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ABSTRACT

The Basdionuai: :
] onuclide concentration levels have been determined using gamma

I8y spectrometer consisting of a lead-shiclded 76mm x 76mm Nal(TI) of the

det
ector erystal coupled to 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
oceurring series decay radionuclide headed by 238U and 232Th, as well as
non-series decay Mpe, **K. Caesium 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 Bgkg!, 159.888 +

12.076 qug'1 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 fettilizers 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 essentiel biological element and its concentration in human

tissue is under woods analysed in rooting of houses and furniture works have
110 the human body.




~ TABLE OF CONTENTS

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 Signifieance of the problem

1,10 Scope of the Study

il

10

11

15
17
18
19

19




~ CHAPTER Two
2.1 Introduction
2.2 Interaction of Photon with matter

2.2.1 Photoelectric Absorption

2.2.2 Compton SCattering

2.2.3 Pair production

2.3 Scintillation detection

2.3.1 Scintillation detection by Nal(TT)

2.3.2 Pulse shaping and Height analysis

2.4 Resolution

2.4.1 Determination of area under photo-peak
2.5 Gamma-ray spectrometry

CHAPTER THREE

3.1 Calibration

3.1.1 Energy Calibration

3.1.2 Efficiency calibration

3.2 Sample collected and preparation

CHAPTER FOUR
4.0 Introduction

4.1 Activity levels in wood samples
5,0 Conclusion

References

21
21
2

23
24

26

27

29

31

32

36
37
37

38

41
41

44




CHAPTER ONE

Q_IN'.TRODUCTION

LITHE CONCEPT OF RADIOACTIVITY

Everything j
ything in the World, ang everybody in the World, is composed of

differen <
t types matter {chemical clements). The smallest part of each element

is called “« i ;
the “Atom”. An atom is so small that it can be seen only with the

most po ; 4
powerful microscope. But the atom is the core of every substance in the

universe.

Sometimes the centre of an atom (its nucleus) has too much energy in it. An
atom eannot hold this energy forever, Sooner or later, the atom must get rid of
the excess energy and retumn to its normal (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 not. The stability of

leus depends on the N to Z ratio. An unstable nucleus will tend towards
nucle

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

Loadie
nam “.‘;,mc i
““'OLY%EL.“.




-~ the emi ""SSiOﬁ.af
= ISR { ny ; . Fi:
= uclear particles With some accompanying energy.This

Process of emitting .. i
g nuclear particleg anq energy from the unstable nucleus in

order to attain stability ig called radioactivity,

The radioactive g,
& ; :
Cay process is largely insensitive to conditions outside the

nucleus and :
therefore for 5 Etven nuclide, it may be characterized by a fixed

deca; babili
¥ probability as wel] ag by the mode and energy of decay. It is a statistical
TOCES
POCESS 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 =Nge™ (L)

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

each radionuclide and is related to the half life (t1/,) of the radionuclide

through the equation:

=22 = 0593 (e

A

o ing radionuclide, tl/; ranges from fraction of second to

billions of yeats.




The decay la: i i
¥ 18W equation given in equation 1.1 may be rewritten in terms of

activities of the radionuclide by:

A= Age—Ht

___________________ (1.4)

The ST 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
() and the light-particles (B#) with the accompanying neutral and much
lighter particles, called neutrinos. The particles are often accompanied by the

ission of gamma — rays (y). During an o-decay, an atom with atomic mass
emis

and atomic numMbe i i tom with atomic mass (A-
A and i ber Z is transformt:d nto a new al
toml

4) and atomic number (2-2) as described by the equation:

(1.5)

1x > gy +3He +1+ Qo <




Gamma radiation ;
n is )
a form of electromagnetic radiation, which originates

within the nycle - e
us of an atom after excitation, As a result of either alpha or

beta de: ;
cay 1o the ground state usually with the emission of gamma radiation.

Gamma radiation is very penetrating and van only be shielded by dense
. aterials such as lead and steel. It can cause both external and internal health

hazard when one is expose to it.

