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ABSTRACT
The Radionuclide concentration levels have been determined using gamma
ray spectrometer consisting of a lead-shielded 76mm x 76mm Nal(TI) of the
detector crystal coupled to Canberra series I O 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 titne of 7

hours (25200s).

The photo-peaks observed with reliable regularity belong to the naturally

occurring series decay radionuclide headed by 23 SU and 232Th, as well as

non-series decay Mpe, 4ºK. 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 4°K, 238U, 232Th for the woods samples

obtained were 3119.61 ± 6.198 Bqkg·1, 81.122 ± 2.468 Bqkg·1, 159.888 ±

12.076 Bqkg-1 respectively. Potassium 40 recorded the highest activity

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

1 h. h attri'buted to the fact that potassium was released in the soilThe resu t w 1c

.

h ¡· 1· 11 of fertilizers to crops especially when applied at ratesdurmg t e app 1ca JO

·

remen! And also minerals occurring in rocks such aswell above crop reqm · '

they slowly release potassium into the soil slowlymica and feldspar as

through weathering.
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Sit'!¢¢ 401' is an essential biological element and its concentration in human
tissue is under woods analysed in rooting of houses and furniture works have

no the human body.
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CHAPTER ONE
INTRODUCTION

1.1 THE CONCEPT OF R

.

ADIOACTIVITY
Everything in the World an .

, d everybody m the World, is composed of
different types matter (ch

.

em1cal elements). The smallest part of each element
is called the "Atom" A .

· n atom 1s so small that it can be seen only with the

most powerful microscop 8 h .e. ut t e atom 1s the core of every substance in the

lllliverse.

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 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.

1

·

are stable while a significant numbers are not. The stability of
Many nuc e1

d d n the N to Z ratio. An unstable nucleus will tend towards
nucleus epen s 0

. . h
·

g the N to Z ratio to a more stable configuration through
stability by c angm

1



ilté ?is$ion of nuclear Particles with some accompanying energy.Thisprocess of emitting nu 1

•

.

·

c ear particles and energy from the unstable nucleus m
order to attain stability is called radioactivity.

I The radioactive decay process is largely insensitive to conditions outside the

j: nucleus and therefore for a given nuclide, it may be characterized by a fixed?.I;"'

í/ 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=Noe·Ât ------------------------------------------------ (1.1)

t. d. t· t ms at time, t and t?oWhere N and No are the number o ra ioac ive a o

.

I d À is the decay constant, which is the probability that the atomrespective y an

. .

·t time The decay constant À has a characteristics value forwill decay m um ·

l·s related to the half lifo (t½) of the radionuclideeach radionuclide and

through the equation:

ln2 Q.693

t½=---¡-=-À-
--------------------------------------------- ( 1.2)

. rd ti/ ranges from fraction of second toII ccurring rad1onuc 1 e, 2For natura Y 0

t' b1'Jlions of years.?}·

f:.

2



Tb.e µumber of atoms d .
.

ecaymg in unit tim ·

is given by:

e is referred to as the activity A and

- ------------- ""------------------------------
( 1.3)

The decay law equation given in e
.

quatlon I. I may be rewritten in terms of
activities of the radio I'dnuc 1 e by:

------------ ------------------------------------ (1.4)

The SI unit of activity is ti Ble ecquerel (Bq). !Bq corresponds to one decay or

disintegration per second 1,h . .
. .

· e activity of the rad1onuchde 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

(a) and the light-particles (?±) with the accompanying neutral and much

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

emission of gamma - rays (y). During an a-decay, an atom with atomic mass

A and atomic number z is transformed into a new atom with atomic mass (A-

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

1X ? 1:¿Y +¿He+ Y+ Qª ---------------------------------------- (l.S)

3



J? Decay would ..,uansform th e sarne ato ·

m mto a new one with essentially nochange in A but a change of Z to (Z + l) .
- as described below:

------------------------------------- (1.6)

AX? A
yz Ztt + ff"+ y+ v- + Q¡; ------------------------------------- (1.7)

Gamma radiation is a fon fn ° ·

electromagnetic radiation, which originates
within the nucleus of an t aft . .a om · er excitation. As a result of either alpha or
beta decay to the ground t t ¡¡

.
. .s a e usua y with the em1ss10n 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.

Environment radiation in wood samples, which is the main concern of the

work, is due mainly to gamma radiation from radionuclide: 238U, 232Th series

and 4ºK, or from artificial ones such as 137Cs and 6°Co that may be in the

environment due to radioactive contaminations.

1.3 DECA y SERIES AND CONCEPTOF EQUILIBRIUM

d. 1· transformations, the daughter products are also
In a number of ra wac ive

f emission of radiation continues until stable
unstable and the process o

ti ed All nuclides products in a chain through
daughter end products are orm .

d. ¡·de constitute a decay series. There are four
f arent ra wnuc '

the activity o a P
/lAJ1'•.,,..•••

4 ?.::.;;,•yTSCHJfl#.

...-p .. u,..x•••· -



·fi?y·occurtlng rad. . ·

'·

···•· ioacttve
decay series. These are 232Tb, mu, 237Np, and23?U - series each with •

atonuc mass A that can take the form 4n, 4n+2, 4n+land 4n+3
respectively where n i's

.

t
, anm eger.

f
Table l. 1 summarizes these series. From Table J ¡ the half-life 2.2xl06y 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 Neptunium series, 238u and 235U 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.

· ·

h 222Rt
·

,

11 d radon in the thoriumIn this case of Ura.mum senes, t e gas 1 1s ca e
,

.

th 220Rt1 is called thorium and while in the actinium series it issenes e gas, ,
'

li d
.

219Rn The intervention of these gaseous members is the mainca e action, •

cause of disequilibrium observed in the three series.

