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Abstract

This study is carried out to detect and measurespleeific activities
of radionuclides in cancerous samples of humamdsgshat excised from
Baghdad city patients. The measurements were dsing spectral analysis
technique for gamma-ray with 2"x2" Nal(TI) scirdiion detector.

Our present investigations are based on the st@id¥4oabnormal
samples and 8 normal samples for comparing thdtsesthese samples
include four types of fresh tissues (kidney, colbreast, and uterus) that
may be obtained with great mass. These samplebdwatcollected from the
histopathology department for education laborasorie Madenat Al-Ttib
and specialized surgical hospital.

Each sample is taken with 2509 in weight, washet distilled water
to remove the formalin liquiqconservator substance), cut, put in the
Marenilli Beaker uniformly and then examined witalI'l) detector for a
period of 4 hours (14400s) and 530 V as an ope&rainitage.

Detector efficiency was measured by using Eu-15@rcso while
gamma-ray spectra for tissues samples had bedsratatl with respect to
spectra of Cs-137, Co-60 and Na-22 sources.

Six radionuclides have been detected in the selesdenples where
distributed between (2-5) radionuclides in eachganirhese radionuclides
included: two radionuclides (Bi-214 and Pb-214)obeging to the uranium
series; two radionuclides (Ac-228 and TI-208) bglog to the thorium
series; one artificial radionuclide (@37); and the natural radionuclide
(K-40).

The specific activity of detected U-238 (U-238 degaroducts)
ranged between (1.02-7.46 Bg/kg) in the abnormadpéas and (0.88-2.01
Bg/kg) in the normal samples while the specifidwatgt of detected Th-232
(Th-232 decay products) ranged between (0.59-4@4&d} in the abnormal
samples and (0.49-2.71 Bqg/kg) in the normal samples

The artificial radionuclide (Cs-137) is detectedailh samples with
specific activity ranged between (0.64-6.46 Bqg/ikglhe abnormal samples
and (0.5-3.46 Bg/kg) in the normal samples. Thenaatradionuclide (K-40)
Is detected in all samples too, but with largescs activity compared
with other radionuclides where it ranged betweehl@-85.36 Bg/kg) in the
abnormal samples and (40.62-56.95 Bg/kg) in thenabsamples.

The results indicate that same radionuclides aen@afppeared in both
normal and abnormal samples for the same typeseti¢i but with least
specific activities in the normal samples.
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Chapter one Introduction

1-1 Introduction

Health physics is a systematic organization of Kedge about the
interaction between radiation and organic oorganic materlt is a
versatile science that is based upon physics, dtgmibiology and
medicine.

The scientific and engineering aspects of healirsiok are concerned
mainly with: (1) The physical measurements of dédfe types of radiation
and radioactive materials; (2) The establishment of quantitative relationships
between radiation, exposure and biological daméd) The movement of
radioactivity through the environments; and (4) Tesign of radiologically
safe equipment, processes, and environments.

As well as, this science deals with the protectbthe individual and
population groups against the harmful effects ofiazmg and non-ionizing
radiation [1]. Both the type of radiation to whittie person is exposed and
the pathway by which they are exposed influencétineffects.

Radiation and radiation emitters (radionuclides) eapose the whole
body (direct exposure) or expose tissue insidebih@dy when inhaled or
ingested. Different types of radiation vary in treility to damage different
kinds of tissue. All kinds of ionizing radiationrc@ause cancer and other
effects. The main difference in the ability of adpparticles, beta particles,
gamma-rays and x-rays to cause health effecteiautiount of energy they
have, their energy determines how far they can tpateeinto tissue, it also
determines how much energy they are able to trardineictly or indirectly
to tissues and the resulting damage [2].

The biological damage resulting from a given abedrbnergy may be

guite different for different tissues. Fore thesasons, it is necessary to
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measure the radiation with an instrument and themstate it into response
of tissue. Since different detectors do not have shme efficiency or
sensitivity for all types of radiation and at atlezgies, there is no single
instrument that can be used for alphas, betas amings [3].

One of the most popular detectors used to study raedsure the
concentrations of the radionuclides is scintillatidetector. Since 1947,
these detectors have come into the wide scale meeting demands for
detectors capable of higher counting rates, higtfieciency for detecting
low level radiation and shorter resolving time thaere possible with

existing instruments, and also making possible gasrag spectroscopy [4].

1-2 Types of Radiation

Radiation is the name given to the energetic pasgtior waves
emitted by an atom at the time of radioactive dgé&dyt is produced by
radioactive decay, nuclear fission, nuclear fusicmemical reactions, hot
objects, and gases excited by electric currentsldNuan undergo a variety
of processes which result in the emission of ramhatThe most common

forms of radiation are alpha and beta particlesgamma-rays [2].

1-2-1 Alpha Particle

Alpha particles are positively charged particlesten by a heavy
radioactive element, such as radium, thorium, wraniand plutonium.
When the ratio of neutrons to protons in the nuxlisuoo low, certain atoms
restore the balance by emitting alpha particles f&pha emitting atoms
tend to be very heavy atoms (that is, they havh atgmic numbers). With
some exceptions, naturally occurring alpha emittenge atomic numbers of

at least 82 (the element lead). The alpha partanlesa portion of the parent
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nucleus that contains two protons and two neutréddier alpha particle
emission, the daughter nucleus has an atomic nufmbeEguced by 2, and an
atomic mass number reduced by 4, compared to tieafpaucleus [6].

Alpha particle is identical to the nucleus ofle-4 atom, and after it
has lost its kinetic energy by collision with otregoms in a material it will
capture two electrons and become an atom of Hg-4 [

The emitted alpha particles are monoenergeticr #grergy is in the
range of a few MeV [7]. An alpha particle intesastrongly and has a very
short range-a few cm in aiA single piece of paper can stop an alpha ray

effectively as shown in figure (1-1a) [2, 8].

1-2-2 Beta Particle
A charged particle emitted from the nusleof some radioactive
atoms during radioactive decay. In this decay, nheleus can correct a
proton or a neutron excess by directly convertipgaton into a neutron or a
neutron into a proton. This process must involvetlaer charged particle to
conserve electric charge. The first process is knaw negative beta decay
or negatron decay and involves the creation andgsom of an ordinary
electron. The second process is positive beta decgyositron decay, in
which a positive charge electron is emitted.
n—-p+e f decay ..(1-1)
p—n+e g decay ...(1-2)
In these processes, yet another particle callegu&ino (inp* decay)
or antineutrino (ir” decay) is also emitted, but it has no electric gbar
In these process, Z and N each change by onebunithe total mass

number Z+N remains constant [9ince the number of protons in the
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nucleus determines the element, the conversion oéwdron to a proton
actually changes the radionuclide to a differeatrent [10].

Beta particles are high-speed charged particlef &it moderate
penetrating power. Beta particles can pass thraugjieet of paper, but may
be stopped by a thin sheet of aluminum foil or wasdshown in figure (1-
1b) [2, 8].

Beta particles lose their initial kinetic energy lgollision with
electrons in the atoms of the surrounding matefiallese atoms become
lonized. After losing their energy the beta paescbecome free electrons
[11].

1-2-3 Gamma-ray

Gamma-ray is an electromagnetic radiation emittedhfthe nuclei
of some unstable (radioactive) atoms [12]. The euglhas discrete energy
levels, like those of the electrons in an atom. fhelear force, however, is
much stronger than the electromagnetic and heaasitions from one state
to the other are characterized by the emissionhotgns of much larger
energy-from a hundred keV to a few MeV. Such phstare called gamma-
rays [7].

When a nucleus decays by alpha particle emisgtoa,nucleus is
sometimes left in an excited energy state. It Ugudianges to a ground
state, or lowest energy state, emitting one or rgarama rays [13].

Often, gamma ray emission accompanies the emissfoa beta
particle. When the beta particle ejection doesriabthe nucleus of the extra
energy, the nucleus releases the remaining excesgyein the form of a

gamma photon.
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Gamma radiation is very high-energy ionizing radiat Because of their
high energy, gamma photons travel at the speedgbf bnd can cover
hundreds to thousands of meters in air before speritieir energy. They
can pass through many kinds of materials, includingan tissue [2]. Very
dense materials, such as lead, thick concretecamenonly used as shielding

to slow or stop gamma photons as shown in figu&c(l]2, 8].

- Gamma

- \\.\
() @ 3
Concrete |

Figure (1- 1) Penetrating ability for alpha, beta
and gamma [2]

1-3 lonization and Excitation

Radiation is often separated into two categoriesizing and non-
lonizing, to denote the energy and the danger efrddiation [5]. When
sufficient energy is absorbed by an electricallytred atom or molecule, an
electron may be ejected from it, leaving behindsitpvely charged residue.
This process-known as ionization, leads to the &vion of an ion pair.

In some cases the energy received either by awllier by radiation
absorption may not be sufficient to form an ionrp&he atom may then be
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left in a neutral, unionized but excited electrostiate. It is sufficient now to
note that an excited atom may radiate the excriagiwergy and return to its
original, undisturbed state of lowest energy, tiheugd state [14]. Many
forms of radiation such as heat, visible light, rowaves, or radiowaves do
not have sufficient energy to remove electrons flaoms and hence, are
called non-ionizing radiation [2].

lonization or excitation may occur when either atph or a charged
particle, such as an electron, a proton or an aiamacle, collides with an
orbital electron. This mechanism is of great imaoce in health physics
because it is the avenue through which energyaissterred from radiation
to mater. When living matter is irradiated, thenmary event in the sequence

of events leading to biological damage is eithaitakon or ionization [1].

1-4 Radiation Sources
The radiation comes from two sources: natural ockbeound

radiation and human-made radiation.

1-4-1 Natural or Background Radiation

Natural or background radiation is the radiation itesd by
radioisotope that exist on or inside the earthyal as radiation incident
upon the earth from outer space [3]. Natural bamkgd radiation comes

from two primary sources: cosmic and terrestriairses.

1-4-1-1 Cosmic Radiation
The earth, and all living things on it, are contihy bombarded by

high-energy particles that originate in outer spealéed cosmic rays. These
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cosmic rays interact with nuclei of atmospheric stdnents, producing a
cascade of interactions and secondary reactionuptedhat contribute to
cosmic ray exposure, which decrease in intensitth whe depth in the
atmosphere [15].

The cosmic ray consists of 87% protons, 11% al@réigles, about
1% nuclei with low atomic number, and about 1% tetets of high kinetic
energy. The cosmic rays have a high penetratingggnk® eV or more
[16]. The interaction of cosmic ray in the atmogeheroduces a number of
radionuclides called cosmogenic radionuclidesluding *H, 'Be, **C,
*’Na, etc [17].

The dose from cosmic radiation varies in differpatts of the world
due to many factors including differences in elemt the effect of the

earth's magnetic field and local differences imatier.

1-4-1-2 Terrestrial Radiation

Radioactive material is found throughoatune. It occurs naturally in
the solil, water, and vegetation [5].The primoraadionuclides whose half-
lives are sufficiently long to have survived in elgble quantities since the
formation of the earth, together with their radibaz daughters. The
primordial radionuclides can be divided into thdeat occur singly and
those that are components of chain series [18].

