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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 time of 7

hours (25200s).

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

occurring series decay radionuclide headed by 238U and 232Th, as well as

non-series decay Mpe, 4°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 v.?11 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·', 81.122 ± 2.468 Bqkg"1, 159.888 ±

]2.076 Bqkg·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 fertilizers to crops especially when applied at rates

well above crop requirement. And also, minerals occurring in rocks such as

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

through weathering.
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Since 40K is an essential biological element and its concentratioh 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 RADIOACTIVITY

Everything in the World, and everybody in the World, is composed of

different types matter ( h
•

1

· c erruca elements). The smallest part of each element

is called the "Atom" A •
.

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

most powerful microsco B t th
• .

pe. u e atom 1s the core of every substance m the

universe.

Sometimes the centre of an atom (its nucleus) has too much energy in it. An

atom cannot hold tlús energy forever. Sooner or later, the atom must get rid of

the excess energy and return to its nonnal (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 signific?nt numbers are not. The stability of

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

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



thc: emission of nuclear particles with some accompanying energy.This

process of emitting ¡
•

.nuc ear particles and energy from the unstable nucleus m

0rderto attain stability is called radioactivity.

The radioactive decay process is largely insensitive to conditions outside the

nucleus and therefore for a given nuclide, it may be characterized by a fixed

decay probability as well as by the mode and energy of decay. It is a statistical

process such that although the decay probability is constant, the time of decay

of a particular atom of an unstable cannot be predicted.

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

obeys the exponential law described by the equation:

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

Where N and No are the number of radioactive atoms at time, t and t=O

t. ¡ d o is the <leca)' constant which is the probability that the atom
respec 1ve y an "" ,

•
·

"t t" e The decay constant À has a characteristics value for
will decay m um 1111 •

• l"d d is related to the half life (t½) of the radionuclide
each rad10nuc 1 e an

through the equation:

1n2 0.693

t½=--:¡:-"'_,¡_
-------------------------------------- ( 1.2)

. radionuclide, t½ ranges from fraction of second to
For naturally occurnng

billions of years.
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The number of atoms deca in .
. . .

. .

y g m umt t!Ille is referred to as the activity A and

1s given by:

A=?=N1cdt ------------------------------------- (1.3)

The decay law equation
.

. .

given m equation 1.1 may be rewritten in terms of

activities of the radionuclide by:

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

The SI unit of activit ·

th B 1Y is e ecquere (Bq). lBq corresponds to one decay or

disintegration per second. The activity of tile radionuclide to be measured in

this work will be based on activity per unit mass of tile 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 (P±) witil the accompanying neutral and much

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

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:íY + 1He +Y+ Qa ---------------------------------------- (1.5)

3



?· Decay would transform th .

e same atom mto a new one with essentially no

change in A but a change of Z to (Z ± I) as described below:

1x --+ Z?l y+ jY + Y +V+ Q¿ ------------------------------------- (1.6)

1X--+ Z?l y+ fT + y+ V-+ QB------------------------------------- (J.7)

Gamma radiation is a D f 1om1 o e ectromagnetic radiation, which originates

within the nucleus of an 1 ft
. .

a om a er cxc1tat1on. As a result of either alpha or

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

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

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

hazard when one is expose to it.

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
137

Cs and 6°Co that may be in the

environment due to radioactive contaminations.

1.3 DECAy SERIES AND CONCEPTOF EQUILIBRIUM

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

unstable and the process of emission of radiation continues until stable

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

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

4



naturally occurring radioactive decay series. These are 232Th, 238u, 237Np, and

2isu .

- senes each with atomic mass A that can take the form 4n, 4n+2, 4n+I

and 4n+3 respectively, where nis an integer.

Table 1.1 summarizes these series. From Table 1.1, 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 occuning series has a gaseous member,

which is a different isotope of the element radon.

In this case of Uranium series, the gas 222Rn is called radon, in the thorium

·

th g 5 22ºRn 1•5 called thorium and while in the actinium series it is
senes e a

,
,

. ,

11 d t. 219Rn The intervention of these gaseous members is the main
ca e ac 10n, •

cause of disequilibriumobserved in the three series.

Table 1.1: The Natural Radioactive series

------:----;;:;-=-::-:;--?81.;a;¡:b;¡:le;:-N?u?clcus
--

Longest Lived
I Name of series Types

4n 2g?Pb
"'Th

Thorium
4n+l 2gjBi rnNp

Neptunium
zg?Bi

,J,u
Uranium 4n+2

4n+3 2g?Pb
,J,u

Actinium

Half-Lirel
(years)
l.3xl010

2.2xl0°

4.47xl0'

7.lxl0'
__J
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?qi$Otopes that are found in
.

nature are not restricted to the thoriwn,

u.ranrum and actinium series S· everal elements with lower atomic numbers

also have rad· ti .wac ve isotopes (Table 1.2)

Table 1.2: Selection list of Primordial Radionuclide

I
Nuclide Isotopic abundance Decay Mode Half-Life (year)

4tJK
J'.'ttl_
0.0117 P',EC l.28xl09

';)l/v 0,250 P',EC l.5xl011

"1Rb 27.83 ?- 4.8xl010

lbLn 95.72 ?-
4.4xl 014

i,JTe 0.905 EC 9.99x!01'?-

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

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

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

physicals point of view. It has a halt?life of 1.28xl09y and an isotopic

abundance of0.0117% in natural potassium.