Table 1.1: The Natural Radioactive series

Half-LifeStable Nucleus Longest LivedName of series Types
(years)

zi?Pb 'JlTh l.3x]OluThorium 4n

2.2xl0'2gjBi 'j/Np
Neptunium 4n+l

4.47xl092g?Bi '-''U4n+2
7.lxl0'

Uranium
2£;Pb "'U

-?Actinium 4n+3

5



,

?ÓÍ$lltopes that are foU11d in nature are not restricted to the thorium,wanium and actinium series S· everal elements with lower atomic numbersalso have radio t' .ac ive Isotopes (Table 1.2)

Table 1.2: Selection list of p .
.

rimord1al Radionuclide
Nuclide ?pie ,i;=-::.d=:--,---=------a un anee Decay Mode

(%)
O.OI 17

W,EC
V

0,250 ¡r,Ec
Rb 27.83

w
Ln 95.72 w

Te 0.905 EC

Half-Life (year) l
1.28xl09

.

l.5x1011

4.8x1010

4.4xl014

9.99x)Oll
J

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

radioactive potassium isotope, 4°K. byvirtue of the widespread distribution of

potassium in the environment, 4°K like 232Th is very important from health

physicals point of view. It has a half-lifo of l.28x 1 O\• and an isotopic

abundance of O.OI 17% in natural potassium.

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

I

·

¡ decay to a daughter 2, which then decays to a grand-daughterparent nuc e1

d t·¡ a stable end product is achieved. For a daughter, which is
3, an so on un t

. bl th ate of change in the number of nuclei per unit time, that
itself not sta e, e r

6



i
.·

.

_{,di.Ni)
,

.
•

S¡ \";¡;"' 18 grnen by the difference between its rates of formation and its rateof decay the parent 1. This can be summarized by the differential equation:

---------------------------------------------
( 1. 8)

Where À1 and À2 are the decay constants of the parent and the daughter,f? respectively and No is the number of parent nuclei at time t=O when the
nwnber of daughter nuclei N2=0. Solving equation 1.8 gives the number N2 of
daughter nuclei present at time t as:

--------------------------------------------
( 1.1 O)

.

(t ) the value of the"> '
I

fior sufficiently long tune ?a
'

Where "2 " /l,

. .

( 1 1 O reduces to unity, assuming asdaughter/parent activity rallo m equa wn .

usual that N2=0 at t=O

That is:

---------------------------------------------- (I . 9)

----------------(I.I!)------------------------------

Tbrium when the activity of thethe state of secular equ1 t.

1 JI express
. .

h

Equat10n ·

t An example of tlus 1s I e
.

qual to that of paren .nuclide is e

.

daughter

l/ =
3 Sd) and its immediate parentases 222Rn (t 2

·
. h' between radon grelat10ns 1P

7



?tlfli 226R,n (tlfi l602y) in U-se
.

nes when radon is confined for about 4weeks. In nat11re, radon is not

disequilibrium in u and Th .

senes.

confined, which leads to a state of

That is, the radionuclides in th .

e Uranium and thorium decay chain are not in
radioactive equilibrium Th .

· e isotopes 238U and 234U arc in approximate
equilibrium, as they are se parated by too much shorter - lived solid nuclides,
234Th and 234Pa the dee .

.
· ay piocess Itself may however allow some dissociation

of the decay radionuclid fr tl .
. . .e om 1c source material, fac1litatmg subsequent

environment transfer. Thus 234U may be slightly deficient relative to 238U in

soils and enhanced in rivers and the sea.

The radionuclide 226Ra in lhis chain may have slightly different concentration

from 238U, because separation may occur bdween is parent230Th and Uranium

and because radium has greater mobility in the environment. The decay

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

h '38U
.

11

.

d
.

soil, reducing the exposure rate from t e
· senes as we as mtro ucmg

marked disequilibrium in the series.

]·ct
·

this series 222Rn has a half life of only 3.8 days, but itThe radon nuc 1 e Ill '
'

l. d d ay products 210Pb and 210Po, which are important in
has two longer- ive ec '

th mTh series similar considerations apply. The
dose evaluation. For e '

h
·

220Rn has a very short half-life of 55.6s and on
gaseous element of the e am, '

long-lived decay product.

8



In this work .,.,' uus
activity of 23su has been m

Bi -214(1.76MeV) Whi!
easuted using the y - actMty of

e that of 232Th h as been m d
.

of TI-208 (2.6IMeV)
easure usmg the y activity

• In both ca ses, equilibri .

radon gas emitted fi .

um was achieved by confining
or apenad f.or four weeks Th · · 40

decay element
· e activity of Ka non-series

wasmeas d .ure usmg activi ty of l.460Me V gamma line.

1.4 SOURCES RADIATION IN THE ENVIRONMENT
In an environment human b

.

' emgs are expos d te o some forms of ionizing
radiation emanating from t .wo mam types of source; those that are natural and

manmadc (artificial) Ab ·

f'd·· ne tscussion 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

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

molecules of the upper layers of the atmosphere, arc 14C, 7Be, and 31-L

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

altitude. Cosmic radiation according to Lin et al., (I 986) and Weng and Chen

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

altitude 70km-100km. below this altitude, its ionization effect is comparable

th fr
. bo?e and terrestrial radioactivity -

to at om atr ,,,

9



'iêooti,d, ?oup is due to terrestrial radiation from the primordial
e

\?onuclides, which have survived since the time of formation of the earth.There are no fewer than 20 natural radionuclides remaining at present forwhich 238U and 232Th with their progenies and 4ºK from the bulb. They easilycombine with oxygen to form oxides of reduced densities and crystallized on
the earth surface as litho pile elements during the formation of the earth.

They therefore, constitute sources of direct radiation exposure in the

environment. Radiations from these primordial sources are now known to

h ·n·ng 15%
constitute about 85% of natural background radiation and t e remai 1

.
. • · ·. ·

due mainly to the
is from cosmic rays (IAEA, 1986). Rad10act1V1ty m an is

222
1/ ) and 220Rngaseous component of the daughter product Rn (t

2 = 3.8d

(t½ = 55.6s) from the U-238 and Th-232 series, respectively.

d in the air at.6 the soil and they are disperseThey emanate readily rom

.

h. h depend on meteorological conditions.concentrat10ns, w ic

ºfi
.

¡ Radioactivity1.4.2 Arb teta

ber of artificial radioactive. l"d s there are a num
1 rad10nuc I e

'

Apart from natura

ar weapon tests, nuclear powerd through nucle.

h produce
11

sources wh1c are

and the controlled release of sma
obyl nuclear power)

plant accidents, (Chem
.

t mainly by the nuclear powerto the environmen
ad. active wasteamounts of r 10

industry.

