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Abstract

The natural radioactivity levels were investigated in various types of
food samples commonly consumed by children in Iraq and estimated the
radiation hazard indices and annual effective doses due to the intake of natural
radionuclides. A total of 59 food samples of powdered milk, biscuit, indomie,
chips, cerelac, and corn flakes were collected and analyzed using gamma
spectroscopy with Nal(T1) detector.

The measured specific activity, annual effective dose (AED), excess lifetime
cancer risk factor (ELCR), radium equivalent activity (Raeq), and internal
hazard index (Hj;,) were calculated and assessed. All the results for the natural
radionuclides in the food samples were compared within the worldwide median
ranges declared in the United Nations Scientific Committee on the Effects of
Atomic Radia (UNSCEAR) report.

The results for the specific activity showed that °K > 233U >232Th for milk
and cerelac, whereas for biscuit, indomie, chips, and corn flakes, the values have
to be 4°K > 232Th >238U. The lowest and highest values of the average specific
activity for 'K were 190.459 =+ 2.8 Bq/kg for chips and 283.316 +4.793 Bq/kg
for cerelac, respectively. These results indicate significant differences between
those for °K compared with the highest measured values for 22Th and 233U of
16.314 +0.797 Bg/kg and 18.2 + 1.16 Bg/kg for biscuit and milk, respectively.
The high measured value of total AED is 1.470 mSv/y for biscuit (children
case), while the lowest value was observed in chips (0.147 mSv/y).

The influence of these results leads to the highest and lowest ELCR values
of 5.145 x 1073 and 0.514 x 103 for biscuit and chips, respectively. The
evaluation results for other food samples lie within these ranges, and for all these
types of foods, excluding biscuits, the AED results were below the worldwide
limit of 1 mSv/y. For Raeq, the highest calculated value of 52.151 Bq/kg was
found for powdered milk, while the lowest value of 44.731 Bg/kg for chips.

X



However, all values were below the worldwide average limit of 370 Bg/kg.
Powdered milk samples had the highest internal H;j, value of 0.190, while chips
samples had the lowest value of 0.149, and all values were below the allowable
limit of 1. Overall, the results indicated that the natural radioactivity levels in
the analyzed samples of Iraqi childrens food pose a minimal radiation risk.
Furthermore, the thesis investigated the effects of high radiation doses from
radiotherapy on hematological parameters for children treated for cancer at a
specialized hospital. The statistical analysis showed a significant decrease for
the last month as the following: hemoglobin 9.916 + 0.16 g/dl compared with
the control of 12.23 + 0.46 g/dl; white blood cells 6.523 + 0.81 x 103/uL
compared with the control of 12.15 4+ 0.60 x 10°/uL; and platelets 268.0
+ 17.61 x 103/uL compared with the control 347.5 + 34.25 x 103/uL. A
correlation analysis between the annual effective doses of different food types
and hemoglobin levels for the patients showed varying degrees of correlation.
For cerelac samples, we found a good positive correlation between AED and
Hb g/dl with a correlation coefficient is R? = 0.68. However, while the natural
radioactivity levels in the analyzed food samples were found to pose a minimal
risk to children in Iraq, the high radiation doses received during cancer treatment

can have adverse effects on blood parameters.
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Chapter 1

General Introduction

1.1 Introduction

A radionuclide is a nuclide that has an imbalanced and unstable nucleus.
It is also known as a radioactive nuclide. An atom that has both a specified
atomic number and a definite neutron number is referred to as a nuclide. The
term atom originates from the Greek word atomos, which means indivisible. The
prefix a- means not, and the word tomos means a cut. The smallest component
of a chemical element is called an atom, and it may be found as a tiny structure
in all of the common stuff that surrounds us [1, 2]. A radionuclide is a nuclide
whose nucleus is asymmetrical and unstable. A nuclide is an atom that has
both an atomic number and a neutron number that may be specified. Natural
radioactivity is pervasive in the earth’s environment and exists in a variety of
geological formations in soil, minerals, vegetation, water, and air. Numerous
things around us, including food, oxygen, and buildings, are radioactive and
contain various radionuclides. Even though they are radioactive, they can
be viewed as a background level, within which humans and all other living
organisms can survive unless there is an effect on the environment that causes
this level to rise due to human activities. These radionuclides are of natural
origin, and concern about them began in 1904 when radium scales were
discovered in oil and gas industries’ pipes, pumps, and other equipment. This
natural radionuclide has a term called NORM, but this term is now associated
with the presence of natural origin radionuclides [3-5].

International Atomic Energy Agency (IAEA) defines NORM (Natural



Occurring Radioactive Material) as Radioactive material comprising no
significant quantities of radionuclides other than naturally occurring
radionuclides. NORM has multiple origins, including the formation of the earth,
cosmic radiation, and human activities. Cosmic rays, primordial radionuclides,

and secondary radionuclides are the three principal categories [6].

1.2 Natural Decay Series

Radioactive decay involves the release of energy in the form of ionizing
radiation, which can encompass alpha particles, beta particles, and gamma rays.
This process takes place within unstable atoms referred to as radionuclides.
Essential sources of NORM, primordial radionuclides in the earth’s crust,
have a lengthy half-life and were present at the earth’s formation. 238U,
235U, and 232Th are the most critical natural radionuclides of primary origin,
and they incessantly produce secondary radionuclides that are radioactive and
decompose into their other products, constituting a radioactive decay chain. The
first member of each series has a very long half-life and is a gas; the last member
of each series is a stable lead isotope [7, 8].

All heavy elements with an atomic number greater than z > 83 are
radioactive.  They decay and generate daughters, forming a series of
radionuclides that terminate with stable lead. There are three main series, and
all radionuclides found in nature belong to one of them. The Uranium series
as presented in Fig. (1.1) begins with 2S§U and ends with zgng and has a
half-life of ¢, = 4.468 X 10° years, with 23°Th, 2?6Ra, and ?*’Rn being the
most prominent subseries. 22°Ra decomposes into 2*?Rn, a noble gas with a
half-life of #,, = 3.82 days. A significant concern regarding 222Rn is that
its short-lived alpha emitter offspring 2'®Po and 2!“P pose health risks. The

house in which we reside, our place of employment, and building materials



may contain 2?’Rn that has been transferred from the soils and rocks to the
atmosphere and then to the buildings with low airflow, where it may reach
high concentrations and cause a large fraction of the annual dose to the general
public. In 1990, the Health Protection Agency (HPA) took action to control
and limit the risk, recommending that the average level of radon is 200 Bq/m?,
and if it exceeds this level, the homeowner must take action. People exposed
to high radon levels may develop lung cancer, the other reason for lung cancer
after smoking [8]. The shortest series begins with 2S%Th (see Fig. (1.2)), ends
with 208Pb, and has a half-life of 7, , = 1.39 x 10! years. Uranium actinium
has a half-life of 7, , =7.038 x 103 years, beginning with ZSgU and ending with
stable 297Pb as shown in Fig. (1.3) [9, 10].

a 238U
4.5 x 10%

Element Names Half-life units

U - uranium y - years
Th - thorium d- days
Ra - radium h - hours
Pa - protactinium  m - minutes
Rn - radon s - seconds
Po - polonium
Bi - bismuth

20%Pb Pb - lead

(Stable)

Figure 1.1: The >3%U radioactive decay series.
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Figure 1.2: The >3>Th radioactive decay series.
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Figure 1.3: The 23U radioactive decay series.



1.3 Sources of Nuclear Radiation

The release of energy in the form of high-speed charged particles or
electromagnetic waves is referred to as nuclear radiation, also known as ionising
radiation. Radiation may originate from a wide variety of sources, including
natural and man-made ones. Rocks, sunshine, and cosmic rays are the primary
sources of background radiation that all living things are subjected to on a
continuous basis. Radiation coming from a variety of sources hits us constantly
and incessantly. Every living thing that has ever lived on Earth has done so
in an environment in which it has been subjected to radiation coming from the
planet’s natural background. Humans and other species have only very lately
been exposed to artificial sources that have been produced over the course of
the previous century or so. Over eighty percent of our radiation exposure comes
from natural sources, while the remaining twenty percent comes from radiation
produced by artificial sources, most of which are radiation applications used in
medical settings [8, 11].

We can classify different types of radiation exposure according to their
origins, with an emphasis on what the general population is exposed to.
Radiation exposure is taken into account for a variety of different groups for
the objectives of regulatory agencies (such as radiation protection). Because of
this, extra information on patients, who are exposed owing to the medical use
of radiation, as well as those who are exposed at workplaces, is supplied here.
Irradiation is yet another classification system that may be used for radiation
exposure [12, 13].

Our bodies may be irradiated from the outside or externally by radioactive
chemicals and radiation that are present in the environment. If we breathe in
the chemicals while they are in the air, ingest them when they are in our food

and drink, or absorb them through our skin and open wounds, then they will



irradiate us from the inside out. When compared on a global scale, the dosages

received from internal and exterior exposure are about equivalent [14—18].

1.4 Natural sources

Since the beginning of time, the environment of the Earth has been subjected
to radiation from a variety of sources, including cosmic rays as well as
radioactive elements present in the planet’s crust and core. There is no way
to escape being exposed to radiation from these natural sources, which, in
reality, are the primary contributors to the radiation exposure experienced by
the majority of the people of the globe. The effective yearly dosage received by
a person varies from 1 to more than 10 mSv depending on where they reside in
the world, with the worldwide average being approximately 2.4 mSv. There is
a radioactive gas known as radon that may get trapped inside buildings, or the
building materials themselves may contain radionuclides that result in increased
radiation exposure. Even though the sources are found in nature, the amount of
exposure we get may be altered by the decisions we make about how and where
we live, as well as the foods and beverages we consume [14, 19, 20]. The
sources of radiation are summarized in Fig. 1.4, and we can discuss them in

detail in the following sections.

1.4.1 Cosmic sources

A significant portion of one’s natural radiation exposure comes from the
sun’s cosmic rays. Although the vast majority of these rays come from far out
in interstellar space, the sun also emits some of them when it experiences solar
flares. They not only irradiate the Earth itself, but they also interact with the
atmosphere, which results in the production of a variety of forms of radiation

and radioactive material. They constitute the most significant source of radiation
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Figure 1.4: Distribution of radiation exposure all across the world [14].

in the cosmos. Even while the atmosphere and magnetic field of the Earth
significantly decrease the amount of cosmic radiation that reaches the surface,
there are still regions on the planet that are more susceptible to the effects of the
radiation than others. The North Pole and the South Pole get a greater amount
of cosmic radiation than the equatorial areas because the magnetic field deflects
it to those places [21, 22].

Additionally, the amount of exposure rises with altitude since there is less
air above to function as a barrier. This makes the level of exposure higher.
Therefore, individuals who live at sea level get, on average, an effective dosage
of around 0.3 mSv yearly from cosmic sources of radiation. This accounts for
roughly 10-15 percent of the overall dose that they receive from natural sources.
People who live at an altitude of more than 2,000 meters get several times this
amount. As the radiation exposure from cosmic sources relies not only on
altitude but also during the duration of flights, it is possible that passengers on
aeroplanes will be subjected to even larger doses. This is because the height is
just one factor in the calculation. For instance, at cruising altitudes, the average

effective dosage for a 10-hour trip is between 0.03 and 0.08 mSv [14, 23].



1.4.2 Terrestrial sources

Terrestrial radiation is the term given to the radiation released by radioactive
materials found in the rocks, soils, and minerals of the Earth. Elements such as
radon (Rn), radon progeny, which are the relatively short-lived decay products
of 2?6Ra, 4UK, isotopes of thorium, and isotopes of uranium are responsible for
the majority of the radiation that is emitted from the Earth’s surface. The degree
of exposure to the elements is very variable from one region to the next [24, 25].

According to studies conducted in countries such as France, Germany, Italy,
Japan, and the United States, for instance, over 95% of the populace reside in
places where the average yearly dosage of radiation received from the outdoors
ranges from 0.3 to 0.6 mSv. However, it is possible for humans to get doses that
are greater than one mSv on a yearly basis in some parts of these nations. There
are other locations on our planet that have an even greater background level of
radiation exposure from terrestrial sources. For instance, on the southwestern
coast of Kerala in India, there is a 55-kilometre-long strip of land that is heavily
inhabited and includes thorium-rich sands. In this area, individuals absorb
an average of 3.8 mSv of radiation each year. There are also reported to be
areas in Brazil, China, the Islamic Republic of Iran, Madagascar, and Nigeria
that contain significant quantities of naturally occurring terrestrial sources of

radiation [14, 26].

1.4.3 Sources in Food and Drink

Primordial and perhaps other radionuclides may be found in food and drink,
the majority of which come from natural sources. Rocks and minerals that
are present in the water and soil may be a source of radionuclides, which can
subsequently be passed on to plants and eventually to animals. Because of this,

the dosages are different based on the amounts of radionuclides in the food and



water as well as the eating habits of the local population. For instance, fish
and shellfish contain relatively high levels of 210pp and 219Po, and as a result,
persons who consume significant quantities of seafood may get considerably
larger doses of these radioactive elements than the general population does [7].

People who live in northern locations and consume substantial quantities
of reindeer meat are exposed to dosages that are comparably greater than the
average person. Because reindeer in the Arctic feed on lichen, their bodies have
collected unusually large quantities of the radioactive isotope 2!°Po. According
to estimations provided by UNSCEAR, the average effective dose received from
natural sources in food and drink is 0.3 mSv. This is mostly attributable to “°K
as well as radionuclides belonging to the 233U and 23>Th families. In addition to
radionuclides originating from natural sources, radionuclides originating from
man-made sources may also be found in foodstuffs. On the other hand, the
contribution that these radionuclides’ allowed emissions to the environment

make in terms of dosage is often not very significant at all [16, 27].

1.5 Artificial Sources

Since the beginning of the 20th century, scientists have learned to harness
the power of the atom for a broad range of applications, including those in
the fields of medicine (such as the treatment of cancer), the generation of
electricity (such as smoke detectors), and the military. As a result, the number
of radiation applications has expanded substantially over the course of the last
few decades. Both individuals and the community as a whole get an additional
radiation dosage as a result of these and other artificial sources, which adds
to the radiation dose received from natural sources. The individual dosages of
radiation received from man-made sources of radiation are very variable. The

majority of individuals get a dosage that is far lower than the average from these



kinds of sources, while a few people get doses that are very higher. Radiation
protection techniques are typically effective in controlling the level of radiation

emitted by artificial sources [7, 14].

1.6 Medical Applications of Radiation

Since the application of radiation in medicine for the purposes of diagnosing
and treating certain diseases plays such an essential role, it is currently, by far,
the most important artificial source of exposure in the world. After natural
sources, it is the second largest contributor to population exposure globally,
accounting for around 20 percent of the total. On average, it is responsible
for 98 percent of the radiation exposure that is caused by all manmade sources
combined. In developed countries, where there are greater resources for medical
care available and, as a result, much more extensive use of radiology equipment,
the vast majority of people are subjected to this type of radiation. This has even
resulted in some nations having a yearly average effective dose from medical
usage that is comparable to the one from natural sources. This is the case in
several countries [14, 28, 29].

There are several important distinctions to be made between medical
exposure and the majority of the other types of exposure. In contrast to other
types of exposure, medical exposure often only affects a limited region of
the body. Other types of exposure, on the other hand, frequently affect the
entirety of the body. In most cases, the age range of patients spans a longer
span of years than does the age range of people in the general population. In
addition, considering that patients gain an indirect benefit from their exposure,
it 1s imperative that the doses that result from medical exposure be compared
with those that arise from other sources with extreme caution [14, 30-34].

The field of diagnostic radiology focuses on interpreting images produced
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via X-rays in procedures such as plain radiography (such as chest or dental
X-rays), fluoroscopy (such as with barium meal or enema), and computer
tomography. The UNSCEAR does not discuss imaging techniques that use
non-ionizing radiation, such as ultrasound or magnetic resonance tomography
[35].

