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Abstract

The present work deals with identifying and determining the activity levels of
naturally occurring radionuclides ?Ra and ?*Th series, their decay products and K
in chemical and organic fertilisers used in Chattogram area, Bangladesh. A total of
39 samples collected from retail markets were investigated, out of which 28 are
chemical fertilisers and the others are organic fertilisers. Gamma-ray spectrometry
was applied as the measurement technique using a High Purity Germanium (HPGe)
gamma-ray detector at the Atomic Energy Centre, Chattogram, Bangladesh. The
average activity concentration of ?Ra and ??Th found in TSP fertiliser are 304.57 +
36.0 Bgkg™ and 19.1 + 6.8 Bgkg™ respectively and the average activity concentration
of “K in MOP fertiliser is found as 10,311.11 + 1168 Bgkg™. In the organic fertiliser
samples, the mean concentration of 2Ra, 2*Th and K are 17.35 + 3.11 Bq kg™, 7.20 +
1.74 Bgkg™ and 437.14 + 42.58 Bgkg, respectively. The mean absorbed dose rates
were measured after the end of our experiment and the value was found to be 91.39
nGyh™. The combined (indoor + outdoor) annual effective dose equivalent was also
estimated as 0.322 mSvyr. The mean radium equivalent activity found to be 190.15
+ 26.74 Bgkg! is well below the recommended level of 370 Bgkg™. The internal
hazard index, external hazard index and radioactivity level index of the investigated
fertiliser samples were found as 0.56 + 0.034, 0.54 + 0.08 and 0.69 + 0.10, respectively.
From the calculated hazard parameters, the excess lifetime cancer risk (ELCR) was
found to be higher than the world average in most of the chemical fertilisers except
in DAP and BOR, while the organic fertilisers show lower than the world average.
The obtained results reveal that there are no significant radiation hazards due to
natural radionuclides of the fertiliser samples in the studied area, but the higher
concentration of ¥K in MOP suggests strengthening the regulatory work. Overall,
this study highly recommends the use of organic fertilisers, as these kinds have

hazard parameters lower than the recommended levels.
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Chapter 1: INTRODUCTION

1.1 BACKGROUND

Earth is continuously surrounded by background and artificial radiation,
exposing all living beings to varying levels of radiation. Cosmic radiation and
terrestrial radiation is the main source of the natural radiation, where terrestrial
radiation emit from earth crust for having radioactive substances. Earth soil and
rock act as a source of radioactive substances like uranium, thorium, radium
and their daughter products. Our environment receives radon gas from the
background radiation. Radioactive materials can pass through living organism
as well as it can be absorbed by water. Radon gasses are ingested to most of the
organism by inhalation process. Concentration of dose depends on the presence
of the radionuclides and their decay products [1].

Outer space acts as a source of natural radiation and it can create ionizing
radiation. Earth can get huge amount of cosmic radiation like a uniform storm.
Amount of dose depends on the elevation, atmospheric density and magnetic
fields of earth. Space can donate high energetic proton, particles and heavy
nuclei that compose primary radiation. When cosmic ray interacts with
atmosphere, a heavy storm called ‘air showers’ is created. From this interaction
various particles like mesons, proton, electron are created [2].

Entire terrestrial radiation is mainly produced by four decay series: uranium,
thorium, actinium and neptunium series. Earth rocks, soil and water are the
main sources of terrestrial radiation. It is a major component of background
radiation experienced by all living beings on Earth. Uranium (?*®U) and thorium
22Th can produce alpha radiation (a), potassium('’K) Beta radiation (3) Gamma
radiation (y) highly penetrating and emitted by isotopes such as uranium and
thorium series radionuclides. #?Th, U and '°’K can produce above 50 nuclide
and they can produce a, 3 and vy radiation. The Thorium (?*2Th), Uranium

(38U), and Actinium (?*°U) decay series are natural radioactive series with long-
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lived parent isotopes. These series undergo sequential radioactive decay,
producing a chain of daughter isotopes. For example, 2*2Th has a half-life of 13.9
billion years, and its decay products form the Thorium series. Similarly, 28U
and 2%U serve as parents in the Uranium and Actinium series, respectively.
Some natural isotopes, such as Rubidium-87 (8Rb), Potassium-40 (*°’K), Carbon-
14 (*C), and Tritium (®H), are not part of any decay series and take part in
natural radiation where two radionuclides; *C and 3H are produced by cosmic
ray interactions in the atmosphere. Sources of natural radiation are radiation
are cosmic radiation, terrestrial radiation and internal body radiation. Cosmic
Radiation is high-energy particles from outer space that interact with the Earth's
atmosphere and terrestrial Radiation is emitted by natural radionuclides in
soils, rocks, air and water. Internal Body Radiation are naturally occurring
isotope in the human body, like Potassium-40, which contributes to internal
exposure. These emit alpha (a), beta (), gamma (y), and sometimes neutron or
X-ray radiation [3].

Various human activities like industrial advancements, nuclear technology,
radioactive laboratories, seabed disposal, accidents in nuclear facilities and past
nuclear weapons testing, have been creating large presence of radioactivity
across the earth. Gradually our habitat earth is going to vulnerable for the living
beings for the presence of radioactivity. The pervasive presence of man-made
radioactivity reflects humanity's profound and lasting impact on the planet.
While nuclear technology has brought benefits in energy and medicine, it’s
environmental and health consequences highlight the need for responsible
management and global cooperation to minimize further harm. In between 1945
and 1963 various countries extensive atmospheric nuclear weapons tests had
been occurred and a vast amount of radionuclide was emitted in the
environment like ¥Cs, Sr, and '*I. Radioactive spread from these tests
globally through atmospheric transmission, contaminating soil, sea, and arctic

ice. Catastrophic events like the Chernobyl disaster (1986) and Fukushima
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Daiichi accident released significant quantities of radioactive materials into the
environment. Radionuclides, including iodine-131, cesium-134, cesium-137, and
plutonium isotopes, spread across continents via air and water currents.
Routine operations of nuclear reactors and fuel reprocessing facilities emit small
amounts of radioactive materials into the atmosphere and water systems. While
these releases are within regulated limits, their cumulative effects contribute to
the global spread of man-made radioactivity. Radioactive isotopes are used in
medicine (e.g., cancer treatment), industry (e.g., radiography, smoke detectors),
and agriculture (e.g., food irradiation). Improper disposal of radioactive waste
from these applications can result in environmental contamination [4].
Prolonged radiation exposure can damage human cells, increasing the risk of
cancer and other health issues. Even small doses may harm sensitive organs like
the thyroid, lungs, and breasts. Moreover, radiation effects can extend to future
generations, as defective genes caused by radiation can be passed down [5].
Uranium is a heavy, naturally occurring metallic element with the atomic
number 92. It is a critical component in nuclear science and is notable for its
radioactivity, contributing significantly to terrestrial radiation. Uranium exists
in various isotopic forms, with three primary naturally occurring isotopes: i)
28U; the most abundant isotope with a half-life of 4.5 billion years ii) Uranium-
235 is fissile, meaning it can sustain a nuclear chain reaction. iii) Uranium-234; a
trace isotope formed as part of uranium-238's decay series. Uranium is
inherently radioactive, emitting alpha particles as it decays. Its isotopes
undergo radioactive decay through alpha and beta decay processes, producing
a series of intermediate daughter isotopes before stabilizing. This process is a
significant source of natural background radiation on Earth. Uranium plays a

pivotal role in radioactive decay, particularly through the uranium decay series.
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Fig. 1.1 Natural decay series of Uranium-235

This series, also known as the uranium-radium series, starts with uranium-238
and ends with a stable isotope of lead. The decay process involves multiple
steps and emits energy in the form of alpha, beta, and gamma radiation is

shown in fig 1.1.[6]
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The thorium-232 decay series is a sequence of radioactive decay events that
begins with thorium-232 and ultimately ends with a stable isotope of lead. This
series is a naturally occurring radioactive decay chain and involves multiple
intermediate isotopes and the emission of alpha and beta particles is shown in
fig.1.2. In earth crust amount of thorium if highest level than any other
radionuclide and its half-life is so long. It decays by alpha emission into
radium-226, which is part of the thorium decay series. This series produces
other radioactive elements, including radon gas [7].

Actinium emits alpha and beta particles and is highly radioactive, used in
research and medicine, such as in targeted alpha therapy for cancer. The
actinium decay series is a radioactive decay chain that starts with uranium-235
and ends with the stable isotope of ?"Pb, lead is shown in fig.1.3. Actinium's
alpha radiation cannot penetrate the skin, but if actinium particles enter the
body (through inhalation, ingestion, or wounds), the alpha particles can cause
severe damage to cells and tissues. It targets soft tissues, particularly bone
tissue, because actinium chemically behaves similarly to calcium and
accumulates in bones. Radiation from actinium radioactive materials poses
significant risks to health and the environment due to its strong alpha and beta
emissions. While its controlled use in medicine holds promise, mishandling or

accidental exposure can have severe consequences [8].
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Fig. 1.2 Natural decay series of Thorium-232
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Fig. 1.3 Natural decay series of Actinium-227

In the last decade, Bangladesh has drawn enormous global attention for its
remarkable advances in agricultural products, attaining food self-sufficiency
and ensuring sustainable food security. To achieve high-yielding varieties of
crops for her 168 million population, it is needed to use the same cultivable land
at least three times a year. Recurrent use of the land severely depletes the
essential nutrients for the plants and consequently lessens the production. To

cover up this challenge, it is recommended to use fertilisers for dispensing the
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required nutrients in the soil. In 2019, around 5.58 million metric tons of
fertilisers were used for growing 41.5 million metric tons of food grain and
other harvests. Among the two general categories of fertilisers, inorganic and
organic, the former kind mixes with soil at a faster rate. On the other hand,
organic or bio or natural fertilisers, which are mostly made from animal manure
and plant compost, mixes with the soil at a slower rate. This particular type is
good at raising the physical and chemical properties of soil, holding
intermediate nitrogen, and controlling over-fertilisation. Then again, chemical
fertilisers from potassium ores, nitrogenous compounds, gypsum, alluvial and
incendiary rock mostly contain potassium, fluorapatite, goethite, quartz
mineral, anatase, magnetite, thorium and uranium. Among these elements,
potassium (*°K), thorium (**?Th) and uranium (***U) are radioactive and capable
of producing radioactive progenies like radium (**Ra). Thus, the use of these
fertilisers in agricultural activities leads to an increase in radioactivity in soil
and the environment. Eventually, these radionuclides will be absorbed by the
plant and transferred to the human body through the food chain. Workers in
fertiliser production factories and agricultural fields are mostly exposed to
gamma radiation externally and the consumers of the final products are
expected to have internal exposure by inhalation and ingestion of the
radionuclides thrown up from fertilisers. Besides this, human activities of
utilising nuclear materials and radiation sources in technology, industry,
medicine, and the military are increasing day by day, which is contributing to
elevating the terrestrial background radiation level. But it is unpleasant that
exposure to ionisation radiation is also one of the reasons for malignant
diseases. So, from the perspective of radiation protection, i.e. keeping the
exposure level as low as possible, monitoring the radioactivity in one of the
widely used commodities like fertiliser is highly regarded. Researchers all
around the world, most noticeably from neighbouring countries, have done