10



·-. "there is also .

•

..
·

..
·_._ .

an input from th... !il·i:ndustty, Them .

e use 0fradionuclides in medicine
an-made

contribution t . .

World populaf .
.

0 lhe radmtton exposure of theion ongmated from the t res mg of nuclear weapons in theatmosphere that took
1Pace from ¡ 980 (Bouville et al., 2002; Beck andBennette, 2002).

Each nuclear test result .

.m unrestramed release into the environment of
substantial quantities of rad· .

ioacl!ve materials including the prominent ones
such as 90Sr, 137Cs and 1i11

.

.
.

, which were widely d1spercd 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 El<'FECTOF RADIATION

· · ·

b rbed chemical changes are produced immediately,Whenever radiation rs a so ,

1 d ge follows in a short span of time (seconds to
and subsequent molecu ar ama

.
· much longer time span of hours to decades

minutes). It is after thrs, during a

vident The chain of events is illustrated
that the biological damage becomes e .

in fig 1.3.

11



,\

r
t

:· on
?Posures,it is th .

. .
.

.. .
.

· e
101U2.ationprocess that cause the majonty;?h:Í:ili.te<liateche:rnical chao ed .

.

g In tissue. The photon energy creates a fast--moving electron, resulting ¡
·

·
.n ionization. The critical molecules for radiationdamage are believed to be th ·

·

'd
e protein (such as enzymes) and nucleic ac1

(principally deoxyribonuclide acid (DNA)).

The damage occurs in two basic ways: (I) by producing lesions in solute
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.

b r · ·

s bout 70-90% water.
Indirect damage arises more commonly ecause 1vmg I a

1·11 'rradiated, it emits a free electron andIf water molecule is irradiated,

d Ositively charoed water ion, which immediately decomposes.#pro uces a p "'

I



Direct action

Exposure

lonjation
l

Free radicals
(Chemical change)

l
Molecular Changes

(DNA,

RNl
enzymes)

Sub-cellular damage
(Membrane, nuclei, chromosomes)

l
Cellular lev?l

Cell death

(Deterministic effect)

Cellular transformation

(Maybe some repair)
(Stochastic effects)

Cancer Hereditary

.
. f t "allowing exposure to ionizing radiation

Fig l. I: Chain o even 5 1'

I

ii
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-'?c¡¡J Qilt is a hi. hi •
•·

. ·• •.
...

.

. .... ·

.. s'J,;::\?'.f;i
"'-•"l·.·h .· .

rg y reaenvi!, l\11:d.:ni:r\tedúl'-...,,;,u?.-"'"'"°.···:.
.e ..

'""<Ile produces h .

· · ·"' ·
· ..,,....,....,,., '

1 L
. ,

.

.

.
.

.

e em teats modifica ·
·

Jif?.-??ê intera t·
tions lil solute organic molecules.

¡1{( '.Ii',,_. . e ions which occur in .

,·,. ·

nucroseconds
1

. >
,

.

·

.
.

.
.

or ess after exposure are one·

wa.y m which a sequence f0 comple h •

X e erruca[ events can be started. The free
radical species formed can 1 dea to man b' I

.

Y 10 og1cally harmful products and
can produce damagi h

•
.

ng e am reactions in tissue.

At a molecular level macrom 1
1 h

' o ecu es sue as DNA and enzymes are

damaged: at the sub cellular ¡
1

11

.eve
,

ce 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.

Deterministic Effects
·

are termed deterministic or non stochastic
Biological effects of radiatJon

.

t cur if the dose exceeds a threshold level.
effects when they are certam O oc

d.
. has not been identified at doses less than

Biological damage due to ra iat10n

health effects occur at doses greater than

50mSv and in general, most

1.5.1

?.,,·\·..'·.
'

?

í

?.

500mSv.

14
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...
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I

1w. <latna<>e h .

hove: ¡¡. ?old.-?ahólít&"-1•"".;?c.\..:y: .·

- ..
., , t e tht ·h

.

·.. "!!-•·· ..,, li!W'

•·;· .fi•·.;.i .
·. .

.
.

es old for
. •

.

?:l?µt 4Sv,•Impainne t
erythemi¡ and dry·desqU!llllation.J? ..

'·
n offertT

. -?

·:
, ·

.·. •

.
.

1 ity varies with
gonads has a measurabl

age, but a dose ofJSv to the
e effect While a d

•¡·
.

oses of as 4S -11

sten Ity m both sex T
v WI cause permanent

es. he se
·

verity of radiation d

the rate at which th .

amage does not increase with
e dose 1s given.

Generally, the threshold doses (>500mS )
?

.

v ,or deterministic effects can be

incurred only in accidents where the doses are acutely delivered to an

individual and hence th·
'

IS category of radiation effect is of little or no

relevance to the present t d h'
.

s U Y, w 1ch 1s 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

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

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

•

· f'" ts are cancer and effects that result from low-level
mam stochastic e iec

d. f 11 the type that can be incurred over a long time in

chronic exposure to ra 13 10 '

an environment.

15



--1(?.,1',,,êJ......?""<lr.?;,J¡J
-j,;f,: .

gin loss of .·

·
· · '

+<. ·.
'

.

norma¡ cell r ui .

-

)-.,,:?ons. It is a diseasr
eg ation, eharacteristi.cs I\Ild'

_, ?• ,
e O the eel) th .

,
..

,. •
.

at is charact .

d b:,
·

·

,âild i>pteati of affected cells. If .

er¡ze Y abnonnal growth
cancer is not t t d

.

.extent that vital .
.

rea e
,

It can progress to the

phys1olog1c funcf rnns are disrupted, leading to the death of
affected individual. If an

.

d'irra 1ated cell
·

.

1s not killed but only modified by
radiation damage, the dama e int .

g he viable cell can be repaired. If the repair is

not perfect, the modification .11
.wi be transmitted to daughter cells and may

eventually lead to cancer in th fe issue 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 are female breast, the lungs, thyroid and the

skin in that order (IAEA, 1995).