In order to detect and treat disorders, interventional radiology makes use
of image-guided methods that are only minimally intrusive (for example, to
guide a catheter inside of a blood artery). The worldwide average effective
dose from diagnostic radiological procedures increased from 0.35 mSv in 1988
to 0.62 mSv in 2007, almost doubling from its previous value of 0.35 mSv.
This increase may be attributed to the increased usage of CT, which has a
large dosage per examination. The most recent study that was conducted by
UNSCEAR found that CT scanning is currently responsible for 43 per cent
of the total collective dose that is caused by radiology. These figures might
be different depending on where you live. Approximately 25 per cent of the
global population that lives in developed nations receives around two-thirds of
all radiological operations. Even with relatively straightforward dental X-ray
exams, the yearly frequency of treatments that are performed on the remaining
75% of the world’s population has remained rather stable [36].

Nuclear medicine is the practice of administering radioactive chemicals
into the body in an unsealed form (that is, in a form that is soluble and is not
encapsulated). This is done mostly to produce pictures that offer information
on either the structure or the function of an organ and less often to treat
specific conditions, including hyperthyroidism and thyroid cancer. In most
cases, a radionuclide will be altered in order to produce a radiopharmaceutical,
which will then typically be given either intravenously or orally. After that, it
travels throughout the body in a pattern determined by its physical or chemical

properties, which enables a scan to be performed. Therefore, the radiation that

11



is released from the radionuclide inside the body is analyzed so that diagnostic
pictures may be produced from it or it is utilized to cure ailments. From about 24
million in 1988 to approximately 33 million in 2007, the number of diagnostic
procedures using nuclear medicine saw significant growth globally. This led
to a substantial rise in the yearly collective effective dosage, which went from
74,000 to 202,400 man Sv as a consequence. The use of nuclear medicine for
therapeutic purposes is expanding as well, now reaching over 0.9 million people
annually throughout the globe. Again, there is a significant geographical divide
in the use of nuclear medicine, with industrialized nations accounting for 90 per
cent of all exams [28, 29].

Radiation therapy, which is also known as radiotherapy, is a kind of
treatment that makes use of radiation to treat a variety of ailments, most
often cancer but also benign tumors. External radiotherapy, often known
as teletherapy, is a method of treating patients that involves the use of a
radiation source that is located outside of the patient’s body. In this method,
either a device that contains a highly radioactive source (often cobalt-60) or
a high-voltage device that emits radiation (such as a linear accelerator) is
used. The placement of radioactive sources into a patient, either temporarily
or permanently, for the purpose of treatment is referred to as brachytherapy.
This therapy may be conducted either momentarily or permanently [37, 38].

During the years 1997-2007, an estimated 5.1 million patients were treated
yearly with radiation all across the world. This number is increased significantly
from the estimated 4.3 million patients treated in 1988. Approximately
4.7 million patients were treated with teletherapy, whereas 0.4 million were
treated using brachytherapy. Seventy percent of all radiation treatments given
throughout the globe and forty percent of all brachytherapy operations are
administered to the population that makes up the 25 percent that lives in

developed nations [39, 40].
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Patients are subjected to high amounts of radiation as part of the
treatment process for some types of medical conditions, such as radiotherapy,
interventional radiology, and nuclear medicine. When used improperly, they
have the potential to cause severe injury or even result in death. Patients,
as well as doctors and other staff members who were in the area at the
time, are among the individuals who are in danger. Errors made by humans
have been the primary contributor to most of these mishaps. Some examples
include administering the incorrect dosage as a result of mistakes in treatment
planning, failing to utilize equipment in the appropriate manner, and exposing
the incorrect organ or, on rare occasions, the incorrect patient. Even though
major radiation mishaps are uncommon, over one hundred of them have been
recorded. Fig. 1.5 presents the findings of the worldwide study, which are
given in terms of percentages of the number of times exams or procedures
were performed, as well as the total doses received from all of these modalities

combined [39].
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Figure 1.5: Relative contributions, per modality category, to (A) estimated global
yearly number of examinations and/or procedures (2009-2018) and (B) estimated
annual collective effective dose (based on tissue weighting parameters established

by the International Commission for Radiological Protection) [39].
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1.7 Cancer and Effects on Children

Cancer 1s a group of diseases characterized by abnormal cell growth that
can invade or spread to other regions of the body. Cancer is the second most
prevalent cause of death overall, after cardiovascular disease, in developed
countries, yet it is responsible for around twenty percent of all deaths. Even
in cases when the individual has never been exposed to radiation, there is still a
risk that they may acquire cancer some time during their lifetime. This risk
is estimated to be about forty percent of the general population. In recent
years, the types of cancer diagnosed most frequently in males have been lung,
prostate, colorectum, stomach, and liver cancer. In contrast, the types of
cancer diagnosed most frequently in women have been breast, colorectum, lung,
cervix, and stomach cancer [41, 42].

The progression of cancer is a complicated process that takes place over the
course of several phases. The process is started by a phenomenon known as
an initiating phenomenon, which most likely affects a single cell. However,
a sequence of additional occurrences is necessary before the cell can turn
malignant and the tumor can form. Human health effects are contingent on
a variety of physical factors. As a result of anatomical and physiological
differences, the effects of radiation exposure on children and adults vary.
In addition, because children have smaller bodies and less protection from
overlying tissues, the dose to their internal organs will be greater for a given
external exposure than for adults. Additionally, because children are shorter
than adults, they may be exposed to higher quantities of radionuclides deposited
on the ground [14, 43].

Regarding internal exposure, because children are smaller and their organs
are therefore closer together, radionuclides concentrated in one organ are more

likely to irradiate other organs than in adults. Children are more likely than
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adults to develop cancer after exposure to radiation, but it may not manifest
until they reach the age at which cancer typically manifests. Regarding
the induction of cancer, radiosensitivity refers to the incidence of tumors
caused by irradiation. According to studies comparing the radiosensitivity
of adults and children, children are more susceptible to developing thyroid,
brain, skin, and breast cancer, as well as leukemia. Children’s early health
effects following exposure to high concentrations of radiation (such as those
received in radiotherapy) are complex and can be explained by the interaction
of various tissues and biological mechanisms. Some effects are more evident in
childhood than in maturity (e.g., brain defects, cataracts, and thyroid nodules),
and children’s tissues are more resistant to certain effects (e.g., lungs and

ovaries) [14].

1.8 Radiation Therapy and Complete Blood Count (CBC)

A complete blood count (CBC), often referred to as a full blood count
(FBC), is a series of tests performed in a medical laboratory that gives
information about the cells that are present in a person’s blood. These tests
can also go by the name “complete blood count”. The complete blood count
(CBC) provides information on the number of white blood cells, red blood cells,
and platelets in addition to the concentration of hemoglobin and the hematocrit,
which represents the volume percentage of red blood cells. A white blood cell
differential, which counts the various types of white blood cells, and the red
blood cell indices, which reflect the average size and hemoglobin content of red
blood cells, are both provided. Additionally, a white blood cell differential may
be included in the report [44].

The quantity of white blood cells, commonly known as leukocytes, in the

blood, is measured by the white blood cell count (WBC count). White blood
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cells, which aid the body in its battle against illness. A white blood cell count
that is abnormal may be an indicator of an infection, inflammation, or other form
of stress in the body. An illustration of this would be how a bacterial infection
can induce a significant rise or reduction in the white blood cell count. The
human body has five distinct subsets of white blood cells (WBC). Inflammation
or infection can be found everywhere in the body if the white blood cell count
is high. On the other hand, if the WBC count is low, it may indicate that
the individual is more susceptible to certain diseases, such as blood marrow
disorders or auto-immune disorders. The high number may mean Infection,
inflammation, leukemia, intense exercise, stress, corticosteroids. The normal
range for WBC is between 4,000 and 10,000 cells/uL. [45, 46].

Red blood cells (RBC) contain a specific kind of protein called hemoglobin
(HGB). Red blood cells transport oxygen throughout the body. Because it is
primarily responsible for transporting oxygen throughout the body, hemoglobin
is an extremely vital component of the human body. It is also possible to use it
to check how effectively therapy for anemia is working. The Normal Range for
hemoglobin men 13-17 gm/dl, women 12-15 gm/dl [47, 48].

The platelet count (also known as PLT) is an essential component in the
process of blood clotting and the control of bleeding. Platelets will cluster
together and seal an injured blood vessel until the blood clots. This happens
when a blood vessel is damaged. When the number of platelets in the blood
is too low, a person’s risk of bleeding in any region of the body increases
significantly. Platelet counts that are abnormally low (known medically as
thrombocytopenia) or abnormally high (known medically as thrombocytosis)
are typically an indication of an underlying medical issue; however, they can
also constitute a negative reaction to medicine. The normal range for platelets

is between 150,000 to 410,000 per uL. of blood [49].
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The high-energy radiation dosage can affect a complete blood count (CBC)
test, mainly if the patient receives a high radiation dose. As we mentioned,
the CBC test measures the levels of various blood components, including red
blood cells, white blood cells, and platelets. Radiation therapy can harm the
bone marrow, where blood cells are produced, leading to changes in blood cell
numbers and function. The extent to which CBC test results are affected by
radiation therapy depends on various factors, such as the dose of radiation, the

duration of the treatment, and the location of the radiation field [27, 50].
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1.9 Literatures Reviews

F. E. Yang et al., in 1995, conducted a study to analyze the behavior of
peripheral blood levels during partial body radiation therapy. The findings
indicated a significant decline in leukocytes during the first week of treatment,
followed by a 3.3% decrease per week until week 7. The total mean leukocyte
decrease over seven weeks was 30%. Platelets declined by 9% on average
during the first week and then by 1.4% per week. Hemoglobin levels did not
show a statistically significant decrease. The study concluded that localized
breast and prostate cancer patients are unlikely to require routine CBCs if initial
levels are normal. The authors suggested that avoiding weekly CBC blood
levels in these patients alone could potentially result in savings of up to $40

million a year nationally [51].

F. L. Melquiades and C. R. Appoloni, in 2004, measured the radioactivity
levels of powdered milk samples and discussed radionuclide transference
from the environment to humans. They quantified “°K, '37Cs, and 208TI
radionuclides using high-resolution gamma-ray spectrometry and an HPGe
detector. The average activity of “°K was 482 4 37Bq/kg, while the lower
level of detection for ¥’Cs and 2“®*T1 was 3.7+ 1.1 and 0.5+ 0.2( Bq/kg),
respectively. The levels of natural radioactivity were found safe for human

consumption without any restrictions [52].

Zaid Q. Ababneh et al., in 2009, measured the activity concentrations
of WK, 22°Ra, 228Ra and '3’Cs in 14 brands of powdered milk consumed
in Jordan. The milk samples were imported from countries including New
Zealand, Argentina, and Europe. The average “°K concentration was 348 + 26

Bq kg~!. 2?°Ra and ??8Ra were only detected in 5 brands, with concentrations
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of 0.50-2.14 and 0.78-1.28 Bq kg~ ! respectively. '>’Cs showed geographical
variations, being undetected in milk from Argentina, uniformly distributed in
European milk at 0.43 4 0.05 Bq kg~ !, and varying from undetected to 1.55 Bq
kg~! in New Zealand milk. The estimated annual effective dose from ingestion
was highest for infants at 332 mSv, followed by children at 138 mSv, and adults
at 43 mSv. The results indicate that the radioactivity levels in powdered milk

consumed in Jordan do not pose a significant radiation dose to the public. [53].

N. Sarayegord Afshari et al., in 2009, measured the concentration of
natural radionuclide *° K in milk and milk powder samples consumed in
Tehran, Iran. Using gamma spectrometry, they found the average activity
concentrations for “°K in milk and milk powder to be 31.0 &+ 6.1 and
17.1 3.3 Bq/kg, respectively. The effective dose was calculated to be 14
uSv /y for adults and in the range of 6.4-15.9 uSv/day for children. The authors
concluded that the obtained data from liquid milk samples showed an almost
uniform distribution of “°K and the calculated effective doses were too low to

induce important health hazards [54].

T. Alrefae et al., in 2012, investigated the radioactivity of long-lived gamma
emitters in breakfast cereal consumed in Kuwait and estimated the annual
effective doses to various age groups. Samples of 27 different brands of
breakfast cereal originating from 9 different countries were collected from the
local market and analyzed for 2381y, 232Th, and K. While K was detected
in all samples, 28U and 23*Th were detected in most samples. The activity
concentration of each targeted radionuclide varied from one sample to another.
The estimated annual effective doses were 129, 185, and 351 uSv/y for the adult,
child, and infant age groups, respectively. The obtained activity concentrations

were found to agree with those reported in the literature, and the estimated
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annual effective doses were found to be safe [55].

J. H. Al-Zahrani, in 2012, studied the concentration of natural radioactivity
and heavy metals in powdered infant’s milk consumed in Saudi Arabia. They
found that the main radioactivity detected was 4K, with an average activity
of 234.18 + 1.9 Bq/kg, while the average activities of 238U and 23Th were
0.46 Bg/kg and 0.35 Bg/kg, respectively. The heavy metals detected were
Fe,Zn,Mn, Cu, and Pb, with daily intake levels below the limit proposed by
US-IPA. The total average effective dose due to annual intake of 238y, 2327,
and “°K from the ingestion of the powdered milk for infants was estimated to
be lower than the allowed value of 1mSv. This study provides baseline data

for radiation and heavy metals exposure to infant’s milk and their impact on

infant’s health [56].

Ali. Abid Abojassim et al., in 2014, measured the specific activity of
uranium (22U), thorium (332Th), and potassium (“9K) in 12 different types
of wheat flour samples from Iraqi markets. They used gamma spectrometry
method with Nal(T1) detector to calculate radiation hazard indices and ingestion
effective dose. Results showed that specific activity in wheat flour samples
varied from (1.086 + 0.0866) Bg/kg to (12.532 + 2.026) Bqg/kg for 238U,
(0.126 + 0.066) Bg/kg to (4.298 + 0.388) Bg/kg for 23°Th, and (41.842 +
5.875) Bqg/kg to (264.729 + 3.843) Bg/kg for 4°K. They found that the natural
radioactivity, radiation hazard indices, and ingestion effective dose were lower

than the safe limits [57].

S. Shahid et al., in 2014, assessed the hematological parameters of medical
workers exposed to chronic ionizing radiation in hospitals. The study found
that most of the hematological parameters of radiation-exposed workers

were below the normal range, with the most affected parameter being mean
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corpuscular hemoglobin. There was a decline in platelet count, hematocrit, and
lymphocytes, and an increase in neutrophils associated with annual average
effective dose. The study suggests that even low doses of chronic ionizing
radiation exposure can impact health and alter immune response or cause
anemia. Specifically, the study observed a decrease in white blood cell count,
lymphocytes, and platelets in radiation-exposed workers compared to the

control group [58].

Ali. Abid Abojassim, in 2015 investigated the natural radioactivity of
13 instant noodle samples available in Iraqi supermarkets using gamma-ray
spectroscopy. The study found that all specific activities of 2*°Ra, 232Th,
and K investigated in the noodle samples were within the threshold limit
of UNSECR (2000) standard. Radium equivalent activity and internal hazard
indices were also lower than the worldwide average. The study concluded that
all the samples of fast noodles (Indomie) available in the Iraqi market are safe
for consumption but cautioned against the accumulation of natural radioactivity
over time, especially in samples near the threshold limit. The study highlights
the importance of monitoring the release of radioactivity into the environment
and the need to establish radioisotope concentrations to provide meaningful

information on population exposure and setting up base data [59].

Ali. Abid Abojassim et al., in 2015, conducted a study to investigate the
natural radioactivity in children’s biscuits in Iraq. The study aimed to determine
radiation hazard indices and annual effective doses from biscuit consumption
among different age groups. The investigation analyzed ten different biscuit
samples from three countries collected from the Iraqi market using gamma
spectroscopy. The researchers found that the specific activities of 233U, 232Th,

and “°K were within safe levels, as were the average radium equivalent activity
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and internal hazard index. The estimated total average annual effective dose
from consumption by adults, children, and infants was below the worldwide
median values for all groups, indicating that the values found for specific
activity, radiation hazard indices, and annual effective dose in all samples were

lower than worldwide median values for all groups and considered safe [60].

