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2 ISRP-15STATISTICS
These data were updated on 3 December 2021.

e 324 registrations

e 297 abstracts submitted

e 121 students submitted

e 43 countries (Figure 1)

e Publicity outreach via ISRP-15 website (https://isrp15.com/) reached 84 countries.
(Figure 2)

The scientific programme comprised of :-

e 1 keynote speech

e 4 plenary talks & 20 invited speakers from 16 countries
e 1 pre- conference workshop (6 speakers)

e 1forum

e 12 themes (Figure 3)

e 19 parallel oral presentation sessions

e 114 oral presentations

e 104 poster presentations
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Figure 1: Countries that registered for the symposium
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EE United States 8.4%

Brazil 7.6%
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i India 3.1%

213 United Kingdom 2.6%
— Spain 2.6%

= Finland 2.1%
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Figure 2: Website visited by 6,239 from 83 countries (https://s11.flagcounter.com/more30/9GCq)

1% 1%

e

3%

= Applications of radiation in agriculture, biology

& medical sciences o
= Applications of radiation in material science,

nanoscience & nanotechnology
= New radiation sources, techniques & detectors

Application of radiation in space, aeronautics,

earth, energy & environmental sciences
= Fundamental processes in radiation physics

= Theoretical investigation & quantitative
analytical techniques in radiation physics

= Absorption & fluorescence spectroscopy

= Application of radiation in industry

= Radiation physics & nuclear fuel cycle

= Application of radiation in cultural heritage &
art

= \Women Forum

= Education and training in nuclear physics and
engineering

Figure 3: Pie chart showing the distribution of the article contribution for each of the themes.

ISRP-15 STATISTICS |


https://s11.flagcounter.com/more30/9GCq

ISRP 2021

6 — 10 December 2021

3 SCIENTIFIC PROGRAMME SCHEDULE
Updated as per 5 December 2021

05 December 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

02:00 PM — 6:00 PM

WORKSHOP

02:00 PM Radiation hormesis Ming  Tsuey

Chew

02:40 PM Uncertainties in  Radiation Biology and | Andrew Nisbet
Implications for Research

03:20 PM Quantification of chemotherapy contributions to | Roger Dale
chemoradiotherapy

04:00 PM An overall framework for neutron RBEs, ultra- | Bleddyn Jones
high dose/Flash effects and RBE/OER changes in
photon, proton and ion beams

04:40 PM Radiation track structure: how does their spatial | Mark Hill
and temporal properties drive the radiobiological
response

05:20 PM Radiotherapy treatment delays in the UK during | Roger  Dale;
the Covid-19 pandemic Bleddyn Jones

06 December 2021

8:30 AM

Registration

10:00 AM OPENING CEREMONY

11:00 AM Invited Speaker : Recent development of neutron | Pradip Kumar
detectors for spectrum and dose estimation Sarkar

Morning A: Radiation Physics And Applications

11:30 AM A023 - Removal of Uranium from nuclear | Ibrahim F. Al-
effluent using regenerated bleaching earth | Hamarneh
steeped in B—naphthol

11:45 AM A044 - Ta205-doped bismuth zinc tellurite glass: | Asmaa
fabrications, optical, and radiation shielding | Mansour
characterization Abuelsoad

12:00 PM A091 - Effect of mixed glass former on structural, | Mohd  Ashmir
elastic and gamma radiation shielding properties | Yahya
of  70[xTeO2—-(1-x)B203]-20Bi203-10Li20
glasses

12:15PM A041 - Solution optical spectra of anticancer drug | Lewis
vandetanib using robust quantum mechanical | McArthur
calculations
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12:30 PM

A064 - Review of borosilicate glass for radiation
dosimetry

Ying
Cheah

Ying

12:45 PM

Al43 - Fourier Transform Holography with
Extended Reference: a step toward the use of

photons of higher energy

Minh
Dao

Hong

Morning B: Fundame

ntal Processess In Radiation Physics

11:30 AM

A016 - Network-Modifying Role of Er3+ ions on
the Structural, Optical, Mechanical, and
Radiation Shielding Properties of ZnF2-BaO-
Al203-Li20-B203 Glass

Nimitha S.

Prabhu

11:45 AM

A026 - Peculiarities of rare earth elements
removal from chloride solution using
cetylpyridinium bromide/polyvinyl chloride

Eman M.

Allam

12:00 PM

A038 - Characterization of thermoluminescence
properties for Al203:Ge,Sr prepared by
combustion synthesis method

Abdul Rahman
Tamuri

12:15 PM

A051 - Assessment of geogenic impact on thoron
activity concentration in soil gas of Perak state
Malaysia

Habila Nuhu

12:30 PM

A193 - Enhancing Information Learned from
Auger Processes

Eric L. Shirley

12:45 PM

A243 - First results from FATIMA within the

DESPEC collaboration at FAIR-0

Shaheen
Jazrawi

Morning C: Theoretical Investigation & Quantitative Analytical

Radiation Physics

Techniques In

11:30 AM

A021 - Investigation of the photon shielding
capability of kaolin clay added with micro and
nanoparticles of Bi203

M. Elsafi

11:45 AM

A042 - Intramolecular hydrogen bonding of
hydroxybenzoic acid isomers revealed using
XPS: theory and experiment

Alexander Hill

12:00 PM

A052 - High accuracy determination of
photoelectric cross sections, X-ray Absorption
Fine Structure and nanostructure analysis of zinc
selenide using the X-ray Extended Range
Technique

Daniel Sier

12:15 PM

A053 - Computation of Gamma Buildup factors
and Heavy lons Penetrating Depths in Clay
Composite  Material  using  Phy-X/PSD,
EXABCal and SRIM Codes

Aamir Raza

12:30 PM

A088 - Radiation hazard assessments of natural

radioactivity in cosmetic products

Noor Zati Hani
Abu Hanifah
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12:45 PM A208 - The Auger Effect and its Applications Jonathan W
Dean

01:00 PM Lunch/Vendor Talk

Afternoon: Applications of Radiation In Industry

02:30 PM A223 - Tomographic gamma-ray imaging of | Geir Anton
industrial processes and equipment Johansen

02:45 PM Al100 - Characterization of Target Transfer | Hanif Bin
Function (TTF) performances for detection of | Haspi Harun
pulmonary nodule in lung from current protocol

03:00 PM Invited Speaker : The Life and Times of Lise | Heinz-
Meitner:  beta-decay and  non-radiative | Eberhard
electromagnetic transitions Mahnke

03:30 PM Coffee Break/Exhibitor Video

04:00 PM Invited Speaker : Direct Measurements of Carbon | Sandrine

Burnini at Astroihisical Eneriies Courtin

07 December 2021

09:00 AM Invited Speaker : The Measure of All Things Larry Hudson

09:30 AM Invited Speaker : The status of the NIST radiation | Paul Bergstrom
interaction databases

10:00 AM Coffee Break/Exhibitor Video

10:30 AM Invited Speaker : Advances in Atomic and | Christopher
Molecular Physics Chantler

Morning A: Theoretical Investigation & Quantitative Analytical

Radiation Physics

Techniques In

11:00 AM A276 - Resolution of ferrocene and deuterated | Nicholas Thien
ferrocene  conformations  using  dynamic | Tam Tran
vibrational spectroscopy: Experiment and theory

11:15 AM A278 - Calculating Characteristic Spectral | Hamish A
Profiles: Copper Ka and Kb Melia

11:30 AM A072 - Monte Carlo simulation of HDR | Nor Shazleen
Brachytherapy dosimetric parameters in a | Ab Shukor
different medium

11:45 AM A130 - Proton radioactivity of Dysprosium HC

Manjunatha

12:00 PM A081 - Simulation and computational | Jake John
improvements of the mutual optical intensity | Rogers
function in two dimensions

12:15 PM A259 - Simulation of Ka X-ray emission lines in | Mauro Guerra

metallic Cu from first principles
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12:30 PM Al102 - Rapid separation of thorium via| Aznan  Fazli
electrosorption with carbon electrode towards | Ismail
efficiently managing rare-earth extraction residue

12:45 PM A192 - Time-resolved radiation dosimetry using | Azmi Abdullah
a Cerium and Terbium co-doped YAG crystal | Basaif

scintillator

Morning B: Applications of Radiation In Agriculture, Biology & Medical Sciences

11:00 AM

Al142 - Barium Sulfate and Concrete Mixture as
High Energy X-ray Radiation Shielding

Izyan Hazwani
Hashim

11:15 AM

A145 - Relation between energy dependence and
dosimeter size: An experimental study on glass
TLDs

Farhad Moradi

11:30 AM

A095 - A setup for integral measurements of
multiple scattering by 10- to 100-keV electrons

Marcos N
Martins

11:45 AM

A063 - Radon concentration in groundwater
sources for public consumption in Bosso
community, north central Nigeria and consequent
annual effective dose estimation

Matthew
Tikpangi Kolo

12:00 PM

A211 - Performance of Ge-doped silica optical
fiber  radioluminescence  scintillators  for
radiotherapy dosimetry

Adebiyi
Oresegun

12:15 PM

A136 - Dose Assessment in CT Examination of
Pelvis and Establishment of Provincial
Diagnostic Reference Levels in Taif, Saudi
Arabia

Hamid (0]
Osman

12:30 PM

A207 - Effect of different source-to-image
distance on radiation dose and the quality of
image in posteroanterior hand X-ray examination

Inayatullah
Shah Sayed

12:45 PM

Al14 - 2D vs 3D dose analysis of PRESAGE®
Dosimeters using 3DMicroHD-OCT System: an
in-house Optical CT system for radiotherapy
dosimetry

Muhammad
Zamir
Mohyedin

Morning C: Absorption & Fluorescence Spectroscopy

11:00 AM

A046 - Solving self-absorption in fluorescence

Ryan M
Trevorah

11:15 AM

AQ77 - Determination of 40K and 238U
radionuclides concentration in some granite rocks
by gamma spectroscopy and Energy Dispersive
X-ray analysis.

M. A.El-Nahal

11:30 AM

A086 - Synthesis physical and
photoluminescence investigation of Eu3+doped
gadolinium borate scintillating glass

Benchaphorn
Damdee

11:45 AM

All15 - High accurate mass attenuation
coefficients and nanostructure of Zinc from X-
ray absorption Spectroscopy at room temperature

Ruwini S K
Ekanayake
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08 December 2021

Applications and Dosimet

12:00 PM Al117 - Synthesis, luminescence and scintillation | Yaowaluk
properties of LaCI3:Tm3+ crystal Tariwong

12:15 PM A119 - Precision measurement of the phase fine | Tony Kirk
structure across the iron K-edge

12:30 PM Al121 - Structural fitting using the measured | Paul Di
complex atomic fine structure spectra across the | Pasquale
copper K-edge

12:45 PM A263 - High Resolution Bib¢@XlabF: Future | Dariush
Tomographic Studies Hampai

01:00 PM Sponsored Lunch Talk - A123 - Complex atomic | Chanh  Quoc
fine structure across the copper K-edge: new | Tran
results and opportunities

01:30 PM Lunch Break

Afternoon: Application of Radiation In Cultural Heritage & Art

02:30 PM A155 - Overview of methods for determining the | Ladislav
depth distribution of elements in X-ray | Musilek
fluorescence analysis

02:45 PM A262 - Polycapillary X-ray techniques for | Valeria
archeological studies: the Peltuinum excavation | Guglielmotti
site

03:00 PM Invited Speaker : State-of-the-art of the medical | Pedro Vaz
applications of radiation - hot topics and
emerging issues

03:30 PM Coffee Break/Exhibitor Video

04:00 PM Invited speaker :Radiation Processing — | Arne Miller

09:30 AM Invited Speaker :Rescue effect: a non-targeted | Peter K.N. Yu
biological effect of ionizing radiation

10:00 AM Coffee Break/Exhibitor Video

10:30 AM Invited Speaker :Physical studies of the Epithelial | Siti Fairus
Mesenchymal Transition in Breast Tissues Abdul Sani

Morning A: Applications of Radiation In Agriculture, Biology & Medical Sciences

11:00 AM

A109 - MRI-LINAC dosimetry approach by
Monte Carlo methods coupling charged particle
radiation transport with strong magnetic fields

Amiel Rocio
Gayol
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11:15 AM

Al13 - Feasibility of mean glandular dose
determination of digital breast tomosynthesis unit
using LuSy dosimeter

Janatul
Madinah
Wahabi

11:30 AM

Al156 - New analysis method for neutron
dosimetry with Fluorescent Nuclear Track
Detectors

Anna Becker

11:45 AM

A163 - Aluminum oxide crystals for high spatial
resolution dosimetry of photon beams

José Vedelago

12:00 PM

Al181 - Contribution to the economic heavy
minerals of East El- Arish coastal sediments,
North Sinai, Egypt

Mahmoud
Awad

12:15 PM

A182 - Radiological Hazards associated to a raw
material of Um Bogma area, southwestern Sinai,

Egypt

El Saeed R.
Lasheen

12:30 PM

A205 - Dosimetric characteristics of fabricated
Germanium doped optical fibres for electron
beam therapy audit

Norhayati
Abdullah

12:45 PM

A231 - Glass microspheres as a novel targeting
vector for proton-boron therapy

Fiona J Pearce

Morning B: Applications of Radiation In Agriculture, Biology & Medical Sciences

11:00 AM

A260 - X-ray phase contrast imaging with a
simple prototype system: polyenergetic beam and
a dental imaging detector.

Michel
Stephani da
Silva Gobo

11:15 AM

A261 - Proton therapy monitoring with
orthogonal prompt-gamma imaging: the case of
prostate irradiation

José Teodoro

11:30 AM

A006 - Radiation Dose Estimation Study for
Sparse-View CT: Monte-Carlo Simulation

Vicent Vidal

11:45 AM

A012 - The potential use of silica-based
commercial float glass for protection of gamma-
radiation

Sabina Yasmin

12:00 PM

A066 - Review of the effect of reduced
background radiation on living organisms

Ming  Tsuey
Chew

12:15 PM

A069 - Analysis of radiation dose distribution in
paediatric exams

Paula VVosiak

12:30 PM

A070 - Fluoroscopy time influence on DAP
values of interventional cardiac procedures

Akemi Yagui

12:45 PM

A084 - Exploring of Monte Carlo Simulation
from Case Study of Particle Transport in Gamma
Knife Machine

Freddy
Haryanto

Morning C: Applications of Radiation In Agriculture, Biology & Medical Sciences

11:00 AM

A089 - Variability of estimated organ dose based
on different Monte Carlo radiation transport
codes for NORM-added consumer product
radiation exposures

Mohamad
Syazwan Mohd
Sanusi
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11:15 AM

A096 - Incidental finding of hepatocellular
carcinoma using Ga68-PSMA PET-CT: future
use for detection and theranostics?

Ew-Jun Chen

11:30 AM

A097 - Investigation of polyvinyl alcohol
(PVAL) composites and the effect of variation in
breast densities on image quality and dose in full-
field digital mammography: A phantom study

Franca
Oyiwoja Okoh

11:45 AM

A118 - Estimate of Effective Dose for Adults'
Patients from Nuclear Medicine Examinations in
Sudan

Mohamed
Ahmed Ali

12:00 PM

Al147 - Dosimetry audit of megavoltage photon
beams under  non-reference  conditions:
Comparison of fabricated Ge-doped optical fibres
and TLD-100 systems

Muhammad
Safwan Bin
Ahmad Fadzil

12:15 PM

A195 - The Impact Of Tube Current And
Iterative Reconstruction Algorithm On Dose And
Image Quality Of Infant Ct Head Examination: A
Phantom Study

Nor Azura
Muhammad

12:30 PM

Al154 - COMBAT algorithm for the coordination
of delineation of Multiple radiologists of nodule
boundaries in lung computed tomography images

Xiaolei Zhang

12:45 PM

A159 - Sonologist occupational exposure and
ambient dose resulted from patients underwent
nuclear medicine procedure

Ghada Ahmed
Khougeer

01:00 PM

Lunch/Vendor Talk

Afternoon A:

Forum on ""Women in Nuclear Science and Technology™*

Jeannie
Wong; Siti
A'iasah
Hashim;
Kholoud
Almugren;
Isabel Lopes;
Shakardokht
Jafari

Afternoon B: Applications of Radiation In Agriculture, Biology & Medical Sciences

02:30 PM

A164 - Establishment of diagnostic reference for
specific computed tomography procedures

Abdelmoneim
Sulieman

02:45 PM

Al168 - A Markov Random Field Approach for
CT Image Lung Classification using Image
Processing

Khairul Azha A
Aziz

03:00 PM

Al175 - Pediatric radiation dosimetry and
radiogenic risk estimation from computed
tomography examinations

Nissren
Tamam

3:15PM

Al48 - X ray spectrometry methodologies for
sustainable cancer tissue analysis &€“ recent
advances and limitations

Sofia Pessanha

SCIENTIFIC PROGRAMME SCHEDULE |
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3:30 PM

A225 - Flattening filter design for intraoperative
radiotherapy with 12 MeV electron beam with
large applicators using Monte-Carlo simulations

Belen Jeanne
Juste Vidal

3:45 PM

A234 - Radiation treatment in ensuring
traceability and biosafety of aquatic food and its
environment

Subha Bhassu

4:00 PM

A003 - Assessment of natural radioactivity and
radiological risks from groundwater and
vegetation samples collected from farms in Qatar

Yehia Manawi

4:15 PM

A228 - Medical radionuclide prioritisation and
the development of the Production Rate
Assessment Tool

Bethany
Slingsby

Afternoon C: Applications of Radiation In Material Science, Nanoscience &

Nanotechnology

02:30 PM

A062 - New methodology for solving
nanostructures within dilute and amorphous
systems: a trend study of Nickel-doped borate
glass by the X-ray Extended Range Technique
(XERT) and eFEFFIT fitting software for XAFS.