·

d
·

t lly has a latent period, which ranges from two years for
Cancer m uct10n ac ua

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

fi not be expressed within the lifetime of the

radiation damage may there ore

d. the age at exposure.
recipient, depen mg on



'.)'iadê;i.¢iJ:,that ,,,
•.

'
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.

·

.

·

f!\\'U11tion is
:a11 pf Which .

.

one o£

I

·•· are collect·
I

?-.:): .

lVely ref.err d ..
.

.

,

'J.\\'
·

• • e to as ,

·

· ·, i"f?nogens include .

· carcmogens. Tlw Jist o.r

·J :'. , genetic dispositi .

,/,· .
·· on, cigarette k' .

···
•
.. ,

, ,,;._,,,,? fi d
· smo mg consumption of.\e•,• ,· ,,,a.uuu 00 Wlth add' .

'

: -·1,_ itives, alcohol' .ic drinks etc. (WHO, 1997).

1.6 RADIOACTIVITYIN Woon
Wood in a contaminated .

environment they may contain both natural and
radionuclide that after inhal f' a 1º11 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.

h t li occurring radionuclides, artificial radionuclides such
Apart from t e na ura Y

I
been measured in soil and as well as in

as mes and 6ºCo have a so

--f

1
W ods can easily provide possible

atmosphere aeroso s. 0

. h soil to human bodies.
artificial radionuchdes from t e

routes for these

I¡'
I,

11

I

I



r4(iioactive fallouts may b t6'•
·

e =en up by crops via soil in which they wereplanted. Radioactive particles can lodge in the lungs and remain for a longtime as longs as it remain and continues over a very long time. The emission
of 137Cs with half life of 30.2y pose a greater problem to the health of the
human populace since this isotope will persist in the environment for many
years and even in human bodies. This can damage tissues, DNA or 0ther

.

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

and mutations called radiation poisoning.

The purpose of this study is therefore to:

l.

2.

3.

.

me tropical wood.

rd present m soIdentify the types of rad10nuc i e

samples.
212

h
·

40K mu and T m. .

t concentration of ' 'Determine gamma acuv, y

•

¡ od samples.
,is

d

some trop1ca wo

ntration between. U, an
1ma activity canee.

the highest ganDetermine

232Th.

l:
:1

I



RA'l'EMI.NTOF 'l'in,•?.-¡,
PllOBLEMtnllin focus of this stu,d .

.

Y 18 to identif th .

•
Y e radionuclide content present inthe tropical wood samples h' hw ic causes damage of the tissues and otherdisease like cancer.

1.9 SIGNIFICANCE OF THE STUDY
This topic of discussion Will be very us ful d

•

th te an important to everyone a

;. uses wood for furniture 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.

1.10 SCOPE OF THE STUDY

d. nuclide content in some tropical wood samples,
The study centred on the ra 10

E..
.

road sawmill, ljebu-Ode, Ogw1 State,

samples were collected for ,Jmnn

Nigeria.

N OF TERMS
111 DEFINITIO

.
.

h t take the form of a self-•

.
.

. Is a radiat10n t a
·

radiatJOn.
,

hElectromagnetic
¡· c fields includmg suel.

.

d magne 1

f electric an
. wave o

propagatmg
d visible light.

d. waves an
as ra 10

phenomena
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Excited state: These are th e
arrangements that are so llÍlstable that theyhave only transient exist bence efore

transforming into other states.3. Ground state: This is th e most stable arrangement of nucleus.4. Ionizing radiation· Rad· t· h
.

.

· 1a ion t at 1s of high enough energy to causeatoms to lose or gain electrons, rendering molecules, such as protein,
incapable of

functioning.
5. Isotopes: 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 transfonning into another state.

· · ·

radiation that7. Nuclear radiation: Radiation especially wmzmg

emanates from nuclear processes such as radioactive decay.

. .

. f damaoe to organ tissue due toRadiation poisoning: Tins is a fonn o b8.

excessive exposure to ionizing radiation.

by which an atomic nucleus ofRadioactive decay: This is the process9.

'tt'ng ionizing particles.rgv by em1 1ble atom loses enc
,an unsta

d. d cy of the nucleus to ecay or
.

. a measure of the ten en
I O. Radio isotopes. Is

disintegrate
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C¾tEa, two
'RADIATIONDETEcnoN AND

MEASlJREMENT2.1 INTRODUCTION

An underStanding of the interaction of charged particles and photons with
matter is of great significant to the

understanding of detection methods of
radiation. The charges particles and photons can only be observed when they
interact with matter through excitation and 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.

d'
·

d t ction depend onThey ways in which these effects are used for ra iatwn e e

, .

1

.

depend on the tvpe andthe mode and efficiency of interaction, wh1c l m turn. .

. .

.-th matter will beThe different modes of y-radiation w1energy of radiation.

. .

h b
.

e of the y-spectrometric methoddiscussed in this chapter as this is t e as,

employed in this work.

WITH MATTERNOFPHOTONS2.2. INTERACTIO
·hich is the energy range usually

. f O 01 - JOMeV, w
In the energy reg10n o .

arnrna and x - ray photons may
. environment, g

encountered in an ordinary
.

s eed electrons by three distinct
roduce high - p

.interact with matter to p

. hotoelectric absorption and pair
ton scanenng, P

are the Comp
processes. These

production.

,I

ii

'I
!r

11

'
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•

I
? I

Jlh.otoelectric effect is an .

intetaction b te ween a photon and a tightly boundelectron whose binding e .

nergy is equal t 0 or less than the energy of the
photon. In this process a ph, oton ene g E •

r Y Y 1s absorbed by a bound electron
ejecting it from its orbit with 1 .

given by:
T = E,- Eb

---------------------------------------- (2.1)

Where Eb is the binding energy f th ¡ Th
· · · · ·

I
o e e ectron. e prnnary 10mzmg part1c e

resulting from this interaction is the photoelectron. Equation 2.1 shows that

photoelectron production occurs only when
E7 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.