studies on radionuclide concentrations in fertilisers and related hazards. In this
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era of extensive transboundary trading, the quality of crops is one of the
priorities. To maintain so, monitoring the constituents in fertilisers and related
effects is like solving an issue from the root level. Therefore, it is obligatory to
identify and assess the concentration of gamma radiation emitting Naturally
Occurring Radioactive Materials (NORM) and artificially produced
radioisotopes in numerous fertilisers, which are commercially available in
Chattogram, the largest geographical division of Bangladesh. In this study,
High Purity Germanium (HPGe) spectroscopy set-up of 40% relative efficiency
at Atomic Energy Centre, Chattogram has been used for acquiring data.
Afterwards, radiation-induced hazard indices like Radium equivalent activity
(Raeq), external hazard index (Hex), internal hazard index (Hin:), external (y-
radioactivity) level index (I,), annual effective dose equivalent (AEDE) and
excess lifetime cancer risk (ELCR) were estimated. The obtained results were
compared with other research of a kind from different parts of the world and
were justified with safety standards suggested by the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR). Thus, the output of
this research could contribute to making the baseline data of health risks due to
radiation from fertiliser, establishing a justified regulatory framework, and

further awareness of using those fertilisers.
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1.2 CONTEXT

1.2.1 Biological Effects of Radiation

We are surrounded by an environment that contains low levels of ionizing
radiation, which has been a part of Earth's composition since its formation. Both
living and non-living entities are continuously exposed to this type of radiation.
Ionizing radiation can originate from nuclear or extra-nuclear sources and is
classified into directly ionizing radiation, such as a, 3, 'H(P), and 2H(D), and
indirectly ionizing radiation, such as X-rays, y-rays, and neutrons. Although a-
particles have a very short range, their biological impact is approximately
twenty times greater than that of 3- or y-rays. B-particles have a longer range
than a-particles but a significantly shorter range than y-rays. Since y-photons
lack an electric charge, they are generally unaffected by electric and magnetic
fields. Additionally, y-rays encounter minimal obstruction due to their lack of
rest mass, giving them a longer range and the ability to cause ionization at any
point within the human body. This study primarily focuses on assessing the
radiation dose to the population of Bangladesh caused by <vy-emitting
radionuclides present in the environment [9].

Ionizing radiation can easily interact with various material and can change the
molecular pattern. This type of radiation damages molecular patterns by
transferring energy to molecules, which results in the emission of electrons. In
biological systems, ionization causes electrons to be released from water
molecules, leading to oxidation processes that can modify molecular structures.
Consequently, ionizing radiation poses significant risks to living organisms,
potentially causing genetic and somatic effects in the human body. Due to the
presence of environmental radiation, both human and animal bodies are
continuously exposed to its effects.

Ionizing radiation primarily interacts with atoms through ionization, which
serves as the basis for all biological damage. These effects can be classified as

direct or indirect. Direct effects occur when radiation interacts with critical
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components such as DNA, potentially disrupting cellular reproduction and
survival. Indirect effects arise when radiation interacts with water, leading to
the production of toxic substances like hydrogen peroxide, which can harm
cells.

Cells exhibit varying sensitivity to radiation, largely determined by their rate of
reproduction. Rapidly dividing cells, such as lymphocytes and blood-
producing cells, are most sensitive, while slower-reproducing cells, like nerve
and muscle cells, are less affected. Although cells have a remarkable ability to
repair damage, severe exposure can lead to cell death or mutations. Mutated
cells may reproduce, perpetuating the mutation and potentially initiating
malignant tumours.

Ionizing radiation can have profound and potentially harmful effects on
biological tissues. These effects are primarily due to the ionization process, in
which radiation ejects electrons from atoms or molecules. A common target for
this interaction within biological systems is water, as it constitutes the majority
of cellular content. When ionizing radiation interacts with water molecules, it
can lead to the formation of highly reactive species such as free radicals,
including hydroxyl radicals (OH) and hydrogen atoms (H). These reactive
species can initiate a cascade of chemical reactions that significantly alter the
molecular structure and function of cellular components [10].

The oxidative damage caused by these reactive species can disrupt cellular
processes by damaging proteins, lipids, and, most critically, DNA. This damage
to DNA can result in mutations or interfere with the cell's ability to replicate
accurately. Depending on the extent and location of the damage, cells may
repair the injury, lose their ability to function, or undergo apoptosis
(programmed cell death). If the repair mechanisms fail, the mutations may
accumulate, potentially leading to somatic effects such as the development of

cancer or genetic effects that could affect future generations.
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The somatic effects of ionizing radiation are often severe, as they can impact the
overall health and functionality of the exposed organism. Acute exposure to
high doses can cause immediate health problems, such as radiation sickness,
while chronic exposure to lower doses over time can increase the risk of
developing long-term conditions like cancers. Genetic effects, on the other
hand, involve changes in the hereditary material that can be passed on to
offspring. These effects may result in congenital disabilities or predispose
future generations to certain diseases [11].

Ionizing radiation's impact on biological tissue underscores its dual role as both
a powerful scientific tool and a significant health risk. Its ability to cause severe
somatic and genetic effects necessitates careful management and protective
measures to minimize exposure, particularly in environments where radiation
is frequently encountered, such as medical imaging, nuclear energy production,
or space exploration [12].

The interaction of ionizing radiation with matter can be understood through
three primary mechanisms: the photoelectric effect, the Compton Effect, and
pair production. Each of these processes describes a distinct way in which
radiation interacts with atoms, leading to ionization or energy transfer. Let us
delve into each process for a comprehensive understanding.

The photoelectric effect occurs when a photon interacts with an atom and
transfers all its energy to an electron, ejecting the electron from the atom. This
process primarily involves photons of low to moderate energy, such as X-rays
or gamma rays. The ejected electron, known as a photoelectron, carries away
the energy imparted by the photon, minus the energy required to overcome the
binding energy of the electron within the atom [13].

This process is highly dependent on the atomic number of the material, with
higher atomic number elements being more likely to undergo the photoelectric
effect. For example, in biological tissues, elements such as calcium in bones

have a higher probability of interacting via the photoelectric effect compared to
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softer tissues. This property is widely utilized in medical imaging, such as X-ray
radiography, to create contrast between different tissue types.

The Compton Effect, also known as Compton scattering, occurs when a photon
interacts with a loosely bound or free electron in an atom. In this interaction, the
photon transfers only a portion of its energy to the electron, ejecting it from the
atom. The photon itself is scattered in a different direction with reduced energy.
The Compton Effect is more common at intermediate photon energies and is
largely independent of the atomic number of the material. This makes it the
dominant interaction mechanism for gamma rays and X-rays in soft tissues. The
scattered photons can contribute to background radiation, reducing image
quality in medical imaging and posing challenges in radiation protection [14].
Pair production is a process that occurs when a high-energy photon interacts
with the strong electric field near the nucleus of an atom. In this interaction, the
photon is annihilated, and its energy is converted into a pair of particles: an
electron and a positron. This process requires the photon to have energy greater
than 1.02 MeV, which is equivalent to the combined rest mass energy of the
electron and positron. The electron and positron produced in pair production
can further interact with the surrounding matter, contributing to ionization and
energy transfer. The positron, being an antimatter particle, will eventually
annihilate with an electron, producing two gamma photons in the process. Pair
production is significant in high-energy physics and in environments involving
very high-energy radiation, such as particle accelerators or cosmic ray
interactions[15].

Energy is transferred from the incident photon to the interacting medium and
electron absorbed energy. Secondary photons and high energy electrons are
being made from the product of each interaction. For the deposition of energy
in matter all highly electron is responsible [16].

When ionizing radiation, such as X-rays or gamma rays, interacts with body

tissue, it transfers a portion of its energy to the tissue. This energy transfer,
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referred to as energy deposition, can lead to biological and potentially harmful
effects. The extent of the energy absorbed by the tissue is expressed as the
absorbed dose, which is scientifically defined as the amount of energy absorbed
per unit mass of the material, typically measured in units of grays (Gy), where 1
Gy equals 1 joule per kilogram [17].

The relationship between the absorbed dose and the resulting biological
damage is highly intricate. Several factors play a crucial role in determining the
severity and nature of the effects. Different types of ionizing radiation, such as
alpha particles, beta particles, gamma rays, or neutrons, interact with biological
tissues in distinct ways. For instance, alpha particles deposit energy over short
distances and cause dense ionization, leading to significant localized damage.
In contrast, gamma rays and X-rays have greater penetration power but create
less localized ionization. The energy level of the radiation impacts how deeply
it penetrates and the amount of energy it deposits within the tissue. High-
energy radiation may pass through tissues with less energy deposition, while
lower-energy radiation may deposit more energy locally, increasing the risk of
damage. Tissues and organs have varying sensitivities to radiation. Factors such
as the rate of cell division, oxygen content, and the tissue's ability to repair
damage influence vulnerability. For example, rapidly dividing cells, such as
those in bone marrow or the gastrointestinal lining, are more susceptible to
radiation-induced harm compared to non-dividing cells.

This complexity makes the prediction of biological effects from a specific
absorbed dose challenging and necessitates the use of additional concepts like
dose equivalent (measured in sieverts, Sv), which considers the biological
effectiveness of different radiation types. Understanding the absorbed dose and
its interaction with biological systems is fundamental to radiation protection,
medical imaging, and radiotherapy [18].

Biological damage from radiation results from interactions at the cellular and

molecular levels. Ionizing radiation interacts with atoms in the cells, primarily
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those of low atomic number, such as carbon (C), hydrogen (H), oxygen (O), and
nitrogen (N). These atoms are the fundamental building blocks of biological
molecules, including DNA, proteins, and lipids, all of which are essential for
cellular structure and function. When radiation interacts with these atoms, it
can cause ionization and the formation of free radicals, initiating a chain
reaction of chemical and biological changes.

The adult human body, composed of approximately 10 ' cells, serves as a
highly intricate system in which each cell plays a role in maintaining
homeostasis. Radiation-induced damage to individual cells may disrupt these
functions. For instance, DNA damage caused by radiation can result in
mutations, cell death, or changes in cellular reproduction. These effects can
accumulate over time, leading to significant health impacts such as tissue
dysfunction, cancer, or hereditary effects in future generations [19].