S. Shahid et al. in (2015) conducted a study on the impact of low-dose
terrestrial 1onizing radiation exposure on the hematopoietic indices of Pakistani
inhabitants. The study found that long-term exposure to low-dose ionizing
radiation resulted in anemia and immune modulation in radiation-exposed
residents. The mean values of several complete blood count (CBC) parameters
were examined, and seven CBC parameters, including hemoglobin (HB), white
blood cells (WBC), platelets (PLT), hematocrit (HCT), neutrophils (NEUT),
mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin
concentration (MCHC), showed a decrease trend in radiation-exposed
residents. The odds of developing low MCH and MCHC were significantly
higher for radiation-exposed individuals. However, two CBC parameters,
including red blood cells (RBC) and lymphocyte count (LYM), showed an

increased trend [61].

Daher. M. Daher, in 2017, conducted a study on the natural radioactivity of
chips samples in local Iraqi markets. The study aimed to determine the contents
of 238U, 232Th, and “°K in 14 samples of chips using a scintillation detector
(Nal(T1)). The results showed that the average specific activity for238U, 232Th,
and 4K were within the allowed world limit, and there was no health effect for
humans according to radiation contents. The study concluded that the natural
radioactivity in chips samples from local Iraqi markets was comparable to the

world limit and did not pose a health risk to humans [62].
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Taghreed A. Hafiz et al., in 2018, conducted a study on the efficiency of
granulocytes and monocytes in Saudi females with breast cancer following
radiotherapy. The study found that patients had a significant reduction
in total white blood cell counts, platelets, and lymphocytes count, and a
significant increase in red blood cell counts and hemoglobin level at the end
of radiotherapy. However, after six weeks, changes in CBC and phagocytic
activities of granulocytes and monocytes were non-significant. The study
suggests that breast cancer patients in Saudi Arabia may be at hematological
and immunological risk following radiotherapy, and their follow-up needs to

include the assessment of phagocytic activities besides CBC [63].

Ali Abid. Abojassim et al., in 2019 conducted a study to measure
the concentration of natural and anthropogenic radioisotopes in canned milk
samples available in Iraq’s markets. They found that the specific activities of
238U, 232Th, and “°K in powdered milk samples ranged from 0.11540.062
to 25.000£1.067 (Bg/kg), from 0.562+0.065 to 2.930+0.807 (Bg/kg), and
from 104.171£2.984 to 461.351£8.450 (Bg/kg), respectively. The Radon
activity concentrations in liquid milk samples were found to be lower than the
reference limits indicated by the World Health Organization and the regulatory
bodies of the European Union. The study also estimated the Total Effective
Dose associated with exposure due to annual intake of 238y, 232Th, and 'K
from ingestion of powdered milk, finding them to be below the recommended
reference limits [64].

Anwar. Q. Ahmed et al., in 2019, conducted a study to determine the
levels of natural radioactivity in cerelac baby food samples commonly used in
Iraq. The study aimed to calculate the specific activity of 238U, 232Th, and

40K, as well as the annual effective dose due to the ingestion of cerelac baby

24



food available in the Iraqi markets. The samples were collected from the local
market in Najaf from different countries of origin. The specific activities for
23817, 232Th, and *°K were found to be within safe limits, with an average value
of 8.49+2.18, 4.50+0.80, and 223.85429.22 Bg/kg, respectively. The study
also estimated that the total average annual effective dose caused by 238U, 232Th,
and 9K for children is 0.571+0.05 mSv/y, which is lower than the worldwide
median values for children, indicating that the cerelac baby food samples tested
are safe for consumption [65].

H.N.E. Surniyantoro et al., in (2019), conducted a study to assess
the effects of ionizing radiation on the hematological parameters of 74
radiation-exposed workers and 83 controls in several Indonesian governmental
hospitals. The results showed that the red blood cell and monocyte counts were
significantly higher in radiation-exposed workers compared to controls, while
white blood cells, hematocrit, mean corpuscular volume, and lymphocytes
values were significantly lower in radiation-exposed workers. Linear regression
analysis revealed a significant correlation between equivalent dose and red
blood cells, with a decline in RBC level of 0.541x10%/uL per 1 mSv increase
of radiation dose. The study suggests that further investigations should use
a larger sample size and include various independent variables to study the

long-term effects of low-dose radiation exposure on radiation-exposed workers

[66].

Van-Hao Duong et al., in 2021, analyzed eight popular brands of
Vietnamese fresh milk for concentrations of 232Th, 238U, 137Cs, and 4K
using gamma-spectrometry. The study found that the concentrations of these
radionuclides in all brands ranged from 0.60 £ 0.19 to 2.45 + 0.24 Bg/kg for
232Th, 1.45 + 0.18 to 2.45 + 0.24 Bqg/kg for 226Ra, below detection limit to
0.13 #+ 0.06 Bg/kg for 137Cs, and 341 + 6 to 387 &+ 7 Bg/kg (dry w.t) for
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40K The calculated annual effective dose for all age groups was similar for all
brands and ranged from 0.12 to 0.18 mSv/year, which is far below the World
Health Organization’s guidance levels of 1 mSv/year for the general public and
0.1 mSv/year for infants. Therefore, the study concluded that all brands of
Vietnamese fresh milk investigated are safe for consumption [67].

Ning. Liu et al., in 2021 conducted a prospective cohort study to
investigate the correlation between low-dose ionizing radiation and changing
hematological parameters among medical workers. The study found that
exposure to low-dose ionizing radiation resulted in an increase and then a
decrease in platelet counts among the medical workers. The Poisson regression
and restricted cubic spline models showed a dose-response relationship
between cumulative radiation dose and changing platelets, with a change of
B4 0.008 x 10° /L during biennially after adjusting for gender, age at baseline,
service at baseline, occupation, medical level, and smoking habits. The study
highlights the need for monitoring the health effects of low-dose ionizing
radiation on medical workers [68].

Jia-Jia Guo et al., in 2022, conducted a prospective cohort study on

705 industrial irradiation workers to assess the dose-response effects of
low-dose 1onizing radiation on blood parameters. Results showed a nonlinear
dose-response relationship between cumulative radiation dose and red blood
cell, platelet, and hemoglobin counts. Red blood cell counts decreased then
increased, before decreasing again with increasing ionizing radiation. The total
platelet count, on the other hand, had a curve that increased after irradiation. A
radiation dose of 2.904 mSv was identified as the turning point for the nonlinear
curve of hemoglobin count changes. These findings suggest that long-term,
low-dose 1onizing radiation affects blood cell levels in industrial irradiation
workers and should alert radiation workers to seek preventive medical treatment

before the occurrence of any serious hematopoietic disease [69].
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1.10 The Objective of Study

The aim of this study is to conclude whether the natural radioactivity levels
in the analyzed food samples pose a minimal risk to children in Iraq, and to
investigate if high radiation doses during cancer treatment can significantly

affect blood parameters. This objective can be achieved by the following steps:

1. Measure the gamma-ray spectroscopy of natural radioactivity in various
types of food samples commonly consumed by children in Iraq. The food
samples include powdered milk, biscuits, indomie noodles, chips, cerelac

and corn flakes. This aim can be achieved by the following steps:

2. Calculate the specific activity, annual effective dose, excess lifetime
cancer risk factor, radium equivalent activity, and internal hazard index

of the radioisotopes 238, 232Th, and 4°K in the food samples.

3. Compare the results to worldwide average limits to assess the radiation

hazard of the food samples.

4. Analyze the hematological parameters for 30 pediatric cancer patients
aged 1-13 years undergoing radiation therapy over three months.
Investigate the effect of radiation on hemoglobin, white blood cells and

platelets.

5. Perform a correlation analysis between the annual effective doses of the

different food types and hemoglobin levels for the patients.
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Chapter 2

Theory

2.1 Fundamentals of Radioactivity

The inherently unstable nuclei of radionuclides are responsible for
the characteristic known as radioactivity. After Becquerel’s discovery of
natural radioactivity in 1896, Frederic Soddy and Ernest Rutherford defined
radioactivity in 1902 as the spontaneous breakdown of a radioactive element by
the emission of particles, with the end consequence being the formation of new
elements [70].

Today, the process of spontaneous nuclear transformation of radionuclides
is thought to be the phenomenon known as radioactive decay. This process is
accompanied by the emission of particles (o, [, "), electron capture, proton
emission, or the emission of fragments (i.e., the most common decay modes),
as well as the emission of radiation. The term radioactivity may also refer to
the process of radioactive transformation. Both natural processes and those
induced by humans are capable of producing radioactivity. It was determined
via experimentation that the nuclei of atoms are stable, meaning that they do not
undergo radioactive decay, with the exception of certain conditions involving
the neutron to proton ratio (N:Z). This ratio is either exactly one in stable light
nuclei, or it is just slightly more than one in such nuclei (the nuclei of and are
exceptions) [30, 30].

In the most massive nuclide 2ggBi that is stable, it rises to 1.52 atomic
units.If the composition of the nucleus deviates from the ideal range of the

N:Z ratio that is, if the nucleus has either too few or too many neutrons in
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relation to the amount of protons it contains then the nucleus will be unstable
(for example, in oxygen, the isotopes 140, 150, 190, and 2OO), then the nucleus
becomes radioactive, which means that It undergoes spontaneous decay, most
often to another nucleus. This causes the nucleus to lose its stability and become

unstable. The following is a symbolically accurate description of the process:
2X = (A1,Z1)Y + (A2,Z) particle,

where X is the parent nuclide and Y is the daughter nuclide. It is possible
for more than one light particle to be released during the decay process, and
this release is often accompanied by the release of gamma radiation. During
the process of radioactive decay, energy is lost in an exoergic reaction, and the
products of this reaction always have some amount of kinetic energy. This is
only conceivable if the primary nucleus has a higher rest energy (mass) than the

total rest energy (mass) of the products of the decay, which are as follows:
M(X) > M(Y) + M( particle ).

This imbalance 1s the essential need for radioactivity to exist. The energy
released as a result of radioactive decay is equal to the mass difference between
the two products. This release of energy takes place in radioactive decay by
the emission (to a large degree) of one or more of the following three forms of

radiation: alpha particles, beta particles and gamma rays (o, 3,7y) [15-17, 23].
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2.2 Decay Rates and units for Radioactivity

The ability of some nuclides to spontaneously produce particles or gamma
radiation gives them the attribute of radioactivity. The process by which
radioactive nuclides decay is unpredictable, and it is not possible to pinpoint
the specific moment at which a single nucleus will become unstable and decay.
The equation that describes the link between activity, the number of atoms, and

the decay constant is as follows [2, 31]:
A = AN, (2.1)

where:

A = Activity of the nuclide (disintegrations / second),

A = decay constant of the nuclide ( second _1> ,

N = Number of atoms of the nuclide in the sample.

Because A is unchanging, the activity level and the total number of atoms will
always be proportionate to one another. The Curie (Ci) and the Becquerel
(Bq) (1 curie = 3.7 x 10!° becquerels ) are two of the most popular units
used to quantify a chemical’s activity. One disintegration every 3.7 x 1019
disintegrations seconds is equivalent to one curie, which is the unit of measure
for the rate of radioactive decay. This is comparable to the number of
disintegrations that will take place in one second for one gram of 2°Ra. A more
basic unit of measurement for radioactive decay is called a becquerel, and it is
equivalent to one disintegration for every second. At the moment, the curie is
the unit of measurement that is used most often in the United States; however,
it is reasonable to anticipate that the becquerel will begin to be utilized more
frequently as the metric system gradually gains more popularity [4].
According to Eq. (2.1), the rate at which a particular radionuclide sample

decays is equal to the product of the number of atoms and the decay constant.
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This is a statement that may be verified experimentally. Calculus may be used to
generate an equation from this fundamental connection, and then that expression
can be used to determine how the number of atoms that are present will vary
over the course of time. The explanation of how the Equation was derived is

outside the scope of this thesis, but the answer given in the following equation:

N =Noe ™, (2.2)
where:
N = number of atoms present at time ¢,
N, = number of atoms initially present,
A = decay constant ( time ’1) :

t = time.
Since activity and atomic number are always proportional, they can be used
interchangeably to characterize any radionuclide population. Consequently, the

following holds true [16, 30],

A=A ™. (2.3)

2.3 Radioactive Half-Life

The radioactive half-life is one of the most helpful concepts to have when
attempting to estimate how rapidly a nuclide would decay. The period of time
needed for the activity to drop to one-half of its original value is what is meant
by the term radioactive half-life. It is possible to determine the half-life by
solving Eq. (2.3) for the period, t, at which the present activity, A, is equivalent
to one-half of the beginning activity A, [15, 33, 71],

SR 2.4)

or

—In(4&
#. (2.5)
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If A is equivalent to half of A, then A/A, is also equal to half. This produces

an expression for #; , when substituted into the above equation,

—In(3)
tip= T
In2  0.693
t1/2 = 7\‘ = }\, . (26)
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Figure 2.1: Decay curve, Note the progressive replacement of radioactive atoms

with stable atoms, as depicted in each box’s schematic [15].

It is not remarkable that 7/, is also the time required for half of the
remaining atoms to decay. This process will continue until the number
of nuclide atoms is so close to zero that it can be considered complete.
Fig. 2.1 depicts a plot of the activity remaining, denoted by A. This curve,

and consequently the average behaviour of the radioactive sample, can be
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characterized by the decay equation [71],

A() = Age 00931/, 2.7)

2.4 Specific Activity

One way to describe a radioactive substance is in terms of its specific
activity, or S, which is the substance’s activity expressed as a percentage of
its total mass. A radioactive species specific activity is measured in becquerels

per gram [8],
. In2 NA

S=AN=—-"4
[1/2M

(2.8)

where N is the number of nuclei in one gram, M is the atomic mass of the
radionuclide expressed in (atomic mass units u), 71/, is the half-life of the
radionuclide expressed in seconds, and N4 is Avogadro’s number. Table. 2.1
provides detailed information on the actions of a selection of radionuclides [72].
It is clear from the definition of the term and from the data shown in Table. 2.1
that high specific activity is linked to a relatively short half-life. Therefore,
the specific activity of 233Pu is 275 times higher than that of 2*Pu, which
corresponds to a half-life that is approximately 275 times shorter than that of
239pPu. Because they have the shortest half-lives, the radionuclides *°Sr and
137Cs have the highest specific activity, as indicated in Table. 2.1. Radionuclides
that have considerably shorter half-lives still have a greater specific activity,
but they typically pose less of a threat since they dissipate more quickly. One
illustration of this is how they contribute less to the danger posed by nuclear
waste. In the event that one is contemplating an element that contains more than
one major isotope, which is typically the situation when talking about natural
radioactivity, then Eq. (2.8) needs to be changed so that it takes into account

the contributions made by all of the isotopes. Regarding the component, the
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particular action is equal to the aggregate of the individual contributions §;,

N2 fiNy

Si :
ti Mg

(2.9)

here, Mg refers to the atomic mass of the element, f; refers to the fractional
1sotopic abundance of isotope i (measured in terms of the number of atoms),

and ¢; refers to the half-life of the isotope [8, 32].

Table 2.1: Specific activities S of selected radionuclides [72].

Nuclide Isotopic Atomic Half-life, T S S
Abund.(%) Mass (u) (years) (Bq/g) (uCi/g)

239py - 239.05  2.411x10* 230x10° 6.20 x 10*
238py - 238.05 87.7 6.34 x 10! 1.71 x 107
237Np - 237.05 2.14x 105  2.60x 107 7.03 x 107
28y 99.27 238.05  4.468x10° 1.24x10* 0.336
35U 0.72 235.04  0.704x10° 8.00x 10* 2.16
232Th 100.00 232.04  14.05x10° 4.06x 10> 0.110
226Ra - 226.03 1600 3.66 x 101 9.89 x 10°
37¢s - 136.91 30.07 3.21 x 102 8.68 x 107
0gr - 89.91 28.79 5.11x 10" 1.38x 10%
87Rb 27.83 86.91 47.5x10°  3.20x10° 0.087

40K 0.0117 39.96 1.277 x 10°  2.59x10° 7.01

The specific activity of natural uranium, for instance, is 2.53 x 10* Bq/g,

which is more than twice as high as that of pure 233U. Other contributors include
235U, which has a low isotopic abundance and a relatively long half-life, and
234U, which has a t /2 value of 2.455 x 10° years and is in secular equilibrium
(see next Sections) with 238U and has the same ratio f; /t; as 2381, Both of these

contributors contribute very little to the total.
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2.5 Radioactive Equilibrium

A radioactive nuclide is said to be in a state of radioactive equilibrium
when its rate of decay is equal to the rate at which it is being created. The
number of atoms that are present stays the same over the course of time since

the production rate and the decay rate are both equal [3, 73].