Geoffrey P.
Cousland

2:45 PM

A067 - Gamma Ray Attenuation Studies of Brass
Alloy as Tissue Equivalent Material for
Radiotherapy Applications

Sakinah Buang

03:00 PM

A093 - Novel efficient alloys for radiation
shielding applications: A theoretical
investigation

Raghad
Alsharhan

3:15PM

A139 - Development of flexible radiation
shielding materials from natural rubber/ Sb203
composites

Supakit
Yonphan

3:30 PM

Al41 - Simultaneous X-ray Scattering and
Spectroscopy Computed Tomography 4€*“ Monte
Carlo Simulation and Experiment

Andre L.C.
Conceicao

3:45PM

A007 - Investigation flexible nanocomposite
membranes of ZnO-CuO-PVA for x-ray
detectors

Ahmad l.
Ayesh

4:00 PM

A059 - Radiation response of marble-glass media
in medical radiation applications

Amjad Rashed
Alyahyawi

4:15 PM

A245 - Gamma-gamma coincidence method for
determination of Fe and Tb in Montana Il Soil
and Coal Fly Ash sample

Truong  Van
Minh

04:30 PM

Invited speaker: X-ray spectrometry: theoretical
and experimental determinations

José Paulo
Santos

05:00 PM

Break Time

08:00 PM

Conference dinner
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09:00 AM Invited Speaker : The significance of nuclear data | Mayeen
for accelerator-based production of novel | Khandaker
radionuclides for theranostic applications

09:30 AM Invited Speaker : Distributed Optical Fiber | Hairul Azhar
Radiation Dosimetry

10:00 AM Coffee Break/Exhibitor Video

10:30 AM Invited speaker : The Singapore Synchrotron | Mark Breese

Light Source (SSLS)

Morning A: New Radiation Sources, Techniques and Detectors

11:00 AM A047 - Developing a novel technique of radon | Amos Vincent
detection for all three naturally occurring radon | Ntarisa
(Rn-222 , Rn-220 and Rn-219)

11:15 AM A085 - Miniature 4nB(LS)-y(LaBr3) coincidence | Minji Han
system at KRISS

11:30 AM A120 - Applications of MOSKin as a real-time | Ngie Min Ung
detector for in vivo dosimetry during high-dose
rate Cobalt-60 brachytherapy

11:45 AM Al126 - Development of FPGA-based | Agung
Coincidence Module for TDCR Counting System | Agusbudiman

12:00 PM A179 - Absolute primary scintillation yield in Xe | Carlos Alberto
for electrons and alpha particles de Oliveira

Henriques

12:15 PM A185 - New studies on Neutral Bremsstrahlung | Cristina M B
in Xenon optical TPCs Monteiro

12:30 PM A190 - Development of a KRISS Rn-mini radon | Sanghoon
detector at KRISS Hwang

12:45 PM A230 - Wavefield Characterisation of MHz | Trey W Guest

XFEL Pulses

Morning B: Applications of Radiation

Nanotechnology

In Material Science,

Nanoscience &

11:00 AM

A009 - A novel glass system based on Iragi white
sand and lead oxide for gamma ray shielding
purposes

Haneen M
Alsafi

11:15 AM

A010 - New glass based on lIragi sand and
modified by lead oxide to protect against gamma-
ray: Fabrication, mechanical and shielding
properties examination

H. F. El-Saeedi

11:30 AM

A028 - The effect of CNTs on the radiation
attenuation properties of the composite of
BaTiO3 doped with spinnel ferrite

E. Hannachi

11:45 AM

A039 - Radiation shielding features for a new
glass system based on tellurite oxide

Shadin
Alhugail

SCIENTIFIC PROGRAMME SCHEDULE |

12




ISRP 2021

6 — 10 December 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

12:00 PM A040 - Characterization and gamma rays | Eloic
shielding performance of calcinated bentonite | Lacomme
nanoparticles

12:15 PM A049 - On the study for TeO2-WQO3-TiO2 -ZnO | Recep Kurtulus
-Na20 glass containing Pr203 in radiation
shielding applications: Theoretical computations
via EPICS2017

12:30 PM A050 - Assessment of Radiation attenuation | Marwa
properties for novel alloys: An experimental | Aldikhel
approach

12:45 PM A058 - Luminescence Studies of Fabricated | Nidal Taha
Gd:Mg-Doped Silica Glass Exposed to Neutron | Abahreh
Radiation

01:00 PM Lunch/Vendor Talk

Afternoon A: New Ra

diation Sources, Techniques and Detectors

02:30 PM

A239 - Determination of the radon diffusion
coefficient of thin polyethylene and aluminium
foils

Beatriz Ruvira
Quintana

02:45 PM

A258 - Characterisation of Cadmium Telluride
Zinc photon counting detector for soft tissue
imaging

Kamran
Hameed

Afternoon B: Mixed Theme

02:30 PM A227 - Development of a unique neutron | Allan Simpson
irradiation facility for medical radionuclides and
advanced nuclear technologies

02:45 PM Al122 - A New Compact Octagonal Split Ring | Md. Salah
Resonator based Tuning Fork-Hammer Shape | Uddin Afsar
Perfect Metamaterial Absorber for C-Band
Applications

03:00 PM Invited Speaker :Compact and very High Dose- | Marco Sumini
rate Plasma Radiation Sources for Medical
Applications

03:30 PM Coffee Break/Exhibitor Video

04:00 PM Invited Speaker : Capillary Guiding for Beams | Sultan
and Radiations Dabagov

04:30 PM Invited Speaker : Advances in silica bead | Shakardokht
dosimetry Jafari

10 December 2021

09:00 AM Invited Speaker : Geoneutrons Hector  Rene

Vega-Carrillo

09:30 AM Invited Speaker : Mineral Wealth and NORM. | Phil Egidi
Standing Up a New Rare Earths Industry in the
United States

SCIENTIFIC PROGRAMME SCHEDULE | 13
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10:00 AM Coffee Break/Exhibitor Video
10:30 AM Invited Speaker : Medical Physics professional | Ng Kwan
developments Hoong

Morning A: Application of Radiation In Space, Aeronautics, Earth, Energy &

Environmental Sciences

11:00 AM

A033 - Lithium aluminate borate glass mixed
with tin slag for radioactive immobilization

Syaza Amira
Zulkeplee

11:15 AM

AQ79 - The impact of various instances of solar
wind speed on the fluctuations of cosmic
radiation in the solar minimum (23, 24, and 25)

N M Wateed

11:30 AM

A194 - Thermoluminescence characteristics of
customised Ge-doped optical fibres (CusOF)
under Am-Be neutron source as a potential to be
used for space radiation detector

Farid bin Bajuri

11:45 AM

A206 - Radiological and Environmental studies
on granitic rocks of Abu Furad area used in
construction purposes and ceramic industry

S. A. Taalab

Morning B: Application of Radiation In Space, Aeronautics, Earth, Energy &

Environmental Sciences

11:00 AM A060 - Activity Concentration and Radiological | Michael
Impact Assessment of 226Ra, 232Th and 40K in | Adekunle
Beach Sands and Sediments Samples Around | Olatunji
Badagry Coastal Areas of Lagos

11:15 AM A166 - Carbon isotope composition (14C and | Ines  Krajcar
13C) of the atmospheric CO2 at several locations | Bronié¢
in Croatia

11:30 AM A270 - Assessment Of Environmental | Sy Minh Tuan
Radioactivity In The Spacial Area Of Titanium | Hoang
Mining At Ha Tinh Province (Vietnam)

11:45 AM A008 - Radiological Dispersion of 1-131, 1-133 | Mayeen
and 1-135 |Isotopes Due to Hypothetical | Khandaker
Accidental Release from Nigerian Research
Reactor-1

12:00 PM CLOSING CEREMONY
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4 ABSTRACTS

Pre-conference (5 December 2021)

Workshop - Radiation and Radiobiology in Extreme Circumstances

B003 - Radiation Hormesis

Ming Tsuey Chew?, David Bradley 2
ICentre for Applied Physics and Radiation Technologies, Sunway University, Malaysia
2Department of Physics, University of Surrey, United Kingdom.

Corresponding author: mtchew@sunway.edu.my

Throughout life, organisms are continuously exposed to ionizing radiation, from sources of
cosmic, solar, and terrestrial origin. With living organisms having the ability to develop
powerful defence mechanisms against radiation, also with current understanding of the
mechanisms of radiation damage and repair, radiation induced gene expression and other
genotoxic agents, the beneficial effects of radiation could be exploited, especially at low doses.
Radiation hormesis is the phenomena whereby low doses of ionizing radiation provoke
stimulatory or beneficial effects in otherwise unstressed cells, while increasingly larger doses
are harmful. In some circumstances, beneficial low dose irradiation effects have been observed
at levels < 100 mGy. Some of the potential benefits of radiation hormesis, such as protective
(stimulate antioxidant production), anti-inflammatory, activated DNA reparative processes and
protective apoptosis, prevent harm from elevated doses. These, together with selective removal
of precancerous growth, stimulated anti-cancer effects, other immunity, slowing down of aging,
and prolonged life will be factors that will be discussed/presented.
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A285 - Uncertainties in Radiation Biology and Implications for Research

Andrew Nisbet

Department of Medical Physics and Biomedical Engineering, University College London

It is well known that successful radiotherapy outcomes rely upon the accurate delivery of
radiation dose to the clinical target volume, whilst sparing the surrounding organs at risk. The
achievable accuracy in radiotherapy from a dosimetric perspective have been extensively
considered. Furthermore, the delivered dose should be traceable to a primary standards
laboratory. The quantification of uncertainty within the dosimetry chain from the primary
standard to the calibration of a cancer centre’s treatment unit has also been determined and the
implications of such uncertainty on the tumour control and normal tissue complication
probabilities assessed. However, the determination of uncertainties in radiation biology have
been less well addressed in the literature. This presentation seeks to review the sources and
magnitude of uncertainties in radiation biology and the implications of such uncertainties on
clinical translation of radiobiological studies, considering in particular the implications for
future research.
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A283 - Quantification of Chemotherapy Contributions to Chemoradiotherapy

Roger Graham Dale

Imperial College

Chemoradiotherapy treatments are those which use chemotherapy drugs to improve the tumour
control obtainable from radiotherapy schedules. Chemotherapy is known to be beneficial and
is widely prescribed but the methodologies employed for defining chemotherapy and radiation
doses are entirely different, meaning that quantitative elucidation of the chemotherapy
contribution to a chemoradiotherapy schedule remains difficult. One solution is to express the
chemotherapy effect in terms of its radiation-equivalent and several authors have examined
ways of doing this. The usual approach is to express the chemotherapy contribution as the
additional biologically effective dose (BED) which it adds to the basic radiation schedule.
Unfortunately, the BED-equivalents derived this way are dependent on the clinical end-point
at which the assessment is undertaken, i.e. such determinations do not yield an absolute
measure of drug effect. This article outlines an approach which, by consideration of the general
underlying shape of dose-response curves, suggests a way in which absolute measures of drug
improvement can be derived.

ABSTRACTS| Workshop - Radiation and Radiobiology in Extreme Circumstances



ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

6 — 10 December 2021

A204 - An Overall Framework for Neutron RBEs, Ultra-High Dose/Flash Effects And
RBE/OER Changes in Photon, Proton and lon Beams

Bleddyn Jones

Gray Laboratory, Department of Oncology, Old Road Campus, University of Oxford, OX3
7DQ, United Kingdom

Corresponding author: Bleddyn.Jones@oncology.ox.ac.uk

The talk will cover recent work where neutron RBEs for beams in the range 0.2-30 MeV
including those with maximum energy of 62 MeV are estimated from consideration of recoil
proton energies. The data of Hall et al (Radiation Res. 64, 245-255, 1975) and others are used
to verify the model. It also appears that:

The single neutron energy value for a spectrum can represent the entire beam in terms of overall
RBE: this is approximately 0.087 of the maximum energy.

The most reasonable linear energy transfer (LET) for maximal proton recoil RBE is found to
be around 63 keV.um rather than the value around 30 previously identified by Belli and
colleagues. The discrepancy is probably due to the severe range limitations for a proton beam
of decreasing energy to cover a cell whereas a neutron beam produces recoil protons throughout
its length so is not so restricted.

If the maximal or peak RBE is obtained at LETy, and lower RBEs at higher LET values due
to overkill effects, further studies of these LET-RBE ‘turnover points’ show that LETuy is higher
in the case of hypoxic cells than for oxic cells irradiated in neon, carbon and helium beams,
from which it is possible to estimate the oxygen enhancement ratios (OER) as they change with
increasing LET. By applying a volumetric form of LET (by multiplying LET with fluence) and
considering instantaneous fluence rates, it is inevitable that the LETy position will occur at
much lower values of LET if dose rate (and instantaneous fluence) is increased, since the
energy released per unit micro-volume will rise more rapidly until the energy level required for
overkill occurs. The OER is around 1.25 at LETuy, so that shifting LETy to lower values will
probably cause the fall of OER with LET to become more efficient.

By applying time factors as ratios of times at different dose rates, the phenomena found at ultra-
high dose rates and in FLASH radiotherapy with protons can be simulated. These will be shown
graphically. Equations that link dose rates and dose to achieve iso-effective FLASH effects are
derived. These all form a testable basis to guide further experiments and provide an overall
working framework for further research.
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A198 — Radiation Track Structure: How Does Their Spatial and Temporal Properties
Drive the Radiobiological Response

Mark A. Hill

MRC Oxford Institute for Radiation Oncology, University of Oxford, ORCRB Roosevelt Drive,
Oxford OX3 7DQ, United Kingdom

lonising radiation is far more effective at producing a wide range of biological effects than
might be expected from the limited amount of energy deposited or the comparatively small
amount of DNA damage induced, compared to the vast amount of endogenous damage arising
from normal metabolism of the cell. This is due to the unique way energy is deposited along
highly structured tracks of ionisation and excitation events, which results in the correlation of
DNA damage sites from the nanometre to the micrometre scale. Correlation of these events
along the track on the nanometre scale results in clustered damage, which not only result in the
formation of DNA double-strand breaks (DSB) and the more difficult to repair complex DSB
(which includes additional damage within a few base pairs) but also non-DSB clusters. The
track structure varies significantly with radiation quality and the increase in RBE observed with
increasing LET in part corresponds to an increase in the probability and complexity of clustered
DNA damage produced. Likewise, with increasing LET there is an increase probability of
correlation over larger scales, associated with packing of DNA and associated chromosomes
within the cell nucleus. This can also have a major impact on biological response, with
difference becoming more pronounced with low doses associated with radiation protection
exposures. The proximity of the correlated damage along the track increases the probability of
miss-repair through pairwise interactions resulting in an increase in probability and complexity
of DNA fragments/deletions, mutations and chromosomal rearrangements. The temporal
properties radiation exposure may also have a major impact on the resulting biological
effectiveness. While this is well known for low dose rate and fractionated exposures, there is
now extensive interest in the variation in biological effectiveness at ultra-high ‘FLASH’ dose
rates (> 40 Gy/s) which has been observed to result in a reduction in normal tissue toxicity
without compromising the anti-tumour response.

Understanding the mechanisms underlying the biological effectiveness of ionising radiation
can provide an important insight into the resulting radiation biology, improving the efficacy of
radiotherapy, as well as the risks associated with exposure. This requires a multi-scale approach
for modeling, considering the physics of the track structure from millimetre scale down to the
nanometre scale, temporal aspects of exposure, the structural packing of the DNA within the
nucleus, the resulting chemistry in the context of the highly reactive environment of the nucleus,
along with the subsequent biological response. In addition to an overview of the link between
physical interactions, associated chemistry and biological response, the presentation will also
highlight some of the common misconceptions.

ABSTRACTS| Workshop - Radiation and Radiobiology in Extreme Circumstances



ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

6 — 10 December 2021

A282 - Radiotherapy Treatment Delays in The UK During The Covid-19 Pandemic.