The extent of biological damage depends not only on the absorbed dose but
also on the sensitivity of the specific tissue or cell type to radiation. Actively
dividing cells, such as those in the bone marrow, gastrointestinal tract, or
reproductive system, are more vulnerable to radiation than non-dividing cells
like nerve or muscle cells. This variability underscores the complexity of
radiation's effects on biological tissues [20].

Biological tissue consists primarily of water, comprising approximately 70% of
its composition, while the remaining 30% is made up of macromolecules such
as proteins, lipids, carbohydrates, and nucleic acids, along with various other
elements. A cell, the fundamental unit of life, has three main components: the
nucleus, cytoplasm, and membrane. The cytoplasm is a fluid-filled region that
surrounds the nucleus and is encased by a protective membrane. The nucleus
contains chromosomes, which are composed of DNA (deoxyribonucleic acid).
DNA is the molecular blueprint of life, storing genetic information in genes—

segments of DNA that carry hereditary codes.
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The primary role of chromosomes and their genes is to transmit genetic
information from one generation to the next, ensuring continuity of life.
Because DNA is central to the maintenance and propagation of life, it is
especially vulnerable to the effects of ionizing radiation. The structure of
biological tissues, including cells, is held together by covalent bonds. When
ionizing radiation interacts with these cells, it disrupts these bonds, leading to
ionization and the formation of free radicals and ions.

Water, being the most abundant molecule in biological tissues, is particularly
affected by ionizing radiation. Radiation can split water molecules into free
radicals, such as hydroxyl radicals (OH) and hydrogen atoms (H). These
reactive species can damage surrounding molecules, including DNA, proteins,
and lipids, initiating a cascade of chemical reactions. The damage to DNA is of
particular concern, as it can result in mutations, cellular dysfunction, or
death[21].

The biological changes induced by ionizing radiation at the molecular and
cellular levels can manifest later as clinical symptoms. These symptoms may
range from acute effects, such as inflammation and cell death, to long-term
consequences like cancer or hereditary genetic disorders. The extent of damage
depends on factors such as the dose of radiation, the type of radiation, and the
sensitivity of the tissue or cell type [22].

1.2.2 Role of Free Radicals in Radiation Damage

Ionizing radiation generates free radicals, which are molecules with an
unpaired electron. This unpaired electron makes free radicals highly reactive
and chemically unstable. Due to their reactivity, these free radicals interact with
a variety of inorganic and organic molecules, including proteins, lipids, and
carbohydrates. Notably, they target essential biological components such as
cellular membranes and nucleic acids, leading to significant molecular

damage[23].
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Free radicals can initiate autocatalytic reactions, turning the molecules, they
interact with into new free radicals and amplifying the chain of damage. These
reactive species primarily target cellular membranes, lipids, sulthydryl groups
in proteins, and nucleotides. In the presence of oxygen, they can trigger lipid
peroxidation in cellular and organelle membranes, leading to structural and
functional damage to components like the endoplasmic reticulum,
mitochondria, and other microsomal structures. When radiation interacts with
biological tissues, it generates free radicals, which then react with various
organic compounds. As a result, organic molecules, including hydrocarbon
chains, undergo significant damage [23].

1.2.3 DNA Damage by Ionizing Radiation

DNA is composed of polynucleotides, consisting of two long chains that are
susceptible to damage by ionizing radiation. Each DNA molecule is made up of
numerous units known as nucleotides, which comprise three main components:
a nitrogenous base, a sugar molecule (deoxyribose), and a phosphate group.
DNA contains four nitrogenous bases: adenine (A), guanine (G), thymine (T),
and cytosine (C). These bases store genetic information in a precise sequence.
Adenine and guanine belong to the purine group, whereas thymine and
cytosine are categorized as pyrimidines.

The two DNA strands run in opposite directions and are connected by
hydrogen bonds between complementary base pairs—adenine pairs with
thymine, and guanine pairs with cytosine. The strands twist into a right-handed
double helix, where ten nucleotide pairs form one complete turn. During cell
division, the DNA strands separate, and each serve as a template for
synthesizing a complementary strand through specific base pairing. This
process ensures the accurate replication and transmission of genetic
information to daughter cells.

The human genome demonstrates remarkable complexity, with each haploid
set comprising approximately 3 billion (3 x 10°) base pairs [24].
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A specific segment of DNA within chromosomes serves as a blueprint, carrying
the genetic instructions essential for determining heritable characteristics in
cells. This "genetic blueprint" is encoded within the DNA molecule, which
forms part of the chromosome structure. Each chromosome contains a portion
of the DNA double helix, where the genetic message is encoded by the
sequence of purine (adenine and guanine) and pyrimidine (thymine and
cytosine) bases in the nucleotide chain.

The genetic code specifies the arrangement of amino acids in proteins
synthesized by the cell. This information is conveyed to the cytoplasm, where
protein synthesis occurs, via messenger RNA (mRNA). The proteins produced
include enzymes, which regulate the cell's metabolism. A gene is defined as the
smallest functional unit of DNA required to specify a single peptide molecule.
However, the protein encoded by a gene may serve as a precursor to multiple
physiologically active proteins. Genes also contain promoter regions, which are
DNA sequences that initiate RNA synthesis. Mutations, which involve changes
in the DNA base sequence, can be caused by ionizing radiation or other
mutagenic factors. The human genome comprises approximately 3 billion base
pairs and contains an estimated 50,000 to 100,000 genes [25].

Ionizing radiation can directly or indirectly cause changes in the nucleotide
base sequences of DNA through the action of chemical radicals. These
alterations, collectively referred to as mutations or DNA damage, disrupt the
genetic code. If not adequately repaired, such damage can lead to cellular
dysfunction and impaired DNA replication, potentially altering the genetic
information transmitted to progeny cells.

While cells possess efficient DNA repair mechanisms, these processes are not
entirely error-free. Although most DNA damage is successfully repaired, some
damage may remain unrepaired or only partially resolved, leading to long-term
consequences for the affected cell and its descendants. Severe cases may involve

breaks in both strands of the DNA molecule, potentially resulting in
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chromosomal fragmentation. If the damage is limited to a single strand, repair
may occur through unscheduled DNA synthesis, a process outside the standard
DNA replication cycle [26].

1.2.4 Effects of Ionizing Radiation on Human body

When ionizing radiation passes through the human body, it interacts with cells
and can damage cellular structures and genetic material. If a damaged cell fails
to undergo proper repair, it may result in a mutated cell with altered DNA.
Such mutations can lead to harmful effects. Broadly, the biological effects of
radiation are categorized into somatic and genetic effects. The health effects of
ionizing radiation are typically classified as either stochastic or deterministic.
The impact of radiation on biological tissues depends on several factors,
including: (a) The type and energy of the radiation, (b)The dose rate,(c)The
volume of tissue exposed, and (d)The sensitivity of the tissue to radiation.
Deterministic effects arise when radiation exposure surpasses a defined
threshold, with the severity of the effects increasing in proportion to the dose
received. For instance, skin reddening (erythema) is a deterministic effect that
typically occurs at a threshold dose of about 300 rad (3 Gy). Deterministic
effects are often short-term health consequences. In contrast, stochastic effects,
such as cancer, do not have a threshold and are probabilistic in nature. The
damage caused by ionizing radiation can be classified into somatic effects,
which impact the individual exposed, and genetic effects, which may be passed
on to future generations [27].

The impact of ionizing radiation on the human body stems from damage
inflicted on individual cells. These effects are broadly categorized into somatic
effects, which impact the individual exposed, and genetic effects, which may
affect future generations. Such effects can result from both acute and chronic
radiation exposure [17].

The human body's organs and tissues exhibit a variety of responses to ionizing

radiation, which can occur at different rates. Some reactions, such as the

19| Page



immediate killing of cells in exposed tissues, may become evident within
minutes after exposure. On the other hand, long-term effects, including tissue
degeneration, scarring, and breakdown, may take months or even years to
develop. Radiation exposure causes somatic effects, which directly impact the
individual exposed. These effects may manifest after a latent period of years or
decades, with cancer being a significant stochastic outcome. Acute or chronic
radiation exposure can damage human body cells, leading to somatic effects
that are influenced by factors such as oxygenation, temperature, and metabolic
activity.

Genetic effects refer to changes in chromosome structure or variations in the
germ cells (sperm or ova). These mutations may be passed on to subsequent
generations, posing long-term risks. Ionizing radiation can directly interact with
genetic material, causing mutations in a dose-dependent manner. The
relationship between dose and effect is typically linear, with no threshold,
meaning any level of exposure carries a risk of genetic mutation. Natural
background radiation contributes to spontaneous mutations, with estimates
ranging from 4% to 40% of all genetic changes. Acute genetic effects often
appear within weeks of exposure, while stochastic effects, such as genetic
mutations, may take longer to manifest [28]. These are bodily effects and
inevitable. The immediate results manifest as: chromosome aberration, blood
changes, nausea, vomiting, diarrhoea (NVD), loss of appetite, fatigue, epilation,
skin erythema, sterility, etc. and death [17]. There is no clearly established
threshold dose below which the risk of death from acute radiation exposure can
be ruled out, nor is there a precise dose above which death is guaranteed.
However, survival becomes highly unlikely when the dose reaches
approximately 8 Gy [29].

The effects of radiation exposure can result from either acute or chronic
exposure, often manifesting several years after the initial exposure. These
effects include various cancers, leukaemia, cataracts, and genetic disorders.
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While no threshold dose exists below which there is no risk of cancer or
hereditary damage, the threshold dose for cataract development over a working
lifetime is approximately 15 Sv. Radiation effects on the human body are
categorized into two types: (a) Stochastic Effects (b) Non-Stochastic Effects.
Stochastic Effects do not have a clearly defined threshold dose and can occur at
any level of exposure. The likelihood of stochastic effects, such as cancer and
genetic mutations, increases with the absorbed dose. For example, occupational
radiation exposure and therapeutic radiation provide data supporting the linear
increase in risk with dose. Non-Stochastic Effects also known as deterministic
effects; these have a well-defined threshold dose. Such effects only occur when
the exposure exceeds a certain level, and their severity increases with the dose.
Examples include early effects like nausea, vomiting, diarrhoea, and cataract
formation [30].