2.5.1 Secular Equilibrium

Suppose the half-life of the daughter radionuclide B in a radioactive decay
chain is significantly less than the half-life of the parent radionuclide A. In
that case, the radioactive decay chain will have reached a state of secular
equilibrium. Because the half-life of A is so much longer than the time scales
that are being studied, the decay rate of A and, as a consequence, the production
rate of B will be nearly the same in this case. The quantity of radionuclide B
increases until the rate at which B atoms decay per unit of time is equal to the
rate at which new B atoms are created. After this, the quantity of radionuclide
B reaches a value that is stable and in balance. Assuming that the original
concentration of radionuclide B was zero, it typically takes several half-lives of
radionuclide B for full equilibrium to be established [74].

The amount of radionuclide B that is present when the state of secular
equilibrium has been attained is dependent on the amount of its parent
radionuclide A as well as the half-lives of the two radionuclides. This is evident
from the rate of change in the amount of radionuclide B over a period of time,

which is as follows [17, 28],

dN,
d—tB :xANA_}\‘BNB7 (210)

where A4 and Ap are the decay constants of radionuclide A and B, respectively,

and are linked to their half-lives ; , by A = In(2)/#; », and where N4 and Np
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are the number of atoms of A and B at a given time. Secular equilibrium occurs
when dNp/dt =0, or,
Np = :—Njy. (2.11)

There is only an approximation of a secular equilibrium after sufficiently long
periods of time, which is comparable to the half-life of radionuclide A. Ny

decreases over time according to,
Na(t) = No(0)e ™™ (2.12)

In turn, the “equilibrium” amount of radioactivity B drops. For times that are
short compared to the half-life of A, the exponential can be approximated as 1.

The secular equilibrium is shown in Fig. 2.2
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Figure 2.2: Secular equilibrium [15].
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2.5.2 Transient Equilibrium

Suppose the half-life of the daughter radionuclide B in a radioactive decay
chain is significantly less than the half-life of the parent radionuclide A. In
that case, the radioactive decay chain will have reached a state of secular
equilibrium. Because the half-life of A is so much longer than the time scales
that are being studied, the decay rate of A and, as a consequence, the production
rate of B will be nearly the same A situation known as transitory equilibrium
occurs when a pair of radioactive isotopes, a parent and a daughter, achieve a
state of equilibrium. In this case, the half-life of the daughter is shorter than
that of the parent; hence the daughter outlives her parent. In contradiction to the
concept of secular equilibrium, the half-life of the daughter is not insignificant

in comparison to that of the father [17, 73]. This type is shown in Fig. 2.3;
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Figure 2.3: Transient equilibrium [15].
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a molybdenum-99 generator, which produces technetium-99 for use in nuclear
medicine diagnostic procedures, is one example of this type of device. Because
the daughter product, which in this case is technetium-99, is milked at regular
intervals, this type of generator is frequently referred to as a cow. On average,

transient equilibrium is reached following the completion of four half-lives [75].

2.5.3 No Equilibrium

In instances where equilibrium is absent, it can be observed that the half-life
of the parent is comparatively shorter than that of the daughter. In instances
where the half-life of the parent is shorter than that of the daughter, the
daughter’s activity experiences a period of growth until it reaches a maximum
level, after which it undergoes decay in accordance with its unique half-life [22].

Fig. 2.4 show the activities as a function of time when ¢, > #;

Activities

t

Figure 2.4: Activities according to time when t, > #1 [5].
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2.6 Energetics of Radioactive Decay

In this section, the energies that are involved in the various types of
radioactive decay will be discussed. The energy of the particles that are emitted

as a result of the decaying process is of particular importance [17].

2.6.1 Gamma Decay

Numerous nuclear reactions produce a nuclide whose nucleus is left in an
excited state after the process. These excited nuclei often return to their ground
state very quickly, typically within 10~ seconds, by expelling the excitation
energy in the form of a photon that is known as a gamma ray. However, certain
excited nuclei are able to maintain their excited state for far longer periods of
time before undergoing gamma emission, which causes them to decay. Isomers
and metastable nuclei are two names for the same type of long-lived excited
nucleus. This type of excited nuclide is said to have undergone an isomeric
transition when it underwent decay due to gamma emission . 974”3“Tc’s first
excited state 1s a metastable one with a half-life of 90.5 days, making it a
metastable state. It does so by emitting a gamma photon with a 96.5 keV
energy level when it decays to the ground state. It is possible to write out the

gamma-decay reaction of an excited isotope of element P as [15, 17, 18],

ydecay: 4P* —4P+7. (2.13)

2.6.2 Alpha- Particle Decay

Our prior discussion of nuclear structure taught us that nucleons tend to form
subunits of ‘Z‘He nuclei, commonly referred to as alpha particles. Alpha-particle
emission is therefore not surprising as a plausible mode of decay to a more

stable state for proton-rich heavy nuclei. The nucleus of the progenitor atom ‘%P
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emits an alpha particle during alpha decay. The nucleus for the daughter atom
é:‘le has two fewer neutrons and two fewer protons. Initially, the daughter has
two extra Z electrons, making her a doubly negative ion [’éng]z_. However,
these extra electrons rapidly escape the atom, leaving the atom in a neutral state.
The fast-moving, doubly charged alpha particle dissipates its kinetic energy
by ionizing and exciting atoms along its path of travel, acquiring two orbital
electrons to become a neutral He atom. Since the daughter’s atomic number
differs from that of the parent, the daughter is a distinct chemical element.

Therefore, the alpha decay reaction is represented by [15, 17, 18],

2—
oudecay: 4P — [473D| 44— 57ID+3He. (2.14)

2.6.3 Beta-Particle Decay

During the decay process of many neutron-rich radioactive nuclides, one of
the neutrons in the parent (P) nucleus is converted into a proton, and an energetic
electron is released. This process of decay is known by a wide variety of names,
including electron decay, beta minus decay, negation decay, negative electron
decay, negative beta decay, and plain old beta decay. The electron that was
expelled is known as a beta particle, and its symbol is B~. The daughter atom,
which has one more proton in its nucleus, does not originally have one electron
in its orbit, and as a result, it is a single charged positive ion, represented by
the symbol [Z_?D]Jr. On the other hand, the daughter immediately picks up an
additional orbital electron from the medium that is around it. The B~ decay is
given by [18],

B-decay: 4P [fz‘ +1Dr+?e+v. (2.15)

In this context, V denotes a (anti) neutrino, which is an elementary particle that
has no net charge and extremely little or no rest mass. The measured energy

and momentum of the B~ particle that is released provide strong evidence that
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the B~ decay process involves the involvement of a third product particle. If
the sole products of the decay were the daughter nucleus and the B~ particle,
then the laws of conservation of energy and linear momentum would dictate that
the decay energy must be distributed between these two entities in very specific

proportions for the process to be consistent with a decay [15, 30, 33].

2.7 Interaction of radiation with matter

When radiation collides with matter, the results are contingent not only
on the characteristics of the radiation but also on the makeup of the matter.
Radiation energy is first transferred to the atoms and molecules of the material,
which either heats the substance or modifies its structure, depending on the
outcome of the process. If the energy of a bombardment particle or photon
1s completely transferred to the irradiated matter, it will look as though the
radiation has been stopped within the irradiated substance [31].

On the other hand, if the energy is not totally deposited in the matter, the
residual energy will emerge as though the matter were transparent or at least
translucent. This occurs when the energy is not completely placed. Some of the
physical processes can be discussed that are involved when radiation interacts
with matter. In particular, we will explore, independently at first, how photons
(gamma rays and x-rays) and charged particles (alpha and beta particles) interact
with matter. Photons have the ability to influence the atomic structure of matter
as they go through it. The atomic number (Z) of the components that make up
the matter, as well as the energy of the photons, determine the sort of interaction
that occurs between them [17, 23].

When electrons with an energy of 550 keV are utilized, the form of
interaction that predominates in materials with lower atomic numbers, such

as human tissue (Z = 7.5), is called Compton scattering. In materials with
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greater atomic numbers, such as lead (Z = 82), the photoelectric effect is the
predominant form of contact that occurs between the particles. Pair creation
is a third sort of interaction that can take place between photons and matter,
but it is only seen at very high photon energy (more than 1020 keV), and as a
result, it is not significant in clinical nuclear medicine. The primary form of
interaction is depicted in Fig. 2.5 for a variety of different combinations of the

atomic numbers of the absorber and the photons that are incident [17].
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Figure 2.5: Interaction type that predominates for a variety of different
combinations of photons in the incident beam and atomic numbers in the absorber

[15].
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2.7.1 Compton Scattering

During the process of Compton scattering, the incident photon transmits
some of its energy to an outer shell or (basically) ’free” electron, which then
causes the electron to be ejected from the atom. This electron becomes known
as a Compton electron once it has been ejected. The amount of energy passed
from the photon to the electron determines the angle at which the photon is
scattered when it interacts with the electron (see Fig. 2.6 a). The scattering angle
can go almost anywhere between 0 and 180 degrees. The scattering angles of

135 and 45 degrees are depicted in Fig. 2.6 b [17, 23, 73].

Compton
electron

incident photon

(b)
Figure 2.6: Compton scattering (a) and the angle of photon scattering (b) [15].
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2.7.2 Photoelectric Effect

It is possible for a gamma ray with low energy or one that has lost most
of its energy through Compton interactions to transfer what little energy it
has left to an orbital electron, which is often an electron in an inner shell.
This phenomenon is known as the photoelectric effect, and the electron that is
liberated in the process is referred to as a photoelectron Fig. 2.7. This electron
escapes the atom with an energy that is equivalent to the energy of the gamma
ray that hit it, minus the electron’s binding energy.The vacancy in the inner shell
is subsequently filled by an electron from the outer shell, and the surplus energy

is released as an x-ray [2, 17],

Ephotoelectron = Ephoton - Ebinding- (2.16)

oY
photoelectron

Figure 2.7: Photoelectric Effect [15].

2.7.3 Pair Production

The interaction of 7y rays invariably takes place in close proximity to an
atomic nucleus, which undergoes a recoil effect. The gamma-ray transfers its
energy to initiate the formation of a pair of particles consisting of an electron and
a positron. The interaction of Y rays invariably takes place in close proximity

to an atomic nucleus, which subsequently undergoes a recoil. The gamma-ray
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transfers its energy to initiate the formation of a pair of particles consisting of
an electron and a positron. The minimum energy required for two photons to
produce an electron-positron pair is 1.02 MeV, which corresponds to the energy
equivalent of two electrons. The aforementioned phenomenon primarily occurs
in the case of high-energy gamma rays. Apart from fundamental interactions,
there exist additional interactions between individual radioactive decay products
and not only the atomic electrons of matter but also the nuclei. The impact
of ionizing radiation on both abiotic and living matter is determined by the
interplay between emitted particles or other byproducts of radioactive decay
and matter. This interplay also serves as the fundamental basis for measuring

radiation [7, 17, 23].

2.8 Health Risk of Gamma-Ray and Alpha-Particle

The presence of radium and thorium atoms in humans is attributed to the
isotopes 238U and 232Th. These isotopes are acquired through the consumption
of food, which in turn obtains them from the soil in which it was grown or
grazed upon. Potassium belongs to this category and *°K, a naturally occurring
radioactive isotope, is of particular interest in the present study. Radionuclide
40K is the most prevalent radioactive constituent found in human tissues and in
the majority of food sources [76-78].

It holds significant importance in terms of the dose associated with naturally
occurring radionuclides. The increasing global interest in natural radiation
exposure has resulted in comprehensive surveys conducted in numerous
countries. Estimation of external gamma dose resulting from terrestrial sources
1s a crucial aspect to consider, not only due to its significant contribution of 0.46
mSv/y to the collective dose but also due to the variations in individual doses

associated with this pathway. The dosage levels vary based on the concentration
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of natural radionuclides, namely 233U, 232Th, and their daughter products, as
well as 4K, present in food items. These concentrations are influenced by the
geological characteristics of specific global regions [60, 78, 79].

The potential health risk posed by potassium-40 is linked to the ionizing
radiation generated by its radioactive decay, which can lead to cellular damage
and ultimately increase the risk of cancer development. The assessment
of radioactivity levels in potassium-enriched food items holds significant
importance in terms of radiation protection. The current study presents findings
on the radioactivity levels detected in potassium-enriched vegetation. The
onset of ionizing radiation’s biological effects occurs when the molecules
within a living cell interact with radiant energy, either through precipitation or
exposure. The direct effect of ionizing radiation on a molecule occurs when the
energy deposited and absorbed by the molecule leads to excitation. This effect
primarily affects DNA molecules through direct ionization in the target tissues
of atoms, as well as through Compton reactions and the photoelectric effect,
which results in energy absorption. The energy present in the system is deemed
adequate to eject electrons from the molecule. Consequently, the bonds that
hold the DNA strands together may be disrupted, leading to the breakage of one
or both of the strands. Upon absorption of ionizing radiation by water molecules
in the human body, indirect effects ensue, leading to the formation of transient
chemical reaction products that interact with other molecules at distinct sites

within the organism [80, 81].

2.9 Gamma-Ray Spectroscopy

The mechanism for detecting gamma rays is contingent upon the interaction
between gamma-ray photons and the material of the detector. The detector

volume has the potential to facilitate all primary types of gamma-ray
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interactions. However, the photoelectric effect and Compton scattering are
the most noteworthy types that hold crucial significance in the detection of
photons. In these instances, the principal gamma-ray photons and/or the
resultant scattered secondary photons engage with the atoms of the detector,
thereby producing expeditious electrons within the detector’s confines that
possess energy commensurate with that of the primary photon [82, 83].

The high-velocity electrons have the capability to produce additional
electrons as they traverse the detector’s spatial domain. The collection of
secondary electrons has the potential to generate electrical pulses. The
conversion of charges can be achieved by means of a preamplifier, resulting in
the generation of a voltage signal that is directly proportional to the magnitude
of the gamma-ray energy that was initially deposited within the detector.
Scintillation devices are comprised of a crystal and a photomultiplier tube

(PMT) that facilitates the conversion of light into an electrical signal [84].

2.10 The Specific Activity (Activity Concentration)

For primordial radionuclides (238U, 232Th and 40K), the specific activity
(activity concentration) of the gamma-emitting radionuclides in the sample can
be calculated from the following equation,

et ()

T LeMi LeM: kg

(2.17)

where A is the specific activity of the radionuclide in the sample, N is the net
area under photopeak, Iy is the probability of gamma decay, € is the efficiency of
the gamma-ray detector, M is the weight of the measured sample in kg, and 7 is
the life time for collecting the spectrum in seconds. The term with sign plus and
minus in the above equation indicates the uncertainty in measuring the specific

activity [85, 86].
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2.11 Radium Equivalent Activity (Ra., )

In order to assess the gamma radiation dose to human beings due to internal
or external exposure to them, it is necessary to evaluate how to consider the
specific radioactivity properly. To this purpose a suitable and practical index,
the so-called Radium Equivalent Activity index Raeq has been introduced by E.
I. Hamilton from the UK National Radiological Protection Board (NRPB) [87].
Based on the assumption that 10 Bq/Kg of 238U, 7 Bg/kg of 23?Th, and 130
Bg/kg of “°K produced the same -ray dose rates, the radium equivalent activity
(Ragq ) is the sum of the activities of 2381, 232Th, and °K. The calculated value

for the equivalent radioactivity can be found as [88],
Raeq(Bg/kg) = Ay +1.43 A, +0.077 Ak, (2.18)

where Agra, Ath, and Ak are the activity concentration of 238y (214Bj), 232Th,

and “°K in Bq/Kg,respectively.