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

. .
, ' Th robability ,, which photoelectric absorption will

charactenst1c x - ra) s. e P

. d by the equation:occur 1s expresse

kpZ3t=--
E3

----------- (2.2)----------------------

Where k = a constant

. ber of the absorbing materials

Z = the atomic num

b. material
. f the absor mg

p
= the density 0

E = photon energy
22



!!hows that l0W•ener
.,1-,ª"r"

· ,, gy Photonsct .
.

"""" uers ,avoUr the Ph
. ru,,. high atomic 11.

·. ·be·
..

d.otoelectr·
wn re

IC effects It
.

h I
·

' ISthi
p otoe ectnc absorpf

8 very strong depende11.ceofion on the .

atomic numb
material for shielding a

.

er Z that makes Pb a good
gainst X-rays dan Y-rays s d' ·

high photoelectric 6 .

· 0 mm 10dide crystal has
a sorption effi

.

c1ency because of its hi h d
. .

explains its O
1

.

g ens1ty. This
p pu ar choice as a scintillation detector as employed in the work.

2.2.2 Compton scattering:

Compton scattering is an 1 f . .e as IC collision between a photon and a "free" or

loosely bound electron Aft th ¡¡·
.

· er e co 1s10n, the photon is scattered at angle O

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 amount of energy transfen-ed in the collision can be calculated by

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

scattered photon has been shown to given by:

El = --s·
E?y -- ---------------------------------------- (2.3)

Y

1+M0:2(1-cos6J

and Mo is the electron rest mass. The

Where Ey is the initial photon energy

h. h energy from the scattered photon is
·

h hannel by w ic

scattered electron 15 t e e
.

. The kinetic energy T of the reso1l

b. rned1urn.
transferred to the absor ing

electron is given by:

23



.•?.B¡,
1-'--?)I

---------
?(l-cos0)-1

······----------------------------------(2.4)

i

Photon energy and it
correspond

.

s to ah
is scattered back

ead - on coll' .
.

wards, that
.

1s1on m which th h

IS 0 "'
¡ SOº

.

e p oton

. in this case,

Ec=Ey l?JMeci+
28Y

Equation 2.4 shows that .

a cont111uum of .

electron ranging fr

energies can be transferred to th

om zero up t

e

o the maxim .

explains the continuo d'
.

um given by equation 2.5. This

us istn bution f
.

o pulse heights ter d C

m gamma spectr

me .ompton plateau

oscopy.

2.2.3 Pair Production

When a photon of energy greater than l 2 Me. V, passes near the nucleus of an

atom, it is subjected to the strong field to the 1nuc cus. It may disappear and

become a positron and lan e ectron. The energy equation of the process is

given by:

Where E,- and E,+ are the kinetic energies of the emitted electron and

positron, respectively. Equation 2.6 implies that pair production can take place

,i only if hv2:2Moc2 (l.022, MeV). The positron produced is a very unstable

particle. One its kinetic energy becomes zero, it interacts with an electron

almost immediate thereby annihilating each other to from two 0.511 MeV
'

·,1

ii
24



These may escape· from th@

"
:..,;1•um Or interact with 't

.

C
. ?-1

1 in ompton or photoelectric processes.
This usually leads to a photo péak at O.SJ¡ MeV, which can be confused withthe gamma peaks of the source being measured especially if the source has
gamma energy close to O.SJ J MeV.

.

.
.

d
.

h a cross section

Unlike the other two photon mteractrnns, pau pro uct10n as

Ey and the
which increases, although slowly, with photon energy

Cf pp

.
.

.

ross-section can be
interaction tends to be dominant at lugh energies. The e

written as:

app = cZ2p lnEr ------------------------------------- (2. 7)

hr processes is anTh et effect of the above t eenstant e 11

·

Where e = a co .

of gamma rays passmg
. .

the intensity of a beamexponential attenuat10n m

h'
.

described by the·

j T IS isb rbing rnatcna •hr h a thickness X of an a sot oug

equation:

I = I oe-"x

b tion co-efficient? the linear a sorp· at x?O, (J
.

·1· al intensityI = the m11Where o

'bed above.
t descnli the effec sdueto a

·25



Skt.;l.Sêffi:TlLLATION
DETECTION

A scintillation detect .or 1s a tran
. . .

sducer that chan . .

1omzmg particle into
ges the kinetic energy of an

a flash of light. Crystals of .

compounds exhibit this h
orgamc and inorganic

P enomenon.

The modem-day phot 1

.
.omu tlpher (PM) tube converts the light into an

electrical pulse which' may be am l"fi dP 1 te
, sorted by size and counted.

Scintillation detectors are .d 1w1 e y used fo th d
.

· r e ctecl!on and spectroscopy of

gamma-rays and low energy beta-rays.

The detector most frequent!)' d
ruse 1or 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 iodide crystal is highly hygroscopic which

result in the crystal deteriorating when expose to moisture. Therefore, the

crystal is hermetically sealed in a light proof covering, usually ny a light

-

·

,

¡
,ndow through which it is then coupled to a

metal, with an optlca \\ 1

C 6 a 76mm x 76mm Nal(Tl) detector (Model

photomultiplier tube. A an err

. d D the radioactivity measurements of the wood

No:802 - senes) was use or

detection processes by the Nal(Tl)
k The systematic

samples in this wor ·

.

d scribed below.
detector assembly 15 e
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"0JIJ;:SctntiUatioll Detectio bll Y NaI(TI)
A schematic repre .

sentat1on of the sequence f
gamma ray photon by a

.
.

0 events on the detection of a

scint11lation d t .

Wh
e ection syst

.

en an energetic ch
em is shown in Fig 2. L

arge particle is incide
ionizing particles r

1

.

nt on the crystal, the primary
esu ting from th e gamma-ra

·
• .

kinetic energy b . .

Y mteracttons dissipate their

Y exciting and
1.