1.2.5 Effects lionizing Radiation on Embryo

The effects of ionizing radiation on the developing embryo are typically
referred to as embryonic effects. Radiation exposure during this stage can
significantly impact embryonic development due to the high sensitivity of fatal
tissues. These tissues are composed of immature, undifferentiated cells that are
rapidly dividing, making them highly vulnerable to radiation damage. Even the
loss or mutation of a small number of these cells can result in irreversible harm.
Such effects can manifest at any stage of embryonic development, from the
zygote to the foetus, and may include malformations, lethality, intellectual
disabilities, cancer, and other malignancies[31]. The most severe deterministic
effects are often observed during critical periods of organogenesis, particularly
between the second and twelfth weeks of gestation, when organ systems are
forming. Congenital disabilities are typically observed in children who were

exposed to radiation doses between 0.1 and 0.2 Gy throughout pregnancy [32].
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1.2.6 Health Effects of Low-Level Radiation

There is no definitive threshold dose below which the induction of various
adverse health effects, such as cancer, life-shortening conditions, leukaemia, or
hereditary disorders, caused by ionizing radiation can be ruled out. This
indicates that even exposure to low levels of radiation carries a certain
probability of inducing these conditions, though the likelihood is extremely
low. The absence of a safe threshold underscores the potential risk associated
with minimal radiation exposure [33]. Radiobiological models and estimates for
low-level radiation exposure, such as 1 mSv per year. Lifetime Probability is the
probability of developing a health effect from low-level radiation exposure over
a lifetime is estimated at 0.5%. This reflects the increased risk of cancer and
other radiation-induced diseases over the span of an individual's life due to
prolonged or continuous exposure [33].

Radiobiological models have been developed to estimate the potential health
impacts of low-dose radiation exposure, with an annual dose of 1 mSv often
used as a reference level for these calculations. The lifetime probability of
developing radiation-induced health effects, including cancer, from such low-
level exposure, is estimated at approximately 0.5%. This figure reflects the
cumulative risk associated with long-term or continuous exposure to low doses
of radiation over an individual's lifetime [34].

The risk of cancer and other radiation-induced diseases correlates with the dose
absorbed by the body. While the probability of harm from low doses is small, it
is not negligible. For this reason, regulatory bodies such as the International
Commission on Radiological Protection (ICRP) and the United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) emphasize
the importance of the ALARA principle (As Low As Reasonably Achievable) to

minimize exposure and reduce potential risks, even at low levels [35].
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1.3 AIMS AND OBJECTIVES

Due to increasing crop yields all over the world, production of fertilisers is
increasing gradually to fulfil the demand of farmers. But the most probable risk
factor is that there are more impurities of radioactive isotopes in the fertiliser
products. Raw materials are used in fertiliser industries like phosphate rock,
phosphonium and potassium composition material. Generally, fertilisers are
mainly composed of nitrogen, phosphorus and potassium exigent elements for
plant yields. The phosphorus portion comes from phosphate rocks, which hold
many radionuclides. For long time uses of fertilisers, it will be contaminated
with radionuclides and their radiation which gradually increases than natural
origin. The wide use of fertilisers is the leading cause of enhancing
radionuclides in soil and underground water [36].

In last 20 years, Bangladesh has garnered significant global attention for its
remarkable progress in agricultural production, achieving food self-sufficiency
and ensuring sustainable food security for its population of around 170 million
[37]. To achieve high crop yields for this population, cultivable land needs to be
utilized at least three times a year. However, the repeated use of land severely
depletes essential nutrients, leading to decreased production. To address this
challenge, the use of fertilisers is recommended to supply the required nutrients
to the soil.

In 2019, approximately 5.58 million metric tons of fertilisers were used in
Bangladesh to cultivate 41.5 million metric tons of food grain and other crops
[38]. Fertilisers can be categorized as inorganic and organic, with the former
type mixing with the soil at a faster rate. Organic or natural fertilisers, mainly
derived from animal manure and plant compost, are mixed with the soil at a
slower rate. Organic fertilisers are beneficial for improving the physical and
chemical properties of the soil, retaining intermediate nitrogen levels and
preventing over-fertilisation. Chemical fertilisers, composed of potassium ores,
nitrogenous compounds, gypsum, alluvial and igneous rock, typically contain
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elements such as potassium (*K), thorium (*?Th) and uranium (*¥U). These
elements are radioactive and capable of producing radioactive progenies like
radium (**Ra).

The application of chemical fertilizers in farming has been found to lead to
heightened levels of radioactivity in the soil and its environment. These
fertilizers, especially those with phosphate content, frequently contain trace
quantities of naturally occurring radionuclides such as uranium, thorium, and
their decay products like radium. When these fertilizers are spread across
agricultural lands, the radionuclides become part of the soil structure, gradually
increasing its natural radioactivity levels. As plants develop, they take up
nutrients from the soil, including the radionuclides present. These
radionuclides are then integrated into the plant’s composition, encompassing
roots, leaves, and fruits. Through the food web, radionuclides enter the human
body when people consume contaminated plants directly or indirectly, for
example, via livestock that have grazed on the tainted crops. This process of
bioaccumulation poses potential health risks, as prolonged exposure to
radionuclides can result in internal radiation exposure, raising the chances of
harmful biological effects, including cellular damage and the possibility of
cancer development. Effective monitoring of fertilizer composition and the
adoption of sustainable agricultural practices are essential to minimize the
accumulation of radionuclides in the environment and their subsequent transfer
through the food chain [39]. Workers in fertiliser production factories and
agricultural fields are primarily exposed to external gamma radiation, while
consumers of the final products may experience internal exposure through
inhalation and ingestion of radionuclides emitted from fertilisers. Human
activities that involve nuclear materials and radiation sources, which occur in
various fields including technology, industry, medicine, and the military, lead
to an increase in background radiation levels. The link between exposure to

ionizing radiation and the development of cancer and other malignant diseases
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is well-documented. As a result, it is crucial to monitor radioactivity in
commonly used products like fertilizers to ensure radiation safety and reduce
exposure. Worldwide studies conducted by researchers have investigated
radionuclide levels in fertilizers and the related risks [40]. These radionuclides
enter the human body via soil and drinking water, becoming integrated into the
food chain. A major concern is the accumulation of the highly radioactive ?°Ra
isotope in bone marrow, which can lead to significant biological harm.
Individuals working in agricultural production and distribution, such as factory
employees and farmers, face heightened exposure risks to these radionuclides.
Studies indicate that these workers are susceptible to radiation emissions due to
radionuclide contaminants present in fertilizers. External exposure mainly
occurs through gamma radiation, while internal exposure is a result of inhaling
alpha particles emitted by radon and its decay products. Alpha particles
represent a direct health hazard when taken up by specific tissues. In the
context of fertilizers that contain radioactive elements, these particles may
accumulate in sensitive tissues such as the bronchial epithelium in the lungs,
resulting in cellular damage. Over an extended period, this concentrated
exposure raises the risk of developing lung cancer due to radiation-induced
mutations. Fertilizers, especially those based on phosphate, might include
naturally occurring radioactive materials (NORMs) like uranium, thorium, and
radium. When such fertilizers are applied, radioactive decay leads to the release
of alpha particles, which can be inhaled as part of airborne dust or accumulate
in the environment. Upon inhalation, alpha particles have a strong interaction
with lung tissues, causing cellular damage and heightening the chance of cancer
development, particularly lung cancer. Given the severe health risks posed by
these radioactive substances, it is essential to continuously monitor natural
radioactivity levels in fertilizers as part of a thorough radiation protection
strategy. Establishing regulatory standards for safe radioactivity levels in

agricultural products, along with regular testing of fertilizers, can assist in
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minimizing these risks. Implementing such actions is crucial for safeguarding
public health and reducing the likelihood of cancers resulting from agricultural
practices [41].

Hence our aim is to assess the radioactivity level in organic and inorganic
fertilisers those are frequently used in agricultural purposes in Chattogram area
as well as to measure related hazard indices.

1.4 SIGNIFICANCE, SCOPE AND DEFINITIONS

The existence of radioactive isotopes, referred to as radionuclides, in fertilizers
presents major concerns due to the potential dangers they pose to human health
and the environment. Radionuclides release radiation as they decay, and if
these substances contaminate fertilizers, they can transfer to soil, crops, and
water sources, threatening ecosystems and human health. It is essential to
detect radionuclides in fertilizers for several reasons. The radiation emitted by
radionuclides can damage living cells, raising the risk of cancer and other
health issues if consumed through contaminated crops. Moreover, radionuclide
contamination can linger in soil for long periods, disrupting natural processes
and putting wildlife and water sources at risk [42].

Regulatory authorities depend on the identification of radionuclides to
implement safety standards for fertilizers before they are distributed for
agricultural purposes. Various factors, such as the level of radioactivity in the
fertilizer and the specific radionuclides involved, help in accurately evaluating
potential dangers. Additionally, assessing radiation doses from exposure to
radionuclides in fertilizers takes into account aspects like the type of radiation
and exposure routes. The hazard index consolidates these elements to
thoroughly assess the overall risk of radionuclide contamination in fertilizers,
factoring in elements such as activity concentration and exposure pathways
[43].

Through the assessment of these factors and the calculation of hazard indices,

regulators and stakeholders can be informed about the safe use and disposal of
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radionuclide-contaminated fertilizers, ultimately protecting human health and
the environment from the threats linked to radioactive contamination. In our
country, farmers rely on a variety of chemical and organic fertilizers for crop
production. In 1997, Alam et al. conducted a study in Bangladesh on eight
fertilizers and discovered elevated levels of ¥K radionuclide in MOP fertilizer,
while the other seven fertilizers contained 2¢ Ra, #Th, and “K radionuclides at
levels below the global recommended limits. Even after 27 years, it remains
crucial to analyse the presence of radionuclides in various fertilizers [44].

In Bangladesh, the use of phosphate fertilizers has been instrumental in
achieving a significant increase in agricultural output. This increase in
productivity can be attributed to the widespread adoption of phosphate
fertilizers, which are favoured for their cost efficiency and impressive yields. In
recent years, the consumption of these fertilizers has skyrocketed, driven
primarily by the economic advantage of low-cost fertilizers. This increase in
phosphate fertilizer use, especially those that are imported and contain natural
radionuclides, has resulted in a noticeable change in the radiological profile of
Bangladeshi soil. The degree of this change depends on the application rates of
these fertilizers.

Given these circumstances, it is essential to carry out a comprehensive
evaluation of the radiological risks posed by fertilizers in Bangladeshi
agricultural soils, particularly concerning health effects. Therefore, this study
aims to assess the influence of fertilizers on radiation levels in the soil. It also
seeks to examine the potential health risks associated with these modified soil
conditions, particularly for those involved in agricultural work.

The rapid and considerable adoption of phosphate fertilizers, along with their
varied radionuclide content, highlights the necessity for a detailed investigation
of their radiological effects on soil and, in turn, on the health of those engaged
in farming. By methodically exploring and measuring possible risks, this study

aims to provide valuable insights into the complex relationship between
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agricultural practices, fertilizer use, and radiological safety. The results seek to
enable informed decision-making for sustainable and health-oriented
agricultural practices in Bangladesh.