2.12 Radiation Internal Hazard Indices

The radiation hazard indices are defined to calculate the radiation hazard.
The internal exposure to (?*>Rn) and its radioactive progeny is controlled by the
(internal hazard index). It can be calculated according to the following equation

[57, 591,

Ay Amn Ak
H;., = ) 2.19
185 +259+4810 ( )

In this study, we will focus on this hazard index because we deal with consumed

food by children.
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2.13 Annual Effective Dose Equivalent (AEDE)

The annual effective dose is calculating from consumption the samples of
foods. Due to the proportionate link between its importance and other factors,
this amount was thought to be among the most crucial. Both value and the
induced health effects can be calculated from radiation intake equation which is
given by [60, 64],

AED=AXIXE, (2.20)

where AED stands for the annual effective dose (Sv/y) to an individual
due to ingesting radionuclides, A is the activity concentration of radionuclides
in the ingested sample (Bg/kg), I represents the annual intake of the food
sample (kg/y), and E for the ingested dose conversion factor for radionuclides.
According to the International Commission on Radiological Protection (ICRP)
of 1996, the annual intake of powdered milk (kg/y) depends on a given age
(Sv/Bq). [89].

2.14 Excess Lifetime Cancer Risk

This variable quantifies the probability of developing cancer over the course
of one’s lifetime as a result of a particular degree of exposure. The standard
life expectancy for an individual is deemed to be 70 years in this context. This

particular risk factor can be given as,
ELCR = AED x DL x RF, (2.21)

where AED is the outdoor annual effective dose, the term DL is the normal
Duration of Life (70 years), and RF is the Risk Factor (1/Sv). For the stochastic
impact, generally, ICRP utilizes RF as 0.05 [86, 90].
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Chapter 3

Experimental Part

3.1 Introduction

In this chapter, the important practical steps that were followed to achieve
the main objective of this thesis will be discussed. Six different samples
were collected from the central Euphrates governorates in Iraq to measure the
radioactivity in these samples. The Sodium Iodide detector doped with the
Thallium (Nal) (T1) was used to measure the gamma-ray spectroscopy, and
biological examinations for children with cancer were also measured before

exposure to radiation treatment.

3.2 Foods Samples Collections

Six various samples of foods that children commonly eat were collected
from different markets in the center of Iraq. These markets are placed in
Najaf, Karbala, and Hilla governorates. These samples are: children’s milk,
biscuits, Indomie, chips, Cornflex, and Cerelac, with ten different types from
each sample except nine different types from powdered milk. We collected 59
samples in total to scan and calculate the levels of natural radioactivity.

All of the samples were dried in an oven to produce a constant weight,
and then they were crushed using an electric mill and a mesh sieve (0.8 mm
pore size sieve) to guarantee that the results were consistent. The samples
were packaged in plastic (polyethylene), and the symbols used to identify the
samples’ countries of origin were printed on the plastic. The samples were

placed in plastic (Marinelli containers) of a fixed volume (the containers, prior
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Table 3.1: Types and origins of the powdered milk samples.

Code of samples | Name of samples | Country of origin

Ml Novalac Germany
M2 Bebelac France

M3 Menalac US.A

M4 Primalac Holland

M5 Similac Gold Ireland

M6 S 26Gold Singapore
M7 Sunny Baby France

M8 Guigoz Expert Holland

M9 Pediasure Complete Singapore

to use, were washed with distilled water and labeled to distinguish between
samples), and their corresponding net weights were measured and recorded
using a highly sensitive digital weighting with an accuracy of 0.05 percent.
After this, the Marinelli beakers were hermetically sealed for at least four weeks
to achieve a state of radioactive equilibrium between the parent and daughter
radionuclides.

The food samples are tabled according to their name, country of origin, and
production date. As we mentioned earlier, various types for each sample were
selected, and a unique code was chosen for each sample, as shown in Tables. 3.1

to 3.6,
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Table 3.2: Samples of biscuit, their types, and places of origin.

Code of Samples Name of samples Country of origin
Bl Original Cream Crackers Malaysia
B2 Digestive Iran
B3 Digestive Original Turkiye
B4 Petit Beurre Iran
BS5 Classic Biscuit Iraq
B6 Petit Beurre Biscuit Turkiye
B7 Petit Beurre Tea Biscuit with Milk Turkiye
B8 Finger Biscuit Turkiye
B9 Digestive Oats Orange Spain

B10 Lotus Biscoff Belgium

Table 3.3: Samples of corn flex, their types, and places of origin.

Code of Samples Name of samples Country of origin
Col Ozmo Turkiye
Co2 Flower Powder Egypt
Co3 Bakalland Grain Flakes Poland
Co4 Temmys Egypt
Co5 Poppins Frosted Flakes Lebanon
Cob Happy Flakes Corn Flakes Ukraine
Co7 Poppins Toasted Corn Flakes Lebanon
Co8 Oatibiz Oat Flakes US.A
Co9 Cocoa Flakes Happy Flakes Ukraine

ColO Nawras Corn Choco Turkiye
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Table 3.4: Samples of indomie, their types, and places of origin.

Code of Samples Name of samples Country of origin
I1 Sam Yang South Korea
12 Beijing Jjang Ramen South Korea
I3 SuTah Ramen South Korea
14 Seafood Party South Korea
I5 Chost Pepper Spicy Chicken South Korea
16 Reeva Ukraine
17 Indomi Chicken Flavored Saudi Arabia
I8 Supermi Vegetable Flavored Saudi Arabia
19 Nawras Chicken Flavored Indonesia

110 Popmie United Arab Emirates

Table 3.5: Samples of cerelac, their types, and places of origin.

Code of Samples Name of samples Country of Origin
Cel Cerelac (wheat and honey) Spain
Ce2 Cerelac (wheat and dates) Spain
Ce3 Cerelac (wheat and fruits) Spain
Ce4 Cerelac (Rice) Spain
Ce5 Hero Baby Semolint and Switzerland
Ceb6 Hero Baby Rice and Banana Switzerland
Ce7 HeroBaby 8 Cereals and Switzerland
Ce8 fruits with Milk Switzerland
Ce9 Klodi (Wheat) Oman

CelO Klodi (Rice) Oman
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Table 3.6: Samples of chips, their types, and places of origin.

Code of Samples Name of samples Country of origin
Chl Chips al Fawaz Iraq
Ch2 Chips al Shani Mixed Iraq
Ch3 MunCheese Iraq
Ch4 MazMaz Iran
Ch5 Tarboosh ketchup flavoured Iraq
Ché6 Doritos Egypt
Ch7 Shababeek Iraq
Ch8 NiNi1 Iraq
Ch9 Danadana RIN6 Iraq

Ch10 Hendreen Iraq

3.3 Crystal Scintillation Detector

A transparent solid material, commonly referred to as a crystal, has the
ability to convert gamma rays into visible light. Sodium iodide (Nal) crystals are
extensively utilized and are known for their fragility, rendering them susceptible
to cracking. Sodium iodide crystals necessitate an air-tight aluminium container
due to their propensity to absorb moisture from the surrounding atmosphere.
Small quantities of stable Thallium (Tl) are introduced into sodium iodide
crystals through a process known as doping. The dispersion of thallium atoms
within the crystal has been observed to enhance its sensitivity towards gamma
ray photons, as depicted in Fig. 3.1. The conversion of gamma rays into light is a
multifaceted process, albeit succinctly explicable as the assimilation of gamma
ray energy by a crystal, resulting in the excitation of its electrons. The gamma
photon undergoes one or multiple Compton or photoelectric interactions within

the crystal, resulting in the transfer of its energy. The gamma ray interactions

54



result in the production of energetic electrons, which subsequently transfer their
energy to electrons in the crystal, inducing an excited state in the latter. Upon
reverting to their initial state, a portion of the energy of these entities is emitted
as photons of light (refer to Fig. 3.2). It has been observed that the absorption of
gamma ray energy by the crystal at a rate of one kiloelectronvolt (keV) results
in the emission of approximately forty light photons. Photomultiplier tubes are

capable of detecting light photons [91, 92].

‘;a P—,?:E‘\ ga g: § v light photon

/‘ - crystal

S gAMMA ray

Figure 3.1: Scintillation crystal. The thallium-doped sodium iodide crystal converts

gamma rays into light photons [15].

The efficacy of the crystal is affected by its design. Crystals of sodium
1odide range in thickness from less than one centimeter to several centimeters.
By absorbing more of the original and scattered gamma rays, thicker crystals
have a comparatively high sensitivity in which nearly all of the gamma ray
energy reaching the crystal is absorbed Fig. 3.3. Thinner crystals are less

sensitive because more photons are able to escape [15].
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Figure 3.2: Light photons. (A) Gamma rays eject electrons from the crystal through
Compton scattering and the photoelectric effect. (B, C) The ejected electrons in
turn produce a large number of secondary electrons. (D, E) During de-excitation

(oversimplified in this drawing) energy is released in visible light [15].
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Figure 3.3: Thick crystals stop a larger fraction of the photons [15].

3.4 Photomultiplier Tubes

The photomultiplier tube is a vacuum tube that features a photocathode
located at one end, which is positioned in close proximity to the crystal. A
photocathode refers to a transparent glass surface that exhibits photosensitivity.
The aforementioned procedure involves the application of a light-conductive
transparent gel onto the crystal’s surface, as depicted in Fig. 3.4. The gel that is

transparent in nature exhibits an identical refractive index to that of the crystal

56



and the window of the photomultiplier tube (PMT). The emission of electrons,
commonly known as photoelectrons, is triggered by the impact of light on the
photocathode. Typically, the photocathode receives a range of four to six light
photons per photoelectron generated. The amplification of electron production
at the photocathode is significantly enhanced by the multiplying effect occurring
within the tube, as depicted in Fig. 3.5. Upon their production, the electrons
undergo a cascade effect along the multiplier segment of the tube, sequentially
colliding with each of the dynodes within the tube. The aforementioned
are metallic electrodes, with each being maintained at a gradually increasing
positive potential in comparison to its predecessor. When an electron collides
with a dynode, it induces the emission of two to four additional electrons. These
newly generated electrons subsequently combine with the existing stream of
electrons, which gradually amplifies in size, and ultimately travels toward the
anode located at the terminal end of the tube. Stated differently, when a single
electron enters a sequence of only three dynodes, the resulting cascade produces
an output of approximately 23 to 43 electrons. If the cascade were to occur
across ten dynodes, the output would increase to approximately 210 to 410

electrons [7, 16, 84].
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Figure 3.5: Photomultiplier tube and its preamplifier and amplifier [15].
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3.5 Preparing and calibrating the measurement system

3.5.1 Nal(Tl) Detector System

The Nal(TI) detector was utilized, which consists of a scintillation detector
with crystal dimensions of (3x3). The crystal is enclosed in an aluminum case.
With a range of 4096 channels and an ADC (analog to digital converter) unit,
ORTEC Components, Inc. designed this particular detector equipped with an
ADC (analog to digital converter) unit. A multi-channel Analyzer (MCA) is
affixed to the back of the detector, and a single USB cable connects the MCA
to a personal computer. The detector is designed with a built-in amplifier and

utilizes the laboratory’s (Maestro-32) software to achieve high voltage settings

[60, 93].

3.5.2 High Voltage Power Supply

The Nal(Tl) detector requires high voltage for the job, and the range of
reagent (0-1300) Volts and the voltage employed in the study is 800 volts. This
voltage is within the range of stability of the working voltage of the detector,

and it was provided with voltages of the classy type [94, 95].

3.6 Energy Calibration

The relationship between the number of channels and the energy the
detector absorbs constitutes energy calibration [96]. The energy calibration
of the Nal(T1l) spectroscopy system is determined by measuring the position
of selected full-energy gamma-ray peaks with large peak-height to background
ratios and precisely determined energies [97]. As shown in Table. 3.7, this
detector’s energy is calibrated using a set of standard y-ray sources (!37Cs,

%0Co and ?’Na) from USNRC and State License Expert Quantities, ”Gamma
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Table 3.7: Properties of Radioactive sources used in the present study [98, 99].

Isotopes | Activity (uCi) | Energy (keV) | Serial number | Production date | I,%
37¢s 1 661.66 IRS-126 1/1/2009 | 85.21
1173.24 99.9
60Co 1 1332.5 IRS-141 1/1/2009 99.88

2505.74 20

511 181

22Na 1 IRS-139 1/2/2009

1274 99.95

Source Set,” Model RSS8. Fig. 3.6 represents the energy calibration curve. The
linear relationship between channel number (Cy) and energy is derived from

the energy calibration figure and is represented by the following equation [98]:
E =7.5005 Cy —47.595. (3.1)

The energy resolution is the ability of a detector to distinguish between two
peaks with a small energy difference. The following equation can be used to
calculate resolution [99]:

FWHM
N

Energy Resolution = x (100 %), (3.2)

where “FWHM” is the full width at half maximum for photo peak of the
spectrum of gamma rays source and C is channel number at the centroid the

gamma peak.
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Figure 3.6: The Energy calibration curve of Nal (TI) 3" x 3”.
3.7 Efficiency Calibration

The ratio of the number of particles or photons recorded by the detector
to the number of particles emitted by the source is the definition of detection
efficiency [100]. The efficiency of the detector measuring system for a specific

energy is calculated using the following equation [98, 99],

C
g=—2
Iyt A
where C), is the count area under the specified energy peak after subtracting the

x (100%), (3.3)

background, t is the time ( in second for the spectrum collected, / is the transition
probability of the emitted gamma-ray, and A is the activity sources during the

experiment. Calculating the activity of the standard source is as follows:
A=Ape M (3.4)
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where Ag is the initial activity (Bq) of each source at a time 7, A is the activity

(Bq) of the source at time t, is the decay constant, and (Ar =t —1,). The

variation in the absolute photo-peak detector efficiency with gamma-ray energy

was calibrated using four sources; 137¢g, 0Co, and 22Na, as shown in Fig. 3.7.

From the this figure, the fitting curve for efficiency as a function of energy (E)

0.2

Efficiency %

0.05

400

e = 0.6788 ¢~ 0001515

R? =0.9367

600 800 1000 1200 1400 1600
Energy keV

Figure 3.7: The Efficiency calibration curve of Nal (T1) 3" x 3”.

has the square correlation coefficient of 0.9367 with the exponential equation

given by,

g = 0.6788¢ V-00ISIE (3.5)
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where € is the efficiency and E is the energy in keV. From this equation we can
estimate the efficiency values for the isotopes 238U (?!4Bi), 232Th (*°®Ti) and

40K as shown in Table. 3.8.

Table 3.8: The efficiency values for isotopes 233U (214Bi), 22Th (2°8T1) and *°K.

Isotopes and Daughter | Energy (keV) | €
0K 1460 0.037
238U (*14Bi) 1764.5 | 0.020
232Th (2087Ti) 2614 0.004

3.8 Gamma Radiation Measurement

After the end of storage, a secular equilibrium is achieved between
radioactive isotopes of food samples in plastic Marinelli containers with a
capacity of one liter (see Fig. 3.9). The Marinelli was placed on a Nal(TI)
detector (around the detector) at five hours to obtain the gamma-ray spectrum.
Using the Maestro-32 information examination bundle, the net zone under the
comparing photograph peaks is determined in the energy range by subtracting
the check due to background sources from the net zone of a specific peak. All
measurement record background radiation from natural radioactivity in earth
materials, cosmic rays, structural materials within the system, and surrounding
building materials. This background varies from location to location based
on the detector’s quality and size and the sort of shield employed. The
radiation background will increase due to its interaction with the system’s
shield. The range of the background is estimated using a capacity of empty (1L)
polyethylene plastic Marinelli. Due to the inadequate resolution of the Nal(TI)

detector at low gamma energies, which do not have well-isolated photo-peaks,
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Figure 3.8: Marinelli beaker and the design of its geometry and computer software

[101].

containers on the indicator and checking in the meantime for sample estimations
are required. Thus, the specific activity (Bg/kg) activity concentrations can
be measured at well-separated photo-peaks with high energies, such as those
acquired in our results from the gamma beams produced by the descendants of
(*32Th) and (**®U), which are in common harmony with them, whereas (*°K)
was evaluated specifically by its 1460 keV gamma-line (*°Ar). Consequently,
the specific activity of (?*3U) was determined using the 1765 keV (?!*Bi)
gamma lines. Results have been calculated for (>>2Th) using the gamma-ray
lines at 2614 keV (*®TI). Fig. 3.9 shows the background spectrum in
the advanced nuclear physics laboratory, department College of Science, the

University of Babylon, using a measurement time of 18000 second.
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Figure 3.9: Background specterum inside the labrotary.

