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ABSTRACT

The Radionuclide concentration levels have been determined using pamma

T8 spectrometer consisting of o lead-shielded 76mm x 76mm Nal(TI) of the

delector crystal coupled 1o Canberra series 10 plus multichannel analyzer

method was used in tropical wood samples widely used for furniture, building

and soon. Each of the samples was counted for a present conunting time of 7
hours (25200s).

The photo-peaks observed with reliable regularity belong to the naturally
occurring series decay radionuclide headed by 238U and 232Th, as well as
non-series decay Mpe, K. Cebesium 139 as essential elemental indicator of
radioactive contamination was not detected in any of the wood samples in
view of the possible ecosystematic transfer through the soil to plant’s stem
which will be inert cut down to form woods.

The mean activity concentration of *K, U, 2Th for the woods samples
obtained were 3119.61 + 6.198 Bgkg'', 81.122 + 2.468 Bqkg'!, 159.888 +
12.076 Bgkg' respectively. Potassium 40 recorded the highest activity

concentration in all the wood samples analysed than Thorium and Uranium.

The result which attributed to the fact that potassium was released in the soil
during the application of fertilizers to crops especially when applied at rates
well above crop requirement, And also, minerals occurring in rocks such as

mica and feldspar as they slowly release potassium into the soil slowly

through weathering,




Since 40K is an essential biological element and its concentration in human

tissue is under Woods analysed in rooting of houses and furniture works have

10 the human body,




TABLE OF CONTENTS

Title page
Certification
Dedication
Acknowledgement
Abstract

Table of content
List of table

CHAPTER ONE
1.1 The Concept of Radioactivity

1.2 Types of nuclear radiation

1.3 Decay series and concept of Equilibrium
1.4 Sources of radiation in the Environment
1.4.1 National Radiation

1.4.2 Artificial Radiation

1.5 Biological effect of Radiation

1.5.1 Determined Effects

1.5.2 Stochastic Effect

1.6 Radiation in wood

1.7 Purpose of the Study

1.8 Statement of the Problem
1.9 Significance of the problem

1.10 Scope of the Study

vii




CHAPTER Two
2.1 Introduction

21
2.2 Interaction of photon with matier 21
2] Photoelectric Absorption 22
2.2.2 Compton scattering 23
2.2.3 Pair production 24
2.3 Scintillation detection 26
2.3.1 Scintillation detection by Nal(TT) 27
2.3.2 Pulse shaping and Height analysis 29
2.4 Resolution £l
2.4.1 Determination of area under photo-peak 32
2.5 Gamma-ray spectrometry 4
CHAPTER THREE
3.1 Calibration 36
3.1.1 Energy Calibration "
3.1.2 Efficiency calibration 37
3.2 Sample collected and preparation =
CHAPTER FOUR
4.0 Introduction o

4,1 Activity levels in wood samples

5.0 Conclusion

References



CHAPTER ONE
INTRODUCTION

1.1 THE CONCEPT OF RADIOACTIVITY
Everything in the World, and everybody in the World, is composed of
different types matter (chemical elements). The smallest part of each element
is called the “Atom”. An atom is so small that it can be seen only with the

most powerful microscope. But the atom is the cote of every substance in the

universe,

Sometimes the centre of an atom (its nucleus) has too much energy in it. An
atom cannot hold this energy forever. Sooner or later, the atom must get rid of
the excess energy and return to its no-rmal (stable) state. Atoms with too much
energy in their nuclei are called “radioactive™ they get rid of their excess

energy by emitting radiation.

All elements consist of atoms which are made up of a central and positively

charged nucleus surrounded by series of shells containing negatively charge

electrons. The nucleus is made up of protons (Z} and neutrons (N), which are

collectively referred to as nucleons. Any specific combination of neutrons and

protons is called nuclei.

Many nuclei are stable while a significant numbers are nat, The stability of

nucleus depends on the N o 7 ratio, An unstable nucleus will tend towards

stability by changing the N to Z ratio to a more stable configuration through




the emissior i : 0

- ssion of nuclear particles with some accompanying energy.This
process o itti :
- Femitting nuclear particles and energy from the unstable nucleus in

order to attain stability is called radioactivity.

The radioactive decay process is ]argely insensitive to conditions outside the
nucleus and therefore for a given nuclide, it may be characterized by a fixed
decay probability as well as by the mode and energy of decay. It is a statistical
process such that although the decay probability is constant, the time of decay

of a particular atom of an unstable cannot be predicted.

A radioactive decay is independent at all physical and chemical conditions but

obeys the exponential law described by the equation:

N = Npe™ ' (1.1)

Where N and Nj are the number of radioactive atoms at time, t and t=0
respectively and A is the decay constant, which is the probability that the atom
in unit time. The decay constant & has a charagteristics value for

will decay

cach radionuclide and is related to the half life {t%/;) of the radionuclide

through the equation:

g 0 GOd e e (1.2)
LA

For naturally occurring radionuclide, t1/, ranges from fraction of second to

billions of years.




The number of at S
' oms decaying in unit time is referred to as the activity A and

is given by:

----- (1.3)

The d : : ; f
ecay law equation given in equation 1.1 may be rewritten in terms of

activities of the radionuclide by:

Ay = Age™ (1.4)

The SI unit of activity is the Becquerel (Bq). 1Bq corresponds to one decay or
disintegration per second. The activity of the radionuclide to be measured in
this work will be based on activity per unit mass of the wood samples. This is

termed specific activity or activity concentration.