Environment radiation in wood samples, which is the main concern of the
work, is due mainly to gamma radiation from radionuclide: **U, Z*Th series
and *’K, or from artificial ones such as '¥’Cs and ®Co that may be in the

environment due to radicactive contaminations.

1.3 DECAY SERIES AND CONCEPT OF EQUILIBRIUM

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

ss Iai i il stable
of emission of radiation continues until s
unstable and the process

i i hain through
formed. All nuclides products in a ¢
daughter end products are
i i itute a decay series. There are four
ivi t radionuclide constitu
the activity of a parent

4 ARRATLS R CHNIE
w’ ol';":ﬁ-mn-




e

and 4n+3 respectively, where N s an int,
cger.

ries ¢ i i
ach with atomic magg A that can tak
€

232Th, 23 RLU’ 237Np, and

the form 4n, 4n+2, 4n+1

238 :
, U and #°U series are

suffici : e
ently 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 *Ra is called radon, in the thorium

s 220 . - . “ s v e
series the gas, “"'Rn, is called thorium, and while in the actinium series it is

called action, *'°

cause of disequilibrium observed in the three series.

Table 1.1: The Natural Radioactive series

Name of series

Thorium

Neptunium

Uranium

Types

4 |
an+l |
An+2 |

|

Rn. The intervention of these gaseous members is the main

Stable Nuecleus | Longest Lived | Half-Life
(years)
208Pb S h 1.3x10™
209Bi “"Np 2.2x10°
206B; U 4.47x10°
235 g
Zggpb U 7.1x10




Table 1.2: Selection list o Primordial Radionuclide

e
Nuclide Isotopic abundance

B L0

0.0117

__SU_“—H—\—\\__
~ 0,250

_—37___‘————‘___1__
Rb 27.83

_T‘“\_
Ln 95.72

RRRNCRRRE
¢ 0.905

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

radioactive potassium isotope, “°K. byvirtue of the widespread distribution of
potassium in the environment, “/K like **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 natural 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 a stable end product is achieved. For a daughter, which is
, an

itself not stable, the rate of change in the number of nuclei per unit time, that
itself no s




N,
q | Aelp = AN e-ut

daughter nucle; present at time t ag:

AL (eM1t _ gaze
o]

=4 BT (1.9
Aoy _ Ap(1-e~(2-dt)
B T o — (1.10)

Where A; > 4, for sufficiently long time (t—a), the value of the
daughter/parent activity ratio in equation 1.10 reduces to unity, assuming as

usual that N,=0 at t=0

That is:

1.11
kzNz o }uiNl ( )

Eguation 1.11 express the state of secular equilibrium when the activity of the
qua .

dauphter nuclide is equal to that of parent. An example of this is the
augl

222 1/, = 3.8d) and its immediate parent
relationship between radon gases Rn (i1/y )




i 2oR,, (11/2 1605) in
- . “series When radon i confined for about 4
weeks. In natyre

radon {
e Gl confined, which leads to a state of
disequilibrium iy, 17 80d Th i,
s.
That iS, the radi 5 :
1onuelides i the Uranjym and thorium decay chain are not in

radicactive equiliby X
quilibrium. The isotopes %0 ang B4y B1E i approibiie

equilibrium, as y
they are Separated by too much shorter — lived solid nuclides,

234 234
Th and “*Pa, th, ; :
- the decay process itself may however allow some dissociation

of the d i - :
ecay radionuclide from the source material, facilitating subsequent

envi 234 .
it st framster. Thus Py may be slightly deficient relative to 25U in

soils and enhanced in rivers and the sea.

The radionuclide *°Ra in this chain may have slightly different concentration
from 238U, because separation may occur between is parent >°Th and Uranium
and because radium has greater mobility in the environment. The decay
products of 226R 4 include the gaseous element radon, which diffuses out of the

soil, reducing the exposure rate from the B series as well as introducing

marked disequilibrium in the series.