Roger Graham Dale

Imperial College

There is a wealth of clinical evidence which confirms that unscheduled interruptions (treatment
gaps) during radiotherapy can allow increased tumour repopulation and, as a consequence,
decreased tumour control. The radiobiology of the repopulation effect has been widely
investigated and, within the UK, national recommendations have been developed to provide
guidance on ways of modifying interrupted schedules in order to fully or partially offset the
deleterious effects of treatment gaps. During 2020/21 the rapid spread of Covid-19 has meant
that many patients undergoing radiotherapy have had their treatments compromised as a
consequence of either illness or enforced self-isolation and considerable effort has been
devoted to providing guidance on how best to implement the available guidelines. This talk
will outline the radiobiological considerations which are involved and will discuss the UK
experience.
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Monday (6 December 2021)

Keynote address
A202 - Building a Nuclear Technology Infrastructure: Malaysian Experience

Siti A'iasah Bt. Hashim
Malaysian Nuclear Agency

Corresponding author: aiasah@nm.gov.my

Not many people knew that Malaysia was one of the earliest users of an x-ray machine in the
world when Taiping Hospital received one in 1897, two years after its invention by Wilhelm
Conrad Roentgen. However, only in 1972 nuclear research was initiated when the Cabinet
officially approved the establishment of the Tun Ismail Atomic Research Centre (PUSPATI).
On June 28™ 1982, the Reaktor TRIGA Puspati reached its first criticality that marked the
beginning of Malaysia’s research in nuclear technology. Since then the country’s nuclear
infrastructure had expanded significantly but limited mostly within the research institution
which is now known as Malaysian Nuclear Agency. All the major facilities in the agency are
being utilised for R&D as well as servicing the industrial needs.
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Plenary Talk

B004 - Th-229m And The Quantum Clock

Koji Yoshimura!
!Research Institute for Interdisciplinary Science, Okayama University, Japan

Corresponding author: yosimura@okayama-u.ac.jp

Among thousands of nuclei, Thorium-229 is the only nucleus which has nuclear state with level
of a few electronvolts. The state, if it really exists low-lying and long-lived, could be
manipulated with coherent laser optics, which are commonly used in atomic physics. One
promising application is the "nuclear clock™. Since nuclei are shielded with core electrons,
"nuclear clock" is less sensitive to external field and could potentially outperform atomic clock.
The transition could also be utilized for many applications, including test of temporal variation
of fundamental physics constant, dark matter search, geodesy, and so on. To utilize the isomeric
transition, we should first observe it and determine its energy level precisely enough for laser
excitation. Despite many experimental attempts for more than forty years, no successful laser
excitation nor observation of optical transition has been achieved so far. This is because of the
large uncertainties in energy and lifetime and the lack of method to artificially generate the
isomer state. However, the situation has changed significantly in the last few years. Starting
with the first observation of the transition of emitting internally converted electrons from the
isomer state in 2016, several experimental results have been reported, and the energy accuracy
has greatly improved. And our group, for the first time, succeeded in artificially generating an
isomer state via 2nd excited state. Mysterious veil is now being removed and many groups are
competing to make a first detection of the optical isomeric transition. In this talk, 1 will
introduce the recent progress in the Thorium-229 projects and its future prospect.
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A197 - Isomers As A Bridge Between Nuclear And Atomic Physics

Philip M. Walker
Department of Physics, University of Surrey, Guildford GU2 7XH, UK

Corresponding author: p.walker@surrey.ac.uk

The year 2021 marks exactly 100 years since Otto Hahn discovered the first example of nuclear
isomerism. The existence of long-lived nuclear excited states opens a window on nuclear
structure and applications. From isomers, the availability of an electromagnetic decay pathway
enables coupling to the atomic electrons, such that nuclear and atomic transitions become
interdependent. The nuclear decay process of internal electron conversion is the most well
known. However, observation of its inverse, nuclear excitation by electron capture, is
controversial and requires further research. In this presentation, the relationship between
nuclear and atomic transitions is outlined, together with applications. Some of these
applications are well established, while others await basic advances.
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Invited Talks

A219 - Recent Development Of Neutron Detectors For Spectrum And Dose Estimation

Pradip Kumar Sarkar
MCNS, Manipal Academy for Higher Education, Karnataka, India

Corresponding author: pksarkar02@gmail.com

Detection, measurement and analysis of neutron energy distributions (spectrum) for estimation
of radiation dose and other related quantities constitute important research activities in
radiation physics. Neutrons are not directly ionising radiations (particles) and hence energies
and intensities of secondary particles like protons, alphas or gamma rays emitted from neutron
induced nuclear reactions are measured to estimate the incident neutron spectrum and the dose.
Measured energy distributions of protons (in proton recoil scintillators) or alpha particles (in
He-3 detectors or in BF3 detectors with different moderator sizes) are used to estimate the
neutron related quantities (spectrum, dose etc,). These measured distributions of secondary
particles are required to be deconvoluted using matrix inversion and other techniques like the
genetic algorithm-based unfolding with the help of the estimated response matrix of the
detection system. These response matrices are mostly generated using theoretical simulations
(Monte Carlo). When the neutron spectrum is estimated from the proton recoil distributions,
the unfolding techniques based on matrix inversions are generally used. On the other hand, the
data used from prompt gammas (recent development), delayed gammas or the moderated BF3
detectors (Bonner spheres), special techniques for solving underdetermined inverse problems
are used. This is because in these cases the measured data are less in number compared to the
number of energy bins at which the solution is sought. Several techniques are available to solve
such ill-posed inverse problems, however, a genetic algorithm-based search embedded in
Monte Carlo loops seems to work satisfactorily. For dose estimation two different methods can
be utilised, One, is to estimate the neutron spectrum and then multiplying it with the fluence to
dose conversion coefficients. The other method is to apply multivariate linear regression to fit
the detector responses with the energy differential fluence to dose conversion coefficients and
then using the fitting coefficients to estimate the dose from the measured gamma intensities. A
recent development of neutron dose estimation from delayed or prompt gammas utilises such
technique.
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A196 - The Life and Times of Lise Meitner: Beta-Decay and Non-Radiative
Electromagnetic Transitions

Heinz-Eberhard Mahnke!3

'Fachbereich Physik, Freie Universitit Berlin, Germany

2Helmholtz-Zentrum Berlin filr Materialien und Energie GmbH, Germany
3Agyptisches Museum und Papyrussammlung, Staatliche Museen zu Berlin, Germany

Corresponding author: mahnke@helmholtz-berlin.de

The current activities in neutrino physics prompts us to look back onto the research activities a
century ago which had led to the discovery of these weakly interacting particles. One of the
leading researchers was Lise Meitner, who observed electrons with well-defined energy
besides the continuous energy spectrum emitted in beta decay. While she tried almost
desperately to understand the reason for the continuous energy spectrum - the puzzle was
finally resolved when Wolfgang Pauli proposed a new particle, the "neutrino™ - the origin of
the electron lines was well explained by Lise Meitner. These electron lines are understood as
radiationless nuclear transitions competing with y ray emission, the so-called internal
conversion process. In the case of transition energies of around 100 keV or higher, the origin
of these electrons clearly lies within the nucleus; in the energy regime below 100 keV, however,
such electrons may originate from transitions in the electronic shells as a non-radiative
alternative to X-ray emission, the process known as Auger effect. In the case of Auger electrons,
Lise Meitner certainly described such a process within the electronic shells of the atom when
she presented her results on the decay of UX1, nowadays known as 2*Th, but in fact, she did
not observe such electrons experimentally. In the case of 2%*Th, she was misled by an
unfortunate coincidence ("bad luck™). Following the beta decay, two nuclear transitions
between the excited levels in the daughter nucleus 2**Pa have almost exactly the same transition
energy as compared to the characteristic X-ray energies of Th or Pa. While her "competitor" in
Cambridge, Charles D. Ellis, already questioned her interpretation, it took more than 50 years
to clarify that these electrons result from non-radiative nuclear rather than atomic transitions,
i.e. internal conversion, a result overlooked for more than 40 years.
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BOO05 - Direct Measurements of Carbon Burning at Astrophysical Energies

G. Fruet,*S. Courtin,*> 1 M. Heine,* D.G. Jenkins,2P. Adsley,* A. Brown,? R. Canavan,>®W.N.
Catford,> E. Charon,” D. Curien,* S. Della Negra,*J. Duprat,® F. Hammache,* J. Lesrel,* G.
Lotay,”> A. Meyer,* E. Monpribat,! D. Montanari,*? Morris,®> M. Moukaddam,* J. Nippert, Zs.
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Fusion reactions play an essential role in the energy production, the nucleosynthesis of
chemical elements and the evolution of massive stars. Among these reactions, carbon burning
is a crucial ingredient to understand the late stages of massive stars [1] essentially driven by
the 12C+12C reaction. It presents prominent resonances at energies ranging from a few
MeV/nucleon down to sub-Coulomb barrier energies, possibly due to molecular 12C-12C
configurations of 2¢#Mg [2,3]. The possible persistence of these resonances to deep sub-
Coulomb barrier relative energies causes colossal uncertainties of extrapolations of 12C+12C
fusion cross section towards the experimentally challenging region of astrophysics interest with
extremely small cross sections. The direct measurement of key fusion reactions at stellar
energies offers an unbiased and evident experimental access, but calls for innovative measures
for efficient background reduction.

This contribution will discuss recent results obtained in the 12C+12C system at deep sub-barrier
energies using the STELLA setup combined with the UK-FATIMA detectors for the
exploration of fusion cross-sections of astrophysical interest [4]. Characteristic gamma-rays of
the exit channels have been measured with an array of LaBrs3 detectors and the protons and
alpha particles associated to the major final states were identified using double-sided silicon
strip detectors. A novel rotating target system employing large thin self-supporting target foils

1 E-mail: Sandrine.Courtin@iphc.cnrs.fr
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has been developed to sustain carbon beams with micro-A intensity delivered by the
ANDROMEDE 4 MV Pelletron facility of the University Paris-Saclay and 1JC Lab (France).
The gamma-particle coincidence technique combined with the merit of nanosecond-timing
measurements have been used to minimize background contributions for cross-section
determination at the highest precision reached so far. This has allowed to obtain astrophysical
S-factors, which will be presented and discussed in terms of sub-barrier hindrance effects as
well as possible resonant features in the 24Mg compound system, down to the Gamow window

[5]

C. E. Rolfs and W.S. Rodney, Cauldrons in the Cosmos (Univ of Chicago Press, 1988), 1st ed.
D. Jenkins and S. Courtin J. Phys. G: Nucl. Part. Phys. 42, 034010 (2015).

Y. Chiba and M. Kimura, Phys. Rev. C 91, 061302(R) (2015)

M. Heine et al., Nucl. Inst. Methods A, 903 1 (2018), and references therein.

G. Fruet et al., Phys. Rev. Lett. 124, 192701 (2020).
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Plenary Talk
B001 - Radiation Studies of Items of Cultural Heritage

Heinz-Eberhard Mahnke!?3

tAgyptisches Museum und Papyrussammlung, Staatliche Museen zu Berlin, Germany
2Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH, Germany
3Fachbereich Physik, Freie Universitit Berlin, Germany

Corresponding author: mahnke@helmholtz-berlin.de

When we see a piece of art or an archaeological object for the first time, a painting, a jewel, a
sculpture or merely a simple piece of pottery on display in a museum or in an exhibition, we
might be fascinated by its beauty or by its simplicity. However, many questions often arise in
connection with such items on display, about its origin, its context, its provenance, its
authenticity. Finding complete answers is a fully interdisciplinary task between art, humanities
and natural sciences. Concerning the contribution from natural science, it often needs the
application of just the best methods and techniques out of a multitude of possible options,
starting from simply viewing with or without a magnifying glass up to highly sophisticated and
advanced techniques developed in atomic physics, nuclear physics and chemistry, and even
biophysics. Over recent decades, especially techniques using various types of radiation have
been optimized for applications to objects of cultural heritage. This will be reviewed and
illustrated by discussing examples, such as paintings, gemstones, or gold finds, which have
recently attracted public interest. Finally, latest results of our multidisciplinary cooperation*
on revealing hidden text on ancient manuscripts such as papyri by virtual unfolding will be
presented as part of the ERC Project “Localizing 4000 Years of Cultural History. Texts and
Scripts from Elephantine Island”. The project is led by the Pl Verena Lepper, curator for
Egyptian and Oriental Papyri at the Agyptisches Museum und Papyrussammlung, Staatliche
Museen zu Berlin, which houses one of the largest papyrus collections from Elephantine.

*in cooperation with Tzulia Angos, Tobias Arlt, Daniel Baum, Marc Etienne, Hans-Christian
Hege, Felix Herter, Norbert Lindow, Ingo Manke, Eve Menei, and Verena Lepper.
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A110 - The Measure of All Things

Larry Hudson
Radiation Physics Division, National Institute of Standards & Technology, USA

Corresponding author: larry.hudson@nist.gov

The Enlightenment project to define physical measures based upon nature was in a sense
completed by the General Conference on Weights and Measures in 2019 with the complete
elimination of measurement artifacts from the international system of units (the SI). By fixing
the numerical values of key constants of the universe, the units of the SI have now all been
thereby redefined and with durable stability. It is now nonsensical to measure, for example, the
speed of light, the Planck constant, the elementary electric charge, the Boltzmann constant, or
the Avogadro constant; they (and others) are effectively known to infinite precision. Aside
from the profound conceptual shift, continuity with existing measurements was maintained.
This talk will highlight advantages that now follow from this recent metrology revolution,
generally, but with an emphasis on aspects related to radiation physics. For example, it now
follows that a standard for a quantum of electromagnetic radiation can now be realized and
transferred as a frequency (v), a length (), or an energy (E) with formal equivalency. We shall
also review the contributions of radiation physics to the redefinition of the Sl, particularly that
of precision x-ray metrology to the redefinition of the kg.
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A189 - The Status of the NIST Radiation Interaction Databases

P. M. Bergstrom
Radiation Physics Division, National Institute of Standards and Technology, USA

Corresponding author: paul.bergstrom@nist.gov

Since the 1950’s, the National Institute of Standards and Technology (then the National Bureau
of Standards) has provided a series of increasingly sophisticated database for fundamental
processes of radiation interacting with matter. These databases explore the interactions of
photons, electrons and some heavy charged particles with isolated atoms. The uses of these
data are ubiquitous, finding application in primary standards, medical applications, industrial
irradiation facilities and shielding problems among others. In this talk, I discuss the provenance
of these databases, pointing out approximations made and areas where improvement is possible.
Several points of common confusion are also addressed. Finally, | discuss prospects for further
refinement and whether or where those improvements might matter.
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A200 - Advances in Atomic and Molecular Physics [Theoretical Investigations and
Quantitative Analytical Techniques in Radiation Physics]

Christopher T. Chantler?
1School of Physics, University of Melbourne, Victoria, Australia

Corresponding author: chantler@unimelb.edu.au

Abstract:

Atomic physics is the core of calibration and understanding of radiation physics. New theory
can now see the impact of Auger processes. New theory can now see the 100-1000 spectral
components of characteristic X-ray radiation for X-ray spectroscopy and fundamental
processes. New experiment can see these new processes for the first time. We live in an exciting
world and in exciting times for Science and Understanding. Molecular physics and Condensed
Matter science are also making great strides in theoretical and experimental understanding with
XERT, Hybrid, and Complex form factor measurement. Yet, questions: QED and scattering
disagree on the spectrum of atomic hydrogen and muonic hydrogen possibly relating to the
nuclear radius... is this resolved? An anomaly in QED exists for most (X-ray) measurements
of few-electron exotic atoms ... what is this due to and what does it mean? What is the status
of g-2 free and bound experiments? What do we learn from exotic atoms for conventional
synchrotron or laboratory science? XFEL and RIXS technology are new, exciting and
confusing to understand theoretically — what can they tell us about nature? I promise not to
answer all questions!
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AQ75 - State-of-The-Art of Radiation Protection and Dosimetry in the Medical
Applications of Radiation - Hot Topics and Emerging Issues

Pedro Vaz

Centro de Ciéncias e Tecnologias Nucleares, Instituto Superior Técnico, Universidade de
Lisboa, Portugal

Corresponding author: pedrovaz@ctn.tecnico.ulisboa.pt

Medical applications of ionizing radiation pose significant Radiation Protection- and Radiation
Safety-related challenges, due to the need to avoid unnecessary and undue exposures to
ionizing radiation of medical staff, patients and members of the public. The International
System of Radiation Protection is articulated around three fundamental principles —
Justification of practices, Optimization of protection and Dose Limitation — and its
implementation and operational aspects in clinical settings mobilizes different communities of
experts, including medical doctors, medical physicists, radiographers, as well as researchers,
and representatives of regulatory authorities, among others. In this paper, the state-of-the-art
of Radiation Protection in the medical applications of ionizing radiation will be described,
addressing different dosimetry aspects and topics in radiodiagnostic, interventional procedures,
nuclear medicine and radiotherapy, including emerging and hot topics associated to, inter alia,
the use of radionuclides and radiopharmaceuticals in molecular radiotherapy and targeted
radionuclide therapy, cumulative exposure doses in radiodiagnostic and the use of
monochromatic x-rays for different purposes. Progress in the implementation of the
aforementioned Justification (using appropriateness criteria and referral guidelines) and
Optimization (through the establishment of Diagnostic Reference Levels) principles will be
discussed. The adequacy of the International System of Radiation Protection to overcome the
aforementioned challenges and the need to evolve towards a more individual-risk based
approach including genetic, gender, age, lifestyle and other factors will be succinctly discussed.
Last but not least, Radiation Protection education and training issues will also be discussed.
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A289 - Radiation Processing — Applications and Dosimetry

Arne Miller
DTU, Denmark

Radiation processing covers a large range of processes, with the main ones being radiation
sterilization of medical devices, polymer modification through curing and crosslinking, and
irradiation of food for extending storage time, and a brief review of these and a few other
radiation applications are reviewed.