1.4.1 Radium equivalent activity (Raeq)

The Radium Equivalent Concentration (Raeq) serves as a hazard index for
comparing the activity levels of radium, thorium, and potassium in a sample.
This index operates under the premise that 370 Bq/kg of ?2°Ra, 259 Bq/kg of
232Th, and 4810 Bq/kg of 4K generate an equivalent dose of gamma radiation. In

this research, Equation (1.1) was utilized to determine the Raeq value [42].
Raeq = Cra + 1.43Cpy + 0.077 (1.1)
In this equation, Cra, Cm, and Ck represent the specific activities (measured in
Bqg/kg) of 22°Ra, 232Th, and K, respectively. The radium equivalent value is
pertinent to both external exposure from gamma radiation and internal
exposure from alpha radiation due to radon and its decay products. A
threshold Raeq value of 370 Bg/kg has been set, which corresponds to an
effective dose of 1.5 mSv y.
1.4.2 Air absorbed gamma dose rate
The external gamma radiation doses for outdoor (Dow and indoor (Din)
environments were estimated under the assumption that gamma-emitting
radionuclides ?*Ra, 2*?Th, and %K are uniformly distributed in the ground.
Additionally, it was assumed that the decay products of 2Ra and 22Th were in
secular equilibrium with their parent isotopes. The external dose rate outdoors
(Dout), representing the gamma radiation exposure in the air at a height of 1
meter above the ground, was determined using the methodology outlined in
Equation (1.2) [45].
Doyt = 0.462 Cga + 0.604CCry, + 0.041C (1.2)
Likewise, the y-ray dose (Din) present in the indoor is calculated using Equation
Dy, = 0.92 Cgy + 1.1Cq, + 0.081C, (1.3
Where Dout and Din are in nGyh™.
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1.4.3 Annual effective dose equivalent (AEDE)

To estimate the annual effective dose equivalent (AEDE) from natural
radioactivity, a conversion coefficient of 0.7 Sv/Gy was applied to assess the
associated radiological health risks. It was presumed that an individual's
annual occupancy factor, totalling 8760 hours, was distributed as 0.8 indoors
and 0.2 outdoors. The AEDE values for outdoor and indoor exposure,

expressed in mSv/y, were computed using the following equations [46] .
AEDC(Outdoor) = Dy, X 8760 x 0.2 x 0.7 X 107° (1.4)
AEDC(indoor) = Dy, x 8760 x 0.2 x 0.7 x 107° (1.5)

In these equations, Doutand Din represent the absorbed dose rates in nGy/h, and
the factor 10 is for unit conversion.

1.4.4 External (Hex) and internal (Hin) hazard index

The use of materials containing naturally occurring radioactive material
(NORM) isotopes is regulated by two dimensionless radiological health hazard
indices: the external hazard index (He) and the internal hazard index (Hin).
These indices are critical for ensuring safety against exposure to external
gamma radiation and internal exposure from radon and its decay products. To
comply with established safety standards, the values of Hexand Hin must remain

below one. The formulas for Hex and Hin are expressed as follows [47].

CRa CTh CK

Hex = 3507 259 T 3810 (1.6)
CRa CTh CK
H,, = 1.
in = Tg5 * 259 T 3810 a7

Here, Where Cro, Cmn and Ck represent the specific activity concentrations of
26Ra, #?Th and %K, respectively. These indices provide a standardized approach
to evaluating the radiological safety of materials containing NORM isotopes.
1.4.5 y-Radiation hazard inde

To assess radiation safety levels, the European Commission introduced an
index known as the activity concentration index (or representative level index).

This index, denoted as Iy, is calculated using the following formula [48].
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Cra |, Crn Cx
L = 1.8
Y300 + 200 + 3000 (18)

1.4.6 Excess lifetime cancer risk (ELCR)

Excess lifetime cancer risk (ELCR) quantifies the increased probability of
developing cancer due to prolonged exposure to ionizing radiation at specific

levels. The ELCR is computed using the following equation[49]
ELCR = AEDC X DL X RF (1.9)

In this formula, AEDE The annual effective dose equivalent for outdoor
exposure (measured in mSv/year). DL: Duration of life, assumed to be 70 years,
RF: Risk factor, representing the probability of fatal cancer per unit dose of
radiation (Sv)

The risk factor (RF) is set at 0.05 Sv! for the general public, based on the
stochastic effects of radiation exposure as recommended by the International
Commission on Radiological Protection (ICRP) in its publications [50].This
calculation helps estimate the additional risk of cancer associated with long-
term exposure to ionizing radiation.

1.5 THESIS OUTLINE

In chapter two a review on available reported and related works has been
illustrated from a comparative point of view. Chapter three describes the
methodology applied for this study in detail including all instruments and
techniques used. Obtained results of this work are presented in Chapter four
and discussed them clearly. Overall summary of the work has been composed

in brief in Chapter five as the conclusion of this thesis.
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Chapter 2: LITERATURE REVIEW

2.1 GENERAL

Since the formation of Earth, natural radioactivity has been an intrinsic feature
of the planet. Among the naturally occurring radioactive elements, uranium
plays a prominent role. This element is widely distributed in the Earth's crust
and is present in soil, water, and various terrestrial materials. Geological and
volcanic activities have significantly contributed to the deposition and
accumulation of uranium in specific regions, enriching the soil with this
radioactive element.

Uranium, along with its decay products (daughter isotopes), tends to
concentrate in particular types of rocks and minerals, such as monazite sands
and lignite deposits. The accumulation and concentration processes are
influenced by diverse chemical conditions, including the pH and redox
potential of the surrounding environment. Natural phenomena such as wind,
rainfall, and ongoing geological processes further redistribute uranium across
the land, rocks, and aquatic ecosystems. These mechanisms ensure that
uranium remains a dynamic part of the Earth's geochemical cycles, influencing
the composition of soils and sediments worldwide [51].

Uranium presents a significant environmental and health risk due to its
potential to dissolve in water, leading to contamination that can enter and affect
biological systems. This risk is further exacerbated by human activities,
particularly in agriculture, where fertilisers are widely used to enhance crop
production. Fertiliser industries have proliferated globally to meet the
increasing demand for food production, making them a vital component of
modern agriculture.

Fertilisers are primarily composed of nitrogen (N), phosphorus (P), and
potassium (K), elements essential for plant growth. The phosphorus

component, however, is derived from phosphate rocks, which often contain
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elevated concentrations of naturally occurring radioactive isotopes, such as
uranium-238 (2*U), thorium-232 (*2Th), and potassium-40 (*°K), along with
their radioactive decay products. When these fertilisers are applied to
agricultural soils, they contribute to the background levels of natural
radioactivity in the environment.

The wuse of such phosphate-based fertilisers causes variations in soil
radioactivity, as the extent of contamination depends on the type and quantity
of fertiliser applied. This makes the soil in some areas more radioactive than
others, introducing a source of radiation exposure beyond its natural origins.
Consequently, monitoring and regulating the use of fertilisers containing
radioactive materials is crucial to ensure environmental safety and public health
[52].

2.2 REVIEW OF SOME PREVIOUS WORKS

In a study conducted in Egypt by Hassan et al., the concentrations of
radionuclides uranium-238 (?38U), thorium-232 (?*2Th), and potassium-40 (*°K)
were assessed in ten phosphate ore samples and five fertiliser samples. The
measurements were carried out using a high-purity germanium (HPGe)
detector, a sensitive tool widely used for detecting and quantifying
radionuclides. The results revealed that the concentrations of radionuclides in
phosphate ore were significantly higher compared to the fertiliser samples,
indicating that processing reduced the radionuclide content. For the phosphate
ore samples, radium-226 (?*Ra), a decay product of 238U, exhibited relatively
high concentrations, with a mean value of 871.37 + 91.90 Bg/kg, while thorium-
232 and potassium-40 were present at much lower concentrations of 19.21 + 2.42
Bq/kg and 176.06 + 17.66 Bq/kg, respectively. On the other hand, the fertiliser
samples showed much lower radionuclide concentrations, demonstrating a
reduction in radioactive content during manufacturing. To assess potential
radiological hazards, the researchers calculated several indices, including

Radium Equivalent Activity (Raeq). External Hazard Index (He), Internal
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Hazard Index (Hin), Annual Effective Dose. Calculates the radiation dose
received by individuals annually from the radionuclides present. Additionally,
the study measured radon release from the samples using an Alpha Guard
radon monitor, a precise instrument for detecting radon levels. The radon
emanation coefficient, which quantifies the proportion of radon escaping from
the sample, and the radon exhalation rate, indicating the release rate of radon
gas per unit area or mass, were also determined. These measurements provide
critical insights into the potential health risks associated with radon exposure
from these materials [53].

Hassan et al. conducted a comparative study on the natural radioactivity levels
in commonly used fertilisers in Egypt and Japan, focusing on the specific
activities of radionuclides such as uranium-238 (%*¢U), thorium-232 (?*2Th), and
potassium-40 (*°K). Their research highlighted how agricultural use of fertilisers
redistributes these radionuclides in the environment. Using a high-purity
germanium detector, they measured the natural radioactivity of radium-226
(**Ra), thorium-232 (**2Th), and potassium-40 (*°K) in different fertiliser
samples.

In Egyptian fertilisers, the specific activities ranged as follows: 22°Ra (312 + 14 to
782 + 24 Bqg/kg), 2?Th (not detected to 67 + 13 Bq/kg), and K (88 + 22 to 251 + 94
Bqg/kg). For Japanese fertilisers, the specific activities ranged from 2?°Ra (25 + 1
to 1265 + 5 Bq/kg), #?Th (5 + 2 to 15 + 1 Bq/kg), and 4K (31 + 5 to 3909 + 21
Bq/kg). The results indicated that Egyptian fertilisers generally had higher
specific radio activities compared to their Japanese counterparts, though all
values fell within the recommended limits set by UNSCEAR 2008. Further
analysis revealed that the radiological hazard indices—including radium
equivalent activities (Raeq), external hazard index (He), internal hazard index
(Hin), gamma index, absorbed dose rates, and annual effective doses—were
significantly higher for Egyptian fertilisers than for Japanese fertilisers. In some

cases, these values exceeded the safety thresholds of 370 Bq/kg for radium
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equivalent activities, unity for hazard indices, 59 nGy/h for absorbed dose rates,
and 480 uSv/year for annual effective doses. These findings underscore the
need for monitoring and regulating fertiliser usage to ensure radiation safety
[54].

A study by Garcéz et al. investigated the levels of environmental radioactivity
in fertilisers from Rio de Janeiro, Brazil, focusing on radium-226 (?**Ra),
thorium-232 (%32Th), and potassium-40 (*°K). To measure the specific activities of
these radionuclides, the researchers utilized a high-purity germanium (HPGe)
detector. Their findings revealed that the specific activity of 22Ra ranged
between 1.48 Bq/kg and 597 Bq/kg, while 232Th exhibited a range of 2.66 Bq/kg
to 832 Bg/kg. For 4K, the observed specific activity spanned from 16 Bq/kg to
13,941 Bq/kg. Despite detecting these radionuclides in the fertilisers, the study
concluded that their levels posed negligible health risks, suggesting minimal
radiological hazards to humans and the environment [55].

