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ABSTRACT
Cassiterite, the nost cormon tin bearing mneral is associated with a
nunber of mneral inpurities such as nonazites, zircon, thorite and
xenotime which contain radioactive U and Th that may constitute
radi ol ogi cal hazard. The interest of this work is therefore to determne
the level of radiological hazards associated with the activities of tin
mning and mlling. To this end, 55 sanples of soil, mnerals, plants
and water collected around the Jos tin mnes and mlls were anal ysed for
gross radioactivity using GM tube and liquid scintillation counter in
the case of water sanples. The gross activity of the soils and plant
range from0.1 - 6.0 Bg/g and that of the water sanple range fromO0.1 -
0.3 cps. The highest activity was recorded in the nonazite waste (95.9
Bg/ g) and zircon (77.4 Bg/q) sanples. N ne of the soils and nineral s
sanples that were found to have appreciable activity were subsequently
anal ysed using 3" x 3" Nal (Tl) detector coupled to a conputer and the U
and Th concentrations were deternined. The U and Th concentrations range
from 61 - 2042 ppm and 104 ppm to 2.7% respectively. The dose
contribution fromthe U and Th were then cal cul ated. The doses obt ai ned
were found to be within the naxi num permssible dose of 5 remiyr (50
nBv/yr) for radiation workers except in tw cases where doses of 37
remyr (370 nbv/yr) and 79 remiyr (790 nBv/yr) were obtained. But, all
were found to be higher than the naxi mum perm ssible dose of 0.5 remyr
(5 nbv/yr) for the general popul ation. This nmakes nonitoring around the
tinmnes and nills mandatory. However, this will only be possible when

the necessary |laws on radiation protection are nade by the Covernment.
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CHAPTER ONE

GENERAL INTRODUCTION
1.1 INTRODUCTION

The Jos Plateau area is about 15,122 km® in extent and is situated
in the central part of Northern Rigeria, at Latitude 9°52'N and
longitude 8°54'E as showm fig 1.1. It is sited on a rugged terrain of
lowlands at the edge of the hidhest plateau surface, (Hyde, 1986).

Pour groups of rocks comprise the geology of Jos-Plateau: the
basement complex, the younger granites, the older hasalts and younger
basalts.

Geclogically the area is dominated by the younger granites a
series of non-crogenic intrusive associated acid volcanics. Thus the
plateau forms the focal area of Younger Granites Province and is the
principal centre of tin and columbite mineralization (Macleod and
Turner, 1971).

The tin deposits are distributed cover an extensive area well over
25,889 km?, The bulk of the output of tinstone is derived from alluvial
concentration shed from the Younger Granites and particularly from the
large granitic massifs of the plateau. This alluvials and detrital
deposits are of varied types, owing to different conditions during
different geologic times under which they were formed. Some accumulated
before the elevation of the plateau in which they are found and have
remained in their original area of deposition. Others have been removed

and redeposited by streams forming and reforming and changing their



channels. Still yet other depcsits result from the denudation of part
of the core bodies after the uplifting of the plateau. These are now
found in the present river beds and flats on the river banks. Hollows
or pockets filled with rich stannifercus gravels occur in the channels
of rock streams. Sharp angular tinstone in quantities of economic
importance occur on weathered ocutcrops of stammiferous quartz, pegmatite
veins and other mineralized rocks.

Tinstone occurs in different mineral forms. But the major tin ore
in Jos Plateau is the cassiterite (Macleod and Turner, 1971). It is
generally assoclated with acid igneous rock, mostly granites and it is
the most important ore of tin which accounts for practically all the
industrial production of tin.

Frequently tinstone is associated with a number of mineral
impurities which contained certain amount of Th and U. These radiocactive
gubstances are brought to the surface of the earth as a result of mining
and milling activities, hence serve as a source of radiation hazard.

aAbout two decades ago the area was reported to be of high
radioactivity (Sanni 1970). An attempt was alsc made to estimate the
concentration of Th and U in this area using Ge(li) detecter by {(Sarni
et al, 1985 and Banwo, 1989), Similar studies were also made for tin
mines and mills in Malaysia by (Hu et al, 1981, 1985 1987 and Chong et
al 1985).

The present work adds up to the previcus studies made by analysis
of water and plants materials in addition to soils and minerals. A
NaI{T1l) detector which is more efficient though poorer in resolution was

used for the dstermination of Th and U concentrations. An attempt was



also made to estimate the dose contribution due to Th and U in this
area.
1.2 CASSITERITE

Cassiterite has a chemical formula Bn0O: and is made up of 78.8%
Sn. Frequently tinstone is associated with a number of minerals

impurities (Betekhtin, 1979 and Mantell, 1970) among these are;

1.2.1 ZIRCON

Zircon has a chemical formula Zr8i0s and is made up of 87.1% ZrOz;
(Zr 49.5%), 5i0z 32.9%. Zircon always has a slight admixture of Fez0as
(up to 0.35%) and more), often Cal (0.05 to 4%) and sometimes Alz03. It
always contain hafnium oxide (HfQ), sometime up to 4% and may contain
Y203 and rare earths, chiefly Ce:20; (hagatalite) sometime up to 16% with
Pz0- content of 4 to 5% (amagutilite), certain varieties may contain Nb
and Ta {(neagile}, ThO: up to 7% and even 12% (hogtueitile} and also
Uz0s, up to 1.5% or more. Occasionally zircon contains negligible 8n
and Be (except in alvite, the content of BeO + Alz03 may reach 15%).

Generally, zircon occurs as small, rare disseminated crystals in
magmatic intrusive rocks; nepheline synenites, granites, diogranitic
pegmatities. In Jos Plateau it ocours as an accessory mineral in the
Lictite and riebeckite granites, recovered as a by product of tin and

columbite mining containing about 3% thoria.



1.2.2. THORITE

Thorite has a chemical formula ThSiO«. It contains about 10 to
16% Th at times with a higher water content. Alsc contains rare earths,
Ca0 up to 13% of Fez0s etc.

It is usually formed in the latest stages of crystallization of
certain acidic and alkaline magnetic rocks. In Jos Plateau, it occours

in a similar fashion as zircon.

1.2.3 MORAZITE

Monazite has a chemical formula (Ce, La, Th and Ca) [POa, SiOs,
804). The content of oxides of rare earth (chiefly Ce and La) may be as
high as 50 to 68% and an isomorphcus admixture of ¥:03 (up to 5%). P20s
content in monazite may be as high as 22 to 31.5%. Often it contains an
isomorphous admixture of ThOz (5 to 10%, sometimes as high as 28%) in
some instances Zr0Oz (up to 73) with Si0z (up to 6%) and sometimes Cal
accompanied by S0s. Mg0, MnO, PLO, Fez0s, Al:03 and Hz0 may also be
present, but wsually in insignificant amounts.