Industrial radiation sources for these applications are gamma (mainly Co-60), electron beams
with energies from 80 keV to 10 MeV, and x-rays generated at 150 kV to 7.5 MV, and they are
briefly discussed-

Measurement of absorbed dose is the key for documenting that the radiation process is
operating within specifications. These are specified in terms of a required dose for the process
to be effective and a maximum acceptable dose in order for the product properties not to be
impaired.

Dose measurements must — in most cases — be traceable to national standards and the
measurement uncertainty must be known. Many dosimetry systems have been developed over
the years, but in practice only a few are used commercially. These are reviewed, along with
calibration methods and the importance of establishing uncertainty budgets.

There is still room for improvement in dosimetry, and in international standards committees
work is ongoing in support of dosimetry development, in particular with respect to
interpretation and use in establishing process specifications.

Examples of specific dosimetry challenges are finally discussed.
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Plenary Talk

A213 - The Application Of INAA For Agricultural And Health Related Studies In
Jamaica

Charles Grant!
L International Centre for Environmental and Nuclear Sciences,
University of the West Indies, Jamaica

Corresponding author: charles.grant@uwimona.edu.jm

The SLOWPOKE-2 research reactor at the International Centre for Environmental and Nuclear
Sciences (ICENS) is a light water moderated open swimming pool type reactor with a
beryllium reflector. The first criticality was achieved in March 1984. The reactor, which is the
only one in the English-speaking Caribbean, has been utilized mainly for Instrumental Neutron
Activation Analysis (INAA) and has played an important role in the development of research
programs in the areas of agriculture, archaeology, biology, chemistry, environmental studies,
forensics, geochemistry, and health. Although INAA is now a mature technique, improvements
in gamma spectroscopy detectors and fast counting systems have led to incremental reductions
in detection limits allowing INAA to remain competitive with newer techniques such as
inductively coupled plasma-mass spectrometry ICP-MS. The ability to quantify elements in
almost any matrix without dissolution and the dynamic analytical quantification range, make
INAA an ideal tool for the study of the total environment, where matrices vary from geological,
with percentage level concentrations, to biological, with elemental concentration levels in the
parts per billion range. This presentation reports on the performance of the SLOWPOKE-2
reactor and its utilization to assess the fate of trace elements in soil-food-animal chain and their
potential impact on human health. The quality control employed and detection limits for the
major sample types analysed over the last twenty-eight years at ICENS are shown. The data
presented here illustrates how INAA can be used to provide valuable data applicable across a
wide spectrum of programmes, particularly in agricultural and health sciences. It is this type of
application that may well play an important role in the future of small reactor facilities.
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A215 - Rescue Effect: A Non-Targeted Biological Effect Of lonizing Radiation

K.N. Yu
Department of Physics, City University of Hong Kong, Hong Kong, China
Corresponding author: peter.yu@cityu.edu.hk

Rescue effect related to ionizing-radiation or “radiation-induced rescue effect” (RIRE) was
discovered in 2011, where detrimental effects in the cells irradiated with ionizing radiation
(targeted cells) were reduced upon their receiving feedback signals from co-cultured non-
irradiated cells (bystander cells). Specifically, in the presence of co-cultured bystander cells,
the levels of p53-binding protein 1 (53BP1) and micronucleus (MN) formation in a-particle—
irradiated cells were lowered, while the corresponding surviving fractions and the number of
annexin V—positive (FL1-H) apoptotic cells were increased and decreased, respectively. RIRE
was subsequently referred to the phenomenon where detrimental effects in irradiated cells were
diminished upon receiving feedback signals from bystander cells, or from the medium
previously conditioning these bystander cells. Research on RIRE required an understanding of
the radiation-induced bystander effect (RIBE), which was a related non-targeted effect of
ionizing radiation first observed in in vitro experiments in 1992. RIBE referred to the
phenomenon where bystander cells responded as if they had been irradiated upon receiving
signals from irradiated cells, or from the medium previously conditioning these irradiated cells.
The present paper reviewed the research and findings on RIRE since its discovery in 2011, but
did not aim to provide a review on RIBE since there were already many excellent reviews on
the latter in the literature. In particular, the present paper reviewed the potentially far-reaching
influence of RIRE on standard assays for determining the effects of ionizing radiation therapy
such as the colony formation assay (CFA), and on the choice of irradiation field size to provide
local exposures in in vitro experiments (the latter known as radiation-induced field size effect
or RIFSE). Priorities and directions for future RIRE research were also discussed.
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A212 - Physical Studies of The Epithelial Mesenchymal Transition In Breast Tissues

S.F. Abdul Sanit, L.M. Looi?, D.A. Bradley**

!Department of Physics, Faculty of Science, University of Malaya, 50603, Kuala Lumpur,
Malaysia

2Department of Pathology, Faculty of Medicine, University of Malaya, 50603 Kuala Lumpur,
Malaysia

3Sunway University, Centre for Biomedical Physics, Jalan Universiti, 46150 PJ, Malaysia.
“Department of Physics, University of Surrey, Guildford, GU2 7XH, UK.

Corresponding author: s.fairus@um.edu.my

Breast cancer is one of the leading cancers in women worldwide. Notwithstanding the clear
advances being made in treatment, early diagnosis of the disease can certainly be expected to
reduce morbidity and mortality. With increasing evidence of the role of epithelial to
mesenchymal transition (EMT) in tumour progression, early detection of this phenomenon is
suggested to be important given that the majority of breast cancer deaths are due to tumour
invasion and metastasis. Although histopathology and biomedical imaging techniques continue
to be used as standard procedures in breast cancer diagnosis, these techniques have a number
of disadvantages, including being time-consuming, the imaging in particular having attendant

limited resolution, sensitivity, and specificity, leading to results that are prone to errors in
human interpretation. Study of metabolic changes during the EMT process is important in
seeking to understand the biochemical changes associated with cancer progression, not least in
scoping for therapeutic strategies aimed at targeting EMT. Due to its rapidity and high
specificity, Raman spectroscopy has emerged as a diagnostic tool for breast cancer, useful in
identifying malignancy of breast cells, correlated with the EMT phenotype, expressed at the
molecular level. Tissue from 23 patients were collected, comprising non-lesional, EMT and
non-EMT formalin-fixed and paraffin embedded breast cancer samples. Analysis was made
in the fingerprint Raman spectra region (600-1800 cm™) best associated with cancer
progression biochemical changes in lipid, protein, and nucleic acids. The ANOVA test
followed by the Tukey’s multiple comparisons test were conducted, revealing significant
differences in the intensity between the non-lesional and EMT samples, as well as the EMT
and non-EMT samples. This study demonstrated the capability of Raman spectroscopy
supported by multivariate analysis in analysing metabolic changes in EMT breast cancer tissue.
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A275 - X-Ray Spectrometry: Theoretical and Experimental Determinations

José Paulo Santos!

L aboratory of Instrumentation, Biomedical Engineering and Radiation Physics (LIBPhys),
Department of Physics, NOVA School of Science and Technology, NOVA University Lishon,
2829-516 Caparica, Portugal.

Corresponding author: jps@fct.unl.pt

Accurate critical data related to the interactions of X-rays with matter are required for the whole
range of applications, and the lack of recent reliable values with low associated uncertainties
was pointed out by the scientific and industrial communities. Such accurate data are needed in
several fields, such as laboratorial and astrophysical plasma, medical technology,
environmental control, and materials analysis. It will be presented the theoretical and
experimental methods used in the determination of several atomic parameters like transition
energies, line widths, and fluorescence yields.

ABSTRACTS| Wednesday (8 December 2021)
23



ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia
6 — 10 December 2021

Forum Forum on Women in Nuclear Science and Technology

Moderator: Associate Professor Dr Jeannie Wong

Time (pm) Talk title

Speaker/Moderator

2.30-2.40  Welcome and introduction of the speakers

Dr Jeannie Wong

2.40 -3.00 “Participation of Malaysian Women in Nuclear
Science and Technology”

Ts Dr Siti Ai’asah Hashim
Director General,
Malaysian Nuclear Agency,
Malaysia

3.00-3.20 “Women in nuclear science, challenges and Dr Khuloud Saad Almogren
(10 am achievements” Professor of Nuclear Science
Riyadh) Princess Nourah Bint
Abdulrahman  University,
Riyadh, Saudi Arabia.
3.20-3.40 “A case study on Women Nuclear Science and Dr Isabel Lopes

(7.20 am — Technology: the Manhattan Project”
Lisbon)

Professor,
Department  of  Physics,
University of Coimbra,
Portugal.

3.40-4.00 “What it took me to become a nuclear scientist?”
(7.40 am -
London)

Dr Shakardokht Jafari
Truelnvivo & Portsmouth
Hospital, United Kingdom

4.00-4.30 Panel discussion & wrap up

All panel
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A103 - The Significance of Nuclear Data For Accelerator-Based Production of Novel
Radionuclides For Theranostic Applications

Mayeen Uddin Khandaker'*, D.A. Bradley?, Hamid Osman?, M. 1. Sayyed®*, A. Sulieman®

!Centre for Applied Physics and Radiation Technologies, School of Engineering and
Technology, Sunway University, 47500, Bandar Sunway, Selangor, Malaysia

2Department of Radiology, College of Applied Medical Sciences, Taif University, 21944, Taif,
Saudi Arabia

3Department of physics, Faculty of Science, Isra University, Amman, Jordan

“Department of Nuclear Medicine Research, Institute for Research and Medical Consultations,
Imam Abdulrahman bin Faisal University, Dammam, 31441, Saudi Arabia

°Department of Radiology and Medical Imaging, College of Applied Medical Sciences, Prince
Sattam Bin Abdulaziz University, P.O. Box 422, Alkharj 11942, Saudi Arabia

Corresponding author: mayeenk@sunway.edu.my (MUK)

Accurate knowledge of nuclear reaction cross sections and/or nuclear data are important for
production of a radionuclide via charged particle-induced reactions. This study outlined the
availability and scarcity of standardized nuclear data for production of promising medical
radionuclides via accelerator-route. The data are considered for the radionuclides that have
potentials to be used in theranostic applications, dual-mode imaging, and targeted radionuclide
therapy. The current trends in nuclear data production and evaluation activities using
accelerators are discussed in detail. This work is expected to provide a direction on the
accelerator based production of promising radionuclides in no carrier added form for various
medical applications.
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A201 - Distributed Optical Fiber Radiation Dosimetry

Zubair H. Tarif* K. Y. Choot, S. A. Ibrahim!, H. A. Abdul-Rashid?, D. A. Bradley??

Fibre Optics Research Centre, Faculty of Engineering, Multimedia University, Jalan
Multimedia 63100, Cyberjaya, Malaysia.

2Centre for Applied Physics and Radiation Technologies, Sunway University, 46150 PJ,
Malaysia.

3Department of Physics, University of Surrey, Guildford, GU2 7XH, UK.
*Lumisysns Technology Sdn Bhd, Cyberjaya 63100, Selangor, Malaysia

Corresponding author: hairul@mmu.edu.my

lonizing radiation in medical, industrial, reactors and high energy accelerator facilities have
adverse effects on installed electronics. Such effects will eventually limit equipment lifetimes.
Monitoring radiation levels across a facility requires an accurate radiation dosimetry which is
distributed in nature. Specialty optical fiber has demonstrated its potential as both passive and
active radiation dosimetry in such facilities. The coupled ability of specialty optical fiber as a
sensor and as a waveguide opens a new dimension of distributed radiation sensing that is both
in-situ, real-time and high-resolution. In this work, a review is presented on suitable materials
used in a specialty optical fiber that would provide suitable means to sense radiation ranging
from Thermoluminescence (TL), Radioluminescence (RL), Optically Stimulated
Luminescence (OSL) and Radiation Induced Attenuation (RIA). Moving on, a review is
provided on distributed measurement techniques such as Optical Time Domain Reflectometer
(OTDR), Phase-sensitive Optical Time Domain Reflectometer and Optically Optical
Frequency Domain Reflectometer (OFDR). The discussion will pose challenges that face
distributed radiation sensing systems such as the ability to measure distributed radiation
dynamically over time. Preliminary results based on a P-doped specialty optical fiber dosimeter
coupled with an OFDR system are presented to demonstrate such a concept.
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A269 - The Singapore Synchrotron Light Source (SSLS)

Mark Breese

5 Research Link, National University of Singapore, Singapore 117603

Abstract

Synchrotron radiation is a powerful tool for analytical purposes and for advanced fabrication,
which has become indispensable in many disciplines such as the life sciences, materials science,
environmental analysis, and micro/nano fabrication. Synchrotron radiation enables us to look
into living organisms, man-made materials and advanced engineering components, in vivo,
almost non-destructively, in situ, and with spatial and time resolution, revealing detailed
structural, chemical, electronic, and magnetic properties. Our, superconducting storage ring
uses a 700 MeV electron energy and 4.5 Tesla magnetic field to produce synchrotron radiation
with a characteristic photon energy of 1.47 keV and characteristic wavelength of 0.845 nm. We
have seven Synchrotron beam lines covering the full spectrum of radiated photon energies,
from infrared to X-rays of about 10 keV. This presentation will give an overview of SSLS,
covering the accelerator, beam lines and range of applications.
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B002 - Compact and Very High Dose-Rate Plasma Radiation Sources for Medical
Applications

Marco Suminit, Lorenzo Isolan?
Industrial Engineering Department, University of Bologna, Italy

Corresponding author: marco.sumini@unibo.it

As it is well known, a Dense Plasma Focus (DPF) is a pulsed device able to produce a hot and
dense short-lived plasma that could become a flash radiation source both for diagnosis and
radiotherapy. The plasma is generated through a discharge of a capacitors bank with
consequent low pressure gas ionization and confined thanks to a concatenated electromagnetic
field. The plasma confinement phase, identified as “pinch", lasts few tens of nanoseconds,
during which thermonuclear temperatures and densities could be reached. The DPF versatility
in terms of product types, emission yield and scalability, allows different applications in
industry, research, and medicine. The DPF characteristics make it suitable to be used as
compact sources for diagnostic applications, external radiotherapy, or intra-operative radiation
therapy: when the plasma vacuum chamber is filled with gases such as nitrogen or argon, the
only significant output are self-collimated charged particle beams (electrons and ions in
opposite direction) produced in some tens of nanoseconds. Using as source that electron beam,
it is possible to devise an ultra-high dose-rate source, with possible uses for direct irradiation
of a tumour bed or for photon conversion after the interaction with a suitable target. The
ultrahigh dose rate could have potential benefits in mitigating the intrinsic or acquired
radioresistance of malignant cells, which can be considered the main obstacle to the long-term
survival of a patient, also sparing healthy tissues. This is due because the faster is the dose
deposition, the more relevant is the radiobiological effect, as the tumour cells do not have the
time to activate the sub-lethal damage repair mechanisms responsible of the radio-resistance.
A review of the operating mechanisms, technological background, applications and potential
break-through with in the medical field is proposed.
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A222 - Capillary Guiding for Beams and Radiations