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

parent nuclei ¡ 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

itself not stable, the rate of change in the number of nuclei per unit time, that

6



.

('J.N•).
.

15• -¡- 18 given by the difference between its rates offonnation and its rate

of decay the parent 1. This can be summarized by the differential equation:

d:,,
+ Â2N2 = JN0e-'-1' --------------------------------------------- (1.8)

Where À
1 and À2 are the decay constants of the parent and the daughter,

respectively and No is the number of parent nuclei at time t=O when the

number of daughter nuclei N2=0. Solving equation 1.8 gives the number N2 of

daughter nuclei present at time tas:

.l2N2 = A2(1-e-C-<2-.l1)<)

,hN1 i2-l1

>'- '
I

cor sufficiently long time (t?n), the value of theWhere 1c2 ,, /1, ''

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

usual that Nz=O at t=O

That is:

----------------------------------------------
( 1.9)

-------------------------------------------- (I. I O)

---------------------------------------------- (I. 11)

f secular equilibrium when the activity of the
.

1 11 express the state o

Equation •

h'
·

thf arent. An example of t 1s 1s e

nuclide is equal to that o p

daughter
222Rn (tl/ = J.8d) and its immediate parent

. hi between radon gases 2
relations P

7



radium 226Rn l/(t
2 l602 ) in U ·

Y -senes when radon is confined for about 4

weeks. In nature d .

, ra on 1s not confined, which leads to a state of

disequilibrium in u and Th .

senes.

That is, the radionuclides in th U
.

e raruum and thorium decay chain are not in

radioactive equilibrium Th .

· e isotopes 238U and 234U are in approximate

equilibrium, as they are t d bsepara e y too much shorter - lived solid nuclides,

234Th and 234Pa the d ·

· ecay process itself may however allow some dissociation

of the decay radionuclide from the source material, facilitating 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 this chain may have slightly different concentration

from 238U, because separation may occur between is parent 230Th 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

218U
. li .

d
.

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

marked disequilibrium in the series.

d ¡·de 1·n this series 222Rn, has a half life of only 3.8 days, but it
The ra on nuc 1

'

l. d decay products 210Pb and 210Po, which are important in

has two longer- 1ve '

.

F the 232Th series, similar considerations apply. The

dose evaluat10n. or

f h hain 22ºRn, has a very short half-life of 55.6s and on

gaseous element O t e c '

long-Jived decay product.

8



In this work, this activity of mu h
.

as been measured using the y - activity of

B1 -214(1.76MeV) while that of232 Th has been measured using the y activity

of TI-208 (2.61MeV) I b· n °th case ·1·b
·

s, equi I num was achieved by confining
radon gas emitted for a period for £

• 40our weeks. fhe activity of K a non-series

decay element was m .

d
.easure USmg activity of l.460MeV gamma line.

1.4 SOURCES RADIATIONIN THE EIWIRONMENT

ln an environment, human beings are exposed to some forms of ionizing

radiation emanating fr t
.

·

om w o mam 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

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

molecules of the upper layers of the atmosphere, are 14C, 7Be, and 3H.

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

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

(19S7) are the dominant sources of ionizing effect in the atmosphere from

altitude ?0km-100km. below this altitude, its ionization effect is comparable

fr
.

b me and terrestrial radioactivity,
to that om alf o

9



The second group is due to terrestrial radiation from the primordial
radionuclides, which have s

.
.urvived smce the time of formation of the earth.

There are no fewer than 20 t al d'
.na ur ra 10nuchdes remaining at present for

which 238U and 232Th ·th ·WI their progenies and 4°K. from the bulb. They easily

combine with oxygen to fi •d . . .orm ox1 es of reduced dens1l!es 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

constitute about 85% of natural background radiation and the remaining I 5%

is from cosmic rays (IAEA, 1986 ). Radioactivity in air is due mainly to the

222

1/ ) d 220Rn
gaseous component of the daughter product Rn (t 2 = 3.Sd an

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

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

. h' h depend on meteorological conditions.
concentrat10ns, w 1c

1.4.2 Artificial Radioactivity
.

I' d there are a number of artificial radioactive

Apart from natural rad10nuc I es,

d d through nuclear weapon tests, nuclear power
sources which are pro uce

1
1 power) and the controlled release of small

plant accidents, (Chernoby nuc ear

. t the environment mainly by the nuclear power
amounts of radioactive waste o

industry.

10



In addition, there is al .so an input from th .

.

e use of rad10nuclides in medicine
and industry. The man- d .ma e contnb fu ton to the radiation exposure of the

World population originated

atmosphere that

Bennette, 2002).

from the testing of nuclear weapons in the

took place f¡ 19
.rom 80 (Bouv11le et al., 2002; Beck and

Each nuclear test ¡
·

resu t m unrestrained release into the environment of

substantial quantities of radio t'
.