Monazite usually occurs in pegmatites, sometimes in granites and
gneissens in paragenesis with feldspars, zirconium (2r3i0s), in some
cases with magnetite, ilmenite and other minerals. In Jos Plateau, it is
found to ocour in biotite granite in small amount with a widespread

alluvial distrikbuticon and containg hetween 6 to 7% thoria.
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1.2.4 XENOTIME

Xenotime has a chemical formula YPQa. Having Y204 (63%). Commonly
it contains small amounts of rare earth (Bu and Le) sometimes ThO:z, UO:
{(up to 5%), ZrOz {up to 3%), SnO2, Si0: (up to 9%) etc..

Xenotime occurs in gramites and pegmatites as small disseminated
crystals often in association with zircon, with which it may develop
oriented intergrowth with apatite, crthite, monazite and others. In Jos
Plateau, it occurs in biotite granite but appears to be restricted to

the columbite rich granites of Jos-Buturu complex.

1.3 TIN MINTNG ACTIVITIES

Tin mining and smelting in Jos Plateau, Nigeria started many
centuries before Rurcpean occupation. But major exploitation of the
tinfields started after the discovery of the rich alluvial deposits of
Jos Plateau in the beginning of the present centwry (Catvert, 1977).

Many centuries back, mining in Jos-Plateau was done by primitive
hand method through tribute labour. But after Euwropean occupation,
mining by large scale, highly mechanized operations was introduced. To
date these two methods are going hand in hand. At present, the mining
is done in small scale largely by contractors, since most of the
machines used in highly mechanized operations are no more functional. In
fact the exploitation of the tinfield is highly relaxed from what it was
in the beginning of this century.

The mining method in adoption in Jogs Plateau is the open-pit
(gravel pump) method. This method requires a delivery of the entire

overburden and the stanniferous earth to the sump in the pit flow.



Working faces are thus continuocus from the floor to the surface and
assume a roughly circular shape around the sump as a centre. The method
usually involves hand work to break the materials from the bank, ground
sluices to carry the materials to a sumps, pumps to elevate the material
and washing troughs for concentrations. Impounding dams are built around
the tailings, the water ruming, backs into the pit and through ground

sluices along the base of the working face.

1.4 ENVIRONMENTAL TMPACTS OF MINING
The fact that tinstone {(cassiterite) is associated with allied
mineral impurities such as zircon, monazite and thorite which contained
U and Th indicates the radiclogical hazard of tin mining and milling.
As a result of these activities, the environment may become contaminated
through which plants, animals and man may be affected. People working
arowid this area can affected Ly:
i, Airborne radiocactivity, as a result of inhalation of
radon and its daughter and long-lived alpha emitter
present in mine atmosphere in the form of dust. 3o
also is the presence of concentration of Th in mine
dust and its long-lived daughter products in the
working atmosphere in addition to gasecus daughier,
thoron.
ii. External radiation: as a result of beta and gamma

radiation emitted from the ore bodies.



iii.

Surface contamination: as a result of dust deposited
con surfaces in the mines and mills. This can
contribute to airborne activity and also & source of
external radiation due to daughter product
activities. Contamination hazard may also result
from direct ingestion from contaminated water or

food grown around the area concerned,
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CHAPTER TWO

RADIOACTIVITY

2.1 INTRODUCTION
An atomic nucleus can undergo a variety of processes resulting in
the emission of radiation of some form. This processes occur due to

either natural radiocactive decay or nuclear reactions, (Cork, 1950 and

Lec, 1987).

2.2 RADIOACTIVE DECAY

In a radicactive transformaticon , the nucleus spontanecusly
disintegrates to different species of nuclei or Lo a lower energy state
of the same nucleus with emission of radiations. This disintegration
obeys a statistical law of chance such that the number of atoms
disintegrating per second (AN/dt) is directly proportiocnal to the number

of atoms, N, present at that instant. Hence:

o & =N ....2.01

where é iz the decay constant. It is different for different
radionuclide.

Now suppose No is the number of radicactive atoms present at
t = 0 and N is the number at the end of a time "t', we have by

integration



N = No et vee 02,02

Therefore when N = No/2, t = T% (half-life) are substituted in equation

2.02, we get:

T: = 0.693/& vee 2,03

The activity of the source is given by eguation 2.01.

2.3 UNITS OF RADIATION

The developments of well defined units of radicactivity and energy
deposition by ionizing radiation in matter was essential for the
establishment of clear standards for the use of radiomuclides. In this
efforts the international Commission of radiclogical wunits and
measurement {ICRU) defined four original units (Cember, 1983), viz;

The Roentgen which is defined as 2.58 x 104C/kg in dry air at
standard temperature and pressure to be used only as measwe of
exposure.

The rad, defined as the deposition of 100 ergs/g to the volume of
interest to be used as a measure of dose, This was later replaced by
the 8.I. unit Gray (1 Gy = 13/kg = 100 rad).

The rem defined as the absorbed dose times gquality factor and
distribution factor as a measure of dose equivalent. This was replaced
by S.I. unit Sievert (1 Sv = 13/kg = 100 rem).

The Curie (Ci) defined as the amount of radionuclide that has an

activity equal to 3.7 x 10'° disintegration per second as a measure of

10



activity. ULater replaced by S.I. units Becquerel (1Bg = 1 dis/sec = 2.7
x 10-11 Ci).
2.4 TYPES OF NUCLEAR RADIATIONS

There are three distinct primary types of radiation emitted as a

result of radicactive decay.

2.4.1 The Alpha Particle

Theyfare positively charged particles and are identical with
doubly ionized helium atoms (He**). Thus, they have a mass of 4 amu and
a charge of +2e. They strongly ionize the medium through which they
travel and their rate of energy loss being rapid. They come to rest in
short distance, therefore they could he stopped by a thin sheet of
paper. They can also be slightly deflected by magnetic field.

Alpha rays are emitted by nuclel as a result of alpha decay.
Mostly, heavy nuclei (2 > 82) undergo natural alpha decay. Usually
alpha decay is accompanied by beta and/or gamma decay. In alpha decay
parent nucleus transforms into a daughter nucleus and an alpha particle.

Such a nuclear transformation can be described by an eguaticn.

A A=4 L]
R —emey Y + o o0 2.04
2 z-2 2
Example:
238 234

U—>"th o+ O . e..2.05

il



2.4.2 THE BETA PARTICLE

They aré corpuscular in nature and their name collectively stands
for positrons or electrons. Thus, they have either negative or positive
electrical charge and a mass "mo' (rest mass of electron). They are
ejected from the active matter with a wide range of velocity and energy.
They are on average far more pehetrating than alpha ravs. The average
velocity of beta particle is in general about ten times greater than
that of the alpha particle.