S.B. Dabagov
INFN Laboratori Nazionali di Frascati, Frascati (RM), Italy

Handling the beams of charged (electrons, protons, ions, muons) particles and radiations (soft
and hard x-rays, thermal neutrons) had occupied the minds of physicists and engineers
throughout the last century. Till now, research in this area remains relevant directing us to basic
research on interaction of beams and radiations in external electromagnetic fields of various
origins. Typically, electromagnetic fields for beam optics are generated by special devices
known as dipoles, quadrupoles, solenoids, etc., which are characterised by a rather complex
design. Most often, solids are used as simple collimators, scatterers, and absorbers. However,
strong electromagnetic interactions also take place in solids (any dense medium) as well as in
the immediate vicinity of a solid surface, sometimes offering field gradients far beyond our
technical capabilities, implemented in specialized scientific instruments. Strong fields
generated by solid samples of a certain geometry make it possible to manipulate beams and
radiations, giving them the required characteristics for use in many fundamental and applied
research. And it should be noted that the advances in materials science presently allow creating
various solid samples of complex microgeometry. Since recently, capillaries or capillary
structures of various configurations have been considered as one of the most promising
techniques for the formation either particle beams or radiations. Despite the difference in the
physics of the processes, a clear example is capillary x-ray optics, which has grown from a
beautiful idea into a widely used x-ray radiation control tool. In fact, even before the
development of capillary/polycapillary x-ray optics, in the early 1980s, the possibility of using
curved reflecting surfaces as an alternative method to shape ion beams was discussed in a
number of experimental works with theoretical estimates based on the physics of charged
particle channeling in crystals. The interaction of an incident ion with a reflecting surface was
described in the approximation of a continuous surface atomic potential, confirming very small
angles of ion reflection from a smooth surface regardless of the change in the beam charge
characteristics. In order to increase the angles of deflection of the beams, to use curved surfaces,
in particular, dielectric capillaries, was proposed. However, these studies were not properly
continued, while the further use of capillaries (capillary bundles) in relation to x-rays and
thermal neutrons has been resulted in developing a new optical tool, nowadays known as
capillary/polycapillary optics. The gap in the use of capillary structures for controlling beams
and radiations can be explained by the complexity of the phenomena to be evaluated in the case
of interaction of charged beams at the interface, in comparison with the phenomena for
radiations. The undoubted interest in the development of capillary optics for particle beams has
given rise to a wide range of experimental work devoted to this phenomenon, with
disproportionately less activity in theoretical studies, which were mainly based on Monte Carlo
simulations. Within this talk I’'m going to present a newly proposed and developed common
general analytical theory for the capillary guiding of beams. This phenomenology is based on
main principles of channeling theory and allows predicting very fine features in particle beams
redistribution, spatial and angular, behind capillaries/capillary structures. And a better
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understanding of the nature of the interaction of beams and radiation with a reflecting surface
will serve as another impetus for new technological solutions to important applied problems.
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A226 - Advances in Silica Bead Dosimetry

Shakardokht Jafarit%?
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Portsmouth, UK

2 Department of Physics, Faculty of Engineering and Physical Science, University of Surrey,
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3 Truelnvivo LTD, Research Park, Guildford, UK

Corresponding author: shakardokht.jafari@porthosp.nhs.uk

Purpose: an overview of taking a PhD research in developing a novel radiation detector for
radiotherapy, to receiving awards, research grants and financial investment to develop a
company and products that will facilitate improved radiation dosimetry for radiotherapy.
Methode: an inexpensive, high performance, low maintenance thermoluminescent dosimetry
(TLD) system developed using micro size jewellery silica beads for invivo dosimetry that
would comply with the requirements of modern radiotherapy technology. Characterization
measurements have been performed utilizing a range of modalities and energies of clinical
beams; photons, electrons, proton, carbon ions and HDR brachytherapy sources of ®Co and
192)r, The results were promising, offering in many cases a better performance in comparison
with other commonly available invivo dosimeters; a better batch homogeneity, a linear
response over a large dynamic range from mGy to more than 100 Gy, a response independent
from dose rate and angle of incident beam, lower fading and an almost flat energy response
over the megavoltage energy beams. These results encouraged investigation into their different
clinical dosimetric applications including small field dosimetry, patient specific treatment plan
dosimetry verification, a postal dosimetry audit programme of lung SABR techniques within
20 radiotherapy departments in UK, and high resolution in-body invivo dosimetry for patients
treated with HDR Brachytherapy and kV X-ray beams. The physical shape of silica beads, their
low cost and inert nature, in addition to favourable dosimetric properties, has led to the
production of flexible 1D, 2D and 3D in-vivo TL dosimetry systems (DOSEmappers™). A
fully automated TLD-reader and data processor were developed to speed up the readout process
with a factor of 10. TRUEinvivo Ltd spinout company from The University of Surrey were
formed to commercialize the products. This innovative idea has won a UKTI SIRIUS
programme grant, ICURe Award, Various InnovateUK grants including a “Women in
Innovation” award.
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lUaEN, Universidad Autonoma de Zacatecas, Mexico
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Corresponding author: fermineutron@yahoo.com

At any point on the surface of the planet there are naturally occurring neutrons. Neutrons on
the lithosphere are originated through nuclear reactions between cosmic rays and nuclei on the
atmosphere (Cosmic neutrons), in nuclear reactions induced during thunderclouds and
lightning (Thunder neutrons), and those produced by the planet (Geoneutrons, Telluric
neutrons or Geogenic neutrons). Geoneutrons are produced during (o, n) reactions in the soil,
where o particles are produced along the decay of 2°U, 238U and 2%2Th in the ground. Research
efforts (to study, to understand and to characterize), have been addressed mostly on cosmic
neutrons mainly motivated by the radiological risks of these neutrons during air traveling and
due to the amount of Thunder and Geoneutrons is small and hard to be measured. In this work
a model of Geoneutron spectrum has been calculated and was used as source term in the ground
to estimate the neutron fluence and absorbed dose in sensitive organs in a BOMAB phantom
standing on the ground. In the aim to measure the Geoneutrons and two distinguish from
Cosmic neutrons a series, still on-going, of experiments were carried out. In this work is also
presented the obtained results of these experiments.
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A214 - Mineral Wealth and NORM. Standing Up a New Rare Earths Industry in the
United States

Philip Egidi,

United States Environmental Protection Agency

This talk will focus on efforts to stand up a new domestic rare earths industry in the United
States (US). In the past, the US had one major mine and mill that produced many of the light
rare earth minerals. That operation went bankrupt in the early 2010s and has since been sold
off to various investors. Ore from the mine is currently shipped overseas for processing. Many
modern technologies utilize rare earths in magnets, electronics and defense applications to
name a few. However, many rare earth deposits are associated with radioactivity and may be
found in residuals and products made from rare earth elements. Current efforts in the US to
explore and develop domestic sources of rare earths will be discussed along with environmental
challenges for residuals management and disposition.
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A288 - Medical Physics Education: The Way Forward

Kwan Hoong Ng, PhD, DABMP
Department of Biomedical Imaging, University of Malaya, Kuala Lumpur, Malaysia

Corresponding author: ngkh@ummc.edu.my

Medical physics is a branch of physics concerned with the applications of physics to medicine.
Traditionally, but not exclusively, related to the use of ionizing radiation in the diagnosis and
treatment of diseases. However, the field has expanded tremendously to include advanced
technologies, novel modalities and big data applications.

Medical physics is unique as it is both a science and a profession. The science is very much
applied, translational and multidisciplinary in nature. Conventionally, the profession includes
clinical practice specializing in radiation oncology, diagnostic radiology, nuclear medicine,
health physics and industry environment. However, the inclusion of artificial intelligent and
big data in medicine demand the expansion of traditional medical physics curriculum to cover
new fields.

The major outcome of education would include: to provide students with a thorough grounding
in the physiological basis, analytical methods and fundamental aspects of medical physics and
instil an attitude of integrity, professionalism, critical thinking and scientific rigor. On these
broad foundations, students can focus on more advanced topics depending on their aptitude
and inclination.

Good teaching is very important for the advancement of society in general. Ideally, the teacher
should be a practising medical physicist with solid knowledge of the fundamental underlying
physics and the subject matter and be equipped to communicate the concepts clearly and
express enthusiasm.

One of the major driving forces behind technological advances in medicine is medical physics
and technological development. There are no shortcuts to education. Hard work and steady
work from both the student and the teacher are essential. We should explore computers and
virtual web-based teaching to enhance the learning experience, but good traditional teaching
still has its place.
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A003 - Assessment of natural radioactivity and radiological risks from groundwater
and vegetation samples collected from farms in Qatar

Dr. Yehia Manawi and Dr. Huda Al-Sulaiti”

Qatar Environment and Energy Research Institute, Hamad Bin Khalifa University, Qatar
Foundation, PO Box 34110, Doha, Qatar.

Corresponding author: ymanawi@hbku.edu.ga

Over the last decade, the quality of groundwater in Qatar has been observed to show substantial
deterioration in their quality and quantity following the overconsumption of groundwater in
agriculture at rates way higher than the natural replenishment rate. This resulted in a drop in
the water table to an unprecedented level. In the present work, the radioactivity analysis of
groundwater and vegetation collected from three Qatari farms was conducted. The activity
concentration of %°Ra, ??®Ra and “°K in the collected vegetation was measured using high
purity germanium detector (HPGe). Moreover, the radiological risks were evaluated by
estimating the average annual effective dose due to the intake of the above-mentioned
radionuclides through ingestion of vegetation samples. The average activity concentration
(dry-weight) of ?%°Ra, ?Ra and “°K in Rocca were: 84.4 + 1.4, 3.05 + 0.32 and 1730 + 72,
respectively. The average activity concentration (dry weight) of ??°Ra, ?2Ra and “°K in
Corchorus were: 111 + 2.15, 5.1 £ 0.53 and 1800 * 75, respectively. Qatar follows the Gulf
Cooperation Council (GCC) Standardization Organization (GSO) limit which states that the
total activity level permitted in food products (wet weight) shall not exceed 75 Bg/L (GSO-
998/1998). While the activity level of these radionuclides were found to be within the
acceptable level, such levels are quite high, when compared to other countries, and attract the
scientists to carefully investigate the sources, fate and impacts of such levels on human and
environment.
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A006 - Radiation Dose Estimation Study for Sparse-View CT: Monte-Carlo Simulation.

Sandra Oliver %, Vicent Giménez-Alventosa?, Monica Chillarén 3, Vicent Vidal 3, Gumersindo
Verda !
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Corresponding author: gverdu@ign.upv.es

Computed Tomography (CT) is still one of the most used test in clinical practice for image-
guided diagnosis. However, the ionizing radiation produced by the X-ray sources poses a
potential risk to patients who need to go under this medical test. One of the state-of-the-art
research lines about dose reduction for CT is the proposal of a sparse-angle sampling process
in order to reduce the total time needed to perform a scan. This approach is very promising
towards reducing the radiation dose induced to the patients, but the reconstruction of the images
becomes a challenge. When the number of views is too small, the sparsity of the data produces
streak artifacts on the reconstructed images. The traditional analytical reconstruction methods
based on the Filtered Back-Projection (FBP) don't perform well in this case, so new algebraic
methods are used, either iterative or direct. Since this type of acquisition has not yet been
adapted to commercial CT scanners, measuring how the reduction of the samples affects the
total dose absorbed by the patients requires simulating this data. To obtain the simulated data
needed, in this work we adapt and expanded the capabilities of the current Monte-Carlo
simulation code PenRed, based on PENELOPE version 2018, adding the capability to simulate
a CT scanner. With this implementation we can obtain a set of artificial sinograms with
different number of projections and their corresponding dose deposition. The aim of this study
is to reconstruct the CT images with algebraic methods measuring the reduction of the dose
absorbed by the patient when the number of projections is reduced, without compromising the
image quality. For this purpose different simulations have been carried out with a phantom and
with DICOM images of real patients to reconstruct the images and calculate the absorbed dose
in different elements of the geometry.

ORAL PRESENTATIONS| 36



ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

6 — 10 December 2021

AQ007 - Investigation Flexible Nanocomposite Membranes of ZnO-CuO-PVA For X-Ray
Detectors

Ahmad 1. Ayesh®2*  Leena Al-Sulaiti?, Belal Salah!, Rama Nawwas®, Asmaa S. Almarri?,
Aisha N. Al-Thani®; Alanoud M. Al-Ahbabi®, and Noof A. Al Haidous *

Qatar University, Doha, Qatar
Department of Math., Stat. and Physics, Qatar University, Doha, Qatar
Department of Computer Science & Engineering, Qatar University, Doha, Qatar

* Presenting author, email: ayesh@qu.edu.ga

Organic matrixes of nanocomposite membranes of that integrate metal-oxide nanoparticles and
polymer have high potential for implementation to produce flexible devices. Flexible
membranes are produced for x-ray detector devices of CuO and/or ZnO nanoparticles along
with poly(vinyl alcohol) (PVA) and glycerol (GL) that serves as a plasticizer. Both types of
nanoparticles are generated by a solvothermal procedure and mixed with PVA + GL solution
to produce the membranes. The average sizes of nanoparticles are 8 + 3 nnnn and 10 + 4
nnnn for ZnO and CuO, in order. The composition of the synthesized nanoparticles as well as
the membranes are examined by energy dispersive x-ray spectroscopy along with x-ray
spectroscopy. The glass transition temperature of the membranes is shifted to low temperatures
and their thermal resistance is enhanced upon increasing the concentration of nanoparticles.
Fourier-transform infrared spectroscopy (FTIR) illustrates the development of hydrogen bonds
among nanoparticles and PVA due to intramolecular and intermolecular hydrogen bonds.
Electrical impedance spectroscopy investigation demonstrates that the membranes have
negative temperature coefficient of resistivity. Their activation energy decreases for high
concentration of nanoparticles. The flexible membranes have a clear response to x-ray, and the
response increase with the generator energy. Membranes with both CuO and ZnO nanoparticles
exhibit the best xray response, due to the different bandgaps of nanoparticles that allow a wide
spectrum of excitation energy to be included. The produced membranes exhibit several
advantages including their semiconducting properties, flexibility, and viability of production
on a large scale with rational cost. Therefore, those composite flexible membranes can be used
for prototype elements in x-ray detectors for different applications.
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A008 - Radiological Dispersion of 1-131, 1-133 and 1-135 Isotopes Due to Hypothetical
Accidental Release from Nigerian Research Reactor-1

*J. Simon?, Y.V. Ibrahim?, M.U. Khandaker® D.J. Adeyemo? N.N. Garba® A. Asuku?
!Department of Physics, Ahmadu Bello University, Zaria, Nigeria
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3Centre for Applied Physics and Radiation Technologies, School of Engineering and
Technology, Sunway University, Bandar Sunway, Malaysia.

