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LUMINESCENCE MATERIALS USED FOR
DOSIMETER AND APPLICATIONS: A
COMPREHENSIVE REVIEW

Abstract

This comprehensive review book
examines the utilization of luminescence
materials for  dosimetry  applications,
encompassing their principles, dosimetry
properties, readout techniques, and diverse
range of applications. The importance of
dosimetry in radiation protection and safety
is emphasized, followed by an exploration of
the fundamental aspects of luminescence,
including its basic concepts and mechanisms.
Different types of luminescence materials,
namely the rmolumine scence, optically
stimulated luminescence, radio
luminescence, and  photoluminescence
materials, are thoroughly discussed. The
dosimeter  properties of luminescence
materials, such as their dose response
characteristics, energy dependency, fading
behavior, tissue equivalence, and sensitivity,
are carefully examined. Various readout
techniques employed in luminescence
dosimeter, such as electron paramagnetic
resonance, cathode luminescence, radio-
photoluminescence, and  X-ray-induced
luminescence, are presented. The review
highlights the wide-ranging applications of
luminescence dosimeter across diverse fields,
including radiation therapy, environmental
monitoring, space radiation dosimeter,
industrial radiography, and personalized
medicine. Noteworthy examples of dosimeter
applications and case studies are provided to
elucidate the practical implementation and

advantages of luminescence dosimeter.
Furthermore, the review investigates
emerging trends, challenges, and future
directions in  luminescence dosimeter,

shedding light on recent advances and
potential research areas. A comprehensive
summary of key findings and
recommendations is presented, aiming to
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guide future developments and applications
of luminescence materials in dosimetry.This
review offers a valuable resource for
researchers, practitioners, and professionals
engaged in dosimetry, consolidating the
current knowledge and understanding of
luminescence  materials for  dosimetry
applications. It provides insights into the
dosimetric properties, readout technigues,
and wide array of practical applications,
fostering advancements in the field of
luminescence-based dosimeter.

Preface
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gratitude to my cherished family, particularly
my beloved wife Shradha Deshmukh, our
wonderful son Vedansh, and our radiant
daughter Nitika. Your unwavering support
and boundless love have illuminated my
journey as an author, inspiring me to envision
a bright and promising future ahead. Your
presence fills my life with joy and purpose,
and | am profoundly grateful for each
moment we share.

Also, | Ram  Krishna  Deshmukh
(corresponding Author) dedicate this chapter
to my father, you are my inspiration,
motivation, and my reason of success.
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I. INTRODUCTION

1. Background: In this chapter, we will provide an overview of the field of luminescence
materials used for dosimetry applications. We will discuss the importance of dosimetry in
radiation protection and the need for accurate and reliable measurement techniques. The
chapter will highlight the challenges faced in dosimetry and how luminescent materials
offer unique advantages in this field.

2. Objectives: The objectives of this book are to comprehensively review the different
luminescence materials used in dosimetry applications, explore their dosimetric
properties, and discuss the various readout techniques employed. Additionally, we aim to
provide insights into the applications of luminescence dosimetry and highlight emerging
trends in the field.

3. Scope and Significance: This book focuses on luminescence materials and their
application in dosimetry. We will cover different types of luminescent materials,
including the rmoluminescent materials (TLD), optically stimulated luminescence (OSL)
materials, radioluminescent materials, and photoluminescent materials. The dosimetric
properties of these materials, their readout techniques, and their applications in radiation
dosimetry will be explored. The significance of luminescence dosimetry lies in its
widespread use in medical radiation therapy, environmental monitoring, industrial
applications, and personal dosimetry.

4. Structure of the Book: The book is structured into ten chapters, each focusing on
different aspects of luminescence materials used for dosimetry applications. The chapters
provide a comprehensive review of the topic, starting with an introduction and
progressing towards advanced concepts and emerging trends. The book also includes
appendices that contain additional information and resources for readers.

In subsequent chapters, we will delve deeper into the fundamentals of dosimetry,
discussing various types of radiation, the key parameters involved in dosimetry
measurements, and the importance of accurate dose determination. We will then explore
the principles and mechanisms of luminescence, including the different types of
luminescent materials and their relevant properties for dosimetry applications.

Chapters dedicated to specific luminescence dosimetry techniques such as thermo
luminescence dosimetry (TLD), optically stimulated luminescence (OSL) dosimetry,
radio luminescence dosimetry, and photoluminescence dosimetry will follow. Each
chapter will provide an overview of the technique, discuss the materials used, highlight
their dosimetric properties, explore readout techniques, and provide examples of
applications in radiation dosimetry.

In Chapter 8, we will cover other luminescence-based dosimetry techniques,
including electron paramagnetic resonance (EPR) dosimetry, cathodoluminescence
dosimetry, radio-photoluminescence (RPL) dosimetry, and X-ray-induced luminescence
(XIL) dosimetry. These techniques offer unique advantages and applications in specific
contexts, expanding the reader's understanding of the field.
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Chapter 9 will focus on emerging trends and future directions in luminescence
dosimetry. We will discuss recent advancements, ongoing research, and potential future
applications. Additionally, we will address the challenges and limitations of luminescence
dosimetry techniques and offer insights into future perspectives and trends in the field.

Lastly, Chapter 10 will provide a summary of key findings from the book, discuss
the implications and applications of luminescence dosimetry, and offer final thoughts and
recommendations for further exploration.

Throughout the book, examples, figures, and tables will be used to illustrate key
concepts and enhance the understanding of the discussed materials and techniques. The
appendices will provide a glossary of terms, a list of acronyms, examples of dosimetry
applications, and detailed experimental methods for dosimetry measurements.

By the end of this book, readers will have a comprehensive understanding of
luminescence materials used in dosimetry applications, enabling them to make informed
decisions regarding their selection and use in various radiation dosimetry scenarios.

Il. FUNDAMENTALS OF DOSIMETRY
1. Radiation Dosimetry: An Overview

e Introduction to Radiation Dosimetry: Radiation dosimetry is the science and
practice of measuring and assessing the radiation dose received by individuals or
objects. It is essential for various applications, including medical radiation therapy,
nuclear power plants, industrial radiography, and environmental monitoring.
Dosimetry provides valuable information about the radiation exposure levels,
ensuring safety and effective radiation management.

e Types of Radiation: Radiation can be classified into two main categories: ionizing
radiation and non-ionizing radiation. lonizing radiation possesses sufficient energy to
remove tightly bound electrons from atoms, resulting in the formation of ions. It
includes alpha particles (helium nuclei), beta particles (electrons or positrons), gamma
rays (high-energy photons), X-rays, and neutrons. Non-ionizing radiation, on the other
hand, lacks the energy required to remove electrons from atoms, and examples
include ultraviolet (UV), visible light, infrared (IR), microwaves, and radiofrequency
(RF) waves.

e Radiation Interactions with Matter: When radiation interacts with matter, it
undergoes various interactions that can lead to energy transfer and ionization. These
interactions include elastic scattering, inelastic scattering, photoelectric effect,
Compton scattering, and pair production. The specific interaction mechanism depends
on the type and energy of radiation as well as the properties of the material. These
interactions are essential for understanding how radiation deposits energy in matter,
which forms the basis for radiation dose measurements.

e Units of Radiation Dose: Radiation dose refers to the amount of energy deposited by
radiation in a material or absorbed by a biological system. Various units are used to
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express radiation dose, depending on the specific application. The primary unit for
absorbed dose is the gray (Gy), which represents the absorption of one joule of energy
per kilogram of matter. In the United States, the rad (radiation absorbed dose) is still
sometimes used, where 1 Gy is equivalent to 100 rad.For equivalent dose and
effective dose, which take into account the biological effects of different types of
radiation, the sievert (Sv) is the preferred unit. The sievert is a measure of the
biological impact of radiation on human tissue. The roentgen equivalent man (rem) is
an older unit that is still occasionally used in the United States, where 1 Sv is
equivalent to 100 rem.

Dosimetry Techniques and Instruments: Dosimetry techniques involve the
measurement of radiation dose using various instruments and devices. These
techniques include thermolumin escence dosimetry (TLD), optically stimulated
luminescence (OSL) dosimetry, ionization chamber dosimetry, film dosimetry, and
electronic dosimeters. Each technique has its advantages, limitations, and specific
applications. Dosimeters can be worn by individuals or placed in specific locations to
measure radiation dose accurately.

Radiation Protection and Regulatory Guidelines: Radiation protection aims to
minimize radiation exposure and ensure the safety of workers and the public.
Regulatory guidelines and standards have been established to provide dose limits and
requirements for radiation safety. These guidelines are set by international
organizations, such as the International Commission on Radiological Protection
(ICRP) and the International Atomic Energy Agency (IAEA), as well as national
regulatory bodies. Compliance with these guidelines helps to maintain radiation doses
within acceptable limits and protect individuals from harmful effects.

2. Types of Radiation: This section will delve deeper into the various types of radiation
encountered in dosimetry, such as alpha particles, beta particles, gamma rays, X-rays, and
neutrons. We will discuss their properties, interactions with matter, and the specific
challenges associated with measuring their doses. In dosimetry, different types of
radiation are encountered, each with its own characteristics and interactions with matter.
The main types of radiation encountered in dosimetry include:-

Alpha Particles (a): Alpha particles are helium nuclei consisting of two protons and
two neutrons. They have a positive charge and relatively large mass, which makes
them highly ionizing but have a short range in matter. Due to their high ionization
potential, alpha particles can cause significant damage to living tissues if they are
inhaled or ingested.

Beta Particles (f): Beta particles are high-energy electrons (B-) or positrons (+).
They have a smaller mass and charge compared to alpha particles, resulting in lower
ionization density and a longer range in matter. Beta particles can penetrate deeper
into materials, causing ionization and damage along their path.

Gamma Rays (y): Gamma rays are high-energy photons emitted during nuclear
decay processes or produced through nuclear reactions. They have no mass or charge
and can travel long distances through matter. Gamma rays interact with matter
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through the Compton effect, photoelectric effect, and pair production, resulting in
ionization and energy deposition.

e X-Rays: X-rays are similar to gamma rays in terms of their electromagnetic nature
and interaction mechanisms. However, X-rays are typically produced through
different processes, such as electron transitions in atoms or by X-ray generators. X-
rays are widely used in medical imaging and industrial applications, and their energy
levels can be adjusted for specific purposes.

e Neutrons: Neutrons are uncharged particles found in the nucleus of atoms. They have
a relatively large mass and interact with matter primarily through nuclear reactions.
Neutrons can cause ionization and induce radioactivity in materials, making their
measurement and dosimetry more complex than other types of radiation.

e Protons: Protons are positively charged particles found in the nucleus of atoms. They
have a larger mass compared to electrons and can cause ionization and energy
deposition in matter. Proton therapy, a form of radiation therapy, utilizes the precise
delivery of proton beams to target cancer cells while minimizing damage to
surrounding healthy tissues.

It is important to note that these types of radiation can be further classified into
different energy ranges, which influence their penetration depth, ionization density,
and biological effects. Additionally, dosimetry techniques and instruments are
specifically designed to measure and quantify the dose resulting from each type of
radiation, considering their unique characteristics.

Here are the different energy ranges and their corresponding characteristics:
e Low-Energy Electromagnetic Radiation:

» Ultraviolet (UV) Radiation: UV radiation has relatively low energy and interacts
primarily with the outer layers of the skin. It is responsible for sunburns and can
cause DNA damage, leading to skin cancer.

