies
munly in the basing of the major nvers and fall roughly within the areas ol sedimeniation

(Cwvow ondostalesovermment cai)

Idanre {‘)ﬂN, 7°E) is under Idasre local Govemment the land 15 dominated 1BNE0US
structures thal form most of highlonds and halls  The rocks  of the basement complex,
mamly of igneaus ongin, are eocountered i over 60% ol the surface area Most of the
area lies between 300 1o 600m however the Idanre hills where the plateau 15 lighest are

about 1000m above the seoa bevel (vwwn oodosiatepos i o)



Agbabu (6"M, 4"E) the rocks m this area are made of sandstones. shale. clays and coal R
lies adjacent (o the seas. 11 runs along (he coast from easi 1o wesi in a sinp of land and are
made up of recent deposits of san, clays and mud. Sands predominate and sand-bars cul
off east-west lagoons. 1l consists mainly of muddy deposils pushed out by the Niger into
a relatively lideless sall sea  The creeks and waler channels form umportant fishing
grounds and provide highways in this marshy area. 1l consisis mostly of medium 1o fing
grained sand siones interbeddad with relatively thick silisiones are shale  The shale are
rich in organic matter. They are brackish waler shales below bul become masme lowards
the top with abundant of [Bssils (s v B org™W AMCENTEAOINED) Frgere 11 shows

the map of the sudy areas.
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CHAPTER TWO

LITERATURE REVIEW

1.1 HADIGACTIVITY

In 189, Becquerel, who was mnvestigaling the relationship between X-rays and
fluorescence using crystal of uramum polassium sulphate accidentally discovered thal
uramium compounds emii radiation that are simular (o X-rays. Laler, Merre and Mane
Cune, dunng their investigation of naturally occurmng uramium ores, also discoversd that
radium {Ra), thorium (Th), and polondum (Po) are radivactive as well Presently, over 60
radicactive elaments can be found in nature and are grouped o pnmordial, cosmogenic

and human produced.

2.1 THE KINETICS OF RADIOQACTIVE DECAY PROCESS

The radioactivity of a sample of radioactive matenal 1s an imponant quantity or properly
of the sample. Activity isell 15 the rate st which the nucler within the sample undergo
transitions and can be expressed i lerms of number ol ransiions per second (ips) or

disintegrahion per second (dps) The Becquerel s the 5.1 umi, and is equivalent 1o | 1ps

The probatality that 8 nucleus wall decoy i o centn lime imlerval does not depend on ape
of the puclear, stale of (he chemical combinalion, lemperalure, pressure or presence of
other aloms or nuclel, bul a property of individual 1solated nuclews. Therelore, the rate of
decay from a sample ol any radioactive substance must be proportional only o the

number of nucle present (Sprawls, 1993),

In a sample containing M nucles, the rate of decay dMN/di will be

%=—;W 2| / : ’



Where M is the number of atom present al time |, and n s the decay constant wilh (he
charscteristic value of the nuclei under consideration

Integrating equation {1.1)

ThereforeN = N e " 22

This shows that (the number of nucler remaiming decreases exponentially with lime,

3 HALF LIFE OF RADIOACTIVE ELEMENTS

A l'l:lmlﬂrilmlul charactenstic of radioactivity is that all nucler even af the same
radicactive nuclide do nol have the same lifetime. I o1s difTicull 1o know the lifetume of a
particular nuclide, bil the average life time, which 15 a unique characieristic ol each
nuclide can be known The average lifetime 15 expressed as the hall-hife (Ty2), which s

the tme required for hall ol the inilial number no ol the nuclel 1o decay (sprawls, 1995)

From equation (2.1)

N=Nge™*
0.693
[l 2.3

14 RADIOACTIVE EQUILIBRIUM

When ihe presence and amount of the parent radionuchde of a particular decay series is (o
be deterpuned by the measurement of the radioactivity of any of its deughter element, as
15 done in Gamma ray specirometer, radicactive equilibrium becomes an important

subject for consideration

Gamma ray spectromeler can be used to determine the concentration ol L, Th and K in a
rock or soil sample because gamma rays ol specilic energy wre associnled with each
radivelement. Energy of peaks in an energy spectrum of pamma ray bemg emitted by a
radionuclide could be used 1o infer the particular radionuclide. The method involves the

i



county of gamma ray pholon with specilied energies, partcularly those emitled by
daughier product e g Bi - 234 in U -238 decay senes and TI-208 in the 232 decay senes.
The gamma ray couni rale can then be relaied 1o the amount of present by assuming there
15 8 direct relation between the amount of daughter and parent. This assumption 15 only

valid when the radicactive decay series is ina stale of secular equilibiium

When a radioactive element in a series 15 being lormed, and al the same tme transiting, of
the parent nuclide forming the radio element under consideralion has o considerably
Ii:illuﬂ half lifie, that 15 long enough that there 15 a no noticeable decay during iime inlerval
af mterest, a condibion of secular equilibnum resulis. A radioactive series is said 1o ben a
state ol seculor equilibnuem when the number of aom ol sach daughier being produced in
o series 15 equal to the number of alom of esch daughier being produced in a senes 15
equal 1o the number of aloms ol thal daughier being lost by decay. Al such tme, In o
radioactive series in which the pareni radionuchide have a considerably long hali-hife as
stated above and the daughter nuchides are decaying inlo one another, al a poinl in lime,

the amounl of any given daughter radionuclide will be constant

Al such time, il is possible 10 determine the amount of the pareni of the decay series by

measuring the radioactivity from any daughier nuclide (sprawls, 1995)

2.6 Hadintion

Acecording 1o the National Council on Radiation Protection and Measurement (NCRPM,
1967), homans have been exposed o radiation from natural sources since the down of
time, The sources include the ground we walk on, the air we breathe, the food we eat and
the solar system as a whole Everything in our world contains small amounts of

radioactive elements like Polassium 40, Radium 226 and Radon 222 These are either lefl



over rom the creation of the workd (ke Uranium and Radium)} or made by interaclions

with cosmic radiation (like Carbon 14 and Tritium). The Earth 15 constanily m a [ux of

cosimic radiation [rom ouler space,
1.7  Common Types of Radiation

Sources of lonizing Radistion with matier

As 1oniing radistion moves [Tom pomnl o poml in matter, il loses iis energy through
various interactions with the aloms 1 encounters. The rate al which this energy loss
occurs depends upon the type and energy of the radiation and the density and atemic

composition of the maller through which il 1s passing

The various types of iomzing radiation impan their energy 1o matier prmarily through
excilation and 1onization of orbital elecirons, The term excilation 15 used o descrbe an
interaclion where electrons acquire energy from a passing charped particle butl are nol
removed completely from their alom. Excited elecirons may subsequently enul energy
the form of x-rays during the process of relummmg lo a lower energy siate The term
ionization refers (o the complete removal of an electron from an atom following the
transfer of energy [from a passing charged particle In describing the inensity of
wonisation, the term specific wenization 15 oflen used This 1s defined a8 the number of 10n

pairs lormed per unil path length for a given lype of radiation

Gamma-rays

A nucleus which is in an exciled stale may emil one or more photons (packets of
electromagnetic radiation) of discrete energies. The emussion ol gamma ravs does notl
alier the number of protons or neulrons i the nucleus, but mstead has the eilect of
moving the nucleus from a higher to a lower energy siate {unsiable to stable). Gamma ray

enussion [requently follows beta decay, alpha decay, and other nuclear decay processes



