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were analyzed for the presence of K- 40, U- 238, and Th— 232. In the five (5)

soil samples, it was found that K-40 had 52576 £ 5.2, 608.47 + 3.3, 622,96 +
4.9, 529.74 + 5.3 and 529.74 + 5.3 with the mean value 573.58 + 5.3; U-238
was estimated to be 58.72 + 2.5,7320+2.2 64.78 + 2.6,55.44+ 2.8, 53.47 +
2.2 and mean value of 61.12 + 4.1 while Th-232 had 43.33 + 6.5, 47.08 + 238,
46.81 + 1.9, 53.45 % 4.2, 50.77 + 7.3 with mean value of 48.29 +4.5. The
measurements were taken in qug'l. K- 40 was at high value due to the
presence of clays and limestone which contain significant amount of

Potassium whereas U-238 and Th-232 occutred from the mining activities and

other industrial processes in the cement industry.
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CHAPTER ONE
L0 INTRODUCTION

as climate (including  water and  temperature effects), macro and

microorganisms, conditioned by relief, acting on parent material over a period

of time,

A product ~ soil differs from the material from which it is derived in many
physical, chemical, biological, and morphological properties and
characteristics. The chief concerns are radioactively contaminated dust or
gaseous radionuclides of exposure depend on how the source is arranged

whether the source is concentrated in one place or more evenly distributed.

Apart from the naturally occurring radionuclides, artificial radionuclides such
as 7Cs and ®°Co have been measured in soil and as well as in atmosphere
aerosols. Plants can easily provide possible routes for these artificial

radionuclides from the soil to human bodies. This can damage tissues, DNA

or other cellular material; leading to cancer or other diseases and mutations

called radiation poisoning.




ii.

ii,

11 PURPOSE OF THE STUDY

The radioactive fallouts may be taken up by crops via soil in which they were

planted. Radioactive particles can lodge in the lungs and remain for a long

time as longs as it remain angd continues over a very long time. The emission
137, . G

of ™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.
The purpose of this study is therefore to:

Identify the types of radionuclide present in soil samples of
environment around cement manufacturing company

Determine gamma activity concentration of 40K, 280, and P2Th in the
soil samples.

Determine the mean value of the gamma activity concentration of the

. 232
radionuclides i.e. 40 23877 and ***Th

1.2 STATEMENT OF THE PROBLEM
The main focus of this study is to identify the radionuclides contents present

in the soil samples of environment around cement manufacturing comparny
in

hich causes damage of the tissues and other diseases like cancer and
whic

eventually death.




13

SIGNIFICANCE OF THE STUDY

This topic of di i i
= 1seussion will be very useful and important to everyone that

lives in the industri :
ustrial area especially cement manufacturing environment; in

protecting themselves from long term effect of radiation that might grow into

nausea, muscle weakness,

1.4

cancer and eventually to death in some cases.

SCOPE OF THE STUDY

The study centred on the radionuclides contents in soil samples of

environment around Lafarge Cement Company at Shagamu, Ogun State,

Nigeria.

15

a)

b)

¢}

d

—

DEFINITION OF TERMS
Electromagnetic radiation: Is a radiation that take the form of a self-

propagating wave of electric and magnetic fields including such

phenomena as radio waves and visible light.
Excited state: These are the arrangements that are so unstable that

they have only transient existence before transforming into other

states.

Ground state: This is the most stable arrangement of nucleus.

Tonizing radiation: Radiation that is of high enough energy to cause

toms to lose or gain electrons, rendering molecules, such as protein,
a

incapable of funetioning.
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i)

b))

Isot 2 i
OPes: Are nuclides that belong to the same chemical properties and

have the i
same atomic number but have different neutrons.

t :
Meta stable state: These States are also unstable but they have vey

long-life time before transforming into another state.

Nuclear radiation: Radijation especially ionizing radiation that
emanates from nuclear Processes such as radioactive decay.
Radiation poisoning; This is a form of damage to organ tissue due to
excessive exposure to 1onizing radiation.

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

Radio isotopes: [s a measure of the tendency of the nucleus to decay

or disintegrate




CHAPTER TWO
20 LITERATURE REVIEW

21  BASIC CONCEPT OF RADIOACTIVITY

Radioactivity is the Process by which a nucleus of an unstable atom loses
energy by emitting ionization tadiation. The nuclear properties of an atom
depend on the numbers of Protons and neutron in the nucleus of an atom (both

proton and neutrons are called nucleons).