Energy spectrum of heta rays is continucus in nature in contrast
to line spectrum of alpha rays. During keta decay a neutron/proton
transforms into a proton/neutron with the emission of electron/positron
and an anti neutrino/neutrinc. For example, when the nucleus has too
many neutrons for stability beta electron (g -decay) is emitted and when
the nucleus has too many protons for stability beta positron (¢*-decay)

is emitted as shown in equation 2.06 and 2.07.

12 12 -
¢ —— > N + ¢ + 1 .. ..2.06
4 ?
12 12
A S i co0.2.07.

 where 1 is the neutral particle called neutrinc.
There is yet another mode of beta decay called electron capture.
In this process the nucleus captures ocne of the orbital atomic electrons

(usually the K-shell electron) through the following transformations.



b
(]
Lo}

40
K + g em——al 1aAr 4+ 1 {1.46MeV) e

Thus in electron capture (EC) the only particle that is emitted is the
mono—energetic neutrine. Gamma-rays or characteristics X-rays are also
emitted.

Neutrine abscrption: é + p —— > n o+ ¢t

2.4.3 The Gamma Rays

Gamma rays electromagnetic radiations of very small (10-19 to 10-
2 m) wavelength. They are emitted by the nucleus when it makes a
transition from a higher excited state to a lower excited state. In
radicactive decay, daughter nucleus is usually left in an excited state
as a result of the alpha and beta decay of parent nucleus. Subsequently
the daughter nucleus de-excites from these higher levels by emitting
gamma rays. Thus, gamma rays usually follow alpha or beta decay.

Since gamma rays result from the transition between excited
nuclear states, they are monoenergetic in nature. An example of gamma

decay following heta decay is as shown in fig. 2.1.

8820 (5.27 yrs) _ .

»99%

& 1.33 Mev

—————— 0

50Ni

Fig.2.1 Decay Scheme of §°%C0,



2.5 NATURAL RADIATICN SOURCES

Tonizing radiations originates either from our natural environmernt
or from artificial sources. In both cases, the primary radiation
consists of massive charged particles or of massless neutral gquanta,
that is photons or neutrinos.

If we observe radiation from our environment, two main origins are
in evidence, one is the cosmic and solar vadiations which comes from
space and impinges oni the outer part of the earth's atmosphere, It
consists mainly of protons, light nuclei and electrons. By interacting
with the terrestrial atmosphere, it produces secondary particles,
including short lived c mesons and nuons.

The other natural scurces of radiation as discovered by Becquerel
in Uranium ores, is natural alpha, beta and gamma radicactivity. Alpha
decay is a common phenomenon amongst heavy nuclei.

Natural radiocactivity is of crucial importance for the interior
energy balance of the earth., Many of such natural radio-activity series
are known. Among these are the Uranium and the Thorium series (Table
2.1 and 2.2). Others are the actinium and neptunium series, and 19K
{Table 2.3).

The measuwrement of ionizing radiation and radionuclides in mans
environment are required for the assessment of the exposure to both
natural and man made radiation sources. Measurements aid in the
determination of changes in the concentrations of certain radionuclides
and identification of long-~term trends due to the nuclear fuel cycle, to
- man's use of radicactive materials, and to man's eXtensive modification

of the earth swface. Experimental studies of natural radionmuclides in



the environment contribute to our knowledge of geological processes and
atmospheric phencmena. A nunber of studies have been made on
environmental radioactivity, among which are those of; (NCRP, 1985;

IAEA, 1989; Gustafson, 1964; Lin, 1987 and Myascedov et al., 1989).



TABLE 2.1 238U DECAY SERIES

Isotope Half-life Principal Gammas Principal
radiation per disin gamma-ray
tegration energy(MeV)

N o v = e A o AR T EF EF = TR T N R W W R = e = = e e - W TR M e = = = mm = = = e ke e e - —

218y 4.51x10%y1s e

234%h 24 .1days ¢ 0.08

234%a 1.18min ¢ -

m{} 2.48x108yrs O¢ -

23°§h 8x10%yrs bt -

ezoga 1.6x10%yrs g 0.04

2225y, 3.82days b -

21830 3.05min & -

méb 26.8min c,é 0.6 0.29,0.35
21481 19.3 min .6 1.3 0.61,1.12,1.76
2143 1.6x10-4S Uy -

m;:»h 21.3 vrs ¢ 0.04

21°§i 5.01days ¢ ~

2105 138.4 days B -

Source : Adopted from IAEA 19879



TABLE Z.2 THORIUM DECAY SERIES

T R Mk e e W A e e o W W R e v R W W A e MR ER MM A e T TER MR WA A P TR T M A TER N MR MR MR W R R WE AE TV ER R Ak e T MR WS WA —e e e e

Isctope Half-life Principal Gammas Principal
radiation per disin gamma-ray
tegration energy(MeV)

232TH 1.39%101%rs & -
¢

228R5 5.75yrs c -
:

2280 6.13Ns ¢,6 0.68 0.91,0.96
¢

228Th 1.91yrs L 0.02
3

224Ra 3. 64days ™ 0.04
3

220Rn 55.3s w -
A

216pg 0.15s o -

. :

212p} 10.64hrs c,é 0.52 0.24
:

21214 60.6min c,é 0.12 0.73
:

212po Ix10-Ts & -
3

2087T] 3.1 min G,é 2.3 0.51,0.53,2.62
¢

208ph stable - -

T R AR A wm WE B i e e M EE MR W e B MR A W R MR MR N W N WJ A o W N MR ME MW W Er R R MW W W MR e AT MR A WA e Er e EE A e e

Source : Adopted from IAEA 1979



TABLE 2.3 49K DECARY SERIES

Isotope Half-life Principal Gammas Principal
radiation per disin gamma-cay
-tegration energy{MeV)
a0y - 1.3x10%9yrs c,b 0.11 1.4608

&
(389%)4%Ca+g stable
(11%)49Ar+¢ stable

Source : Adopted from IARA 1979
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CHAFTER THREE
INTERACTIONS OF RADIATION WITH MATTER

3.1 INTRODUCTION

Radiation interacts with matter and loses energy through a variety
of ways. This interactions despend on the type of radiation, namely;
charge particulate or uncharge particulate radiation {Leo, 1987 and

Singru, 1972).

3.2 CHARGED PARTICULATE RADIATION
3.2.1 Electrons
There are three important processes by which electron loses

energy during their passage through matter.

.I 1, Inelastic Collision of Electrons:

In this kind of collisicns, incident electron transfers part of
its energy to a bound atomic electron {in the matter) taking it to an
excited state (excitation) or an unbound state (ionization)., The mean
energy loss due to inelastic ccllision is given by the following formula

for electron energies B<moc? (Singru, 1970).

agr dpeinz 1.16 mov?
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Where n is the number of atoms per unit volume, Z is the atomic number
of the abscrber, e, me are charge and rest mass of the electron,

regpectively. I is the mean excitation enhergy of the atomic electrons.