1

. . .

ac 1vc materia s mcludmg the promment ones

such as 90Sr 137c . d 131¡ h' •

,
s an

,
w tch were widely dispered in the atmosphere and

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

Radiation (UNSCEAR) evaluated the average ammal 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

d. t'
·

s absorbed chemical changes are produced immediately,
Whenever ra 1a 10n 1- '

I
I r damage follows in a short span of time (seconds to

and subsequent mo ecu a

. h' during a much longer time span of hours to decades

minutes). It 1s after t is,

. becomes evident. The chain of events is illustrated

that the biolog1cal damage

in fig 1.3.

11



During radiation exposure •t. th
. .

.

. .s, 1 1s e 1oruzation process that cause the maJonty
of immediate chemical h d

.
.e ange m tissue. The photon energy creates a fast-

moving electron resulting
·

• •
.

. . . .
' m 1omzat10n. The cntlcal molecules for rad1at10n

damage are believed to be the protein (such as enzymes) and nucleic acid

(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.

l.
· ·

b t 70 90¾ waterIndirect damage arises more commonly because 1vmg 1s a ou -
0 •

If water molecule is i1rndiated, it irradiated, it emits a free electron and

. .

I barged w·1ter ion which immediately decomposes.#
produces a pos1t1ve Y e ' '

12
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Direct action

Exposure

lonJation
l

Free radicals
(Chemical change)

l
Molecular Changes

(DNA,

RN1
enzymes)

Sub-cellular damage
(Membrane, nuclei, chromosomes)

l
Cellular level

Cell death

(Deterministic effect)

Cellular transformation

(Maybe wme repair)
(Stochastic effects)

Cancer Hereditary

.

1 Ch
. f events following exposure to ionizing radiation

Fig l. :
amo
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The hydroxyl free radi
1 0 .

·

ca H* 1s a high!
•

Y reactive and powerful oxidizing
agent which produces ch .

em1cals modifi ti'
•tea ons m solute organic molecules.

These interactions which .

occur m microseconds or less after exposure are one

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

radical species formed
1 dcan ea to many biologically harmful products and

can produce damaging chain reactions in tissue.

At a molecular level, macromolecules such as DNA and enzymes are

damaged: at the sub cellular level, cell 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 detemünistic effects. These categories are briefly discussed

below.

l.5.1 Deterministic Effects
· · are termed deterministic or non stochastic

Biological effects of rad1at10n

·

t occur if the dose exceeds a threshold level.

effects when they are certain o

d. f n has not been identified at doses less than

Biological damage due to ra ia 10

h Ith effects occur at doses greater than
ral most ea

S0mSv and in gene '

S00mSv.

14



Fot instance, cataracts ar e produced abov
lens. For skin dama e

.
e a threshold ôf about 5Sv to the

g ' the threshold
b

for erythem d
a out 4Sv. Impainn

ª an dry desquamation is

ent of fern1 ity Varies with
gonads has a me

age, but a dose of 1 Sv to the

asurab!e effect wh·11 e a doses of as 4S -11

sterility in both
v Wl cause permanent

sexes. The severity of rad· 1·ia ion damage d
· .

the rate at hi h

ocs not mcrease with
w c the dose is given.

Generally, the threshold d oses (>S00mSv) for deterministic effects can be

incurred only in accide t hn s w ere the doses arc acutely delivered to an

individual and hence, this category of radiation effect is of little or no

relevance to the presei t ·t d h"
.

1 su Y, w ich is concern with low - level radiation

doses in the natural environment.

1.5.2 Stochastic Effects

Stochastic effects are those radiation effects that occur without a threshold

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

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

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

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

• h
· rt·ects are cancer and effects that result from low-level

mam stoc ast1c e

. t diation the type that can be incurred over a long time in

chrome exposure o ra '

an environment.

15



Cancer is a disorder in Which difti .

erentiated body cells undergo changed at themolecular level resulting in
1 foss o

n_ormal cell regulation, characteristics and
functions. It is a disease of th 11 h .e ce t at 1s characterized by abnormal growth
and spread of affected cells. If cancer is not treated, it can progress to the
extent that vital physiologic functions are disrupted, leading to the death of

affected individual. If an irradiated cell is not killed but only modified by

radiation damage, the damage in the viable cell can be repaired. If the repair is

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

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

-

1

·

I d ,

s but the severity ofThe probability of occun-ence of cancer ,s ug 1er ose.,

result from irradiation is independent of dose. Some
any cancer that may

ulnerable to cancer induction than others. Among the
organs are more v

.

for tumours are female breast, the lungs, thyroid and the
vulnerable tissues

skin in that order (IAEA, 1995).

.

d which ranges from two years for
.

.

n actually has a latent peno '

Cancer mductw
1. d ancers. The effect of the

d 40 years for so 1 e
. d between J 5 anleukae!llla an

d w1'thin the lifetime of the
b expressetherefore not e

radiation damage may

. the age at exposure.
recipient, dependmg on

l
I

I
I

I
!