Corresponding Author: sjkahugu@yahoo.com

Nuclear accidents are known to be associated with severe radiological contamination of the
environment. The severe nuclear disaster in April 1986, following the unit 4 power reactor
accidents in Chernobyl nuclear power plant and the 2011 Fukushima Daiichi nuclear power
plant accident left an indelible scar on the civilian applications of nuclear technology. After
every nuclear accident, lodine is known to be an immediate radionuclide to be detected in areas
surrounding the nuclear reactor cite owing to its fast mobility in air. Because of its radiological
concern, pharmaceutical approaches have developed for immediate response to the release of
iodine following a nuclear accident. Since Pharmaceutical approach to radiological response is
not the best global practice, it is imperative to carryout hypothetical studies to establish safe
distances around any nuclear facility vis-a-vis the release of lodine in the event of an accident.
In this study, the source terms of 1-131, 1-133 and 1-135 isotopes from the Nigeria Research
Reactor-1 were calculated using TRITON computational sequence that is coupled with
ORIGEN code. The concentrations of the radionuclides at various distances from the reactor
were determined using Hot-Spot computer code. The results showed that the concentration of
[-131, 1-133 and 1-135 were greatest at 10 m from the reactor and decreases with distance as
expected. However, the concentrations of the radionuclides at 100-300 m from the reactor were
found to be higher than the permissible limit recommended by the United State Environmental
Protection Agency and hence indicating the possibility of air contamination due to accidental
released of 1-131, 1-133 and 1-135 from Nigeria Research Reactor-1 beyond 300 m from the
reactor site.
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A009 - A Novel Glass System Based on Iraqi White Sand and Lead Oxide For Gamma
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Since the beginning of the last century, a good type of glass sand is discovered in the western
Iragi desert due to the climate conditions in this region, where the Iraqi climate is hot, dry
summers and cool, rainy winters that led to configure this sand. The main location that contains
the purest types of glass is located in the city of Anbar (Ramadi). The Iragi sand contains glass
sand with high quality technical and economic requirements. The present study aims to produce
a new gamma-ray shielding material based mainly on lead oxide and Iraqi sand. Firstly, the
collected sand from Ramadi were treated physically (magnetic separation for impurities and
wash using ordinary water). The sand was then saved and separated into various fractions
according to the particle size. The separated part with grain size between 0.2 and 0.615 mm
was mixed with the lead oxide, transferred to an aluminum crucible, and heated to 1580 °C in
an electric muffle. The molten was molded, and the sample was annealed to get rid of the
internal pressure and surface tension. The dispersive energy X-Ray (EDX) was used to utilize
the chemical composition of the fabricated glasses. Besides, the MH-300A density meter was
used to obtain an accurate measurement of the glass density. The average density obtained after
five repetitions is 3.276+0.005 g/cm®. The Monte Carlo simulation method was used to
evaluate the material shielding parameters. The simulation showed that the linear attenuation
coefficient at 0.662 MeV is 0.266 cm™ and 0.165 cm™ for the gamma energy 1.25 MeV (the
energy yield for Co-60 radioactive Source). Moreover, the Phy-X/PSD program was applied
to calculate the geometric-progression (G-P) fitting parameters , exposure buildup factor, and
energy absorption buildup factor.
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A barium oxide-based on natural Iragi sand was prepared. The natural Iragi sand from Al-Arma
government with a size between 0.2 and 0.615 mm after performing some purification
processes (washing with water and collecting magnetic impurities), was mixed with sodium
oxide (barium oxide, magnesium oxide, and aluminum oxide. The mixture was placed in an
aluminum crucible and melted at a temperature of 1580 °C for 30 min. After that, the sample
was easily poured into an iron mold and returned to the muffle at a temperature between 530
to 550 °C for annealing. The annealing of the sample aims to get rid of the internal pressure
and surface tension. The density of the fabricated glass sample was measured experimentally
using the MH-300A density meter. It is found to be 2.642+0.0006 g/cm3. The chemical
composition is also measured for the fabricated glasses. The fabricated glass measured density,
composition, compounds packing density, and compounds dissociation energy were utilized to
predict the elastic module (Young, Shear, Bulk, and Longitudinal) and some important
mechanical properties. Moreover, a Monte Carlo simulation code was utilized to predict the
fabricated glass’s protection capacity, such as linear attenuation coefficient, transmission factor,
half-value layer, and radiation protection efficiency. The shielding characteristics are evaluated
for gamma rays with energies varied between 0.059 and 2.506 MeV.
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In addition to the symbol of luxury, glass is largely used as a decorative and structural material
in buildings all over the world. At present, one of the leading float glasses named Nasir glass
is widely using for the mentioned purposes in Bangladesh and the rest of the world. Six
different thicknesses (0.25cm, 0.32 cm, 0.5 cm, 0.59 ¢cm, 0.79 cm and 1 cm) of Nasir float glass
is studied herein for the y-ray shielding properties. The y-ray transmission probability for 59
keV, 661 keV, 1173 keV and 1332 keV photon energies was measured by using a well shielded
HPGe vy-ray spectrometer associated with necessary electronics. The measured transmission
data was then used to calculate numerous radiations shielding parameters namely linear
attenuation co-efficient, mass attenuation co-efficient, half value layer, radiation protection
efficiency for the studied glass samples. The effective atomic number of the studied glass (Zeff
= 13.6) was obtained by EDX technique, which is very close to the TLD-200 (Zeff =16.3). To
apprehend the shielding ability of the studied material, the experimental data were compared
with the literature data of standard materials, for instance lead. Moreover, MCNP simulation
was performed for the studied material, and the obtained data were compared with the
experimental findings. Properties and facets of same material considering the numerous
thicknesses have not previously been studied.
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This work evaluates the role of Er®* ions on the structural, optical, mechanical, and radiation
shielding properties of the 15ZnF,-10Ba0-8Al>03-12Li20-(55-X) B203-XEr03 (x = 0.5-1.5
mol %) glass system. Fourier Transform Infrared spectroscopy established the presence of the
different vibrational groups in the glass network and a diminution in the network rigidity due
to the change of [BO4] into [BOs] units and Non-Bridging Oxygens (NBOs) with continuous
Er** doping. This was consistent with the iconicity increase and decrease in the average
coordination number of the glass. The decreasing bandgap of the glass with Er®* doping was
correlated to the upsurge in the number of NBOs known to produce localized states within the
energy gap. The reduction in the Vicker’s microhardness and elastic constants of the glasses
with Er®* doping was interpreted by the fall in the network rigidity. The radiation shielding
parameters like Mass Attenuation Coefficient, Linear Attenuation Coefficient, Half Value
Layer, and Mean Free Path were determined as function of gamma photon energy through
MCNP5 and WinXCom codes. The scope of the glasses can be extended for shielding as their
features were on par with some commercial shielding glasses.
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Improving the clay for shielding photons become very important at this time, especially in
developing countries. In this work, kaolin clay was improved by adding micro and nano
bismuth oxide in gradual percentages from 5 to 20% of the proportion of kaolin. The samples
were visualized with a Scanning Electron Microscope (SEM) to investigate the presence, size
and percentage of Bi»Oz particles inside the sample. The linear attenuation coefficient, or LAC
of all samples was measured experimentally using a HPGe detector and different radioactive
sources were used to obtain a wide range of energy. To verify the validity of the experimental
results, the micro samples were compared with the results obtained from the XCOM program,
and it was found that there is a great agreement, which indicates the validity of the results also
for the experimental measurements in the case of adding nanoparticles to kaolin. The LAC
calculations showed that improving kaolin with bismuth oxide nanoparticles is better for
shielding photons than microparticles, especially at low and medium energies. Other attenuator
parameters were calculated. In all cases, the samples to which the nano-oxide was added had a
higher shielding efficiency of photons than the samples to which the micro-oxide was added.
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Corresponding Author: akhchemist@gmail.com

The pre-concentration and separation of uranium on different adsorbents are effective
alternative methods for its recovery from liquid waste solutions. Many sophisticated synthetic
adsorbent materials have recently been developed for the adsorption of uranium from agqueous
solutions. In recent times, clay has become a vital mineral to be considered in uranium recovery
due to the proposed utilization of bentonite or clay minerals as adsorbent materials in
wastewater. In this study, a spent bleaching earth from an edible oil refinery was treated and
impregnation in order to remove the edible oil remnants and impregnated by B—naphthol to
enhance its adsorption properties. The clay is characterised by Fourier Transform Infrared
Spectrometer (FTIR), surface area analyser, Environmental Scanning Electron Microscope
(ESEM), Energy-dispersive X-ray spectroscopy (EDX), and X-ray diffraction (XRD). The
experiments have been conducted upon uranium adsorption efficiency to optimise the influence
of pH value, contact time, adsorbent dose, initial uranium ions concentration, and temperature.
The adsorption capacity of the adsorbent is calculated as175.1 mg.g~>. The kinetics and
isotherm of adsorption process were evaluated and the data followed pseudo second order
kinetic model as well as Langmuir isotherm model. The thermodynamic study reveals that the
adsorption process of uranium ions is spontaneous. The adsorption process is exothermic and
the negative value of AS® indicates the feasibility of adsorption and the decreased randomness
for the new adsorbent clay.
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A novel cetylpyridinium bromide/polyvinyl chloride (CPB/PVC) adsorbent was synthesized
and applied to study the removal characterization of rare earth elements from its solution.
Cetylpyridinium bromide/polyvinyl chloride adsorbent is characterized by FTIR, XRD, TGA,
and SEM. To scrutinize the effect of CPB/PVC removal efficiency, adsorption of rare earth
ions were studied from the mixture solutions by CPB/PVC adsorbent. The effect of varied
factors containing pH value, contact time, initial rare earth ions concentration, and CPB/PVC
dosage on the adsorption procedure were deliberated. The best pH was 6.0 and adsorption
equilibrium was realized at 45 min at room temperature. The removal efficiency of rare-earth
ions on CPB/PVC was 182.6 mg/g. The kinetic and equilibrium adsorption of rare earth ions
onto CPB/PVC adsorbent fitted well both pseudo-second-order kinetic and Langmuir isotherm
model proposing that RE ions were adsorbed via a chemical reaction. Furthermore, the
adsorption thermodynamic process of rare-earth ions was spontaneous and exothermic for
CPB/PVC adsorbent. In addition, the desorption of rare-earth ions from their loaded CPB/PVC
was examined. The best desorption conditions were 1 M HCI, and 1:60 S:L phase ratio, for 60
min contact time at room temperature. Consequently, the prepared CPB/PVC adsorbent was
documented as a prospective candidate for rare earth adsorption applications.
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This work studies the effect of carbon nanotubes (CNTs) on some characteristics of Barium
Titanate (BaTiOz) including the structure and the radiation attenuation performances. The
discussed samples were represented by: 100% BaTiO3(S1), BaTiO3+10%
C00.3Ni0.5Mn0.2Eu0.08Fe1.9204 (S2) and BaTiO3+10%
C00.3Ni0.5Mn0.2Eu0.08Fe1.9204+ 10% CNTSs (S3). The samples were prepared by the sol-
gel method and characterized by the XRD technique. To measure the attenuation properties of
the studied samples, the important coefficient called linear attenuation (LAC) coefficient was
measured experimentally using the collimated technique measurement. The Sodium lodide
Scintillation detector (Nal) and different point sources such as Ba-133 (81 and 356 keV), Cs-
137 (662 keV), Co-66 (1173 and 1333 keV), and Eu-152 (121, 244, 780, 964, 1111 and 1408
keV) were used to calculate the LAC with a broad range of energies. The LAC for the first
sample (S1) was evaluated theoretically by the XCOM software to ensure the validity of the
experimental results and the comparison was in agreement between the two results. The results
indicated that the LAC of S3>S2>S1, and that’s mean the effect of CNTs increases the LAC
of the sample, and the shielding characteristic in the present CNTs is better.
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In this study, lithium aluminate borate glass with the composition of (50-0.5x) Li>O-xAl>Oz-
(50-0.5x) B203 (0.0 < x < 4.0 mol%) was fabricated and mixed with 5 wt.% and 30 wt.% of tin
slag to understand the compatibility of the glass as a host for radioactive waste. The glasses
were synthesized by conventional melt quenching technique and their durability was studied
in vitro using immersion test in distilled water up to 14 days at 90 °C in a drying oven.
Characterizations using pH meter, Fourier Transform Infrared (FTIR) spectrometer and High
Purity Germanium (HPGe) Gamma Ray Spectroscopy detector were made after 3, 7 and 14
days of leaching tests. Once the samples were in contact with water, process of ion exchange
or interdiffusion occurred. The increasing pH values of the leachates from 7.00 up to 10.93
with increasing immersion time (day 0 to day 14) were due to the addition of alkali metal
(lithium) in the glass composition. For the appearance of FTIR analysis, it can be found that 5
obvious peaks that are Al-O bonding, BO4 bonding, BO3s bonding, the relaxation mode for B-
O BOs and O-H stretching were found. After 3 days of leaching tests, O-H peaks were observed
at range up to 3200 cm™ which indicates the occurrence of hydrolysis process. The total
activity concentration of radionuclide (Bg/g) of all samples were obtained using HPGe
spectroscopy detector i.e., reference sample (initial tin slag) contained 207 Bqg/g, 59 Bg/g and
94 Bg/g while sample 4 after 14 days leaching tests have recorded 62 Bg/g, 8 Bg/g and 74 Bg/g
of 28U, 2°2Th and “°K respectively. From these two results, it can be observed that the
radioactivity level had reduced to approximately 70% from its initial value, even though most
of the samples have exceeded the limit of IAEA Safety Standard i.e., 10 Bg/g for 28U and
2%2Th and 1Bq/g for “°K. From all the characterization works done, it is concluded that
radioactive waste glass containing 30 wt.% of tin slag with 4 mol% of Al>Os is durable among
the samples since the addition of aluminium oxides could enhanced the mechanical features of
lithium borate such as hydrolytic resistant which contribute to the ideal composition for the
radioactive immobilised materials.
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The thermoluminescence (TL) properties of Al,O3:Ge and Al.Oz3:Ge;Sr in powder forms
irradiated by Cobalt-60 gamma rays were studied. Samples were prepared using combustion
synthesis technique. The annealing was determined at 400 °C for 1 h, followed by 80 °C for 16
h, with the heating rate of 3 °C s and minimum detectable dose was 0.0065 mGy. Analysis of
its kinetic parameters revealed that the sample possess second order kinetic supported by the
whole glow peak technique. The calculated activation energy is E = 1.00 £ 0.007 eV and
frequency factor, s = 4.36 + 1.67 x 101%s. The samples exhibited good linearity and sensitivity
at 52.72 nC mg Gy with correlation coefficient, R of 0.9961 at high dose range 10 Gy — 80
Gy and 43.40 nC mg*Gy*! of 0.9681 at low dose range 0.5 Gy - 4.0 Gy respectively. The
sample also shows low fading with the percentage loss of 33% at low dose of 4Gy and 34 % at
high dose of 50 Gy after 60 days. The sample possessed good reproducibility with the
percentage of standard deviation of 2.4% at 4 Gy and 6.5% at 50 Gy. The existence of several
peaks in XRD clarified the sample was in polycrystalline state. TEM micrographs confirmed
this sample was nanocrystalline with 9.36 nm in size. In conclusion, Al20s. Ge 3.0 mol %, Sr
0.3 mol% was found to be a potential material to be used as a TL dosimeter which satisfies
most of the desirable TL characteristics.
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Recently, the demand for shielding materials increased with the increasing use of ionizing
radiation in our lives. In this work, we fabricated five tellurite glass samples with a composition
20Ba0-10SrO-(70-x)TeO2-x M0oOs (where x = 0, 5, 10, 15, and 20 mol%) by conventional
melt-quench method for exploring gamma radiation shielding features. The amorphous nature
was defined by using X-ray diffraction, and all samples affirmed this behavior. Various
physical properties were calculated based on density values for glass samples. The density
values show a gradual increment with the addition of MoOs instead of TeO. Different gamma
radiation shielding properties such as linear attenuation coefficient (LAC), half-value layer
(HVL), mean free path (MFP), tenth value layer (TVL), transmission factor (TF), radiation
protection efficiency (RPE), and effective atomic number (Zetr) were determined based on
XCOM and Phy-X programs. All shielding properties showed improvement with the addition
of MoOs to the glass system, and STBM20 shows superior shielding properties compared with
other samples. It can be concluded the possibility to use current samples in the radiation
shielding field.
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Calcinated bentonite is a promising material for gamma-ray shielding as it has a variety of
mineral content. Bentonite clay is volcanic ash transformed during the deposition in the
presence of water. It has a high cation exchange capacity which allows minerals to bind with
organic and inorganic cations. These organic cations and water can be eliminated by calcination
at 700 °C also keeps mineralogy and pore structure undestroyed. Calcinated bentonite was ball
milled in high-energy mortar to refine particle size into a nanometer scale. Both calcinated and
ball-milled calcinated bentonite are pressed into cylindrical samples at different thicknesses
and different pressing pressure of 50, 100, and 150 bar. Calcinated and ball-milled bentonite
structure is characterized by chemical analysis, density, weight fraction, XRD diffraction
analysis, particle size measurements in addition to morphological studies using TEM and
SCAN. Shielding performance of bentonite samples against gamma rays was investigated and
determined in the energy range from 0.015 MeV to 15 MeV using the MCNPX program. Mass
attenuation coefficients of calcinated and ball-milled bentonite samples pressed at 150 bar
varies from 12.5442 cm?/g at 0.015 MeV to 0.02258 cm?/g at 15 MeV while linear attention
coefficients varies from 23.332 cm™ at 0.015 MeV to 0.042 cm™ for calcinated bentonite and
from 26.0294 cm™ at 0.015 MeV to 0.04687 cm™ at 15 MeV for ball-milled bentonite.
Similarly, HVL, TVL, and mfp were calculated for all samples. Mass attenuation coefficients
values obtained from simulation were set in comparison with available experimental and
theoretical data.