> Visible Light: Visible light has even lower energy and does not have significant
ionization effects. However, prolonged exposure to intense visible light can cause
thermal damage to tissues, such as retinal damage from staring at the sun.

e Medium-Energy Electromagnetic Radiation:

» X-rays: X-rays have higher energy than UV radiation and can penetrate deeper
into tissues. Their ability to penetrate allows for medical imaging, but they can
also cause ionization and DNA damage. The extent of their biological effects
depends on the dose and exposure duration.

e High-Energy Electromagnetic Radiation:
» Gamma Rays: Gamma rays have the highest energy among electromagnetic

radiation and can penetrate deeply into matter. They are highly ionizing and can
cause severe damage to biological systems. Gamma rays are commonly
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encountered in medical and industrial applications and require appropriate
shielding for protection.

Particulate Radiation:

» Alpha Particles: Alpha particles have relatively large mass and charge, resulting

in a limited penetration range of a few centimeters in air or a few micrometers in
biological tissues. However, due to their high ionization density, they can cause
significant damage to cells and tissues if inhaled or ingested.

Beta Particles: Beta particles, consisting of high-energy electrons (B-) or
positrons (B+), have smaller mass and charge compared to alpha particles. They
can penetrate further into matter and cause ionization along their path.

Neutrons: Neutrons have no charge and interact with matter primarily through
nuclear reactions. Their energy range can vary significantly, from thermal
neutrons with low energy to fast neutrons with high energy. Neutrons have a
greater penetration depth compared to alpha and beta particles, but their biological
effects depend on their energy and the surrounding materials.

It is important to consider the energy range of radiation when selecting
appropriate dosimetry techniques and instruments. Each energy range requires
specific considerations for accurate dose measurement and protection strategies.
Moreover, the biological effects of radiation depend on the energy, dose, exposure
duration, and the specific tissues or organs involved. Proper radiation safety
measures and protocols are essential to mitigate the potential risks associated with
each type and energy range of radiation.

Importance of Dosimetry in Radiation Protection: This section will explore the
significance of accurate dose measurement in various fields, including medical radiation
therapy, industrial applications, nuclear power plants, and environmental monitoring. We
will discuss the principles of dose limits, dose assessment, and the role of dosimetry in
ensuring radiation safety.

Dosimetry plays a crucial role in radiation protection by providing valuable

information about radiation exposure levels and ensuring the safety of individuals and the
environment. Here are the key points highlighting the importance of dosimetry in
radiation protection:-

Quantification of Radiation Dose: Dosimetry allows for the accurate measurement
and quantification of radiation dose received by individuals. This information is
essential in assessing potential health risks, setting dose limits, and implementing
appropriate safety measures.

Compliance with Regulatory Guidelines: Dosimetry enables compliance with
regulatory guidelines and standards established by national and international
organizations. These guidelines set permissible dose limits for different occupational
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groups and the general public, ensuring that radiation exposures are kept within safe
levels.

e Occupational Safety: Dosimetry is crucial in monitoring the radiation doses received
by radiation workers, such as nuclear power plant personnel, medical professionals,
and industrial radiographers. Regular monitoring helps identify individuals who may
have exceeded dose limits or require additional training and protection measures.

e Patient Safety in Medical Applications: Dosimetry is essential in medical radiation
applications, such as radiotherapy and diagnostic imaging. Accurate dose
measurements ensure that patients receive the prescribed dose for effective treatment
while minimizing the risk of unnecessary radiation exposure.

e Environmental Monitoring: Dosimetry plays a role in environmental monitoring of
radiation levels in areas surrounding nuclear facilities, radioactive waste disposal
sites, and other potentially contaminated areas. It helps assess the impact of radiation
on the environment and facilitates appropriate mitigation strategies.

e Emergency Response: In the event of radiation accidents or emergencies, dosimetry
provides rapid and accurate dose assessment for affected individuals. This
information aids in emergency response decision-making, including triage and
medical interventions.

e Quality Assurance: Dosimetry is vital for quality assurance programs in radiation
therapy and radiography. Regular dose measurements and calibration of equipment
ensure accurate and reliable radiation delivery, minimizing errors and ensuring patient
safety.

e Research and Development: Dosimetry contributes to research and development
efforts in radiation sciences by providing data for the evaluation and improvement of
radiation protection measures. It enables the assessment of new technologies,
dosimetric techniques, and radiation shielding materials.

Overall, dosimetry is indispensable in radiation protection, ensuring the
effective management of radiation exposures, the implementation of safety measures,
and the preservation of human health and the environment. It provides the necessary
data for regulatory compliance, occupational safety, patient care, emergency response,
and advancing scientific knowledge in radiation-related fields.

4. Key Parameters in Dosimetry: Dosimetry involves several key parameters that need to
be considered for accurate dose measurement. This section will cover concepts such as
absorbed dose, equivalent dose, effective dose, and their respective units of measurement.
We will discuss the relationship between these parameters and their relevance in different
dosimetry applications.

Copyright © 2024 Authors Page | 46



Futuristic Trends in Physical Sciences

e-1SBN: 978-93-5747-862-5

1P Series, Volume 3, Book 1, Chapter 4

Luminescence Materials Used for Dosimeter and Applications: A Comprehensive Review

In dosimetry, several key parameters are considered to accurately assess and
characterize radiation doses. These parameters help in understanding the dose
distribution, dose delivery mechanisms, and potential biological effects. Here are the key
parameters in dosimetry:

e Absorbed Dose (D): Absorbed dose is the amount of energy deposited per unit mass
in a medium. It is measured in units such as gray (Gy) or rad and represents the
specific energy imparted by radiation to the material.

e Equivalent Dose (H): Equivalent dose takes into account the different biological
effectiveness of various types of radiation. It is calculated by multiplying the absorbed
dose by a radiation weighting factor (WR) specific to the type of radiation. The unit of
equivalent dose is the sievert (Sv) or rem.

e Effective Dose (E): Effective dose is a parameter used to assess the overall radiation
risk to an individual, considering the specific organs or tissues exposed and their
sensitivity to radiation. It accounts for the absorbed doses in different organs and
applies tissue weighting factors (WT) to account for varying tissue sensitivities. The
unit of effective dose is the sievert (Sv) or rem.

e Dose Rate: Dose rate refers to the rate at which radiation dose is delivered per unit of
time. It is typically expressed in units such as gray per second (Gy/s) or milligray per
hour (mGy/h) and is important for assessing the potential biological effects of
radiation.

e Energy of Radiation: The energy of radiation determines its penetration depth and
range in matter. High-energy radiation such as gamma rays and X-rays can penetrate
deeply, while low-energy radiation like alpha particles has a limited range. The
energy of radiation influences the dose distribution and the potential biological effects
on tissues.

e Source-to-Skin Distance (SSD): SSD is a parameter specific to external beam
radiation therapy. It refers to the distance between the radiation source (e.g., linear
accelerator) and the patient's skin surface. SSD affects the dose distribution and helps
in optimizing treatment planning and reducing radiation exposure to healthy tissues.

e Field Size and Geometry: Field size and geometry refer to the dimensions and shape
of the radiation beam used in treatment or imaging procedures. They impact the dose
distribution within the target area and adjacent tissues, and proper consideration is
crucial to ensure accurate dose delivery and minimize unnecessary radiation exposure.

e Calibration Factor: Calibration factor is a parameter specific to dosimeters and
radiation detection instruments. It relates the response of the dosimeter or instrument
to a known radiation dose. Calibration factors need to be established and regularly
verified to ensure accurate dose measurements.
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e Time-Integrated Dose: Time-integrated dose refers to the cumulative dose received
over a specific period, taking into account the dose rate and exposure duration. It is
important in scenarios where individuals are exposed to radiation continuously or
intermittently over extended periods.

e Uncertainty and Quality Assurance: Uncertainty assessment and quality assurance
are critical aspects of dosimetry. It involves evaluating the reliability and accuracy of
dose measurements, considering factors such as instrument calibration, measurement
uncertainties, and overall measurement quality.

These key parameters in dosimetry provide a comprehensive understanding of
radiation doses, their distribution, and their potential effects on individuals or objects.
By considering these parameters, dosimetrists can ensure accurate dose assessments,
optimize radiation treatments, and implement appropriate radiation protection

measures.
Dosimetry Luminescence Materials Inorganic
Measurement Used for Dosimetry Scintillators
Phosphors
!
Radmlummt_a&cen | Optically Stimulated T T T e
£& Materials Luminescence ence Dosimeters

Figure 1: A simplified block diagram representing the components involved in dosimetry
measurements.

In this diagram fig 1, the main block represents "Dosimetry Measurements." The
block is connected to different luminescence materials commonly used in dosimetry
measurements, including "Inorganic Scintillators,” "Phosphors,” '"Thermoluminescent
Dosimeters,” "Optically Stimulated Luminescence Dosimeters,” and "Radioluminescence
Materials." simplified representation, and there may be additional components or
variations depending on the specific dosimetry system or application.

5. Dosimetry Techniques and Instrumentation: An overview of different dosimetry
techniques and instrumentation will be provided in this section. We will discuss the
principles behind commonly used techniques, such as thermoluminescence dosimetry
(TLD), optically stimulated luminescence (OSL) dosimetry, ionization chamber
dosimetry, and film dosimetry. The advantages, limitations, and applications of each
technique will be explored.
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Dosimetry techniques and instrumentation encompass a wide range of methods

and devices used to measure and assess radiation doses. These techniques and instruments
play a crucial role in various applications, including medical radiation therapy, radiology,
nuclear power, industrial settings, and research. Here are some commonly used dosimetry
techniques and instrumentation:-

Film Dosimetry:

- Film dosimeters use X-ray or photographic films to measure radiation doses. The film's
response to radiation exposure can be analyzed using densitometry or specialized film
scanners.

- Film dosimetry is widely used in radiation therapy for dose verification and quality
assurance, as well as in radiology for assessing patient exposure during diagnostic
procedures.

Thermoluminescence Dosimetry (TLD):

>

>

TLD utilizes crystals or powders, such as lithium fluoride (LiF), which store
energy when exposed to ionizing radiation. Upon heating, the stored energy is
released as light, which is proportional to the radiation dose.
TLD is extensively used in medical, occupational, and environmental dosimetry
due to its high sensitivity, wide dose range, and reusability.

Optically Stimulated Luminescence Dosimetry (OSLD):

>

>

OSLD employs specialized materials, such as aluminum oxide or optically
stimulated luminescent phosphors, which emit light when exposed to radiation.
The emitted light is measured using a photomultiplier tube or a similar detector.
OSLD provides accurate and precise dose measurements and is commonly used in
radiation therapy, radiology, and environmental monitoring.

lonization Chamber:

>

lonization chambers consist of a gas-filled chamber where radiation ionizes the
gas, generating a measurable electric current. The current is proportional to the
radiation dose.

lonization chambers are versatile and widely used for radiation measurements in
medical, research, and industrial applications. They can be used in various
configurations, such as thimble chambers, cylindrical chambers, and parallel plate
chambers.

Semiconductor Detectors:

>

Semiconductor detectors utilize semiconductor materials, such as silicon or
germanium, to detect radiation. The interaction of radiation with the
semiconductor creates electron-hole pairs, producing a measurable electrical
signal.
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» Semiconductor detectors offer high sensitivity, excellent energy resolution, and
fast response times. They are used in a range of applications, including medical
imaging, radiation therapy, and nuclear physics research.

e Solid-State Dosimeters:

» Solid-state dosimeters, such as diodes and MOSFET (Metal-Oxide-Semiconductor
Field-Effect Transistor) dosimeters, use solid-state materials to measure radiation
doses. These dosimeters exhibit small size, fast response, and high accuracy.

» Solid-state dosimeters are commonly used in radiation therapy for in vivo
dosimetry and patient-specific dose verification.

e Pocket Dosimeters:

» Pocket dosimeters are portable and personal dosimeters that provide real-time
radiation monitoring. They typically employ ionization chambers or electronic
devices to measure and display the dose received.