16



It should be quickly da ded th at radiat1·on ·

is one of th
cancer, all of which

e very many causes of
are

collectively referr d
.

e to as care· Th ·

carcmogens include .

mogens. e hst of
, genetic disposition, ci ar .

rt
·

fi d
.

g ette smokmg, consumption of
ce am oo with additives .

, alcoholic drinks etc. (WHO, 1997).

1.6 RADIOACTIVITYIN WOOD

Wood in a contami t d .na e environment they may contain both natural and

radionuclide that after inhal •
.

' ation and dtrect ( 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 radionuclidcs of exposure depend

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

or more evenly distributed.

ti h t li v occurring radionuclides, artificial radionuclides such

Apart rom t e na ura ,

as
137 Cs and 60Co have also been measured in soil and as well as in

W d can easily provide possible routes for these

atmosphere aerosols. 00 s

. th soil to human bodies.

artificial radionuclides from e

17



1,7 PURPOSE OF TBE STUDy
The radioactive fallouts may be taken up by crops via soil in which they werePlanted. Radioactive Particl

¡
•es can odge 1n the lungs and remain for a longtime as longs as it remain and continues over a very long time. The emission

of
137 Cs 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 other

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

and mutations called radiation poisoning.

The purpose of this study is therefore to:

l. I in some tropical woodtypes of radionuclide presenIdentify the

2.

3.

samples.
40 2Jsu d 212Th in.

f K
,

an.

an1ma activity concentrat10n o
,Detem1111e g

·

¡ wood samples.some trop1ca
.

·een nsu, andctivity concentrat10n betv.
.

the highest gamma aDetemune

232Th.
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STATEMENT OFTº"
u?PROBLEM

The main focus of this study. t·
.

.is o
identify th d"

.
.e ra 1onuchde content present mthe tropical wood saniples h"w ich causes damage of the tissues and other

disease like cancer.

1.9 SIGNIFICANCE OF THE STUDY

This topic of discussion will be very useful and important to everyone that

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

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

•

.. : . ad sawmill, Ijebu-Ode, Ogun State,
collected for EJ1rum 10

samples were

Nigeria.

NOFTERMS1.11 DEFINITIO
. . th t take the form of a self-

d. t·on· Is a rad1at10n a

fe ra 1ª 1
·

1. Electromagne I

d magnetic fields including such
Of electric an

• wave
propagatmg

. •

1
r ht

. ves and v1s1b e ,g .

as radio wa
phenomena
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2. Excited state: These hare t e arran gements that are so unstable that theyhave only transient ex· tis ence before
transfonning into other states.3. Ground state: This is the most stable arrangement of nucleus.4. Ionizing radiation· R d' •

.· a iation that 1s of high enough energy to cause
atoms to lose or gain ele t d

.

•e rons, ren enng molecules, such as protem,
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 stales are also unstable but they have vey

long-life time before transforming into another state.

11
· · · radiation that7. Nuclear radiation: Radiation especia y 10mzmg

emanates from nuclear processes such as radioactive decay.

. . . .

g· This is a fom1 of damage to organ tissue due to
8. Radiatmn po1somn • ·

·ve "Xposure to ionizing radiation.excess1 ?

b vhich an atomic nucleus of
d. 11·ve decav: This is the process y \

9. Ra 10ac ·

.

'tting ionizing particles.
table atom loses energy by em1

an uns

d of the nucleus to decay or
easure of the ten ency

10. Radio isotopes: Is am

disintegrate
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ClIAPTERTWo
RADIATION DETECTIONAND

MEASUREMENT
2.1 INTRODUCTION
An understanding of the int ·

·eraction 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 inª

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

produce in a medium where they are absorbed.

They ways in which these effects are used for radiation detection depend on

. .

h
.

. depend on the type andthe mode and efficiency of interact10n, wh1c m tum,

.

d f y-radiation with matter will be
energy of radiation. The different mo es o

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

employed in this work.

ONS WITH MATTER
ONOF PHOT l

2.2. INTERACT!
.

h
. the energy range usually

_ !OMeV, wh1c 1s

·on of 0.01
In the energy regi

d x _ ray photons may
t gamma an

. environrnen '

dmary
. d'

·

tencountered in an or
.

s eed electrons by three istmc

roduce high - P
.

interact with rnatter to p
.

g photoelectric absorption and pau
ton scattenn '

are the Comp
processes. These

production.
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Photoelectric A.b sorption
Photoelectric effect is an .

interaction b t
h

e Ween ª photon and a tightly boundelectron w ose binding .

energy is equal t o or less than the energy of the
photon. In this process a ph' oton energy Ey is absorbed by a bound electron
ejecting it from its orbit with •r

.

given by:

2.2.1

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

Where Eb is the binding energy of the electron. The primary ionizing particle

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

photoelectron production occurs only when Er is equal or greater than the

binding energy of the electron in the absorbing material. A vacancy is created

mostly from the tightly bound shell ( e.g. k - shell) due to the production of

photoelectrons.

1
f·om the.higher shells with the emission of

This is promptly filled by e ectrons I

.
. b bTty 1 which photoelectric absorption v.ill

characteristic x - rays. 1 he pio ª 1 1
'

d b the equation:occur is expresse Y

kpZ3
,: = -- ----

E3

---------------------------------- (2 .2)

Where k = a constant

b bing materials
of the a sor

z = the atomic number

b. material
. f the ab sor ing

p = the density 0

E aa photon energy
22



Equation 2.2 shows th at low-ener
absorbers favour the h

gy photons and high at .