Alam et al. conducted a study to evaluate the radioactivity concentrations of
radionuclides 2%Th, 2?Ra, and “K in various fertilisers, including triple
superphosphate (TSP), single superphosphate (SSP), muriate of potash,
Phosphogypsum, urea, zinc sulphate, and zinc oxysulphide. The activity of
226Ra in these fertilisers was found to range from 4.8 + 0.8 Bq/kg to 323.8 + 24.4
Bqg/kg, with phosphate-based fertilisers such as TSP, SSP, Phosphogypsum, and
DAP showing higher concentrations of ??Ra.For 23¥Th, the activity ranged
between 3.4 + 1.7 Bq/kg and 22.0 = 2.8 Bq/kg, while ¥K exhibited a broader
range from 7.9 + 2.3 Bq/kg to 12,628.5 + 169.0 Bg/kg. The radium-to-thorium
ratio (*?°Ra/?*®Th) in the fertilisers was also calculated, ranging from 0.232 to
18.63 [44].

Taher et al. investigated natural radioactivity levels in chemical factories (ECF)
and various fertilisers, including Simple Superphosphate (SSP), Triple
Superphosphate (TSP), and Urea, in Egypt. The study revealed that in both
organic and chemical fertilisers, the activity concentrations of 2*Th were
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generally lower than those of ?2Ra. In chemical fertilisers, the activity of ?2°Ra
ranged from 21.5 + 3.6 Bq/kg to 112.2 + 8.7 Bq/kg, with TSP showing the highest
concentration. The average ??°Ra activity was reported as 51.1 + 4 Bq/kg in SSP,
79.2 + 7.3 Bq/kg in TSP, and 35.2 + 3.3 Bq/kg in Urea. For 2%2Th, activity levels
varied between 14 + 1.2 Bg/kg and 99 + 3.1 Bqg/kg, with the highest
concentration observed in SSP. The activity of K was notably high in TSP, with
a mean activity of 478.2 + 21.3 Bq/kg. In organic fertilisers, the average activity
concentrations of 22°Ra, 2?Th, and “°K were 40 + 1.4 Bg/kg, 3.2 + 1.2 Bg/kg, and
427.1 + 21 Bq/kg, respectively [56].

Mostafa et al. conducted a study in Upper Egypt to assess the radiological
hazard indices and concentrations of natural radionuclides, including 232Th,
226Ra, and %K, in seven types of chemical fertilisers commonly used in the
region. The concentration levels of these radionuclides were found to range
from 3 + 0.2 to 98 + 4.8 Bq/kg for 232Th, 12 + 0.6 to 245 + 12.5 Bq/kg for ?*Ra, and
107 £ 5.5 to 671 + 33 Bg/kg for K. Additionally, the radiological parameters
calculated from the fertiliser samples showed ranges of 0.5 to 2.4 nGy/h for the
dose rate, 33.1 to 392.3 Bqg/kg for radium equivalent activity, 20.2 to 227.2
uSv/year for annual effective dose equivalent (AED), and 15.6 to 176.7 nGy/h
for the gamma radiation hazard index (Iyr) in the air [46].

In 2006, Jebur et al. collected fertiliser samples from local markets in Basrah
Governorate to study the activity concentrations of naturally occurring
radionuclides, including ??)Ra, ??Ra, 2%8U, 232Th, and 4°’K. The samples were
analysed using a high-purity germanium (HPGe) detector and sodium iodide
Nal(Tl) y-ray spectrometry. The findings revealed that the average specific
activity values for 22¢Ra, 232Th, and K in nitrogen, phosphorus, and potassium
fertilisers were 107.4 + 8.6 Bq/kg, 107.0 + 7.6 Bq/kg, and 1206.0 + 9.8 Bq/kg,
respectively. The highest radium activity was observed in Crop Complex

fertilisers compared to the organic fertilisers studied. Furthermore, some
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samples exceeded the radium equivalent activity limit of 371 Bq/kg, which is
the maximum allowable threshold for radiation exposure [57].

Manyama et al. investigated the radioactivity levels of the Minjingu
phosphorite deposit in Arusha, Tanzania, using radiochemical and radiometric
analytical methods. The study focused on the activity concentrations of
radionuclides such as 23U, 2%U, 222Th, and their decay products in various
materials, including rock phosphate, phosphate concentrate, phosphate
fertilisers, and Phosphogypsum. The results indicated that 28U and its decay
products exhibited high activity concentrations, reaching up to 4000 Bg/kg
across all sample types. Phosphogypsum showed elevated levels of ?2°Ra,
contrasting with lower levels in triple superphosphate fertilisers. The
widespread use of rock phosphate from the mine and phosphate fertilisers was
evaluated concerning their radiological impact on farmers. The activity
concentrations of 28U ranged from 85 to 97 Bq/kg, 2°°U from 154 to 1999 Bq/kg,
and 22Th from 407 to 627 Bg/kg. Despite the presence of these radionuclides,
the external radiation exposure from phosphate fertilisers in agricultural fields
was found to contribute less than 2% to the normal background radiation level
of 51 nGy/h [58].

Hesham A. Yousef et al. conducted a study to determine the radon
concentration and surface exhalation rate in phosphate samples collected from
El-Sebaeya and Abu-Tartur, Egypt. Solid-state nuclear track detectors of the
CR-39 and LR-115 types were used for the measurements. The average radon
concentrations in the El-Sebaeya region were found to be 12,711.01 Bg/m?® and
10,925.03 Bq/m?® when measured with CR-39 and LR-115 detectors, respectively.
Similarly, in the Abu-Tartur area, the average radon concentrations were
15,824.12 Bg/m?® and 13,601.48 Bq/m?, as determined using CR-39 and LR-115
detectors, respectively [59].

Samad et al. investigated the activity concentrations of ?2°Ra, 2%2Th, and “K in

both solid and liquid samples collected from the Yamuna Urea Fertiliser
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Factory in Tarakandi, Jamalpur, Bangladesh. Six types of samples were
analysed: (i) liquid wastewater stored within the factory, (ii) water from the
Yamuna River near the liquid waste disposal point, (iii) liquid-waste-
contaminated soil, (iv) normal soil adjacent to the factory, (v) the final product
(urea), and (vi) urea dust from the factory. The samples were examined using
gamma spectrometry with a high-purity germanium (HPGe) detector with 40%
relative efficiency. The activity concentration of 22°Ra was determined based on
the average concentrations of its decay products 214Pb and 2!4Bi, while that of
22Th was calculated from 228Ac and 20T1. The concentration of “K was
measured directly. Analysis revealed that the average activity concentrations in
the liquid waste samples were 3.64 + 0.72 Bg/L for ??Ra and 12.94 + 2.02 Bq/L
for 2%2Th, with no detectable “K. In the liquid-waste-contaminated soil, the
average activity concentrations of 22°Ra, 2*2Th, and 4K were 21.46 + 3.18 Bq/kg,
63.00 = 8.90 Bq/kg, and 311.95 + 90.91 Bq/kg, respectively. In the normal soil,
these values were 20.98 + 3.55 Bq/kg, 61.76 + 8.92 Bq/kg, and 645.47 + 103.61
Bq/kg, respectively [60].

Ghosei et al. conducted a pilot study to measure the activity concentrations in
soil, water, and fertiliser samples collected from areas around a urea fertiliser
factory, a lagoon, and the Shitalakhya River in Narsingdi, Bangladesh. The
analysis was performed using gamma spectrometry with a PC-based multi-
channel analyzer (MCA) system. The activity concentrations of 22Ra were
found to range from 1.21 + 0.42 to 7.35 + 0.41 Bq/kg in water samples, 3.15 + 0.31
to 10.27 + 0.54 Bg/kg in soil samples, and 3.54 + 0.32 to 90.64 + 3.16 Bg/kg in
fertiliser samples. For 232Th, the concentrations ranged from 4.88 + 0.46 to 15.81
+ 0.44 Bg/kg in soil, 1.22 + 0.05 to 8.58 + 0.36 Bq/kg in water, and 4.75 + 0.26 to
26.37 + 1.41 Bq/kg in fertilisers. The concentrations of K varied between 24.95 +
0.22 and 60.48 + 0.55 Bg/kg across the samples [61].

Mugren et al. investigated the activity concentrations of ?2°Ra, 232Th, and 4K in

cement and phosphate fertilisers consumed in Saudi Arabia using y-ray
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spectrometry. Their findings indicated that in fertiliser samples, 22°Ra activity
concentrations ranged from 9.2 + 1.2 Bq/kg to 106.1 + 6 Bq/kg, *2Th ranged from
6.2 +2.3 Bq/kg to 42.6 + 2 Bg/kg, and K ranged from 45.5 + 3.26 Bq/kg to 580.8 +
13.1 Bg/kg [62].

Hussain et al. measured the specific activities of 238U, 2%2Th, and K in fertilisers
using a gamma-ray spectrometer equipped with a Nal(Tl) detector. Their
results showed activity ranges of 12.845-88.584 Bq/kg for 238U, 1.305-26.655
Bq/kg for 22Th, and 11.597-2275.897 Bq/kg for “K. The radium equivalent
activity (Raeq) varied from 0.893 to 175.25 Bq/kg, with average values below the
global average. Leafy NPK fertilisers exhibited the highest Raeq values, while
urea fertilisers showed no detectable radionuclides. The specific activity and
absorbed dose rates at 1 meter above the ground surface (nGy/h) after
agricultural application of NPK fertilisers were calculated, with the maximum
dose rate representing only 0.15% of the global average outdoor terrestrial
gamma radiation exposure [63].

Azeez et al. assessed the activity concentrations of radioactive nuclides in plant
fertilisers used in agriculture in the Iraqi Kurdistan region using a high-purity
germanium (HPGe) gamma spectrometer. Their study revealed that activity
concentrations ranged from 0.1 to 135 Bq/kg for 22°Ra, 0.1 to 75 Bqg/kg for 232Th, 1
to 12,001 Bq/kg for K, and 0 to 1 Bg/kg for ¥Cs. Some samples had radium
equivalent activity exceeding the OECD-recommended limit of 371 Bq/kg,
highlighting potential radiological hazards [64].

Hiwa et al. explored the impact of chemical fertiliser use on radioactivity levels
in agricultural soils. Using gamma-ray spectrometry with a high-purity
germanium (HPGe) detector, they measured the activity concentrations of 232Th,
226Ra, and “K in various soil samples. For virgin soils, the activity
concentrations of K, 22Th, and ??°Ra ranged from 241.7 to 340.8 Bqg/kg, 8.7 to
10.6 Bg/kg, and 10.5 to 16.2 Bq/kg, respectively. In agricultural soils, these
values ranged from 247.7 to 338.3 Bq/kg for ¥K, 8.8 to 12.4 Bq/kg for 22Th, and
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11.9 to 18.2 Bg/kg for ?2°Ra, highlighting the influence of fertiliser use on
radionuclide levels [65].