Beta (B) Particles

A nucieus with an unsiable ratio of neutrons 1o protons may decay through the emission
of a high speed eleciron called a beta particle. This results i a net change of one unil of

atomic number (£). Bewa particles, these are elecirons, with a charge of -1 They are
emitied when a neutron splits inio a prolon and electron (B-), (n—P " + v} The proton
stays in the nucleus, while the eleciron is gected i radiactive disintegration, The

enussion 15 as represenied below
__{ A =
;X0 + 24

Where £ = number of prolons

A = mass number

A position (B') can also be produced by splithing ol a proton
Pan+ " +v 25
The resull of the ransmutation is that there will be a pain in atomic number with no

change in mass, as expressed above,

The - particles are capable of traveling al preal speed, therefore they have a grealer
peneirating power above 100 (mes that of @- particles. They can be siopped by some
millimelers thick aluminum foil, Their low masses allow them (o be deflecied 1o a large
exlent in an elecine or magnetic field in the opposite direction 1o that of alpha panicles.
Beta particles have a negalive charge and the beta paricles emilied by a speeilic
radionuchide will range in energy from near sero up 10 a maximum viadue, which s

charactensuc of the pariicular transformation



Alpha () Parvticles

Certain radionuclides of high alomic mass (“Ra, “*U, ““Pu) decay by the emission of
alpha particles. These alpha particles are lghtly bound wnits of lwo neutrons and two
protons each {"‘l-le nucleus) and have a posilive charge Their peneiraling power 5 very
low, being sloppable by a sheel of aluminum or paper Their emussion dunng

disintegraiion may be expressed as follows
A A—4 4
EX____E—EY+IH€ 2.4

Where,
£ = number of prolons

M = mumber of newtrons

From the expression above, il 15 obvious that an alpha panicle emussion resull i the
transition of an initial element X to a new elemenl Y. Emission of an alpha particle from
the nucleus resulls in a decrease of two umits of atomic number (Z) and lour umils of mass
number (A) Alpha particies nrd.umill.n.'d with discrete energies charnclenste of the
parlicular transformation from which they onginate All alpha particles from a particular

radionuclide ransformation will have idestical energies

Meufrons

Meutrons are neulral particles that are normally contained in the nucleus of all aloms and
may be removed by vanious interactions or processes ke collision and lission. Neulrons
are typically produced by one of three methods Large amounis of neutrons are produced
in nuclear reaclors due to the nuclear fission process. High energy neutrons are also
produced by sccelerating deulerons that causes them (o interact with iritium nucler The
third method of producing newtrons is by bombarding beryllium with alpha particles

Neutron sources can be made using the alpha-neutron reaction on bervllium by making o

[0



mixiure of powered alpha emitier and beryllium and sealing ol in a metal contaner. Early
neutron sources used radium & the alpha emitier, Modem neution sources Lypically use
plutomum or americium as the alpha source, The radium-beryllium (Ra-Be) sources were
also sources of large amounis of gamma radiation while the piulnnjum-herylliu.m (Pu-Be)
sources and the amencium-beryllium (Am-Be) sources only produce small amounts ol
very low energy pamma radistion. Thus, as neutron sources, Pu-He and Am-Be sources
tend 1o be less hazardous (o handle. The older Ra-Re sources also had a lendency o

develop leaks over ime and give oll radon gas, one of the products ol radium decay

X rays

X-rays are electromagnelic waves or photons not emitlted [rom the nucleus, but normally
emified by energy changes in electrons. These energy changes are either in electron
orbital shells that surround an atom or in the process ol slowmg down such s moan X-ry
maching. X-rays are disimguished [rom gamma rays only by their source (orbial
electrons rather than the nucleus) X-rays are emitted with discrele energies by electrons
as they shifi orbits following certain lypes ol nuclear decay processes. Internal conversion
oceurs in & 1solope when the energy 15 transfemed 10 an alomic ongin electron that s then
goected with kinetic energy equal to the expected gamma ray, bul nunus the eleciron's
binding energy The vacancy in the momic struclure is lilled by an extemnal eleciron,
resuliing 10 the production of x-rays. Thulium-170 15 a good example of this (ype ol
disiniegration. When Thulium-170 looses s energy 1 will exhibi a 60 % probability of

interaction with an orbital electron thus producing x-radiation

Ll



1.8 Radionuclides

Our world is radioactive and has been since i1 was created Owver 60 radionuclides
(radioactive elemenis) can be found i nalure, and they can be placed in three general

calegones.
I. Primordial - from belore the creation of the Earth
2, Cosmogenic - [ormed as a resull of cosmic ray inleraclions

3 Artificial Radionuclides - enhanced or lormed due o human aclhions (minor
amounis compared 1o natural) Radionuclides are found naturally in air, waler and
soil. They are even found in us, being (hat we are producis of our environment
Every day, we ingest and inhale radionuclides in our air and food and the waler
Matural radioactivily 15 common in the rocks and soil that makes up our planet,
waler and cceans, and in ouwr building maienals and homes  There 15 nowhere on

Earth that you can not find natural radioaciivity

Radionctive elements are oflen called radioactive 1solopes or radionuchdes or just
nuclides. There are over 1,500 different radioactive nuchides Often, radionuclides are
symbolized based on the element and on the atomic weight, as in the case of radicactive
hydrogen or trtium with an aliomic weight of 3 15 shown as H-3 or 'H As anather
exampie, Uranium with the atomic weight of 235 would be shortened 10 U-235 or U

{Taylor & Franas, 1991)

2.8.1 Primordial radionuclides

Primordial eadicnuchdes pre lell over from when the world amd the amverse were crealed,
They are typcally long lived, with hall-lives oflen of the order of hundreds of mullions of

years

12



Radon comes (rom the decay of Uranmny, a natural element Uramum decavs through o
long chain of radionuclides that mcludes radon Radon is o noble pas, nol chemically
aclive so it migrates through porous materials like the ground and loundation of
buildings. Radon nself has a small chance of decay as il breathed in and ot Most dose
comes from the decay products of radon, sometimes called radon daughiers or mdon
progeny. These radon progeny are particles nol gases, and can be deposiied in lungs as we
breathe There they have some chance ol decaving before the body can pet nd of them,

resulling in a radioactive dose

There are several other naturally occurning radioactive nuchides: Most notable are Carbon-
14 (C-14) and Polassium-40 (K-40) They are made by cosmuc ray mlerschions and
eventually make their way mito our food chain Onee ingested, they can decay and give us
an inlernal dose. All living organic malenal has o constant vabio of Sarbon 14 6 non-
radioactive carbon 12. Once dead, the orgamic material stops laking in carbon. Therefore,
by measuring that ratio of C-14 to C-12 found i organic archeological iems, the

appropriate time since death can be determined This is what is known as carbon dating.



Table 2.1  Lists of Primordial Radionuclides (BIER V NAS)

Primordial
Symbol |Hall-life Matural Activily
Muclide
Uranium 235 [0 |7.04x 10%yr  |0.72% of all natural uranium
00.2745% of all natural uranium; 0.5 to 4.7
Uranium 238 |[**U  [447x 107 yr  [ppm total wranium in the common rock
Lypes
3 16 e 20 ppm in the common rock vpes
Thorium 232 [*“Th  [141 x 10" yr
with a crustal average of 10,7 ppimn
042 pCiig (16 Bg/kg) in limestone and 1.3
Radium 226 ["™Ra  |160x 10" yr
pCifg (48 Bg/kg) in igneocus rock
Noble Gas.  annual average A
Radon 222 Hpn 382 days concentrations range in the US from 0.016
pCYL (0.6 Bg/m™) 1o 0,75 pCi/L (28 Bg/m’)
Potassium 40 | VK 128 % 10" yr  |soil - 1-30 pCiig (0.037-1.1 Bg/g)

Some nuclides like “*Th have several members of ils decay cham
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Some other primordial radienuclides are ¥V, *'iRb, '"Cd, ""In, "*Te, ""La, "Ce, 'YNg,
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2.8.3 Cosmogenic

Cosmic radiation is really divided into two types, primary and secondary. Primary cosmic
radiation is made up of extremely high energy particles (up o 10" eV), and are mostly
protons, with some larger particdes A large percentage ol 1l comes {rom outside of our
solar system and 15 found throughout space. Some of the primary cosmic radiwnon 15 from

our sun, produced dunng solar (lares.

Little of the pnmary cosmic radiation penetrates 1o the Eanh's surface; the vast majoniy
of ir: interacts with the atmosphere. When il does imieracl, il produces the secondary
cosmic radiation, or whal we aclually see here on Earth These reachions produce other
lower energy radialions in the form of pholons, electrons, neutrons and muons thal make
il 1o Ihe surlpee

The aimosphere and the Earh's magnelic lields also acl as sheelds apinst cosnie
radiation, reducing the amount that reaches the Earlh's surface. Cosmic radiation depends

on what altilude one 15

There 15 only aboul a 10% decrease ol sea level in cosnuc radation rates when going lrom
pole to the equator, bul at 16975m the decrease 15 75%. This is on account of the elTect of

the earths and the Sun's geomagnetic fields on the primary cosme radiations

Flying can add a few extra mSv 1o annual dose, dependmg on how olien one flies, bow
high the plane Mies, and how long one stays in the air  Table 2 2 shows the vanation of

height with cosmic radiation absorbed



Tahble 2.2 Calculated Cosmic Ray Doses (BIER ¥V NAS)

Calculated cosmic ray doses to a person [ying in subsonic and supersomic aircrafi

under normal solar condilions

Subsonic Might ai 11 km

Supersonic Might al 19 km

Flighi

Flighi Dose per  round Dose per  round
Roule duration

duration Irip inp

ihrs}
(hirs)
(pliy) (pGv)