11.. Elastic Collisions of Electrons:
The incident electron can have an elastic c¢ollision with a nucleus
resulting in a deflection of the electron without any radiative loss or
excitation of nucleus. The cross—section for this process is of the
order of (e?/mov?), (where v is the velocity of incident electron) and
it increases with Z2.

For practical purposes, the total énergy loss per unit length of

" the electrons is the sum of ionization and radiative loss i.e
(dB/dX)retar = {dE/AX)ion + {AB/3X}redq vees 3.02

The raticn of specific energy losses is given approximately by (Singru,

1970).

(dE/aX)r EZ o
(dB/dx)s 00 e .

R

Whare E, Z are electron energy in mev and atomic number of the absorber,
respectively. Bg. 3.04 has therefore shown that radiative losses are
always a small fraction of the energy losses Jue to ionization and
excitation and are significant only in absorber materials of high atomic

number.
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iii. Bremstrahlung

Incident electron passing through a field of a nucleus experiences
a deflection with a resultant emission of radiation. This process is
nown as bremstrahlung. This leads to a lose of kinetic energy of the
incident electron. This can bhe considered as a radiative type of
inelastic collision between the electrcn and an atomi¢ nucleus. The
rate of energy lese by this interaction is proporticnal to z2, where z
is the atomic number of the target atom. The rate of such radiative

loss is given by (Singru, 1970)
(AE/A)r & Z2%n/A [B+Moc?] ceee. 3.04

there E; A and n are the energy of the electreon, the mass number of the
 absorber and atomic density respectively.
3.2.2 POSITRONS

The interaction of positron with matter is almost identical with
that of electron but for some minor differences. However, there is a
very important way in which positron can annihilate with the electron in
matter. This annihilation can either be a free annihilatien with an
electron or via the formation of a (e*, e ) hydrogen like atom called
positronium. The positron antiihilation leads to two photons if electron
- positron spin is antiparallel and to three photons if the spin

orientation is parallel.
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3.2.3 Heavy Charged Particles

Heavy charged particles (protons and alpha) lose their energy
mostly by ionizing the atoms of the material they pass through. During
its passage the heavy charge particles gives up its kinetic energy (as a
result of Coulombic interaction between their positive charge and a
negative charge of the crbital electrons of the absorber atom) to the
atoms of the absorber. The electron of the absorber atom will either
get excited to a higher level or leave the atom depending on the energy
gained by it. At any given time the particle is interacting with many
electrons, so the net effect is to continuously decrease its velocity
until the particle stops.

The linear stopping power 3(E)} defined az the amount of energy
loss over unit length of path of the particle. For charged particles in

& given abscorber S{E) is given by (Singru, 1970)

dE 41(ze? )2Zn 2mo V2
- == = e bl e - 1 {(1-¢2) - &
ax nov? I

.. 3.05

where n, Z, I, E, ze and V are the number of atoms per unit volume of
the absorber, atomic number of the absorber, average minimum excitation
energy of the atom, kinetic energy, charge and velocity of the ionizing

" particle respectively.
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3.3 UNCHARGED PARTICULATE RADIATION
3.3.1 Electromagnetic Radiation

Although a large number of possible interaction mechanisms are
known for gamma rays in matter, only three major types play an important
role in radiaticn measurements; photoelectric effect, Compton scattering

and pair production.

3.3.1.1 P)wtoelecfric Effect

In this process, an incoming gamma ray photon striking an absorber
atom ejects one of the orbital electrons of the atom. During this
process the gamma ray disappears, its entire energy being given up. The

kinetic energy (Ke) of the emitted photoelectron is given bLy:
Ke =hi - B¢ i, 3.06

where hi is the energy of the incident photon and Ee is the binding
energy of the emitted electron. The photcelectron could be emitted from
the K-shell, L-shell, and others, of the atom. This process will take

place only of i » Es.

3.3.1.2 Compton Effect

In this process the incident photon interacts with a free electron
and is scattered with a loss of energy. Compton scattering also
includes scattering of photons by electrons bound to an atom because in
- comparison to the energy of the photon, the electron binding energy is

quite small. Thus an incident photon of energy hi can bhe considered to
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collide with a free electron of rest mass mo. The photon is scattered
through an angle 4 with an energy hi' (<hi) while the electron recoils

with a kinetic energy Ke at an angle @, as illustrated in Fig. 3.1.

hi' Scattered photons

Incident photon hi a
[T o WY o N o W - _— - -

@
e Recoil electrons

Fig 3.1 Kinematics of Compton effect.

0 3.3.1.3 Pair Prodhcfion
When & gamma ray photon having energy greater than 1.02 MeV {twice
the rest mass of energy of an electron) strikes a material of high
atomi¢ number, the photon is completely abscrbed and a pair of electron
and positron is produced. This process is known as pair production and
the threshold energy of the photon is 1.02 MeV. Therefore this process

is predominantly confined t¢ high energy gamma rays.

3.4 EFFECTS OF RADIATION
_ Radiation has physical, biolodical and chemical effects. It can
darken photographic films, enhance certain chemical reactions, and
change physical properties of material.

The effects we are most interested in here are biological. Those
are the cnes for which we are attempting to describe and evaluate

safequards,



Radiation in large doses has been shown to kill, to induce cancer,
to céuse certain bloocd disorders, and to induce cataracts in the eye.
It can cause skin burns, sterility, abnormal pregnancies, and malformed
offsprings. On the other hand, it is used by physician to treat cancer
and skin diseases, it often affects cures,

Even in relatively small doses, there is statistical evidence that
radiation can cause certain damage to genetic wmaterials. It is
suspected of shortening man's life span and increasing his likelihood of
suffering from certain illness like Leukemia, (Blastz, 1964).

- The important question, which may never be answered, is this:
.ﬂ.éince reople have always been exposed to substantial amounts of
radiation f{rom nature, to how much additional radiation can they be
exposed without an unreasonable risk to themselves dr to their
Iprogenies? As in the case of many occupatichal or environmental hazards,
this will prcbably have to he answered in terms of the benefits which

accompany the risks.
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CHRPTER FOUR

NUCLEAR RADIATION DETECTORS
4.1 INTRODUCTION
A number of nuclear radiation detectors are available now. Each
has its own advantages and disadvantages. Three different types of
detector systems used in this work are briefly discussed, (Knoll, 1979;

Kleinknecht, 1987 and Tsoulfanidis, 1883).

4.2 GEIGER MULLER (G-M} TUBE

A G-M tube consists of a c¢ylindrical cathede made of copper or
other suitable material and a coaxial wire {anode) usually made of
tungsten. The space hetween the electrodes is filled with simple
monoatomic or diatomic gases such as air, hydrogen or noble gases such
ag argon, heon, helium or a mixture of gases, and the whole system is
often enclosed in a glass envelope.