. .

omzmg ato •

ms m the crystal The excited

atoms return to the gro d

·

un state by emittin N I'g tght photons given by:

N = Bq

Wo ---------------------- (2.9)

Where q is the luminescence quant ffi
. .

um e 1c1ency, winch is probability of

photoelectric interaction of the incident, Wa 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

ai:e converted into photoelectrons, which are directed to incidenl on lhe first

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

the first dynodes is given:

__________________________ (2.1 O)

. li t' on efficiency of the photocathode, which gives

Where G is the hght co ec 1

•
·

nge on the photocathode
and converted into

the fraction of photons
that impi

antum efficiency of the window - cathode

photoelectrons, Cp.c is the photo-qu

O d 1 depending on the degree of spectral

c. t between
an

system, m is a ,ac or
27
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'?-
¡

ing between the Sein.till ·ti'a on
spectrum

1..- t .. e th d •
and the spectral responses of the"'iw Q a o e; 1s g the effi ." ·

e

1c1ency with .

which the first dynode collects thenumber of electrons arrivin th ,g ese effic· ·

· Ienc1es are affected by nwnber of
factors.

Factors, G, is determined b If b
.

.
. .Y se -a sorpt10n, reflection loses, hght trappmg

optical flaws and the optical geometry of the photocathode. In NaI(TI), G is

usually nearly by self -

absorption, reflection loses, light trapping, optical

geometry of the photocathode. In NaI(TI),Gis usually nearly unity by coating

the detector with a reflector like Mgü thereby making self-absorption very

small. The term mCp eg, depends in a complex manner, on the wavelength and

the point of incident of the photons on the photocathode,

·

1 d ·¡ thiclrncss while g,e depends on the cathode matena an I sFactor, p.e,

f the dynode and the applied voltage. The total
depends on the structure 0

l 1 t dynode collected at the anode is given as:

number of electron Q at t ie as

Q
= MNc

K Ccessive multiplications ofN,
1

· from su
all gain resu tmg

Where M is the over

node and is given by:
electrons at each dy

M = nr m;

------------- (2 11)---------------------
I

l

I
'

i'
'

I
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is the multi r .

P ica.t1on at th ·Ih .el is-rou hl
between the dynodes It

g Y proportional to the voltage
. can be observed fro .

a linear function of h

m equation 2.9 and 2.10 that Q is

t e
energy E of . . .the lnitlal incident photon All the

electrons produced are 11

·

co ected at the ou .

· tput termmal of the photomultiplier
tube.

The size of the current pulse h' h
.

,
W IC 1s proportional to the energy of the

primary ionizing particle can be furth J'fi, er amp I 1ed and counted.

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 \Vork function of photocathode which are emitted as

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

-

[Qe]nr = ATe
KT

--------------------------------------------- (2 1 3)

1
t pcrattire e is the electronic charge, k is the

Where T is the abso ute em '

d Qare characteristics of the cathode material.

Boltzmann constant, A an

. Ilei ht Analysis
2 3 2 Pulse Shapmg ªnd g

.

· •

de (or collector) decays accordmg

that reach the ano

The number of electrons

I

\
l

to the equation:

N:::: Qe- rr;;]
----------------------------------------------------

(2.13)

l

I

'

I

1

I

t

¡,
,.

,,
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Têi tt the modifieddecayr
""'"'(T... )

nne of th
l'\lru . I . Because of th

e scintillate whi h
.

e short lifer
e is about 0,25µsec

a pile up and as s

nne of the pulses
uch, it is imp

' tbey may be subjected to

.

ortant to I

qU1ckly as possible
co Leet information b

·

a out a pulse as

A pulse shaping RC circuit wh
• _., .

ose function is

tlllormation while red .

to preserve maximum

ucmg to the pulse du
.

The RC circuit as sh
.

.

ration usually used to achieve this.

own m Fig 2? is us·- ually placed after the amplifier.

The number of electrons N (t)
.

thm e shape output is given by (1964) as:

N(t) = Q [?1 (e_,_.:..::.'..)RC-Td RC TTct
-----------------------(2.14)

The voltage is, thus given by:

V(t) = ? (?1 (e_,
- ?)

Cs HC-T d RC TT d

--------------------------------- (2.15)

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

(time constant) of the circuit. The RC must be greater than T
d

to ensure that

V(t) peak is proportional
to the energy dissipated by the primary radiation in

the scintillator. In essence, the pulse height is maximized and subsequent

noise will have minimum degrading effect. The amplitude distribution V(t) is

h rg)' spectrum
through Q defined by equation 2.1 O.

therefore related to t e ene

30



:J.!.& a result of stati .

.
Stica} fl Uctua1·

.

ions in
ptoduct1on, a photo .

the Various
peak is usual!

factors leading to its

I• th
YaGausi

t 1s erefore possibl ,.

an spread around th
e ,or the spread

e peak energy.

th
.

f

of one phot
ano er I they are too cl

o peak to overlap with that of
ose. The abTI tty of a dete

between two energies th

ctor assembly to distinguish
at close¡.

1

.

s enned resoluti R
. .

full width at half m .

on · it ts quantified as the

ax1mum f h

·

o t e speak (FWHM . .

Ea. That is

) dlVlded by the peak energy

R
FWHM

= ----¡;;-X100% ------------------- (2 16)

It has been shown (Fari 1989) h 2

'
t at 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(TI) detector is 5 _ 10%

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

It has been determined by counting a reference 137Cs source that the resolution

of the Nal(Tl) actual used for this work is 9.6% at 0.662MeV. The photo peak

of 137cs used for the determination is shown in Fig 2.3. To show that this

d
e: e the spectra of K Th and U were obtained separately

a equate ,or our purpos ,

'

• d d j"bration sources RGK-l(K2SÜ4), RGU - l(U-ore)

usmg IAEA stan ar ca 1

and RTh- 1 (Th-ore) respectively.

\

i
l

imposed on the same graph as shown in

therefore super
The three spectra

were
·

2Jsu and 232Tb can be identified from the

Fig 2.4. Frorn the figure 40K,
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.

TV })eak, l.760M:e\r p ak f 214e
O Bi ·

and 2.614Mev peak of 2º8Th
... ...,¡ectively. The other photo p ak f 2is

"'""'I'
e s o the U and 232Tb, especially at theIQwer energy regions

overlap and cannot be resolved by the detector crystal.The evaluation wood
radioactivity concentrations of 4oK, 238u and 232Th

carried out in this work was done using these distinguishedphoto peaks.

2.4.1 DETERMINATION OF AREA UNDERPHOTOPEAK
.

. .
•

f a mixture of
The energy spectrum of environmental radiation compnses 0

d. 1· d The area under apeaks from different natural and man-made ra wnuc I e.