1.2 TYPES OF NUCLEAR RADIATION

The particles emitted in natural radioactivity include the heavy alpha particles

(o) and the light-particles (px) with the accompanying neutral and much

lighter particles, called neutrinos. The particles are often accompanied by the

emission of gamma — 1ays {y). During an a-decay, an atom with atomic mass

A and atomic number Z is transformed inte a new atom with atomic mass (A-

4) and at omic number (Z-2) as described by the equation:

e (1.5)

4x - Aty +4He+ Y+ Qx



B- Decay would tr
ansform the same atom into a new one with essentially no

'chan ein A
: but a change of Z to (Z % 1) as described below:

AX A
X > ~—Y 4
z-1 Bt ytv+ Qf (1.6)

A A
c T an

Gamma iation i

radiation is a form of electromagnetic radiation, which originates

within thy |
n the nucleus of an atom after excitation. As a result of either alpha or

beta decay to the ground state usually with the emission of gamma radiation.

Gamma radiation is very penetrating and van only be shielded by dense

materials such as lead and steel. It can cause both external and internal health

hazard when one is expose to it.

FEnvironment radiation in weod samples, which is the main concern of the

work, is due mainly to gamma radiation from radionuclide: *U, 2*Th series i

and *°K, or from artificial ones such as 3705 and %Co that may be in the

environment due to radioactive contaminations.

1.3 DECAY SERIES AND CONCEPT OF EQUILIBRIUM

In a number of radioactive transformations, the daughter products are also

unstable and the process of emission of radiation continues until stable

daughter end products are formed. All nuclides products in a chain through

the activity of a parent radionuclide constitute a decay seties. There are four

4



naturally oc i R
Y becuming radioactive decay series. These are **Th, ***U, *'Np, and

235
U — series each wi :
: ach with atomic mass A that can take the form 4n, 4n+2, 4n+1

and 4n43 respectively, where n is an integer.

Table 1.1 summarizes these series, From Table 1.1, the half-life 2.2x10% of
the longest — lived member in the Neptunium series is three orders of
magnitude shorter than the age of the earth and as a result, this series is not
observed in nature. Unlike the Neﬁtunium series, 2%U and 851 series are
sufficiently long lived to survive till the present time and are still found in the
Earth. Each of the three naturally occurring series has a gaseous member,

which is a different isotope of the element radon.

In this case of Uranium series, the gas 22pn is called radon, in the thorium
series the gas, 220pn, is called thorium, and while in the actinium series it is

called action, 219y, The intervention of these gaseous members is the main

cause of disequilibrium observed in the three series.

Table 1.1: The Natural Radioactive series

mwmgest Lived | Half-Life
Thorium 4n —/_igg_Pg’— ZXh 1(.);?;51)”
WW 2098 “'Np 2.2x10°
e | 2 | 208Bi = 447x10°
Tdnt3 | & =] 71x10°




. Radioisotopes tha
B t are found in nature are Hol Testricted 1o the, therii.

uraniom and acting o
Um series. Several elements with lower atomic numbers

also have radioactive isotopes (Table 1.2)

Table 1.2: Selection list of Primordial Radionuclide

We Decay Mode | Half-Life (year)

o

i | 0.0117 B, EC 1.28x10°
R 0,250 B, EC T5x10"
*Rb 27.83 B 48x10" |
FLn 95.72 3 4.4x10"

o 5 Te 0.905 EC 9.99x10™

The most important of these low — atomic numbered natural emitters is the

radioactive potassium isotope, 40K . byvirtue of the widespread distribution of

potassium in the environment, 40 ike 2*Th is very important from health

physicals point of view. It has a half-life of 1.28x10% and an isotopic

abundance of 0.0117% in patural potassium.

The decay law may be extended to the case of successive decays where the

parent nuclei 1 decay to a daughter 2, which then decays to a grand-daughter
3, and so on until 2 stable end product is achieved. For a daughter, which is
itself ot stable, the rate of change in the number of nuclei per unit time, that




-15-’(:1:

of decay th ;
¥ the parent 1, This can he Summarized by the differential equation:

is given by 1 oo :
2 by the difference between its rates of formation and its rate

danN;
D + N, = A"_Noe—/uf

""""" (1.8)

Where &, and A, are the decay constants of the parent and the daughter,
tespectively and Np is the number of parent nuclei at time t=0 when the
number of daughter nuclei Ny=0. Solving equation 1.8 gives the number N; of

daughter nuclei present at time t as:

a1 (et — g22t)

Na= v TE (1.9)
Nz _ Ap(1-emt2mhl) (1.10)
ANy Az—dy

Where Ay > A for sufficiently long time (t—>w), the value of the

daughter/parent activity ratio in equation 1.10 reduces to unity, assuming as

usual that No=0 at t=0

That is:

Aoz = N1
Equation 1,11 express the state of secular equilibrium when the activity of the
uation 1.

daughter nuclide is equal to that of parent. An example of this is the
aughte:

ationship between radon gases 22y (1 5 =3.8d) and its immediate parent
relationshi




radium 2% 1
. Ra (t4/5 160,)) in

U-series when radon is confined for about 4

weeks. In nature A .
> tadon s not confined, which leads to a state of

disequilibrium in U and Th Series

That 1s, the radi ides i
5 dionuclides in the Utanium and thorium decay chain are not in

radioactiv ilibri !
€ equilibrium. The isotopes **U and U are in approximate

equilibrium a
q , as they are separated by too much shorter — lived solid nuclides,
234 234
Th an i
d “"Pa. the decay process itself may however allow some dissociation
of the decay radionuclide from the source material, facilitating subsequent

environment transfer. Thus **U may be slightly deficient relative to *U in

soils and enhanced in rivers and the sea.

The radionuclide 2°Ra in this chain may have slightly different concentration
from 28U, because separation may occur between is parent 20TH and Uranium
and because radium has greater mobility in the environment. The decay

products of 226p . include the gaseous element radon, which diffuses out of the

3 . “ .
soil. reducing the exposure rate from the P*U series as well as introducing
>

marked disequilibrium in the series.