Dipak et al. conducted a pioneering study on the alpha activity of commonly
used building materials in West Bengal, India. Using a solid-state nuclear track
detector, a highly sensitive tool for detecting alpha particles, they measured the
alpha activities of materials collected from local markets in Kolkata. The
recorded alpha activities ranged from 22.7 + 2.5 Bq/kg to 590.6 + 16.8 Bq/kg,
with ceramic tiles exhibiting the highest alpha activity. This study contributes
valuable data on environmental radiation exposure and its potential health
impacts [32].

Didarul et al. conducted a study on soils and solid waste materials from
industrial areas of Nasirabad, Chattogram, which are commonly used for land
construction. The aim was to assess the radioactivity levels in these materials
and the potential radiological hazards associated with their use. A total of 37
samples were collected, including 31 soil samples and 6 solid waste samples,
from various industries. The activity concentrations of 232Th, ??Ra, and 4K
ranged from 8 + 1.9 to 132 + 18.32 Bq/kg (with an average of 22 Bq/kg), 10 + 2.68
to 132 + 15.95 Bg/kg (with an average of 41 Bq/kg), and 81 + 22.67 to 930 + 260.41
Bq/kg (with an average of 449 Bq/kg), respectively. The study also calculated
several hazard indices, including the external hazard index (Hex), radium
equivalent activity, internal hazard index, and activity concentration index, to
evaluate the radiation risks. While the averages of the hazard indices were
within safe limits, the activity concentration index showed elevated values [66].
Yassir Baqir et al. conducted an estimation of the specific activities of natural
radionuclides 238U, 2%2Th, and K in inorganic fertilizers using a gamma-ray
spectrometer with a Nal(Tl) detector and a Rad Eye-B20 portable detector. The
results from the Nal(Tl) detector revealed that the average activity
concentrations of 28U, 232Th, and 4K were 2.11 Bqg/kg, 0.327 Bq/kg, and 95.792
Bq/kg, respectively, all of which were below the recommended limits. The
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study also calculated the mean values for radiometric parameters, including
Raeq, Hin, Hex, Iy, and AEDE, which were 9.398 Bq/kg, 0.0354, 0.0247, 0.037,
0.0123 nGy/h, and 0.0065 mSv/y. In the samples, the maximum and minimum
values of activity concentrations were found to be 0.2 and 0.4, respectively. The
measurements from the Rad Eye-B20 portable detector showed the maximum
values of surface contamination, dose rate, and general count rate were 0.415
Bg/cm?, 0.161 uSv/h, and 1.054 counts per second (Cps), respectively, while the
minimum values were 0.255 Bq/cm?, 0.12 uSv/h, and 0.483 Cps. These values
were slightly higher than the background measurements (0.21 Bg/cm?, 0.12
uSv/h, and 0.42 Cps). The results from the Rad Eye-B20 detector were consistent
with those from the Nal(Tl) detector, confirming that all radiological hazard
measurements were within safe limits [67].

Alharbi et al. utilized sodium iodide gamma spectrometry to evaluate the levels
of naturally occurring radionuclides such as “K, 2?Ra, and ?*?Th in various
brands of fertiliser from Saudi Arabia. Their results indicated that the average
(range) activity concentrations for 22°Ra, 232Th, and “)K in nitrogen, phosphorus,
and potassium fertilisers were 64 (35.81 - 120.71) Bq/kg, 17 (3.21 - 56.81) Bg/kg,
and 2452 (744.91 - 4227.10) Bq/kg, respectively. In contrast, the average activity
concentrations for 22°Ra, 2%2Th, and 4K in organic fertilisers were 43 Bq/kg, 11
Bqg/kg, and 332 Bg/kg, respectively. The radium equivalent activity was
determined to be below 371 Bq/kg, and all parameters related to dose were
found to be within safe limits. The concentrations of natural radionuclides
found in fertilisers from Saudi Arabia were comparable to those documented in
several other countries. This study provides crucial baseline information
regarding radiation exposure from fertilisers and its possible health
implications [68].

Servitzoglou et al. conducted a study involving 100 samples from fertilisers,
agricultural soils treated with fertilisers, and wheat grain soils collected from

various farms in Greece. Using an HPGe detector, they determined the mean
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activity concentrations for 238U, 226Ra, 2°2Th, and 4K to be 376, 192, 21, and 2621
Bqg/kg, respectively. The study found that phosphate fertilisation did not
significantly affect the natural radioactivity levels in the soil compared to non-
fertilized soils, nor did it influence the natural radioactivity of wheat grains,
with only #K being detected. However, the mean external dose rate of 212
nGy/h for fertilisers was notably higher than the 54 nGy/h measured for
fertilised soils, which raised concerns about radiation safety for workers
handling fertilisers. The maximum external dose rate of 1.14 mSv/y calculated
for truck drivers involved in transportation was found to be close to the annual
external dose limit of 1 mSv/y. Moreover, there are concerns for workers in the
fertiliser storage and distribution sector, where the estimated maximum dose
rate is 1.981 mSv/y, while the average value is 0.891 mSv/y [69].

Alzahrani et al. measured the specific activities of ?2°Ra, 232Th, and 4K in
phosphorite deposit samples from both surface and sub-surface layers in the
Turayf, Thaniyat Turayf, and Umm Wual regions of north-western Saudi
Arabia using a Sodium Iodide Nal(Tl) detector. The average activity
concentrations in the phosphate rocks were found to be (13.11 + 2.51) Bq/kg for
226Ra, (39.10 + 1.51) Bg/kg for 22Th, and (241.71 + 4.31) Bqg/kg for “K. The
calculated external vy-radiation dose experienced by workers in these
phosphorite deposits was estimated to be 261 uSv/year, which is significantly
lower than the internationally allowed dose limit of 21 mSv/year for
occupational workers, as specified by ICRP-60 (1990). [70] .

Samad et al. conducted a study to detect probable radionuclides and assess
their activity concentrations in raw materials (phosphate rock), final products
(fertilizer), and waste samples from two phosphate fertilizer factories in
Bangladesh: a Di-ammonium Phosphate (DAP) factory and a Triple Super
Phosphate (TSP) factory. Seven types of samples were analysed, including
liquid waste, waste-mixed river water, normal river water, phosphate rock,

phosphate fertilizer, solid waste, and normal soil. Raw material samples were
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exclusively collected from the TSP factory, while fertilizer, solid waste, and
liquid waste samples were obtained from both factories. Additionally, normal
soil and surface water samples from nearby areas were collected for
comparison. The samples were analysed using gamma-ray spectrometry with a
Hyper-Pure Germanium (HPGe) detector with 40% relative efficiency. The
results revealed the presence of natural radionuclides, including ??*Ra, 232Th,
and %K, while no artificial radioactivity was detected. In some samples, “K was
below the detection limit. The findings for the TSP factory showed average
activity concentrations of ??°Ra, 2%2Th, and 4K in raw materials as 851.28 + 7.12
Bq/kg, 19.64 + 6.59 Bg/kg, and 54.08 + 5.94 Bg/kg, respectively; in the final
product as 211.91 + 4.75 Bqg/kg, 42.49 + 10.57 Bq/kg, and ND (Not Detected); in
solid waste as 187.491 + 4.87 Bq/kg, 70.07 + 11.77 Bqg/kg, and 289.28 + 40.25
Bg/kg; and in liquid waste as 6.26 + 0.63 Bq/L, 10.01+1.39 Bq/L, and ND. For the
DAP factory, the average activity concentrations of ?2°Ra, 2*2Th, and “K in the
final product were 17.32 + 3.93 Bq/kg, 69.75 + 9.89 Bq/kg, and 48.47 + 17.21
Bqg/kg, respectively; in solid waste as 24.48 + 4.14 Bq/kg, 164.621 + 11.09 Bq/kg,
and 191.53 + 33.741 Bq/kg; and in liquid waste as 3.58 + 1.04 Bqg/L, 37.09 + 3.31
Bq/L, and ND. The study also calculated the radium equivalent activity,
radiation hazard index, and external annual effective dose for workers and the

public due to these materials, comparing them with global average values [71].

Nour Khalifa Ahmed et al. investigated the radioactivity levels in samples of
phosphate fertilizers and farm soils collected from cultivated land in the Qena
Governorate of Upper Egypt. Soil samples were taken to a depth of up to 30 cm.
The activity concentrations of background radionuclides, including ??*Ra, 232Th,
and K, in these samples were determined using gamma-ray spectrometry. The
results indicated that the concentrations of these radionuclides in phosphate
fertilizers were 366.2 + 10.51 Bg/kg for ?2°Ra, 66.72 + 7.31 Bq/kg for 2*2Th, and 4 +

2.61 Bq/kg for K. For farm soil and soil from Nile islands, the corresponding
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values were 13.71 + 70 Bqg/kg, 12.3 + 4.61 Bq/kg, and 1233.2 + 646.1 Bq/kg for
farm soil, and 11.91 + 6.71 Bq/kg, 10.51 * 6.11 Bg/kg, and 1636.1 + 416 Bqg/kg for
Nile Island soil. The radium equivalent activity, representative level index, and
the absorbed dose in air for all samples were calculated. The findings were

discussed and compared with data available in existing literature [72].

Based on the previous discussion, it is clear that different types of fertilizers
may contain various radionuclides, and in order to protect the environment, it
is necessary to calculate the concentration of these radionuclides and their
radiation impacts. In our country, relatively little research has been conducted
on this subject, and since 1997, no researchers have examined fertilizers to
assess radionuclide concentrations; consequently, no hazard indexes have been
published on this matter. I believe that there is now a significant opportunity to
investigate the presence of all types of radionuclides in fertilizers, as well as the

potential health risks they pose to humans.
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Chapter 3: METERIALS AND METHODOLOGY

3.1 BASIC RESEARCH MATERIALS

The emission of nuclear radiation occurs when various radioactive materials,
such as tritium, carbon, iodine, potassium, strontium, radium, uranium,
thorium, etc., are present in soil and water. Living organisms are exposed to
these radiations through their surroundings, the food they consume, and the
water they drink. While radiation is harmful to all living organisms, a certain
level of radiation can be tolerated. However, if the radiation level exceeds the
tolerance threshold, it can adversely affect the human body, either temporarily
or over a prolonged period. Living organisms receive internal radiation from
the food and drinks they consume, and they are also exposed to external
radiation from sources like cosmic rays, nuclear weapon tests, nuclear
accidents, and manufactured products containing radionuclides. The
concentration of radioactive elements in nature increases due to the gradual
production of radioactive isotopes, including the continuous interaction
between cosmic rays and atmospheric atoms, nuclear plant operations, nuclear
weapon tests, and the presence of radionuclides in manufactured goods.
Following the consequences of the Chernobyl accident, many countries started
paying attention to the calculation of internal and external radiation doses. In
1990, the International Commission on Radiological Protection (ICRP)
recommended reducing the radiation level from 50 mSv/year to 20 mSv/year.
Therefore, it is now crucial to determine the internal and external radiation dose
levels in Bangladesh. Several researchers have already studied radiation dose
levels in various sectors, including water, soil, building materials, and
manufactured products [73].