Los Angeles-

111 4B 18 37
Pans
Chicago-Paris 4.3 36 28 el 3
New York-Paris |74 31 2.6 24
MNew York-

7.0 20 24 22
London
Los Angeles-

b T I 19 13
Mew York
Svdney-

174 44 62 21

Acapuico

165




The source being primanly oulside of owr solar system. The radsstion s m many forms,
Irom high speed heavy particles to hgh energy pholons and mueons The upper
atmosphere interacts with many of the cosmic radiations, and produces radioactive
nuclides. They can have long hall-lives, but the majority has shorter hall~lives than the

primordial ruclides. Some common cosmogenic nuchides are listed in Table 2.3
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Table 2.3 Cosmogenic Nuclides (BIER V NAS)

Muclide Symbol |Half-life |Source Matural Activity
6 plilg (022
Cosmic-ray interaclions,
Carbon 14 ME 5730 yr Bg/g) i organic
"N{:Lp}”{';
material

Cosmic-ray inleractions with N[(:032  pCiukg

Tritiuim " 2.3 ¥ and O, spallation from cosmue-{(1.2  x  0

rays, “Li(n,alphay H Ba/kg)

Some other cosmogenic radionuclides are "Be, *al, *CL *Kr, "C. " s8i, "Ar, ¥Nu. 'S,

Tar, PP, ¥p, Mg, ¥Na, 78, V'si, "R, P01, Yo, Yo



183 Anrtificial Radionuclides

Artificial radionuclides in the environment resull from the atmosphenc lesting of nuclear
weapons, the exploftaion of nuclear fission for the production of electriciy and, 1o a
lesser extent, the Chemobyl accident. The siudy ol these artilicial radionuclides in the
environmenl is of inlerest for a number of reasons: [isily, o gain an understanding ol
their geochemical behavior, secondly, 1o awl m the assessment ol therr radiological
significance o both present and flure generations and, Ooolly, with o greater
understanding of their behavior, these mdionuchdes con, 0 lum, be used o8

geochronological tracers in the study of natural processes. Which include

«  Transuranic elements (Np, Pu, Am} i the environment.

« Geochemical associations of artificial radionuchdes in salimarsh deposits
s Pollutant dispersion and concentrabion mechamizms o e Insh Sen

« The use of “'Cs as a tracer of water movement.

« The biogecchemical behavior of novel radioactive pollutanis (eg " Tc)
« Anthropogenic ''C in the aquatic and terrestrial environments

« The application of perinl and vehicular gamma-ray survey methods 1o the
determination of the distribution and movement o rdionochides im0 the

environment
Humans have used radioactivity for one hundred years, and through ns use, added o the
nalural inventones, The amounts are small compared 1o the natural amounis discussed
above, and due 1o the shorier half-lives of many of the nuchdes, have seen a morked
decrease since the halting of above ground testing of nuclear weapons. Examples of [ew

human produced or enhanced nuclides are hsted in Table 2.4



Table 2.4 Human Produced Muclides {Kuooll, 1989}
MNuclide Symbol | Half-hfe Source
Produced from weapons lesting and
Tritium H 123 yr fission renctors; reprocessing  facilibes,
nuclear weapons manufaciuring
Fission product produeced [rom weapons
lodine 131 o .04 days lestimg . and  lssion reactors, used o
medical treatment of thyraid problems
_ Fission product produced from weapons
lodine 129 | 157 x 107 yr
testing and lission reaclons
) Fission produci produced from weapons
Cesium 137 Hire 3007 yr
tesiing and lission reaclors
Fission product produced [rom weapons
Strontium 9 M 8r 28.7TH yr
lesting and hission reaciors
Decay product of o, used in medical
Technetium 99 | ™Te 2411 x 10° yi
dipgnosis
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19  Review of Radiation Manitaring

The possible eflfects of exposure 1o onizing radistion due lo malwrally occwrmng
radionuclides on man have been a cause of concern. 1l has bean reported thal matural
radionuclides contribule aboul 23% of the avérage annual dose 1o man (NCRPM, [957)
The natural environment 15 made ol indoor exposure o radon (Yo et al, 1993, 199%%) and
ouldoor exposure 1o gamma radiation ol both lerresinal and cosmic ongan (Delaune of al,
1986, Eisenbud, 1987)  Aparl (rom these external sources, inlernal sources ol natural
rmllimmn have been noted (Feldman, 1977, Ban-nas el al, 19949, Komamurn el ol 1994)
Achivily concentrabions of "es and "K in foodstulls consume in Egvpl (Badron el ol
2003) Foliar uptake of radicnuchides in strawberry as function by leal age {Fortunati e al,
2004).  These research activilies in other parts of the warld hove led o concrete

regulations and legisiaiures by government and repulatory bodies i those pans ol the

world

The data needed lor the assessment of the radintion level of most pants of Nigena are
scanty. Agu (1965) cammed oul one of the ploneenng radialion MoRIGNNE exeqcises in
Migeria in 1965, Since then, work had progressed slowly in this aren The work done so
far includes, almosphernc radioactivity of Tin iy by-product m Jos (Babalola, 1984,
Oresegun and Babalola, 19909, 0 in groundwater ol Migena (Faru and Sann, 19924
1992b), natural radwnuchde contenl of some  (oodstulls o Migeria  (Olomo,
1A Arogunjo, 2003), najural radionuclide coneentrations i aguanc speces (Form and
O, 2002), and the datermmation of natural radionechde conents of soill and rocks in
some parts of Migena (QOlomoel al 1994, hbn and Farar, 1998, Arogungo and Fara,
19959 Ajay, 20003 Most of the works carnied out in Migena are wathout particular (ocus

on areas in this study
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L1 Effects of lonizing Radiation on Homan Tissue

The human body 18 made up of many orpans, and each orpan of the body s made up ol
specialized cells. lonizing radilion can potentially affect the normel operation of hese
cells. In this section, we will discuss the potential for biological elfects and risks due 10
ionizing radiation, Biological effects begim with the womzabion of stoms The mechamism
by which radiation causes damage 1o human tissue, or any other matenal, 1= by onzation
of woms in the malenal. lonizing radiation absorbed by human vssue has enough energy
io remove electrons from the atoms thal make up molecules ol the hssue When the
electron thal was shared by the (wo atoms 10 form o molecular bond 15 distodged by
wonizing radiation, (he bond s broken and this, the molecule [(alls apart. Thas s 8 basic
maodel for understanding radiation damage (NRPB, 2004) When womang radialion
interacls with cells, it may or may nol sinke a crfical part of the cell. We consider the
chromosomes (o0 be the most crtical part of the cell since they conlam the genalic
information and instructions requred lor the cell 1o perform s function and 1o make
copres of isell for reproduction purposes. Also, there are very effective repoir
mechanisms a1 work constantly which repair cellular damage - including chromosome

damage. The following are possible elTects ol radiation on cells:
| Cells are undamaged by the dose

lonization may form chemically active substances which in some cases alier the
struciure of the cells. These alterations may be the same as those changes thai

accur naturally in the cell and may have no negative effect
2 Cells are damaged, repar the damape and opernte normally

Some onng évends produce substances nol nomally found in the cell. These

can lead 1o a breakdown of the cell structure and its compoenents. Cells con-repan
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ihe damage o i 15 himied. Even danmgee 10 e chromosomes s usually repomed
Many thousands of chromosoma aberrations occur constantly in our bodies We

have effective mechanisms (o repair these changes
3 Cells are damaged, repair the damage and operate  abnormally

I & damaged cell needs 1o perform a funclion before il has had me 1o repair
usell, i will either be unable to perform the function or perform the Tunction
weomectly or incompletely. The resull may be cells thal cannotl perform their
normal functions of that now are damaging (o other cells. These aliered cells may
be unable 1o reproduce themselves or may reproduce al an uncontrolled rate. Such

cells can be the underlying causes of cancers,
4 Cells die as a resull of the damage

IF & cell is extensively damaged by radiation, or damaged e such o way thal
reproduction 15 affected, the cell may die. Radiation damage 1o cells may depend

on how sensilive the cells are lo radialion

All cells are nol equally sensitive o radiation damage. In general, cells which divide
rapidly and/or are relatively non-specinlized lend 1o show effects a lower doses of
radiation than those which are less rapidly dividing and more specialized Examples of
the more sensitive cells sre those which produce blood This sysiem (called the
hemopotetic system) is the most sensilive biological indicator of radinlion exposire
Potenhal ological effecis depend on how much and how fast 8 radistion dose is

received. Radiation duses can be grouped o two calegories, acuie and chronie dose
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2,001 Acute dose

