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CHAPTER ONE
10 INTRODUCTION
© Soil is th i ;

Soil is the unconsclidated mineral or organic material on immediate surface of

the earth U
i that serves as a natural medium for the growih of land plants. It

might have been subj

gl en subjected (o effects of genetic of environmental faclors such
as climate (including water and ftemperatre cffects), macro and
ficroorganisms, conditioned by relief, acting on parent material over 2 period
of time.

A product — soil differs from the material fom which it is derived in many

physical, chemical, biological, and morphological  properties and

charactetistics. The chief concerns are radioactively contaminated dust or

gaseous radionuclides of exposure depend on how the source is arranged

whether the source 15 concentrated in oneé plage or more evenly distributed.

Apart from the naturally oocurring radionuclides, aniticial radionuclides such
as *1Cs and (g have been measured in soil and a5 well as in atmosphere ‘
agrosols.  Plants can easily provide posgible routes for these arfificial |
nman bodies. This can damage tissues, DNA |

radionuclides from the soil to Iy

leading to cancer oF other diseases and mutations

or other cellular material;

called radiation poisoning.

ABEAHAY 4
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SIGNIFICANCE OF THE STUDY

I p of dissussion Wi
p seussion will be very useful and important 1o everyone that

es in the industsi .
tiial area sspecially cement manufacturing environment; it

rotecting the g
o ing themselves from long term effiect of radiation that might grow jnte

nausea, muscle weakn 5
2, weakness, cancer and eventually 1o death in some cases.

1.4 SCOPE OF THE STUDY
The study centred on the radionuclides conrents in soil samples of
environment around Lafargs Cement Company al Shagamu. Ogun State,

Nigeria.

15 DEFINITION OF TERMS

2) Electromagpetic radiation: Is a radiation that take the Jorm of u sel{- !

propagating wave of eleciric. and magnetic fields including such

phenomena as radio waves and visible light. |
b) Excited state: These are the arrangements that are S0 unstable that 1
o before transforming into other ‘

they have only transient existenet

states.

This is the most stable arrangement of nuelens, ‘

@) Ground state:
) Tonizing radiation: Radigtion that i of high enough energy 1o cause |
atoms to 10se OF gaiil electrons, rendering molecules, sueh ag protein, ‘

incapable of functioning.



¢) Tsotopes: Are nuclides that belong to the seme chemical properties and

have the same atomic number but have different neutrons.

f) Meta stable state: These states are also unstable but they have vey
long-life time before transforming into another state.

g) Nuclear radistion: Redintion especially iomizing radiation that

emanates from nuclear processes such as radicactive deeay.

h) Radiation poisoning: This is a form of damage to organ tissue due to
excessive exposure (o fonizing radiation.

i) Radioactive decay: Thisis the process by which an atomic tucleas of
an unstable atom loses energy by emitting ionizing particles.

j) Radio isotopes: Is a measure of the tendency of the nucleus ©© decay

or disintegrate




3 CHAPTER TWO
20 LITERATURE REVIEW
124 BASIC CONCEPT OF RADIOACTIVITY
Radioactivity is the process by which a nucleus of an unstable atom loses
energy by emitfing ionization tadiation. The nuclear properties of an atom
depend on the numbers of protons and neutron in the pucleus of an atom (both.

proton and neutrons are called nucleons).

True nuclear reaction indicates such nuclear changes in (ms of mass number 1

and atomic numbers for the reactants and the producis. Tn addition such

radioaetive nuelei common decay by emission of a certain radiation for

example; alpha, beta and gamma ete.

Hence, the radionuclide is experienced when an atom undergoes such nuclear
change accompany emission of radigtion. Nuclei that are stable mever
undergoing further reaction, these ars natucally stable By, and YK, others.
which are not stable are radioactive of radioisotopes.

The unstable jsotopes ate gble to underge radioastivity. Beside transformation

about artificially {hrough nuelear ‘pombardment.

it can also be brought
A radiogetivity results when 2t atom with one 1YPe off nicleus, called the

(zadicmwlide], i

ts radioisotop® ansforms into a0 atom with & nuclevs &

parents radl

different state; 0% with a nuelens containing & different numbeED of protons and
b i

neutrons. The praduct {5 called {he daughter nuclide.