A G-M tube functicns as follows: when a single ionising radiation
enters the G-M tube, a few electrens and ions are produced in the gas.
These electrons and ions are multiplied enormously when the breakdown
potential at the anode is greater than the breakdown potential of the
gas. The electrons are attracted by and move towards the anode and the
positive ions move toward the cathode. Thus a discharge is obtained.
The current flowing in the high resistance within the GM tube produces a
p.d. which is amplified and passed to a counter. The counter registers
the passage of an ionising particle (or radiation) passing through the

tube. The discharge (avalanche} if allowed will upset the recording of



cther ionising particles following fast on the first one recorded. It
is therefore quenched by adding a polvatomic gas (like ethyl alcohol
vapours) to argon gas or by using suitable electronic circuit.

A good G-M tube has a plateau of about 200 volts width and a slope
of about one percent per 100 volts. Bevond the plateau, the curve leads
to continucus discharge as illustrated in fig. 4.1

The main limitation of G-M tube is its dead time. This limits its
use to lower counting rates only. However, because G-M tubes can detect
even small activities, it is extensively used for detecting X-rays,
gamma rays, electrons and beta particles.

4.3 SCINTILLATION DETECTORS

There are several substances, certain organic and inorganic
materials, which emit light flashes or scintillations when charged
particles, X-rays or gamma rays pass through them. These substances are
called scintillators. In a scintillation detector (Fig. 4.2) these
light flashes are allowed to fall on the photocathode of a photo—
multiplier tube and a pulse is extracted out to signal the passage of
nuclear radiation. The height of this output pulse is proportional to
the energy dissipated by the ionizing radiation in the scintillator.
Thus a scintillation detector can be used not only for counting but for
energy analysis as well. The operation of scintillation detector is a
step by step process, viz; the absorption process, the scintillation and

the conversion of light to electrical pulse process.



4.3.1 THALLIUM ACTIVATED SODIUM ICDIDE {NaI{T1) SCINTILLATION
DETECTOR.

The NaI(Tl) crystal is usually about 1 mm thick and is covered
with a thin window usually made of 0.001" aluminium or 0.002" bervilium.
The NaI(Tl) crystal is covered on all sides by a layer of reflecting
material like Mg0 or Alz03 powder. A glass window is provided at one
aend so that light produced by the scintillator can pass on the photo-
cathode. It is usually in the form of right circular cylinders, their
dimensions being determined by the needs of the particular measurement.
A typical mounting of NaI(Tl) crystal in an aluminium can is shown in
Fig. 4.3,

NaI({Tl) crystal is used as a gamma ray spectrometer in nuclear
radiation measurement. It has remained as the most popular
scintillation material for this application. This extra-ordinaxy
success stems from its extremely good light vield, excellent linearity
and high atomic number of its iodine constituent which assures that
photcelectric absorption will be a relatively important process.
Moreover this material has the highest intrinsic detection efficiency
when cowpared with other gamme ray spectrometers (e.g Ge(Li)}. Its
response to electrons {and gamma rays) is close to linear over most

significant energy range.

4.3.2 LIQUID SCINTILLATION COUNTER {LSC)
A Ligquid Scintillation Counter consists of a secintillation
material which is optically coupled to a photomultiplier either directly

or via a light guide. As radiation passes through the scintillator, it
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excites the atoms and molecules making up the scintillator causing light
to be emitted. This light is transwmitted to the photomultiplier tube
where it is converted into a weak current ©f photoelectrons which is
then further amplified by an electron multiplier system. The resulting
current is then analysed by an electronic system. Basic elements of a
scintillation counter are as sketched in Fig. 4.4

Liquid scintillation media 1is wused to avoid some of the
difficulties that may arise when measuring low energy beta particles or
alphas using conventional methods. The approach, sometimes called
internal scurce liquid scintillation counting, involves dissclving the
sample to be counted directly in liquid scintillator. Under these
conditions, problems relating to sample self-absorption, attenuation of
particles by detector windows and beta scattering from the defector are

completely avoided.
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CHAFTER FIVE

MATERIALS AND METHOD

5.1 SAMPLE COLLECTION

Samples of soils, plants and water were collected from three
areas. viz; Ladi Valley (ML11929%9), Majohota (ML4552MJ) and Karina mills
as shown in Fig 1.1. Ladi valley and Majohcta are located at Barkin

Ladi wheteas Xarina mills is located at Bukuru both in Jos Plateau.

5.1.1 Scil Samples |

Scil samples were collected at depths ranging betweenn 0 - 10 om
in the paddock, its swrounding and alsoe around the mill. Also
collected from these areas are tailings (sampled within the radius of
100 - 200 m from the centre of the paddocks). Monazite and other waste
dunped within the swrounding of Karina mill, as well as graded tin and
zircon samples were received from the mill courtesy of Consclidated Tin

Mines Buxuru, Jos.

5.1.2 Plant Samples
The samples were collected in such a way that they did not include

the root of the plant and each particular type of plant is sampled
. separately. The samples were collected within the paddock and its

swrounding and also around the mill.
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5.1.3 Water Samples

The samples were collected from the tailing streams, paddock and
surrounding streams (in ML11929 and ML4552MJ). Samples were alsc
collected from water processing plants, reservoirs and surface water in

Karina mills.

5.2 SAMPLE PREPARATION

The following methods were used for sample praparation pricr to
measurement. The soils, tailings and plants samples were ailr dried for
about seven days. The soils and tailings were each separately grounded
to fine powder using Rock Crusher made by Siebtechnik.

The plant samples were ashed in a muffle furnace at 250 - 400°C.

5.3 SAMPLE COUNTING USING G-M TURE

A “PANAX' GM tube set up was used for gross activity measurement,
The set up includes a Mullard M203 GM tube in a lead shield and a PANAX
scalar. i

Initially the operating voltage was obtained as 600 V by measuring
at different high voltages. The background contribution was determined.
The efficiency of the GM tube was then determined using KCl1 salt. The
materials were accourately weilghed and each then placed in an aluminium
planchet of 3.0 cm diameter and placed into the GM window for counting.
Bach sample was counted for 3000 secs and for at least three times.

Ashed plant samples were also counted in a similar manner.
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5.4 GAMMA MEASUREMENT USING 3" X 3" Nal{Tl) DETECTOR

Samples with high gross activity were selected for detailed gamma
studies. The sanmples were accurately weighed in a plastic container and
properly sealed. they were allowed to attain eguilibrium for 30 days
before counting. A 3" x 3" Nal(Tl) detector made by Canberra was used.
It wag housed in a lead shield made by Canlerra and connected to a PC
which has a NaI({Tl) ACCUSPEC 2086K Card for gamma spectrometry. After
initial calibration using gamma standards supplied by DAMRI, Cedex,
France each sample was counted for about 2 hrs and the gamma spectra
printed. Uranium and Thorium standard supplied by IAEA were also
measured and used for producing callibration curves which were later

used to determine the concentration of Th and U in the samples.