ORAL PRESENTATIONS| 50



ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

6 — 10 December 2021

A041 - Solution optical spectra of anticancer drug vandetanib using robust quantum
mechanical calculations

Lewis McArthur?, Sallam Alaghawani', Vladislav Vasilyev? and Feng Wang*”

!Department of Chemistry and Biotechnology, Swinburne University of Technology,
Melbourne, Victoria 3122, Australia

National Computational Infrastructure, Australian National University, Canberra, ACT 0200,
Australia

Corresponding author: fwang@swin.edu.au

Tyrosine kinase inhibitors (TKIs) based on the quinazoline-aniline scaffold represent a
significant class of small molecule medicine under development and in clinical practice for
disease states such as cancer. Recent research revealed that this class of inhibitors designed for
the epidermal growth factor receptor (EGFR) family are located in the ATP binding site of
their cognate tyrosine kinase in twisted conformations, rather than the global minimum
structure in isolation. In a recent solvent benchmarking study of a number of important density
functional theory (DFT) functionals, it is discovered that B3WP91/6-311++G(d,p) predicts the
most accurate maximum absorption and emission spectral transitions of AG-1478, a TKIs with
the same scaffold. The present study quantum mechanically calculates the absorption UV-vis
spectrum and the fluorescence spectrum of vandetanib (ZD6474) in methanol solvent using
time-dependent-DFT methods. The results are compared with the measured UV-vis spectra in
the same solvent in literature.
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Hydrogen bonding in molecules is a valence event as well as a core event. Oxygen is an
important hydrogen acceptor, and its oxygen core electron ionization binding energy in a
molecule will respond to through space and through bond intramolecular interactions in organic
isomers such as hydroxybenzoic acid isomers. The present study investigates the impact of
intramolecular hydrogen bonding of three hydroxybenzoic acid (HBA) position isomers using
density functional theory (DFT) based calculations and synchrotron sourced measurement. The
obtained oxygen 1s (O1ls) and carbon 1s (Cls) x-ray photoemission spectra (XPS) are
compared in order to understand their structure-property relationships and intramolecular
hydrogen bonding. It is found that the O1s XPS spectra of the HBAs are strongly influenced
by the existence of intramolecular hydrogen bonding of the isomers, depending on the relative
position and distance of O---H, which is most significant in 2-HBA due to through space
interaction. Such interactions are less apparent in 3-HBA and 4-HBA as they lack such
intramolecular hydrogen bonding.
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A glass system consisting of Bi.Oz-TeO2- ZnO- Ta.Os was fabricated. The Analytik Jena
Specord 210 plus was used to estimate photons' absorbance and transmission with wavelengths
ranging between 190-1100 nm. The optical energy-gap (Eg) and Urbach energy (AE) were
calculated for the fabricated glass samples. Moreover, the Monte Carlo simulation (MCNP-5
code) and XCOM software program were used to estimate the fabricated glass samples' mass
attenuation coefficient (MAC). The achieved results showed that the highest MAC values
achieved for the highest ratio of Ta;Os (BTZT6) decreased from 64.684 to 0.042 cm? gL, In
contrast, the lowest MAC values achieved for (BTZTO0) without Ta>Os content varied between
57.816 to 0.0414 cm? gt, when the gamma photon energy increased from 0.015 to 15 MeV,
respectively. The software program BXCOm was used to estimate the equivalent atomic
number (Zeq), effective atomic number (Zefr), exposure build-up factors (energy absorption
build-up factor (EABF), and exposure build-up factor (EBF)). The values of the EBF and
EABF were increased with increasing the Ta2Os insertion ratio. The fast neutron effective
removal cross-section was also calculated using a theoretical method; the BTZTO glass sample
poses the highest removal cross-section Yr = 0.0176 cm? g%, while the BTZT6 glass sample
contains the lowest cross section Yr = 0.0173 cm? g%,
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95% of XAS research uses measurement of secondary fluorescence photons, which suffers
from uncalibrated detector efficiencies and a dominant systematic of self-absorption of the
fluorescence photon, which compromises accuracy, analysis and insight. We have developed,
coded and implemented a novel self-consistent method to correct for self-absorption seen in
high-energy fluorescence X-ray measurements. This method and the resulting software
package can be applied to any fluorescence data set. The complexes considered here, n-pr and
i-pr, have been shown to have local metal environments with approximate tetrahedral and
square planar coordination geometries using transmission mode XAS. This provides an
excellent test of fluorescent multi pixel data, and demonstrates the merit of using
complimentary techniques to confirm molecular geometries. A dramatic discrepancy is seen
between the spectra from the two measurements. This is due to the self-absorption systematic
and also to uncalibrated detector efficiencies in the fluorescence measurement. While the
detector efficiency can be corrected for, there is currently no self-consistent method for
removing the effect of self-absorption from the spectra. In this work, we predict to high
accuracy the magnitude of dispersion and energy functional due to self-absorption. As a result,
the dispersion is greatly reduced, and the spectral shape follows the classic XAS trend. The
results presented here demonstrate a dramatic improvement over any previous work in the
literature. Our modern theory is of the best quality, allowing our self-absorption correction to
be applied to any fluorescence XAS data set and opening up an entire class of experimental
investigation.
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Radon is the largest contributor to the population exposures from natural radiation sources and
is the second causes of lung cancer after smoking. There are three naturally occurring radon

isotopes which are ZRn (radon), ZRn (thoron) and *Rn (actinon) which are members of natural

decay series of U ,ZQTh and Z§6U, respectively. We report a novel technique to detect these
isotopes of radon with liquid scintillator and photomultiplier tube using delayed coincidence
technique (DCT) and pulse shape discrimination (PSD) method implemented by digital charge
comparison. We use Ultima Gold AB (UG-AB) liquid scintillation cocktail which are designed
for alpha/beta discrimination in liquid scintillation counting. We fed radon source from air for
48 hours in 700 mL of UG-AB in the sample container of 1- liter of Stainless Steel (SUS) with
teflon coating inside and 2 mm SUS outside of 5 mm glass window. The sample was kept in a
glove box for 48 hours and was stirred time to time to allow radon source to enter in the
container. Neutron Tagging Module (NGT400) tags neutron signal from a liquid scintillation
detector and accepts an input pulse with width from 20 to 1270 ns. In these ways isotopes
having a relatively short half-life can be selected out by their characteristic energy and decay-
time distributions. This technique can be used to estimate radon level by DCT with « and 8
requirements, where PSD is used to identify a and . This technique can be used to detect all
three naturally occurring radon (??Rn , 2Rn and ?'°Rn) compared to many other developed
techniques which are based only on the detection of ???Rn . The gamma response functions of
UG-AB organic liquid scintillation detector with standard ?>Na,**’Cs and ®°Co gamma sources
are under studying with Monte Carlo Neutron Particle Simulation (MCNP).
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In this work, we aimed to study the role of the Pr.O3z on the radiation shielding features of the
glass systems with general composition TeO2-WOs-TiO2 -ZnO -Na2O-Pr203. For this aim, we
used EPICS2017 for the calculations of the mass attenuation coefficient of the TePrX-glasses
between 81 and 1333 keV. The comparison between the EPICS2017 and Phy-X data showed
strong agreement with an overall average relative difference of 0.18%. With respect to the
energy, the average relative difference per sample ranged from 0.18%-0.19% while the average
relative difference per energy ranged from 0.02%-0.26%. The Linear attenuation coefficient
(LAC) value is enhanced from 0.420 to 0.428 cm™ by inserting Pr,O3 from 0 to 5 mol% at 662
keV. At all the investigated energies, an increase in LAC values is clearly achieved with
increasing the amount of Pr.Os, which in turn improving radiation shielding properties for the
examniend glasses. The half value layer (HVL) values ascend to the higher values (greater than
2.5 cm) for the photon energy of 1333 keV. Tenth-value layer (TVL) for the selected glasses
is also determined. The calculated TVL thicknesses vary between 0.148 and 8.467 cm, and the
lowest thickness was achievable by TePr5 sample. The TVL values change in the order of
TePr4<TePr3<TePr2<TePrl<TePr0 for the remaining samples. The electron density (Net)
varies in the range of 6.35x102% and 2.69x10% electrons/g for the measured photon energies.
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Radiations are widely utilized in medicinal fields and many other fields. lonizing radiation has
sufficient energy to detach electrons from atoms on the human body, which can cause great
damage if not properly attenuated. In order to avoid these unwanted effects, radiation shielding
materials are used to absorb incoming photons. In this work, we used the conventional solid-
state reaction to fabricate four Cr-based alloys (CrTe, CrTeo.9sSboos, CrTeosSho1o and
CrTeosoSho20) and we explored their gamma radiation shielding features. Gamma radiation
attenuation for the four prepared alloys were performed using “transmission method” with
photons emitting source from (Ho-166 and Cs-137). The experimental results were compared
with the theoretical data generated from Phy-X software and a good agreement between both
methods was reported. Moreover, the radiation protection efficiency for the prepared alloys
was reported between 0.184 and 0.81 MeV. The half value layer (HVL) value for the four
prepared alloys was also computed and we discussed the variation of the HVL with the
chemical composition for these alloys. Finally, we compared the radiation shielding features
for the prepared alloys with other shielding materials to examine the possibility of using these
alloys in different radiation shielding applications.
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The contribution of thoron (?°Rn) to ionizing radiation exposure is frequently overlooked,
owing to its short half-life (55.6 s). A thorium (?2Th)-rich environment, on the other hand, can
be a source of 22°Rn radiation hazards. Long-term exposure to high concentrations of 2°Rn and
its short-lived progeny [Polonium (***Po)], an alpha particle emitter, can be hazardous to one's
health. Thus, this study aims to establish fundamental 2°Rn activity concentration data based
on the geological formations and major soil types of Perak state, Malaysia. The activity
concentration of 22°Rn in the study area’s soil gas was determined using a RAD7 detector. The
in-situ measurement procedure involved setting the RAD7 to the THORON protocol and
connecting it to a soil probe which was driven to a depth of 0.8m in the ground. The
concentration of 22°Rn in soil gas ranged from 0 to 562.58 kBg m~3, with a mean of 37.69 +
11.14 kBq m=. High ?®Rn activity was detected in the study area's Granite and Triassic-
Jurassic geological formations. Low ??°Rn activity was found in the Quaternary and Silurian
geological formations of the study area. The ?°Rn activity concentrations were found to be
elevated in peat, riverine, and granite source soils. The concentration of 22°Rn activity in soil
gas in marine soils and miscellaneous soils was both low. A primary map of ?2°Rn activity in
soil gas was produced, indicating that high ?2°Rn activity is concentrated in the central part of
Perak state, Malaysia.
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Fine Structure and nanostructure analysis of zinc selenide using the X-ray Extended
Range Technique

Daniel Sier!, Geoffrey P Cousland!, Ryan M Trevorah!, Ruwini S K Ekanayake!, Chanh Q
Tran?, James R Hester® and Christopher T. Chantler!

The University of Melbourne, Australia
2|a Trobe University, Australia,

3Australian Nuclear Science and Technology Organisation, Menai Australia

Measurements of mass attenuation coefficients and X-ray absorption fine structure (XAFS) of
zinc selenide (ZnSe) are reported to accuracies typically better than 0.13%. The high accuracy
of the results presented here is due to our successful implementation of the X-ray Extended
Range Technique (XERT), a relatively new methodology, which can be set up on most
synchrotron X-ray beamlines. 561 attenuation coefficients were recorded in the energy range
of 6.8 keV to 15 keV with measurements concentrated at the zinc and selenium pre-edge, near
edge and fine structure absorption edge regions. This accuracy yielded detailed nanostructural
analysis of room temperature ZnSe with full uncertainty propagation. Bond lengths, accurate
to 0.003 A to 0.009 A, or 0.1% to 0.3%, are plausible and physical. Small variation from a
crystalline structure suggests local dynamic motion beyond that of a standard crystal lattice,
noting that XAFS is sensitive to dynamic correlated motion. The results obtained in this work
are the most accurate to date with comparisons to theoretically determined values of the
attenuation showing discrepancies from literature theory of up to 4%, motivating further
investigation into the origin of such discrepancies.
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Recent studies on the radiation shielding capabilities of clay, an abundant eco-friendly
refractory material have shown the suitability of possible application of clay materials for
radiation shielding. However, these studies were based on Lambert-Beer law (I = [,e™#*)
which assumes monochromatic rays, thin absorbing material, and narrow beam geometry. Any
deviation from the mentioned assumptions requires the Lambert-Beer law to be modified. The
modified equation is usually written as (I = Bl,e™*) where B is the buildup factors —
Exposure Buildup Factor (EBF) and Energy Absorption Buildup Factor (EABF). More also,
the knowledge of energy transfer from energetic heavy ions to a material predicts the
performance of the material when subjected to high irradiation environments. The interactions
of the ions are with both electrons and atomic nuclei of the material. Displacement of atoms
from their original sites, creating atomic-scale defects in the material structure can result from
nuclear energy loss due to elastic energy transfer to target atoms. Likewise, production of
electron-hole pairs that can cause localized electronic excitations, rupture of chemical bonds,
charging of pre-existing defects, and enhancing defect and atomic diffusions can be cause by
inelastic energy transfer to the electrons (either bound or free), termed as electronic energy loss.
In this study, the gamma buildup factors of clay composite material would be computed using
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Phy-X/PSD and EXABCal software. While the stopping power and range of ions such as **’Cs
and °°Sr (being some principal fission products from nuclear waste) would be estimated using
the stopping and range of ions in matter (SRIM) code. These computations are aim to provide
more information about the gamma radiation shielding capability (GRSC) and to initiate
investigation of possibility application of the material in the nuclear waste management.
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Silicate glasses are known as excellent host materials for many technological applications due
to its outstanding performance, in particular thermal and high irradiation power stability. The
latter leads to a promising candidate as scintillators in medical, industry and radiation sensor.
By applying a sol gel technique, present work has succeeded in producing silica glass
composing of silicon and oxygen, extrinsically doped with gadolinium (Gd) and magnesium
(Mg) of different dopant concentrations for which direct characterization by
thermoluminescence (TL) upon exposure to ionizing radiation is possible. The latter gives rise
to appreciable TL due to the rich presence of intrinsic defects in Gd:Mg-doped SiO». This
phenomenon can be explained by the electron/hole pairs generated and trapped during
irradiation which can be thermally stimulated, leading to release of the stored energy as light.
The light intensity is recorded as a function of sample temperature, producing one or more TL
peaks where the electron release at greater temperature equating to deeper trapping levels.
Present TLD work examines Gd:Mg doped SiO> of 1-10 mol% dopant concentration, including
dose response linearity and glow curve subjected to 750 kW neutron (**:AmBe source) flux
thermal power. The structural and optical properties of Gd:Mg-doped silica glass with neutron
irradiation have been investigated by Raman spectroscopy, photoluminescence, and X-ray
diffraction. In condition of irradiation, the formation of point defect and microstructural change
with regards to different dopant concentrations have been identified. The goal of this research
is to obtain a broad understanding of the magnitude of the TL signal for a variety of Gd:Mg
concentration for the need in radiation dosimetry.
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Thermoluminescent dosimeters (TLD) have proven themselves particularly effective in
radiation assessments, TLDs offering several advantages over other dosimetric forms,
including typically being of small size and in certain phosphor-based cases soft tissue
equivalent. Glass-based TLDs offer features that promise to extend the utility of TLD,
including offering a relatively large dynamic range over which sensitivity to differing levels of
radiation exposure is provided, also a water impervious nature. Several studies have
demonstrated the potential of doped as well as undoped silica-glass fibres as effective
dosimeters in diagnostic and radiotherapy applications. In present study, in seeking a low-cost
alternative to fibres we investigate commercially available marble-glass over a range of colour
and size, comparing their response over a range of radiation doses. Several characteristics have
been investigated including dose response, energy response, and fading, showing good linearity
and excellent response. While as expected, the dose sensitivity of marble glass is less than that
of much more expensive doped Photonic Crystal Fibres (PCFs), Germanium Flat Fibres (Ge-
FF) and co-doped Germanium Boron Flat Fibres (GeB-FF), they nevertheless continue to
provide sufficient sensitivity for radiotherapy applications.
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Beach sands and sediments from seashore are homes to the minerals which may be enriched
with radionuclides such as 238U and 2*2Th and their decay series. The presence of such natural
radioactivity in these environmental samples may serve as an important pathway to human
exposure, particularly the tourists who spend their holidays in the beach and those working or
living in the coastal areas. In the present study, the levels of natural radioactivity in beach sands
and sediments samples collected from coastlines around Badagry area of Lagos were
investigated by gamma-ray spectrometry using Nal(Tl) detector. The mean activity
concentration in Bgkg for 4°K, ?2°Ra and 22Th radionuclides was estimated to be in the range
of 114.9479.60 to 161.3+6.10, 43.02+8.52 to 44.52+9.42 and 7.01+5.77 to 12.85+16.26,
respectively for the sediment samples, and from 18.68+22.14 to 95.53+57.03, 32.31+23.44 to
51.86+27.18 and BDL to 8.50+1.46, respectively for the beach sand samples. The estimated
radiological indices such as radium equivalent activity, absorbed dose rate, annual outdoor
effective dose equivalent, external and internal hazard indices, gamma and alpha activity
indices and annual gonadal dose equivalent showed that the values fall within the international
standard recommendations. This implies that sediments and beach sand from Badagry coastal
areas of Lagos are safe and could be used for construction purposes without posing any undue
radiological health concern to the general public.
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A062 - New methodology for solving nanostructures within dilute and amorphous
systems: a trend study of Nickel-doped borate glass by the X-ray Extended Range
Technique (XERT) and eFEFFIT fitting software for XAFS.
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X-ray Absorption Spectroscopy (XAS) is a powerful tool for investigating nanostructure,
including the local order and disordered of amorphous materials. X-ray extended range
technique (XERT) has yielded some of the highest accuracy XAFS results available. Our
investigation of nickel-doped borate glass xLi2O.(1-x-y)B203.yNiO where x = 0.33 and y =
0.05 is the first study for a dilute disordered system and a critical test of XERT methodology.
A clear XAFS was obtained across for k-range 2.5<k<13.0 A with the modest flux provided
by a bending magnet. Given the accuracy of our experiment results the critical question is how
to best exploit this for investigation of our structure. We have developed a new fitting approach
using eFEFFIT and will demonstrate a new methodology for solving small dilute and
amorphous structures. We see that contributions due to the second NiO shell are clearly isolated.
Borate and lithium motifs are progressively added to the structural network in a trend study.
We then develop four candidate structures. The best fit for our most promising structure has
= 1.18, which agrees with constraints derived from the chemical properties for borate glasses.
I conclude by discussing the effectiveness of our new approach for fitting and consider future
improvements to this methodology.
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Radon concentrations in portable water from hand-dug wells and bore-holes in Bosso
community, Minna, north central Nigeria were determined using RAD7 radon detector with
RAD-H,0 accessories. Annual effective doses from inhalation and ingestion of the water
samples were also computed. Radon concentration in hand-dug well water varied from 1.5+0.6
to 27.9+2.5 BgL ™ with average value of 10.04+1.7 BgL™. Similarly, radon concentration in
bore-hole water investigated ranged between 2.8+1.1 and 42.5+3.1 BgL? with mean of
19.53+2.1 BqL™*. Although radon concentrations in 36% of water samples from hand-dug wells
and 70% from bore-holes were higher than the USEPA maximum contaminant level of 11.1
BqL™?, the values were all below the safety limit of 100 BgL™ set by the European Union and
World Health Organization. Mean annual committed effective dose due to consumption of
hand-dug well water for the age groups considered were 10.04 puSv y* (3 months old), 13.05
uSv y* (1 year old), 15.05 uSv y* (5 years old), 17.56 uSv y* (10 years old), 30.11 uSv y*
(15 years old) and 36.63 uSv y* (adult). Likewise, average annual committed effective dose
from bore-hole water for all the age groups were 19.53, 25.39, 29.30, 34.18, 58.59 and 71.28
uSv ytin sequence. Although the results showed dose increase with increase in age, the values
are appreciably lower than the precautionary limit of 1 mSv y! documented in the United
Nations Scientific Committee on the Effect of Atomic Radiation and World Health
Organization reports. About 93.5% of the whole body dose comes from inhalation of
waterborne radon, while the dose received by the walls of the stomach via ingestion pathway
accounts for about 6%. Computed mean ELCR for hand-dug well and bore-hole water samples