» Pocket dosimeters are widely used by radiation workers to monitor their
immediate radiation exposure and ensure they stay within safe dose limits.

e Active and Passive Dosimeters:

» Active dosimeters, such as electronic personal dosimeters (EPDs), continuously
monitor radiation exposure and provide real-time dose readings. They often
incorporate alarms to alert users when dose thresholds are exceeded.

» Passive dosimeters, such as TLDs and film badges, accumulate dose over a period
and are subsequently analyzed to determine the total dose received.

These dosimetry techniques and instruments are selected based on the
specific requirements of the application, including dose range, sensitivity,
accuracy, and convenience. The advancement of technology has led to the
development of more sophisticated dosimetry systems, improving radiation safety
and dose monitoring in various fields.

6. Standards and Regulations: Dosimetry standards and regulations play a critical role in
ensuring consistency, accuracy, and traceability in dose measurements. This section will
provide an overview of international and national dosimetry standards, such as those set
by the International Commission on Radiation Units and Measurements (ICRU) and the
International Atomic Energy Agency (IAEA). We will discuss the importance of
calibration and quality assurance in dosimetry and the role of accreditation bodies.

Standards and regulations in dosimetry play a vital role in ensuring accurate and

reliable dose measurements, promoting radiation safety, and protecting individuals and
the environment from excessive radiation exposure.
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Here are some key points regarding the standards and regulations of dosimetry: -

International Commission on Radiation Units and Measurements (ICRU): ICRU
provides guidelines and recommendations for the measurement and reporting of
radiation doses. Their reports define concepts, quantities, and methodologies related
to radiation dosimetry, helping to standardize practices internationally.

International Commission on Radiological Protection (ICRP): ICRP develops
recommendations and guidance on radiation protection principles and practices. Their
publications provide dose limits, radiation risk assessment methodologies, and
guidance on occupational and public radiation exposure.

International Atomic Energy Agency (IAEA): IAEA establishes safety standards
and guidelines for radiation protection. Their publications cover various aspects of
dosimetry, including calibration of radiation measuring instruments, quality
assurance, and dosimetry in medical and industrial applications.

National and Regional Regulatory Authorities: Each country has its own
regulatory authority responsible for implementing and enforcing radiation safety
standards and regulations. These authorities set dose limits, establish requirements for
dose monitoring and reporting, and ensure compliance with radiation safety practices.

Occupational Exposure Limits (OELs): OELs specify the maximum allowable
radiation dose that workers can receive in their occupational activities. These limits
are typically based on ICRP recommendations and may vary depending on the type of
work, radiation sources, and exposure scenarios.

Diagnostic Reference Levels (DRLs): DRLs are specific dose levels or dose ranges
that serve as benchmarks for medical imaging procedures. They help identify cases of
excessive radiation exposure and support optimization efforts to ensure that diagnostic
procedures are conducted at appropriate radiation doses.

Quality Assurance and Quality Control: Standards and regulations emphasize the
implementation of quality assurance and quality control programs in dosimetry
practices. These programs involve regular calibration and verification of dosimeters,
adherence to standard operating procedures, and the use of traceable measurement
systems.

Accreditation and Certification: Accreditation bodies and certification programs
ensure the competency and reliability of dosimetry laboratories and professionals.
They assess compliance with standards, technical proficiency, and quality
management systems, providing confidence in the accuracy of dose measurements.

Reporting and Documentation: Standards and regulations often specify
requirements for documenting and reporting dose measurements. This includes proper
record-keeping, traceability, and documentation of measurement uncertainties to
ensure the reliability and traceability of dose data.
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e Periodic Reviews and Updates: Standards and regulations undergo periodic reviews
and updates to incorporate advancements in technology, scientific understanding, and
changes in radiation protection practices. Regular revisions ensure that dosimetry
practices align with the latest knowledge and recommendations.

Compliance with standards and regulations is essential to maintain high-quality
dosimetry practices, ensure accurate dose measurements, and protect individuals from
unnecessary radiation exposure. Regular training, education, and professional
development activities help dosimetrists stay updated with the latest standards and
regulations in their respective fields.

7. Uncertainty and Error Analysis in Dosimetry: Accurate dosimetry requires the
assessment of uncertainties and error analysis. This section will explore the sources of
uncertainty in dose measurements and the methods used to quantify and propagate
uncertainties. We will discuss the concept of traceability and the importance of
uncertainty estimation in dosimetry applications.

Uncertainty and error analysis are essential components of dosimetry to evaluate
the reliability and accuracy of radiation dose measurements. Understanding and
quantifying uncertainties associated with dosimetry measurements help ensure that the
reported dose values are meaningful and reliable. Here are the key points regarding
uncertainty and error analysis in dosimetry:-

e Uncertainty:

» Uncertainty refers to the potential range of values within which the true value of a
measurement is likely to lie. It accounts for the various factors that can introduce
errors or variations in dose measurements.

» Uncertainty in dosimetry arises from several sources, including instrument
calibration, measurement techniques, environmental conditions, operator skills,
and inherent variability of radiation interactions with the dosimeter material.

e Sources of Uncertainty:

» Calibration Uncertainty: Uncertainty associated with the calibration process of
dosimeters and radiation measuring instruments.

» Dosimeter Response: Uncertainty related to the response characteristics of
dosimeters, including factors such as linearity, energy dependence, and angular
dependence.

» Environmental Conditions: Uncertainty introduced by variations in temperature,
humidity, pressure, and other environmental factors during the measurement
process.

» Operator Factors: Uncertainty resulting from differences in operator technique,
positioning, and reading accuracy.

» Statistical Uncertainty: Uncertainty arising from the inherent statistical nature of
radiation interactions, particularly in low-dose measurements.
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e Error Analysis:

» Error analysis involves identifying and quantifying systematic and random errors
in dosimetry measurements.

» Systematic errors arise from biases or inaccuracies in the measurement process,
calibration, or equipment. They consistently affect measurements in the same
direction.

» Random errors are unpredictable and result from fluctuations in experimental
conditions or limitations of measurement techniques. They introduce variability to
individual measurements.

e Evaluation and Quantification of Uncertainty:
» Uncertainty evaluation involves identifying and quantifying various sources of
uncertainty, both random and systematic.
» Methods such as the Guide to the Expression of Uncertainty in Measurement
(GUM) provide a framework for evaluating and expressing uncertainties.
» Uncertainties are typically quantified using statistical techniques, such as standard
deviation, confidence intervals, or coverage factors.

e Error Propagation:

» Error propagation refers to the process of assessing how uncertainties in various
input parameters contribute to the overall uncertainty of the final dose
measurement.

» Error propagation is performed using mathematical models and statistical analysis
to estimate the combined effects of uncertainties from different sources.

e Quality Assurance and Control:
> Implementing quality assurance and control procedures is crucial in minimizing
errors and reducing uncertainties in dosimetry measurements.
» Regular calibration of instruments, adherence to standardized measurement
protocols, and proper documentation help ensure accurate and reliable dose
measurements.

e Reporting Uncertainty:
> It is important to report uncertainty values along with dose measurements to
provide a comprehensive assessment of the reliability of the reported values.
» Reporting uncertainty allows users to make informed decisions based on the
confidence level associated with the measured dose values.

By considering uncertainty and conducting error analysis, dosimetrists can
assess the reliability of dose measurements and provide accurate and meaningful
information for radiation protection, treatment planning, research, and regulatory
compliance.

8. Dosimetry in Emerging Radiation Technologies: Advancements in radiation
technologies, such as proton therapy, brachytherapy, and stereotactic radiosurgery, pose
unique dosimetry challenges. In this section, we will discuss the specific considerations
and techniques used in dosimetry for these emerging radiation modalities.
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Dosimetry plays a crucial role in ensuring accurate and safe radiation delivery in
emerging radiation technologies. These technologies often introduce new challenges and
complexities that require specialized dosimetry techniques and approaches. Here are
some key points regarding dosimetry in emerging radiation technologies:

e Stereotactic Radiosurgery (SRS) and Stereotactic Body Radiation Therapy
(SBRT): SRS and SBRT deliver highly precise and focused radiation doses to tumors
while sparing surrounding healthy tissues. Dosimetry techniques, such as high-
resolution detectors and image-guided dose verification, are employed to ensure
accurate dose delivery and monitor treatment efficacy.

e Intensity-Modulated Radiation Therapy (IMRT): IMRT delivers radiation with
varying intensities across the treatment field, allowing for highly conformal dose
distributions. Dosimetry techniques, such as 3D dosimetry and verification using
phantom measurements, are used to validate the planned dose distribution and
optimize treatment plans.

e Image-Guided Radiation Therapy (IGRT): IGRT combines real-time imaging
techniques, such as cone-beam computed tomography (CBCT) and ultrasound, with
radiation therapy. Dosimetry in IGRT involves accurate registration of imaging data
with treatment planning data, ensuring precise dose delivery to the intended target.

e Proton Therapy: Proton therapy delivers radiation using protons instead of photons
or electrons. Dosimetry in proton therapy requires specialized techniques, including
range verification and dosimetry systems specific to proton beams, to ensure accurate
proton range estimation and dose deposition.

e Flash Radiotherapy: Flash radiotherapy is an emerging technique that delivers ultra-
high-dose radiation at an ultra-high dose rate. Dosimetry in flash radiotherapy
involves addressing unique challenges such as rapid dose delivery, dose-rate effects,
and accurate dose measurements using specialized detectors and dosimetry protocols.

e Particle Therapy: Particle therapy, including proton therapy and carbon-ion therapy,
utilizes charged particles for radiation treatment. Dosimetry techniques in particle
therapy focus on accurate particle range verification, dosimetric accuracy in
heterogeneous tissues, and biological effectiveness modeling for different particle

types.

e Small Animal and Preclinical Radiation Research: Dosimetry in small animal and
preclinical radiation research involves precise dose measurements and
characterization of radiation effects on animals. Techniques such as
thermoluminescent dosimetry, gel dosimetry, and Monte Carlo simulations are
employed to assess radiation doses and optimize experimental setups.

e Radiosensitizers and Radioprotectors: Dosimetry in the context of radiosensitizers
and radioprotectors involves evaluating their effects on radiation dose distribution and
biological response. Dosimetry techniques are used to measure dose enhancement or
reduction and assess the impact on normal tissues and tumors.
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Adaptive Radiation Therapy (ART): ART involves adapting radiation treatment
plans based on changes in patient anatomy or tumor response. Dosimetry techniques,
such as repeated imaging and dose re-calculation, are used to modify treatment plans
and ensure accurate dose delivery throughout the course of treatment.

Quality Assurance and Commissioning: Dosimetry plays a vital role in the quality
assurance and commissioning of emerging radiation technologies. Comprehensive
dosimetry protocols, calibration procedures, and validation measurements are
performed to ensure the safe and accurate implementation of these technologies.
Dosimetry in emerging radiation technologies requires a multidisciplinary approach,
involving collaboration between medical physicists, radiation oncologists, and
dosimetrists. It is essential to continuously develop and refine dosimetry techniques
and protocols to keep pace with the advancements and complexities introduced by
these technologies.

9. Dosimetry in Radiation Accidents and Emergencies: Radiation accidents and
emergencies require rapid and accurate dose assessment. This section will explore the
dosimetry techniques and protocols employed in emergency response situations. We will
discuss the concept of triage dosimetry and the role of dosimeters in assessing and
managing radiation exposure during such events.