The major isotopes of concern for terrestrial radraare uranium and
its decay products, such as thorium, radium, artbrralLow levels of
uranium, thorium, and their decay products are doewerywhere. Some of
these materials are ingested with food and watdilewothers, such as

radon, are inhaled. The dose from terrestrial sssuv@ries in different parts



Chapter one Introduction

of the world. Locations with higher concentrati@fsuranium and thorium
in their soil have higher dose levels [5].

1-4-2 Human Made Radiation

Natural and artificial radiation sources are idegitin their nature and
their effect [5].

Humans are using the radioactivity for one hundyedrs, and
through its use, added to natural inventoriesarieunt is small compared to
the natural amount discussed above due to the Isalbitives of many of the
nuclides, and it demonstrate a marked decrease #echalting of above
ground testing of nuclear weapons [16].

Two important categories of artificial radionucledimclude those,
which appear in nuclear power plants from the disssf uranium and other
nuclear reactions, and the radionuclides and ldbedenpounds, which are
specially produced for application in various felof human activity. Large
varieties of radioactive nuclides are produced inute amounts in nuclear
research laboratories in the form of by productsnfithe investigation of
nuclear processes [19].

The most significant source of man-made radiatigposure to the
general public is from medical procedures, suai@gnostic x-rays, nuclear
medicine, and radiation therapy. Some of the mamopes would be 1-131,
Co-60, Sr-90, Cs-137, and others. In addition, memsof the public are
exposed to radiation from consumer products, ssctolaacco (polonium-
210), building materials, televisions, luminous evets and dials (tritium),

airport x-ray systems, smoke detectors (americieta), [5].
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1-5 Natural Uranium

Uranium is silver-white, lustrous, dense, natuveakly radioactive
element, was discovered in 1789 by the German tssidvl. H. Klaproth
[20].

It is present in all crystal and mantle rocks et amounts and it is
as essential constituents of about 100 mineralaviérage content in Earth’s
crust is about 3 mg.Kg

In this natural state, uranium consists of threetoiges: U-238
(99.27% by mass, with a half-life of 4.46XN@ar and a specific activity of
12.4 Bg.mg), U-235 (0.72%, half life: 7.03x2q/ear and specific activity
of 80 Bg.mg") and U-234 (0.0054%, half life: 2.44x19ear and specific
activity of 2.3x10 Bg.mg") [21,22]. About 48.9% of the radioactivity is
associated with U-234, 2.2% with U-235 and 48.9%hwWi-238. Uranium
decays into many finally ends up as stable (nooeadive) isotopes of lead
[20].

Some chemical fertilizer contains significant amsunf uranium
because of a relatively high content of this elemermphosphates that are
used in manufacturing the fertilizer. Uranium canitroduced into the soill
from fertilizer and is transmitted from plant andemce to food, and
subsequently to the human body [19]. Typical gusoaption rates for
uranium in food and water are about 2% for soluotd about 0.2% for
insoluble uranium compounds.

About 98% of uranium entering the body via ingestis not
absorbed, but is eliminated via the faeces. Ofuttamium that is absorbed
into the blood, approximately 70% will be filterdny the kidney and
excreted in the urine within 24 hours; this amount increases to 90% within a

few days. On average, approximately 90 micrograimsanium exist in the

q
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human body from normal intakes of water, food aindadout 66% is found
in the skeleton, 16% in the liver, 8% in the kideeyd 10% in other tissues
[23].

1-6 Health Effects of Uranium

The physiological behavior of uranium compoundsathels mainly on
their solubility. Soluble uranium is regulated besa of its chemical
toxicity, while insoluble (less soluble) uranium i®gulated by its
radiological properties. But because of its slowaaption through the lungs
and the long retention time in the body tissuaspitimary damage will be to
its radiological damage (risk of cancer death)nternnal organs rather than
the risk of significant chemical damage to the feyatem [24].

Inhalation of uranium dioxide particle forming radctive hot spot in
the lung, this might cause cancer years later.

When ingested, uranium might be concentrated withan bone; it
increases the probability of bone cancer, or in thd bone marrow
(leukemia). Uranium also resides in soft tissuetutiing gonads increasing
the probability of genetic health effects includihg berth defects [25].

The kidney is considered the target organ for wmanichemical
toxicity, which cases irreversible damage to theénky and the growth of
tumors. A large quantity of uranium in the kidnenampair renal function.
The main acute effect of inhalation of soluble uwam compounds is
damage to the renal system and the long-term mhteese compounds in
the body is the bone [24].

Due to all what is mentioned above, there are nmartgtanding signs

and symptoms that may result from uranium (somehem based upon
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animal studies) as a systemic chemical toxicanh sag headaches, cold
sweat, hypertension, anemia, diarrhea, insomn@adbitis, renal disorder
(may increase the infectious diseases), focal secad the liver, lymph nod

fibrosis, loss of the body weight, low birth eight, skeletal

abnormalities, and others [24, 25].

1-7 Chain-Series of Radionuclides

There are three chains of naturally radionuclidsature, these are:

1-7-1 Thorium Series

Thorium series starting with Th-232 which is anhaparticle emitter
of half-life 1.41 x 18° years and ending with stable Pb-208. The atomic
mass number of Th-232 is exactly divisible by 4c8iall disintegrations in
the series are accomplished by the emission oéredéh alpha particle of 4
atomic mass units, or a beta particle of 0 atomassrunits, it follows that
the mass numbers of all members of thorium sereegxactly divided by 4.
This series, therefore, is called the (4n) serig&€]. The thorium series

consists of 13 isotopes shown in table (1-1).

1-7-2 Uranium Series

Uranium series starting with U-238 which is an algarticle emitter
and ending with stable Pb-206. The uranium ser@ssists of isotopes
whose numbers are divided by 4, and leave a remaioid2. This series,
therefore, is called the (4n + 2) series [1,26]e Tinaniumseries consists of

20 isotopes shown in table (1-2).

AR
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1-7-3 Actinium Series
Actinium series is called the (4n + 3) series stgrwvith U-235 which
is an alpha-particle emitter and ending with stdide207 [1,26], This series

consists of 15 isotopes shown in table (1-3).

Table 1-1 Thorium (4n) series [27, 28, 29]

- : Gamma
Principal . Particle energy
, Half-life (T, G
sotope decay mode | 2 fte (T) (keV) ?Qteerr%é/ ((3%))
23;90Th Alpha 141X1010y 4010 —_—
288 Ra Beta 3.7y ¢0
3384 - 11.4
?2%0AC Beta 6.13 h 1110 011 - 277
969.1 - 16.6
2 eTh Alpha 191y 5430 84 - 16
**’seRa Alpha 3.64d 5680 2409 - 3.9
220 RN Alpha 55.3 sec 6290 -
216, Po Beta 0.15 sec 6780
21685At Alpha 3x10*sec 7790
212, b Beta 10.64 h 350 o0 3
727 - 75
sty 7854 - 1.2
3B Beta 6.06 m 6050 1080 - 10
1620 - 10
217 po Alpha 3x107 sec 8780
280 - 3
510 - 8
20Tl Beta 3.1m 1800 583.1- 85.7
860.5- 12
2614.5 - 99.7
208 _Ph Stable

VY
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Table 1-2 Uranium (4n + 2) series [27, 28, 29]

Isotope FAMEEE | s s ) | (PEIIEE ORETEY en%?grng?eV)
decay mode (kev) - Intensity (%)
23 ,U Alpha 45x10°y 4180
234 63.2 - 43.8
%0 Th Beta 24.1d 190 923 - 27
928 - 29
24ms.Pa Beta 1.18 m 2310 o0 - 0.
43
234,.Pa Beta 6.66 h 500 800
and others - weak
24U Alpha 248x10°y 4760
23090Th Alpha 7.6><104y 4690 oth2r7$ - ;/erg'\?veak
2 sRa Alpha 1620y 4780 1862 - 3.2
2220 RN Alpha 3.83d 5490
21t Po Beta 3.05m 6000
21E LAt Alpha 1.3 sec 6690
28RN Alpha | 1.9x10%sec 7127 610 - veryweak
2419 - 9
258.7 - 0.5
214 295.2 19.7
52 Pb Beta 26.8 m 650 3142 - 07
3519 - 389
7859 - 1.1
others weak
389.1 - 04
609.3 - 433
6654 - 1.2
214 o 7683 - 5
g3 BI Alpha 19.7m 5500 11202 - 157
1238.1 - 59
1746.4 - 17
2264.2 - 4.9
others weak
214 2Po Alpha 4x10* sec 3200
S Beta 1.3 m 7680 Several - very weal
21 Pb Beta 22y 1990 47 - 5
21t Bi Alpha 5.01d 20
21 Po Alpha 138.4 d 4700 820 - 0.00001
20t Tl Beta 4.3 m 1570

VY
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| ®pPb | -~ | Stable | | H
Table 1-3 Actinium (4n + 3)series [27, 28, 29]
. . . Gamma
Isotope dPrlnC|paI Half-life Particle energy energy (keV)
ecay mode (Tw) (keV) - Intensity (%)
143.7 - 10.9
235U Alpha 713x10°y 4180 igg? ) 525
2053 - 5
231 2 - 7
90l h Beta 25.64 h 300 61 - 16
231, Pa Alpha 325x10°y 5000 NI
“2TgAC Alpha 21.2y 4940
236 - 11
221,Th Alpha 18.17 d 5970 256.2 - 6.7
others - weak
50 - weak
23 Fr Beta 22'm 1150 N
310 - =
120 - 2
- 140 - 4
8R3 | Alpha 11.68 d 5710 | w0 T 35
320 - 23
340 - 28
29Rn | Alpha 4.0 sec 6820 | 20 T %
3P0 Alpha 183x10° sec 7380
7 sAt Alpha 10™ sec 8000
400 - 6
2HePb Beta 36.1m 1400 430 - 6
830 - 13
“HeBi Alpha 2.15m 6620 350 - 13
211 Po Alpha 0.52 sec 7450 | 200 o we
Tl Beta 4.78 m 1440 870 - 05
207,Pb Stable

V¢
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It will be noticed that one series (4n +1) is mgsithat is, it does not
occur naturally. The missing series consists oibtive isotopes which all
have half-lives much shorter than the age of ththgd.5 x 16) years and
so, although the chain would have been present thféeeformation of the
earth it has now decayed to unmeasurably smallgptiops. It is known as
the Neptunium series which starts with Pu-24dd ends with stable
Bi-209 [26].

1-8 Depleted Uranium

Depleted uranium (DU) has only been available satmsut 1940. The
uranium remaining after removal of the enrichectticm contains about
99.79% U-238, 0.2%~0.3% U-235 and 0.001% U-234 kasanthis is
referred to as DU.