'ffi It to determinehoto peak due to a particular y-energy is often d1 icup

. f?accurately because of the number of events such as

electronic.
noise o

. ·hich contnbutes to theplateaux of higher peaks, etc. wsystem, Compton

der the photo peak.spurious counts un

.

absorption is equal to the integral count
t hotoelectnc

.

The actual count due o p

d count in the region.inus the total backgroun. f the photo peak m

h' h has been

·

the regJOn °

h et area, w ic

m

computation of t e n

.
h d adopted for the

ed in this work is
The met o

lyzer system us
of the ana

d
. the memory

programme m

d· Fig 2 5.illustrate m ·

, k that is bounded
d a photo pea

fi ed aroun
. st (ROI) is de in

ºd of the photo peak. The
.

n of mtere
either s1 e

A reg10

ls d and g on

I of this region
.

l by charme
ent in each charmesystematical Y

kground
ev

· curvethe bac
.

1 of the Gaus1ant B due to
els at the ta1average coun

.

·ng 3 chann
d by cons1den· atehas been estun
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1 --?L;r;.:-

¡pt'.w., 'rhl, """""""'"""' ¡ """""" ""'"""-" "'''"",. •' th, thre, "-1 '"""""'¼ of Ih, -, lo this ""'>, "'=•

,, ,

',..;, photo l>"aks ,re Well
defi<>ed Willi "'Y low'""'""'?The •=•geunt B is given by:co

Bi+ B2
_

--------------------------------------------------------- (2.17)
B=2(3) --

a=c X B a=c XWhere B1 =
a=d a, a= a=f a

1. the wholeTl .

tegral count m

.

the content of each channel. le 111

Where Xa is

region given by\;

------------------ (2.18)

nder theof N channels actually uf the contentsh sum 0Where Iv is t e

dB Ip is given by:t ·n B1 an 2.k and no Iphotopeaaa

I = ?:;; X a
--------

v

-------- (2.19)---------

·

equal
.

absorption, is
1

hotoelcctncactua P

l

a due to
-

N channe s.

h. ch is the are

d NB in all the
The net area, w I

1 backgroun .
. the tota

I mmus

(2 20)

al count P

------- •

to the tot

,,, .. , ...... - .. -...

my of the

-
---

. the mem

NB -----

'thms m

That is: A =Ip -

putation algon

and the
d as com

tomatically
20 are store

processed
au

. 2.18-2,
Data are

Equat10n
h' work.

d in t IS
useMCA system

I
l
'

I

'
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enever the r .
.

;,fí ?- pb.oto-peak d.
egiou of¡
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ue to a p
.

nterest is
•

;{
'

articular y
J\!diciousl

,
From oqu,tion 2 20

'"Y ,_of"""
' --

.

, the ac

tonuclide.

curacy

the statistical
of reprod .

errors in
ucmg the

the
net count A d

background

actual ph t

epends on

events. That
.

o oelectrical e

is, standard d
.

vent and also the

by (caberra MCA
ev1ation ÜÃ.

Operation M

m the net count A
. .

anual) as:

1s given

al= a-J + uj [!:'.}2
--

6 ------------------------------- ----------- (2,21)

Also the p ercentage standard d
. .

eviatton error E
. .

'
111 A 1s given by:

-------------- (2 22)

These algorithms also have been s.
.

tared m the memory of th .

.

F=l.645. That i

e system v.1th

s, the error statement is at 9001 -"d
. .

io co1u1 cnce limit Tl
.

t

.ns=

s atement is usually displayed along with the net count A ·hw enevcr analysis is

made in the various region of interest.

2.6 GAMMA-RA Y SPECTROMETRY

--¡¡,-

Gamma-spectrometry
is a technique of analyzing the energy of the gamma

radiation emitted by a nuclide, to permit conclusion to be drawn on type of

nuclide or nuclide mixture. A gamma spectrometer
consists of a detector,

preamplifier and detector bias supply, pulse-height
analyzer system, data

readout capability
and shielded sample enclosure. The pulse height analyzer

l

I

I
I
'

•'
\

I

l

l

I
\

I
I
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¢()ri:sists of a linear
!l.tnplifier

1111

'.??dry storage and a log·
'. all.alógtre-to-digitaJ converter (ADC)

.-·-

ic control rn h .

,
ec an1srn

The logic control capabi'l't•
·

11es aliow data
storage in v .

or recall of data. All anous modes and display
spectrometry rne asurements made to date use eitherNal(TI) or germanium (Ge) detectors {Thompson, et al., 1999).

The common processes of ene rgy transfer by gamma-rays have been discuses
in section 2.2. The fast electro h' hns, w 1c result from three processes, provide

very useful information on en d
·

·
· •ergy an mtensJty of the mc1dent 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 envirorunent is the basis of its application u1

I"-

this work.



Radioactivity counting in th e work was e
.

d .arne out usmg a lead-shielded76mm x 76mm Nal(Ti) detecto r cryg(al (Model No:802 series) by Canberra
Inc; which is coupled to a e auberra lOplus Multichannel Analyzer (MCA)
(Model No:1104) through a prean l'ti1P 1 ler 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 -y_ counts to be related to enable to activity concentration n Bqkb·1•

The description of these steps is this section.

O 007
---C>-ººº

36



calibration of the dete?tor syste
.111 to

determine the equation relating tochannel number was carried out
Using a set of standard gamma emitters fromIAEA with energies in the range 0.662-2.614 Mev. After a preset countingtime of 1000s, the channel numbers of the

photo-peaks corresponding to thedifferent 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 10-3c - 1.858 x 10-3

.

ergy (E) in MeV.
e .

the channel number correspondmg to gamma en
Where 1s

h ¡¡ b used to identify an
. .

3 1 the defection system could t ere ore e
With equat10n .

,

d' t the gamma energyf m he channel number correspon mg o
-

unknown source ro

...................................... (3.1)

is emits.