3



EARL
22 X HISTORY OF RADIOACTIVITY DISCOVERY

| Wilhelm Conrud
omrad Roentgen (1845 — 1923 On November 8. 1895, at the

University of Wurzburg, Roentgen was working in the laboratory when be

noticed a strange fluorescence coming from & nearby table. Upon further

observation he found that it originated from a partially evacuated Hittof J

Crookes tube, covered in opague black paper which he was usiug to study

cathode rays. ‘
|

el '
He that the f) which penetrated the opaque black papet,
i

must have been caused by rays. This phenomenon was later coined x-rays aod

through the phenomenon of x-rays is mot 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):Henti Becquerel, & Trepch scientist
learned of Roentgen's discovered of x=rays through the fluorescence that some
materials produce- Using a method similar t© hat of Roentgen. Becguerel |‘
surrounded several radiographic plates with black paper and fuorescent salts, |
with the intention of further advancing the study of x-rays- He intended 1o |
ncealed photogmph'tc paper i1 the sunlight and observe what \

place the €0

tanspired.
Unft tely, he had t¢ delay his sx;;erimem. hecayse the skies of Paris were

ortunately
ped plates into &

jaced the wrap)

dark degk dravier.

overcast, He thet P
6
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\ extremely rare. Pierme and Mari
Gy awarded the Nobel Prize in

Physics in 1903 for their w: ths
¥ 1 their work on radicactivity. Marie Curic beean first
= same the firs!

woman to be awarded N i

Nobel Prize and the first person to ebtain twe Nobel
Prizes when sh ize i

e won the Prize in Chemisiry for the discovery of Radium and

Polontum in 1911,

Ernest Rutherdt 9
est Rutherford (1871 - 1937): Emest Rutherford was considered the

father of nuclear physics; with his gold foil cxperiment e was able to unlock

the mysteries of atomic structure. Tl¢ received the Nobel Prize in Chemistry in
1908

|
Tn 1909 at the University of Manchester, Rutherfard was bombarding a piece

|
patticles went

of gold with Alpha particles and noted that although most of the

|
i
straight through the foil, ane in every elght thousand Wwas deflected back. Tt 1

was as “if you fired a fifteen inch naval shell ot 2 piete of tissue paper and the
shiell came back and hit you”, Rutherford said-

|
ded that though an atom consists of mostly empty Space: most of 115 |

ry small charged regio

¢. Rutherford was also able 1o |

He conclu
mass i8 concentrated in a vel 1 known g5 the nucleus,

|
while the electron buizz around on the outsid
& elements uriderwent 8 proeess of decay over time

observe that radioactiv
. [n 1919, he used

ement 10 Seme Alpha particles @

which varied from el
o another element (H02EN):

transmutate ONe ¢lement (oxygent it
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| 24  TYPES OF RADIATION
The three most cor i
mmon kinds: of radioactive decay could be emitied are
alpha, beta and i
iph: gamima as recognized by the earlier scientists ¢, 2. Rutherford.
e e -
nuclear radiation arises from hundreds of different kind of unstable atorm

while many exist in nature.

Alpha (a) particles: These are radiations now know to be Helium nuelel
(4He). An o-particle is emitted with an encrgy in the rangs between 616

i3 i 4 :
1072 Tt penetrates a few centimeter (3-7em) of alr or barder of few sheet af

paper or a thin pmetal foil. o-particle causes ionization of some molecule as

high as 10 MeV, hence it*s rated 1o the highest jonizing power effect. Tt is

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

Beta (p) particles: This is & very energetic emission of radiation. fi- Particles
travel much faster and have @ greater range compared with y-radiation begause

they are lighter than y-radiation. Therefore, the penetrating aluminium bartier
is required to swop them. 1t is found deflected soward the positive pole of the

electrostatics field-

Gamma (7) radiations: This radiation consists of high energy photon or 18¥S
ie. electromagnetic and of & very short length. ¥ _radiations are neutral neither
d. 1t has highest penetrating

deflected to the positive por the negative fiel
by Jend sheet and with least somization effect

power most eften stopped
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they pose no hazard and it w
ould require 4 rath i
er artificial scenario for them to

e reconsolidatil 1
ng at a future time in sufficient amount to pos i
g a problem,

Juelear E: ions: F
Nuclear Explosions: For the last 50 years, everyone has b d frof
3 a5 been exposed from.
fall-out from nucl ez
car weapons. Almost all is the result of aimospheric uelear
explosion carried out to test nuclear weapon. This testing reached two peaks
: g reached two pea!

first between 1954 and second, greater inn1961 and 1962

In 1963, the threc countries (USSR, United States, and United Kingdom}
signed the partial lest han treaty, nndentaking to test nuclear weapon in the

atmosphere, and other space, Over next two decades France and China

conducted series of much smaller tests, but tiiey stopped 0o, after 1980. |

26 UNITSOF RADIOACTIVITY

The international system of units (SD unit of radiouetive activity is the
rel (Bq) named in honour of the scientist Henri Becquerel. One Ba s

Becques
the defined a5 one Lransr‘orma(inn.(m' decay or disintegration) per second.