True nuclear reaction indicates such nuclear changes in terms of mass number
and atomic numbers for the reactants and the products. In addition such
radioactive nuclei common decay by emission of a certain tadiation for

example; alpha, beta and gamma ete.

Hence, the radionuclide is experienced when an atom undergoes such nuclear
change accompany emission of radiation. Nuclei that are stable never
undergoing further reaction, these are naturally stable **Na, and K, others,

which are not stable are radioactive or radioisotopes.

The unstable isotopes are able to undergo radioactivity. Beside transformation

it can also be brought about artificially through nuclear bombardment.

A radioactivity results when an atom pafie ek ms ot Holom, 6 et

parents radioisotope (tadionuclide), transforms into an atom with a nucleus I'a

different state, or with a nucleus containing a different number of protons and
111€. )

duct is called the daughter nuclide.

neutrons. The pro:




22 EARLY HISTORY OF RADIOACTIVITY DISCOVERY

Wilhelm Conrad Roentgen (1845 _ 1923): On November 8, 1895, at the

University of
niversity of Wurzburg, Roentgen was working in the laboratory when he

noticed a strange fluorescence coming from a nearby table. Upon further
observation he found that it originated from a partially evacuated Hittof

Crookes tube, covered in opaque black paper which he was using to study

cathode rays.

He concluded that the fluorescence, which penetrated the opaque black paper,
must have been caused by rays. This phenomenon was later coined x-rays and
through the phenomenon of x-rays is not the same as radioactivity but
Roentgen opened the door for radioactive discovery. He received the first

Nobel Prize in physics for his discovery of x-ray in 1901.

Antoine Henri Beequerel (1852 — 1908):Henri Becquerel, a French scientist

learned of Roentgen’s discovered of x-rays through the fluorescence that some

materials produce. Using a method similar to that of Roentgen, Becquerel

surrounded several radiographic plates with black paper and fluorescent salts,

ith the intention of further advancing the study of x-rays. He intended to
W1

place the concealed photographic paper in the sunlight and observe what

transpired.

Unfortunately, he had to delay his experiment because the skies of Paris were
nfortun 5

+. He then placed the wrapped plates into a dark desk drawer.

0Vercas




few
After a days, Becquere] returned {o hig experiment, un-wrapped the

photographic paper and developed it, expecting only a light PR i

salts. Instead, the salt lefi Very distinet outlines in the e

suggesting that the salts, regardless of lacking an energy source, continually

fluoresced. What Becquerel had discovered was radioactivity.

Henri Becquerel received the Nobel Prize in physics for being the first to
discover radioactivity as a phenomenon separate from that of x-ray and

recorded the difference between the two.

Pierre Curie (1859 - 1906) and Marie Curie (1867 - 1934): Though, it was
Henri Becquerel that discovered radioactivity, but it was Marie Curie who
coined out the term. Using a device invented by her husband and brother, that

measure extremely low electrical currents, Curie was able to note that uranium
electrified the air around it.

Further investigation showed that the activity of uranium compounds

depended upon the amount of uranium present and that radioactivity was not

as a result of the interactions between the molecules, but rather came from the
s

atom itself, Using Pitehblende and chalcolite, Curie found that Thorium was

radioactive as well.

She later discovered two new radioactive elements; Radium and Polonium
e late

hich took her several years since these elements are difficult to extract and
wiiuch too.




woman to be awarded Nobe] Prize anq the

first person to obtain two Nobel

Prizes when she Wwon the Prize i, Chemistry

Polonium in 1911.

Ernest Rutherford (1871 - 1937):  Ernest Rutherford was considered the

father of nuclear physics; with his gold foj] €xperiment he was able to unlock

the mysteries of atomic structure, e received the Nobel Prize in Chemistry in

In 1909 at the University of Manchester, Rutherford was bombarding a piece
of gold with Alpha patticles and noted that although most of the particles went
straight through the foil, one in every eight thousand was deflected back, It

was as “if you fired a fifteen inch naval shell at a piece of tissue paper and the

shell came back and hit you”, Rutherford said.

He concluded that though an atom consists of mostly empty space, most of its
mass is concentrated in a very small charged region known as the nucleus,
while the electron buzz around on the outside. Rutherford was also able to
observe that radioactive elements underwent a process of decay over time
which varied from element to element. In 1919, he used Alpha particles to

transmutate one element (oxygen) into another element (nitrogen).




-ray is

ergy to
interact with matter, especially the human body, and produce ion, that ig, it

can eject an electron from an atom. X-rays from high voltage discharge were
discovered in 1895 and radioactivity from the decay of particular isotope was

discovered in 1896.