3.9 Blood Samples Collection

Blood samples were collected from healthy and cancer-stricken children of
varying ages at the Warith International Cancer Institute in the holy city of
Karbala. These samples were collected under the supervision of the medical
staff specialized in this institution. Many analyses and medical examinations
were conducted for children with cancer within this institution, where we
obtained copies of these analyses and examinations before and after exposure

to radiation doses resulting from radiation therapy sessions.

3.10 Truebeam Linear Accelerator

Varian Medical Systems’ TrueBeam radiotherapy system is a medical linear
accelerator. It provides high-precision image-guided stereotactic radiosurgery
and radiotherapy to treat tumors and lesions in various body regions, such
as the lungs, breasts, head, and neck. In April 2011, the device received
marketing approval in China and in June 2011 in Japan. In August 2011, the
Food and Drug Administration (FDA) of the United States approved the device
for clinical use. The device is also CE-marked. The primary components of

the TrueBeam radiotherapy device are a beam-producing system for producing
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photon, electron, and diagnostic X-ray radiation and a control console. The
beam-producing system is installed in a vault to shield radiation, while the
control panel operating the device software is outside the treatment chamber.
The device with LaserGuard II requires between 2.5MV and 25MV of energy
to operate. Additionally, it incorporates the previously FDA-approved Trilogy
radiotherapy system and associated accessories.

The kV radiation source has mouthguards and a capacitive collision
detection system (kV CCDS) for added safety. This allows for proximity
detection in addition to kV detectors and positioning devices.

The system includes six rotational recliners, a motion management interface
(MMI), and a visual coaching device. In addition, it includes a comprehensive
suite of Cone-Beam (CB) CT (CBCT) imaging capabilities, including 4D
CBCT, gated CBCT imaging, brief ARC CBCT, extended-length CBCT, and
multi-scan CBCT acquisition. Compared to 20 to 40 sessions of conventional
radiation therapy, the TrueBeam radiotherapy system enables patients to recover

in as few as one to five sessions [102—105].

Figure 3.10: Truebeam 2.7 radiotherapy system [106].
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Al-Warith Center, located in the Holy Karbala city for treating cancer and
tumor, has a TrueBeam radiotherapy system. In this center, many children with
cancer in different parts of their bodies have been treated. We have collected
analyses and medical examinations for many children with cancer, especially a
complete blood count (CBC). These analyses were used to conduct a statistical
study of a correlation between a complete blood count and the radiation doses

that may be present in the food eaten by infected children.
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Chapter 4

Results, Discussion and Conclusions

4.1 Introduction

This chapter’s summary gives the outcomes of the experiments carried out
for this study. The natural radioactivity for natural gamma-ray due to long-lived
gamma emitters in 59 samples of children’s foods regularly consumed by
children in the middle Euphrates governorates/Iraq was analyzed. The gamma
spectroscopy system with Nal(Tl) has been utilized to estimate the activity
concentration of radionuclides of 238U, 232Th, and “°K in these food samples.
We discuss the specific activity, annual effective dose, Radium equivalent
activity, and the excess lifetime cancer risk factor for the samples with one kind
of food. The average specific activities of the natural radioactive isotopes in the
food samples were compared within the world median ranges in the UNSCEAR
report.

We have also performed a statistical study for the many children infected
with different types of cancer in their bodies. This study has been achieved at the
Warith International Foundation for Oncology in Karbala city of Iraq. We chose
children who consumed a lot of milk, biscuits, chips, cerelac, indomie, and corn
flakes. These kinds of foods contain natural gamma-ray radioactivity from the
radionuclide isotopes 238U, 232Th and “°K that may be the cause of cancer in
these children. At the Warith Cancer and tumor center, we work under the
supervision of the staff to take into consideration about 30 blood samples from
a large number that satisfies the condition of our study. These children were

treated using the Truebeam radiotherapy system at this center for three months
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and with four medical treatment sessions per month. The complete blood count
(CBC) was taken after and before each session for the patient. However, we
performed a statistical study based on a T-test using Graph-pad Prism version
10 software for the CBC test, especially for Hemoglobin (Hb), white blood cells
(WBC), and Platelets (PLT). The statistical analysis for the Hb measurements
with the annual effective dose (AED) was performed due to our first part study’s
consumption of the food types. Hence, in this statistical study, we investigated
whether a correlation may occur between the Hb test with AED results. As
discussed in this chapter, we conclude that some parameters correlate and others

do not.

4.2 The Specific Activity

In this section, we will discuss the specific activity (activity concentration)
calculated by Eq. (2.10) for canned powdered milk, biscuits, indomie, chips,
cerelac, and corn flakes, with results presented in Tables. 4.1 to 4.7. As we
mentioned before, the number of samples for powdered milk is nine; for other
food types, we take ten samples each; hence the total is 59 samples under
investigation.

It can be seen from Table. 4.1 the activity concentration varies from
15.11+1.06 (M4 sample) to 20.72 + 1.24 (M9 sample) for 2°Ra. For 232Th, the
minimum and maximum values are 4.26 +0.34 (M7 sample) and 12.58 +0.59
(M2 sample) respectively. For 4°K, the minimum and maximum values are
158.28 +-3.59 (M2 sample) and 333.51 +£5.21 (M7 sample), respectively.

We also notice from the table that the average value for *°K records the
highest numbers compared with others. These results agree with those reported
in previous works in Iraq [64] and Saudi Arabia [56] as presented in Table. 4.2.

The value for 233U is approximately twice that for 23>Th. We also have an
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Table 4.1: Specific Activity (Bg/kg) in powdered milk samples

g Specific Activity (Bg/kg)

ample Code 238 20 e
MI 18.03+1.16 | 8.824+0.49 231.03+£4.34
M2 19.454+1.21 | 12.58+0.59 | 158.28+3.59
M3 19.15+1.2 | 10.264+0.53 | 213.76+4.17
M4 15.11+1.06 | 10.76+0.55 332.54+5.2
M5 15.634+108 | 11.254+0.56 | 333.51+5.21
M6 17.734+1.15 | 10.01£0.53 | 265.25+£4.65
M7 18.7£1.18 | 4.264+0.34 266.88 +4.66
M8 193+1.2 9.62+0.52 289.03 £4.85
M9 20.72+1.24 | 7.194+0.45 303.78 £4.97

Average 18.24+1.16 | 9.417+0.507 | 266.007 +=4.627

acceptable agreement for these two isotopes compared with other works. There
1s a high inconsistency in values between our results and those from different

countries; except for 4°K, the values are reported high.
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Table 4.2: Comparison of the average specific activities (Bg/kg) of 2?°Ra, 23>Th

and 4°K in powdered milk with data published in other countries (where the average

values is missing the range of values is indicated).

Region 238y 232Th 40K Reference
Iraq 18.2+1.16 9.42+0.51 266.01 =4.63 | Present Work
Iraq 15.27£8.24 | 1.62+£0.643 | 297.524+125.78 [64]

Saudi Arabia 9.64 6.77 74.51 [89]
Saudi Arabia 0.46 0.35 234+1.9 [56]

Jordan 0.5-2.14 0.78 —1.28 349 — 392 [53]

Indian 2.5 1.02 34.35 [107]
Syria 129 — 435 [108]

Venezuela 401.7£32.1 [109]

Egypt 0.444+0.23 47.254+123.6 [110]

New Zealand | 0.149 —0.186 | 0.147 —0.166 549 — 605 [109]
Germany | 0.064+0.018 | 0.094+£0.027 | 610.0£18.3 [109]
Iran 17.34+3.3 [54]
France 0.05+£0.011 [ 0.142£0.026 | 434.1£13.0 [109]

For biscuit samples, as shown in Table. 4.3, the highest numbers of the

specific activity are also for °K with the range between the minimum value

of 141.25 +2.38 (B4 sample) and the maximum value of 235.43 +3.07 (B9

sample). It can be noticed that the values vary from 25.16 +-1 (B4 sample) to
20.56 £ 0.9 (B8 sample) for 232Th whereas for 238U the variation is between
4.62 +£0.48 (B9 sample) and 18.84 +-0.97 (B4 sample). However, the average

value for 4°K is also higher than others, but the low average value is for

238U

The average values of our results are in good agreement with those reported in

Ref [60].
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Table 4.3: Specific Activity (Bg/kg) in Biscuit samples

Sample Code Specific Activity (Bq/kg)
238y 232 40
B1 16.93+0.92 10.95+£0.66 | 200.314+2.83
B2 5.98+£0.55 19.8+0.89 | 227.414+3.02
B3 8.04 +0.64 13.57+£0.73 | 244.29+3.13
B4 18.84 +£0.97 25.16+1 141.25+2.38
B5 11.1£0.75 12.464+-0.7 204.04 +2.86
B6 18.28 +-0.96 10.244+0.64 | 215.86+2.94
B7 11.114+0.75 18.06+0.85 | 180.78 £2.69
B8 13.56 £0.83 20.56£0.9 | 232.62+3.05
B9 4.62+0.48 13.414+0.73 | 235.434+3.07
B10 3.01+0.39 18.93+0.87 | 183.71+2.71
Average 11.147+£0.724 | 16.314+0.797 | 206.57 +-2.868

For the indomie food type, “°K still has the highest specific activity values
with a maximum value of 229.58 +-3.03 (I6 sample) and a minimum value of
128 (I10 sample). The 232Th has the maximum and minimum values of 22.38 +
0.94 (I7 sample) and 7.5+ 0.55 (I8 sample), respectively, after that comes 238U
in order with lower values than other radioactive isotopes. The highest and
lowest values are 18.38 +0.96 (IS5 sample) and 8.64 + 0.66 (I6 sample), and
our measurement for the I3 sample is below detection limit (BDL), as shown
in Table. 4.4. Our results agree well with the results presented in Refs [59, 79]

except for 232Th.
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Table 4.4: Specific Activity (Bg/kg) in Indomie samples.

Sample Code Specific Activity (Bq/kg)
238y 232 40

I1 17.48+0.94 20.284+0.9 199.63 +2.83
12 17.534+0.94 15.48+0.78 | 198.94+2.82
I3 BDL 12.34+0.7 163.74 +2.56
14 11.74+0.77 17.024+0.82 | 218.03+2.96
I5 18.38+0.96 13.694+0.74 223.64+2.99
16 8.64 +0.66 13.65+0.74 | 229.584+3.03
17 14.01+0.84 | 22.384+0.94 | 203.67+2.86
I8 13.11+0.81 7.5+0.55 213.34+2.92
19 9.19+£0.68 16.98 +0.82 155.324+2.5
110 10.54+0.73 17.98 +£0.84 128.14 £2.27

Average 12.054+0.733 | 15.726 +0.783 | 193.395+2.77

The highest value of the 4°K is 223.96 & 3 (Ch9 sample), while the lowest
value is 144.01 &2.79 (Ch10 sample). For ?*2Th, the Ch10 sample has the
highest value, 20.91 +0.91, while the Ch1 sample has the lowest value, 10.08 £
0.63. The highest value for 238U is 16.98 4 0.92 (Ch4 sample), while the Ch10
sample has the lowest value, 6.83 +£0.59. Our measurement for the Ch6 sample
is BDL as indicated in the Table. 4.5. The average specific activities for °K and

2381 are in good agreement with the results presented in Ref [62].
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Table 4.5: Specific Activity (Bg/kg) in Chips samples

Sample Code Specific Activity (Bq/kg)
238y 2327y, 40

Chl 11.6+£0.76 10.08+0.63 | 178.34+2.67
Ch2 11+0.74 14.48+0.76 | 190.64 +2.76
Ch3 14.92 +0.87 14.5+0.76 | 167.35+2.59
Ch4 16.98 +0.92 5.48+0.47 | 177.214+2.67
Ch5 11.4+0.76 15.714+0.79 | 189.64+2.76
Ch6 BDL 14.4+0.76 195.424+2.8
Ch7 6.93+0.59 154+0.78 |222.36+2.99
ChS8 13.464+0.82 14.8+0.77 | 215.7+£2.94
Ch9 9.19£0.68 12.94+0.72 | 223.96+3
Ch10 6.83+0.59 | 20.91+0.91 | 144.01+2.79

Average 10.231+£0.673 | 13.874+0.735 | 190.459 +2.8

The specific activity for the Cerelac food type is shown in Table. 4.6; the
highest value of the “°K is 366.59 +5.46 (Ce9 sample), while the lowest value
is 240.81 £ 4.4 (Ce4 sample). For 2>2Th, the Ce2 sample has the highest value,
20.9140.91, while the Ce3 sample has the lowest value, 5.7540.4. The highest
value for 238U is 19.52 + 1.21 (Ce5 sample), while the Ce3 sample has the
lowest value, 9.35 +0.84. We compare our results with those presented in Ref
[65], and there is acceptable consistency for the values.

For corn flakes food type, in Table. 4.7, the highest values of the specific
activity are also for “°K with the range between the minimum value of
182.99.68 £2.71 (Co8 sample) and the maximum value of 290.92 +3.42 (Co9
sample). It can be noticed that the values vary from 5.4 4 0.46 (Co2 sample) to

18.65 4 0.86 (Co7 sample) for 232Th whereas for 238U the variation is between
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Table 4.6: Specific Activity (Bg/kg) in Cerelac samples

Sample Code Specific Activity (Bq/kg)
238y 2327y 40K
Cel 17.13+1.13 | 8.99+£0.5 242.6 +4.45
Ce2 14.444+1.04 | 12.55£0.59 | 304.76+4.98
Ce3 9.35+0.84 | 5.754+04 314.37+5.06
Ced 11.454+0.93 | 6.034+0.41 240.81+4.43
CeS 19.524+1.21 | 8.854+0.49 263.214+4.63
Ce6 16.01£1.09 | 7.96+0.47 | 266.88+4.66
Ce7 15.04+1.06 | 9.844+0.52 | 286.75+4.83
Ce8 1571+1.08 | 7.964+0.47 | 247.73+4.49
Ce9 12.194£0.96 | 6.47+0.42 | 366.59+5.46
CelO 13.24+1 7.25+0.45 299.46 +£4.94
Average 14.414+1.03 | 8.1654+0.472 | 283.316+4.793

3.06+0.39 (Co6 sample) and 19.441+-0.99 (Col sample). However, the average
value for 4°K is higher than others, but the low average value is for 233U.
Comparing our results with other work presented by Ref [111] , we have only
good agreement with those results for 238U. In contrast, those results for “°K

are approximately four times our results for the average specific activity.
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Table 4.7: Specific Activity (Bq/kg) in Corn Flakes samples
Specific Activity (Bq/k
Sample Code 238y P 232Thy (Ba/ke) 0

Col 19.444+0.99 17.424+0.83 190.68 +2.76
Co2 9.95+0.71 5.44+0.46 203.11+£2.85
Co3 15.774+0.89 11.98 £0.69 270.99+3.3
Co4 16.83+0.92 14.52+0.76 225.1243

Co5 15.82+0.89 12.1+0.69 214.34+2.93
Cob 3.06£0.39 13.37£0.73 226.334+3.01
Co7 14.06 +0.84 18.65+0.86 194.374+2.79
Co8 11.34+0.75 14.29£0.75 182.99 +2.71
Co9 15.22+0.87 11.27+£0.67 290.92+3.42
Col0 2.76 £0.37 17.26 +0.83 243.49+3.12

Average 12.4214+0.762 | 13.622+0.727 | 224.234 +3.089

However, the specific activities for all kinds of foods samples are presented
in Figs. 4.1 to 4.6. In general, we notice that the specific activity for all the
samples has the highest value for “°K with a rough difference of more than 180
Bg/kg compared with other radioactive isotopes (see Fig. 4.7). Nevertheless, the
approximate difference between the average values of 238U and 232Th does not
exceed 9 Bg/kg. Also, the minimum average value for milk and cerelac foods is
for 232Th, while 23U has the lowest average value for other foods as indicated
in Figs. 4.8. Our results do not remarkably exceed the worldwide median values

of 35, 30, and 400 (Bg/kg) for 238U, 232Th, 40K, respectively [11].
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Figure 4.1: The specific activity (Bq/kg) measured in different powdered milk
samples for natural radioactive isotopes 238U, 23?Th and “°K indicated by orange,

green, and violet colors respectively.
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Figure 4.2: The specific activity (Bg/kg) measured in different Biscuit samples for

natural radioactive isotopes 28U, 23°Th and “°K indicated by orange, green, and

violet colors respectively.
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Figure 4.3: The specific activity (Bq/kg) measured in different Indomie samples for

natural radioactive isotopes 28U, 232Th and *°K indicated by orange, green, and

violet colors respectively.
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Figure 4.4: The specific activity (Bq/kg) measured in different Chips samples for

natural radioactive isotopes 2381, 232Th and “OK indicated by orange, green, and

violet colors respectively.
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Figure 4.5: The specific activity (Bg/kg) measured in different Cerelac samples for

natural radioactive isotopes 238U, 232Th and “°K indicated by orange, green, and

violet colors respectively.
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Figure 4.6: The specific activity (Bg/kg) measured in different Corn Flakes samples

for natural radioactive isotopes 238U, 232Th and 4°K indicated by orange, green, and

violet colors respectively.
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4.3 Annual Effective Dose (AED)

The annual effective dose is calculated from Eq. (2.20). The values of E
(see Table. 4.8) are under International Commission on Radiological Protection
classifications [11], namely, adult, child (10 ys old), and infant (1-y-old). Based
on the low values for “°K and high values for 238U and 232Th of the conversion
factors, these factors have balanced our calculation of the annual effective dose
due to reducing the significantly increased values of the specific activity. Hence,

we can see that AED < 1 for all these radioactive isotopes.