An acule radmtion dose 15 defined as o lupe dose (1O rd or greater, 1o the whole body)
delivered during a shon period of tune (on the order of a few days al e most) 1 large
enough, 1l may resull in elfects which are observable within a penod of hours 10 weehs
Acule dogses can cause g patlern ol clearly identiliable svmploms (syndromes) These
condions are referred 0 in genecnl as Acufe Rodiotion Syadrome Radiabon sichness
symploms are apparent following acute doses =100 rad. Acute whole body doses of =450
rad may resull in a siatistical expectation that 50% ol the population exposed will die

within 64 days without medical attention

Blood-forming organ (Bone marviow) syndrome (=100 rad ) 15 choractenzed by domoge
to cells that divide at the most rapid pace (such as bone marrow, the spleen and Ivenphatic

tssue). Symploms include infernal bleeding, Tatipue, bactennd mfecinons, ml leve

Gastrointestinal tract syndrome (=KW rad) 15 characterized by damage to cells that
divide less rapidly (such as the linings of the stomach and inestines) Symploms include
nausea, vomubing, diarthea, dehydralion, electrolynic imbalance. and loss of digestion

ability, Meeding ulcers, and the symptoms of blood-Torming organ syndrome

Central nervous system syndrome (=5000 rad) 15 characlensed by damage 1o cells thai
do not repreduce such as nerve cells Symploms include loss of coardinanion, confusion,
coma, convulsions, shock, and the symploms of the blood lorming organ amd
gastromntestingl tract syndromes. Scientists now have evidence thal desth under these
condibons is not caused by actual radiation damage 1o the nervous svstem, bul rather
From complications caused by internal bleeding, and Mud and pressure build-up on the

b

Chher effects from an scule dose include



125 1o 200 rad 10 the ovanes can resull an prolonged or permonead suppression ol

menstruation in aboul iy percent (50%) of women

200 10 300 rad w the skin can result in the reddenmg of the shin (erythema), sl o

muld sunburn and may result in hair loss due to damage 1o hair [olhcles,

600 rad to the ovaries or lesticles can resull in permanent stenbization. 30 rad w0 (e
thyreid gland can result in benign (non cancerous) amaors. As o proup, the ellects coused
by acule doses are called determumistic Broadly speaking, this means that seventy ol the
effect is determined by the amouni of dose received. Delerministic effects usually have
some lhreshold level - below which, the effect will probably ool eceur, but sbove which
the effect is expecied. When the dose is above the threshold, the sevenity of the ellect

increases as the dose increases

10,2 Chronic dose

A chromic dose 15 a relatively small amount ol radiation received over a long penod of
iime The body is better equipped 1o Wlerale o chronie dose than an acute dose. The body
has time to repair damage because a smaller percentage ol the cells need repar al any
given time. The body also has tme o replace desd or non-Tunchiomng cells with new,
healthy cells This i the type of dose received as occupational exposure The ological
effects of lugh levels of radiation exposure are fairlv well known, but the effects of low
levels of radiation are more difficull o determmne because the determimistic effecis
described above do nol occur al these levels Since delermimsiic ellects do not generally
occur with chronic dose, in order 1o assess the nsk of this exposure, we must look 1o other
types ol effecis Siudies of people who have received ph doses have shown o hink
between radiation dose and some delayed, or fererr elffects. These eflects include some

lorms ol cancer and penetic elfects (Knoll 198%)
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CHAPFTER THREL
3.1 RADIATION DETECTION AND MEASUREMENT

The interaction ol either charged or uncharged radiation mvolves the transler ol energy of
the incident radiation either fully or partially 1o the elecirons or nueleus ol the constituen
atoms ol the interacting medium. Gamma ravs interact with matier in three principal
ways, which are: photoelecine absorpSuon, Complon scaltering and par production. This

will be discussed in this seclion, as this is the basis of the y -specliromeine method

employed in this work,

311  Photoetecivic Abzsorpiion

Photoelecinic effect is an inleraction between o photon and a ghily bound electron whose
binding energy 15 equal o or less than the energy ol the photon In tus process, o phalon
of energy E, is absarbed by a bound eleciron  This leads (0 ejection ol the electron rom
is orbit with energy T given by

I'=E —E, = il

where, Ey, 12 the binding engrgy of llaeleia:lmn The primary 1omc particle resuling from
this intersction s the photoeleciron Equation 3.1 shows that pholoeleciron production
occurs only when E, 15 equal 1o or greater than the binding energy ol the electron in the
absorbing materials. A vacancy is crealed mostly from the innermost shetl (e g K-shell)
due (o the production of photoelectrons This is promptly filled by electron lrom ihe

higher energy shells wath the emussion ol charactenstic x-ray. The probability that

photoelectnc absarplion will occur is expressed by the equation

i
;oL 32

EJ
where k = a constani

Z = the atomic number of the absorbing matenal

26



p = the density of the absorbing maderal,

E = pholon encrgy

Equation 3 2 shows that low energy photons and high atonic numbered absorbers Tavor
the photoeleciric effect. It 1s this very strong dependence ol photoelecine absorption on
the atomic number Z thai makes Pb a pood material (or shielding agamst y-ravs. Sodiom
iodine crystal has high photoelecing sbsorphion elliciency because ol s high atormc
number. This explaing ils popular choice in scintillation detection as emploved in this
wark

3.1.2 Compton Scattering

Complon scallering involves an elastic collision between o photon and o free or loosely
bound electron. After the collision, the photon is scattered at angle 8 10 s initial direction
and with less energy or o longer wavelenglth than the modent pholon The photon
transfers the rest of ils energy (o the eleciron (assumed (0 be mitally ol rest), whach
therealler moves away al some other angle The amount of energy transferred i the

collision can be calculated by applying the law of conservation of energy and momentum.

The energy E, of scattered photon has been shown 1o be given by

5
E: = P : — 33
"1+ (1—cosB)
mc

where E, is the mitial photon energy and my 15 the clociron rest mass, The scatlersd
electron 15 the vehicle by which energy from the scattered photon s transferred o the

absorbing medium. The kinetic energy T of the recon] electron i piven by



_Sn— s - 1.4

It can be seen from equation 3.4 that the minimum value of T 15 sere when 8 = 0" and (he
maximum value referred to as Complon edge, Eq 15 always less than the pholon energy
and il corresponds o a head-on collision in which the photon is scaltered back wards that

i 8 = 180 in this case,

28
E=af|—*% _ 15
N me®+2E

Equation 34 shows thal a continmum of energres can be (rinsferred 1o the aleciron
ranging [rom zero up 1o the maximum given by eguation 3.5 This explains the
continuous distribution of pulse heighis termed Complon plateau in gamma speciroscopy
J.1.3  Fair production
When a photon of energy greater than 1.02 MeV, comes near he nucleus ol an atom, 1l is
subjecied 10 the strong field of the nucleus. 1l may disappear and become o position and
an eleciron. The energy equation of the process 15 given by

hv=8 +E, +2mge* 16
where E.+ and E,- are he kinetic energies of ihe emilled positron and éleclron
respectively. Equation 3.6 implies that pair production can take place only o hy = 2m,¢’
(1.U2 MeV). The positron produced is a very unstable particle Once ils kinelic energy
becomes #ero il mleract with an electron almost immedaiely, thereby anmbalating each
other to form two G511 MeV pholons which travel in opposite directions. These muoy
escape from the medivm or interact with 1t in Compion or phideelecine processes This
usually leads 10 a photo peak at 0511 MeV, which can be conlused with the gamma

peaks bemg measured especially if the source has pamma energy close (o 051 I MeV
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Unlike the other two inleractions, pair production has a cross-sechion oy, which increases,
although slowly, with photon energy E; and the intersclion tend (o be dormanl al high
energies. The cross-section can be wrnlien as

o, =eZ pink, 37
where, ¢ = a consianl. The net effecl of the above three processes 15 an exponential
attenuation in the intensity of a beam ol gamma rays passing through o thickness x of an

absorbing materials. This i3 descnbed by the equaton

I=1pg™ 1K

Where |, = the initial intensity al x = 0, o = the absorplion co-efficient due 1o all the

elfecis.