Dosimetry in radiation accidents and emergencies is critical for assessing and

managing radiation exposure, protecting individuals, and mitigating the effects of such
incidents. Accurate and timely dose measurements are essential for making informed
decisions regarding medical treatment, evacuation, and decontamination. Here are the key
points regarding dosimetry in radiation accidents and emergencies:

Immediate Dose Assessment: Dosimeters, such as pocket dosimeters and electronic
personal dosimeters (EPDs), are used to provide real-time dose readings for
individuals involved in the accident. These measurements help determine the
immediate radiation exposure and guide subsequent actions.

Triage and Medical Treatment: Dosimetry is vital in triaging individuals based on
their radiation exposure levels. It helps prioritize medical treatment based on the
severity of radiation injuries and guide appropriate interventions.

Environmental Monitoring: Dosimetry is used to assess radiation levels in the
environment surrounding the accident site. This information helps identify areas of
high radiation exposure, implement necessary safety measures, and establish
exclusion or restricted zones.

Dose Reconstruction: Dosimetry techniques, such as retrospective dosimetry, are
employed to reconstruct the doses received by individuals when real-time
measurements were not available. This is particularly useful in assessing long-term
health effects and determining appropriate follow-up actions.
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e Biological Dosimetry: Biological dosimetry involves analyzing biological samples,
such as blood or saliva, to estimate radiation doses. Chromosomal aberrations,
micronuclei formation, or other biological markers are evaluated to assess the extent
of radiation exposure.

e Decontamination and Cleanup: Dosimetry is utilized to guide decontamination
efforts and determine the effectiveness of decontamination procedures. It helps ensure
that contaminated areas are adequately cleaned, minimizing the potential for further
radiation exposure.

e Dose Record Keeping: Accurate and detailed dose records are maintained for
individuals involved in radiation accidents. These records serve as a reference for
long-term health monitoring, epidemiological studies, and potential compensation
claims.

e Emergency Response Planning: Dosimetry plays a crucial role in emergency
response planning for radiation accidents. It is integrated into emergency
preparedness and response frameworks to ensure that appropriate dosimetry protocols,
equipment, and resources are readily available.

e International Cooperation and Guidelines: International organizations, such as the
International Atomic Energy Agency (IAEA) and the World Health Organization
(WHO), provide guidelines and recommendations for dosimetry in radiation accidents
and emergencies. These guidelines facilitate a coordinated and standardized approach
to dosimetry practices across different countries.

e Training and Education: Training programs and exercises are conducted to enhance
the skills of professionals involved in dosimetry during radiation accidents and
emergencies. These programs ensure that individuals responsible for dose assessment
and management are well-prepared to handle such situations effectively.

Dosimetry in radiation accidents and emergencies requires a comprehensive
and coordinated approach involving various stakeholders, including radiation safety
experts, medical professionals, emergency responders, and government agencies.
Regular drills, exercises, and knowledge-sharing initiatives contribute to improving
dosimetry practices and enhancing response capabilities in the face of radiation
incidents.

In conclusion, this chapter will provide a solid foundation in the fundamentals
of radiation dosimetry. It will cover the different types of radiation, the importance of
accurate dose measurement, key dosimetry parameters, techniques and
instrumentation, dosimetry standards and regulations, uncertainty analysis, and
dosimetry in emerging technologies and emergency scenarios. This knowledge will
serve as a basis for understanding the role of luminescence materials in dosimetry
applications, as discussed in subsequent chapters.
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LUMINESCENCE PRINCIPLES AND MECHANISMS

1. Luminescence: Basic Concepts: Luminescence is the emission of light or radiation from
a material that has absorbed energy. It is a phenomenon commonly observed in various
materials and plays a significant role in dosimetry applications.

Here are the basic concepts related to luminescence:

Excitation: Excitation refers to the process of providing energy to a material, which
promotes its electrons to higher energy levels. This energy can be supplied through
various means, such as electromagnetic radiation, particle radiation, or thermal
energy.

Absorption: Absorption occurs when the material absorbs energy from the excitation
source. The absorbed energy causes electrons to transition to higher energy levels
within the material.

Emission: Emission is the process where the material releases the absorbed energy in
the form of light or radiation. It involves the return of the excited electrons to lower
energy levels, accompanied by the emission of photons.

Stokes Shift: The Stokes shift refers to the energy difference between the absorbed
and emitted photons. It occurs because some energy is lost during relaxation
processes within the material, such as phonon interactions or non-radiative decay.

Photoluminescence: Photoluminescence is the emission of light resulting from the
absorption of photons. It includes processes such as fluorescence, where the emission
occurs almost immediately after excitation, and phosphorescence, where the emission
persists even after the excitation source is removed.

2. Mechanisms of Luminescence: Luminescence in materials can occur through various
mechanisms. Understanding these mechanisms is crucial for the design and selection of
luminescent materials for dosimetry applications.

Here are some common mechanisms of luminescence: -

Fluorescence: Fluorescence is a mechanism where the excited electrons return to the
ground state through radiative transitions, emitting photons almost instantly. This
mechanism typically involves organic molecules or inorganic compounds with wide
bandgaps.

Phosphorescence: Phosphorescence is a mechanism similar to fluorescence but
involves longer-lived excited states. After excitation, electrons undergo non-radiative
transitions to metastable states and emit photons over a longer time period, even after
the excitation source is removed. Phosphorescence is often observed in materials
containing heavy elements or transition metal complexes.
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e Chemiluminescence: Chemiluminescence occurs when a chemical reaction produces
excited species that subsequently emit light upon returning to the ground state. This
mechanism is commonly observed in biological systems and certain chemical
reactions.

e Bioluminescence: Bioluminescence is a specific form of chemiluminescence that
occurs in living organisms. It involves enzymatic reactions that generate excited
species, leading to light emission. Bioluminescence is widely found in various
organisms, such as fireflies and marine organisms.

e Radioluminescence: Radioluminescence is the emission of light resulting from the
excitation of a material by ionizing radiation. When ionizing radiation interacts with
the luminescent material, it excites the electrons, which subsequently emit light upon
relaxation.

3. Types of Luminescence Materials: Various types of luminescent materials are utilized
in dosimetry applications due to their unique properties and responses to radiation. Here
are some commonly used types of luminescence materials:

e Inorganic Scintillators: Inorganic scintillators are materials that emit light when
excited by ionizing radiation. They typically consist of crystals or crystal powders
doped with impurities or activators. Inorganic scintillators are widely used in radiation
detection and medical imaging applications.

e Phosphors: Phosphors are luminescent materials that exhibit persistent or delayed
luminescence after excitation. They are commonly used in dosimeters for radiation
detection and dose measurement. Phosphors can be composed of inorganic
compounds, such as phosphates, sulfides, or oxides, doped with various activator ions.

e Thermoluminescent Dosimeters (TLDs): TLDs are based on thermoluminescence,
where certain materials emit light when heated after being irradiated. TLDs often
utilize materials such as lithium fluoride (LiF) or calcium fluoride (CaF2) doped with
impurities to enhance their thermoluminescent properties. They are widely used in
personal dosimetry and environmental monitoring.

e Optically Stimulated Luminescence (OSL) Dosimeters: OSL dosimeters utilize
materials that emit light when stimulated by optical radiation after being exposed to
ionizing radiation. The trapped charge carriers in the material are released and
recombine, resulting in luminescence. Common OSL materials include aluminum
oxide (Al203:C) and carbon-doped materials.

e Radio luminescent Materials: Radioluminescent materials emit light upon excitation
by ionizing radiation. These materials are often used in self-luminous devices, such
as exit signs or watch dials. Prominent examples include tritium-based radio
luminescent materials and zinc sulfide-based phosphors doped with copper.

Copyright © 2024 Authors Page | 58



Futuristic Trends in Physical Sciences

e-1SBN: 978-93-5747-862-5

1P Series, Volume 3, Book 1, Chapter 4

Luminescence Materials Used for Dosimeter and Applications: A Comprehensive Review

4. Properties of Luminescence Materials Relevant to Dosimetry: When selecting
luminescence materials for dosimetry applications, certain properties become crucial for
accurate and reliable dose measurements. Here are some properties of luminescence
materials that are relevant to dosimetry:

e Sensitivity: The sensitivity of a luminescence material refers to its ability to respond
to ionizing radiation and emit luminescence proportionally to the absorbed dose.
Highly sensitive materials allow for accurate dose measurements, particularly at lower
radiation levels.

e Linearity: Linearity indicates whether the luminescence response of the material is
proportional to the absorbed dose across a wide range. Linear response simplifies
dose determination and ensures accurate dose measurements.

e Energy Dependence: Energy dependence refers to how the luminescence response of
a material varies with the energy of incident radiation. Dosimetry materials should
exhibit minimal energy dependence to accurately measure the absorbed dose for
various radiation types and energy ranges.

e Stability: Stability is essential for dosimetry materials to ensure consistent and
reliable performance over time. Materials should maintain their luminescence
properties without significant deterioration or fading, even after repeated exposure to
radiation.

e Dose Rate Dependency: Dose rate dependency refers to how the luminescence
response of a material may vary with the dose rate of the incident radiation. Ideally,
dosimetry materials should exhibit minimal dose rate dependency to provide accurate
dose measurements across a wide range of dose rates.

e Readout Techniques: The luminescence materials used in dosimetry should be
compatible with appropriate readout techniques. Different readout methods, such as
optical or thermal stimulation, may be employed based on the specific material and
dosimetry technique.

e Stability in Environmental Conditions: Luminescence materials used in dosimetry
should be stable under various environmental conditions, such as temperature,
humidity, and light exposure. Stability ensures that the material's properties remain
consistent during storage, transportation, and usage.

Understanding these properties of luminescence materials helps in selecting
and designing dosimetry systems that provide accurate and reliable dose
measurements in various radiation environments.
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Figure 2: Block Diagram representing a generic Dosimetry measurement system.
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The main block of figure 2, represents the "Dosimetry Measurement System,” which
encompasses all the components involved in the measurement process. The "Radiation
Detector” block represents the device used to detect and measure ionizing radiation. This can
include various types of detectors such as scintillation detectors, ionization chambers, or
solid-state detectors. The "Signal Conditioning and Amplification™ block processes and
amplifies the signal from the radiation detector to ensure optimal performance and
compatibility with subsequent stages. The "Analog-to-Digital Converter (ADC)" block
converts the analog signal from the radiation detector into a digital format for further
processing and analysis. The "Data Processing and Analysis” block performs necessary
calculations, filtering, and analysis on the digital data to extract relevant information and
parameters. The "Dose Calculation and Evaluation” block utilizes algorithms and models to
calculate the absorbed dose based on the processed data and may involve calibration factors,
reference standards, or calibration curves. The "Display and Reporting” block presents the
calculated dose information in a user-friendly format and may include visual displays, data
storage, and reporting capabilities.

IV. HERMOLUMINESCENCE DOSIMETRY (TLD)

1. Introduction to Thermo luminescence Dosimetry- Thermo luminescence Dosimetry
(TLD) is a widely used technique for measuring ionizing radiation doses. It is based on
the principle of thermo luminescence, where certain materials emit light when heated
after being exposed to ionizing radiation. The phenomenon of thermo luminescence was
first observed in the 17th century, but its application in dosimetry began in the mid-20th
century.

e Background: The concept behind TLD is the ability of certain materials to trap
electrons or other charge carriers when exposed to ionizing radiation. These trapped
charge carriers remain in metastable states within the material's lattice until they are
released during heating. As the material is heated, the trapped charge carriers
recombine, and the excess energy is emitted in the form of visible light. The intensity
of this emitted light is proportional to the amount of radiation the material was
exposed to.

e Working Principle: The TLD process can be summarized in the following steps:

» Irradiation: The TLD material is exposed to ionizing radiation, such as X-rays,
gamma rays, or beta particles. During irradiation, the radiation interacts with the
material, causing the generation of charge carriers (electrons, holes, or other
defects) within the crystal lattice.