The radon nuclide in this series, 222p1 has a half life of only 3.8 days, but it

has two longer- lived decay products, 219pp, and ?'°Po, which are important in

2 i imilar considerations apply he
i the Th series, simi
dose evaluatlon. For

Jement of the chain, 220pn. has a very short half-life of 55.6s and on
gaseous ele

long-lived decay product.




- In this work, thi?t-.'arativi‘q&r of 238

U has been meag
= : e 3 L Vol
Bi -214(1.76MeV) While that T i

£ 232Th hHS b
! ee . e
of TI-208 (2..61MeV). In both e

case: £ T
% equilibrium was achieved by confining

for fiy s
U weeks. The activity of %K a non-series

decay element
Y Ot Was measureq using activity of 1.460MeV gamma line

1.4 SOURCES RADIATION N THE ENVIRONMENT

In an environmenj
ent :
» human beings are exposed to some forms of ionizing

radiati i ;
Ofi émanating 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 sources of radiation can be classified into group. The first group is due

to highly penetrating cosmic radiation of galactic origin. The prominent

e O,

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

S

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

e

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

et

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

(1987) are the dominant SOUIces of {onizing effect in the atmosphere from

Chm e e a o] o g4 oy oy

altitude 70km-100km. below this altitude, its fonization effect is comparable ‘
titude = g

to that from airborne and terrestrial radioactivity.

PRTY L

m APSU e .
asBat Sl pCHIE
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They therefore ;
» COnstitute sources of direot radiation exposure in the

environment. Radiations from these primordial sources are now known to
constitute 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 2*Rn (tl/2 — 3.8¢) and 'Rn

(11 ik 2 = 55.65) 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 are a number of artificial radioactive
pa

hich are produced through nuclear weapon tests, nuclear power
sources Wi
and the controlled release of small
i Chernobyl nuclear power)
plant accidents, (
vironment mainly by the nuclear power

amoumnts of radioactive waste {0 the en

industry.

.

TS




substantial quantit B
q s of radioactive materials including the prominent ones

Btk a8 81 1970 g 1y i
L, which were widely dispered in the atmosphere and

deposited on the earth's surface (NRPB 1989)

Radiation (UNSCEAR) cvaluated 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 absorbed, chemical changes are produced immediately,

and subsequent molecular damage follows in a short span of time (seconds to

inutes), It is after this, during @ much longer time span of hours (© decades
minutes ). 2

i in of events is illustrated
i i becomes evident. The chain o
that the biological damage

infig 1.3.




(principally deoxyribonuclide acid (DNA))

The damage occurs i
h ;
W basic ways: (1) by producing lesions in solute

action molecules dj
s directly, e.g, by rupturing a covalent bond (2) by an indirect

action betw
een the solute molecules and the free radicals produced during the

ionization of cellular wager.

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 ion, which immediately decomposes.#




Tonizatioy

Free radjcqls Y

ct action (Chemica] change)

Fig 1.1: Chain of event:

Molecular Changes
\“> (DNA, RN

€nzymes)

Sub-cellular damage
(Membrane, nuglei, chromosomes)

l f

|

Cellular level !:

' !

!

Cell death Cellular transformation HE

Deterministic effect) (Maybe some repair) I

- (Stochastic effects) \‘
Cancer Hereditary

following exposure 1o ionizing radiation
s fo




{
|
t
i
£
k

radical

species formed oy
n :
lead to many biologically harmful products and

can produc i i :
P e damaglng chain reactions in tisgue

At a molecular level, fnacromolecules such as DNA and enzymes are
damaged: at the sub cellular level, cell membranes nuclei, chromosomes, ete,
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

Biological effects of radiation are termed deterministic or non stochastic

effects when they are certain fo 0ccut if the dose exceeds a threshold level.

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

t doses greater than
i most health effects oceur a
50mSv and in general,

500mSv.




'. sterility in both sexes.