P otoelectr·
onuc numbered

ic effects It is t
.

photoelectric absorpt·

· his very strong dep d f
ion on the .

en ence o

atomic numb
material for shieldin a

.

er Z that makes Pb a good
g gamst x-rays dan y-rays S d'

. .

high photoelectric b .

· 0 rnm iodide crystal has
a sorption effi

.

ic1ency because of its h' h
. .

explains its popular h
.

ig density. This

c Olee as a scintillati on detector as employed in the work.

2.2.2 Compton scattering:

Compton scattering is an 1 t'
..

e as IC colhs10n between a photon and a "free" or

loosely bound electron Aft th 11.
•

· er e co 1s10n, the photon is scattered at angle 0

to its initial direction and with less energy or longer wavelength than the

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

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

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

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

scattered photon has been shov>'n to given by:

£1 -
Ey

y
-

1+?C1-cos0JMoc

l-

t

-------------------- (2.3)

rgy and Mo is the electron rest mass. The

Where Ey is the initial photon
ene

1
b which energy from the scattered photon is

scattered electron is the channe y

d' The kinetic energy T of the resoil

transferred to the absorbing
me ium-

electron is given by:
23



'f= ? Ey
1+ y (----? l-cos0)-i

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

Photon energy
.and it co

.

rresponds t

1s scattered back

O ª head _ on e Jr
.

wards, that is 0

o 1s1on in whlch th h

? 180º
¡

.

e P oton

. n this case,

Ee= Ey l
2Ey

jMec2+ ZEy
------------- -------------------------- (2.5)

Equation 2 4 sh. ows that a
.

contmuum of

electron rangi _,,

energies can be tr e

ng 1rom zero

ans,erred to the

up to th .

.

e maximum i

explams the cont' .

g ven by equation 2 5 Th' ,

muous distrib t'

· • 1s

u Lon of pulse h
.

h

·

eig ts term d e

m gamma spectrosco

e ompton plateau

py.

2.2.3 Pair Production

When a photon of energy greater than 1 2 M. eV, passes near the nucleus of·

?·t·.

an

, 1 is subJ cc te d to the strong field to the nucleus It may d'
· 1sappear and

become a positron d ¡an an e ectron. The eneray equation of th
.

º
e process 1s

given by:

hv = Ee· + E,., + 2M0C2 ---------------------------------------- (2.6)

Where Ee· and Ee+ are the kinetic energies of the emitted electron and

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

only if hv2:2Moc2 (I.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
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photons which travel in oppo.site dire r
medium or interact with .

.

e tons. These may
It In Com

escape from the
pton or photo I

.

•

e ectnc processes

This usually leads to a h

·

p oto peak at O.SJ I MeV .

the gamma peaks of th
, which can be confused with

e source being measured esp
.

11

gamma energy close t O

ecia Y if the source has
o .511 MeV.

Unlike the other two phot
.

on rnteractions ai
.

' p r prnduct10n has a cross section

(f PP which increases, although slowly 'th'
WI photon energy Ey and the

interaction tends to be dom· rnant at high energies. The cross-section can be

written as:

(fpp = cZ2p lnEy ------------------------------------- (2. 7)

Where c = 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:
--- (2.8)

I= loe-ax

.
.

•

1 x=O a= the linear absorption co-efficient

Where 10
= the ini tia! mtensi ty ª '

due to all the effects described above.

25



).3, SCINTILLATION
DlJ:TEcnoN

A scintillation detecto .

r 1s a tr
.

. .

.

.

ansducer that ch
iomzmg particle into a fl

anges the kinetic energy of an
ash of light C

compol.Ulds exhibit thi h

. rystals of organic and inorganic
s p eno111enon.

The modern-day phot .
.

omultipher (PM ) tube converts the light into an

electrical pulse, which may be amplified
. . .

' sorted by size and counted.

Scmt1llat1on detectors are ,-d 1''1 ey used forth d
•

e etectlon and spectroscopy of

gamma-rays and low energy beta-rays.

The detector most frequently d
euse ,or 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

·

· li a)ed in a light proof covering, usually ny a light

crystal 1s hennetica y se

.

l
.

d w through which it is then coupled to a

metal, with an optica wm 0

b ?ómm x 76mm Nal(TI) detector (Model

photomultiplier tube. A Can erra

r the radioactivity
measurements of the wood

No:802 - series) was used fo
. detection processes by the Nal(Tl)

samples in this work. The systematic

.

d cribed below.
detector assembly 15 es
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·

S,U Scintillation Detection b
.

YNaI(TI)
A schematic represe .

ntat1on of th e sequenc

gamma ray photon b
e of events

Y a scintillat'
on the detection of a

ion detect'

When an energetic ch

ion system is shown in Fig 2 I

arge Particle is
•

.

· ·

.
• .

mc1dent O h
iomzmg particles resulti

n t e crystal, the primary

. .

ng from the gamma-ra
.