The main difference between DU and natural uranignthat the
former contains at least three times less U-235 tha latter. U-238 has a
longer half-life than either U-235 or U-234 andist present in a much
greater abundance in natural and DU than U-235-8841 The number of
alpha particles produced per year in one millig@matural uranium from
the decay of U-238, U-235 and U-234 may be caledlab be (3.9 x 19),
(1.7 x 13% and (3.9 x 18) respectively [30].

DU has a specific activity of 14.8 Bq.fhgvhich is approximately
60% that of natural uranium (25.4 Bg.mgvith the same massie to the
partial removal of U-234 and U-235, but the behawab natural uranium
and DU in the body is identical radiologically actiemically [23].

Due to the partial removal of the most enrichedcttican in DU,

gamma-ray spectrum of DU containing limited phoeas comparing with

Yo
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gamma-ray spectrum of U-238 and U-235, where itlingised energies for

gamma-rays as shown in table (1-4) [31].

Table 1-4 Gamma energies for DU [31]

Isotope Energy (keV)
U-238 93
Pa-234 750,1005
U-235 143,185,205

1-9 Interaction of Gamma-ray with Matter

Gamma-rays interact with matter in several waypedding on their
energy. Ordinarily, only three important procesases taken into account,
these are the photoelectric effect, Compton effaet] the pair production
[32].

1-9-1 Photoelectric Effect

The photoelectric effect is an interaction betweemphoton and a
bound atomic electron. As a result of the intetagtihe photon disappears
completely and one of the atomic electrons is epe@s a free electron,
called the photoelectron [3]. Generally, the phowiti interact with the
innermost or K-shell of the atom provided thatstanergetic enough to
ionize the K-shell [26].

In this reaction, energy of the photon,)(Eminus binding energy
of the electron (BE), is given to théee electron as a kinetic
energy (T) [3]. This reaction is pictured schenalhcin figure (1-2).

If the electron, which is free from the originaloat, is an inner
electron, an outer electron will take its place.Aray will be emitted with

energy equal to the difference in binding energtheftwo electron levels.

1
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This x-ray may act like a gamma-ray and free arcteda from
another atom by the photoelectric effect, and tteegss will be repeated
until all the x- rays have too little energy todrany other electrons [32].

Photon Photoelectrron
N NN N S + — PU:I;EVE + 'E_
T= ET -BE

Figure (1-2) Photoelectric effect [3]

The photoelectric effect is stronger for lower ggyegamma-rays and
for absorber materials of high atomic number [ZB}e result of a single
gamma ray causing the photoelectric effect is thlesge number of ionized
atoms, each with outer electron removed, and aelangmber of free

electrons.

1-9-2 Compton Scattering

Compton scattering is an interaction between gamays-and free or
only weakly bound electron [9, 26]. In this proges® incoming gamma-
ray photon is deflected through an an@lewith respect to its original
direction. The photon transfers a portion of itergly to the electron and is
scattered at a lower energy, which is then knowa @ecoil electron. This is
illustrated in figure (1-3).

Because all angles of scattering are possiblestieegy transferred to
the electron can vary from zero to a large fracbbthe gamma-ray energy
[4, 33].

AR%
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The expression, which gives the interaction, casibmply derived by
writing simultaneous equations for the conservatioh energy and
momentum. Using the symbols defined in the ske&tbvin, we have [33]

ho = ho /[1 + (ho/m.c?) (1- cos 6)] ... (1-3)
Where, ngc? is the rest mass energy of the electron (0.511 MeV

Scattered Photon
[E = hu)

Incident Photon
[E = hu]

Electron

Eecoil Electron

Figure (1-3) Compton scattering of a gamma-ray [33]

Two extreme values are important in Compton saageil he first is
the minimum energy of the scattered gamma-raydbatirs at a scattering
angle® = 180. This minimum of gamma-ray energy is often caltbd
backscattered gamma-ray and its energgé({Egiven by:

E \sc = (MoC/2)/ [1+ (MoC/2)/E,] ... (1-4)
From equation (1-4) it can be seen that the enefgihe backscattered
gamma-ray cannot exceed 0.255 MeV even for veri kigergy incident
gamma-rays.

The second extreme value of interest is the enefgthe electron
recoiling atg = O, often termed the Compton edge energy4E This
forward scattered electron accompanies the b&@kscattered gamma-ray
since there can be no transverse component of mtamen this case and its

energy is easily found from conservation of endage
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Eece = Ep/ [1+ (MCY2)/E,] ... (1-5)
From equation (1-5) it can be seen that the Comptlye energy is always
less than the incident gamma-ray energy. The pililyalof Compton
scattering depends upon the number of availableKlebound) electrons
as well as on the cross-section and so it increasis both the atomic

number of the scatter and the incident gamma-raygs26].

1-9-3 Pair Production

Pair production is an interaction between a phoama nucleus
coulomb field. As a result of the interaction, tipdoton disappears
completely and an electron-positron pair appedttspagh the nucleus dose
not undergo any change as a result of this intera¢3].

This reaction is only energetically possible pr@ddhat the gamma-
ray energy exceeds twice the rest mass energy agquivof the electron
(1.022 MeV) [32].

The positron will, after being slowed down to restnihilate with the
nearest available electron and so release two gamwynguanta each of
0.511 MeV as shown in figure (1-4) [34].

Photon

[hu 3 1.022 MeV)
O O \ {hu = 0.511 Me¥)
r,f”fg:,

(hu = 0.511 HeV]

Nucleus Nucleus

Figure (1-4) Pair production [3]
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The probability of pair production is zero for gaaxmays with energy
below 1.022 MeV, but it increases rapidly with therease of energy above
this threshold as shown in figure (1-5). So forrh@nergy gamma-rays, pair
production is much more probable than either Compsgattering or
photoelectric effect. Both the positron and elattwall cause ionization by
scattering with atomic electrons until they havst lmost of their kinetic
energy [32,33].

1022 keV

Probability

E-\‘.-

Figure (1-5) Probability of pair production as a function
of gamma-ray energy [3]

Thus, the pair production is a process by whicimgle high-energy
gamma-ray may be converted into lower energy gamays-and also cause

lonization [13].

1-10 Entry of Radionuclides into the Body
Radionuclides may enter the body by iatiah, ingestion, or through

intact or wounded skin.

1-10-1 Inhalation
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Radioactive gases may enter the body by inhalati@uid or solid
radioactive compounds inhaled in the form of ad$@mve a number of
possible fates depending on their physicochemiczlgrties [35].

A part of that inhaled will be deposited in thepigatory tree and the
remainder exhaled. The portion deposited in thesupgspiratory passages
may be expelled by ciliary action into the gasttestinal tract, and the
portion deposited in deeper portions of the lungs/ he completely and
rapidly absorbed if it is transportable. If it ismtransportable, it will be
partially eliminated and partially absorbed at aowsl rate. The
transportability of inhaled material is related garticle size and perhaps
shape, to the individual's dimensions and physilagd to the chemical

nature and reactions of the radioactive compound.

1-10-2 Ingestion

When person ingests a radioactive substance, ifiaterial is non-
transportable, most of it will traverse the gastrestinal tract and emerge in
the faeces. If the material is transportable, aigant fraction will be
absorbed into extracellular fluid, mainly during gassage through the small
intestine. Extracellular fluid is the chief vehicley which transportable
materials are transferred from one part of the bodgnother. A portion of
the radionuclides in extracellular fluid will be @rted by kidney, liver,
intestine, skin, or lung and the remainder willdeposited in any organs or

tissues for which it has a special affinity.

1-10-3 Intact or Wounded Skin
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Intact skin provides an effective barrier agaitist entry of most
radioactive materials into the body. Exceptiong@Ectical importance are
the absorption through intact skin of tritium oxide liquid or vapour and
lodine as vapour or in solution.

When skin is broken, punctured or abraded, radvacdubstances
can penetrate to subcutaneous tissues and theneatrcellular fluid,
rapidly in the case of transportable compounds, glodly in the case of
non-transportable compounds. Figure (1-6) illussathe pathways of

radionuclides in the body [36].

Ingestion
Inhlation
~= Exhalation
| Lung N
k - *1 Lamph
- Modes
-
B A 1 1 | Subcutaneous |+ Wound
] Tizsue ™=y
- 1 Extracellular +H Sweat
) Fluid
o -
- Organs c
< . Of £l
i D eposzition o
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Bile [—— -
‘\' % Liver Kidney
Faeces Urine

Figure (1-6) Principal pathways of radionuclides inthe body [36]

1-11 Behavior of Irradiative Particles in the Body
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The solubility of radioactive particles determiriles rate that particles
move from the site of internalization (lung for alation pathway, gastro-
intestinal tract for ingestion pathway) into theoddd stream and can be
stored in the bone, lymph, liver, kidney, or othissues [37].

The behavior of the irradiative particles in thenmfan body is
classified according to their dissolubility as smow table (1- 5) [38].

Table 1-5 Classification and behavior of irradiative particles in the
human body [38]

Dissoluble Particles Indissoluble Particles
particles behavior percent particles behavior percent
Eliminate outside the 25% Expulsion outside the 25%
body body
Precipitation in the upper 50% Precipitation in the upper 50%
respiratory tracts, then respiratory tracts, then
travel to the larynx and travel to the larynx and
swallow through 24 hour swallow through 24 hour
Decaying and absorbing In  25% Precipitation in the lower 12.5%
the body liquids respiratory tracts, then
travel to the larynx and
swallow through 24 hour
Precipitation in the lower 12.5%
respiratory tracts, then
remove by the biological
operations of the body

1-12 Radioactivity in the Human Beings

In addition to the cosmic and terrestrial souredispeople also have

radioactive isotopes inside their bodies from bjish
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Potassium-40 (K-40) is the primary source of radmtfrom the
human body for two reasons. First, the (K-40) cofradion in the body is
fairly high (about 2 pCi per gram of soft tissuSgcond, when it decays 89
% of the events give rise to the emission of a befavith maximum energy
of 1.33 MeV. The other 11 % of the decays produagamma ray with
energy of 1.46 MeV.

Most of (K-40) gamma-rays escape from the bodyther words, the
body emits close to 20,000 gamma-rays per mina ffK-40). The vast
majority of the beta particles that (K-40) emitsmlut escape the body. (K-
40) content of the body can be obtained from itsunah abundance of
0.0117% of potassium which has a specific actiaty(30.5 Bqg/g). The
potassium content of the body is 0.2%, so for &g éan the amount of (K-
40) will be about 4.26 kBq [39].

The second important radionuclide is U-238 wherghée regions that
have natural activity, its average activity whiekes from the body by foods
is about (5 Bq) in year, and its activity concettra in the human body is
about (0.15 Bg/kg) in the bones and (5%B@j/kg) in the fresh tissues.

The Th-232 radionuclide is concentrated in the Bomed increases
with age. Its activity concentration is about (4%¥18q/kg) in the bones and
(3x10"Bg/kg) in the fresh tissues [17].

There are many other radionuclides in the humary lbod these are
either present at low levels (for example, Ra-ZAi6214, Po-210, etc.) or
they do not emit gamma-rays (for example, H-3 arhi[39].