. Calibration
·

as

3 1 2 Efficiency
. mma ray energies w

. .

h ystem agamst gaffi
.

ncy of t e sCalibration of the e 1c1e

ce sample traceable to source
ference sour•

fi d wood re

00 ) after

. ·

g a cert1 ie

fi 7 hours (252 s

achieve usm

e counted or
fi nee sourc

l d

52 The re ere
. were calcu ate

number IAEA-1 .

h different y-energies.

ncies at t e

hich the detector effic1e
.

992 and Ibrahim 1999).
w

d Sann1 I
.

(Farai an

(3.2)

.

the equat10n
-·--------

usmg
.-------·----

? ......... ------------------
1:y =

AsYyMs

I,
I
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!Jicr
(y)

¡¡¡;t·,

0.662

!!!!!(:1 4uK
0.852

I l.460

?

--
z.1?u

0.107

1.760

LllTh
0.159

2.615
L

0.358

- I_

Efficiency

(x102cps/Bq)

1.99

0.96

0.85

0.60

3.2 SAMPLE COLLECTION ANDt PREPARUION

A wood sample (sawdust) was collected from the Popoola Sawmill located at

Oru road in ijebu-lgbo (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

actual mass of the sample in each container as shown in the table 3.2 and they

30d to allow the random and its progenies to reach

were all scaled for over ays

.

•

t arnrna counting.
secular equilibnum pnor O g
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- Of>d samples

t

Poroporo

Araba

Arere

Aire

Ahun

63.S

84.2

61.7

60.2

117.6

?-9
37.7

93.6

52.9

The counting of each sample wa 25s ,200s 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 Bqkg-1) using equation 3.3

Ac == _e - ----------------------------------------------------
(3.3)

t,ryMs

d the photo-peak
of each radiation

Where C = the net area un er

. at the y-energy

E = the detector efficiency

t = time of counting (25,000)

Ms a= mass of the sarnple

f the particular
energy

h arnrna a

'Yr
a= intensity oft e g
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,,,111111?.·-?. ...... ? lh,,u .,, ,.,.,,_ .. jo - __ ., "'after the present times are give in the table while the area due to1,a,ekground radiation is in table 3.4.
Using 3.3 after background subtraction1 th .

.

.

f ct· lide in each

was used to calcu ate e
activity

concentrations o ra 1onuc
sample.
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:SULT AND
CIIA.ttta

Discus
FOlJR.

Tb.e three primo d'

SION
r ia! radi onuci'd

measured
·

1 es 4ºK 23

lU all the 5

• 8u 232

.

Wood

' Th have b

radioactivity con
samples. T .

een detected and

centration .

able 4 l

s in Wood s

. present the

amples.

result of

Caesium 137 dan cobalt 60
.

, index£

contamination of env·

or the presence of .

ironment were not d

any artificial radioactive

elected· many ofth e sample

Table 4.1 Gross Y count in th

IS

I

e wood samples for

'

.IN
Wood sample

I

each radionuclide

K-40
I

'Ol Araba

U-238

I
Th-232

2098.24 ± 6 35

02

. 51.50±2.41 142 53

-

Poroporo
I

· ±1 5.80

2177.12± 6.81 68.26 ± 3 00

+:75
96

.
·

± 27.26

2013.43 ±5.26
-

so.68 ± 2.70 n7 41

-?

----:Aht?-1w?::-o;,:,----=--;:-:--_jl?--:
.

± i 7.96

Ahun 3!6l.52v8.37 74·
.

. )4 ± 2.94 133.85 ± 14.18

03 Arere

04

05

L
Aire 1841.52 ± 7.46 49.03 ± 3.00 115.89± 17.64

4.1 ACTIVITY LEVEL IN wooD SAMPLES

The five wood samples were analysed and results were presented in Table

4.las shown above, 4ºK was detected frorn all the wood samples with Ahun

ilist h,s tho bigh<St 1,di e,wti, ity "'"""'""°" of 3 16 I. 52 ' 83 .3 7 Bqki'

while tho low<sl wore Al? which h" 1841 .52 ± J.46. '"U wM dotootod from

.U tho -d ,_les with AW' which h,S th• higho,t .. &?e<Mty
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J'
l
T

'

I

'

ijOll of 80.68 :1:: 2 70 B,

qkg-1 Whi,i..
:

.
:

.

?2Th
le the. lowest .

.

\.J,ll'Q.
·

was also det
is Aire Which has 49.03.

.

ected from liª thew dwhich has the highest ract· .
.

00
samples With Poroporo

1oactivity
.

concentration of 275 -1

The mean activity concentr 1.
.

-96 ± 27.26 Bqkg .

a ion in Wood samples for 40K, 238U and 232Tbwere 2,258.37 ± 6.85 Bqkg·I 64' .80 ± 2 81 B k ·I
.

q g , 179.13 ± 18.57 Bqkg"1
respectively.

Generally, a comparism of th b· e ta le 4.1 shows that there is highest

radioactivity concentration of 4ºK followed by 2i2Th and 23 8U the least.

Potassium 40 recorded the highest activity concentration in all the wood

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

thesame.

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

. .

¡· D flizers to crops especially when applied at

soil during the application ° ei 1

A d also minerals occurring in rocks such

rates well above crop requirement. n '

.

wl release potassium into the s01I slowly

as mica and feldspar as they slo y

through weathering.
. in manure. Farner

l. tion of potassmm
. over app ica

The primary cause is
h ·trogen requirement of a crop

ted to meet t e m

at rates targe
I

term manure
applying manure

.

. excess. In one ong-
. otass1um

is

b
.

11 be applying p
treatments increases y

will genera Y
ls in manure

• leve
. tudY soil potassium

application s '

1
2001).

akara et a.,
(I{arun

35% in only 3years,
.
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·
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CllAPtER FIVE
5.0 CONCLUSION

This study provided .

prunordial radi .

.

onuchde activitie
.

samples which were 40K 238
s m some tropical wood

, U and 212Th
.

· From the
1

•

was highest radioacti .

t

resu t lt shows that there
v1 y concentration of 40K .

than Thorium and U .

m the wood samples analyzed
raruum.

40K
.

ts essential biological 1e ement and its . .

concentral!on m human tissue is

under close metabolic (horneo t fs a ic) control, its means that the usc of wood

analyzed in roofing ofhous d¡·
.

es an urrnture 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 government or different states.
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