. B ) SCINTILLATION DETECTION

Seinhiltavon mechamsm m morganie sanbillatrs depemds on e eperpy sties ol e
crysial lattice  The valence band containg electrons, which are bound 1o the latlice siles
The conduction band contmns electron with sullicient energy (o0 move (reely, Between
the two energy bands, there is the lorbidden pap where electrons cannol be found in &
pure crysial When the incident photon interacts with the scintillators through one or
more of the processes discussed n 3 1, an electron acguires enough energy (0 move lorm
the valence band to the conduchion band.  The subsequent de-excitabion ol the eleciron 1o
original stale, results in the emission ol the pholon energy thal may be oo high to lie
within the wvisible photon emission during de-excitabion, in order to enhance the
probability of visible pholon emission duning de-excitation, impurity (activalor) such as
thallium 15 added fo the sodium wdide erystal This creales special sites 10 modily the
energy band of the crystal. ‘The excitation takes the electrons 1o any of the energy stale

crealed within the lorbidden gap, resuliing in photon emission in the visible range
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The modems-day photomulliplier (PM) wibe convens the hight wio an elecineal pulse.
which may be amplified, sorted by size and counted  Sonbillstion deteciors are widely

used for the detection and spectroscopy of gamma rays and low energy beta rays

The deteclor most requently used for gamma-ray counting 15 a sodium iodide ervstal
activated wath thallium MNal (TH optically coupled 1o the photomuluphier lube This s
because of s densily (higher probability Tor photoclectne mieraction) s shown
equation 235 and high elfective atomic number {(due 10 wding). Sodium wodide crvsial i=
hjul"bl}' hygroscopic which resull in the crysial delenoration when exposed o moisiure
Therelore, the crystal 15 hermetically sealed i hght pool coverning, vsunlly by a light
metal, with an oplical window ihrough which o 15 then couple 10 a pholomuliipler lube
A Canberra 76 mm x Tomm Naol (Tl}) delector was used for the radioactivity

measurements of the vegelable samples in this work The systemalic detection processes

by the Mal (T1) detector assembly is described below,

3.2.1  Scintillation detection by Nal (T1)

A schemalic representaiion ol the sequence of events in the delection of a gamma ray
photon by a scintillation delection system 1s shown in lig. 3 | When an energeticharge
particle 15 incident on the crystal, the pnmary womang parucles resulling [rom the
ganuna-ray interaclions dissipate their kinelic energy by exciting and iomzing the aloms
in the crysial The high £ of 1odine in Nal resulis i high elliciency lor gamma-ray
detechon. A small amount of T1 s added in order (0 activale the crysial, so that the

designation is usually Nal (T1) For the crysial
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3.2.2 Photomultiplier Tube

A Pholomuluplier tube [PMT] is a sensitive device Tor measuring pholon counts, and is
used in a wide vanety of applications Because ol s semsilivity, 11 15 susceplible 1o the
influences of a number of external parameters, such as electnic fields, magnetic helds, and
lemperature. Because il operales using the pholoelecine effect, the PMT also shows a
small dark currenl produced by the thermal enmssion of elecirons from s cathode
Among Lhe pholosensilive devices in use loday, the photomultiplier lube (or PMT) 15 a
versaitle device that provides extremely high sensilivity and ulira-fast responsa. A typical
photomultiphier (ube consists of a pholoemissive calhode (photocnihode) followed by
focusing electrodes, an eleciron multiplier and an electron collector (anode) in 8 vacuwm
tube. When light enters the pholocathode, the photocathode emits photloelectrons into the
vacuwm. The process ol secondory emussion multplies these photoelecirons. The anode

collects the muluphied electirons.

Because of secondary-emission multiplication, photomultiplier tubes provide extremely

high sensitivity and exceplionally low nomse among the pholosensiive devices currently
/

used (o detect radianl energy in the wliraviolet, visible, and near infrared regions. The

photomultiphier (ube also fealures fasl me response, low noase and o choce of larpe

photosensitive areas. The photograph of photomuliipher tabe 1s shown in Figure 3.2
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3.2.3 Pulse Shaping and Heighi Analyziz

The number of electrons that reach the anode (or collection) decays according o the

equation;

1
N=0e " 30

Where T, is the modified decay time of the sciniillant which as aboutl U 25 psec for Mal

{TH). Because of the short lifeume of the pulses, they may be subjected 10 a pile up and as
such, i is imporiant to collect information about & pulse as quickly as possihle. A pulse
5lm;r|ing RC circuit function 15 lo preserve maximum information while reducing the pulse
duration usually used to achieve this. The RC circuni as shown m Figure 3.3 15 usually
placed afler the amplifier The number of elecirons

M (1) in the shaped outpul 5 given by Birks ( 19%64) as

Mi)=p [H{m_f lt"“' £ ‘-‘ 10

The vollage is, thus, given by:

FL-}=%.[ Hﬂlﬂ Mg F-‘ 311
ol BT

Equation 3,10 shows that the amplitude ol the pulse depends on C, T and X' (e

constant) of the circwil. The BC must be grealer than T, o ensure that V (1) peak is
proporfional (o the encrgy dissipated by the prmary radiation in the scintillator. In
essence, the pulse height 1s maximized amnd subsequent noise wall have mammum

degrading effect.
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28 RESOLUTIHOM

Az a resull of statistical Muctuations in the vanous faciors leading 1o s production, a
photopeak is usvally a Gaunssian spread amound the peak energy 1 15 therefore possible
for the spread of one photopeak to overlap with that of another il they are loo close. The
ability ol & detector assembly (o distingmish between two energies that are close 15 termed
resolution, R.  The wudth of (lus dsiribution 5 o measure ol the resalubon of the
spectromelne system  In gamma spectromelry, resolution R s defined quanitatively as
the full width at hall maximum (FWHM) divided by the photopeal. centrord B, that 15

 FIWHM

i

it w0 DL 1.12

The typical resolution of a Tomm x Temm Nal (Tl detector is 5-10% depending on (he
energy ol gamma radiabion {Thompson et al, 1999 Alihough s cesolution s low when
compared with those obtaned from Ge(La) or HPGe detector, i has proved adequate as
shown in Figure 3.4, in distinguishing the photopeaks due to the pnimordial radionuclide
in the samples. Figure 3.4 has been obtained by counting W PR and “PTh standard
sources separately under laboratory condition, n order o show the photopeaks that stand
out and hence, can be resolved by the detector The spectra show U and “Th with
many pholopeaks correspondimg 1o different energres (609keV, 1238keV and 1764keV
for **U; 583keV and 2614keV *Th) due to different pamma emitting progeny of these
elements, From Figure 34 the pamma my peaks wsed for K, U and ““Th were
l460keV, 1764keV due w “"Bi and 2614keV due 10 "TI, respectively since the
photopeaks stand out in all the spectrum of the samples. These pholopeaks are then used

as the indicators of the speaiic activity of the radionuclides.
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34 MET AREA CALCULATION

When a peak lies on 2 background that cannot be subtracied by a background spectrum,
such as shown in Figure 3.3 lor an MCA spectrum from a detector: the area above the
background represents the total counts belween the vertical lines munus the trapesoidal
area below the siraipht Line. IF the 1otal count is P and the poinis of the straghi line are B,

and Ba, then the nel area is piven by

A=F-%1H1+E,}

where n = (he number of channels between By and By

The errors in By and B afTect the straighl line across the entire region. Equation 3 13 15
implemented tn Canberra MCAs in anadysis of peab arens in sefllwire packages, which s

denved as follows:

The standard deviation in a funclion A is given by
A=T{NN; N,

where N, 15 the counts in channel N

The estimate of the standard deviabion in A is given by

“TilarYsq Pt Yisioa
o (A)= [m]m (M) 4 [aﬂpfzum,thfz

=t s [g]zhﬁ",!' + [g]ﬂﬁi’] /2

i iP + [EJ (B + El,i.‘ 1,72

114

where P, P, are the channels in the peak {inside B; and B.)
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341  End-Foint Averaging
If the background 15 large compared 1o the peak aren, a better determination of
background can be made by averaging over severnl channels 17 By is the sum of counts

over iy channels and By over n; channels, the area s then:

Amp.2i8, By
n'| n?

waf 3

and the standard deviation is:

umti{Pﬂ-[E'}i |'£',+E*,] 142
22 M 115

Maost Canberra MCAs and analysis sollware packages perfonm end-pomnt averaging with

o user-selectable number ol end -pomis.
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35 GAMMA-RAY SPECTROMETRY

Gamma —spectrometry is 8 lechnigue of analyzing the energy of the pamma-radiation
emitted by a nuclide, to pernt conclusion 1o be drawn on the type of nuchide or nuchde
mixture. A pamma spectrometer consisls ol a detector preamphilier and detector bias
supply, pulse height analyzer sysiem, data readout capability and shielded sample
enclosure. The pulse-heighl analyzer system consists of a linear amphiier, an analog-io
digital converter (ADC) memory slorape and a8 logie conlrol mechamism. The logic
control capabilities allow data storage in vanous modes and display or recall of data All
spectromeiry measurements made (o date use either MNal (T1) or germumum (Ge) detector