Many scientists then undertook study of these, and especially they are medica]
applications. This led to the identification of different kind of radiation from
the decay of atomic nuclei and understanding of the nature of atoms. Neutrons
were identified in 1932, and 1939 atom fission was discovered by irradiation

uranium with neutrons. This led unto harnessing the energy released by

fission.




Paper or a thin metal foj]. a-particle causes ionization of some molecule as

high as 10 MeV, hence it’s rated to the highest ionizing power effect. It is

positively charged and is defected toward the pole of the electrostatic field.

Beta (B) particles: This is a very energetic emission of radiation, B- Particles
travel much faster and have a greater range compared with y-radiation because
they are lighter than y-radiation. Therefore, the penetrating aluminium barrier
Is required to stop them. It is found deflected toward the positive pole of the

electrostatics field.

Gamma (y) radiations: This radiation consists of high energy photon or rays

i.e. electromagnetic and of a very short length. y -radiations are neutral neither

ie. elec

deflected to the positive nor the negafive field. It has highest penctrating
erlecte

er most often stopped by lead sheet and with least ionization effect.
pow:




sources such ag 4
Osmic rays, man-made Sources such ag medical and industria]

2.5.1 Natural sources

Throughout the history of life on earth, organismg continuously have been
exposed to cosmic rays. Radionuclideg produced by cosmic ray interactions in

the atmosphere and radiation from naturally occurring substances which are

ubiquitously distributed in all living and non-living all features and limitation

of environment, including the natural radiation back ground.

Cosmic Rays: Radiation of extra-terrestrial origin, which rain continuously
upon the earth, is termed ‘cosmic rays’. Cosmic ray may be termed “primary”
or “secondary™. Those which have not yet interacted with matter in the earth’s
atmosphere, lithosphere or hydrosphere, are termed primary. These consist

principally of proton (~85%) and alpha particles (~14%} with much smaller

fluxes (<1%) of heavier nuclei.

S d osmic rays, which are produced y interactions of the primary rays
econdary c 3
ic particles such as pions, muons
ist largely of subatomic p
and atmosphere, consis
d cosmic radiation consist of
I, nearly all the observe
and electrons. At sea level,
i % of the flux accounted for by muons
i with some 68%
secondary cosmic rays,

level consist of protons.
than 1% of the flux at sea
and 30% by electrons. Less

SBRIHAN  ADESANWA
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25 SOURCES op RADIOACTIVITY

The source of padias <
adiation of the humay Environment ig 4 combination of: natyral

sourees such as ¢, i
O3mic rays, Man-made souroeg such as medical ang industrial
sources, ;
urces, nuclear €xplosion and nueleqy Power, and background radiations,

2.5.1 Natura) Sources

Throughout the history of life on carth, organismg continuously have beeq

exposed to cosmic rays. Radionuclides produced by cosmic ray interactions in

the atmosphere and radiation from naturally oceurring substances which are

ubiquitously distributed in a]] living and non-living all features and limitation

of environment, including the natural tadiation back ground,

Cosmic Rays: Radiation of extra-terrestrial origin, which rain continuously

M 1 " 3 : L]
upon the earth, is termed ‘cosmic rays’. Cosmic ray may be termed * primary

or “secondary”, Those which have not yet interacted with matter in the earth’
atmosphere, lithosphere or hydrosphere, are termed primary. These consist

principally of proton (~85%) and alpha particles (~14%) with much smaller

fluxes (<1%) of heavier nuclei.

|
ich d y interactions of the primar: Y rays

ic rays, which are produce yi

.Secondary COsmic rays,

and aty il(rspl ere, consist large ¥ of subatomic paif.lCIeS such as pions, muons
> $24 100,

d cosmic radiation consist of
2 1, nearly all the observe
L electrons. At sea level,

: the flux accounted for by muons
. ic rays. with some 68% of
| COSMIC Fays,.

Tess than 1% of the flux at sea [evel consist of protons.
ﬂnﬂf‘ \ess than :
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2,52 Man-made Sources

minerals,

ces. This variability

is generally greater for man-made source than for natural one. Most man-

made source can be controlled more readily than most natura] ones,

Medical and Industrial Sources: In medical and industrial applications,
typically only single radionuclide is invelved, this simplifyingidentification of
leakage pathway from encapsulation  from radioactive tracer test and for
disposal process. The use of radioisotope in medicine in widespread and may
have significant radiological impact. The major potential environmental

impact arises from the use of radioactive tracers in nuclear medicine, a field
2

that has grown enormously in recent years. |

(=} P ient €Xposur:
] evi I ars have tended to reduced at]
= I‘opments in recent ye e

igh the introduction of shoit-lived isotopes of higher specific activity and
gh the in

y : horter half- life also
f more highly localized preparations. The s
of more highly localize:



mponent in the map

-made radiation [
The Principal application

environment,

|
include industrial radiography, i;
radiation gauging, F

and self-luminoyg Inaterial  becayse most of these

{

|

. . . .y . !
application entails the utilization or encapsulated sources, radiation explosive |

would be expected to oceur mainly externally during shipment as transfer

maintenance and disposal.