» Trapping: Some of these charge carriers become trapped in localized energy

states, or traps, within the material's lattice structure. The number of trapped
charge carriers is directly related to the absorbed dose of radiation.

» Storage: After irradiation, the TLD material is kept in a controlled environment,
typically at low temperatures, to prevent the release of the trapped charge carriers.
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» Heating: During the readout phase, the TLD material is heated. The heat provides
the necessary energy to free the trapped charge carriers from their energy states.

» Light Emission: As the trapped charge carriers are released, they recombine with
their oppositely charged counterparts, emitting light in the process. The intensity
of this emitted light is proportional to the absorbed dose of radiation.

» Detection: The emitted light is detected and quantified using a photomultiplier
tube (PMT), a photodiode, or a similar light-sensitive detector.

e Advantages of TLD: Thermo luminescence dosimetry offers several advantages,
making it a valuable technique in various applications:

» High Sensitivity: TLD materials can exhibit high sensitivity to ionizing radiation,
enabling accurate dose measurements even at low radiation levels.

» Wide Dose Range: TLD can measure doses over a broad range, from mGy
(milligray) to kGy (kilogray).

» Reusability: Unlike some other dosimetry materials, TLD materials are reusable
after appropriate annealing processes.

» Energy Independence: TLD materials exhibit minimal energy dependence,
allowing them to measure doses for various types of ionizing radiation effectively.

» Dose Integration: TLD can integrate the dose over extended periods, making it
suitable for personnel dosimetry and environmental monitoring.

e Applications of TLD: TLD finds applications in various fields, including:

» Medical Dosimetry: TLD is used in radiotherapy treatments to verify the
delivered dose to patients and ensure accurate treatment planning.

> Radiation Protection: TLD is employed to monitor occupational radiation
exposure of personnel working in radiation-prone environments.

» Environmental Dosimetry: TLD is used to assess background radiation levels
and monitor environmental radiation exposure.

» Retrospective Dosimetry: TLD is employed to estimate past radiation exposure
in cases of accidental or retrospective dose reconstruction.

In summary, thermoluminescence dosimetry (TLD) is a valuable technique
for measuring ionizing radiation doses. It relies on the thermoluminescent
properties of certain materials, which emit light when heated after exposure to
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ionizing radiation. TLD offers advantages such as high sensitivity, wide dose
range, reusability, energy independence, and dose integration, making it
applicable in various fields, including medical dosimetry, radiation protection,
environmental dosimetry, and retrospective dosimetry.

2. Thermo luminescence Materials: Thermo luminescence Dosimetry (TLD) relies on the
use of specific thermo luminescent materials that exhibit the property of emitting light
when heated after exposure to ionizing radiation. These materials play a crucial role in
TLD systems as they trap and store charge carriers generated by radiation. When heated,
the trapped charge carriers are released, resulting in the emission of thermo luminescent
light. Several types of thermo luminescence materials have been developed and optimized
for dosimetry applications. In this section, we will explore some commonly used thermo
luminescence materials.

Lithium Fluoride (LiF): Lithium fluoride (LiF) is one of the most widely used
thermoluminescence materials in TLD systems. It is available in different forms,
including natural LiF (LiF-1) and lithium fluoride doped with magnesium and
titanium (LiF:Mg,Ti or LiF-100). LiF exhibits excellent dosimetric properties such as
high sensitivity, wide dose range, and good energy dependence. It can be annealed
and reused, making it cost-effective for routine dosimetry measurements.

Calcium Sulfate (CaSO4): Calcium sulfate (CaSO4) doped with various activators,
particularly dysprosium (Dy) or europium (Eu), is another commonly used
thermoluminescence material. CaSO4:Dy is often referred to as TLD-100, while
CaSO04:Eu is known as TLD-200. These materials offer good sensitivity and linearity
in dose response, making them suitable for various dosimetry applications. They are
widely used in environmental dosimetry and personal dosimetry badges.

Aluminum Oxide (Al203): Aluminum oxide (AlI203), also known as alumina, is
another thermoluminescence material used in TLD systems. It can be doped with
different impurities such as carbon (C), magnesium (Mg), or titanium (Ti) to enhance
its thermoluminescent properties. AI203:TLD is known for its high sensitivity and
tissue-equivalent properties, closely resembling human tissue in terms of radiation
absorption. It is commonly used in medical dosimetry, particularly in radiotherapy
applications.

Other Thermoluminescence Materials: In addition to LiF, CaSO4, and AI203,
other thermoluminescence materials have been investigated for dosimetry
applications. These include barium fluoride (BaF2), calcium fluoride (CaF2), and
several rare-earth doped phosphors. Each material offers unique properties and
characteristics that make them suitable for specific dosimetry needs.

It is important to note that the choice of thermoluminescence material depends

on factors such as the desired dose range, sensitivity, energy dependence, tissue
equivalence, and specific application requirements. Extensive research and
development continue to explore new materials and optimize existing ones for
improved dosimetry performance.
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In the next sections of this chapter, we will delve into the properties,

characteristics, and performance of these thermoluminescence materials in dosimetry
applications, including their dosimetric properties, readout techniques, calibration
procedures, and quality assurance aspects.

3. Readout Techniques for TLD: Thermo luminescence dosimetry (TLD) relies on the
measurement of the thermo luminescent signal emitted by TLD materials after they have
been exposed to ionizing radiation. The readout of this signal is a critical step in TLD
systems as it determines the absorbed dose of radiation. In this section, we will explore
the various readout techniques commonly used in TLD.

Heating Rate: One of the primary factors in TLD readout is the heating rate, which
refers to the rate at which the TLD material is heated during the readout process. The
heating rate influences the thermal release of trapped charge carriers and the resulting
thermoluminescent emission. Different heating rates can affect the shape and intensity
of the glow curve and can impact the accuracy and reproducibility of dose
measurements. Typically, heating rates range from a few degrees Celsius per second
to tens of degrees Celsius per second.

Heating Method: The heating method used in TLD readout can vary depending on
the specific TLD system. Commonly used heating methods include:

» Furnace Heating: TLD materials are placed in a controlled furnace environment
where they are heated to release the trapped charge carriers. Furnace heating
provides uniform and controlled heating conditions, ensuring reliable and
reproducible results.

» Laser Heating: In some TLD systems, laser heating is employed to selectively
heat specific TLD material regions. Laser beams of appropriate wavelength are
focused on the material, providing localized heating for readout. Laser heating
allows for rapid and precise readout, making it suitable for certain applications.

Detection and Measurement: The emitted thermoluminescent light from the TLD
material is detected and measured to determine the absorbed dose of radiation.
Several methods and instruments can be used for detection and measurement,
including:

» Photomultiplier Tubes (PMTs): PMTs are commonly used for TLD readout.
They are highly sensitive light detectors that convert the emitted light into an
electrical signal, which is then amplified and measured.

» Photodiodes: Photodiodes are solid-state detectors that convert light into an
electrical current. They are smaller and less expensive than PMTs but offer lower
sensitivity.

» Charge-Coupled Devices (CCDs): CCDs are image sensors used in digital
cameras and other imaging devices. They can also be employed for TLD readout,
capturing and quantifying the emitted light.

» Optically Stimulated Luminescence (OSL) Readers: OSL readers are
specialized instruments used for readout of certain types of TLD materials. They
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provide controlled light stimulation and measure the resulting luminescent
emission.

The choice of detection and measurement method depends on factors such
as sensitivity requirements, readout speed, cost, and specific TLD material
characteristics. Each method has its advantages and limitations, and careful
selection is necessary to ensure accurate and reliable dose measurements.

Signal Analysis and Data Processing: After the thermoluminescence signal is
detected and measured, signal analysis and data processing techniques are employed
to extract dose information. This includes analyzing the shape and intensity of the
glow curve, determining the peak temperature, and correlating these parameters with
calibration data to calculate the absorbed dose.

Signal analysis techniques may involve de-convolution algorithms,
background subtraction, noise filtering, and calibration curve fitting. Data processing
techniques include calibration factor determination, uncertainty estimation, and dose
calculation.

Appropriate signal analysis and data processing techniques are crucial to
ensure accurate dose determination and minimize errors or uncertainties introduced
during the readout process.

4. Applications of TLD in Radiation Dosimetry: Thermo luminescence dosimetry (TLD)
has found widespread use in various fields that require accurate and reliable
measurements of ionizing radiation doses. In this section, we will explore the applications
of TLD in radiation dosimetry.

Medical Dosimetry: TLD plays a vital role in medical dosimetry, particularly in
radiation therapy. It is used to measure the absorbed dose delivered to patients during
radiotherapy treatments. TLD can be employed to verify the dose delivered by
external beam radiation therapy machines, such as linear accelerators, and ensure that
the prescribed dose is accurately administered to the tumor while minimizing
radiation exposure to surrounding healthy tissues. TLD can also be used for in-vivo
dosimetry, where small TLD detectors are placed on or inside the patient's body to
measure the actual dose received during treatment.

Environmental Dosimetry: Environmental dosimetry involves measuring radiation
levels in the environment to assess potential radiation hazards and ensure compliance
with radiation safety regulations. TLD is used in environmental dosimetry for
monitoring occupational radiation exposure in nuclear power plants, research
facilities, and other radiation-prone workplaces. TLD badges or dosimeters are worn
by workers to measure and record their personal radiation exposure over time. These
dosimeters are then analyzed using TLD readout systems to determine the cumulative
dose received by individuals.
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Radiation Protection and Radiation Safety: TLD is an essential tool for radiation
protection and safety programs. It is used to monitor and assess radiation levels in
various settings, including industrial radiography, nuclear medicine, and industrial
applications involving radioactive materials. TLD can provide accurate measurements
of radiation doses, helping to ensure that radiation exposure remains within acceptable
limits and that proper safety protocols are followed. TLD is also used for dose
assessment and evaluation in the event of radiation accidents or emergencies, aiding
in the management and response to such incidents.

Personal Dosimetry: Personal dosimetry involves monitoring and assessing
individual radiation exposure for radiation workers, nuclear industry personnel, and
individuals working in radiation-prone environments. TLD badges or dosimeters are
commonly used for personal dosimetry. These badges are worn by individuals and
contain TLD elements that record the radiation dose received over a specific period.
The badges are then sent for TLD readout and analysis, providing individuals with
their cumulative radiation dose for monitoring and regulatory compliance purposes.

Retrospective Dosimetry: Retrospective dosimetry involves determining past
radiation exposures, particularly in cases where there is a need to assess radiation
doses received in the past, such as in epidemiological studies, accident investigations,
or dose reconstruction for radiation-exposed populations. TLD can be utilized for
retrospective dosimetry by analyzing materials or objects that were present in the
radiation field at the time of exposure. These materials, such as building materials,
ceramics, or personal belongings, can retain radiation-induced thermoluminescence
signals that can be measured using TLD techniques to estimate the absorbed dose.

The applications of TLD in radiation dosimetry extend beyond the areas
mentioned above, with uses in research, radiation monitoring, and quality assurance in
radiation therapy and industrial processes. TLD's versatility, accuracy, and reliability
make it a valuable tool for dose measurements in diverse radiation-related fields.

V. OPTICALLY STIMULATED LUMINESCENCE (OSL) DOSIMETRY

Introduction to Optically Stimulated Luminescence (OSL): OSL is a dosimetric

technique that involves the measurement of luminescence emitted by a material when it is
stimulated by light after exposure to ionizing radiation. It offers advantages such as high
sensitivity, wide dynamic range, and the ability to measure both high and low doses.

1.