(Thompson el al., 19988

The three common processes ol energy ransfer by gamma-rays have been discossed in
section 2.5. The fast electrons, which resull from these processes, provide very uselul
information on energy and mtensity of the incdent gamma-rays. The system [or the
conversion of these fast electrons into flash of light, detecled by oplically matched
electromic system 1o yield vselul informaton concerming the primary y-photon constitute
scinhllation y-ray spectroscopic system. The ability of the system 1o dilferentinle belween
radiation energies and hence, identily sources i the environmeni 15 the basis ol s

apphication in this work.
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CHAPTER FOUR
MATERIALS AND METHOD
41  Calibration
Radioactivity counting i this work was carned oul wsing a lewd shielded Tomm x
Tomm Mal (T1) detector crysial (Model No 802 Senes) by Canberra Inc, which 15
coupled 1o a Canberra seres plus 10 Muluchanngl Analyzer (MCA) (Maodel No LH04)
through a preamphifier base Figure 4.1 shows a schematic dingram ol the measuring
mssembly, The calibration of the detector system was done i two ways The Tirst was
to converl the channel numbers (o pamma ray energy in MeV and the second was 1o

determine efficiencies at differenl y-enerpies. ‘The two sleps are discussed below,

4.1.1 Energy Calibration

Using a set of standard gamma enatters from TAEA wath energies in the oconge of (050 1-
2.62 MeV for the calibration of the detector svsiem 1o determime the equation relaling
energy to the channel number. Afier a presel counting time of 36000s, the channel
numbers of the photopeaks corresponding 10 dilferemt gamma energies were wentilied.
Using enargy calibration (ECAL) function of the MCA, the linear relationship liting the
griaph was obluned s

Y = OE4IEX + 43 418 4.1

The énerpy- channel linear relationship 1s shown in Figure 4 2 With equation 4.1, using
Table 4.1, the detection system could therefore be used o wlentify an unknown source

from the channel number corresponding 1o the gamma energy il emiis
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Table 4.1 Energy Channcl hinear relationsiap

45

Energy {Kev) Channel

§1.00 10247

276,39 145

302 85 362

35601 424

11 s .
1274 54 1448

661 66 w721

117324 133050

1332 50 150853




4.1.2  Efficiency Calibration
Calibration of the efficiency of the system against gamima ray enerpgies was aclieved
using a cerntified reference source sample traceable 1o source number TAEA International

Reference 375 January 2000, The reference source was counted for 1 hours (36(005)
afier which the deiector efficiencies at the dilTerent ¥ energies were calculated using the

equaiion befow (Farm and Sanmi, (992

where,

€, 15 the elficiency ol the detector

Cr 15 the net counts per second above the background

A, 15 the activity of standard source al a particular v- energy (Bgkg ')

Y15 the intensiy of pamma ray al the partculion energy bemng counled

mi, 15 the mass ol the sample

The values of the efficiencies are presented m Table 4.1 while the efficiency curve is
shown in Figure 4 3. 1t can be observed lrom the curve that the efficiency of the detector
decreases wilth y-ray energies  Thes may be allobuted 10 the escape ol secondary pholon

resulting from complex types of interaction mt high y energies with the delector ervsial

Ay



Table 4 2 Detector efficiencies at dilferent y-energies

47

Radiomuchdes Energy Ciammma | EMiciency Factor
({MeV) yield (x 10 cps/Bg) )
i b 60 0107 147 19237
B |. 764 0159 67 164955
“'Th 2614 0358 135 032 8




Efficsancy |{xil-Zops/Baq)

.8

1.2

0.8

0.8

0.4

0.2

1.46 1764
Energy (Mev)

Fig 4 3: The Efficiency of the system as a function of gamnma encrgy
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4.2 SAMPLE COLLECTION AND PREPARATION

The criteria for selection of the vegelables were Lo represent dillerent vepetable types thal
are commonly consumed by the people in each locanion  Table 3.2-34 shows (he
vepotables analyzed in thres locations in this work together with their botanical nomes
The sludy investigaled the concentrabons of radionuchdes in vegetables collected from
three towns in Ondo State, namely Jegele (7°N, 5°E), Idanre (9"N, 7'E) and Agbabu (6°N,
4"E). Agbobu is a bitumen-rich producing area, Idanre, being a rocky seitlement, is
expecied 1o be high in radioactivily while Jegele village 1= o local settlement used as
contrl sie Forly - ning (4Y9) samples ol seven (7) species vegetables, which were
cultivated in each ol the three locations, were purchased from local Farmers. The whole
plant was nol used in the measurements but only the edible portions were used (IAEA,
1989). The vepetnbles were hand cleaned 1o renwove sonl particles and then wisshed with
tap water contamned in a basin, The samples were weighed fresh, dned a ROOC in ihe
oven until il aliained constant weight. The dred samples were packed in 50g lois by
weight and hermetically sealed in plastic container, which have been venified (o be non
radioactive. They were thereafter left for 28 days in order for the gaseous davghters of U

arwd Th senes 10 reach secular equilibium belore counting,

qt



Table 4 3 Vegetahles mvestigated i Jegele with ther botantcal nanwes

Sample Mumber Local Names Botanical Mames

ol Tete Amaranthus spp ==
Ca Ugwu Tellairia Ocadentalis

Cs Cibure Toahwum Triangulare |
Cy Ewuro Venoma amygdaling

s lghi Solanium nuicncarpon

Ci Rorowo | African spinach

C; Ewedu | Corchorous Olitorius

Tabbed 4 Vegetables investipated in Idanre with their bolanical numes

Smﬁpln Number | Local Names Botanical Names

C Tele Amaranthus spp

Ca Ligwu o Telfmna Occidemahs

Cs Cibure | Tatium Trianuhﬁra- T
[ Ewuro ) Venoma amypdaling

Ca Rorowao | African spinach B
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Table 4.5 Vepetables investigated i Apbabu with thew scieniihic names

Sample Mumber Local Mames Rotamcal MNames I
Cy Tele Amaranthus 5-p]:|| -
Cy Upwu Telfniria Occidentalis

(€, | Gbute — ‘Talium Triangulare

Ly Ewiro - .-‘i-"l:nﬂnﬂl_mu}rgdali-r-lﬂ

Cy Igrho Solanium maencirpon
lC1 y Ewedu Corchorous Olitonus

4.3 RADIOACTIVITY COUNTING

Radioactivily counting of the samples was done on the detector system, which hid been
calibraled as described in section 4.1.1 and 4.1.2. The counting time lor each sample was
36,0005 { [0hrs) efter which the area (A) under each photopeak ol the radionuchides was
compuled using the algonthm ol the MCA (equations 3 13-3 15) The aren under the
photopeaks of each of the three pnmordial radionuclides was related 10 radioactiviry
concentration A, ol the samples (in Bakg™') using equation 4 1 which for o source of
unknown aclivity A, can be wrillen as

As=£.‘ﬁ!‘! =

4.3
€Y m,

where,
&, 15 he detector elficiency al the y- ensrgy
C 15 the count per second of the sample
¥ 15 the infensily of gamma ray al the particular energy being counted

my is the mass ol the sample
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CHAPTER FIVE

RESULTS AND DISCUSS10MN
51 ACTIVITY CONCENTHRATIONS
The three primordial radionuchdes, *K. **U and “*Th were detected and measured 1n
the seven (7) vegetable species collected from the three locations. The mean specific
aciivily of the radonuchdes for each location detected i the samples = presented in
Tables 3.1-3.3,  All the radionuclides detecied and quantified coume [rom e malurslly
pecarming U and “*Th series decay with exception of ™K. Which are mamly of “*T1
and *“Bi. The errors quoted along with each mean value 15 Lhe standard deviation (£ a),
which tells the exient of spatial spread on the concentration ol the radwnuclides i the
vegetable samples within each location. The concenteation of ™K was scaled by factor of
1/15 50 as 1o sccommodate the values along side with those of U and 7 Th on ihe sane
bar charl.  This becomes necessary in order 1o (aciliate good basis lor compansons. The
obtaned Ngures were shown figures o 5.1-33.  The mterprelations of the measured
resulls pre ps follows:
1.1 Location 1: Jegele (7'N, 5'E)
Seven vegetable samples collected m location | e Jepele were amalyveed  The mean