sie fornierly it was considered to e the number |

The unit of radipactivity is CU
pure 226 Ra, Hoswever,

per second fn grant of

of disintegration ocemrring
the intensity of Radium source,

various units have been introduced to report

and the extent of {heir effect matter




37 MEASUREMENTS OF RADiOCTIVlTY
| Henri  Becquerel
4 ecq) detected  and  megsured radioacrivity i
photographic film to a s R
8 sowee of radiation. he gange the intansity. of the
s ity of 1
radiation by th i
y the degree of blanking of developing film. A blackening results
from the redox, § i
Process as ordinary photography except that imitial oxidation

of the halide ions is caused by nuclear radiation Ge. The greater the extent of !

exposure to radiation; the darker the areq of the development negativity.

The other devices commonly used are to detect and measure radiation include
Geiger Muller counter, Scintillation Counter, Diffusion Closed chamber and

Electrascope.

2.7.1 Geiger Muller Counter (Tube)
This is essentially a cylinder containing & Jow pressure (to have the higher |
volume of Av) and two electrodes, The operation of GM counter is based on

the ionization of matter cansed by radiation i.e. the radiation jonizes the atoms

in the cylinder and hence allow a brief flow of current between the elcctrodes.

The ions and electron produces by the jonizing radiation permit conduction of

electrical current, The basic design of (M counter consists of n metal tube ‘

filled with gas; the cylinder has & window made of a matenial that: can be |
i

penetrated by the radiation.
P o
-

AN wl:l;i_l-




7.2 Scintillation Counter

his makes use of thy § i
e facts that certain substatices notable Zns gives flash of

5 fe: o
-hgbt often exposed o radiation. Such fashes are tiny experiens hott
: ce W

radistion siriker & suitable phosphoms, The flashes  are magnified

electronically and connted to measure the amaount of radiation.

A scintillation detector is a ‘transducer that changes the kinetic energy of an
ionizing particle into-a flash of light. Cryetals of orpanic and irorganic

compounds exhibit this phenomenon, f

The modern-day photomultiplier (PM) whe copverts 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

|
gamma-rays and low energy beta-rays.
megsurement is & sodium

The detector most frequently used for gamma ray

iodide crystal activated with thallinm (NaI(TT)) optically coupled to the

tube. This is because is its d

ation 2.2 and high effective atormic

photomultiplier

photoelectric interaction as shown In eqi

|

|

ensity (higher probabilily for 1

|

|

number due to fodide). 1
i

I

i

o crystal is highty hy‘g:oscapic which result in the crystal

qure. Therefore,

Sodium iodid:
i tal is hermetically )
deteriorating when expose 10 mois the crystal i ‘
i rall 1, with an g

sealed in a light prool COVETng ysually @ light metel |
phmomultiplier tube. |

ptical window i

through which it is thet coupled 108
16



3 Gamma ray Spectrnmutry

2 spectrometry | chni 1y ¥ ol
‘ Gamma Spectrometry is a te hnique of angls zing the enerpy of
the gamma

| radiation emitted cli
i by a nuclide, to permit conclusion 1o be drawn on type of

nuelide or nuclide mixture

A gamma spectrometer consists of a detector,
s

preamplifier and detector bias

supply, pulse-height analyzer system, data readout capability and shielded

sample enclosure. The pulse height analyzer sysiem consists of a limeat
amplifier, an analogue-to-digital conyerter (ADC), memory storage and a

logic control mechanism.

The logic control capabilities allow data storage in various modes und display
or tecall of data, All spectrometry measwrements made to date use either

Nal(TI) or germanium (Ge) detectors.

The fast electrons, which result from three processes, provide. vety useful
information on energy and intensity of the incident gamma-rays. The systeni

for the conversion of these fast eleetrony into flash of light, detected by,

optically matched electronic system 10 yield usefol information concerning the
primary y -photon contrite scintillation ¥ -ray spectroﬁmpin gyslem.

Jifferentiate betwesn adiation ¢nergies and
ili ¢ i fferentiate Deth T
The ability of the system o
e i 1 basis of its application in this
ce, identi e 0 nvironment 15 the
nee, identify source the e

 emamA
work. ﬂ“""ai TR NI
U-1@8e-

BB
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APPLICATIONS OF RADIDACTWITY

dioi have found ext,

use in diagnosis and the therapy, and this

has given rise fo a rapidly i e redicine.
idly prowing filed call d miclear mdici
. These

radioactive isotopes -
pes have proven partioularly cffestive 43 frace in cerain

diagnostic procedure.

As radioisotopes are identica i il

ical chemically with stable isotope of the same
element, they can take the place the latter in physiological process. Moreover,
because of their radioactivity, they can be readily iraced cven in minute
qualities detection device as a gamma ray spectrometer and proportional

counter.