Table 4.8: Dose conversion factors (E) given in the unit of (nSv/Bq) [11].

Age Group 238y | 232Th | 49K
Adults (over 17y) | 280 | 230 | 6.2
Children (10)y | 800 | 290 | 13
Infant (1) y 980 | 450 | 42

The annual intake of the food samples I (kg/y) is different from one food
type to another depending on the daily habits of people consuming varity of
food in different quantities. The infant is taking about 22.4 (kg/y), according
to ICRP72 report [112]. Following the United Nations Scientific Committee on
the Effects of Atomic Radiation [11], the I values for biscuit samples are 90
and 45 (kg/y) for the child and infant age groups, respectively. The estimated
values of consumption rate I for Indomie [59, 113], Chips [114, 115], Cerelac
[65, 116], and Corn flakes [55] are 36, 10, 36, and 45 (kg/y), respectively.

The results for powdered milk samples are indicated in Table. 4.9, we notice
the average annual effective dose (AED) of 2387 > 40K > 232Th, with the values
of 0.391, 0.250, and 0.095 (mSv/y), respectively. The total AED has the highest
and lowest values of 0.804 (M9 sample) and 0.694 for both M1 and M2 samples.
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The excess life time cancer risk factor (ELCR) can be calculated from
Eq. (2.21), and it has been established that its value is directly proportional
to the AED value. Therefore, ELCR has maximum and minimum values of

2.813 x 1073 and 2.429 x 1073, respectively as shown in Fig. 4.9.

Table 4.9: Annual effective dose, and the excess lifetime cancer risk factor (ELCR)

%1073 due to the intake of 33U, 232Th and *°K for infants milk samples.

Sample Code AED (mSv/y) Total AED | ELCR x 1073
2381y | 232TH | 40K (mSv/y)
M1 0.388 | 0.089 | 0.217 0.694 2.429
M2 0.418 | 0.127 | 0.149 0.694 2.429
M3 0.412 | 0.103 | 0.201 0.716 2.507
M4 0.325 | 0.108 | 0.313 0.746 2.612
M5 0.336 | 0.113 | 0.314 0.763 2.671
M6 0.381 | 0.101 | 0.250 0.732 2.561
M7 0.402 | 0.043 | 0.251 0.696 2.437
M8 0.415 | 0.097 | 0.272 0.784 2.744
M9 0.446 | 0.072 | 0.286 0.804 2.813
Average 0.391 | 0.095 | 0.250 0.737 2.578
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Figure 4.9: The excess lifetime cancer risk factor (ELCR) x 1073 and the total
annual effective dose (mSv/y) due to the intake of 233U, 232Th and *°K for powdered

milk samples.

The AED and ELCR for biscuit samples have been discussed for infants
and children age groups as shown in Tables. 4.10 and 4.11. Similarly to the
milk cases, the average AED for infants has the order of 238y > 40K > 2327,
with the values of 0.482, 0.391, and 0.330 (mSv/y). Regarding the total AED,
sample B4 has a maximum value of 1.590 (mSv/y), giving the highest ELCR
value of 5.566. The minimum value is for the B10 sample with a magnitude of
0.861, providing the lowest value of 3.012 for ELCR, as shown in Fig. 4.10.
On the other hand, for the same samples with the children’s case, we have
the maximum and minimum values of the total AED such that 2.178 and 0.92
(mSvl/y), respectively. In contrast to the infant case, the average AED for the
children has the order of 23U > 232Th > 49K, with the values 0.803, 0.426,
0.242 (mSvly), respectively.
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Table 4.10: Annual effective ingestion dose, total annual effective dose (mSv/y)

and the excess lifetime cancer risk factor (ELCR) x 1073 due to the intake of 238U,

232Th and #°K for infant biscuit samples.

AED (mSvly)

Sample Code sy | ooy | ok T?rtr?é Q}I:Z)D ELCR x 1073
Bl 0.731 | 0.222 | 0.379 1.332 4.661
B2 0.258 | 0.401 | 0.430 1.089 3.812
B3 0.347 | 0.275 | 0.462 1.084 3.793
B4 0.814 | 0.509 | 0.267 1.590 5.566
B5 0.480 | 0.252 | 0.386 1.117 3911
B6 0.790 | 0.207 | 0.408 1.405 4.918
B7 0.480 | 0.366 | 0.342 1.187 4.156
B8 0.586 | 0.416 | 0.440 1.442 5.046
B9 0.200 | 0.272 | 0.445 0.916 3.206
B10 0.130 | 0.383 | 0.347 0.861 3.012

Average 0.482 | 0.330 | 0.391 1.202 4.208

The difference in the values of AED and ELCR between the infants and
children age group is due to the high consumption rate from the children
compared with the infants. In the calculation of the AED for other types of

foods, we consider the children’s case because the consumption rate for these

kinds 1s higher compared with the infants.
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Table 4.11: Annual effective ingestion dose, total annual effective dose (mSv/y)

and the excess lifetime cancer risk factor (ELCR) x 1073 due to the intake of 238U,

232Th and *°K for Children biscuit samples.

AED (mSvl/y) Total AED
-3
Sample Code 38y | 2321 | 0K (mSv/y) ELCR x 10
B1 1.219 | 0.286 | 0.234 1.739 6.087
B2 0.431 | 0.517 | 0.266 1.213 4.247
B3 0.579 | 0.354 | 0.286 1.219 4.266
B4 1.356 | 0.657 | 0.165 2.178 7.624
B5 0.799 | 0.325 | 0.239 1.363 4.771
B6 1.316 | 0.267 | 0.253 1.836 6.426
B7 0.800 | 0.471 | 0.212 1.483 5.190
B8 0.976 | 0.537 | 0.272 1.785 6.248
B9 0.333 | 0.350 | 0.275 0.958 3.353
B10 0.217 | 0.494 | 0.215 0.926 3.240
Average 0.803 | 0.426 | 0.242 1.470 5.145
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Figure 4.10: The excess lifetime cancer risk factor (ELCR) x 1073 and the total

annual effective dose (mSv/y) due to the intake of 2387, 232Th and *°K for biscuit

samples.
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The findings for the analyzed samples of indomie are presented in the
Table. 4.12. In contrast to the powdered milk and biscuit case for infant, We
find that the AED of 238U is higher than that of 23?Th, but then for “°K is the
lowest estimated magnitude, with values of 0.347, 0.164, and 0.091 (mSv/y),
respectively. Nevertheless, the calculated AED is in agreement with those
obtained from biscuit samples for children. The total AED has a maximum
value of 0.809 (I1 sample) and a minimum value of 0.205 (I3 sample), with the
corresponding ELCR highest and lowest values of 2.830 and 0.718, respectively.

These results are shown in Fig. 4.11.

Table 4.12: Annual effective dose, and the excess lifetime cancer risk factor

(ELCR)x 1073 due to the intake of 238U, 232Th and “°K for children Indomie

samples.
Sample Code AED (m3vfy) Total AED | ELCR x 1073
2381y | 2327y | 40K (mSv/y)
I1 0.503 | 0.212 | 0.093 0.809 2.830
12 0.505 | 0.162 | 0.093 0.760 2.659
I3 0.000 | 0.128 | 0.077 0.205 0.718
14 0.337 | 0.178 | 0.102 0.617 2.158
I5 0.529 | 0.143 | 0.105 0.777 2.719
16 0.249 | 0.143 | 0.107 0.499 1.746
17 0.403 | 0.234 | 0.095 0.732 2.564
I8 0.378 | 0.078 | 0.100 0.556 1.945
I9 0.265 | 0.177 | 0.073 0.515 1.801
110 0.302 | 0.188 | 0.060 0.550 1.925
Average 0.347 | 0.164 | 0.091 0.602 2.107
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Figure 4.11: The excess lifetime cancer risk factor (ELCR) x 1073 and the total

annual effective dose (mSv/y) due to the intake of 238U, 232Th and 49K for Indomie

samples.

Similar to the biscuit and indomie samples for children, the AED for chips
samples has to be 2387 > 232Th > 40K with the values given as 0.082, 0.040, and
0.025 (mSv/y) and as presented in Tabel. 4.13. The maximum and minimum
values for the total AED are 0.183 (Ch3 sample) and 0.067 (Ch6 sample)
(mSv/y), respectively. The related values of ELCR for these samples are 0.641
and 0.235, respectively, as shown in Fig. 4.12.
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Table 4.13: Annual effective dose, and the excess lifetime cancer risk factor (ELCR)

%1073 due to the intake of 238U, 232Th and “°K for children Chips samples.

AED (mSvly) Total AED
Sample Code ELCR x 1073
238U 232Th 40K (mSV/Y)
Chl 0.093 | 0.029 | 0.023 0.145 0.508
Ch2 0.088 | 0.042 | 0.025 0.155 0.542
Ch3 0.119 | 0.042 | 0.022 0.183 0.641
Ch4 0.136 | 0.016 | 0.023 0.175 0.612
Ch5 0.091 | 0.046 | 0.025 0.161 0.565
Ché6 0.000 | 0.042 | 0.025 0.067 0.235
Ch7 0.055 | 0.045 | 0.029 0.129 0.452
Ch8 0.108 | 0.043 | 0.028 0.179 0.625
Ch9 0.074 | 0.038 | 0.029 0.140 0.491
Ch10 0.055 | 0.061 | 0.019 0.134 0.469
Average 0.082 | 0.040 | 0.025 0.147 0.514
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Figure 4.12: The excess lifetime cancer risk factor (ELCR) x 1073 and the total

annual effective dose (mSv/y) due to the intake of 233U, 232Th and “°K for Chips

samples.
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In contrast to the biscuit indomie and chips samples for children cases and
similar to powdered milk and biscuit samples for infants, the AED for cerelac
samples has to be 233U > 40K > 232Th with the values given as 0.498, 0.429,
0.132 (mSv/y) and as presented in Tabel. 4.14. The maximum and minimum
values for the total AED are 1.216 (Ce5S sample) and 0.858 (Ce4 sample)
(mSv/y), respectively. The related values of ELCR for these samples are 4.256
and 3.001, respectively, as shown in Fig. 4.13.

Table 4.14: Annual effective dose, and the excess lifetime cancer risk factor (ELCR)

x 1073 due to the intake of 238U, 232Th and *°K for children Cerelac samples.

Sample Code AED (mSvly) Total AED | ELCR x 1073
23815 | 232TH | 40k (mSv/y)
Cel 0.592 | 0.146 | 0.367 1.104 3.866
Ce2 0.499 | 0.203 | 0.461 1.163 4.071
Ce3 0.323 | 0.093 | 0.475 0.892 3.121
Ced 0.396 | 0.098 | 0.364 0.858 3.001
Ce5 0.675 | 0.143 | 0.398 1.216 4.256
Ce6 0.553 | 0.129 | 0.404 1.086 3.800
Ce7 0.52 | 0.159 | 0.434 1.113 3.895
Ce8 0.543 | 0.129 | 0.375 1.046 3.663
Ce9 0.421 | 0.105 | 0.554 1.08 3.781
Cel0 0.458 | 0.117 | 0.453 1.028 3.597
Average 0.498 | 0.132 | 0.429 1.059 3.705
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Figure 4.13: The excess lifetime cancer risk factor (ELCR) x 1073 and the total

annual effective dose (mSv/y) due to the intake of 2381, 232Th and *K for Cerelac

samples.

It can be seen clearly from Tabel. 4.15, the AED values for the Corn
flakes have the order of 233U > 232Th >%0K with the values given as 0.447,
0.178, 0.131 (mSv/y) respectively. This is consistence with all food samples
in our study except powdered milk and biscuit for infants. The maximum and
minimum values for the total AED are 1.039 (Col sample) and 0.417 (Co6
sample) (mSv/y), respectively. The related values of ELCR for these samples
are 3.636 and 1.46, respectively, as shown in Fig. 4.14.
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Table 4.15: Annual effective dose, and the excess lifetime cancer risk factor (ELCR)

%1073 due to the intake of 23U, 232 Th and “°K for children Corn Flakes samples.

AED (mSvly) Total AED
Sample Code 5 32 1 ELCR x 1073
3By | 221h | YK (mSv/y)
Col 0.7 | 0.227 | 0.112 1.039 3.636
Co2 0.358 | 0.07 | 0.119 0.547 1.916
Co3 0.568 | 0.156 | 0.159 0.883 3.089
Co4 0.606 | 0.189 | 0.132 0.927 3.245
Co5 0.57 | 0.158 | 0.125 0.853 2.985
Cob 0.11 | 0.174 | 0.132 0.417 1.46
Co7 0.506 | 0.243 | 0.114 0.863 3.021
Co8 0.407 | 0.186 | 0.107 0.7 2.451
Co9 0.548 | 0.147 | 0.17 0.865 3.028
Col0 0.099 | 0.225 | 0.142 0.467 1.635
Average 0.447 | 0.178 | 0.131 0.756 2.647
5
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Figure 4.14: The excess lifetime cancer risk factor (ELCR) X 1073 and the total

annual effective dose (mSv/y) due to the intake of 238y, 232Th and *°K for Corn

Flakes samples.
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Fortunately, with all the results for the evaluated AED, these outcomes
are within the typical worldwide range of annual dose 1 (mSV/y) due to the
ingestion of all-natural radiation sources reported by Ref [11]. It has been
clear that the average of the total AED for children’s biscuit samples has the
maximum value and higher than the worldwide limits. The values of other
samples come in sequence: cerelac, Corn flakes, powdered milk, Indomie,
and Chips which has the lowest value. In the pie chart Fig. 4.15, we show
the percentage of the average ELCR for all food types. Clearly, we have the
highest value for biscuit of children due to the high AED value and vice versa
for the chips samples. The results are 30.8%, 22.2%, 15.9%, 15.4%, 12.6%,
and 3.1% for biscuit, cerelac, corn flakes, powdered milk, indomie, and chips,

respectively, with all the values below the worldwide limits [11, 112].

B Vil

I Biscuit
I Indomie
I Chips
[ Cerelac
[ Corn flakes

22.2%

30.8%

12.6%

Figure 4.15: The percentage of average excess lifetime cancer risk factor (ELCR)

due to the intake of 233U, 232Th and *°K in various food samples.
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4.4 Radium Equivalent and Hazard index

The Radium equivalent activity index Raeq and the radiation internal hazard
index Hj, are related to the specific activities of the natural radioactivity as
given by Eqgs. (2.18) and (2.19), respectively. The average values of Ragq
(Bg/kg)for powdered milk, biscuit, indomie, chips, cerelac, and corn flakes are
52.151, 50.382, 49.434, 44.731, 470.899, and 49.172, respectively as shown in
Tables. 4.16 to 4.21. Also, the calculated values of Hj, are presented in the
tables for these food samples with the values of 0.190, 0.166, 0.166, 0.149,
0.168, and 0.166, respectively.