.

kmet1c energy by e
. .

y mteractions dissipate their

xc1tmg and
.

. .

iomzmg atoms in th

atoms return to the

e crystal. The excited

ground state by emittin .

g N light photons given by:

N = Eq

Wo
----------------------- (2. 9)

Where q is the luminescence qu· t ffi
.

an um e 1c1cncy' which is probability of

photoelectric interaction of the incident
.

th· •

.

, Wo 1s e average of a smgle 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 Ne of photoelectrons at

the first dynodes is given:

Eq
Ne= ;;;me p.eBcG

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

. fficiency of the photocathode,
which gives

Where G is the light collection e

• n the photocathode
and converted into

th t impinge o

the fraction of photons
ª

t tn efficiency of the window - cathode

. th photo-quan
u

photoelectrons, Cp.e
18 e

d 1 depending
on the degree of spectral

. "' between
O an

system, m 1s a ,actor
27
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,,li'{
=-.iY.c;<;,

?1fi,.11ât(íhingbetween the scintill .

:. ation spectru,

·

. tn and therthotocathode; is g., the effi .
spectral responses of ther

1c1ency w· hit Which th fi
num.ber of electrons .

.

e rst dynode collects the
arriving th ese efficienci es are affected by number offactors.

Factors, G, is determined by self-abs .

.orphan, reflect1011 loses, light trapping
optical flaws and the optical geometry of the photocathode. In Nal(TI), G is

usually nearly by self -

absorpt'
·

fl
·

• · ·ion, re ecllon loses, light trappmg, optlcal

geometry of the photocathode. In Nal(TI), G is usually nearly unity by coating

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

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

the point of incident of the photons on the photocathodc.

·

1 d ·t thickness while g,
Factor, Cp.e, depends on the cathode matena an I s

f the dynode and the applied voltage. The total

depends on the structure o

d •node collected at the anode is given as:

number of electron Q at the 1ªst )

Q=MNc ----------

K uccessive multiplications of N,
· resulting from 5

Where M is the overall gain

d and is given by:
electrons at each dyno e

M = nfm;

28
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Miere Ill¡ is the mu.ltiplicati
.

on at the ¡Ih.is rough¡
between the dynodes. It e b

y proportional to the voltagean e observ d f1
. .

e rom equation 2 9 d
.

a lmear function of th
· an 2.1 O that Q 1s

e
energy E of the initial incident photon. All the

electrons produced are calle t dc e at the output t
.

ermmal of the photomultiplier
tube.

The size of the current pulse wh' 1

.

' IC 1 IS proportional to the energy of the

primary ionizing particle, can be further amplified and counted.

Apart from the number of electrons give by equation 2.1 O, there are a number

of electrons produced due to thermionic emission in ihe photomultiplier tube.

According to Birks (1964), the number of electrons with thermal energy

greater than the work function of photocathode which are emitted as

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

-

[Qe]nT=ATe KT
____________________

.,
(2,] 3)

. the electronic charge, k is the

Where T is the absolute temperature,
e is

.

.

1. 5 of the cathode maten al.

d Q are charactens 1c

Boltzmann constant, A an

. nd Height Analysis
.

2.3.2 Pulse Shapmg a
(

collector) decays accordmg
h the anode or

that reac
The number of electrons

to the equation:

N = Qe -[t]
------------- (2.13)

---------------------------------------
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V4here Td is the mod'fi11ed decay t·

(f )

IUle Of(h
Nal I . Because of th

.

e scintill
esh

atewhih'
ort lifet1·

e Is about O 25

·1

me ofth
• µsec

a pt e up and as such .
.

e pulses th
, tt 1s

·

' ey ma b
·

.

important to
Y e subJected to

qmckly as possible
collect inform f

.

a !On about a pulse as

A pulse shaping RC .

circuit whose fun .

. _,.
1·

ction
·

11uorma ton while red .

is to preserve m
.

ucmg to th

axmmm

e pulse duration

The RC circuit as shown in F"

usually used to achieve this.

ig 2.2 is usual] 1y p aced after the amplifier.

The number of electrons N (t)
.

hIn I e shape t
•

ou put Is given by (1964) as:

N(t) = Q [?] (e-,_.:..::'..)RC-T d RC TT
ct

------------------ (2.14)

The voltage is, thus given by:

V(t) = ?
[.....!!£_] (e_,_?)

Cs RC-Tct 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 Td 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

·

·11 h
·

· degrading
effect. The amplitude distribution V(t) is

n01se w1 ave minimum

spectrum
through Q defined by equation 2.1 O,

therefore related to the energy
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2.4. RESOLUTION

As a result of statistical fluctuations in th
.

production a h .

e various factors leading to its

, p oto peak is usual! G
.

y a ausian spread around the ak

I
·

.

pe energy.

tis therefore possible for th e spread of one photo peak to overlap with that of

another if they are too close The
. . ,

. ab1hty of a detector assembly to distinguish

between two energie th t 1

.

s a e ose ts termed resolution R. it is quantified as the

full width at half maximumof the speak (FWHM) d' 'd db IIVI e Y t 1e peak energy

Eo, That is

R =
F?:M X 100% ----------·········--------------····--- (2.16)

It has been shov.m (Fari, 1989) that R2 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

adequate for our purpose, the spectra of K, Th and U were obtained separately

using IAEA standard calibration sources RGK-l(K2S04), RGU - !(U-ore)

and RTh- 1 (Th-ore) respectively.