1-13 Sensitivity of Tissues to Radiation
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The sensitivity of acceptable tissues to the ramhadiffers according
to the tissue kind, where the slow growth tissueslass susceptible and
most resistance to the radiation as follows [40]:

1- Lymphoid cells (most susceptible).
2- Epithelial cells of small intestine.
3- Hematopoietic cells.

4- Germinal cells.

5- Epithelial cells of skin.

6- Connective tissue cells.

7- Cartilage and growing bone cells.
8- Cells of brain and spinal cord.

O- Cells of skeletal muscle and mature bone.

1-14 Biological Elimination Process

The body has defense mechanisms against many tfpdamage
induced by radiation. An isotope which is tightlgumd inside the body will
essentially decay with physical half-life (time five radioactivity to decay
to half its original value), while a long lived ispe excreted quickly will be
removed with a biological half-life (time requiréar an organ, tissue or the
whole body to eliminate one-half of an administergdantity of any
substance by regular process of elimination) [2].

For most radioisotopes, the rate of rejection ispprtional to the
amount of the isotope in the body. A radioisotapeejected by the body at a
rate that depends upon the chemical propertieseoEkements. All isotopes
of the same element are rejected at the samewh&ther they are stable or

not as shown in table (1-6) [3].
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Table 1-6 Biological half-lives for certain naturalisotopes and their
localization in the human body [41]
1-15 Review of Previous Studies

There are many studies have been pertbrtoeinvestigate and
measure the concentrations of radioactive elementsological samples
(tissues, bone, blood, etc.) by using differenthtegues, some of these
studies are abstracted as follows:

A study has been presented by Welford & Baird i6718 measure the
concentrations of uranium in human bones and tsageg CR-39 nuclear
track detector to record the tracks of fission fnegts, produced in the
reaction®®®U(n, f) by bombarding the samples with neutronstmifrom
neutron source. The concentration of uranium inelsand tissues was (0.12
ppm) [42].

The studies that reviewed by Picer & Strohal in 8% determine the
concentrations of uranium and thorium in the biatagsamples, included:
bones, blood and urine by using neutron activasinalysis. The results of
the analysis of uranium and thorium contents foriouss samples were
(4.1x10"%m/kg) and (2.3x1¢gm/kg) for grind bones respectively, (5X£0
gm/mol) and (5x18°gm/mol) for blood respectively, (3.1xifym/mol) and
(7.4x10"gm/mol) for urine respectively. As well as, thetars measured
the gamma-ray emission of protactinium-233 and ur@pitn-239 by using

Nal(Tl) scintillation counter [43].

Isotopes |  Target Blolli?glgjﬂ)galf- Isotopes| Target Blolli?glgjzll)galf-
U Kidney 15 Pb Kidney 531
Th Bone 73000 Bi Kidney 6
Pa Bone 73000 Tl Kidney 7
Ra Bone 16400 Ac Bone 73000
Po Spleen 60 K Total Body 58
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The studies have been reviewed by Nozaki, et 39#0 to determine the
concentrations of uranium in the bones of normgladase by neutron
activation analysis technique using tR&U (n, y)*%U reaction. The
concentrations of uranium ranged between (0.1-1) pft].

The studies that presented by Hamilton in 1970 ébernine the
concentrations of uranium in natural blood byngsthe delayed neutrons
detection technique, where the average concearatas (0.84 ppb) [45].

A study has been attempted by Hamilton in 1972 étemnine the
concentrations of uranium in human tissues and ®bgeausing the neutron
activation analysis technique. The values of cotraéinns were between
(0.16-0.6 ppb) in tissues, and (6.94 ppb) in bgAa6k

The research has been estimated by Koul & Chaddarnol979 to
measure the concentrations of uranium in the wh@ed and plasma for
healthy people and others injured by leukemia usihg track etch
technique. The concentrations for healthy peophged between (0.35-0.6
ppb) in whole blood, and (0.11-0.82 ppb) in plasiar. casualty peoples,
the concentrations ranged between (1.5-87 ppbhwlevblood, and (12-180
ppb) in plasma [47].

The studies that reviewed by Parshad & Nagpaul9®01to determine
the concentrations of uranium in natural blood winlan by using track etch
technique, where the concentrations ranged bet@e88-1.79 ppb) [48].

The studies have been attempted by Igarashi, iat 85 to determine
the concentrations of the natural uranium in tissaed bones samples for
Tokyo city people by thermal neutrons irradiatiorethod using mica
detector. The lung tissue had the higher averageectdration of uranium
which equaled to (170x2@pm), and then the tissue of each of bone, heart,
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muscle, kidney, liver cerebrum and spleen which reached
(85x10°, 49x10°, 43x10’, 34x10’, 24x10’, 15x10°, 13x10" ppm)
respectively [49].

The studies that presented by Singh, et al in 1@8@etermine the
concentrations of uranium in some vertebrate fdssiles that they used the
alpha-autoradiographic method by using fission kraechnique. The
concentrations of uranium ranged between (12.085@pb) [50].

The studies that reviewed by Segovia, et al in6188 determine the
concentrations of uranium in whole blood and plasaraples from a group
of radiation exposed workers and another of leukgpatients by using the
track etch technique. The mean uranium conceniratoy the worker
population was (0.98 ppb) in whole blood and (1ppb) in plasma. For
leukemia patients, the mean uranium concentratias (&.71 ppb) in whole
blood and (1.79 ppb) in plasma [51].

The studies have been reviewed by Reitz in 199&ntmw the effect
range of space radiation which absorbed by theespameers with deadly
cancer diseases, and studied the possibilitiesetiuce this effect by
increasing protection shielding thickness iasidhe spacecraft of
between (1-30 cm), and this will still be very simal comparison with
atmosphere thickness (~10 m water equivalent) ghatect the earth from
reaching these rays [52].

The research has been estimated by Al-Timimi in02@0 measure the
concentrations of depleted uranium in the humandknd tissues by using
CR-39 nuclear track detector. The concentrationged between (0.041-
0.073 ppm) in the blood and (0.039-0.046 ppm) enttbsues [53].
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A study has been presented by Hussein in 2001 terrdme the
concentrations of depleted uranium in human tissinesbones samples by
CR-39 nuclear track detector to record the tradkfission fragments by
using the irradiation method. The concentrationdegleted uranium in the
selected samples ranged from (0.11-1.94 ppm) [54].

A study has been attempted by Ibraheem in 2003 eterchine the
concentrations of depleted uranium in the injurednan tissues by using
CR-39 nuclear track detector, where the concenfratiobtained ranged
between (0.031-0.6 ppm) and the average concenmiratas (0.044 ppm)
[55].

A study has been presented by Al-Rubaii in 2004détermine the
concentrations of depleted uranium and investigage radionuclide in
biological samples; lung, kidney, stomach and caloliected before and
after the &' gulf war from cancered human living in Baghdad aweitjh-
boring cities by CR-39 nuclear track detector ughegnatural exposure and
irradiation method. For samples collected before, \Wlde mean depleted
uranium concentrations measured by natural exposwtod for ovary,
lung and kidney were (0.084 ppm), (077 ppm) an@a®.ppm) respectively
and the mean concentrations measured by irradiatiethod for the same
samples ware (0.094 ppm), (0.094 ppm) and (0.073) prespectively.
While, for samples collected after war, the meamceatration measured by
natural exposure were (0.976 ppm), (0.884 ppm) &WF96 ppm)
respectively and the mean concentrations measweddduliation method
were (0.991 ppm), (0.817 ppm) and (0.749 ppm) spdy. In the second
part many radionuclides were investigated by udiad(Tl) detector. These
nuclides included; K-40 having the highest speditivity, P-234 and U-
235 giving evidence about depleted uranium, presen€s-137 and Cs-134
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industrial radionuclides, Bi-214 short live decagguct of Rn-222, Ac-228,
TI-208 and Pb-212 [30].

1-16 Aim of Present Study

The purpose of the present work is to detect analsare the specific
activities of radionuclides in certain samples @ncerous tissues that
excised from Baghdad city patients by using spketmalysis technique for

gamma-ray with Nal(Tl) detector.
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2-1 Introduction

The biological effects of radiation are terms iritheffect on the
living cells. These effects depend on the typesatlf the amount and type of
radiation. Consequently, biological effects of edidin on living cells may
result in three outcomes: (1) injured or damagéets cepair themselves,
resulting in no residual damage; (2) cells die, much like millions of body
cells do every day, being replaced through norn@bgical processes; or
(3) cells incorrectly repair themselves resultingibiophysical change.

High doses can kill so many cells that tissues@gdns are damaged
immediately. This in turn may cause a rapid whaobel\bresponse often
called acute radiation syndrome. The higher ramhatiiose, the sooner
effects of radiation will appear, and the higheoljability of death. This
syndrome was observed in many atomic bomb surviwerd945 and
emergency workers responding to the 1986 Chernobgllear power plant
accident [56].

All people are chronically exposed to backgrounetle of radiation
present in the environment. Many people also recadditional chronic
exposures or relatively small acute exposures. géguulations receiving
such exposures, the primary concern is that ratiatould increase the risk
of cancers or harmful genetic effects. The proligtbdf a radiation-caused
cancer or genetic effect is related to the totaloammh of radiation
accumulated by an individual. Based on currentndédie evidence, any
exposure to radiation can be harmful (or can irsgethe risk of cancer);
however, at very low exposures, the estimated asa® in risk are very
small. For this reason, cancer rates in populatiensiving very low doses
of radiation may not show increases over the rdtas unexposed

populations [57].
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2-2 Exposure and Risk

Radiation and radiation emitters (radidilés) can expose the whole
body (direct exposure) or expose tissues insidebtty when inhaled or
ingested.

The health effects of alpha particles depend hgaupon how
exposure takes place. External exposure is ofefss toncern than internal
exposure, because alpha particles lack the energgrtetrate the outer dead
layer of skin. However, if alpha emitters have barhaled, ingested
(swallowed) or absorbed into the blood stream,igeadiving tissue can be
exposed to alpha radiation. The result of biologd@mage increases the
risk of cancer; in particular, alpha radiation rolvn to cause lung cancer in
humans when alpha emitters are inhaled [2].

External exposure to beta particles iszald, because emissions from
strong sources can redden or even burn the skaweker, emissions from
inhaled or ingested beta particle emitters aregtieatest concern. Because
they are much smaller and have less charge thdma gharticles, beta
particles generally travel further into tissues.aAsult, the cellular damage
Is more dispersed [14].

Both external and internal exposure to mannays or x-rays is of
concern. Gamma-rays can travel much farther thphaabr beta particles
and have enough energy to pass entirely throughbtudy, potentially
exposing all organs [2].

The types of effects and their probability of ocence can depend on
whether the exposure occurs over a large parpefson's lifespan (chronic)

or during a very short portion of the lifespan (@gu57].
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2-2-1 Chronic Exposure

Chronic exposure is continuous or intermittent expe to low levels
of radiation over a long period of time. Chronigesgure is considered to
produce only effects that can be observed some fotlewing initial

exposure [57].