FEFTY . HEAAY :
U oand **Th in each of the seven vepelables are

radicactivity ‘concentrations for 'K,
presented in Table 5.1 Figure 51 15 a bar chan representing the measured values. The
highest concentrations of 'K at this location was found in Gbure { Teltrem Tricenfare ) with
value 2376.91412023Bgkg”  Igbo (Solamium macrcarpon) was found to have ihe
highest level of ™U (51.94 + 39.40) Bakg™' ,while Ewuro {Vernumia Amygaiahme) was
observed 1o contain highest ™ Th (14 48 £ 299) Bgkg'  The larpe values of standard

deviation of “K m the location are as a resull of large dispanties in the values of this

radicnuclide within this location. The lowest activily concenirations of K (721 o) &
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3in <hh} qu-;ul was obimned o Ugwu (Pelina Oveideniofie), Ewedu (Corchorous
Ciitorions has the lowest concentration of “'"U (234 + 0.14) quku"- whitle the fowest

concentration of **Th (#8354 + 1.71) Bgkg" was obtained in Ugwu (Telfoiri

Cecidenialis)
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Table 5 1 Mean radiosctivily concentrmbions ol the radonueludes m locaton

Sample K (Bgkg ") U Bake ™) T 7h (Bgke™)

C, 172528 1 85 44 T4 56 12346183
Cy 721.60 + 3644 28 944 + 5,26 £54+1.71

Ty 237691 + 12023 | 3293+ 4.60 1171+ 206

Cy 893,75+ 44.19 .56+ 1.20 1448 + 294

Cs 77954 £ 5061  |[SL+e3040 [ ND re=—
Cs* 1613 + 88 & 4766+ 17.16 ND

C; 1287.00 + 3217 ZIARE0 14 1283+ 166

Cy= Amaranthuy spp

Cy= Telfoiria COveldensaliv

Cs= Talivm {riongmilore

Cy= Fenomia amyvdahna

Cs= Solanium macncarpaon

Cy =African Spinach

9 = Corchorous Ciorins

M= Nol Deteciable

i
i




5.1.2 Location 2: ldanre (9°N, 7"N)

Five (5) samples of lhe species available dunng the dry season were collecied and
mnalyzed.  The mean radioactivity concentrations of each vegetable are presented in Table
52 and Figure 5.2 15 the bar charl representing the measured value: The highest
concentrations of K this location was [ound in Gbure (Talium Tringuiare) with value
2450 73462 T2Bqky” Ghure (Falium Triengulore) was found 10 have the highest level
of 2% (97 57 4+ 5.28) Ilqu'_ while Rorowo (dfrican Spinach) was observed o contoin
highest ““Th (1844 £ 1.78) Bakg' The lowest concentration of K (107507 ¢ 52 52)
Bgkg' was found in Tete (Amaranthus spp), Ewuero (Fernonia Amyedahna) has the
lowest concentration of U (25.12 + 2.13) Bgkg', while the lowest concentration of
3T (1.3 + 1.1) qug" was also obtained in Ewuro ( Pernonia Amypdiahna). Here he
lowest concentration 15 higher than other locations duc 1o geological Gcior becanse the
land i rocky which confirm the statement that igneous rocks are source of the primordial

radionuclides. (www umich edufinlo)
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Table 5.2 Mean radioactivily concentrations ol the radeonuclides i locabion 2

© Sample

YK (Bakg")
7507 4 52 52
ND

2459.73 £ 62.52

H6Y 16+ 3031 |

120928 + 952

SR Bk ™)

42 4k 3R
M

DT 57T+ 528
2500+ 213

26,95 2 3w

C = Amaranihus spp

Cy= Teffatria Occidenialis

Cy= Todium Triongulore

4= Venonia arygelohin

Cy=African Spinach

MND = Mol Detectable

58

Ml Bghe ')

1434+ 2 05
ND

DEs L0

FETFRED

444+ | 1%




513 Location 3: Agbabu (6"N, 4°N)

Six dilferent avmlsble vegelables in the season collecied were onalyesd.  The mean
radioacuvily concentralions of each vepetable were presented m Table 53 Figure 53 15
a bar chart that shows the representation of the measured values. The ™K this location
was Tound i Gbure (Tadiwm Triagulare) with value 2208 69460 60Bgke'  Gbure
(Talium Triangulare) was found to have the highest level of *U (56 65 + 2.83) qug’l.
while Ugwu ( Telfuiria Oceidenialis) was observed Lo contan highest “Th (1599 £ 3.32)
Bokg" The lowest concentration of ™K (98632 + 50.73) Bakg' was lound in Ugwu
{ Teifairia Oceidenmlix), Ipbo (Sofanim Mooncarpenr) has the lowest concentraion ol
“A1J (2.36 + 0.54) Bgkg™”, while the lowest concentration of ““Th (6 23 +0 76) Bgkg'

wias obtamed i Ewedu (Carchorons CMitorions),
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Table 5.3 Mean radioactivily concentrations ol the radionuclides in location 3

K (Bqkg™ “"U{Bgkg™) T (Bgkg ")

Sample
C 1764.79 £113.54 | 26,00 £ 4 41 %2342 1K

[ Ca Y8632+ 5073 | U8R LUT 1590+ 332
Cy 220869 £ 65.60 | 5665+ 283 1204 & 127
G 115314 £ 56,57 17.99 4 3.04 1032+ | 36
Cs 127690 + 6834 | 236+ 034 1306+ 273
Cr 128649 + 38 81 706+ 131 623 £0.76

Cir=Amaranihus spp

Cy= Telfatrio Occidentalis

Cy= Talium Vriangulare

Cy= Venonla amyedahna

Cs= Solamim machoarpon

U = Corchorans COarins

il




5.2 RELATIVE VARIATION OF RAMONUCLIDES COMCOENTRATION
ACROSS THE SPECIES

Figures 5 1- 5.3 and Tables 5 1- 5.3 indicate that the highest and lowest K concentration

were consistently found in Gbure (Yolum  Vriongwlare) and  Ugwo  (Fedinie

Occidenialis) respecuvely al all the locations of study. While the hughest and lowest

v . i
concentrations of the others, “*U and **Th, vary across the locations

Obviously *K have the highest concentration m all the species. The high conceniration of
YK obtained for all the vegetables 15 due 1o its natural abundance i the soil and the use of
potngsium nch fertilzer, B4 28U ratios for all the visgelables are less than unily as the
concentrations of U is always greater (thot that of M all the species. The
concentration of 2" and **1h are penerilly low, This could be atribited 1o differences

“*®!10 has two oxidation states and could easily form complexes

in their radiochenisiry.
with water thewr enhancing its solubility, which ease its absorptuon by the root svstem. On
the oiher hand, Tl hag only one oxidanon stale and does nol readily lorm complexes

wilh woler; hos very low solubilily and hence poor absorption by the rool svsiem

Therefore the higher “*U concentralion at the leaves compared with the lower values of
¥ concentration, can be expluned in lerms of the rodiochemistry, absorplion and
upward transportation ol nulnents 1o the plants leal foliage. These Motors combined 1o
determine the availabality ol the radionuchides @ the leaves. An impartant asserlion 1%
that the less-than-unity ratio of **Th ¢ **U is a reflection of the resuliant effect of the
dynamics of reaction between the mentioned radiochemisiry solubility and  upward

transportation of the nuclides by capillanty efTect.

h2



53 SPATIAL MSTRIDUTHON OF BADIONUCLIDES [N THE WENTHAY OF
STUDY

In attempt 1o investigale the variation in the radionuclides concetration across the stations

of study, weighted mean values are used in drawang the bar charts indicating the variation

of *K, **U and *Th as displayed in figures 5.4, 5.5 and 5.6. The concenirations of K,

410 and “*Th are observed to be greatest at Idanre compare with other stafions  ldance is

noted lor s rocky londscope and ipneous rocks ore pomary sources of the primordial

radionuchdes (hitpwww umich edu/radinfo/ ).