The three spectra were therefore superimposedon the same graph as shown in

F th fimire 40K 238U and 232Th can be identified from the

Fig 2.4. roro e ,,,_ •
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1.460MeV peak, l.760MeV peak of 214B"

respectively. The oth

i and 2.614MeV peak of zosTh

er photo peaks of the 238u d
232

lower ener .

an Th, especially at the

gy reg10ns overlap and

Th .

cannot be resolved by the detector crystal.

e evaluation wood r· d'
. .

a 1oachv1ty concentrations of 40K 2J8U d
232

.

,
an Th

earned out in this work wa d
.

s one usmg these distinguished photo peaks.

2.4.1 DETERMINATION OF AREA UNDERPHOTOPEAK

The energy spectrum of environmental radiation comprises of a mixture of

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

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

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

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

spurious counts under the photo peak.

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

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

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

programmed
in the memory of the analyzer system used in this work is

illustrated in Fig 2.5.

A region of interest (ROI) is defined around a photo peak that is bounded

systematically by channels d and g on either side of the photo peak. The

average count B due to the background event in each channel of this region

haS been estimated by considering 3 channels at the tail of the Gausian cJ,U"Ve
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on either side Th'. is consideration of 3 h
.

c annels ts onl ¡·

peaks of the thr

Y app icable to the photo

ee natural d'ra tonuclide of th
.

.

e mterest in th' d

thetr photo peaks

is stu Y, because

are well defined with very low continuwn Th

count B is given by:

· e average

B = B1+B2
2(3)

----- -------------------------------- (2.17)

Where B1 = a:_c X B
a?c Xa-d a, ª"" a::::f a

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

region given by\;

I =Ip+ B1 + B2 ----------------------------------------------- (2.18)

Where Ip is the sum of the contents of N channels actually under the

photopeaaak and not in B1 and B2. Ip is given by:

Ip
= ?:;:g X a

-------------------------------------------------- (2. 19)

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

to the total count Iv minus the total background, NB in all the N channels.

That is: A =Iv
- NB--------------------------------------------

(2.20)

Equation 2.18-2.20 are stored as computation algorithms in the memory of the

MCA system used in this work. Data are processed
automatically and the

:1

i
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result displayed wh enever the r
.

eg1on of interest is ·ud"
.

the photo-peak d t
.

J 1c1ously created around

ue o a particular Y-ra y energy of a radionuclide.

From equation 2 20 th.
'

e accuracy of re d
.

h
. .

pro ucmg the net count A depends

t e stattst1cal errors in the

on

actual photoelectrical event and also the

background events. Thal.. .

. .

is, standard .deviation OÃ
.

thm e net count A is given

by (caberra MCA o •

peratton Manual) as:

al = ª£ + aJ l?-]2--------------------------------------------
(2.21)

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

F

.

E ==
-;¡

aAX 100% ----------------------------------------------- (2.22)

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

F?l.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

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
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system consists of a linear am l'fip I ter, an analogue-to-digital converter (ADC),
memory storage and a logic control mechanism.

The logic control capabilities allow data storage in various modes and display
or recall of data. All spectrometry measurements made to date use either

Nal(Tl) or germanium (Ge) detectors (Thompson, et al., 1999).

The common processes of energy transfer by gamma-rays have been discuses

in section 2.2. The fast electrons, which result from three processes, provide

very useful information on energy anel 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.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 CALIBRATION

Radioactivity counting in the work was carried out using a lead-shielded

76mm X 76mm Nal(Ti) detector crystal (Model No:802 series) by Canberra

Inc; which is coupled to a Canberra 1 Oplus Multichannel Analyzer (MCA)

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

diagram of the measuring assembly.

The first was carried out in order to convert the channel numbers to gamma-

. M V d the second was determine detector efficiencies at
ray energy m e an

different y - energies to enable quantitative and qualitative detem1ination of

the y - counts to be related to enable to activity concentration n Bqkb·'.

The description of these steps is this section.

i

,,
,,

i
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3,1.1 Energy Calibration

The calibration of the detector system to determine the equation relating to

channel number was carried out using a set of standard gamma emitters from

IAEA with energies in the range 0.662-2.614 MeV. After a preset counting

time of l 000s, the channel numbers of the photo-peaks corresponding to the

different gamma energies were identified. Using energy calibration (ECAL)

function of the MCA, the linear relationship fitting the graph is given as;

E(MeV) = 4.646 X 10-3c - 1.858 X 10-3

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

uld h
. £ be used to identify an

With equation 3 .1, the defection system co t ere ore

f l channel number corresponding to the gamma energy

unknown source rom ie

is emits.

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

3 1 2 Efficiency Calibration
.

. .