2-2-2 Acute Exposure

Acute exposure is exposure to a larggglsidose of radiation, or a
series of doses, for a short period of time. Largate doses can result from
accidental or emergency exposures or from specedical procedures

(radiation therapy) [57].

2-3 Interaction of Radiation with Cells

lonizing radiation affects people by depong energy in body tissue,
which can cause changes in the chemical balancelld67].

Radiation is thus seen to produce biological effégt two
mechanisms, directly by dissociating moleculesofeihg their excitation
and ionization; and indirectly by the production v€e radicals and
hydrogen peroxide in the water of the body fluitls [

2-3-1 Direct Action

The complex molecules making up living organisnmes @mposed of
long strands of atoms forming proteins, carbohyaraind fats. They are
held together by chemical bonds involving sharettebns. If the ionizing
radiation displaces one of the electrons in a cbahtiond, it can cause the

chain of atoms to break apart, splitting the longlenule into fragments, or
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changing its shape by elongation. This is an ungluof the complex
chemical bonds so carefully structured to suppadt @erpetuate life.

The gradual breakdown of these molecular bondsralestthe
templates used by the body to make DNA and RNA (tifermation-
carrying molecules in the cell) or causes abnogelldivision. The gradual
natural breakdown of DNA and RNA is probably thduwar phenomenon
associated with what we know as ageing. It occuaguplly over the years
with exposure to natural background radiation frdhe radioactive

substances which have been a part of the eartdlfknown ages [58, 59].

2-3-2 Indirect Action

Most of the body is water, and most of tlrect action of radiation
therefore is in water. lonization of water molesutause them to split by a
process called radiolysis

Radiation + HO = H,O" + € .. (2-1)
while the electron is picked up by the natural raole
H,O + e = H,O .. (2-2)

The net products of radiolysis of water molecuesthe formation of
highly reactive free radicals (a free radical mgiment of a compound or an
element that contains an unpaired electron) as shofigure (2-1a) [14]

H,O" = H" + OH ..(2-3)
H,O =H + OH .. (2-4)
The ions H and OH are of no consequence, since all body fluids
already contain significant concentrations of bdtiese ions. The free

radicals H and OH may combine with like radicals to form gaseous

hydrogen and hydrogen peroxide respectively [60]
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H +H =H, ... (2-5)
OH + OH = H,0, ... (2-6)

The hydrogen peroxide, being a relativaigble compound, persists
long enough to diffuse to points quite remote fritw@ir point of origin. The
hydrogen peroxide, which is a very powerful oxidgiagent, can thus affect
molecules or cells that did not suffer radiatiomdge directly.

The hydrogen radical may combine with oxygen torfahe hydroperoxyl
radical which is not as reactive.
H + O, = HO, .. (2-7)

This greater stability allows the hydroperoxyl @aito combine with

free hydrogen radical to form hydrogen peroxideye¢by further enhancing

the toxicity of the radiation [1].

The free radical OHnay combine with nearby organic molecule R-H

to form organic free radical (R
R-H + OH =R + H,0 ... (2-8)

Organic free radical (R has high reactive ability to combine with
other molecules in cell and inactivate it.

Any two nearby organic radicals may decay, and thmaking an
additional chemical links called cross links. Théisé&s will decrease the
viscosity of the medium. By increasing these litke radiated medium
gradually converts to gelatinous medium [39]. FguR-1) shows the
radiation effects on (a) Cells; (b) Chromosome; @)dNA molecule [59].
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Figure (2-1) Effects of radiation in (a) Cells, (b) Chromosome,
and (c) DNA molecule[59]

2-4 Biological Effects of Radiation

The biological effects of radiation divide into dwgroups: somatic

effects, which affect the irradiated person andegjeror hereditary effects,

which affect the descendants of the irradiatedviddial. Genetic effects are

those related to the transmission of harmful héaeglinformation from one

generation to the next [3].

The effects are also divided into two categoneterms of the period

between irradiation and appearance: short andtkenng effects.
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2-4-1 Long-term Effects

Long-term effects may appear as a result of arcbrtow-level
exposure over a long period. These include geré#iicts and other effects
such as cancer, precancerous lesions, benign tuoatesacts, skin changes,
and congenital defects [61].

Evidence of injury from low or moderate doses dafiaion may not
show up for months or even years. For leukemiarimemum time period
between the radiation exposure and the appearahaBsease (latency
period) is 2 years. For solid tumors, the latenesiqal is more than 5 years
[57].

2-4-2 Short-term Effects

Short-term effects may appear as a result of aneaictadiation.
These include both immediate and delayed effecigh Hevels of acute
radiation exposure can result in death within a fesurs, days or weeks
[61].

An acute exposure, if large enough, it can cau$erdnt health
effects depending on the amount and the time tetarfsexposure as shown
in table (2-1) [2].

2-5 Radiation Induced Cancer

A long-term somatic effect is the damadealls that are continually
reproducing. These cells are the most sensitiveatiiation because any
changes made in the parent cell's chromosome wteuatill be transmitted
to its daughters [60].
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Table 2-1 Health effects due to different amounts of acute

Yoeoo

loss of consciousness

exposures [2]
24gles il Health Effects Timeto Onset
(rem)
5-10 changes in blood chemistry
hours
X nausea
00 fatigue
R vomiting 2-3 weeks
Vo hair loss
A diarrhea _
within
Yoo hemorrhage 2 months
£ death from fatal doses
destruction of intestinal lining
Yoo internal bleeding 1-2 weeks
death
damage to central nervous
system minutes

death

hours to days

Also, radiation can affect the delicate chemistfythee cell causing
changes in the rate of cell division or even thetmetion of that cell.

An event which causes a somatic cell to behavehis way is called a

mutation.

The mutations in the reproductive cells translaie damage effects

into future generations. However, a mutation in @natic cell has

consequences only for the individual.

If the mutation in the somatic cell increases tite of its reproduction
in an uncontrolled manner, then the number of dergtells may increase
rapidly in that area. In this case, daughter catks often divided before

reaching their mature state. The result then is\am increasing number of

YA




Chaptiter two Biological effects & detector

cells that have no beneficial function to the boggt are absorbing body
nutrition at an increasing rate. The tissue cowuld be called a tumor [62].

If the cells remain in their place of origin and dot directly invade
surrounding tissues, the tumor is said to be beniigthe tumor invades
neighboring tissue and causes distant secondawtlggqcalled metastasis),
it is known as malignant or cancer. Whether itaislff or not depends on the
tissue in which it is located, how rapidly it grqwand how soon it is
detected [63].

2-6 Gamma-ray Detectors

All nuclear radiation detection is based on theriattion of radiation
with matter. The detection methods are in genesgktl on the process of
excitation or ionization of atoms in the sensitwa@ume of the detector by
the passage of charged particles [4].

The types of gamma detectors of greatest intéoestafeguard work
are the gas-filled tube, the sodium iodide (Nal)intdtation and
semiconductor detectors [16]. The methods of gamayanteraction with
matter were discussed in detail in chapter oneeHee will discuss the

Nal(Tl) detector used in some detail.

2-7 Scintillation Counter

The scintillation counter is comprised of two maomponents:
firstly, a scintillator that absorbs incident ratha and converts the energy
deposited by ionization into a fast pulse of lighhd, secondly, a

photomultiplier. This second component convertditiig pulse into a pulse

Y4



Chaptiter two Biological effects & detector

of electrons and also amplifies the electron pblge very large factor by
means of a sequence of secondary emission stapje [26

2-8 Scintillation Mechanism in Inorganic Crystals with

Activators

When an ionizing particle loses its egdrgthe scintillator it excites
electrons from the valence band across the forbid@g to the conduction
band. These electrons rapidly return to the vaearieift in the valence band
and in so doing the cause emissions of quantalof |B].

If the scintillator is a crystal of pure sodium idd, the emission of
guanta of light is in the ultra—violet region ofetlspectrum as shown in
figure (2-2a). Light of this wavelength, around 2@, would be strongly
absorbed by the sodium iodide it self since thenjua energy matches the
band gap energy. The emitted light can therefoalimorbed by raising an
electron across the gap and, since radiationlagsitions are also likely to
occur, returning the electron to the valence banthout emission of
radiation, the number of quanta escaping from thetidator will only be
small, so a crystal of pure sodium iodide is noitatlle for use as a
scintillator. It is therefore necessary to creatarga of visible light with
minimal losses [26].

To achieve the production of visible light, a feargent of thallium is
included in the solution from which the crystalgeown so that thallium
Impurities occur within the crystal [33].

The purpose of these impurities is to create inggliate energy levels
within the forbidden gap. Electrons returning frdme conduction band can

now break their return at these intermediate enkengsls and so emit quanta
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of light of lower energy and longer wavelength,saswn in figure (2-2b)
[26].

Conduction band

w200 nm f— —
b == 400 nm
e

Valence band

(a) (b)

Figure (2-2) Electron energy levelsin (a) Pureand
(b) Thallium doped sodium iodide [26]

2-9 Mechanism of the Scintillation Counter

When a gamma ray interacts with scintillation caydight is released
by the process previously described.

The photons of light are transmitted through tlengparent crystal
and are directed upon the photosensitive cathod®tgpathode) of a
photomultiplier tube. This light will eject one orore electrons by the well-
known photoelectric effect. These electrons willatieacted to the first of a
series of dynodes, each of which is maintained at@essively higher
positive potential by a voltage source and a pakdivider [64].

Each dynode surface consists of a carefully prepeoenposite layer
of cesium and antimony, or other metal combinatibinese surfaces will
emit several electrons when struck with a singlectebn of sufficient
energy.

The dynodes are so shaped and arranged that eamidaey electron

will move toward the next stage, accelerated byhigber positive potential.
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Secondary electron multiplication will take place each of the 10-12
dynodes that are incorporated in the usual photiphelr tube. The
secondary electrons emitted by the last dynodebailhttracted to an anode,
connected to the positive voltage supply throughrges resistance as shown
in figure (2-3) [65].

Cathode Dynodes Anode

—RRRRARRRERIR R

Figure (2-3) Photomultiplier tube with possible
resistance chain [26]

The size of the signal at the anode is proportidnathe energy

dissipated in the detector by the incident radiaf88].

2-10 General Characteristics of Nal(TI)

The photoelectric effect is quite marked in Nal amanainly duo to
the iodine which has a Z of 53. Higher atomic nhumdtems have a large
photoelectric cross-section than low atomic nunatems [26].

The high density of the scintillator permits thdatoabsorption of
many radiations within the crystal. With total ahson, the light output
(LO) may be quite accurately proportional to theergy of the incident
radiation, and the device may be used as an espeaptrometer [66]. LO is

the coefficient of conversion of ionizing radiatiorio light energy. The LO

&y
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of Nal(Tl) is taken to be 100%. LO of other scilatibrs is determined
relatively to that of Nal(Tl) percentage [19].

Nal(Tl) has short decay time for the emission ghti so that fast
counting is possible and negligible after-gloW.is also so hygroscopic
which means it is easily damaged when exposed tstane in air at
humidity levels [3].