The sever iati
g . erity of radiation damage does not increase with
e rate at which the dose i given

Generally,

the threshol
old doses (>500mSv) for deterministic effects can be

incurred only i :
Y In accidents where the doges 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. ﬂ

; 1.5.2 Stochastic Effects il

Stochastic effects are those radiation effects that occur without a threshold il
i

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

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

against the size of dose, a linear

of oceurrence of stochastic effects is plotted

relationship is usually observed. In the context of radiation protection, the

N P e TR ST R T T

in stochastic effects are cancer and effects that result from low-level t
main stoc f
o t can be incurred over a long time in

: iation, the type tha :
chronic exposure 10 rad f

an environment.




radiation damage, th :
26, the damage ip the Viable cell can be tepaired. If the repair is

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

eventual : ]
1ly lead to cancer in the tissue or organ of the exposed individual.

The probability of occurtence 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 are female breast, the lungs, thyroid and the

skin in that order (IAEA, 1995).

Cancer induction actually has a latent period, which ranges from two years for

leukaemia and between 15 and 40 years for solid cancers. The effect of the

radiation damage may therefore not be expressed within the lifetime of the

recipient, depending on the age at exposure.




1.6 RADIOACTIVITY IN Woop

Wood in a contam;
ami .
ated: environment they may contain both natural and

radionuclide that v >
» after inhalation and direct (external) exposure, contribute to

both internal and externa] 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.

Apart from the naturally oceurring radionuclides, artificial radionuclides such

as ¥70s and %°Co have also been measured in soil and as well as in
atmosphere aeros ols. Woods can easily provide possible routes for these

artificial radionuclides from the soil to human bodies.




cellular material. Thi
is damage can eventually lead to cancer or other diseases

and mutations called radiation poisoning

The purpose of this study is therefore to:

i Identify the types of radionuclide present in some tropical wood ﬂ
L

samples. l:

X

2. Determine gamma activity concentration of 40, 2%y, and ®Th in !
3

some tropical wood samples.

. 3
concentration between 8, and

L

3. Determine the highest gamma activity

132Th.




1.9 SIGNIFICANCE OF THE STy
DY

” iS topic Df diSCuSS.()! W‘i bf! &Y th:
1 1l Ty useful and important e Sy 0o t
(5] At & thal

uses wood for furniture and i building and .
. g and especially people working in saw-
mill in protectin
g them from long term effect of radiation that might
eventuall i
Y 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

cascs.

1.10 SCOPE OF THE STUDY

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

samples were collected for Ejinrin road sawmill, iebu-Ode, Ogun State,

Nigeria.

1.11 DEFINITION OF TERMS

1. Electromagnetic radiation: Is

a radiation {hat take the form of a self-
: ave of electric and magnetic fields including such
propagating w

dio waves and visible light.

——

|

i
|

i

.

e e L




atOmS to lOSe 0} i : es, such as Pwtm

hie
: gain electtons, rendering molecul s i ?
mcapable of functionjng

Sl : i
sotopes: Are nuclides that belong to the same chemical properties and
have the same atomic number but have different neutrons,
6. Meta stable state: These states are also unstable but they have vey
long-life time before transforming into another state.
7. Nuclear radiation: Radiation especially ionizing radiation that

emanates from nuclear processes such as radioactive decay.

8. Radiation poisoning: This is a form of damage to organ tissue due to
excessive exposure to ionizing radiation.

9. Radioactive decay: This is the process by which an atomic nucleus of
an unstable atom loses energy by emitting ionizing particles.

10. Radio isotopes: Is a measure of the tendency of the nucleus fo decay or

disintegrate




interact with matter thr,
o S ;
Ugh excitation ang ionization effects they produce in a

medium where
they are-absorbed. The ways in which these effects they

produce in a medium where they are absorbed

They ways i i se effect iati

y 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

In the energy region of 0.01 — 10MeV, which is the energy range usually

encountered in an ordinary environment, gamma and x — ray photons may

: to produce high — SPEe

photoelecttic absorption and pair

" d electrons by three distinct
interact with matt€

o are the Comptont scattering,

processes. Thes

production.