.

t gamma ray energies was
. f the system agams

. f the efficiency o

Calibrat10n °
le traceable to source

. • d reference source samp
· cert1hed woo

achieve us!llg ª
d f 7 hours (25200s) after

rce counte or
2 The reference sou

number lAEA-15 .

at the different y-energies were calculated

hi h the detector efficiencies
w c

. sanni 1992 and Ibrahim 1999).

using the equation (Farat and

--------- (3.2)
...... ---------------

\
I

l
I

¡1

I'

i!,
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Table 3.1. Detector ffi
.

.

e 1c1enc1es at d'ffi

I
. iii?fEr?gy??V)-IGeire?n?t?ya-e?n;,e;rg;i:es?.--=:c-c---?Radionuclide

I Energy (MeV)
.

Gammayield Efficiency

(xl02cps/Bq)

1.99

0.96

0.85

0.60

u7Cr

(y)

0.662 0.852

40K 1.460 0.107
-?

nsu? 1.760

l
0.159

lJLTh 2.615 0.358

3.2 SAMPLE COLLECTION AND PREPARATION

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

were all scaled for over 3 0days to allow the random and its progenies to reach

secular equilibrium prior to gamma counting.

,¡
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Wood samples Mass of sample with

Poroporo
container

Mass of wood sample

87.5 (g)
63.5 ú

Araba 84.2 60.2
I

Arere
l

61.7
I

37.7 l

Aire
I

117.6 93.6
t

Ahun
¡

76.9 52.9

I
?

The counting of each sample was 25,200s 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 =
t,r:Ms

---------------------------------------------------- (3.3)

Where e = the net area under the photo-peak of each radiation

E
= the detector efficiency at the y-energy

t = time of counting (25,000)

Ms = mass of the sample

"{y
= intensity of the gamma at the particular energy

39



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

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

background radiation is in table 3.4. Using 3.3 after background subtraction

was used to calculate the activity concentrations of radionuclide in each

sample.
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CHAPTER FOUR

4.0 RESULT AND DISCUSSION

Toe three primord' al
.

l rad1onuclides 40K 238 232
, U, Th have been detected and

measured in all th 5e wood samples. Table

d.

4.1 present the result of

ra wactivity concentrat' ..ions m wood samples.

Caesium 137 and cobalt 60
.

d
,

m ex for the presence of any artificial radioactive

contamination of environm ent were not detected in any of the sample

Table4.1Grossyc t' houn mt e wood samples for each radionuclide

SIN Wood sample K-40 U-238 Th-232

01 Araba 2098.24 ± 6.35 5\.50 ± 2.41 142.53 ±1 5.80

02 Poroporo 2177.12 ± 6.81 68.26 ± 3.00 275.96 ± 27.26

03 Arere 2013.43 ± 5.26 80.68 ± 2.70 227.41 ±""i'7.96

04 Ahun }161.52 V 8.37 74.54 ± 2.94 133.85± 14.18

os Aire \841.52 ± 7.46 49.03 er 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, 4°K was detected from all the wood samples with Ahun

that has the highest radioactivity concentration of 3161.52 ± 83.37 Bqkg·1

while the lowest were Aire which has 1841.52 ± 7.46. 238U was detected from

?I the wood _,,. with N<« which "" th< high<• radioa,tl,i?
I
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concentration of 80 68· ± 2.70 Bqkg¡ hil

:l: 3 00 232Th

w e the lowest is Aire which h 49

• · was also

as .03

detected from all th

hi h

e wood sample
.

h

w e has the hi h .
.

s wit Poroporo

g eSt rad1oactiv1'ty concentrati f

Th . .

on o 275.96 ± 27.26 B k -1

e mean act1v1ty con .

q g .

centrat1on
·

m wood samples for 40K mu

were 2,258.37 ± 6 85 B k _1

'
and 232Th

. q g ,
64.80 ± 2.81 Bqkg•l 179 13

'
· ± 18.57 Bqkg·1

respectively.

Generally, a comparism of the table 4.1 shows that there is highest

radioactivity con t
· 40

cen ration of K followed by mTh and 238U the least.

Potassium 40 recorded th h. h
..

e ¡g eSt activity concentration in all the wood

samples analyzed than Thorium and Uranium. Zach el al (l 989) 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 occurring in rocks such

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

through weathering.

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

applying manure at rates targeted to meet the nitrogen requirement of a crop

will generally
be applying potassium

is excess. In one long-term manure

application study, soil potassium
levels in manure treatments increases by

35% in only 3years. (Karunakara
et al., 2001).
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When soil potassium concentration become elevated plants will take up this

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

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

to as "luxury consumption."

43



CHAPTER FIVE

5.0 CONCLUSION

This study provided p
·

d" 1

.nmor ia radionuclide activities in some tropical wood

samples which were 4ºK 238U d 232T, an h. From the result it shows that there

was highest radioactivity concentration of 40K in the wood samples analyzed

than Thorium and Uranium.

4°K is essential biological element and its concentration in human tissue is

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

analyzed in roofing of houses and furniture works will have no hatmful 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

d. 1·d Tue number of wood sainple can be increase and sainples ca be

ra 10nuc 1 es.

taken from different local government or different states.
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