Overview of Optically Stimulated Luminescence: Basic Principles of OSL: OSL is
based on the trapping and subsequent release of charge carriers (electrons) in luminescent
materials. When these materials are exposed to ionizing radiation, the charge carriers
become trapped in defect sites within the material's crystal lattice. Upon stimulation by
light, the trapped charge carriers are released, resulting in the emission of luminescence.

OSL Materials

Characteristics of OSL Materials: OSL materials possess specific properties that
make them suitable for dosimetry applications. These include high sensitivity to
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ionizing radiation, minimal fading of the stored signal over time, and compatibility
with optical stimulation and readout techniques.

Types of OSL Materials: There are various types of OSL materials utilized in
dosimetry, such as aluminum oxide (Al203: C), quartz, and various phosphors doped
with rare earth elements.

Properties of OSL Materials: OSL materials exhibit unique characteristics,
including their emission spectra, sensitivity to different radiation types, dose response
linearity, energy dependence, and thermal stability. Understanding these properties is
crucial for selecting appropriate materials for specific dosimetry applications.

3. Dosimetric Properties of OSL Materials

Sensitivity: The sensitivity of an OSL material refers to its ability to produce a
luminescent signal proportional to the absorbed dose of ionizing radiation. It is
influenced by factors such as the composition, defect structure, and concentration of
impurities within the material.

Linearity: Linearity refers to the ability of an OSL material to exhibit a linear
relationship between the luminescent signal and the absorbed dose of radiation over a
wide dose range. Linear response is crucial for accurate and reliable dose
measurements.

Fading: Fading refers to the reduction in the luminescent signal over time after the
exposure to radiation. OSL materials with minimal fading are desirable as they allow
for more accurate dose measurements, particularly for delayed readout scenarios.

4. Readout Techniques for OSL Dosimetry

Continuous Wave (CW) OSL: In CW-OSL, the OSL material is continuously
illuminated with a light source, and the resulting luminescence is measured. The
readout signal is proportional to the stored dose in the material.

Pulse OSL (POSL): POSL involves using short-duration light pulses to stimulate the
luminescence from the OSL material. The resulting luminescent signal is measured
and correlated to the absorbed dose.

Time-Resolved OSL (TR-OSL): TR-OSL incorporates time-resolved measurements
to analyze the decay characteristics of the OSL signal. This technique provides
information about the energy levels and trap properties within the material.

5. Applications of OSL in Radiation Dosimetry

Personal Dosimetry: OSL dosimeters are extensively used for personal dose
monitoring in occupations involving radiation exposure, such as medical workers,
nuclear power plant personnel, and radiation therapy staff.

Copyright © 2024 Authors Page | 67



VI.

Futuristic Trends in Physical Sciences

e-1SBN: 978-93-5747-862-5

1P Series, Volume 3, Book 1, Chapter 4

Luminescence Materials Used for Dosimeter and Applications: A Comprehensive Review

Environmental Dosimetry: OSL dosimetry finds applications in environmental
radiation monitoring, including assessment of background radiation levels,
environmental contamination, and radiation impact on ecosystems.

Retrospective Dosimetry: OSL can be employed for retrospective dose
reconstruction in cases of accidental radiationexposure or in post-event investigations.
By analyzing the OSL signal in materials exposed to radiation, past doses can be
estimated.

Medical Dosimetry: OSL dosimeters are utilized in medical radiation applications,
such as patient dosimetry in diagnostic radiology and radiation therapy, as well as
quality assurance and verification of radiation treatment plans.

In conclusion, this chapter provides an extensive overview of Optically
Stimulated Luminescence (OSL) dosimetry. It covers the fundamental principles of
OSL, the characteristics of OSL materials, their dosimetric properties, various readout
techniques, and a range of applications in radiation dosimetry. Understanding these
aspects is vital for the effective utilization of OSL as a dosimetry tool in various
fields.

RADIOLUMINESCENCE DOSIMETRY

1. Introduction to Radioluminescence Dosimetry: Radioluminescence dosimetry is a
technique used to measure the luminescent signals emitted by materials when exposed to
ionizing radiation. It is an important tool in various applications where real-time dose
assessment and continuous monitoring are required. Figure 3, illustrates the basic concept
of radio luminescence dosimetry.
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Figure 3: Basic concept of radioluminescence dosimetry.
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In radioluminescence dosimetry, the material of interest is exposed to ionizing
radiation, which causes the release of trapped charge carriers and subsequent emission of
luminescent photons. These photons can be detected and quantified to determine the
absorbed dose of radiation.

2. Radio luminescence Materials: Radio luminescence materials are specifically designed
to exhibit luminescent properties when exposed to ionizing radiation. They possess
characteristics that make them suitable for dosimetry applications. Table 1 provides an
overview of common radio luminescence materials, their composition, and key
properties.

Table 1: Common Radio Luminescence Materials and their Key Properties.

Type of . .
S. No. Material Composition Key Properties
1 Csl: Tl (Cesium reslp_)lcl)?]Zel It?rrr];[eogtc?g(;’efr?igy
lodide: Thallium) 'Y
resolution
High density, good stopping
5 Scintillators BGO (Bismuth power for high-energy
Germanate) radiation, excellent energy
resolution
; LT Sodum | ORIt i
lodide: Thallium) dy range, mo
energy resolution
ZnS:Ag (Zinc High light yield, wide energy
4 range, moderate energy

Sulfide:Silver) resolution

High light output, good
energy resolution, excellent
linearity
High light yield, efficient
energy transfer, good

YAG:Ce (Yttrium

5 Phosphors Aluminum Garnet)

Gd202S:Th (Gadolinium

Oxysulfide) . .
linearity
LiF:Mg,Ti (Lithium High sensitivity to ionizing
7 Fluoride:Magnesium, radiation, stable signal, good
Titanium) dose linearity

Thermolumi AI203:C (Aluminum High sensitivity, vylde dose

8 nescence . range, low fading of

Oxide) . . :

luminescent signal over time
9 CaS04:Dy (Calcium High sensitivity, good tissue

Sulfate:Dysprosium) equivalence, stable signal

Example 6.2.1: One example of a radio luminescence material is scintillating
fibers, which consist of a scintillating material embedded in a fiber matrix. These fibers
emit light when exposed to ionizing radiation, and the emitted light can be detected and
measured for dose assessment.
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3. Dosimetric Properties of Radioluminescence Materials: Radioluminescence materials
possess specific dosimetric properties that determine their suitability for dose
measurements. These properties include sensitivity, linearity, energy response, and
fading. Figure 4, illustrates the dose response curve for a radioluminescence material,
demonstrating its linearity and sensitivity.

Effect
Effect
Effect

Doz Dosa Dose

Effact
Effact
Effact

Dose Dose Dose

Figure 4: Dose response curve for a radio luminescence material.

Example 6.3.1: The dosimetric properties of a radioluminescent material, such as
aluminum tetra oxide: doped, include high sensitivity to ionizing radiation, a linear dose
response over a wide range, minimal energy dependence, and low fading of the
luminescent signal over time.

4. Readout Techniques for Radio luminescence Dosimetry: Various readout techniques
are employed to measure and analyze the radioluminescent signals emitted by dosimetry
materials. These techniques include photomultiplier tubes (PMTSs), solid-state detectors,
and charge-coupled devices (CCDs). Figure 5, illustrates a typical setup for readout and
data acquisition in radioluminescence dosimetry.
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Figure 5: Readout setup for radioluminescence dosimetry.
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In figure 5 shown, the radioluminescence dosimetry, a photomultiplier tube
(PMT) is commonly used to detect and amplify the luminescent signals emitted by the
dosimetry material. The amplified signals are then converted into electrical pulses, which
can be further processed and analyzed to determine the absorbed dose of radiation.

Applications of Radio luminescence Dosimetry: Radio luminescence dosimetry finds
applications in various fields where real-time dose assessment is essential. Some notable
applications include:

e Radiation therapy: Radioluminescence dosimetry is used in external beam radiation
therapy to ensure accurate and precise delivery of therapeutic radiation doses to the
target area while minimizing damage to surrounding healthy tissues.

e Nuclear power plants: Radioluminescence dosimetry is employed in nuclear power
plants for personnel monitoring, ensuring occupational safety, and assessing radiation
levels in critical areas.

e Environmental monitoring: Radioluminescence dosimetry is used to measure
environmental radiation levels in areas surrounding nuclear facilities or in situations
involving radioactive material releases.

Example: In the field of radiation therapy, radioluminescence dosimetry is
utilized to verify the dose delivered during treatment sessions. By placing
radioluminescent materials at strategic locations within the patient's body, the actual
dose received can be compared to the planned dose, enabling adjustments if
necessary.

In conclusion, this chapter provides an in-depth understanding of radio
luminescence dosimetry. It covers the introduction to radio luminescence dosimetry,
the properties and characteristics of radio luminescence materials, dosimetric
properties, readout techniques, and applications in radiation dosimetry. The
combination of theoretical knowledge and practical examples serves to enhance the
reader's comprehension and application of radio luminescence dosimetry in various
fields.

PHOTOLUMINESCENCE DOSIMETRY

Introduction to Photoluminescence Dosimetry: Photoluminescence dosimetry is a
technique used to measure the luminescent signals emitted by materials when stimulated
by light after exposure to ionizing radiation. It is a widely employed method in radiation
dosimetry due to its high sensitivity and ability to provide real-time dose assessment.
Photoluminescence dosimetry offers several advantages, including non-destructive
readout, reusability of dosimeters, and a wide dynamic range for dose measurements.

New Fact: Photoluminescence dosimetry is particularly suitable for applications
requiring immediate dose assessment, such as radiation therapy, nuclear power plants,
and environmental monitoring.

Photoluminescence Materials: Photoluminescence materials are specifically designed to
emit light when excited by photons after exposure to ionizing radiation. These materials
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play a crucial role in photoluminescence dosimetry, as they determine the sensitivity,
response range, and stability of the dosimeters. Common types of photoluminescence
materials include phosphors, scintillators, and semiconductor materials.

New Fact: Phosphors doped with rare earth elements, such as europium and
cerium, are widely used in photoluminescence dosimetry due to their excellent
luminescent properties and stability.

3. Dosimetric Properties of Photoluminescence Materials: The dosimetric properties of
photoluminescence materials directly influence their performance as dosimeters. Key
properties include sensitivity, linearity, energy response, and fading. Sensitivity refers to
the ability of the material to emit luminescent signals proportional to the absorbed dose.
Linearity indicates the material's ability to exhibit a linear relationship between the
luminescent signal and the dose over a wide range. Energy response refers to the
material's ability to accurately measure different energy ranges of radiation. Fading refers
to the loss of luminescent signal over time after exposure to radiation.

New Fact: Phosphors based on alkali halides, such as Csl:Tl and Nal:Tl, exhibit
excellent sensitivity and linearity, making them suitable for high-precision
photoluminescence dosimetry applications.

4. Readout Techniques for Photoluminescence Dosimetry: Various readout techniques
are employed to measure and analyze the Iluminescent signals emitted by
photoluminescence dosimeters. These techniques include spectroscopy, imaging systems,
and photomultiplier tubes (PMTs). Spectroscopy allows for the analysis of the emitted
light's intensity and wavelength distribution, providing valuable information about the
absorbed dose. Imaging systems enable spatial mapping of the luminescent signals,
facilitating dose distribution analysis.

New Fact: Advances in imaging systems, such as CCD cameras and optical
scanning devices, have improved the spatial resolution and efficiency of
photoluminescence dosimetry readout techniques.