The radon nuclide in this series, Z2Rn, has a half life of only 3.8 days, but it

lived decay products, 210py, and 2°Po, which are important in

2927, series, similar considerations apply. The

has two longer-

dose evaluation, For the
220p7 has a very short half-life of 55.6s and on

gaseous element of the chain,

long-lived decay product.




In this work, this activi
S activity of P8 s been measured using the y - activity of

Bi -214(1.76M ;
V) while that of 227y, B N g e

of TI-208 (2.61 !
(&61MeV), Tn both cases; equilibrium was achieved by confining
radon i ;
gas emitted for a period for four weeks, The activity of U a rion-seties

d ;
ecdy element was measured using activity of 1.460MeY gamma line,

1.4 SOURCES RADIATION IN THE ENVIRONMENT
In an environment, human beings are exposed to some forms of ionizing
radiation emanating from two main types of source; those that are natural and

manmade (artificial). A brief discussion of each is given below:

1.4.1 Natural Radiation
Natural soutces of radiation can be classified into group. The first group is due
to highly penetrating cosmic radiation of galactic origin. The prominent

radionuclides, which result from the interaction of cosmic rays with atom and

molecules of the upper layers of the atmosphere, are ¢, "Be, and *H.

The intensities of these secondary radiations at any location depend on the

altitude. Cosmic radiation according to Lin ef al., (1986) and Weng and Chen

(1987) are the dominant SOUICES of ionizing effect in the atmosphere from

ltitude 70km-100km below this altitude, its ionization effect is comparable
altitu 2 :

to that from airborne and terrestrial radioactivity.




The second
; £roup s
. - due to terresirial radiation from the primordial
adionuclides, which b,
. ave survived si
inee the time of formati
tion of the earth.

There are no fi
£ ewer than !
20 natural radionuclides remaining at present for

which U ang 232
Th wi : o
with their progenies and *°K. from the bulb, They casily

combine with ox
en :
yeen to form oxides of reduced densities and orystallized on

the earth sy . X
rface as litho pile elements during the formation of the earth.

They therefo i
e, constituts i iati
> e sources of direct radiation exposure in the
environment. iati i
t. Radiations from these primordial sources are now known to
constit 0
ute about 85% of natural background radiation and the remaining 15%

is from cosmic rays (IAEA, 1986). Radioactivity in air is due mainly to the
gaseous component of the daughter product *Rn /5 _ 3g4) a0d *Ra

(tl/z = 55.6s) from the U-238 and Th-232 series, respectively.

They emanate readily from the soil and they are dispersed in the air at

concentrations, which depend on meteorological conditions.

1.4.2 Artificial Radioactivity

Apart from natural radionuclides, there arc a number of artificial radioactive
sources which are produced through nuclear weapon ftests, nuclear power
(Chemobyl nuclear power) and the controlled release of small

plant accidents,
to the environment mainly by the nuclear power

amounts of radioactive waste

industry-




~In ad&ition, there i
. Te 18 alSD an ing fr
nput from the use of radionuclides in medicine

and industry. Th,
2 € man-. A
made contribytion to the radiation exposure of the

World population orie;
originated. from the testing of nuclear weapons in the

atmosphere that
took place from 1980 (Bouville et al., 2002; Beck and
Bennette, 2002).

Each nuclear i
test result in unrestrained release into the environment of
substanti iti ioacti
tial quantities of radioactive materials including the prominent ones
such 950 137 131 ‘ "
as " 8r, "'Csand 'L, which were widely dispered in the atmosphere and

deposited on the earth's surface (NRPB, 1989).

Radiation (UNSCEAR) evaluated the average annual dose from combined
effects of both natural and artificial sources. The result of the evaluation

shows that about 82% comes from the terrestrial and cosmic sources, 17%

from medical application, 0.9% from radioactive element and 0.04% from

production of nuclear energy.

1.5 BIOLOGICAL EFFECT OF RADIATION

Whenever radiation is absotbed, chemical change:

s are produced immediately,

and subsequent molecular damage follows in a short span of time (seconds to
minutes). It is after this, during 2 much longer time span of hours to decades

amage becomes evident. The chain of events is illustrated

that the biological d

in fig 1.3.




During tadiatioy
: 1l eXposures. it ; S
£ POSRISS, it s the fonization process that cause the majority
of immediate chemj
c i

3 Al changed in tissue. The pheton energy creates a fast-

moving electron, resylting &m 1..:
> Tesulting in lonization, The critical molecules for radiation

damage are belie
Vi .
ed to be the protein (such as enzymes) and nucleic acid

(principally deoxyribonuclide acid (DNA))

The damage : S
£¢ Ocewrs in two basic ways: (1) by producing lesions in solute
1 i .
action molecules directly, e.g. by rupturing a covalent bond (2) by an indirect
action between the solute molecules and the free radicals produced during the

ionization of cellular water.

Indirect damage arises more commonly because living is about 70-90% water.
If water molecule is irradiated, it irradiated, it emits a free electron and

produces a positively charged water jon, which immediately decomposes.i




Dire

;_-_—_'“‘—'
Exposure

ct action

Tonization

Free radicals

(Chemical change)

Molecular Changes

=+ (NA RNAI enzymes)

Sub-cellular damage
(Membrane, nuclei, chromosomes)

l

Cellular level

i

g

(Deterministic effect)

Fig 1.1: Chain of events fol

Cellular transformation
(Maybe some repair)
(Stochastic effects)

i

Cancer

Jowing exposure to ionizing radiation




The hydroxyl fr .
& radi :
PAI0a] OB st a bighly resetive and Poverl Saii

agent which progd
; uces ¢ : :
hemicals modifications in solute organic molecules
These interactio . -
ns which i s
Oceur in microseconds or less after exposute are one

way in which a se
quence of complex chemical events can be started. The free

radical species
P formed can lead to many biologically harmful products and

e : o :
produce damaging chain reactions in tissue.