5.5 LIQUID SCINTILLATION COUNTING

The water sanples were measured using a series 1000 TRICARB
Scintillation Counter made by PACKARD. The counter is a 3 channel
automatic microprocessor contreolled. The counter was first self
normalized and the efficiency checksed using C-14, H~3 standards supplied
by PACKARD. The background was then checked using the background
standard supplied by PACKARD and a scintillator blank used in this work.
1 ml of the water samples was mixed with 14 ml of a general purpose
xylene based scintillator (NE 260) supplied by Nuclear Enterprise, UK,
for counting. Each sample was counted for 1 hr. In addition samples of

distilled water from the laboratory was also counted.



CHAPTER SIX

RESULTS AND DISCUSSION

6.1  CALIBRATIONS

For any measurement to be meaningful, the instrument used must be
properly calibrated. For the GM tube the first thing always is to
determine the proper operating voltage. This was done by counting a Cs-
137 standard and varying the high voltage. An operating voltage of 600
V was obtained and used throughout this work.

The efficiency of the GM tube was determined using KCl and was
found to be 54.5% (see Appendix). The efficiency value was used in the
conversion of cpspg to Bg/g as shown in Tables 6a and 6b.

For the NaI(Tl) detector the high voltage was set at 1000 V and
the amplifier gain properly adjusted. Apart from the daily energy
calibration, the efficiency of the system was determined using standard
point source as shown in Figs 6.1 and 6.2. The intrinsic efficiency was
obtained from the absolute efficiency using the geometric factor of 2w
since the source is directly on the detector surface. The efficiency
values obtained are comparable to those normally expected for a 3" x 3"
NaI{Tl) detector which are in the range of 0. - 3I0% (Knoll 1979). The
FWHM obtained was plotted against energy as shown in Fig 6.3. The slope
was found to be about half as expected.

The efficiency of the liquid scintillation counter was checked

before use by measuring tritium and carbon - 14 standards. Efficiency



values o©f 58% and 96% were measwred for tritium and carbon-14,
1espectively.
6.2 GROSS ACTIVITY OF SOILS AND FLANTS

The gross activity of the scils, plants and other minerals
measuwred using the GM tube are shown in Tables 6a and 6b. The activity
of the soils ranges from 0.1 - 2.5 Bg/g. TFew of the samples were foumd
t0o be within the background range. The highest activity was found in
the monazite waste (95.9 Bg/g} and the zircon (77.4 Bg/g) samples. For
the plant samples the gross activity ranges from 0.3 -~ 6 Bg/g. Some of
the samples were within the background range. Generally, plants within
the processing mill were found to have higher activity. The plants
samples have hidgher or comparable activity to the soil samples. This
may be due to dust contamination from the monazite wastes or the plants
take up uranium or thorium or both. If the activity in the plant is as
result of accumulation due to uptake than the plant specie Tridax
procumbers has the highest uptake with the highest activity follawed by

Cyniodon dactylon,

6,3 GROSS ACTIVITY OF WATER SAMPLES

The activity of the water samples were found to be higher than the
background as shown in Table 6c. The samples were also found to have
higher activity than distiled water. The ML4552 samples were found to
have higher activity followed by theose at the Karina mill and then the

ML119Z9MT samples.



The level of radioactivity in the water samples may have been
higher if mnot because of the fact that zircon and monazite are

refractory minerals which are very difficult to leach.

6.4 DETERMINATION OF URANTUM AND THORIUM CONCENTRATIONS.

For the measurement of U and Th concentrations, the low energy
gamma peaks were mostly used because of their higher efficiency and
abundance (Bloxam, 1962 and Culbert, 1981. In our case relatively high
energy peaks were also used since low energy gamma rays have high mass
attenuation coefficient than high energy ones, it can be concluded that
self absorption is negligible.

The calibration spectra of Th and U were examined and three energy
peaks were chosen that exhibited dissimilar shapes in each spectrum when
compared with the other two. However the spectra selected were not
without errors due to overlapping of other daughter peaks as a result of
poor resolution of NaI(Tl) detector.

For U the Bi-214 peaks at 295.2, 352.0 and 1764.7 keV were used
and for Th and Bi-212 peaks at 238.6, 583.1 and 911.0 keV were used.
The Bi-212 peak at 2640 keV was not used because it was not within our
initial settings (TAEA, 1979).

Although initially three energy peaks were considered for the
determination of U and Th concentrations but only two peaks were finally
used due to much interference observed in peak 295.2KeV and 583.1KeV for
U and Th, respectively.

U and Th standards were used for the calculation of the
concentrations. Three U standards were obtained from the IAEA which
originated from Spain. Although their state of equilibrium is not



known, they may be adequate for the type of study here. The Th
standards were also obtained from IAEA and originated from Turkey.

In each case three U and Th standards were measured and the
calibration curves plotted for the respective peaks as shown Figs 6.4 -
6.9. The slopes calculated from the curves are (0.429, 3.116, 1.568)
cpspg/eU% and (0.876, 0.711, and 2.391) cpspyg/eTh%, respectively. The
carves in Fig 6.4, 6.5 and 6.7, 6.9 were used to calculate the
concentrations of U and Th in the samples at the respective peaks by
dividing the cpspg in each peak by the respective slopes at that peak.
The correlation coefficient obtained between cpspg and concentration for
three of the samples were 0.63, 0.81 and 0.78 for Th and 0.56, 0.61 and
0.94 for U. As a result of this fairly good correlation between the
results of the selected peaks, the average concentration of each sample
is taken to represent the concentration of Th or U in the sample as
shown in Table 6f.

Looking at the values it could be seen that the Th concentrations
vary from 104ppm - 2.7% with sample 6ML11929 having the least value of
104 ppm and the monazite waste having the highest value of 2.7%. This
values compare favourably to those of similar studies (Sanni et al;
1985; Banwo, 1989; Hu, et al; 1981 and IAEA, 1976) except that in the
studies of Sanni, et al (1985) a very high value of 40% Th was obtained
in one of his samples. Although such a high value is not impossible as
values of 40% Th have been recorded in mines and mills of the Malagasy
Republic (IAEA, 1976), but such a high value has not been obtained in
this study.

- The U concentrations range from 61 - 2042ppm, where sample 6ML4552
has the least value of 61 ppm and the Zircon sample has the highest of



2042 ppm. The U concentrations also agree with the f[indings of Sanni,
et al {1985) and Banwo, (1989).

| From the Th and U concentrations and the Th/U ratio it may be said
that the major source of the radicactivity is Th and the radicactive

mineral is mainly monazite.