'!
ﬁ

P TES




T o

@.1)

Where £y, is the bind;
ding energy of the electron. The primary ionizing particle
resulting from this | LB
g this interaction is the photoelectron. Equation 2.1 shows that

hotoel 0
P ectron production oceurs 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

o

photoelectrons.

This is promptly filled by electrons from the higher shells with the emission of 4

characteristic x — rays. The probability T, which photoelectric absorption will

occur is expressed by the equation: J

Where k = a constant

7 = the atomic number of the absorbing materials

p = the density of the absorbing material
O 2 ket

E = photon energy



2.2.2 Compton Scattering:

Compton scattering is an elastic collision between a photon and a

“free” or

loosely bound electron. After the collision, the photon is scattered at angle 6
to its initial direction and with less energy or longer wavelength than the
incident photon. The photon transfers the rest of its energy to the electron
(assumed to be initially at rest), which thereafter moves away at some other
angle. The amnount of energy transferred in the collision can be caleulated by

applying the laws of conservation of energy and momentum. The Ey energy of

scattered photon has been shown to given by:

? Y _{1-cos
1+Mnsz {1 a)

Mo is the electron rest mass. The
; . i1 ohoton energy and

Where Ey is the initial p '
H om the scattered photon is

ich energy fr
seattered electron is the channel by whic!

bi medium The kinetic energy T of the resoil
rbing i

transferred to the abso:

electron is given by:

s

P e




1 l'ﬂ,‘f'z“ip-c (1.~casm;.-1

Photon energy ang jt COITesponds 1, h
4 head —

- 0 isi 4 -
15 scattered baclkwargs that is g 1 collision in which the photon

= 180°, in thig case,

E=Ey l_Z_EL__
Mec?+ ZE)| Tl

(2.5)

Equation 2.4 shg k)
WS that g continuum of energies can be transferred to the
electron rangin =
ging from zerg up to the maximum given by equation 2.5. This

explain: i A
plains 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

given by:
hv = Eg~ o8 Eg+ o+ ZMQCZ

Where E.- and E.+ are the kinetic energies of the emitted electron and
(&} ol e
itron, respectively Equation 2.6 implies that pair production can take place
positron, :
i duced is a very unstable
V). The pusnron pro
SoM,e? (1.022, Me

y becomes Zero,

only if hv

g it interacts with an electron
i i ic ener
OIIB its klnetlc

particle.
annihilating each oth

er to from two 0.511 MeV
almost immediate thereby

24




Unlike the other
iwo ph : y
Photon Interactions, pair production has a cross section

0 5 Which ing
o creases, although slowly, with photon energy Ey and the

interaction 1
tends to be dominant at high energies, The cross-section can be

written as:

—.ir
opp=cZp InEy %

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 absorbing material. This is described by the

equation:

i (218)

ox ——_—--—-—-----—-—--—--—-—-----._

I=1loe”

= i i i SOI ption co-efficient
(&) = initi tensity at x=0,0 the linear ab:
Where I, the initial intenst i

ffects described above.

due to all the &




SCINTILLATIQN DETECTg,
TION

A scintillation detectyy i

compounds exhibit this Phenome
non,

The modern-day

photomultip|;
ultiplier (PM) tube converts the light into an

electrical pulse, whj
ich may be amplified, sorted by size and counted.

\
1
Scintillation dete i
ctors 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
iodide crystal activated with thallium (Nal(TI)) optically coupled to the
photomultiplier tube. This is because is its density (higher probability for
photoelectric interaction as shown in equation 2.2 and high effective atomic

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

L
result in the crystal deteriorating when expose 10 moisture. Therefore, the I%

crystal is hermetically sealed in a light proof covering, usually ny a light
gh which it is then coupled to a

metal, with an optical window throu

nberra 76mm X 76mm Nal(TI) detector (Model

photomultiplier tube. A Cal

s used for the radicactivity measurements of the wood T

No:802 - series) Wa
atic detection Prooesses by the Nal(TI)

s work. The system

samples in thi:
below.

detector assembly i described




3 ﬁllatmn])et_eetion by NaI(TI)

A schematic representayiqy of th i
€ seque
gamma 13y photon by 4 soing; Arence of events on the detection of a
1 ation detect'
1on system is shown in Fi
in Fig 2.1.