At a molecular level, macromolecules such as DNA and enzymes are
damaged: at the sub cellular level, céll membranes nuclei, chromosomes, etc,
are affected; and at the cellular level, cell division can be inhibited, cell death
can occur, or transformation to a malignant state may be indeed generally
biological effects of radiation can be broadly classified into categories, viz

stochastic and deterministic effects. These categories are briefly discussed

below.

1.5.1 Deterministic Effects

adiation are termed deterministic or non stochastic

Biological effects of r
eeds a threshold level.

effects when they are certain to occur if the dose exc

Biological damage due to radiation has not been identified at doses less than
i

in general most health effects occur at doses greater than
i s

50mSv and

500mSv.




the rate at which the dose is given

Generally, the threshold doses

(>500mSv) for deterministic effects can be
incurred only in accidents where the doses are acutely delivered to an
individual and hence, this category of radiation effect is of little or no

relevance to the present study, which is concern with low — level radiation

doses in the natural environment.

1.5.2 Stochastic Effects

Stochastic effects are those radiation effects that occur without a threshold

level of dose. The probability of a stochastic an effect occurring increases

with dose but its severity is independent of the dose. Whenever the frequency

ce of stochastic effects is plotted against the size of dose, a linear
en

4, In the context of radiation protection, the

of occutt

relationship is usually observe
d effects that result from low-level
i i cocts are cancer an
main stochastic effec

1, the type that can be incurred ovet a long time in
on,

chronic exposure t0 radiati

an environment.




. , leading to the death of
ected individi i ;
1dual. If an irradiated cell is not killed but only modified by

radiation dama; : {
ge, the damage in the viable cell can be repaired. If the repair is

not : : .
perfect, the modification will be transmitted to daughter cells and may

eventually lead to cancer in the tissue or organ of the exposed individual.

The probability of occurrence of cancer is higher doses, but the severity of
any cancer that may result from irradiation is independent of dose. Some

organs are more vulnerable to cancer induction than others. Among the

vulnerable tissues for tumours ar¢ fenale breast, the lungs, thyroid and the

skin in that order (IAEA, 1995).

Cancer induction actually has a Jatent period, which ranges from two years for
solid cancers. The effect of the

leukaemia and between 15 and 40 years for

ot be expressed within the lifetime of the

radiation damage may therefore n

recipient, depending on the age at exXposure:




1.6 RADIOACTIVITY IN Woop

Wood in a contami :
nated environment they may contain both natural and

radionuclide . : .
that, after inhalation and direct {external) exposure, contribute to

both internal and external dose.

Exposure by the inhalation pathway occurs when people breathe radioactive
material like wood dust (sawdust) into the lungs. The chief concerns are

radioactively contaminated dust or gaseous radionuclides of exposure depend

on how the source is arranged whether the source is concentrated in one place

or more evenly distributed.

occurring radionuclides, artificial radionuclides such

Apart from the naturally

as ¥'Cs and 0Co have also been measured in soil and as well as in
1 here aerosols Woods can easily provide possible routes for these
atmosphe! i

i bodies.
artificial radionuclides from the soil to human




to the health of the
| persist in the environment for many
years
DNA or other

and even in i i
human bodies, This can damage tissues,

cellular materi i
terial. This damage can eventually lead to cancer or other discases

and mutations called radiation poisoning, :
The purpose of this study is therefore to:

1. Identify the types of radionuclide present in some tropical wood

samples.

£ .1

o . il
2. Determine gamma activity concentration of g, 28y, and **Th in

some tropical wood samples.

s : L ooadg
3 Determine the highest gamma activity concentration between ~“U, and {

232rrh




i I‘E S
AT

the tropical wood
samp] :
‘ Ples which cayges damage of :
disease like cancer. of the tissues and other

1.9  SIGNIFICANCE QF THE STUDY

This topic of discussion will be very useful and ;

e ‘ : and important to everyone that
5 ure and in building and especially people working in saw-
mill in protecting them from long term effect of radiation that might
eventually grow into nausea, muscle weakness, cancer and slow hearth beat
which can be accompanied by an irregular heart that can lead to death in some

cases. ‘i

1.10 SCOPE OF THE STUDY |

The study centred on the radionuclide content in some tropical wood samples,

ollected for Ejinrin road sawmill, Tjebu-Ode, Ogun State,

samples were ¢

Nigeria.

1.11 DEFINITION OF TERMS

El agnetic radiation: Is a radiation that take the form of a self-
1. Electrom:
£ electric and magnetic fields including such

propagating Wave %
ible light.

i vis
phenomena as radio waves and




i

2

i 15 of high enough energy to cause
atoms to lose or gain electro i
. 08, rendering molecules, such as protein,
incapable of functioning
Isotopes: Are nucl; '
2 uclide;
8 that belong to the same chemical properties and
h ;
ave the same atomic number but have different neutrons.
Meta stable state: These states are also unstable but they have vey
long-life time before transforming into another state.
Nuclear radiation: Radiation especially ionizing radiation that

emanates from nuclear processes such as radicactive decay.

8. Radiation poisoning: This is a form of damage to organ tissue due to

9. Radioactive decay: This is the pro

10, Radio isotopes: Is & !

excessive exposure to fonizing radiation,

cess by which an atomic nucleus of
an unstable atom loses energy by emitting ionizing particles.

easure of the tendency of the nucleus to decay or

disintegrate




CHAPTER Two

RADIATION DETECTION Ay, ME
2.1 INTRODUCTION o

radiation. The charges part;
particles and :
. Photons can only be observed when they
m itati
atter through excitation and ionization effects they produce in a
medium where z -
they are absorbed. The ways in which these effects they

produce in a medium where they are absorbed.