In the decade, radiation exposure in research and industrial application were |
roughly half these due to medical occupational exposure, hence their !

\
contribution to the direct population dose is substantial

In terms of subsequent movement through the environment such encapsulated
Sources obviously do not represent a significant source term they contribute to
Specific assessment areas such as transport and waste disposal, and

i isdirected or even placed in a
i when one is lost or mi
oceasionally cause alarm

municipal garbage dump by mistake.

L ial problem may exist for long-lived low- level sources that are widely
A special pro



In 1963, the three Countries (USSR

, United States, and United Kingdom)

signed the DPartial test ban treaty, undertaking to tegt nuclear weapon in the

atmosphere, and other Space. Over next twg decades France and China
conducted series of much smaller tests, byt they stopped too, after 1980.

2.6  UNITS OF RADIOACTIVITY

The international system of units (SI) unit of radioactive activity is the

Becquerel (Bq) named in honour of the scientist Henri Becquerel. One Bq is

the defined as one transformation.(or decay or disintegration) per second,

The umit of radioactivity is Curie formerly it was considered to be the number
e un
Gf disinits gration occurring per second in gram of pure 226 Ra. However,
i
: i i ource,
e its have been infroduced to report the intensity of Radium s
various uni :

d the extent of their effect matter.




2.7 MEASUREMENTS OF RADp

Henri Becquere]

Electroscope.

2.7.1 Geiger Muller Counter (Tube)

This is essentially a cylinder containing a low pressure (to have the higher
volume of Av) and two electrodes. The operation of GM counter is based on
the fonization of matter caused by radiation i.e. the radiation ionizes the atoms

in the eylinder and hence allow a brief flow of current between the electrodes,

The ions and electron produces by the ionizing radiation permit conduction or
electrical current. The basic design of GM counter consists of a metal tube

! filled with gas: the cylinder has a window made of a material that can be
Wi 5

Penetrated by the radiation.




2.7.2 Scintillation Counter

The modern-day photomultiplier (PM) tube converts the light into an
electrical pulse, which may be amplified, sorted by size and counted, ’
Scintillation detectors are widely used for the detection and spectroscopy of

Samma-rays and low energy beta-rays.

The detector most frequently used for gamma ray measurement is a sodium ‘
lodide crystal activated with thallium (Nal(TI)) optically coupled to the
photonmltiplier tube. This is because is its density (higher probability for |
photoelectric interaction as shown in equation 2.2 and high effective atomic

Hnumber due to iodide).

o " . [
:'deium iodide crystal is highly hygroscopic which result in the crystal |

i i the crystal is hermeticall
eferiorati i to moisture: Therefore,
eteriorating when expose y

light proof covering, usually a light metal, with an optical window
a light prooef c >

: ’ ipli ; G GBS AW
en coupled to a photomultiplier tube oL VT HNIC

16



2.7.3 Gammg ray Spectrometry

sample enclosure, The pulse height ang

lyzer system consists of a linear

amplifier, an aualogue—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(TI) or germanium (Ge) detectors.

The fast electrons, which result from three processes, provide very usefu]
information on energy and intensity of the incident gamma-rays. The system y
for the conversion of these fast electrons into flash of light, detected by
optically matched electronic system to yield useful information conceming the

Primary v -photon contrite scintillation y -ray spectroscopic system.

Whe Sh iy of the system to differentiate between radiation energies and
Lhe ability o

: i basis of its application in this
identi i environment is the
ce, identify source in the




counter,

2.8.1 In Industry
Foremost among industrial application is power generation based on the
teleased friction energy of uranium,
Gamma Sterilization: Large stable gamma irradiation is used to sterilige
disposable medical supplies such as syringes gloves and other instraments that ‘
would be damage by heat sterilization. Large scale gamma irradiation of meat

was allowed by the United States, and it is now a commonly used for food

Stetilization method. Small scale irradiates are used for blood transfusion and

‘other medical sterilization procedure.