When an energeti
i =NErgetic char i
8¢ particle ig incident op the crystal, the pri
i primary

ionizing particles regyls;
ulting
e gamma-ray interactions dissipate their

kinetic energy b Hs
exc o
Y exciting and lonizing atoms in the crystal, The excited

atoms return to ]
he ground state by emitting N light photons given by:

o
g NS e @9)

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

are converted into photoelectrons, which are directed to incident on the first
'

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

the first dynodes is given:

E
N. = —2mC,e8c6
€ Wo p.e“c

Where G is the light collection officiency of the photocathode, which gives
ere 18

the fraction of photons that impin
to-guantunt efficienc

C,. is the PIO
en 0 and 1 depending on the degree of spectral
We

ge on the photocathode and converted into

y of the window — cathode
photoelectrons

system, m is a factor bet
27
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) Pectrum
esalhodo; s g, wad fhe Spﬁctra] respanses of the

the efficie
ne
Y With Which the first dynode collects the

factors.

Factors, G, is determineq by self-

absol’pﬁon, reflection loses, light trapping

optical flaws and the optical geometry of the photocathode. In Nal(TI), G is
usvally nearly by self — absorption, reflection loses, light trapping, optical
geometry of the photocathode. In Nal(TT), G is usually nearly unity by coating
the detector with a reflector like MBS0 fiereby maling sclFahsorptin e

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

the point of incident of the photons on the photocathode.

Factor, Cp., depends on the cathode material and its thickness while go
depends on the structure of the dynode and the applied voltage. The total

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

W lle e Vi a- es i ssive multipl'caﬁons of N
i 1 I sul ng () IIKSLICCC SLV
T M is the (0] El’ﬂll gal f

electrons at each dynode and is given-by:

e



The size of the
curre; i .
nt pulse, which is proportional to the energy of the

rimary ionizi i
P Yy iomzing particle, can be further amplified and counted

] Apart from the numb i i

er 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 emiited as

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

ny = ATe” %%] EEm— PR )

AR A R

mperature, ¢ is the electronic charge, k is the

Where T is the absolute t€

Boltzmann constant, A and Q are characteristics of the cathode material.
oltzm ]

nd Height Analysis
\

2.3.2 Pulse Shaping 2
ays according

ectrons that reach the anode (or collector) dec

The number of el

to the equation:
eremenermmeeee= (2:13)

N=0Qe~ |r; »
v S T
" » “‘-ﬂﬂ‘" = Hu 3
LY TEC
Al '“‘I;z‘u—l‘ y
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418

> Ta is the mod; :
ified ge,
s LAy time
Nal(TD). Because of the g, * ofthe scntillare whigh 5 about 0.25
i ort lifetime 15 about 0.25sec
a pile up and as gyeh of the pulses, they may be subjected to

it is im:
, Portant to ¢ s
oy s vossibie ollect information about a pulse as

A pulse shapi
ping RC cipenit .
| o CIreult whose function is to pres )
b | information while redug; erve maximum
ucin
1 g to the pulse duration usually used to achieve this

|
|
The RC circuit ¢ ) !
as shown in Fig 2.2 is usually placed after the amplifie :i
10et.
\

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

NO = Q] (G-5) e @14

The voltage is, thus given by:

' v = 2] (G -5) @15

Equation 2.14 shows that the amplitude of the pulse depends on C, Tgand RC

e circuit. The RC must be greater than Ty to ensure that

— A A

(time constant) of th

V(1) peak is proportional t0 the energy dissipated by the primary radiation in
he pulse height is maximized and subsequent

the scintillator. In essence, t
m degrading effect. T
um through Q defined by equation 2.10.