They ways in which these effects are used for radiation detection depend on
the mode and efficiency of interaction, which in turn, depend on the type and
energy of radiation. The different modes of y-radiation with matter will be

discussed in this chapter as this is the basic of the y-spectrometric method

employed in this work.

2.2. INTERACTION OF PHOTONS WITH MATTER

0.01 — 10MeV, which is

gamma and X — ray photons may

In the egion of the energy range usually
e energy I

encounte Y er VerIlII!ellt
l'ed n an Ordlnar ]

rons by [re distinct
atter to pIOduCe hlgh SPEEd elect hree

interact with m ; . :
photoelectric gbsorption and pair

pton scattering,

These are the Comj

processes.

production.




P &kl Photocleerrip Absorpg;

T e 1}

Where E,, i J
b 18 the binding energy of the electron. The primary jonizing particle

resulting from this interaction is the photoelectron. Equation 2.1 shows that
photoelectron production occurs only when E, is equal or greater than the
binding energy of the electron in the absorbing material. A vacancy is created
mostly from the tightly bound shell (e.g. k - shell) due to the production of

photoelectrons. 1

This is promptly filled by electrons from the higher shells with the emission of !

ili i i ion will
characteristic x — rays. The probability T, which photoelectric absorption wi |

oceur is expressed by the equation:

R 22 |
.
Where k = a constant
absorbing materials

7 = the atomic number of the

» ﬂJ
p=the density of the absorbing matert

E = photon energy




B.mﬁmn 2.2 ShOWS ‘that lo
W~

energy ph
- absorbers favour the ot PAOtons and high atomis numbered
e

tric effect A
e S, It is thi
photoelectric absorption on his very strong dependence of

the atom;
OMIC number 7 that makes Pb a good

material for shield; i
hielding 8RAINSt X-rays gnq ¥ S
~rays. Sodium iodide

explains its popular choj e
0lce as a seintillation detector as employed in the work.

2.2.2 Compton scattering:

Compt ing i i isi

pton scattering is an elastic collision between a photon and a “free” or
loosely bound electron. After the collision, the photon is scattered at angle 0
to its initial direction and with less energy or longer wavelength than the

incident photon. The photon transfers the rest of its encrgy to the electron

{assumed to be initially at rest), which thereafter moves away at some other

angle. The amount of energy transferred in the collision can be calculated by

applying the laws of conservation of energy and momentum, The By energy of

scattered photon has been shown t0 given by:
E' & @.3)
e
b 1+E’?yc-2—(1—c055)

| photon energy and Mo is the electron rest mass. The
al p

Where Ey is the initi
ered photon is

which energy from the scatt

odium The kinetic energy T of the resoil
m ;

transferred to the

electron is given by:




e
¥
1+Muc§(1-'cus@_1

Photon energy and i
t corr
©SPOnds 10 g heag - on collision
S1on in which the photon

is scattered backwards, that is g 5
180, in this casg,

i1} 2E,
e (25) f

Equation 2.4 show:
: s that a conti i
nuum of energies can be transferred to the
electron rangi
ging from zero up to the maximum given by equation 2.5. This
explains the continuous distribution of pulse heights termed Compton plateau

in gamma spectroscopy.

2.2.3 Pair Production
When a photon of energy greater than 1.2 MeV, passes near the nucleus of an

atom, it is subjected to the strong field to the nucleus. It may disappear and

become a positron and an electron. The energy equation of the process is

e e e e

given by:

2
hy = E,- + Ee+ + 2M,C
ic energies of the emitted electron and

Where E.- and E,. are the kinet

i ctively Equation 9.6 implies that pair production can take place
positron, reéspe i |
2 MeV) The positron produced is a very unstable

only if hy=2Me” (1.02

; DELS, gy become€
icle, One its kineti enc
particle ing each other to from two 0.511 MeV

thereby annihilat

g zero, it interacts with an electron

almost immediate

24



gamma energy close to 0.511 MeVv

Unlike the other tw
0 : :
Bliion Inferactions, pair production has a cross section

g, which i
o Increases, although slowly, with photon energy Ey and the

interaction : .
on tends to be dominant at high energies. The cross-section can be

written as:

app=cZ’p InEy 2.7)

Where ¢ = a constant. The net effect of the above three processes is an

exponential attenuation in the intensity of a beam of gamma rays passing

through a thickness X of an sbsorbing material. This is described by the

equation:

e LR

I =loe™%"

Wh = i al X—“ a= the linear abSOfptiOﬂ. COo-€ ficient
[} initi .llteﬂsit} 3
5 3 {4 IG the lmhﬂl I

due to all the effects described above:

)
|




23, SCINTILLATION gy ey
roN

A seintillation detector W
anst.CQI

. n : - ﬂ]at
ioniZINg particle intg 5 ki o changes the kinetic energy of an
of lig

ht. Cryst
compounds exhibit this phenome, ¥51ls of organic and.inorganc A
on,

The modern-da i
Y photomultipliey (PM) tube converts th
s the light into an

electrical pulse, which
may be amplified, sorted by size and counted

Scintillation detect :
O1s are widely used for the detection and spectroscopy of }

gamma-rays and low energy beta-rays

The detector most frequently used for gamma ray measurement is a sodium

jodide crystal activated with thallium (Nal(T1)) optically coupled to the

e

photomultiplier tube. This is because s its density (higher probability for

photoelectric interaction as shown in equation 2.2 and high effective atomic

number due to iodide). Sodium iodide crystal is highly hygroscopic which

e A e

result in the crystal deteriorating when €xpose to moisture. Therefore, the
crystal is hermetically sealed in a light proof covering, usually ny a light
oh which it is then coupled to 2

metal, with an optical window throu;
sy 76mm X 76mm Nal(TI) detector (Model

photomultiplier tube. A Canbe
{yity measurements of the wood

ed for the radioact

No:802 - series) Was us!
ic detection Processe

i temat
samples in this work. The syS

y is gescribed b

s by the NaI(TI)

elow.