2.8.1 In Industry
Foremost among industrial application Is power generation based on the
released friction energy of waniun.

¢ stable pamma irradiation is used 1o sterilise

Gamma Sterilization: Larg:

disposable medical sopplies such as sytinges gloves and other instruments that
would be damage by Teat sterilization. Large scale gammi iradiation of meat
was allowed by the United States, and it is now & commonly used for food
jrradi e blood transfusion and

ilizati small seale jrradiates &re used for
sterilization method, S al )

sterilization procedure.

other medical
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CHAPTER THREE
20 MATERIALS AND METHODS

1 MATERIALS

B0l samples were collected from  environment aound Lafatge Cement

Company at Shagamu, Ogun State, Nigeria,

32 METHODS

200 g of the soil sample was weighed into a plastic container with cover, and
nylon cello tape was used to seal the container hermitically in order to avoid
air entrance into the confainer. Then paper adhesive was used to label the
containers containing samples as A, B, C, D, and E, while an cmpty conlainer

was labelled as background. ‘

Therefore,

order for the sample to achieve homologous equitibrium. The sample was then

analysed using Seintillation detector with 2 pheto multiplier tube that employs

activated with Thallium (Nal-T]). Also Gamma

the sample was allowed 1 rest for the minimum of 40 days in 1

|
sodium jodide crystal that is |
I8y spectroscope would later be used for Radioactivity activity reading.




CHAPTER FOUR
40 RESULTS AND DISCUSSION

1 RESULTS
The three primordial radionuclides "'
s UK, 387 ang B2y
J Th have been detecred and
mepsured in the five (5) soil samples, Table 4.1 present the Its of |
. results o

radicactivity concentration in the soil samples

Table 4.1 The Results of Radionuclides Contents of Soil Samples

SN K40 U238 Th-232
Background 11512 25 522+ 1.5 342423
Sample A 525.76+5.2 58.72£235 4333165
Sample B 60847 £33 73.2 2 47.08+2%8 i

Sample C 622,96+ 4.9 64.785 2.6 4681+ 1.9

Sample D 529.74 £5.3 5544428 5345442 !
Sample E 580.95+2.6 534722 507773
Mean value 573.58+£4.3 6112241 4829 £ 45

4.2 DISCUSSION

The five soil samples were analysed, and result were presented in Table 4.1 a5

5 were analyzed for the presence of K- 40,

shown above, Five (5) soil sample!
n the five (5) soil samples, it was found that K-40 had

U- 238, and Th - 232. 1
5, 52074+ 53 md S04 %S

3 with

525,76 + 5.2, 608.47 + 3.3, 62296 = 4.

238 was estimaed fo be 5872 £ 2.5, 93204

e frean value 573:58 % 5:3; U
428, 5347 £22

2 st

and mean alue of 6112 = 4.1

22, 64.78 + 2.6, 534



| while Th-232 had 4333 £ 6.5, 4703 2 28,4681+ 19 534 >

2.3 with mean value of 4809 4 4.5Bakg” A1l the m;-.a;uraimsa::j.mw :
\ in Bgkg 1. K40 value was at hiph vatye due to the presence oF E!w i
Jimestone which contain significant Amount of Potassium whereas I:-:Z: :
Th-232 occurred from the mining getivities and other industtial processes in :

the cement industry

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

dioactivity conc i K Toll 2. 5
gt i S g Th and 817 the least.

This result could be attributed 16 the fact that poiassium was relensed 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 inio the soil slowly |

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

manure.

In one long term manure application study soil potassium levels in manure
treatments increased by 35% in only 3 years (KarunaKara et. al., 2001). When
soil potassium concentration becomes. elevated, planis will take up this i
ot proportion 1O its concentration in the soil, fr teyond the

potassium indire
the crop. This process is ol

flen referred

amount required for normal growth of

to as luxury consumption.



-CHAPTER FIvE,

5 CONCLUSION AND RECOMMENDATION

! 51 CONCLUSION

This study provided primordial radionuclide in some tropical Wood 3
samples

i Wp 238 3
hich were K, **U, and #*Th. R :
wl Th. From the result it shown that there was

highest radioactivity concentration K in the soils sample analyzed than
T = L A .

thorium and uranium. Since 'K is an essential biological element and its

concentration in human tssue is under close metabolic (homeostalic) contrel

232

while **U, and “**Th are harmful and can cause damage to body tissucs, DNA

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

called radiation poisoning.

52 RECOMMENDATION FOR FURTHER RESTARCH |

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

Further work can be camy out by delermining the- close rates of the
be increase and samples can

radionuclides, The numbers of soil samples can

be taken from different cement m anufacturing companies.
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