i {11 have minimu 1o amplitude distribution V(1) is
noise will ha

o the encrgy spectt

i et e =

therefore related t



full width at half maxi
aximum of the speal (FWHM) divided by the peak energy

E,, Thatis

R= X 100% oo

(2.16)

It has been shown (Fari, 1989) that R? 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 3” x 3” Nal(Tl) detector is 5 — 10%

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

: 137 3
It has been determined by counting a ceference *Cs source that the resolution

work is 9.6% at 0.662MeV. The photo peak

of the Nal(TTI) actual used for this
ermination is showm in Fig 2.3. To show that this

of 37Cs used for the det
adequate for our purpose the spectra of K, Tl and U were obtained separately

equate for ;
sources RGK-I(KZSO4), RGU - 1(U-ore)

using TAEA standard calibration

and RTh— 1 (Thore) respectively

; yaph as shown in
re therefore suP"f“mposed o oS00 S0
The three spectra We

Fig 2.4. From the figure 40K

88 and BTy can be identified from the
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2.4.1 DETE
RMINATION OF AREA UNDER PHOTO PEAK

The energy s
pectrum o - -
£ environmental radiation comprises of a mixture of

peaks from diff
erent natural and man-made radionuclide. The area under a

photo peak due i
to a particular y-energy is often difficult to determine
accur: ¢
ately 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 photoelectric absorption is equal to the integral count

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

The method adopted for the computation of the net area, which has been

Pl'Ogl‘amIned in the memory of the analyzer system used in this work is
illustrated in Fig 2.5.

D) is defined around a photo peak that is bounded

A region of interest (RO
1 either side of the photo peak. The

dgo
systematically by channels 4 and &

e to the backgr

ound event in each channel of this region

t the tail of the Gausian curve

average count B du
ering 3 channels @

has been estimated by consid

a2

e e

e




count B is given by

_ B+ B,
. 2(3)

Where X, is th
a € content of each channel, The itegral cont 1 in the whole

' region given by\;

I=I+ B, + B, e

]

1

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

Fl

photopeaaak and not in B; and By Ip is given by: §
4

\

SCLY o ssissseesmsmnoenasigemsS e 2.19 .

Ip = g:g Xa """"""""" ( ) :
otoelectric absorption, is equal !

The net area, which is the aréa due to actual ph

packground, NBin all the N channels.

to the total count Ip minus the total

That is: A =I,— NB -~ “_
ation algorithms in the memory of the

t;
Equation 7.18-2.20 are stored as compy
k. Data are proccssed

d in this Work:

automatically and the

MCA system Use



e

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

F
E = - 0,X100% (2.22)

These algorithms also have been stored in the memory of the system with

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

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

made in the various region of interest.

2.6 GAMMA-RAY SPECTROMETRY

is a technique of anal
it conclusion to be drawn on type of

yzing the energy of the gamma

Gamma-spectrometry
i erm

radiation emitted by & nuclide, to P

amma spectrometer consists of a detector,

de mixture- Ag

s supplys puls
losure. The pulse height analyzer

nuclide or nucli ;
i ¢-height analyzer system, ata
d detector 12

preamplifier an
ded sample ¢

readout capability and shiel
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in section 2.2. The f: .
ast electrons, which result from three processes, provide

very useful informati )
tion 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.




(Model NO.I l04) lhrOllgh a
pleamphﬁe base Flg 3.1 shows 1 L]

diagram of the measuring assembly

The first was carried out in order to convert the channel numbers to gamina-
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 activify concentration n Bgkb™.

The description of these steps is this section.




different gamma energies weye identifieq

. Using energy calibration (ECAL)
> the linear relationship fitting the graph is gi
1s given as;

E(MeV) = 4.646 x 10-3C — 1 gsg i, 3

Where C is the channe]
fi :
umber corresponding to 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 energy

is emits.