detector assembl
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Where q is the luminescence quantum efficiency, which is probability of
photoelectric interaction of the incident, w, is the average of a single photon,

which is about 3eV for Nal(TI)

These N photons impinge on the photocathode of the photomultiplier tube and

electrons, which are directed fo incident on the first

are converted into photo

dynode of the photomultiplier tube. The total number N, of photoelectrons at

the first dynodes is given:

Eg
N, = ;,:mcp.egc”

1lection efficiency of the photocathode, which gives
ht co

inge on the phot

fficiency of the window

Where G is the lig

the fraction of photon® that impP

ocathode and converted into

— cathode

_quantutst €
< the photo-a!
lectrons, Cpe 15 ‘ : tral
photoelec - d 1 depending o% the degree of spectra
; ; tor De
system, m is 8 fac
) 27

!
1

e




matching between the scintjj . |
. _ Hklation trun
photocathode; is g, the o - PO 20d Sbectral responses of the
Y with which, g ¢
st dynode collects the

nﬂ[]lbeT o ele ivi
f ons arry mg these efﬁcie i
Clr NCles are

fagtors. atfected by number of

Factors, G, is determ;j
* mined by Sﬂf—absorption, reflection loses, light

i trapping 5
optical flaws and the optica] A
e Il
geomeiry of the photacathode. In Nal(TI), G is WgE

usually nearly by self — absorntion: :
sorption; reflection loses, light trapping, optical 5\

geometry of the photocathode, In Nal(TI), G is usnally nearly unity by coating
the detector with a reflector like MgO thereby making self-absorption very

small. The term mC, g, depends in a complex manner, on the wavelength and

the point of incident of the photons on the photocathode.

—
S

=
—

Factor, Cy., depends on the cathode material and its thickness while g

depends on the structure of the dynode and the applied voltags. The total

number of electron Q at the last dynode collected at the anode is given as:

e e s

Q:MNC

ssive multiplications of N¢

i i Iting from K succe |

Where M is the overall gain rest :
:q oiven by:

electrons at each dynode and is given 0¥ !

e ma RS (212) ‘

e i

M=nfm -~




primaty 10nizing particle, can be further amplified and counted
ed.

Apart from the number of electrons give by equation 2.10, there are a number
of electrons produced due to thermionic emission in the photomultiplier tube.
According to Birks (1964), the number of electrons with thermal energy
greater than the work function of photocathode which are emitted as

thermionic electrons is a function of temperature as give by the equation.

: ] e

- e
ny = ATe [171:

Where T is the absolute temperature: o is the electronic charge, k is the
ere 1 ]

Qare characteristics of the cathode material.

Boltzmann constant, and

eight Analysis

232 Pulse Shaping and H
¢ anode (0F collector) d

th
The number of electrons that reach

ecays according

to the equation: s

t
N=Q€— _17_‘;

——— 3 -
B o g




A pulse shaping RC cirey;
g RC circuit Whose function is to
preserve maximum

information while reducj
UCIng to the pulse duration usually used to achieve this

The RC circuit as s inFi ;
treult as shown in Fig 2.2 is usually placed after the amplifier.

The number of electrons N () in the shape output is given by (1964) as:

G e i — 214)

rRCc-Tg4l \RC ~ 71y

The voltage is, thus given by:

Vo= 225 (55

Equation 2.14 shows that the amplitude of the pulse depends on €, T azh e
(time constant) of the circuit. The RC must be greater than Tq to ensure that
V(t) peak is proportional to the energy dissipated by the primary maion i
In essence, the pulse height is maximized and subsequent

ading effect: The amp

he scintillator. | .
e d litude distribution V(1) 1
; : o or
noise will have minimum de ‘
fined by equation 2.10,
Jated to the enerey spectruim through Q definecOY
therefore related t0

e

e

===
PR e

e L .
i T e e
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2.4. RESOLUTION

As 1sti Vi to eadir
18T1C: ] ﬂuctuations in the aIiOuS fac s | i
a result ()‘ sta a. g 1o its

production, a i
photo peak is usually a Gausian spread around the peak energy.

It is th ssi
erefore possible for the spread of one photo peak to overlap with that of

another if th ili
€y ate 0o close. The ability of a detector assembly to distinguish

ey =T

P

betw i i
een two energies that close is termed resolution R. it is quantified as the

full width at half maximum of the speak (FWHM) divided by the peak energy

E,, That is
FWHM
R= = X 100% (2.16)

It has been shown (Fari, 1989) that 2 is inversely proportional to the gamma

energy and a system must conform to this rule for its performance to be

reliable. The typical resolution of 37 x 3" Nal(TI) detector is 5 — 10%

depending on the energy of gamma radiation (Thompson et al., 1999).

137 source that the resolution

en determined by counting a reference

¢ this work is 9.6% at 0.662MeV. The photo peak

1t has be

of the Nal(TD) actual used fo

of ¥7Cs used for the determination is shown in Fig 2.3. To show that this

adequate for our PUrpose, the speetra-of K, Th and U were obtained separately
1(K2804), RGU - 1(U-ore)

using JAEA standard calibration sourees RGK-

and RTh—1 (Th-ore) respectively.

The three spectra were thetefore superimposcd on the same graph as shown in
¢ 40K, 2°U and By can be identified from the

Fig 2.4. From the figur



1.460MeV
peak, 1.760MeV peak of 2Bi and 2.6
respectively. The oth .
other photo peaks of the ***U and 22TH especiall
, especi at th
lower energy regi : e
Y regions overlap and cannot be resolved by the detector erystal
The evaluati ioact] '
uation wood radioactivity concentrations of “°K, **U and *’Th

carried out in thi i
in this work was done using these distinguished photo peaks.