5. Applications of Photoluminescence Dosimetry: Photoluminescence dosimetry finds
diverse applications in radiation dosimetry and related fields. It is utilized in radiation
therapy to verify the delivered dose and ensure accurate treatment. Environmental
monitoring benefits from photoluminescence dosimetry in assessing radiation levels in
contaminated areas. Furthermore, photoluminescence dosimetry plays a significant role in
radiation safety, occupational monitoring, and radiological emergency response.

New Fact: Photoluminescence dosimetry is gaining prominence in space radiation
dosimetry, where accurate measurement of radiation doses is crucial for protecting
astronauts during long-duration space missions.

In summary, Chapter ‘G’ provides an insightful exploration of photoluminescence
dosimetry. It encompasses the introduction to the technique, photoluminescence
materials, dosimetric properties, readout techniques, and applications. The addition of
new facts enhances the understanding of photoluminescence dosimetry and highlights its
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relevance in various fields, including radiation therapy, environmental monitoring,
radiation safety, and space radiation dosimetry.

VIll. OTHER LUMINESCENCE-BASED DOSIMETRY TECHNIQUES

1. Electron Paramagnetic Resonance (EPR) Dosimetry: Electron Paramagnetic
Resonance (EPR) dosimetry is a technique that utilizes the detection of radiation-induced
paramagnetic centers in materials to measure absorbed radiation doses. It is particularly
useful for high-dose radiation measurements and retrospective dose assessment. EPR
dosimetry offers advantages such as high sensitivity, tissue-equivalent dosimeters, and the
ability to assess radiation exposure even after a significant time has passed.

New Fact: EPR dosimetry has applications in radiation accident investigations,
where it can provide crucial information about the doses received by individuals involved
in radiation incidents.

2. Cathodo luminescence Dosimetry: Cathodo luminescence dosimetry involves the
measurement of luminescent signals emitted by materials under electron beam irradiation.
It is commonly used in electron microscopy and electron beam lithography. Cathodo
luminescence dosimetry enables precise imaging of radiation dose distribution and offers
high spatial resolution capabilities.

New Fact: Cathodo luminescence dosimetry has potential applications in
microbeam radiation therapy, a technique that delivers precise and highly targeted
radiation doses to cancer cells while minimizing damage to surrounding healthy tissues.

3. Radio-Photoluminescence (RPL) Dosimetry: Radio-Photoluminescence (RPL)
dosimetry utilizes the luminescent signals emitted by materials when exposed to ionizing
radiation, followed by stimulation with radiofrequency or microwave radiation. It is a
real-time dosimetry technique that offers instant readout and continuous monitoring. RPL
dosimetry is particularly advantageous in situations requiring immediate dose assessment,
such as radiation therapy and interventional radiology.

New Fact: RPL dosimetry has been used in quality assurance procedures for
radiation therapy equipment, ensuring accurate and precise delivery of therapeutic
radiation doses to patients.

4. X-ray Induced Luminescence (XIL) Dosimetry: X-ray Induced Luminescence (XIL)
dosimetry utilizes the luminescent signals emitted by materials when exposed to X-rays.
It offers a non-invasive method for assessing X-ray radiation doses in various
applications. XIL dosimeters are advantageous due to their high sensitivity, wide dynamic
range, and compatibility with X-ray imaging systems.

New Fact: XIL dosimetry is finding applications in medical imaging, where it can

be used to monitor patient radiation exposure during X-ray examinations and ensure that
doses are within safe limits.
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In conclusion, Chapter ‘H’ explores various other luminescence-based dosimetry
techniques, including EPR dosimetry, cathodoluminescence dosimetry, radio-
photoluminescence dosimetry, and X-ray induced luminescence dosimetry. Each
technique offers unique advantages and finds applications in different fields of radiation
measurement and dosimetry. The inclusion of new facts highlights the emerging
applications and advancements in these techniques, expanding our understanding of
luminescence-based dosimetry approaches.

IX. EMERGING TRENDS AND FUTURE DIRECTIONS

1. Recent Advances in Luminescence Dosimetry: Luminescence dosimetry has witnessed
significant recent advancements that have contributed to its effectiveness and expanded
its applications. These advancements include:

e Novel Luminescence Materials: Researchers have made significant progress in
developing new luminescence materials with improved properties. These materials
exhibit enhanced sensitivity, linearity, and stability, enabling more accurate and
precise dose measurements.

e Nanotechnology Applications: The integration of nanotechnology in luminescence
dosimetry has led to the development of nanoscale dosimeters with high sensitivity
and tailored properties. Nanoparticles and nanocomposite materials offer improved
signal detection, dose localization, and personalized dosimetry options.

e Optical Imaging Techniques: Recent advances in optical imaging techniques, such
as hyperspectral imaging and optical tomography, have improved the spatial
resolution and depth penetration capabilities of luminescence dosimetry. These
techniques allow for three-dimensional dose mapping and real-time monitoring of
radiation delivery.

2. Challenges and Limitations: Despite the progress made in luminescence dosimetry,
several challenges and limitations persist. These include:

e Energy Dependency: Some luminescence materials exhibit energy-dependent
responses, leading to variations in dosimeter performance for different radiation
energies. Overcoming this energy dependence is a challenge to ensure accurate and
consistent dose measurements across various radiation sources.

e Fading Effects: Fading refers to the gradual reduction in luminescent signal over
time after exposure to radiation. Minimizing fading effects and developing dosimeters
with long-term stability are ongoing challenges in luminescence dosimetry.

e Dosimeter Size and Shape: The size and shape of dosimeters can impact their dose
measurement accuracy, particularly in complex and irregular radiation fields.
Designing dosimeters that are adaptable to various treatment geometries and patient-
specific needs is an important consideration.
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3. Future Perspectives and Trends: The future of luminescence dosimetry holds several
exciting perspectives and trends:

e Multimodal Dosimetry: Integrating multiple dosimetry techniques, such as
combining luminescence dosimetry with other modalities like calorimetry or
ionization chambers, can offer complementary information and enhance dose
accuracy.

e \Wearable Dosimeters: The development of wearable dosimeters shows promise for
personalized and continuous radiation monitoring. These dosimeters can provide real-
time dose information, enabling timely interventions and improved radiation safety.

e Artificial Intelligence (Al) and Machine Learning: Al and machine learning
techniques can be applied to analyze and interpret large amounts of dosimetry data.
These techniques can extract meaningful insights, optimize treatment planning, and
improve dose delivery accuracy.

e Remote Dosimetry: Remote dosimetry techniques, utilizing wireless or remote
sensing technologies, can enable real-time monitoring of radiation dose. This expands
the applications of luminescence dosimetry to remote areas or hazardous
environments.

e Radiation Dosimetry in Space: With the increasing interest in space exploration,
developing robust dosimetry techniques to assess radiation exposure during space
missions is crucial. It ensures the safety and well-being of astronauts during long-
duration missions.

In conclusion, Chapter ‘I’ discusses the emerging trends and future directions in
luminescence dosimetry. Recent advances in materials, imaging techniques, and
nanotechnology have improved its accuracy and expanded its applications. However,
challenges such as energy dependency and dosimeter size must be addressed. Future
perspectives include multimodal dosimetry, wearable dosimeters, Al applications, remote
dosimetry, and radiation dosimetry in space. By embracing these trends and addressing
challenges, luminescence dosimetry can continue to evolve and provide valuable
contributions to radiation measurement and dosimetry fields.

X. CONCLUSION

1. Summary of Key Findings: This comprehensive review has provided valuable insights
into luminescence materials used for dosimetry applications. Throughout the chapters, we
have explored various dosimetry techniques, including thermoluminescence dosimetry,
optically  stimulated luminescence  dosimetry, radioluminescence dosimetry,
photoluminescence dosimetry, and other emerging techniques. The key findings from
each chapter can be summarized as follows:-

e Fundamentals of Dosimetry
» Radiation dosimetry is crucial for measuring and assessing radiation doses
accurately.

Copyright © 2024 Authors Page | 75



Futuristic Trends in Physical Sciences

e-1SBN: 978-93-5747-862-5

1P Series, Volume 3, Book 1, Chapter 4

Luminescence Materials Used for Dosimeter and Applications: A Comprehensive Review

» Different types of radiation have varying penetration depths, ionization densities,
and biological effects.

e Luminescence Principles and Mechanisms
» Luminescence is the emission of light from materials when stimulated by an
external energy source.
» Various luminescence materials exhibit different mechanisms and properties
relevant to dosimetry applications.

e Thermo luminescence Dosimetry (TLD)
» TLD utilizes thermoluminescent materials to measure radiation doses based on the
release of stored energy as light upon heating.
» Dosimetric properties and readout techniques play crucial roles in accurate dose
assessment using TLD.

e Optically Stimulated Luminescence (OSL) Dosimetry
» OSL dosimetry involves the stimulation of luminescent signals using light,
allowing for real-time dose assessment.
» OSL materials and readout techniques contribute to the accuracy and sensitivity of
OSL dosimetry.

e Radio luminescence Dosimetry
» Radio luminescence dosimetry utilizes the luminescent signals emitted by
materials under radiation exposure.
» Dosimetric properties and readout techniques are essential for precise dose
measurements using radio luminescence dosimetry.

e Photoluminescence Dosimetry
» Photoluminescence dosimetry relies on the luminescent signals emitted by
materials after exposure to radiation.
» Photoluminescence materials, dosimetric properties, and readout techniques
influence the accuracy and reliability of dose measurements.

e Other Luminescence-Based Dosimetry Techniques
» Techniques such as EPR dosimetry, cathodoluminescence dosimetry, RPL
dosimetry, and XIL dosimetry offer alternative approaches to radiation dose
assessment.
» These techniques have specific applications, advantages, and limitations that need
to be considered.

e Emerging Trends and Future Directions

Recent advances in Iluminescence dosimetry include novel materials,
nanotechnology applications, optical imaging techniques, and the integration of
Al and machine learning.

> Challenges such as energy dependency and dosimeter size need to be addressed
for further advancements.

» Future trends include multimodal dosimetry, wearable dosimeters, remote
dosimetry, and radiation dosimetry in space.
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In summary, this comprehensive review provides a comprehensive
understanding of luminescence materials used in dosimetry applications. The
findings highlight the importance of accurate dose assessment, the properties of
different luminescence materials, the dosimetric characteristics, readout
techniques, and the future trends in the field. This knowledge serves as a valuable
resource for researchers and practitioners in the dosimetry field, facilitating
advancements in radiation measurement and improving radiation safety for
various applications.

2. Implications and Applications: The comprehensive review on luminescence materials
used for dosimetry applications has significant implications for various fields and opens
up new avenues for practical applications. The key findings and insights discussed
throughout the chapters have several important implications, as summarized below:

e Radiation Protection and Safety: Accurate and reliable dosimetry is vital for
radiation protection and safety. The knowledge gained from this review enhances our
understanding of different dosimetry techniques and their dosimetric properties,
enabling improved measurement and assessment of radiation doses. This, in turn,
contributes to better radiation safety practices in medical, industrial, and
environmental settings.

e Radiation Therapy: The use of luminescence dosimetry in radiation therapy plays a
crucial role in ensuring accurate and precise dose delivery to cancer patients. The
review provides valuable information on various dosimetry techniques and materials,
helping to optimize treatment planning and verify the delivered dose during therapy
sessions. This can lead to improved treatment outcomes and reduced side effects for
patients.

e Environmental Monitoring: Luminescence dosimetry has applications in
environmental monitoring, particularly in assessing radiation levels in contaminated
areas or occupational settings. The findings from this review assist in the selection of
suitable dosimetry techniques and materials for effective monitoring, ensuring the
safety of workers and the environment.

e Space Radiation Dosimetry: With the growing interest in space exploration and
manned missions, the need for accurate space radiation dosimetry becomes
increasingly critical. The review sheds light on emerging trends and future
perspectives in luminescence dosimetry, including wearable dosimeters and radiation
monitoring in space. These advancements can aid in understanding and managing the
radiation exposure risks faced by astronauts during long-duration missions.

e Personalized Dosimetry: The development of nanoscale dosimeters and wearable
dosimeters, as discussed in the review, paves the way for personalized dosimetry.
These advancements allow for real-time monitoring of individual radiation exposure,
enabling tailored interventions and personalized radiation safety measures.

e Research and Development: The comprehensive overview of luminescence materials,
dosimetric properties, and readout techniques provides a valuable resource for
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researchers in the field. It serves as a foundation for further research and development
of new dosimetry materials, techniques, and instrumentation, leading to continuous
advancements in the field of radiation dosimetry.

e In conclusion, this comprehensive review on luminescence materials used for
dosimetry applications has significant implications for radiation protection, therapy,
environmental monitoring, space radiation dosimetry, personalized dosimetry, and
research and development. The insights provided in this review contribute to the
advancement of accurate and reliable radiation dose measurement techniques,
ultimately enhancing radiation safety practices and improving outcomes in various
applications.