Due to increased crop production worldwide, fertiliser production has also
grown to meet the demands of farmers. However, a downside to this is the

presence of more impurities containing radioactive isotopes. Fertiliser
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industries use raw materials such as phosphate rock, phosphonium, and
potassium compounds. Typically, fertilisers consist mainly of nitrogen,
phosphorus, and potassium, which are essential elements for plant growth. The
phosphorus component is derived from phosphate rocks, which contain
numerous radionuclides [36]. Over time, the use of fertilisers leads to the
contamination of soil with radionuclides and their radiation, which gradually
exceeds natural levels. The widespread use of fertilisers is the primary cause of
increased radionuclide levels in soil and underground water [36].
Consequently, these radionuclides enter the human body and become part of
the food chain through soil and drinking water. There is also a high risk of
significant accumulation of the radionuclide **Ra in the bone marrow, which
can cause biological damage. Workers and farmers directly involved in
agricultural production and distribution are at an increased risk of exposure to
various radionuclides. Some articles indicate that workers in fertiliser factories,
fertiliser distributors, and farmers are at high risk of exposure to radiation
emitted by radionuclides present in fertiliser impurities. External exposure
occurs directly through gamma rays, while internal exposure occurs through
alpha particles resulting from the inhalation of radon and its decay products.
This exposes the bronchial tissue to alpha radiation and increases the potential
for radiogenic lung cancer [74]. Therefore, radiation released from fertilisers has
the potential to cause cancer in individuals exposed to significant levels. Hence,
monitoring the natural radioactivity in fertilisers is crucial from a radiation
protection standpoint [41].

There is a growing global awareness of the radiation hazards associated with
fertiliser materials as a potential source of risk to workers, the general public,
and the environment. As a developing country, Bangladesh lacks a robust
radiation protection system. In this study, the specific activities of »8U, 22Th,
and “K, which are common radionuclides, were measured in commonly used

fertiliser materials in Chittagong, Bangladesh. To measure specific activity of
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radionuclide HPGe detector was used which is available in Atomic Energy
Commission, in Chittagong.

3.2 EXPERIMENTAL INVESTIGATION

3.2.1 High Purity Germanium (HPGe) Detectors

Gamma rays can be detected by calculating the number of effects on matter.
After colliding with an electron, it bounces off like a billiard ball, called the
Compton Effect. Again, gamma rays can eject electrons from metal in the case
of the photoelectric effect. As gamma rays sometimes hold more energy, they
can produce one electron and another ion from a matter (called pair
production). Above all processes, electrons can be free from metal and can
move. That is called current flow. After amplifying the energy and direction of
the original gamma ray, it can be calculated. Therefore high-purity germanium
(HPGe) detectors such as semiconductor devices can detect gamma rays from
various radioactive nuclides. Almost all radioactive matter emits gamma rays of
different energies and intensities. One spectroscopy system can detect and
analyse this additional emission [75].

Generally, the HPGe detector is a solid analogue used instead of the usual gas.
This is a precious apparatus is used for gamma-ray spectrometry with high
efficiency and reasonable resolution.

A single germanium crystal designed with a p-n diode structure is referred to
as an HPGe detector. By reducing the impurity concentration in germanium to
approximately 10° atoms/cm® (equivalent to one impurity atom per 103
germanium atoms), it is possible to achieve a depletion depth of around 10 mm.
These germanium diode detectors, characterized by their large volume, are
commonly called "intrinsic" or "high-purity" germanium detectors. The
reliability of such detectors largely depends on their depletion depth, which
increases with the square root of the material at a given voltage [76].
High-purity germanium is typically p-type due to residual acceptor impurities

like aluminium or acceptor centres linked to lattice defects within the material.
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This configuration is often described as an n*-p-p* diode structure. The n*
region is created by evaporating lithium onto a lapped germanium surface,
followed by brief diffusion at high temperatures. The detector’s depletion
region is formed by reverse-biasing the n*-p junction, while the p* contact on
the opposite side is usually a diffused gold surface barrier junction. The outer n-
type lithium contact is roughly 300 nm thick, and the inner gold surface barrier
contact has about 40 mg/cm? of evaporated gold. This intrinsic region is
sensitive to ionizing electromagnetic radiation, and under reverse bias, an
electric field spans the depleted or intrinsic region [77].

Gamma rays are detected by HPGe detectors through their ionizing properties,
where primary and secondary electron-hole pairs are formed as photons
interact with the depleted volume. These ion pairs are swept to the respective p
and n electrodes by the electric field. The total electron-hole pairs collected
under the applied electric field create a voltage pulse proportional to the
gamma-ray energy absorbed, which is processed by a charge-sensitive
preamplifier. Ionization in the detector occurs via three processes: the
photoelectric effect, Compton scattering, and pair production. At energies of
1.022 MeV, pair production becomes the dominant process. The spectrum of
mono-energetic gamma rays typically consists of a full absorption peak, a
Compton continuum, and pair production peaks at energies of 1.022 MeV. The
relative contribution of each component to the spectrum depends on the energy
of the gamma rays, the material of the detector, and its size [78]. HPGe
detectors are manufactured in two basic geometries: planar detectors, where the
electric field is uniform, and coaxial detectors, where the electric field decreases
inversely with radial distance from the detector's axis. The gamma-ray
detection efficiency and functionality of an HPGe detector are equivalent to
those of a Ge (Li) detector with similar dimensions and shape. Due to
germanium's low band gap and high sensitivity to temperature, these detectors

must be cooled to minimize the thermal generation of charge carriers, thereby
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reducing leakage current to an acceptable level. Without adequate cooling,
noise from the leakage current significantly degrades the detector’s energy
resolution. Liquid nitrogen, with a temperature of 77 K, is commonly used as
the cooling medium for these detectors. The detector is housed in a vacuum
chamber, which is either attached to or inserted into a liquid nitrogen Dewar.
This setup protects the sensitive surfaces of the detector from moisture and
other condensable contaminants.

High-purity germanium is typically p-type due to residual acceptor impurities
like aluminium or acceptor centres linked to lattice defects within the material.
This configuration is often described as an n*-p-p* diode structure. The n*
region is created by evaporating lithium onto a lapped germanium surface,
followed by brief diffusion at high temperatures. The detector’s depletion
region is formed by reverse-biasing the n*-p junction, while the p* contact on
the opposite side is usually a diffused gold surface barrier junction. The outer n-
type lithium contact is roughly 300 nm thick, and the inner gold surface barrier
contact has about 40 mg/cm? of evaporated gold. This intrinsic region is
sensitive to ionizing electromagnetic radiation, and under reverse bias, an
electric field spans the depleted or intrinsic region. Gamma rays are detected by
HPGe detectors through their ionizing properties, where primary and
secondary electron-hole pairs are formed as photons interact with the depleted
volume. These ion pairs are swept to the respective p and n electrodes by the
electric field. The total electron-hole pairs collected under the applied electric
field create a voltage pulse proportional to the gamma-ray energy absorbed,
which is processed by a charge-sensitive preamplifier. Ionization in the detector
occurs via three processes: the photoelectric effect, Compton scattering, and
pair production. At energies of 1.022 MeV, pair production becomes the
dominant process. The spectrum of mono-energetic gamma rays typically
consists of a full absorption peak, a Compton continuum, and pair production

peaks at energies of 1.022 MeV. The relative contribution of each component to
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the spectrum depends on the energy of the gamma rays, the material of the
detector, and its size [79].

The global appeal of germanium as a semiconductor radiation detector can be
credited to its superior charge transport characteristics, enabling the use of
larger crystals without substantial carrier losses from trapping or
recombination. In scenarios where only a limited number of gamma-ray
energies is concerned, the higher efficiency, increased photo fraction, and
reduced expense of sodium iodide may make it the more favourable choice.
However, germanium detectors are favoured for analysing intricate gamma-ray
spectra that involve numerous energies and peaks [80].

It also helps in identifying weak discrete energy sources that are layered over a
broad continuum. To minimize thermally induced leakage currents, germanium
must be consistently maintained at low temperatures (77K). The appeal of
semiconductor detectors lies in their superior energy resolution compared to
scintillation detectors (Nal, Csl, ZnS, etc.) and the enhanced stopping power of
a solid material as opposed to a gas. In the case of germanium, approximately 3
eV of energy is required to create one electron-hole pair, while in a solid-state
scintillation detector, 100 eV is necessary to form an ion pair, and 34 eV is
needed in a gaseous ionization detector. Consequently, semiconductors
generate a higher number of carriers for a specific energy absorption, and the
statistical variations in that number are minimal when presented as a
percentage of the total. The performance of an HPGe is generally characterized
by energy resolution, relative efficiency, and the lower detection limit [81].

The depth of the depletion layer in a detector is directly related to its
performance and inversely related to the impurity concentration in the detector
material. Generally, a minimal amount of pure material is necessary to attain a
significant depletion depth. The net impurity concentration in the HPGe
detector is roughly 10 atoms/cc. With germanium having a low energy gap

(0.74 eV), the detector needs to be maintained at low temperatures to optimize
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performance, thereby minimizing thermal leakage current to an acceptable
range. Additionally, leakage current contributes to noise and diminishes the
detector's energy quality. For optimal performance, HPGe detectors are
typically operated at approximately 77K [82]. The detector is placed in a
vacuum chamber, where liquid nitrogen dewier is used. In this condition, the
reverse current is in the range of 10° to 1072 amps [83]. Otherwise, leakage
current-induced noise will destroy the energy resolution of the detector. The detector is

mounted in a vacuum chamber, which is inserted into a liquid nitrogen dewar. At this

temperature, reverse leakage current is in the range of 10 to 10> amp.

WPGe . Pre-amp . Amplifier
Deteckr

ADC

PC based MCA

Fig. 3.1 Block diagram of a HPGe vy-ray detector.

3.2.2 Processing of detector and associated electronics

To provide significant information regarding radiation, nearly all radiation
detectors create an electrical pulse for detection. A primary integration of three
fundamental functions of a detector is used to process an electrical signal:
amplification, shaping, and analysis. The process of enlarging the signal's
magnitude is referred to as amplification, while shaping pertains to alterations
in the form of the electrical signal, and analysis focuses on assessing pulses
based on their area or height. The electronic circuit facilitates the amplification,
shaping, and analysis of the detector's pulse. According to Fig 3.1 from the
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detector, electrical signals are sent to a preamplifier, where both amplification
and initial shaping occur. The preamplifier serves as an intermediary b