Nal(Tl) is used with maximum efficiency region ofgiomultiplier
but a limited energy resolution, the possibility tdrge-size crystal
production, their low prices compared with othanslitation materials and
it is therefore suitable in field instrumentatior66]. The general

characteristics of Nal(TIl) are shown in table (2-2)

Table 2-2 General characteristics of Nal(TI) [26,33]

Effective atomic number o
Emission maximum, [nm] 413
LO, % relative to Nal(Tl) 100

LO, [photons/MeV] (4.1-5.0) x 16

Decay time, [ns] 230
Density, [g/cn] 3.67
Melting point, [°C] 651

Hardness, [Mho] Y
Refractive index at | max 1.85
Hygroscopic Yes

&y
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3-1 Introduction

Nuclear spectroscopy is the analysis of radionecliddiation by
measuring the energy distribution of the sourcespectrometer is an
instrument that separates the output pulses frodetactor, such as a
scintillation detector, according to size. Sincee thize distribution is
proportional to the energy of the detected radmtithe output of the
spectrometer provides detailed information thatuseful in identifying
unknown radioisotopes and counting one isotopethe presence of
another [1].

This chapter shows the apparatus and experimestailsifor gamma
spectroscopic method adopted in the present workguthe Nal(Tl)
scintillation detector for detection and measurenwérthe specific activity
of the radioactive elements.

Our present investigations are based on the stfid¥4oabnormal
samples and 8 normal samples for comparing thdtsesthese samples
include four types of fresh tissues (kidney, colbreast, and uterus) that
may be obtained with great mass. Both normal anbraial samples are
excised from Baghdad city patients. Some infornmatibout these samples
had been collected such as age and sex as shaalien(3-1).

3-2 Collection of Samples
All samples of tissues (kidney, colon, breast, atefus) had been
collected from the histopathology department foucadion laboratories in

Madenat Al-Ttib and specialized surgical hospital.
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Table3-1 Normal and abnormal tissues samples that excised from
Baghdad city peoplewith their sex and age

Sample Sample No. Sex Age (year)
1 female 34
2 male 61
3 male 67
Cidr Abnormal 4 male 50
&y 5 female 59
6 male 45
Normal 7 male 23
8 male 49
9 male 53
10 male 32
11 female 45
Colon Abnormal 12 male 63
13 female 69
14 male 55
Normal 15 female 57
16 male 40
17 female 35
18 = 48
Abnormal 19 f 29
Breast 20 — /2
21 = 65
22 = 51
Normal 23 = 47
24 = 54
25 female 56
26 = 74
27 = 46
Uterus Abnormal >3 - 50
29 = 33
30 = 68
Normal 31 = 52
32 = 66
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3-3 Apparatus
. Gamma-ray spectrometry system

It is a fully integrated data acquisition and comgbon system
comprising the following:
A sodium iodide activated with thallium 2"x2" NalfTscintillation detector
used for gamma-rays detection due to its higdiciency for detecting
this ray.
A high power supply used to prepare high voltagthé detector through an
amplifier with a range from (0-1500 V), and must ibereased slowly to
avoid damaging the detector.
A personal computer used as multi-channel anal{i@€&tA) by using the
program Multichannel Pulse Amplitude Analysis (Tygeassy; Version:
1.11, 1997) to store the number of pulses detesiitda given size (voltage)
into a memory channel, the contents of which céer lae analyzed to find
the information about gamma-rays detected.
A preamplifier and amplifier are usually buito (MCA) shape and
amplify the pulse by a factor of several hundsmlthey can be analyzed
more accurately.
A thick shield (10 cm) of lead surrounded the detecrystal to reduce the
radiation that coming from the background. Thisredat was chosen due to
its high atomic number (82) and density (11gjci33]. The schematic
diagram for gamma spectroscopic system that isexbpi the present work

Is shown in figure (3-1).

. Balance

Electric balance (Type: Sartorius; Max. reading§0dg) is used to

weigh the fresh tissues before they are examindddbT|) detector.
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Figure (3-1) Schematic diagram for gamma spectr oscopic system
with Nal (Tl) detector

3-4 System Calibration
Before any spectroscopic measurement, the detaatbrthe related

electronics are arranged for the best operatinmlisyaas follows

3-4-1 Operating Voltage

The best operating voltage for the detector wasegeld by finding
the plateau region for it. Plateau region is thgaon, where the detector is
operating at maximum sensitivity.

The operating voltage of Nal(Tl) detector is abaute-third the
distance from the knee of the curve of count ratsws voltage [67].

In the present work, the standard radioactive s0@%-137 was used
to find the relation between the count rate and dpelied voltage to
determine the plateau region. The applied operatoitage is found to be
530 V as shown in figure (3-2).
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(000 -

2000
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] 1 - T i
operating voliage Voltage (Volt)

Figure (3-2) Plateau region and oper ating voltage for
Nal (Tl) detector

3-4-2 Energy Resolution

Energy resolution (R) shows the ability of a datedb distinguish
gamma sources with slightly different energies. Thef the detector is
defined as the full width at half maximum (FWHM)ualed by the location
of the peak centroid (n) [33].

A formal definition of FWHM and peak centroid (njeashown in

figure (3-3), where R is expressed as percentagje [6

_ FWHM
n

R

x 100% .. (3-1)

In the present work, the resolution of the deterstdound about 8.7%

measured by using Cs-137 (662 keV) source.
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Figure (3-3) Formal definition of (FWHM) and peak centroid (n)
in gamma-ray spectrum of Cs-137 by using Nal (T1) detector

3-4-3 Energy Calibration

An essential requirement for the measurement ofngamamitters is
the exact identity of photopeaks present in a spectproduced by the
detector system [27].

The energy calibration of Nal(Tl) detector system found by
counting some standard radioactive sources withwknenergies. These
sources should be counted long enough period tdups well-defined
photopeaks and then calibrated according to tmeirgges [10].

In the present work, three standard radioactivecgsuincluding: Cs-
137, Co-60 and Na-22 with a period 900s dusdor system
calibration. Gamma-ray spectra for these souraestaown in figures (3-4),

(3-5) and (3-6) respectively.
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Figure (3-4) Gamma-ray spectrum for Cs-137 sour ce by using
Nal (Tl) detector
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Figure (3-5) Gamma-ray spectrum for Co-60 source by using
Nal (Tl) detector
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Figure (3-6) Gamma-ray spectrum for Na-22 sour ce by using
Nal (Tl) detector

3-4-4 Efficiency Calibration
The efficiency of scintillation detector is defimes the ratio of the

number of pulses (counts) recorded by the detetothe number of

radiation quanta (photons) emitted by the sour@¢ [6

Efficiency (%) :?5‘ x100% ... (3-2)
PsS

where
cps: count per second
dps: disintegration per second (activity of source masuring time )

For this purpose, spectra of standard radioactweces with known
energies and activities are accumulated for lorgugh time by the detector
to produce well-defined photopeaks.
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To correct the activities of those sources at thte df measurement,
the nuclear disintegration equation is used asvid|[1]

dps =dps, € * = dps, e %% ... (3-3)

where
dps,: initial activity
J . decay constant
ty» : half-life

In the present work, the Eu-152 source (0.122,5).24344, 0.444,
0.779, 0.964, 1.085, 1.112, 1.408 MeV) is usedh wa collection period
900s to find the efficiency curve for Nal(Tlhetector as shown in
figure (3-7).

80
70
60 -
50 1
40 A
30 1

Efficiency (%0)

20

10 1

0 200 400 00 800 1000 1200 1400 1600
Energy (keV)

Figure (3-7) Efficiency curvefor Nal (TI) detector
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3-5 Methods and Measurements
3-5-1 Samples Preparation

Each sample of tissue (kidney, colon, breastterus) taken with
2509 in weight, washed with distilled water to remdhe formalin liquid
(conservator substance), cut, put in the MareB#éiaker uniformly and then

examined with Nal(Tl) detector for a period of 4un® (14400s) and 530 V
as an operating voltage.

3-5-2 Background Measurement

The environmental gamma emitters at #iidatory site had been
determined with empty Marenilli Beaker put on thal(Yl) detector crystal
and then counted the energy spectrum of gammawdlyssame period and
operating voltage which were used for the detertionaof energy spectra
of gamma-rays for the biological samples. The bemkgd spectrum is
shown in figure (3-8).

400 4

350 H

300 H

230 H

200 -

Count

1350 4

100 4

50 4

500 1000 1500 2000

Energy (keV)

Figure (3-8) Background spectrum using Nal (TI) detector
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3-5-3 Specific Activity Measurement

The specific activity is defined as the concentrabf radioactivity or
the relationship between the mass of radioactiveenah and the activity. It
Is the number of Becquerels (or Curies) per ungsra volume [1].

The specific activity for each detected radionwlithad been
calculated using the following equation:

Net area under the gak

Specific Activity=
Wx |, x Eff.xT

.. (3-4)

where,

T : Measuring time (sec.)

Eff.: Percentage efficiency

|, : Percentage intensity of gamma-ray

W : Weight of the sample (kg)

Net area under the peak: Total counts — Background
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4-1 Introduction

This chapter shows gamma-ray spectra for normal @mabrmal
tissues samples which had been obtained with garayapectroscopy
(Nal(Tl) detector). Also, it shows the radionuckdend their specific
activities which had been detected in these samphesh discusses the

results and gives the conclusions.

4-2 Results and Discussion

Gamma-ray spectrum for each tissue sample haddaddmated with
respect to the spectra of standard radioactivecesufCs-137, Co-60, and
Na-22) as shown in figures (3-4, 3-5 and 3-6) respely.

Each spectrum of tissue had been amplified for re¢vimes to
illustrate the peaks on it, where the first partsplectrum is negligible
because it represents backscattered region (neggen) for gamma-ray in
the spectrum which cannot exceed 0.255 MeV accgrdirequation (1-4).