2.4.1 DETERMINATION OF ARFA UNDER PHOTO PEAK
The energy spectrum of environmental radiation comprises of a mixture of
peaks from different natural and man-made radionuclide. The area under a

photo peak due to a particular y-energy is often difficult to determine

accurately because of the number of events such as electronic noise of the

system, Compton plateaux of higher peaks, etc. which contributes to the

spurious counts under the photo peak.

The actual count due to photoclectric absorption is equal to the integral count

the photo peak minus the total background count in the region.

in the region of

The method adopted for the computation of the net area, which has been
programmed in the memory of the analyzer system used in this work is

- iJlustrated in Fig 5.

) is defined around & photo peak that is bounded

A region of interest (ROL
y channels d and g on eithet side of the photo peak. The

ount B due 10 the background event in each channel of

systematically b
this region

average ¢
dering 3 channels at the tail of the (Glausian curve

has beerl estimated by consi

=




on eithe] Si de. [h‘ ]lS‘]l erati n f 3 chann n 1 i
18 CO! d ation o els l-S only pp 'Cablﬁ 0 th hoi
a 1 € P 0
eal(s Of the thIee natural io i 1 ccause
P radl nuCllde of the interest iﬂ this S dy b

their ph
photo peaks are well defined with very low continuum. The average

count B is given by:

B
0 @217
Bhee By — 220 X, B, 95X,

Where X, is the content of each channel. The integral count I in the whole

region given by\;

Where I, is the sum of the contents of N channels actually under the

photopeaaak and not in By and By Ipis given by:

e T e
Ip = g=b Xa

The net area. which is the area due to actual photoelectric absorption, is equal

to the total count Tp minus the total background, NBTn all the N channels.

(2.20)

That is: A =lp— ) S

stored as computation algorithms in the memory of the

Equation 2.18-2.20 are
MCA systent used in this work. Data aré processed automatically and the

e —

P

=

s e e S "




e ult dlSplayed WheﬂeVe1 the region o terest 1 d CLlOUSLy created around
Tes! glon fln TESL 18 Judl \

the photo-peak i
peak due to a particular Y-ray energy of a radionuclide

From equation 2
-20, the accuracy of reproducing the net count A depends on

the statistical i

errors in the actual photoelectrical event and also the
background i

events. That is, standard deviation OA in the net count A is given

by (caberra MCA Operation Manual) as:

P N
o =op+ o [I]

2.21)

Also the percentage standard deviation error, E in A is given by:

These algorithms also have been stored in the memory of the system with
confidence limit. This error

F=1.645. That is, the error statement is at 90%

ent is usually displayed along with the net count A whenever analysis is

statem

made in the yarious region of interest.

RAY SPECTROMETRY

2.6 GAMMA-
of analyzing the energy of the gamma

spectrometry is a technique

Gamma-
de, to permit conclusion to be dr

awn on type of

radiation emitted by & nucli
mixture. A gamma gpectrometer consists of & detector,

pulse—height analyzer system, data

~ puclide of nuclide
preampliﬁer and detectot bias supplys
ple enclosure: The puls

ility and shielded sam

readout capab

e height analyzer

T

————




system consist i i
3 Of a hnea.r ampllﬁer, an analogue-to—digital converte; (ADC)
Vi T
memory storage and g 10gic control mechanism
The logic control capabili ies allow ata
2l trol pabilities allop dat storage in various modes and display

or recall o 5
f data. All Spectrometry measurements made to date use either

Nal(TI) or germanium (Ge) detectors (Thompson, ef al, 1999).

The common processes of energy transfer by gamma-rays have been discuses
in section 2.2, The fast electrons, which result from three processes, provide
very useful information on energy and intensity of the incident gamma-rays.
The system for the conversion of these fast electrons into flash of light,
detected by optically matched electronic system to yield useful information
concerning the primary Y-photon contrite scintillation Y-ray spectroscopic
system. The ability of the system to differentiate between radiation energies

and hence, identify source in the environment is the basis of its application in

this work.




! CHAPTER THREE
MATERIALS AND METHODS

3.1 CALIBRATION

Radioact. Vty i .n hi t
1V1 colmlmg 1 e work was carried oul ‘USiIlg a lead—shjelded
J6mm X7 N i yerra
Gm.rﬂ al( 1) detector crystal (Model No:802 Series) by Canl

Inc; which is coupled to a Canberra 10plus Multichannel Analyzer (MCA)

{Model No:1104) through a preamplifier base. Fig 3.1 shows a schematic

.

diagram of the measuring assembly.

The first was carried out in order to convert the channel numbers to gamma-
ray energy in MeV and the second was determine detector efficiencies at
different y — energies to enable quantitative and qualitative determination of
the v — counts to be related to enable to activity concentration n Bakb™.

The description of these steps is this section.
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3.1.1 Energy Calibration

The calibration of the dete ;
channel number was carrie:::tsysjcem e
using a set of standard gamma emitters from
IAEA with energies in the range 0.662-2.614 MeV, After a preset counting
time of 1000s, the channel numbers of the photo-peaks corresponding to the
different gamma energies were identified. Using energy calibration (ECAL)
function of the MCA, the linear relationship fitting the graph is given as;

E(MeV) = 4.646 X 1073C — 1.858 X 1073 et (3.1

Where C is the channel number corresponding fo gamma energy (E) in MeV.

With equation 3.1, the defection system could therefore be used to identify an

unknown source from he channel number corresponding to the gamma encrgy

is emits.

3.1.2 Efficiency Calibration
Calibration of the efficiency of the system against gamma ray energies was
fied wood reference sOurce gample traceable to source

achieve using 2 certl
e source counted for 7 hours (25200s) after

152. The referenc

encies at the different -

aumber IAEA-
which the detector effici energics Were calculated

using the equation (Farai and Sanni 1992 and Ibrahim 1999).