6.5 RADIOLOGICAL HAZARDS.

With this fairly high concentrations of Th and U, the mines and
mills workers and indeed the general public may run into the risk of
radiation exposure. This could be due to external radiation exposure,
inhalation of dust and ingestion. The general public may also come ik
contact with the radicactivity from the dust particulates that could be
blown to a long distance, the 1likely use of the nine tailings as
building materials, drinking of water contaminated due to mining and
milling activities and eating food grown on tailing and other waste
dunps .

At the mines external exposure may be minimal because of the open
pit mining technique hut inhalation and ingestion may not be ruled out
because of the dusty environment. External exposure at the mill site
maybe a problem because of the nearby dump sites and monazite and other
radicactive minerals store. Inhalationh and ingestion may be & serious
problem at the mills because of the dust produced during the milling
Process.

An attempt has been made to estimate the dose contribution of a
large source with the concentration of U and Th obtained in this woerk as

shown in Table 6f. The conversicn factors used are 6.2 uR/h /10ppmeU



and 3.1 uR/h 10 ppmeTh as given by (IAEA, 1979). Looking at the values
in Table 6f all are within the maximum permissible dose of 5 rem/yr (50
mSv/yr) for radiation workers except in the case of monazite waste and
zircon where they have been found to be much higher than the maximum
permissible dose. This may suggest that it is possible to exceed the
maximum permissible dose at the mills where the monazite waste dumps and
radicactive mineral stores may be located. However, the values cbtained
in this work are within the values given by IAEA (1976) and ICRP (1977)
for a monazite processing plant where doses of 0.1mR/h - 8mR/h are
common and 18-35mR/h in the case of monazite product stores. With this
level of exposures all personnel in the plant received less than 3
rem/1yr (30 mSv/yr) and about 70% received less than 1 rem/yr (10
mSv/yr). Therefore there is a need for proper monitoring at the mines
and mills, This will only be possible when laws on nuclear radiation
are made by the government.

Ancther observation from the results in Table 6f is that all the
samples gave a dose value higher than the maximum permissible dose of
0.5 rem/yr (5 mSv/yr) for the general public (NCRP, 1985). This may
suggest that in areas where the levels of U and Th concentration are

high, then such areas may not be suitable for habitation.

6.6 CONCLUSION

It was found that the gross activity of soil, plant and water
samples ranges from about 0.1 - 2.5 Bg/g, 0.3 - 6.0 Bg/g and 0.1 - 0.3
cps respectively. Similarly, Th and U concentration recorded ranges f[rom
about 104 ppm to 2.7% and 61 - 2042 ppm respectively. The doses arising



from such high Th and U concentration are clearly higher than the
Maximum Permissible Dose (MPD) of 0.5 rem/vr (5mSv/yr)} for the general
public in all the samples, but all are within the MPD for workers of 5
rem/yr (50mSv/yr) except in the case of monazite waste and zircon
sample. In (all ocur) findings in this study, Zircon and monazite waste
samples have shown the highest activities ({about 77 Bg/g and 96 Bg/g)
and highest doses (about 37 vrems/yr (370mSv/yr) and 79 rem/yr
{790m3v/yr)), respectively.

From the above results, we can conclude that:

i} The Jos tin mines and mills are contaminated with radicactive
minerals and general public living around the area may be at

risk of being exposed to radiaticn higher than permitted.

ii) The highest activity recorded for ncmazites indicates that it
may be the principal radicactive mineral in the granites from

the tin mined in the Jos Plateau.

iii} The activity of the plant and water samples is an evidence for
the possible uptake and leaching ocut of the censtituent parts of
the radicactive minerals present in the Jos Plateau area, thus

compounding the radiological hazards due to ingestion.

iv) The high activity in plant samples compared to soils samples may
be due to the radicactive dust in the mills, uptake and

accumulation of U and Th from the soils.
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6.7 SUGGESTIONS

Monitoring at the mines and milis should be routinely carried cut.
The likely use of mine tailings and other wastes from the mills as
building materials and for othear uses should be disccouraged. Further
studies of the tin mines and mills using different techniques and

" gsamples should be carried cut.



TABLE &a: Gross Activity of Soil Samples

e e e RV,

Sample Mass{grams) Net count Specific Activity
rate{Cps) {Ba/g)
1MLA4552 0.6731 * id
2ML.4552 0.761%5 * *
3ML4552 0.9236 * *
4ML4552 1,3667 1517 1.5462
SML4552 1.3710 5087 €808
EML4552 1.4747 . 6080 7565
TML4552 0.7122 * *
8ML4552 0.6483 * *
GML4552 0.6472 1.9818 2.2076
TOMLA4552 0.8293 * *
1IMLA4552 0.7951 * *
12ML4552 0.7034 0.1954 0.5097
13ML4552 0.5910 * *
14ML4552 1.0040 .0957 1749
15ML4552 1.1462 1.1263 8031
16ML4552 0.8%34 .0492 1011
17ML4552 0.9730 * x
18ML4552 0.4255 * *
IMI11629 1.6164 2.2336 2.5355
2ML11929 0.8133 * *
3ML11629% 0.8295 0.1343 0.2971
4ML11929 0.7855 0.0567 0.1324
OML11923 0.4761 0.1473 0.5%677
6ML11929 2.0419 1.0628 0.9550
Zircon 1.5760 66.5040 77.4270
Monazite
waste 1.3604 97.2638 85.9287
Iron waste 1.84501 1.6102 1.601
Tin : 2.0819 0.8565 0.7549

* — Same as background.



TABLE éb: Gross Activity of Plant Samples

Type of Specie(fanily)  Mass (g)
and site grown

46

{8a/y)

Karina Mill

Karina Mill

Karing Mill

Rarina Mill

Karina Mill

Karina Mil)

Karina Mill

Katinag Mill

ML11929M)

L4552

M 4552

HL4552

Psiviue guajava
(Myrtaceae) behind the 0.3278
procassing aill

Tridax procumbers
(Compositae} behind the .3091
processing mill

Andropogon gayamisi
{Gramineae) oo aill 0.4133
waste

Perses anericana
{Lairaceae} bebind the 0,311
processing mill

Hagnifera indica
(Apacardiaceae) behind the 0.5228
processing mill

Saccharvw officinarvg
{Granineae) behind the $.3001
processing mill

Cynodon dactylon

(Gramincae) within an

undgrground well (borehole} 0.39%0
behind the processing mill

Cyaodon dactylon

{Granineae) on will 0.1630
waste (Fe)

Panplsetuw pedicellatus.

Hithin the paddock §.3040

Cynoden daclyion
(Graininese]. Within the 0.3040
paddock,

Setaria congisets
(Grauineaz). Around the
paddock,

. 2480

L)

Lyperus Sp

{Cyperaceae), Around the 0.1676

paddock.