3.1.2 Efficiency Calibration

Calibration of the efficiency of the system against gamma ray energies was

achieve using a certified wood reference source sample traceable to source

number IAEA-152. The reference SOurce counted for 7 hours (25200s) after

s at the different -
ahim 1999).

; ies were calculated
which the detector efficiencie BHALEICE Wete

i i d Ibr!
using the equation (Fara! and Sanni 1992 a0



: or efﬁ(‘.l b .ies at diff-
Ailer,

onuclide Energy Mev) G “Y-energieg, :
AMma yiefq Effictency
Cr 0.662 i (x10%cps/Bq)
- 0.852 [ e
] 1.460 T ]
1.760 0.159 085
Th 2.615 0.358 060 J

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

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
r as shown in the table 3.2 and they

actual mass of the sample in each containe
o allow the random and its progenies to reach

were all scaled for over 30days t
secular equilibrium prior to gamma courting:




Mass orc ;
fs et
e a“‘lﬂe with

; The counting of ¢
i g ach sample was 25,2005 after which the area (A) undet each

photo-peak of the radionuclide was computed using the equation, the

1 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“l) using equation 3.3

Where C = the net area under the phato-peak of each radiation
ere C=

ctor efficiency at

000)

the dete fheeeuates
g=1the

¢ = time of counting (25,

M Y
Y ty Gf the gatllllla at [he pmumﬂﬂl enert
Y 111[31151 B







RESULT AND DISCUssIgy

Caesium 137 and cob
alt 60, §
» I0dex for the presence of any artificial radioacti
adloacuve

contamination of envi
vironment were not detected iy any of th 1
e sample

Table 4.1 G i
ross y count in the wood samples for each radionuclide

S/N | Wood sample K-40 238 rne

01 ‘ Araba 12098.24i6.35 51.50+2.41 | 142,353 £15.80

02 Poroporo 2177.12+ 6,81 | 68.26=3.00 | 275.96+27.26

03 Arere 901343 +5.26 | 80.68+2.70 | 227.41 17.96

3161.52 v 8.37 7454+294 | 133.85+£14.18

04 Ahun
05 Aire TGATSE 746 | 93300 | 1158917.64
iS
41 ACTIVITY LEVELIN WOOD SAMPLE
nted in Table

les Were analysed and results were ptese
P

The five wood sanl
ected from all th

¢ wood samples with Ahun

40 was det!

4.1 wn above -
iy pration of 316152 + 83.37 Bqke'

ctivity concen
i 1841'5‘2;& 7.46
has the highe

o8
that has the highest redi 2387] was detected from

Aire which

ik st radioactivity i
cl #
Arere W i

while the lowest were
les with

. all the wood sampP
41



respectively.

Generally,

a comparism
of the table 4.1 shows that there is highest

radioactivity concentration of **K followed .
Y

BUTh and 238U the least.

Potassium 4 i
m 40 recorded the highest activity concentration in all the wood
samples analyzed than Thorium and Uranium. Zach et a! (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 also, minerals occurting in rocks such

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

through weathering.

U () P i agsium in manure. Famer

pri e is over @ plication of potassivm I M

The primary ¢2 .

ng mant al m i 1 f a cro
tes targeted to meet the nitroge requirement o p

applyi re at raté

f sium 18 excess. [n 0ne Jong-term manure

potas

: inj
will generally be applylne Js in manure {reatments increases by
Ve

ofassivin le
akara €/ al., 2000)

application study, soil P

[ oy ayenrs
‘42







samples which were 40 28y 42
; an

Th.
From the resylt it shows that there

than Thotium and Uraniy,

0y 5 ¢
is essential biologi
ogical element and s concentration in human tissue is

under clos; i !
e metabolic {homeostatic) contrdl, its means st the use of woad
analyzed in roofing of houses and furniture works will have no harmful effects

on the human body.

The work was carried out within the limited scope of the academic research.

Further work can be carry out by determining the close rates of the

radionuclides. The number of wood sample can be increase and samples ca be

taken from different local governmentor different states.
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