The radionuclides had been detected depending errikrgies that
subtend the peaks in each spectrum. The spectiigtpdor each observed
radionuclide had been measured by using the equésidl). It should be
mentioned that the background spectrum was taki&ndonsideration by
subtracting it from all the collected spectra fiesties samples. The sample

number and its information are shown in table (3-1)

4-2-1 Kidney Samples

Gamma-ray spectra for abnormal and normal samglésipey are
shown in figures (4-1 to 4-6) and (4-7 and 4-8)pexsively. The specific
activities for each detected radionuclide in bssimples are shown in tables

(4-1) and (4-2) respectively.
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Figure (4-1) Gamma-ray spectrum for abnormal sample of kidney No. 1
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Figure (4-2) Gamma-ray spectrum for abnormal sample of kidney No. 2
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Figure (4-3) Gamma-ray spectrum for abnormal sample of kidney No. 3
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Figure (4-4) Gamma-ray spectrum for abnormal sample of kidney No. 4
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Figure (4-5) Gamma-ray spectrum for abnormal sample of kidney No. 5
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Figure (4-6) Gamma-ray spectrum for abnormal sample of kidney No. 6
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Table 4-1 Specific activities of radionuclidesin the abnormal samples

of kidney
Net Area

Sample | Energy | Nuclide | under the peak | Efficiency | Intensity | Activity
No. (keV) (count/energy) (%) (%) (Ba/kg)

609.3 | Bi-214 651 29 43.3 14

1 661.6 | Cs-137 1860 27 85.2 2.25
1460.7| K-40 2097 11 10.7 49.49

295.2 | Pb-214 2308 63 19.7 5.17

) 661.6 | Cs-137 2547 27 85.2 3.08

911 | Ac-228 631 21.3 27.7 2.97
1460.7| K-40 2685 11 10.7 63.37

583.1 | Tl-208 841 30.8 85.7 0.89

609.3 | Bi-214 1417 29 43.3 3.13

3 661.6 | Cs-137 3752 27 85.2 4.53

911 | Ac-228 750 21.3 27.7 3.53
1120.2| Bi-214 664 15.8 15.7 7.46
1460.7| K-40 2835 11 10.7 66.9
609.3 | Bi-214 2098 29 43.3 4.64

4 661.6 | Cs-137 4768 27 85.2 5.76
1120.2| Bi-214 586 15.8 15.7 6.56
1460.7| K-40 3310 11 10.7 78.11
351.9 | Pb-214 1571 53 38.9 2.12

609.3 | Bi-214 940 29 43.3 2.08

5 661.6 | Cs-137 3410 27 85.2 4.12
911 | Ac-228 705 21.3 27.7 3.32
1460.7| K-40 3191 11 10.7 75.31
351.9 | Pb-214 756 53 38.9 1.02

6 661.6 | Cs-137 3864 27 85.2 4.67
1460.7| K-40 2179 11 10.7 51.43
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Figure (4-7) Gamma-ray spectrum for normal sample of kidney No. 7
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Figure (4-8) Gamma-ray spectrum for normal sample of kidney No. 8
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Table 4-2 Specific activities of radionuclidesin the normal samples

of kidney
Net Area

Sample | Energy | Nuclide | under the peak | Efficiency | Intensity | Activity
No. (keV) (count/energy) (%) (%) (Ba/kg)

351.9 | Pb-214 1159 53 38.9 1.56

v 609.3 | Bi-214 649 29 43.3 1.44

661.6 | Cs-137 2641 27 85.2 3.19
1460.7| K-40 2357 11 10.7 55.63

609.3 | Bi-214 908 29 43.3 2.01

8 661.6 | Cs-137 418 27 85.2 0.5
911 | Ac-228 576 21.3 27.7 2.71
1460.7| K-40 2062 11 10.7 48.66

From table (4-1), six radionuclides (Bi-214, Pb-22-228, TI-208,
Cs-137 and K-40) had been detected in the abnosamraples of kidney
where distributed between (3 - 5) radionuclidethaselected samples.

The appearance of Ac-228 and TI-208 radionuclidesaimple No.3
show the high concentration of the Th-232 radioidecin this sample. this
result indicate that high concentrations of thaamawclides in the abnormal
sample.

The Bi-214 radionuclide detected in four samplesnzle No.1, 3, 4
and 5) with range (1.4 - 7.46 Bg/kg) where it appdavith two energy lines
(609.3 and 1120.2 keV) in sample No.3 and 4 dukddigh concentration
of it in these samples. Also the Pb-214 radionecldktected in three
samples (sample No.2, 5 and 6) with range (1.084 Bg/kg), these results
indicate that high concentration of the uraniumthe kidney samples,
because approximately 70% of the uranium that sodded into the blood
will be filtrated by this organ [23]. As well, oran conclude that sample

which belongs to the oldest patient (sample NdaB ¢€xcised from male, 67
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years in age) had the largest specific activity b238 and Th-232
comparing with other samples.

The artificial radionuclide (Cs-137) appeared ih sdamples with
range (2.25 - 5.76 Bg/kg) because, after Chernobglear reactor accident
in the Soviet Union (1986), many foods (powderetkymdanned meat, tea,
etc.) which imported from Europe countries intoglnaere contaminated
with Cs-137 and Cs-134 radionuclides [68,69]. Idliadn, that both soils
and plants for many regions in Baghdad were comated by these
radionuclides [19], but Cs-134 radionuclide was existing in the tissues
samples because it has small physical half-lif@43iear) comparing with
Cs-137 radionuclide which has (30 year).

The natural radionuclide (K-40) appeared in all gl with range
(49.49 — 78.11 Bg/kg), it had largest specific\atticomparing with other
radionuclides because the natural potassium iobtie mainly elements in
the human body structure.

Same radionuclides (Bi-214, Pb-214, Ac-228, Cs;Hid K-40) are
often detected in the normal samples of kidneyhasva in table (4-2), but
these radionuclides are often appeared with le@®cific activities

comparing with the abnormal samples.

4-2-2 Colon Samples

Gamma-ray spectra for abnormal and normal samglésipey are
shown in figures (4-9 to 4-14) and (4-15 and 4+&8pectively. The specific
activities for each detected radionuclide in bamples are shown in tables
(4-3) and (4-4) respectively.
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Figure (4-9) Gamma-ray spectrum for abnormal sample of colon No. 9
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Figure (4-10) Gamma-ray spectrum for abnor mal sample of colon No. 10
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Figure (4-11) Gamma-ray spectrum for abnormal sample of colon No. 11
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Figure (4-12) Gamma-ray spectrum for abnor mal sample of colon No. 12
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Figure (4-13) Gamma-ray spectrum for abnormal sample of colon No. 13
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Figure (4-14) Gamma-ray spectrum for abnormal sample of colon No. 14
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Table 4-3 Specific activities of radionuclidesin the abnormal samples

of colon
Net Area

Sample | Energy | Nuclide | under thepeak | Efficiency | Intensity | Activity
No. (keV) (count/energy) (%) (%) (Ba/kg)

351.9 | Pb-214 1326 53 38.9 1.79

9 583.1 | TI-208 1288 30.8 85.7 1.36

661.6 | Cs-137 3697 27 85.2 4.46
1460.7| K-40 2496 11 10.7 58.91

295.2 | Pb-214 1605 63 19.7 3.65

10 661.6 | Cs-137 1730 27 85.2 2.09
1460.7| K-40 2738 11 10.7 64.61

609.3 | Bi-214 1026 29 43.3 2.27

11 661.6 | Cs-137 3455 27 85.2 4.17
1120.2| Bi-214 656 15.8 15.7 7.35
1460.7| K-40 3155 11 10.7 74.46

583.1 | TI-208 1510 30.8 85.7 1.58

12 661.6 | Cs-137 5321 27 85.2 6.46

911 | Ac-228 759 21.3 27.7 3.57

1460.7| K-40 3057 11 10.7 72.15

609.3 | Bi-214 1117 29 43.3 2.47

661.6 | Cs-137 3308 27 85.2 3.99

13 911 | Ac-228 778 21.3 27.7 3.66
1120.2| Bi-214 504 15.8 15.7 5.64
1460.7| K-40 3615 11 10.7 85.36

583.1 | TI-208 613 30.8 85.7 0.65

14 661.6 | Cs-137 2056 27 85.2 2.48
911 | Ac-228 500 21.3 27.7 2.35

1460.7| K-40 1872 11 10.7 44.18
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Figure (4-15) Gamma-ray spectrum for nor mal sample of colon No. 15
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Figure (4-16) Gamma-ray spectrum for normal sample of colon No. 16
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Table 4-4 Specific activities of radionuclides in the normal samples

of colon
Net Area
Sample | Energy | Nuclide | under thepeak | Efficiency | Intensity | Activity
No. (keV) (count/energy) (%) (%) (Ba/kg)
609.3 | Bi-214 578 29 43.3 1.28
15 661.6 | Cs-137 770 27 85.2 0.93
911 | Ac-228 414 21.3 27.7 1.95
1460.7| K-40 2179 11 10.7 51.43
351.9 | Pb-214 656 53 38.9 0.88
16 609.3 | Bi-214 705 29 43.3 1.56
661.6 | Cs-137 2864 27 85.2 3.46
1460.7| K-40 2413 11 10.7 56.95

From table (4-3), six radionuclides (Bi-214, Pb-22-228, TI-208,
Cs-137 and K-40) had been detected in the abnosamaples of colon
where distributed between (3 - 5) radionuclidethaselected samples.

The appearance of the Bi-214 radionuclide in saraell (excised
from female, 45 years in age) and sample No.13igedcfrom female, 69
years in age) with two energy lines (609.3 and 1Ak@V) shows the high
existence of the U-238 radionuclide in these samptanpared with others,
and the appearance of the Ac-228 and TI-208 radiates in sample No. 12
(excised from male, 63 years in age) and samplelMdexcised from male,
55 years in age) shows the high existence of th&3Phradionuclide in
these samples compared with others.

All abnormal samples of colon contained Cs-137 aRglo
radionuclides with ranges (2.09 - 6.46 Bqg/kg) and.18 - 85.36 Bq/kg)
respectively, where the last radionuclide had #rgdst specific activity

compared with other radionuclides.
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Same radionuclides (Bi-214, Pb-214, Ac-228, Cs;Hid K-40) are
often detected in the normal samples of colon @iorauclides in each
sample) as shown in table (4-4), but these radiaes are often appeared
with least specific activities compared with th@abmal samples.

One can conclude that diverse radionuclides apgearghe colon
tissue because this organ is directly exposed thakadionuclides that may

be reach it by ingestion (food, water, etc.) whdiffer from person to
another.