The concentration of 'K Apbabu 15 greater than that ol Jegele, while (he
concentrations of U and ““Th a1 Jepele are greater than those at Agbabu. However the
dilferences in the mean values of the same radionuchdes al the two dilferent sinlons are

g1l icant.
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54 EFFECTIVE DOSE EQUIVALENT ANDI COLLECTIVE EFFECTIVE

DOSE EQUIVALENT
Kadiation emitled by o radioactive subsiance is absorbed by any matenal il encounders
Every kilogram of matenal absoibs some energy. The amount of energy sbsorbed per
kilogram of material 15 called the absorbed dose. 1 s measured n Jkg, which 15 called
Gray (Gy) in radiation protection; it is expressed as a rate, which is (i}'hr" (LG, 24M12)
The doses received by a person consuming agquatic foodsiulls were reported by
{Doughenty, 1988, Pentreath, 1988 and Akinlove et al ¥R which they found 10 be
dependent on the radionuclides concentration ol the feod and the guantity laken The
effective dose incurred from a single radionuchde by an individunal consumimg o
foodstufT g given by (Badran et al 2003) ;
Ha = G Cir Ll 51
where,

His - effective dose equivalent by ingestion of nuclide (Sv/v)

G, - dose conversion [aclor by mgestion of nuchde r {Sv/Bq)

Cii = activity concentration of nuchide r i ingested lood (Bg/ke)

U, = consumption of vegetable (kg/y)
The dose calculations were based on the assumptions thal ench person oblaned food
nccordimg to the consumption defined in the lfood balance sheets lor average adull per
year 141 8Ky (FAO 2000) and radionuchide dose conversion (actors for M MU and
U hoare 5 X 0%, 46 X10%and 2.3 X 107 Sv/Bq respechively for adulis (ICRP, 19494)
The effective dose lrom various radionuclides ingested i different vegetables was
obtnmed by summing up over all nuchides. These are presented in Tables 5.4 - 5.6, The
mnuil collective elfective dose equivalent in the locations were obtained wsing ICRP

CX[FrEssion
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5. = Hi N (H); 32
Se- collective eflective dose eguivalent
H; = average annual effective dose equivalent

M (H}; = number of indeviduals in II:l:_pupulLLhurl suby wroup i the area

Lising equalion 31 the effective dose equivalent for location | rmnpe belween

0. 4imSvyr” and 0.96mSvyr, for location 2 the effective dose equivalem range belween
MND and | I.J-mS\-'_',.'r'l Lastly in the third location the effective dose equivalent ranges
IJ-:I:Iwﬂrm U.4E.lrfﬁ'u}'r'l and O 98mSvyr! Likewise using equation 5 2 this translales 1o o
collective dose equivalent of 2 95x 10 manSvyr' for Akure when population figure of
499 004 (Encarta, 2000) was used, for Idanre ol was | 46x 10 manSyyr' when population
lgure of 19999 Encarte, 2000) was wsed, while | EH.'-:J[:IlnumH'.'_w" wis oblomed for
Agbabu with population figure of 19%9 (Encart, 2006000 These values are within the
normal limil sel by the International Commussion on Radwlogical Protection (ICRP)
(UIC, 2042) shown i Table 5.7 Table 5.7 reveals thal elfective dose which i1z below
ZmSvyr! are for normal background The effective dose equivalent from (hese tree
locations are below the recommended acceplable nsk levels for health problem associated
with radioactivity, although, the equivalent doses moay increase wath the explonation of
bilumen which is yel o starl i location 3 due 1o disturbance ol the natural equibibnium in

course ol explaitation,

(1



Table 5 4 Effective Dose Equivalent m Location | Vepetables

Sample Ellective dose
o s T Equivalent
(mSvyr')
Cy 1725328 27.9% 12,34 76
Cs 7216 28 %54 0l
Cy 7691 | 329 | n | 0us |
Ca TR TRS6 | 1448 | 049 |
Cs 77954 51,94 a7
Ca 151363 47 66 - (il
'y 1247 23K 12.%3 57

Table 5.5 Effective Dose Equivalent in Locabion 2 Vegelables

fitd

[ Sample ) : Efective  dose |
g U *Th Equivalent
{mﬂ*vyr"':
Cy 175,07 42 46 14.34 63
Ca M M NI =
s , | 2459.73 47 57 RS NER
Cy | 165, 16 253001 BIX (L53
Cs 1209, 2% 24,75 1% 44 061 |




Table 5.6 Effective Dose Equivalenl in Location 3 Vegetables
Sample _ Effective  dose
YK - i Equivalent
(mSvyr’)

Cy 176474 26.00 423 71

Ca 086,32 98B | 5,99 i34

Ca 2208.69 56.65 12.04 (1 9%

Cy 1153.14 1799 11.32 (.54

Cs 12789 236 13.06 0,57

s [ 280,459 7.0y 0,23 49
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Table 5.7 Dose limits and their Biological Effects (Aler UIC, 20002

| Radiation dose | Duration of | Likely Eifects/Imphication
Rute Exposure
MO 000mSy Short-term dose | Immedinte illness and subsequem death with
few weeks
I,ﬁjﬂmﬂ".r_ | Short ~term dose | Nausea and decreased white blood cell, but not
death
§_l.'Jln.'iSwr" Owver 5 years The lowest dose rales where (herg 15 any
evidence of cancer being caused  Above this,
the probability of cancer occurmence increnses
wilh dose
2mSvyr Normal bac kpround 1o all human on earth
0306 Artificial sources of radistion, mosily medical
mSvyr! equipment
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55 COMOLUSIOMN

The method of pamma spectrometry has been used 0 deternmine the radioactivity
concentralions of seven (7) wvegelable species from 3 locabons in Ondo  State
Southwestern Nigeria. The results of the measurement showed thal 'K have the highest
concentration in all the tested samples. Highest concentration of 'K (2459 ?.’iﬁql-}_'.'“ Wils
obtained n Gbure (Taltwm Triangulare) n \danre, the highest concentration of **U
(97 57Bgkg™) obtwned Ghure (Vafium Triangubare) from ldanre, while the highest
canceniration of **Th (18 44Bgkg") oblamed n Rorowe (Afercan Spomach), also from
Idanre. Concentration of ™K is high i the tested vegeiable samples because potassium
concentrates in leaves more than any other paris of plant and for this analvsis the edible
parts i.¢ the leaves were used  Also due to increased used of potassium rich Fertilizer
Results also indicate that the Jughest and lowest ™K concentrations were congistently
found m Gbure {Tadium Triangulare) and Ugwa {(Felfoir Ocerdenialis respechvely ot
ull the locations of study. While the highest and lowest concentrations of the others, **U

and *“*Th, vary across the localions.

Idanre was found to have highest concentrations ™K, ™10 and **T'h. this confirms thai
igneous rocks are the primary source of the pomordial radionuchides, since ldanre is a
lown of full and surrounded by rocks  The lowest concentration of 'K (72| giolighe ')
wits Found m Ugwu (Telfuria Cecidentalin) in Akure: “™U (2.36Bgke™) was obiained in
Igbo (Solanm Mamearpon) o Apbabu, while “Th (6:238gke™) Tound in Ewedu

(Corchorous (Miserions) also in Aghabu

BB Ty i

P/ 77U ratios for all the vegetables are less than urily as the concentrations of “*U 1y
Y - . i p B ; i
always greater that that of “**Th in all the species. The higher "™ 1 concentranon at the
leaves compared with the lower values of 2*1h concentralion, can be explamed i terms

T2



of the radiochemistry, ahsorption and upward transportation of nutnents 1o the planis leal

foliage.

The radioactivity concentrations lave been used 1o determme the effective dose
equivalent due to the three primordial radionuchdes in the vegetables and consequently
the collective effective dose equivalent. The average dose rate [or Akure, Idanre wd
Apbabu were [onnd fo be 0.59mSvyr !, 0.73mSvyr’ and 0 64mSvyr' The highesi
effective dose equivalent rate ol | 13mSvyr’ was obtamed m Gbure (falwm
i'}'fE:ngin'urﬂJ in Idanre, while the lowest dose equivalent of 04 1mSvyr was obiained in
Ugwu (Telfuria Ocodentalis) o Akure. These translate 1o collective doses of
29510 manSyyr”, 146k 10 manSvyr', and | Zlh.lU‘rza.‘uL"-i'.-w:;l"J lor Akure, Wlanre aod
Agbabu respectively.  These values are lower than the 2mSvyyr ' for normal background
(UIC, 20602), which shows that the consumpuon of the mvestigated vepetables does nol
convey any risk 1o the health of the population i the considered locatons.  The effective
dose equivalenl may increase with the explointion of the bitumen due 10 the disturbance

of the natural equilibnum since 15 yel lo commence

36 LIMITATIONS AND SUGGESTION FOR FURTHER STUDIES

This is » pioneering study of the radivactivity i vegetables commonly consumed m Ondo
State most especially i Apbabu where bitumen has been discovered The study hos
achieved its objective within the limits of available resources. Number of samples and
towns were small due to limited financial resources and dry season. The resulis for
limited samples considered are generalized Tor the town, In further study more samples
from different farms in the lowns can be analyzed to avoid error due 1o generalization and

0 buld oo the resulis:

]
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