2.8.2 At Home

Most people have radioactive Mmaterial in thejr very own home, or at least we

would hope so why? Because in most every smoke detector unit today there js
4 very small amount of Americium241 jg present in the detector, while the in
oxide from and it emits alpha particles ang vety low energy gamma tays. The

alpha rays are absorbed in the detector while the non-harmful gamma rays are

able to escape,

The alpha particle collides with oxygen and nifrogen in the air of the detector
ionization chamber producing charged particles or jons .a small electric
voltage runs across the chamber which is used to collect these ions and
Operate g small electric current between two electrodes when a smoke enter

the chamber it absorbs the alpha particle disrupting the rate of jonization in
the ¢

the chamber where by turning off the electrical current which sets off the
“the chamber whe

ioEsames
waARA L
e

pRARY




32 METHODS

200 g of the soil Sample was weighed into a plastic container with cover, and
nylon cello tape wag used 1o seal the container hermitically in order to avoid
gir entrance into the container. Then paper adhesive was used to label the

containers containing samples as A, B, C, D, and E, while an empty container

Was labelled as background.

Therefore, the sample was allowed to rest for the minimum of 40 days in
order for the sample to achieve homologous equilibrium. The sample was then
analysed using Scintillation detector with a photo multiplier tube that employs |

Sodium iodide crystal that is activated with Thallium (Nal-Tl). Also Gamma

Ty spectroscope would later be used for Radioactivity activity reading.
ray spec



CHAPTER FOUR
40 RESULTS ANy DIScussigy

41 RESULTS
The three primordjs) radionucliqeg UK, g 22

Th have been detected and
measured in the five (5) soil Samples. Taple 4

-1 present the results of
radioactivity coneentration in the soil samples,

Table 4.1 The Results of Radinnuclides Contents of Soj| §

amples
m
Sample A 525.76 5.2 5872+ 25 43.3316.5
Sample B 608.47 +3.3 73.20+2.2 47.08+ 2.8
Sample C 622.96 £4.9 64.78+ 2.6 46.81£ 1.9
Sample D 529.74+ 5.3 55.44+2.8 53.45+4.2
Sample E 58095+2.6 53.47+22 50774 7.3
Mean value 573.58+4.3 61.12+£4.1 4829+ 4.5

4.2 DISCUSSION

Ihe five es were analysed, ar d result were plesented in Table 4.1 as
soil sa.mpl S Y b

Wi b f K- 40
shp: i Iyzed for the presence o !
S ve, Fivi 1 samples were anal

n above, Five (5) soi

1 es, it was found that K-40 had
e five (5) 5011 Sampl 'y

ith
74 + 5.3 and 529.74 + 5.3 wi
P 22,06 + 4.9, 529.

+ 5.2 60847 £33, 6

8 & 5,3: [J-238 was estimated to be 58.72 + 2.5, 73.20 +
58 £5.3; Us

2.8 53.47 + 2.2 and mean value of 61.12 £ 4.]




the cement industry.

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

tadioactivity concentration of e following *2Th and 287 1 least,

This result could be attributed o the fact that Potassium was released in the

soil during the application of fertilizer to corps especially when applied at

rates well above Crop requirement. And also, minerals oceurring in rocks such

as Mica and fields par as they slowly release potassium into the soil slowly

through weathering. The primary cause is over application of potassium in

manure,

In one long term manure application study soil potassium levels in manure

| .me_atmen’fs increased by 35% in only 3 years (KarunaKara ez. al., 2001). When

il this
§Dll po 1 elevated, p.lants will take up
¢ . otassium concentration becomes

ik to i lon in the soil, far beyond the
ot 51 indi i o its concentration in h far b
um indirect proportion Y

¢ ired for normal growth of the crop. This process is often referred
- required for n

JsRAHAY ADESANY-

wOL Y TECHNIC

S, ERU-IGES.
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5.1 CONCLUSION

This study provided Primordia] radionuclide in some tropical woog samples
. 40 238 2
which were 'K, U, and 227y, From the result it shown thag there was

highest radioactivity concentration *i ;, the soils sample analyzed thay
therium and uraniym Since K g5 an essential biologica] element and jtg
concentration in human tissue is under close metabolic (homeostatic) conirol,
while 23&U, and **2Th gre harmfiil and can Cause damage to bady tissues, DNA

or other cellular material; leading to cancer or other diseases and mutations

called radiation poisoning.

3.2 RECOMMENDATION FOR FURTHER RESEARCH

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
Tadionuclides. The numbers of soil samples can be increase and samples can

i mpanies.
be taken from different cement manufacturing comp
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