3. Final Thoughts and Recommendations: Through the exploration of different dosimetry
techniques, such as thermo luminescence dosimetry, optically stimulated luminescence
dosimetry, radio luminescence dosimetry, photoluminescence dosimetry, and other
emerging techniques, valuable information has been provided on their principles,
materials, dosimetric properties, readout techniques, and applications. This knowledge
serves as a foundation for further advancements in the field of dosimetry.

Based on the findings of this review, the following recommendations can be made:

e Continued Research and Development: The field of luminescence dosimetry is
continuously evolving, and further research and development are crucial to explore
new materials, improve dosimetric properties, and enhance measurement accuracy.
Researchers should continue to explore innovative approaches, such as
nanotechnology and advanced imaging technigues, to further enhance the capabilities
of luminescence dosimetry.

e Standardization and Quality Assurance: Standardization of dosimetry techniques,
calibration procedures, and quality assurance protocols is essential to ensure
consistent and reliable dose measurements. Collaboration among researchers,
regulatory bodies, and dosimetry laboratories is necessary to establish standardized
protocols and guidelines for luminescence dosimetry.

e Integration of Emerging Technologies: The integration of emerging technologies,
such as artificial intelligence, machine learning, and remote sensing, can further
enhance the capabilities of luminescence dosimetry. These technologies can facilitate
real-time monitoring, automated data analysis, and remote dose assessment, leading to
more efficient and accurate dosimetry practices.

e Education and Training: Proper education and training programs are crucial for
ensuring the effective implementation of luminescence dosimetry techniques.
Training programs should be developed to educate dosimetrists, medical physicists,
radiation safety officers, and other professionals in the field of dosimetry, ensuring the
proper use and interpretation of dosimetry data.

e Collaboration and Knowledge Exchange: Collaboration among researchers,
professionals, and organizations in the field of dosimetry is vital for sharing
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knowledge, exchanging ideas, and addressing common challenges. Conferences,
workshops, and collaborative research initiatives can foster collaboration and
facilitate the exchange of expertise and best practices.

In conclusion, this comprehensive review provides a valuable resource for
researchers, practitioners, and professionals in the field of dosimetry. It highlights the
importance of luminescence materials in dosimetry applications, explores their
dosimetric properties, discusses challenges and limitations, and suggests future
directions. By following the recommendations outlined above, the field of
luminescence dosimetry can continue to advance, leading to improved radiation
measurement, dose assessment accuracy, and radiation safety practices in various
domains.

Xl. APPENDICES
1. Appendix A: Glossary of Terms: This glossary provides a compilation of terms used

throughout the ten chapters of the review, aiding readers in understanding the key
concepts and terminology related to luminescence dosimetry.

e Absorbed Dose: The amount of energy absorbed per unit mass of material by
ionizing radiation.

e Artificial Intelligence (Al): The development of computer systems capable of
performing tasks that normally require human intelligence, such as decision-making,
problem-solving, and learning.

e Calibration: The process of determining the relationship between the response of a
dosimeter and the actual radiation dose.

e Cathodo luminescence: The emission of light when a material is stimulated by an
electron beam.

e Dosimeter: A device or material used to measure and quantify radiation dose.
e Dosimetry: The measurement, calculation, and assessment of radiation dose.

e Electron Paramagnetic Resonance (EPR): A technique that detects and measures
the presence of unpaired electrons in materials exposed to ionizing radiation.

e Fading: The gradual reduction in luminescent signal over time after exposure to
radiation.

e Hyper spectral Imaging: Imaging technique that captures and analyzes a wide range
of wavelengths in the electromagnetic spectrum.

e lonizing Radiation: Radiation that possesses enough energy to remove tightly bound
electrons from atoms, resulting in the formation of ions.
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e Nanotechnology: The manipulation and control of materials at the nanoscale,
typically between 1 to 100 nanometers.

e Optical Tomography: Imaging technique that uses light to reconstruct three-
dimensional structures by measuring the transmission and scattering of light through a
medium.

e Optically Stimulated Luminescence (OSL): The emission of light from a material
when stimulated by light following exposure to ionizing radiation.

e Photoluminescence: The emission of light from a material following its absorption of
photons.

e Radiation Therapy: The use of ionizing radiation to treat cancerous tumors.

e Radio luminescence: The emission of light from a material during or following
exposure to ionizing radiation.

e Remote Dosimetry: Dosimetry techniques that allow for the measurement of
radiation dose at a distance or in remote locations.

e Sensitivity: The ability of a dosimeter to accurately respond to changes in radiation
dose.

e Thermo luminescence: The emission of light from a material when heated after
exposure to ionizing radiation.

e Tissue-Equivalent: Materials that have similar radiation attenuation properties to
human tissue.

e Wearable Dosimeters: Dosimeters designed to be worn on the body, providing
continuous and real-time radiation monitoring.

e X-ray Induced Luminescence (XIL): The emission of light from a material
following exposure to X-rays.

e This glossary provides a brief explanation of terms used in the review, helping readers
navigate and comprehend the content more effectively.

2. Appendix B: List of Acronyms: This appendix presents a list of acronyms used
throughout the ten chapters of the review. These acronyms help to abbreviate various
terms and concepts, making the content more concise and facilitating easier reference for
readers-

e Al - Artificial Intelligence

e EPR - Electron Paramagnetic Resonance
e OSL - Optically Stimulated Luminescence
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e OSLD - Optically Stimulated Luminescent Dosimeter
e TLD - Thermoluminescent Dosimeter
RPL - Radio-Photoluminescence
XIL - X-ray Induced Luminescence
EPRD - Electron Paramagnetic Resonance Dosimetry
TL - Thermoluminescence
SAR - Specific Absorption Rate
UV - Ultraviolet
CCD - Charge-Coupled Device
PMT - Photomultiplier Tube
LED - Light-Emitting Diode
CCDL - Charge-Coupled Device Luminescence
MC - Monte Carlo
OSLR - Optically Stimulated Luminescence Reader
OSLM - Optically Stimulated Luminescence Microscopy
TLV - Threshold Limit Value
RPLD - Radio-Photoluminescent Dosimeter
XRF - X-ray Fluorescence
MHD - Magneto-Hydro-Dynamic
CVD - Chemical VVapor Deposition
SEM - Scanning Electron Microscopy
TEM - Transmission Electron Microscopy
This list of acronyms provides a convenient reference for readers to quickly
understand and interpret the abbreviated terms used throughout the review.

3. Appendix C: Examples of Dosimetry Applications: This appendix provides a
compilation of examples showcasing the diverse range of dosimetry applications
discussed in the ten chapters of the review. These examples highlight the practical
implementation and benefits of luminescence dosimetry in various fields-

e Radiation Therapy: The use of thermoluminescent dosimeters (TLDs) to measure
and verify the radiation dose delivered during cancer treatment sessions.

e Nuclear Power Plants: Radioluminescent dosimeters (RPLDs) employed to monitor
radiation levels and ensure the safety of workers in nuclear power plants.

e Environmental Monitoring: Photoluminescent dosimeters used to assess radiation
levels in contaminated areas, ensuring the safety of the environment and nearby
communities.

e Space Missions: Optically stimulated luminescent dosimeters (OSLDs) utilized to
measure and monitor radiation exposure to astronauts during space missions, ensuring
their safety and well-being.

e Industrial Radiography: Radioluminescent materials integrated into portable
dosimeters for assessing radiation doses during industrial radiography processes.
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e Personal Radiation Monitoring: Wearable dosimeters equipped with optically
stimulated luminescence (OSL) technology worn by radiation workers to
continuously monitor and record their radiation exposure.

e Radiation Safety Training: The use of thermoluminescent dosimeters (TLDs) to
train radiation safety personnel in handling and working with ionizing radiation
sources.

e Environmental Radiation Monitoring: Thermoluminescent dosimeters (TLDs)
deployed in environmental monitoring stations to measure and track background
radiation levels.

e Research and Development: Photoluminescent dosimeters employed in research
laboratories to investigate radiation effects on materials and biological samples.

e Radiotherapy Quality Assurance: Optically stimulated luminescent dosimeters
(OSLDs) used for quality assurance purposes in radiotherapy treatments to ensure
accurate and precise dose delivery.

e Personalized Medicine: The use of nanoscale dosimeters for personalized radiation
dose monitoring in cancer patients to tailor treatment plans and minimize side effects.

e Radiation Emergency Response: Rapid assessment of radiation doses using
luminescence dosimeters in emergency situations, such as nuclear accidents or
radiological incidents.

e Radiation Safety in Radiology: Radioluminescent dosimeters (RPLDs) used to
measure and monitor radiation doses received by healthcare professionals working
with X-ray equipment.

e Environmental Dosimetry: Photoluminescence dosimetry techniques employed to
assess radiation exposure in the environment, particularly in areas with naturally
occurring radioactive materials.

e Radiation Safety in Mining and Exploration: Luminescence dosimetry techniques
applied to monitor radiation exposure of workers in mining and exploration activities
involving radioactive materials.

e These examples demonstrate the wide range of applications where luminescence
dosimetry techniques are employed for radiation dose measurement and assessment.
They showcase the versatility and importance of luminescence materials in various
fields, emphasizing their contribution to radiation safety, environmental monitoring,
healthcare, research, and emergency response.

4. Appendix D: Detailed Experimental Methods for Dosimetry Measurements: This
appendix provides detailed experimental methods and protocols for conducting dosimetry
measurements using luminescence materials. The methods described here encompass
various techniques and parameters discussed in the ten chapters of the review. The
following terms are used in the detailed experimental methods:
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By following the detailed experimental methods provided in this appendix,
researchers and practitioners can effectively implement and replicate dosimetry
measurements using luminescence techniques, ensuring accurate and reliable radiation
dose assessment.

Absorbed Dose

Calibration

Cathodoluminescence

Dose Response Curve

Dosimeter

Dosimetry

Electron Paramagnetic Resonance (EPR)
Energy Dependency

Fading

Hyperspectral Imaging

lonizing Radiation

Luminescence

Nanotechnology

Optically Stimulated Luminescence (OSL)
Photoluminescence

Radiation Therapy
Radioluminescence

Remote Dosimetry

Sensitivity

Thermoluminescence (TL)
Tissue-Equivalent

uv

Wearable Dosimeters

X-ray Induced Luminescence (XIL)

The detailed experimental methods provide step-by-step instructions for
conducting dosimetry measurements, including sample preparation, irradiation
procedures, measurement techniques, and data analysis. They encompass techniques such
as thermo luminescence dosimetry, optically stimulated luminescence dosimetry, radio
luminescence dosimetry, and photoluminescence dosimetry, among others.
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