4-2-3 Breast Samples

Gamma-ray spectra for abnormal and normal samgdldseast are
shown in figures (4-17 to 4-22) and (4-23 and 4-Bdgpectively. The
specific activities for each detected radionucindoth samples are shown

in tables (4-5) and (4-6) respectively.
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Figure (4-17) Gamma-ray spectrum for abnormal sample of breast No. 17
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Figure (4-18) Gamma-ray spectrum for abnormal sample of breast No. 18
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Figure (4-19) Gamma-ray spectrum for abnormal sample of breast No. 19
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Figure (4-20) Gamma-ray spectrum for abnormal sample of breast No. 20
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Figure (4-21) Gamma-ray spectrum for abnormal sample of breast No. 21
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Figure (4-22) Gamma-ray spectrum for abnormal sample of breast No. 22

Table 4-5 Specific activities of radionuclidesin the abnormal samples

of breast

Net Area
Sample | Energy Nuclide | under thepeak | Efficiency | Intensity | Activity
No. (keV) (count/ener gy) (%) (%) (Ba/kg)
583.1 | TI-208 693 30.8 85.7 1.01
17 661.6 | Cs-137 3378 27 85.2 4.08
1460.7 K-40 2971 11 10.7 70.12
583.1 | TI-208 1116 30.8 85.7 1.17
18 609.3 Bi-214 634 29 43.3 1.4
661.6 | Cs-137 3092 27 85.2 3.73
1460.7 K-40 2392 11 10.7 56.45
583.1 | TI-208 564 30.8 85.7 0.59
19 661.6 | Cs-137 2740 27 85.2 3.31
1460.7 K-40 2704 11 10.7 63.86
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583.1 | Tl-208 1714 30.8 85.7 1.8

20 661.6 | Cs-137 3448 27 85.2 4.16
911 | Ac-228 1027 21.3 27.7 4.84
1460.7 | K-40 2958 11 10.7 | 69.81

583.1 | Tl-208 1224 30.8 85.7 1.29

21 661.6 | Cs-137 4849 27 85.2 5.86
1460.7 | K-40 2384 11 10.7 | 56.26

583.1 | Tl-208 1145 30.8 85.7 1.21

22 661.6 | Cs-137 542 27 85.2 0.65
1460.7 | K-40 2637 11 10.7 | 62.23
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Figure (4-23) Gamma-ray spectrum for normal sample of breast No. 23
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Figure (4-24) Gamma-ray spectrum for normal sample of breast No. 24

Table 4-6 Specific activities of radionuclides in the normal samples

of breast
Net Area

Sample | Energy | Nuclide | under the peak | Efficiency | Intensity | Activity
No. (keV) (count/ener gy) (%) (%) (Ba/kg)

583.1 | TI-208 465 30.8 85.7 0.49

23 661.6 | Cs-137 2387 27 85.2 2.88
1460.7 | K-40 1995 11 10.7 47.08

583.1 | TI-208 589 30.8 85.7 0.62

24 661.6 | Cs-137 1081 27 85.2 1.31
1460.7 | K-40 2325 11 10.7 54.87

From table (4-5), five radionuclides (Bi-214, Ac&21-208, Cs-137
and K-40) had been detected in the abnormal sangdfldsreast where
distributed between (3 - 4) radionuclides in theded samples.
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Just one sample (sample No0.18 that excised fronalle8 years in
age) contained Bi-214 radionuclide while the TI-2@8ionuclide detected
in all samples with range (0.59 -1.8 Bg/kg) wherkad maximum specific
activity in sample No.20 (excised from oldest feepal2 years in age) which
contained Ac-228 radionuclide, this result indicatteat breast tissue is most
susceptible to Th-232 radionuclide because it bag biological half-life
(about 73000 days) compared with U-238diorsuclide which has
(15 days) [41].

The largest specific activity was for K-40 radiohde compared with
other radionuclides where it detected in all saspleth range (56.26 -
70.12 Bg/kg). Also, the Cs-137 radionuclide detédteall samples too with
range (0.65 - 5.86 Bg/kg).

Three radionuclides (TI-208, Cs-137, and K-40) badn detected in
each sample of normal breast as shown in tabl@, (du6 these radionuclides
are often appeared with least specific activitiespared with the abnormal
samples.

One can conclude that breast tissue is highly gtibte to the
radionuclides because it contains much Ilymphavessels and
Lymphocytes [40, 63].

4-2-4 Uterus Samples

Gamma-ray spectra for abnormal and normal samglegeous are
shown in figures (4-25 to 4-30) and (4-31 and 4-B29pectively. The
specific activities for each detected radionucindoth samples are shown

in tables (4-7) and (4-8) respectively.
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Figure (4-25) Gamma-ray spectrum for abnor mal sample of uterus No. 25
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Figure (4-26) Gamma-ray spectrum for abnormal sample of uterus No. 26
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Figure (4-27) Gamma-ray spectrum for abnormal sample of uterus No. 27
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Figure (4-28) Gamma-ray spectrum for abnor mal sample of uterus No. 28
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Figure (4-29) Gamma-ray spectrum for abnor mal sample of uterus No. 29

300 +

250 +

200 H

Count

150

100

50

500 1000 1500 2000

Energy (keV)

Figure (4-30) Gamma-ray spectrum for abnor mal sample of uterus No. 30
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Table 4-7 Specific activities of radionuclidesin the abnormal samples

of uterus
Net Area
Sample | Energy | Nuclide | under the peak | Efficiency | Intensity | Activity
No. (keV) (count/ener gy) (%) (%) (Ba/kg)
o5 661.6 | Cs-137 3092 27 85.2 3.73
1460.7| K-40 2577 11 10.7 60.82
661.6 | Cs-137 2160 27 85.2 2.61
26 911 Ac-228 459 21.3 27.7 2.16
1460.7| K-40 2197 11 10.7 51.85
27 661.6 | Cs-137 2236 27 85.2 2.7
1460.7| K-40 1977 11 10.7 46.66
28 661.6 | Cs-137 2395 27 85.2 2.89
1460.7| K-40 2378 11 10.7 56.12
29 661.6 | Cs-137 2473 27 85.2 2.99
1460.7| K-40 2289 11 10.7 54.02
661.6 | Cs-137 528 27 85.2 0.64
30 911 Ac-228 902 21.3 27.7 4.25
1460.7| K-40 2516 11 10.7 59.38
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Figure (4-31) Gamma-ray spectrum for normal sample of uterus No. 31

350

300 H

250 H

Clonnt

200 -

150 4

100 4

50 4

500 1000 1500 2000

Energy (keV)

Figure (4-32) Gamma-ray spectrum for normal sample of uterus No. 32
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Table 4-8 Specific activities of radionuclides in the normal samples

of uterus

Net Area
Sample | Energy | Nuclide | under thepeak | Efficiency | Intensity | Activity
No. (keV) (count/ener gy) (%) (%) (Ba/kg)
31 661.6 | Cs-137 1981 27 85.2 2.39
1460.7 | K-40 2172 11 10.7 51.26
32 661.6 | Cs-137 997 27 85.2 1.2
1460.7 | K-40 1721 11 10.7 40.62

From table (4-7), three radionuclides (Ac-228, G3-and K-40) had
been detected in the abnormal samples of sitemhere distributed
between (2 - 3) radionuclides in the selected sasapl

Just one radionuclide (Ac-228) belonging to thorisenies had been
observed in the abnormal samples of uterus (saNhpl26 that excised from
female, 74 years in age and sample No.30 thatexkéiem female, 68 years
in age), because this radionuclide and its origiin-232) have long
biological half-lives (about 73000 days for eacH)]|

All samples contained Cs-137 and K-40 radionuclideth ranges
(0.64 - 3.73 Bg/kg) and (46.66 - 60.82 Bg/kg) respely, where the last
radionuclide had the Ilargest specific activity camgal with other
radionuclides.

Same radionuclides (Cs-137 and K-40) are often aepein the
normal samples of uterus as shown in table (4-8),usually with least
specific activities compared with the abnormal skas\p

One can conclude that uterus tissue containedw f

radionuclides compared with other tissues becalisedrgan consists of
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reborn cells (that is, they have short age), sentoves the radionuclides by
decaying the cells, in addition to the biologicaination process.

From tables (4-1 to 4-8) it can be seen that, frhetissue, same
radionuclides are often appeared in both normal amdormal samples
because the sensitivity of each tissue is from sbmiing radionuclides
depending on the exposure pathway and the biolbpai&lives for these
radionuclides.

Also, it can be seen that all tissues were comginCs-137
radionuclide because it can be deposited in tatdy p41].

To compare the results, the radionuclides and gpgcific activities

in the selected samples of tissues are shown i@ (4t9).
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Table 4-9 Radionuclides and their specific activitiesin the selected samples

of tissues
Sample Specific activity (Bg/kg)
Type | Case |No.| Sex | Age | Bi-214 | Pb-214 | Ac-228 | TI-208 | Cs-137 | K-40
1 | female 34 1.4 --- 2.25 49.49
2 | male 61 5.17 2.97 3.08 63.37
3 male 67 3.13-7.4p6 --- 3.53 0.89 453 66.9
abnormat
. 4 male 50 4.64-6.56 --- 5.76 78.11
Kidney
5 |femalg 59 2.08 2.12 3.32 4,12 75.3[L
6 male 45 1.02 --- 4.67 51.48
7 male 23 1.44 1.56 3.19 55.63
normal
8 | male 49 2.01 2.71 0.5 48.6p
9 male 53 1.79 --- 1.36 4.46 58.91
Y+ | male 32 3.65 --- 2.09 64.6]1
VY |femalg 45 2.27-7.3 - 4.17 74.46
abnormaj
Colon 'Y | male 63 3.57 1.58 6.46 72.1b
\Y |femalg 69 |2.47-5.64 3.66 3.99 85.3p
V¢ | male 55 2.35 0.65 2.48 44.18
Yo |femalg 57 1.28 1.95 0.93 51.43
normal
Y1 | male 40 1.56 0.88 3.46 56.96
'V |femalg 35 1.01 4.08 70.12
YA = 48 1.4 1.17 3.73 56.44%
V4 = 29 0.59 3.31 63.86
abnormaj
AN = 72 4.84 1.8 4.16 69.81
Breast
AR = 65 1.29 5.86 56.26
Yy = 51 1.21 0.65 62.23
vwo|o= 47 0.49 2.88| 47.08
normal -
ve | = 54 0.62 1.31| 548
Yo |female 56 3.73 60.82
Al = 74 2.16 2.61 51.85
Yv = 46 2.7 46.66
abnormaj
U YA = 50 2.89 56.12
terus a | = | 33 | 299 5402
Yol = 68 4.25 0.64 | 59.38
™) = 52 2.39 51.26
normal
vy = 66 1.2 40.62
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4-3 Conclusions

1. Six radionuclides had been detected in the selectadhples,
included: two radionuclides (Bi-214 and Pb-214)obging to the
uranium series; two radionuclides (Ac-228 and T82Belonging to the
thorium series; one artificial radionuclide (Cs-18hich appeared in all
samples with range (0.64-6.46 Bqg/kg) in the abnbsaaples and (0.5-
3.46 Bg/kg) in the normal samples; and the nattgdionuclide (K-40)
which appeared in all samples too, but with larggstcific activity
compared with other radionuclides where it rangetivben (44.18-85.36
Bg/kg) in the abnormal samples and (40.62-56.9%djgih the normal
samples.

2. The existence of the radionuclides differ with eiéint tissue kinds
where,

» kidney tissue has the largest content of U-238ylpoaducts.

» diverse radionuclides appear in the colon tissue.

* Dbreast tissue has the largest content of Th-232yda@oducts.

» few radionuclides appear in the uterus tissue coetpavith other
tissues.

3. For each tissue, same radionuclides are often aggbea both normal
and abnormal samples but, usually, with least $ipeactivities in the
normal samples.

4. The radionuclides appear with largest specificvéieds (concentrations)
in the samples that excised from oldest patientapawed with other

samples.
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4-4 Future Work Suggestions

1.

Gamma-rays detection of radionuclides in humarudéissthat excised
from peoples of other Iragi Provinces (especidhg, west provinces that
contain the phosphatgpulent with uranium) and comparing the results

with this study.

. Determination of the distribution of alpha emittersthe human tissues

by using alpha track etch method with (CR-39) detec

. Detection and measurement of radioactivity in hurbéood for both

leukemia patients and healthy people by using muncteack detector
(CR-39) and comparing the results.

Study of human tissues with Nal(Tl) detector foffadent weights and
periods and noting their effects on gamma-ray spect
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