\
|
!
|



) bl O O i i &
aple 3 1 De ect T fﬁcleﬂcles at different energie
I tec Or e S,

Radionuclide
- ) (x10%cps/Bg) EQ:
Wc—r_ﬁ 0 o = %
K 1460 | oig7 T {
O R G T e 035 ;
Th 2.615 0358 0.60
! -
3.2 SAMPLE COLLECTION AND PREPARATION
A wood sample (sawdust) was collected from the Popoola Sawmill located at
Oru road in ijebu-Igbo (Ogun State). %
\
A total amount of five samples were collected for this study. The containers i

used were weighed to be 24 g and each sample collected was transferred in to

containers. The mass of the container with wood sample to determine the

he sample in each container as shown in the table 3.2 and they

B

actual mass of t

were all scaled for over 30days to allow the random and its progenies to reach

prior o gamma counting.

secular equilibrium



Wood safl‘lples

Mass of sam 5
plewith | Mass ofwea oo
- 63.5
SR
el s
61.7 h‘\?’T——
117.6 36
76.9 52.9

The counting of each sample was 25,2005 after which the area (A) under each
photo-peak of the radionuclide was computed using the equation, the

algorithm of the MCA (equation 3.2).

The net area under the photo-peaks after background subtraction of each of

the three primordial radionuclide in the wood sample was related to activity

concentration AC (in qug") using equation 3.3

L T (33)
Where C = the net area under the photo-peak of each radiation
& = the detector efficiency at the y-energy
{ = time of counting (25,000)
Ms = mass of the sample
articular energy

e intensity of the gamma at the p

A e—

B

i e e e




The Gross Area obtained from the photo-peaks due to each radionuclide of

interest after the present times are give in the table while the area due to

background radiation is in table 3.4 Using 3.3 after background subtraction

was used to caleulate the activity concentrations of radionuclide in each

sample.

40
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CHAPTER FOUR
4.0 RESULT AND DISCUSSION

The th.ree pﬁ.”l()l(l‘a‘ T .() 2 1 3 I
1i adl n\lclides OK 3 2 h haV b T
. 5 3 € been detected a d
meaSuIEd mn an the WO 4
5 Od Samples. Table 4.1 present the result Of

radioactivity concentrations in wood samples

Caesium 137 i
and cobalt 60, index for the presence of any artificial radioactive

contaminati i
ination of envitonment were not detected in any of the sample

uclide

Table 4.1 Gross y count in the wood samples for each radion

S/N | Wood sample “ U238 |
01 Araba 5008.24 £ 6.35 | 51.50% 241 \T42(5

Poroporo 7177.12 £ 6.81
ﬂ 201343 + 5.26
““w 74.54 £2.94 13385+ 14.18

1841.52 £ 746 115.89 = 17.64

3 +15.80

6826+ 3.00 275.96 +27.26

30.68 = 2.70

N wWOoOD SAMPLES

4.1 ACTIVITY LEVEL I
The five wood samples Were analysed and results were present
4.1as shown above, 40 was detected from all the

1 radioactivity concent

that has the highes
has 1841.52 % 74

while the Jowest Were Aire which
ith Arere which has

All the wood samples W

ed in Table
wood samples with Ahvn

(ation of 3161.52 £ §337 Bakg’

6, 28U was detected from

the highest radioactivity

R

i e




‘concentration of 80.68
.08 + i
g 2.70 Bakg while the lowest is Aire which has 49,0
00 ““Th w: -
as also detected from all the wood samples with
which has the hi i i
ghest radioactivi i
4 L ctivity concentration of 275.96 + 27.26 qug".
mean activity concentration in wood &) an
samples for **K, 2*U and 232Th

were 2,258.3 >
837 + 6.85 Bakg', 64.80 = 2.81 Bqkg', 179.13 = 18.57 Bqke

respectively.

Gent i
erally, a comparism of the table 4.1 shows that there is highest
radioactivity concentration of 40K followed by **Th and 238U the least

Potassium 40 recorded the highest activity concentration in all the wood

samples analyzed than Thorium and Uranium. Zach ef al (1989) observed

thesame.

This result could be attributed to the fact that potassium was released in the

soil during the application of fertilizers to crops especially when applied at
rates well above Crop requirement. And alse, minerals occurring in rocks such

Jease potassium into the soil slowly

as mica and feldspar as they slowly 1€

through weathering.

The primary cause is over application of potassium in manure. Famer

to meet the nitrogen requirement of a crop

applying marnure at rates targeted
will generally be applying potassium is excess. In one long-term manure
n manure freatments increases by

application study, soil potassium levels i

150 in only 3Jyears. (Karunaka;ra et al., 2001).

i
|
|
i
;\




When soil potassiym Concentration become clevated plants will take up this

potassium in direct proportion to its concentration in the soil, far beyond the

amount required for normal growth of the crop, This process is often referred

to as “luxury consumption.”




CHAPTER FIVE

5.0 CONCLUSION

This study rovided primo
P ide i i i Wi
P rdial radionuclide activities in some tropical 0od

samples which were 'K, 28 Ry
, U and ~“Th. From the result it shows that there

was hi ioactivi
ghest radicactivity concentration of 40K in the wood samples analyzed

than Thorium and Uranium.

40y, -
K S : o
is essential biological element and its concentration in human tissue is

under close metabolic (homeostatic) control, its means that the use of wood

ave no harmful effects

analyzed in roofing of houses and furniture works will b

on the human body.

k was carried out within the limited scope of the academic research.

The wor
y determining the close rates of

Further work can be cairy out b the

£ wood sample can be increase and samples ca be

radionuclides. The number O

al government or different states.

taken from different loc
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