Table 4.16: Radium equivalent activity Racq(Bq/kg) and internal hazard index Hij,

in powdered milk samples

Sample code | Raeq(Bq/kg) H;,
Ml 48.432 0.180
M2 49.627 0.187
M3 50.281 0.188
M4 56.102 0.192
M5 57.398 0.197
M6 52.469 0.190
M7 45.342 0.173
M8 55.312 0.202
M9 54.393 0.203

Average 52.151 0.190
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Table 4.17: Radium equivalent activity Racq(Bq/kg) and internal hazard index Hj,

in biscuit samples

Sample code | Raeq(Bq/kg) Hi,
Bl 48.012 0.175
B2 51.805 0.156
B3 46.255 0.147
B4 65.695 0.228
B5 44.629 0.151
B6 49.544 0.183
B7 50.856 0.167
B8 60.873 0.201
B9 41.924 0.126
B10 44.226 0.128

Average 50.382 0.166

Table 4.18: Radium equivalent activity Raeq(Bq/kg) and internal hazard index Hj,

in Indomie samples

Sample code | Raeq(Bq/kg) Hi,
I1 61.852 0.214
12 54.985 0.196
I3 30.197 0.082
14 52.827 0.174
I5 55.174 0.199
16 45.837 0.147
17 61.696 0.204
I8 40.259 0.144
19 45.431 0.148
110 46.078 0.153
Average 49.434 0.166
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Table 4.19: Radium equivalent activity Raeq(Bq/kg) and internal hazard index Hj,

in Chips samples

Sample code | Raeq(Bq/kg) Hin
Chl 39.747 0.139
Ch2 46.386 0.155
Ch3 48.541 0.171
Ch4 38.462 0.15
Ch5 48.465 0.162
Ché6 35.639 0.096
Ch7 46.074 0.143
Ch8 51.233 0.175
Ch9 44.939 0.146

Chl0 47.82 0.148
Average 44731 0.149

Table 4.20: Radium equivalent activity Racq(Bq/kg) and internal hazard index Hj,

in Cerelac samples

Sample code | Raeq(Bq/kg) Hi,
Cel 48.666 0.178
Ce2 55.853 0.19
Ce3 41.779 0.138
Ce4d 38.615 0.135
Ce5 52.443 0.194
Ceb6 47.943 0.173
Ce7 51.191 0.179
Ce8 46.168 0.167
Ce9 49.67 0.167
CelO 46.666 0.162

Average 47.899 0.168
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Table 4.21: Radium equivalent activity Raeq(Bq/kg) and internal hazard index Hj,

in Corn Flakes samples

Sample code | Racq(Bq/kg) | Hip
Col 59.033 0.212
Co2 33.311 0.117
Co3 53.768 0.188
Co4 54.928 0.194
Co5 49.627 0.177
Cob6 39.607 0.115
Co7 55.696 0.188
Co8 45.825 0.154
Co9 53.737 0.186
ColO 46.191 0.132
Average 49.172 0.166

The average Radium equivalent activity index Raeq for milk samples is the
highest in our results, with a percentage of 17.8 %. In contrast, the lowest value
is for Chips samples with a percentage of 15.2 % as shown in Fig. 4.16. The
percentages of the other samples are 17.2 %, 16.8 %, 16.7 %, and 16.3 % for
the food samples of biscuit, indomie, corn flakes, and cerelac, respectively. It
1s worth mentioning that our estimations of the Radium equivalent activity are

lower than the worldwide average value of (370 Bg/kg) [11].
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Figure 4.16: The percentage of average Radium equivalent activity Racq(Bq/kg)

due to the intake of 2*3U, 232Th and 4°K in various food samples.

Regarding the radiation internal hazard index Hj,, the powdered milk has
also the highest percentage of 18.9 % and the lowest percentage of 14.8 % for
Chips as shown in Fig. 4.17. Notably, the biscuit, indomie, and corn flakes
have the same estimation for H;, with a percentage of 16.5 %, where its value
1s 0.166. However, the estimations of the radiation internal hazard index are
lower than the worldwide average value of (< 1) [11]. On the other hand, we
notice that the maximum or minimum values of Raeq and Hj, are almost not
calculated at the same food sample which contrast the case between AED and
ELCR values. For example, Raeq for the powdered milk has the maximum
value of 57.398 (Bg/kg) by M5 sample, but the evaluated maximum value of
Hi, is 0.203 Bg/kg by M9 sample. Also, the minimum value of Raeq is 48.432
(Bg/kg) obtained from M1 sample, whereas the minimum value of Raeq is

obtained from M7 sample with a value of 0.173.
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Figure 4.17: The percentage of average internal hazard index Hj, due to the intake

of 238U, 232Th and %°K in various food samples.

This inconsistency between the highest and lowest values with their distinct
samples can be explained using Eqs. (2.18) and (2.19). We can rewrite Raeq as

follow [117]:

Ara | Amh , Ak
Raeq = 370 4.1
feq (370 o590 4810) 2 1)

note that Ag, = Ay, with this expression, we can write Raeq in terms of Hj, as

Raeq = 370 x H;;, — ARa, “4.2)
or
1
H;, = (R A —. 4.3
in ( Aeq + Ra) X 370 4.3)

Thus, from the above equation, these indices are more sensitive to the specific
activity values of 232Th and 233U compared to that of “°K. For example, for
any given values of the three specific activities, the increase of Ar, by two with
fixing the values of others can produce an increment in Raeq equal to 2, and

increment in Hj, equal to 0.0108. When we increase Aty by two and fix the
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others to the first configuration, the increment in Raeq becomes 2.8571 and the
increment in Hj, is 0.0077. For changing Ax by two and preserving others to
the first case, this will produce a small increment in Raeq of 0.1538 and very
small increment in H;, of 4.16 x 10~%. Hence we conclude that, the magnitude
of Aty has more effect on the value of Raeq, whereas the magnitude of Ag,
impact more the value of Hj,, but a low effect we have from the value of Ak
particularly on Hj,. Thus, the fluctuation of the specific activity values from
different food samples can produce distinct maximum and minimum values for

Ragq and Hj, from various samples numbers.

4.5 Statistical Analysis of Complete Blood Count (CBC)

In this section, we present the second part of our work. Thirty children
were chosen in our study and infected with different types of cancer and treated
using high doses of radiation to kill cancer cells and shrink tumors at the
Warith International Cancer Institute. They aged between one and thirteen years
old. The selected number of children per age is shown in Table. 4.22. These
children have been treated using high doses of radiation using Truebeam linear
accelerator for three months. Each child has taken four treatment sessions per
month, and hence the number of total sessions was 12.

We have investigated the effect of high radiation on hemoglobin (Hb g/dl),
white blood count (WBC x10%/uL), and platelet count (PLT x10°/uL). A
P-value of less than 0.05 (P < 0.05) is considered statistically significant in
this study based on a T-test using Graph-pad Prism version 10 software. We
describe the data in statistical figures for patients and healthy control by using

mean and standard deviation (SD) values.
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Table 4.22: Age group of chosen children at Warith International Cancer Institute

to investigate the effect of radiation on their CBC test using Truebeam radiotherapy.

Child Age (y) | Numbers of Children

1 1
2 2
3 2
4 5
5 1
6 3
7 3
8 4
9 3
10 1
11 3
12 0
13 2

Total 30

Fig. 4.18 shows the statistical analysis for Hb (g/dl) level for the age group
with three months of treatment sessions and control. Regarding the Hb level, the
statistical results were compared with the control (12.23 + 0.46). A significant
decrease has been obtained for the three months and follows: for the first
(P-Value = 0.0290) month with the mean level of (10.23 £ 0.16 g/dl); second
month (P-Value = 0.00028) with the level of (9.922 + 0.14 g/dl); third month
(P-Value = 0.0053) with the mean level of (9.916 4+ 0.16 g/dl). Moreover, we
notice a significant decrease (P-Value = 0.0081) between the first and second

months, but there is no statistical increase or decrease between the second and

third month (P-Value = 0.4894, P-Value must be < 0.05).
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Figure 4.18: Statistical analysis for Hb g/dl level for the age group with three

months of treatment sessions and control.

Regarding the white blood count (WBC) level, there is a significant decrease
(P-Value < 0.05) in its mean values over the three months compared with the
control (12.15 4+0.60) as shown in Fig. 4.19. For the first month (P-Value =
0.0122) with the mean level of (8.121 + 0.67 g/dl); the second month (P-Value =
0.0015) with the level of (5.672 + 0.38 g/dl); the third month (P-Value = 0.0007)
with the mean level of (6.523 4= 0.81 g/dl). There was also a significant decrease
for the second month (P-Value = 0.0299) compared with the first month. The
third month has no significant decrease (P-Value = 0.0653) compared with the

first month and no significant increase (P-Value = 0.1723) compared with the

second month.
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Figure 4.19: Statistical analysis for WBC x 10° /uL level for the age group with

three months of treatment sessions and control.

Concerning the plates count (PLT), the statistical analysis for WBC
x 103/uL level for the age group with three months of treatment sessions and
control of (347.5 £34.25) is presented in Fig. 4.20. For the first month, we have
no significant increase (P-Value = 0.4457) with a mean value of (328.8+24.82)
compared with the control. For the second month, there was a significant
decrease (P-Value = 0.0234) with a mean value of (278.4+17.28) compared
with the control, and a significant decrease (P-Value = 0.0483) compared with
the first month. For the third month and compared with the control, we have no
significant decrease (P-Value = 0.2070) with a mean value of (268.0 &+ 17.61).
A significant decrease for the second month compared with the first month
(P-Value = 0.0483). Also, a significant decrease for the third month compared
with the first month (P-Value = 0.0483), but no significant decrease compared
with the third month (P-Value = 0.3374). It has been clear that a high standard
deviation for the Hb mean values compared with those of WBC and PLT. Thus,

these results indicate much variance in the observed data around the mean for
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Figure 4.20: Statistical analysis for PLT x 103 /uL level for the age group with three

months of treatment sessions and control.

Hb, and the data observed is entirely spread out. The slight standard deviation
of WBC and PLT indicates that much of the data observed is clustered tightly

around the mean.

4.6 The Annual Effective Dose (AED) and CBC Test

In this section, we have performed a statistical correlation analysis between
the evaluated annual effective dose for the food samples presented their results
in Chp. 3, with hemoglobin (Hb g/dl) for the children patients infected with
cancer and tumor and who were treated at the Warith International Cancer
Institute. The focus was on Hb because it can be highly affected by the
food types and might be by also the natural radionuclide in these foods.

As mentioned, we have 30 infected children with the age group shown in

Table. 4.22.
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In Fig. 4.21, the correlation between AED (Bg/kg) of powdered milk and Hb
is a too Weak partial positive correlation, with a correlation coefficient equal
to (R* = 0.025) as shown in Fig. 4.22. The AED for biscuit samples has a
tiny negative correlation coefficient of (R> = 0.0003) from a partial negative
correlation. This value of R?, which is approximately zero, indicates zero

correlation between the biscuit’s AED and Hb.
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Figure 4.21: Partial positive correlation between annual effective does (AED)

(Bg/kg) for powdered milk and hemoglobin (Hb g/dl) level.
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Figure 4.22: Zero correlation between annual effective does (AED) (Bg/kg) for
biscuit and hemoglobin (Hb g/dl) level.

In Fig. 4.23, we found a Weak partial positive correlation between AED
(Bg/kg) of indomie and Hb with R?> = 0.15. For chips, a weak negative
correlation has been obtained with AED and Hb with R? = 0.1339 as shown
in Fig. 4.24. In contrast, we found a good partial positive correlation between
AED and Hb for cerelac with R?> = 0.6804 as shown in Fig. 4.25. Finally, we
found a too weak negative correlation between AED and Hb for Corn flakes

with R? = 0.0618 as shown in Fig. 4.26.
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Figure 4.23: Partial positive correlation between annual effective does (AED)

(Bg/kg) for Indomie and hemoglobin (Hb g/dl) level.
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Figure 4.24: Partial negative correlation between annual effective does (AED)

(Bg/kg) for Chips and hemoglobin (Hb g/dl) level.
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Figure 4.25: Partial positive correlation between annual effective does (AED)

(Bg/kg) for Cerelac and hemoglobin (Hb g/dl) level.
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Figure 4.26: Partial negative correlation between annual effective does (AED)

(Bg/kg) for Corn flakes and hemoglobin (Hb g/dl) level.
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4.7 Conclusions

Our work consisted of two main parts. The first part focused on studying the
natural radioactivity in various types of food consumed regularly by children.
The second part investigated the effect of radiation radiotherapy treatment on
children infected with cancer and its potential relationship to the first part of our

study. In summary, our conclusions can be summarized in the following points:

1. The specific activity of °K was found to be generally higher than 238U

and 2°Th in all food samples. However, the measured values were
within the worldwide average limits and do not pose a significant radiation

hazard.

2. Among the food samples, biscuits for children had the highest annual
effective dose (AED) (mSv/y) while chips had the lowest. However,
all were within safe limits. The estimated annual effective doses from
ingestion of the radionuclides in all food samples were below the

worldwide limit of 1 mSv/y, indicating minimal radiation risk.

3. Also, biscuits for children had the highest excess lifetime cancer risk
factor (ELCR) while chips had the lowest. Nevertheless, all were within

safe limits.

4. The highest average radium equivalent activity Racq(Bq/kg) was
observed for powdered milk samples while the lowest was for chips
samples. However, all values were below the worldwide average limit

of 370 Bg/kg.

5. Regarding the internal hazard index Hjj,, the highest value was found for
powdered milk samples and the lowest value was for chips samples. All

values were below the acceptable limit of 1.
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6. Hematological parameters were analyzed statistically for pediatric cancer
patients of 30 children aged 1-13 years undergoing radiation therapy over
three months. Significant declines in hemoglobin, white blood cells, and
platelets were observed during treatment. These results agree with some

previous studies presented in the literature.

7. A correlation analysis between the annual effective doses of different
food types and hemoglobin levels for the patients showed: Too weak
positive and negative correlations for powdered milk and corn flakes
samples, respectively, Zero correlation for biscuit samples, low positive
and negative correlations for indomie and chips samples, and a good

positive correlation for cerelac samples.

8. Natural radioactivity levels in the analyzed food samples pose a minimal
risk to children in Iraq. However, high radiation doses during cancer
treatment can significantly affect blood parameters, necessitating close

monitoring of blood tests for such patients.
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4.8

Future Research Proposals

. Expanding the food samples analyzed to cover a wider range of children’s

foods in Iraq and also imported foods. Assess impact of food processing.

Using more sensitive detection techniques like alpha spectrometry to
quantify plutonium, uranium isotopes in foods. Compare to gamma

results.

. Investigating if certain food types correlate with specific cancer types in

pediatric patients using retrospective data. Also, Measure radon levels in
homes/schools of pediatric patients and correlate with blood counts and

dietary radioactivity.

Conducting in-vitro study exposing blood samples to food radioactivity

levels to directly assess effects on blood cells.

. Conducting a risk assessment study evaluating the combined effects of

natural radioactivity in food and environmental radiation exposure for
children. Measure outdoor/indoor radiation levels in homes, schools, play

areas and correlate with food radioactivity intake and blood test results.

Evaluating the radiosensitivity of blood cells from pediatric cancer
patients compared to healthy children by exposing samples in-vitro to

radiation. Assess DNA damage, chromosomal aberrations, apoptosis.

Using CRISPR-Cas9 gene editing technology to introduce mutations that
modulate radiosensitivity in blood cell lines, then assess response to

radiation exposure in-vitro after feeding with radioactve foods.

Investigating approaches to reduce gastrointestinal absorption of
radionuclides from food, such as using dietary binders like alginate or
animal studies with radioactively-labeled foods. Analyze blood, urine,

feces.
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