0.980¢

0.2012

0.0635

0.3445

0.5882

G.1207

5.8174

0.8932

0.3227

2.1083

3. 1646

1.3%87

-----------------------------------------------------------------------------------------------
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Sample Location Wet Count(CPS)
1IML11929MF Surrounding stream 6.091
2ML11929M7 Paddock 0.113
3ML11925MT Tailings _ G.093
4Karina Mill Bore hcle 0.173
5Karina Mill Overhead Tank 0.123
6ML4552 Surrounding stream 0.161
TML4552 Surrounding stream 0.149
8ML4552 Tailings 0.195%
9IML.4552 Paddock 0.23C
10ML4552 Paddock 0.231
11ML.4552 Tailings 0.180
12ML4552 | Surrounding stream 0.150
13ML4552 Paddock 0.253
14ML4552 Paddock 0.211

15 Distiled H20 Laboratory 0.065



TABLE 6d: Concentraticn of Th Fros Peaks of Selected Duminan! Gawea Rays Emitted By Daughter Isotopes

of Th-232,

...............................................................................................

Energy Peak = 238.¢ keV Eagrgy Peak = 910.1 keV
Sample  Mass Count-rate cpspa®  Conceatration Count-rate cpsy' Concentration
(g)  leps) (pow) {eps) (opn)
3.35 1.07
IML4552  26.920 p.1237 517 0.0451 515
SE L3
1.0} .34
4NL4552  25.3%8 g.0358 150 0.0141 i6l
1.09 0.4%
2.2¢ 0.84
6NL4552 39,806 0.0214 35 0.0118 135
2.02 1.49
.0 ¢.03
ISML4552 114.825 ¢.0814 340 0.0358 409
9.23 .18
7.20 2.63
inLI1929 147.2%¢ 0.0477 200 0.02ié 183
6.54 3.74
1.99 0.93
EMLI1S29 84.943 0.0215% 92 0,0102 116
1.81 0.81
763.20 Jed 08
Monazite 132.631 5.8067 2428¢ 2,727% Ji1%7
maste m.u 359,45
357.05 141,78
Iircon  153.940 2,318 5701 0,9445 19787
157,08 145,14
10.13 3.82
Tron 111.172 0.0858 362 4.0342 39
wasle 5.18 1.78

...............................................................................................

*Count per second per gram (cpspg)



TABLE 6e. Concentration of U From Peaks of Selected Oominant Gamma Rays Ewitted by Daughter Isolopes

of U-238.
Energy Peak - J52.0 eV Energy Peak - 1764.7 keV
Sanple  Mass  Count-rate cCpspg"  Cuncentration Count-rate cpsg” Concentration
fg)  (cps) {ppn) {cps) {ppe)
1.4] 0.15
14552  26.520 0.04% 159 §.00% 13
1.2 -
6.7 -
4MLISST  26.338 0.025% 83 .0038 85
0.81 0.11
1.78 9.33
6ML4552 98.806 0.0175 56 0.0028 85
1.67 0.22
3.38
13ML4552 114.825 0.0351 i3 0.0041 5
4.19 0.47
.52 £.5%
INL11525 147.2%% 0.0357 115 {.9040 93
5.00 0.60
2.52 0.33
6ML11929 £4.563 0.0252 54 [.0039 51
2.44 -
218,78 1.86
Monazite 132,631 1. 7251 55335 £.053%5 1187
wasts 237.80 1.99
182.32 15.04
Lircon 153,949 1.09% 3401 ¢.0878 2042
153,90 13.593
2.48 -
lron 1ian 8.02185 &3 0.0025 &
Rasle .32 0.2%

-----------------------------------------------------------------------------------------------

*Count per second per gram (cpspg)



Table 6f:

Concentrations of Thorium/Uranium in the Samples.

BEstimated Exposure Rate and Dose Rate from

-----------------------------------------------------------------------------------------------

Exposuie Pate Qose Rate Total Dose

Saple  Th conc. Exposere Rate Bose Rate
{arenfyr)

o) LuRfur}

U tonc.

130

LRy

{erealyr]

[reafyi])
(n$v/yr)

MLA5sZ  51hiL 159.96

L4552 19646 4.3

6L 4552 1834 35.03

15KL4382  Jisise 116,25

IHLLL98 19749 5,52

SHLLIY 104312 LYyl

Konazite 2771243436 8590.72

aste

Zircon 102443543 3175.84

{rox Y e
¥este

1354

402.84

791.80

968.36

49580

268.56

T1560.70

26453.08

145114

8613

5143

10549

104411

9312

138

1042

8%.%0

3.1

3.0

8318

£4.48

57.86

859.94

1266.04

148.37

444,16

315,04

342.78

I

§80.591

1163.30

10546.11

115,70

2.081
20.81

0.847
8.47

§.607
6.01

1.511
15.11

1.633
16.5

0.748
1.4%

i8.7H
(LA

36.9%0
360.99

1.309
13.49

-----------------------------------------------------------------------------------------------

Estimated
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APPENDIX

The efficiency of the @M tube was determined using KCl standard as
follows:—
Initially the background counting was carried out followed by

sample counting of 0.5770g of KC1 and the count rates are as follows:-—

Background count rate 1.90 cps
Sample count rate 7.88 cps
Net ccunt rate 5.98 ¢ps

Noting that the R.M.M. of KCL = 39.1g of K + 35.06g of C1
= 74.69

Therefore mass of K in 0.5770g of KC1
----- X 0.3770y = 0.,3024g

But 0.0117% of 0.3024g of K-39.1 is radicactive K~-40. This implies that
0.0117% X 0.3024g = 3.5381 X 10-34.

Hence, the number of atoms in much of K-40 is

3.5381 x 10-°®
N = —commmmm—ee - x 6.023 x 1023

= B.327494075 x 1017
Therefore the Activity

0.693 x N
A= éN, =

Tis2

where & is the decay constant and Tisz is the half life of K-40
(1.37 X 109 yrs).



AL

0.693 x 5.327494075 x 1017
1.37 x 10% x 365 x 24 x 3600

This implies that A =

= 12.33dps

The efficiancy of the detector is given by:~ .

N x 100
A X B.R

Where N is the observed count-rate and A is the absclute activity and
B.R is the branching ratio of K-4¢

5.98 x 100

Therefore E = = 54.5%
12.33 X 0.89

Hence F = (54.5* 7.38)%

The activity of the soils and plant samples was determined using
the equation:

A = NF x M

Where N is the net count-rate of our samples, £ is the effeciency
of the GM-tube and M is the weight of samples in grammes. For example

BML4552 sample has an activity (A):

0.5087 0. 63085/
" p.545 x 1.3710 g

el