are 0.09x107 and 0.18x1073 respectively, which are below the world average value of 0.29x10"
3
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lonising radiation induces biological effects wherein the degree of damage depends on the type
of radiations and dosage used. lonising radiations are used in various sectors, such as, non-
destructive testing, gauging in industry, in agriculture, and in therapeutic and diagnostic
imaging. Radiation dosimetry is vital to ensure safe use of ionising radiation in all sectors, not
least in accurate dosage for therapeutic purposes to ensure the best possible outcome. Passive
dosimeters made from crystalline media and glass are commonly used for medical in-vivo
dosimetry, personal dosimetry, and environmental dosimetry due in part to their relative cost
effectiveness compared to active dosimeters. Among the glass-based radiation dosimeters,
commercially available forms include silver-activated phosphate glass (Chiyoda Techno
Corporation and Asahi Techno Glass Co.) which is widely used for medical, personal,
environmental, and high dose dosimetry; silicate glass beads (Truelnvivo) for clinical in-vivo
dosimetry and optical fibres (Lumisyns Sdn Bhd) for real-time radiotherapy dosimetry. Recent
research trends have shifted from silicate glass to borate glass and borosilicate glass as potential
radiation dosimeters. Borosilicate glass are found to be more resistant towards radiation
damage, chemical and thermal changes. Non-doped borosilicate glass that is commercially
available such as used in kitchenware, laboratory glassware, window glass, etc. are being
investigated for passive dosimetry and retrospective radiation dosimetry. They exhibit good
sensitivity for dosimetric applications. Some studies investigate modified borosilicate glass
using rare earth and alkaline materials as dopant and it has been found that this improves
dosimetric performance. Such borosilicate glass forms enjoy radiation sensitivity, dose
linearity and a simple thermoluminescence glow curve.
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It is well understood that all life is subject to continuous low levels of ionizing radiation, most
prominently from the natural background of the biosphere, differing appreciably in particular
situations across the surface of the globe. Added to this, albeit in much more isolated situations
inclusive of particular workplaces and different environments, are exposures from ionizing
radiations traced to human activities. Accordingly, studies of the effects of background-level
radiations are subject to complex multifactorial influences. The present study precludes
discussion of medium- and high-level radiation risks, being generally well established at doses
of 100 mSv and more, based on studies (epidemiological and otherwise) that include groups
exposed to different doses from nuclear device testing, nuclear fuel cycle incidents and
accidents, medical irradiations, naturally occurring sources (such as radon exposures in mining
situations), and workplace situations. The radiation safety regulations and limits for lower
levels of exposure are based on extrapolation from more elevated doses and dose rates,
embodied in the linear no-threshold (LNT) model. The LNT model predicts the relationship
between biological effects and radiation dose to be linear, all doses in excess of background
carrying risk. Substantiated for high dose exposures, the validity of the model is unknown for
low doses, the elucidation of possible beneficial hormetic and adaptive effects remaining a
challenge. Herein, an overview of the effect on organisms of reduced low-levels of radiations
is presented using available evidence and discussion of theoretical possibilities.
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Tissue equivalent material studies have been one of the high interests in radiotherapy clinical
studies. This is due to the ability to represent a variety of human tissues and organs. The brass
mesh has been applied clinically as a bolus, beam spoilers & compensators, contouring for skin
cancer, and post-mastectomy radiotherapy (PMRT). The need for a superior bolus material has
become more conspicuous with the increasing demand. However, sufficient data related to
brass, especially the dosimetry quantities remain unreciprocated. This work sets out to measure
attenuation coefficient value of brass alloy acquired from experimental, XCOM table, and
simulation methodology. Ludlum with gamma-ray scintillator and Nanodot dosimetry system
was used to run the experiment set-up. Later, the data from the experiment set-up will be
applied to GEANT 4, a simulation software to run a thorough test and analysis of brass. The
measured attenuation coefficient value of brass obtained by experimental was found to be in
good agreement with the provided value from XCOM for breast tissue, with modest margins
of error. Simulation results provided by GEANT4 were expected to validate the attenuation
coefficient model. For postmastectomy chest wall radiation therapy, brass mesh is an effective
alternative to tissue-equivalent bolus. Therefore, it is crucial to collect as much experimental
data with verification by simulation method to better understand brass's characteristics as
tissue-equivalent material and its wide potential in radiotherapy applications.
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The purpose of this study is to analyze the distribution of doses in paediatric patients who
undergo conventional radiological examinations of the chest, skull, pelvis, abdomen, and
sinuses. The level of doses in paediatric patients in situations of medical exposure is an
important topic of research due to the need to reduce the risks of future biological effects. In
contrast to adults, paediatric patients have specific features that lead to greater radiosensitivity
of tissues and organs, such as high anatomical and physiological development. In this work,
we estimate the doses through the output of the X-ray tube, with data from radiographic
examination techniques. 743 exams were collected, being 1394 projections. Data analysis
showed a heterogeneous population within the same age group, resulting in the use of different
radiographic techniques in the exams. Our projections show higher doses than expected for the
age groups and classification by weight as compared to international standards. In particular,
we found that the most divergent factor was the product of current by exposure time, especially
for the skull exam, being the average dose (3rd quartile) for the age group 1-5 years equal to
1.09 £ 0.35 mGy for anteroposterior projection. The dose reference levels for this projection
are in the range from 0.5 to 0.7 mGy. In the routine of the service, the grid was used in all
exams. To obtain lower dose values while maintaining the same image quality, more
optimization studies are required, with the creation of a local dose reference level.
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In pediatrics, the cardiac catheterization procedures are performed to diagnose or treat
congenital heart disease and their main advantage is that they are less invasive when compared
to surgery. However, such procedures provide high doses of radiation to patients. The
radiological protection in this type of radiology is essential, because children are more sensitive
to radiation. The objective of this study is to estimate the dose-area product (DAP) and
fluoroscopy time (FT) in pediatric patients of different age and weight groups in cardiac
catheterization procedures in a pediatric hospital. The data were obtained through the report
provided by the equipment, which has a dose meter attached to the output of the X-ray tube
and provides the DAP values, FT, in addition to sex, age and weight of the evaluated patients.
Weight or age values did not significantly influence DAP rate values. The mean age and weight
of patients undergoing cardiac catheterization procedures was higher when compared to similar
studies. The mean DAP and FT values estimated in the age groups were as follows: 0.91+0.09
Gy.cm? and 18.5 min for <1 year; 2.3£0.2 Gy.cm? and 18.2 min for 1- 5 years; 2.4+0.4 Gy.cm?
and 16.0 min for 5-10 years; and 5.6+2.4 Gy.cm? and 18.5 min for 10-15 years, respectively.
The correlation between weight and age is linearly dependent, so the implementation of
protocols according to the patient's age and weight range could result in DAP optimization.
The DAP values were lower than those reported in other studies, and the FT values obtained
were higher than those reported in similar studies.
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The TG-43 dose calculation of TPS in brachytherapy (BT) is made with the assumption of
homogeneous water as a reference medium. It does not account for the effects of other materials
that may present in the patient’s body. The present study investigates the influence of different
materials on the dosimetric parameters of *2Ir microSelectron HDR source using MCNP5 code.
As a preliminary, verification of MCNP5 code with the published data and the relative
differences were employed. Homogeneous phantoms filled with lung, bone, air, and common
steels materials for a hip prosthesis, i.e., titanium alloy (Ti), stainless steel, and cobalt-
chromium-molybdenum (Co-Cr-Mo), are modeled in this study. Using MCNP5 code, we
construct a database for °2Ir HDR-BT in a standard water phantom and other materials as
described above. Then, the data obtained from the simulation was used to calculate the radial
dose function g(r), and anisotropy function F(r,6). From the finding, g(r) for bone, lung, and
air are water equivalent at a radial distance, r <6 cm. At r> 6 cm, the TPS overestimate from
7.7%- 35.9 % for bone, and underestimate the lung dose (2.94%-33.0%) and air (2.81%-46.4%).
For steels, a large relative difference of up to 62.2% is calculated due to the higher density than
the water. Meanwhile, a greater relative difference for F(r,6) is observed at the angle parallel
to the Nucletron 2Ir microSelectron HDR source. An increase in the density of the medium
leads to inconsistencies in the flatness of the F(r,6). Great attention should be given to the
region greater than 6 cm from the source. The presence of any material other than water at the
respective distance could lead to significant underestimation or overestimation of the
dosimetric parameters.
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The 4°K and 28U content are important naturally occurring radionuclides so that accurate
determination of 40K and 238U is very essential in order to investigate the radiological hazard
indices of the granite rocks. The gamma spectroscopy is a direct nondestructive method to
determine the radionuclides concentration, but this method suffers from the interference of
gamma lines and using secular equilibrium principle in case of 23U. With respect to 40K
gamma spectroscopy affected by the interference with a background which leads to reduction
in minimum detectable activity. The energy dispersive X-ray analytical technique is a reliable
technique with no interference problems or background effect, but it is indirect method and the
concentration of isotopes will be calculated and deduced. In the present study, the results of
238 and “°K are measured by well calibrated gamma spectroscopy and energy dispersive X-
ray techniques are compared and show good agreement between the methods but with higher
uncertainty in gamma spectroscopy results. The detection limits of methods are accurately
determined.
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A079 - The impact of various instances of solar wind speed on the fluctuations of cosmic
radiation in the solar minimum (23, 24, and 25)

A Sh M Elshoukrofy!, N M Wateed!, H A Motaweh!”, M. Y. Hanfi?3, M.1. Sayyed*°, Mayeen
Uddin Khandaker® , A A Darwish’

! Faculty of Science, Damanhur University, Damanhur, EI Behera, Egypt

2Ural Federal University, Mira St., 19, 62002, Yekaterinburg, Russia

3Nuclear Materials Authority, EI Maadi, Cairo, Egypt

“Department of Physics, Faculty of Science, Isra University, Amman 11622, Jordan

Department of Nuclear Medicine Research, Institute for Research and Medical Consultations,
Imam Abdulrahman bin Faisal University, Dammam 31441, Saudi Arabia

SCenter for Applied Physics and Radiation Technologies, School of Engineering and
Technology, Sunway University, 47500 Bandar Sunway, Selangor Darul Ehsan, Malaysia

’ Faculty of Science, Alexandria University, Alexandria, Egypt
Corresponding auhtor: nohawateed.nw@gmail.com

The importance of solar wind study is determined by its key role in space weather. It has long
been known that solar wind is not permanent but consists of separate plasma streams with
different hydrodynamic and magnetic characteristics. The difference between the types of
flows is conditional, not absolute, therefore, there is still no generally accepted nomenclature,
which turns out to be different for different authors. Both the number of these types and the
approach to classification are different. In this study, we had analyzed the data of solar wind
speed and cosmic ray intensity from 1998 until 2020 of three solar cycles (23, 24, and 25) for
four stations Apatity, Fort Smith, Hermanus, and Sanae obtained respectively from the National
oceanic and atmospheric organization, and neutron monitors. Solar wind (SW) is divided into
three main types - slow and fast wind, as well as disturbed streams. Slow SW has characteristic
speeds of 300-500 km / s (this is about 1000 times higher than the speed of sound in air and
by the same amount less than the speed of light in vacuum) and is emitted mainly from the
equatorial regions of the Sun with a closed and semi-closed geometry of the magnetic field in
the form coronal loops at the bottom and helmet-like structures (streamers) at high altitudes,
respectively. Fast SW is emitted at speeds of 700—-800 km / s from regions of the Sun with an
"open" magnetic field geometry - from polar coronal holes, as well as coronal holes at low
latitudes. The disturbed SW flows. They are observed not constantly, but sporadically - in total,
less than half of the total observation time. These include coronal mass ejections (CMEs are
large-scale plasma clouds with a magnetic field), as well as disturbances in front of them and
front of fast SW streams from coronal holes. Such disturbances and the associated magnetic
structures, reaching the Earth (as well as other planets), can lead to global disturbances of the
magnetic field of our planet, causing magnetic storms and substorms. It is found that the solar
wind is permanent during the whole period of study and the number of occurrences of the low
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SW is more frequent than the rest of the species. The amplitude and phase of daily fluctuation
on selected stations have been examined in all scenarios of solar wind speed.
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Understanding the coherence properties of optical wave fields is critically important in most
phase based scientific applications. Full description of the coherence properties in the spatial
domain of a wave field is described by the four dimensional mutual optical intensity function
which makes it possible to analytically propagate the wave field in three dimensional space.
We present a simmulation study of how to best visualise the information embeded in the four
dimensional mutual optical intensity function. The results shed light on the the graphical
connection between the three dinmension wave field and its four dimensional mutual optical
intensity function.
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Monte Carlo simulation is the golden technigue to investigate particle transport in a medium.
This study explores the advantages of Monte Carlo simulation for understanding the
characterizations of the beam generated by the Gamma Knife machine.

For this study, the EGSnrc code is implemented to simulate the particle transport in Gamma
Knife Perfexion. To know the beams characterization, Gamma Knife Perfexion is divided into
three parts. The first part is to investigate the quality of beams that are emitted from capsulated
Co-60. The energy spectrum is observed in this part. The second part is focused on the forming
of beams using three different collimators. From the second part, the comparison of beam
profiles is taken into account. Then the last part is to learn the distributed dose in Phantom. The
measured dose distribution is also made using Gafchromic EBT3 film.

The energy spectrum from capsulated Co-60 has more low energy than the energy spectrum
from the encapsulated source. It is due to the material from the capsule having reduced the
energy of Co-60. From the second part, fluence and energy fluence depends on the size of the
collimator. The full width of half maximum of fluence is 1.87 mm for collimator size of 4 mm,
3.80 mm for 8 mm, and 7.80 mm for 16 mm. The decreasing of energy fluence of about 18.5
keV is found for collimator size of 16 mm. From the last part, the comparison between the
measured and simulated dose distribution has a good agreement. The gamma passing rates for
all collimator sizes are more than 97%.

This study concludes that the Monte Carlo simulation is a comprehensive tool to analyze the
beam characterization from the Gamma Knife machine. The Monte Carlo simulation helps to
understand each aspect of physical phenomena which occurred in the machine.
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A085 - Miniature 4zp(LS)-y(LaBrs) coincidence system at KRISS

M.J. Han'?, S.H. Hwang>?", Agung Agusbudiman®?2 D.H. Heo!, J.M. Lee!?, K.B. Lee!?

!Radioactivity Metrology Team, Korea Research Institute of Standards and Science, Republic
of Korea

2Science of Measurement, University of Science and Technology, Republic of Korea
3Radiation Metrology Division, National Nuclear Energy Agency, Indonesia

Corresponding author: shhwang@Kkriss.re.kr

A 4nB-y coincidence counting system has been developed for an absolute measurement of
radioactivity nuclei, when nuclei decays to beta and gamma rays. KRISS has developed the
41B-y coincidence counting system with a pressurized proportional counter (PPC) and a liquid
scintillation counter (LS) in 4nf detector coupled with two 3-inch Nal(Tl) gamma detectors.
The existing systems were participated in the several key comparisons organized by BIPM and
APMP. However, the Nal(TI) detectors show a poor resolution and a long decay time and it
could not be operated in the high counting rate and multi-gamma emission case. We are
developing new miniature 4nf3-y coincidence counting system with a LaBrs gamma detector
and a Flash-ADC(FADC). The miniature system has been improved with an ultra-fast digital
data taking instead of the analog signal processing. The ®°Co solution spiked in the Hionic
Flour (HF) liquid scintillator was used. The LS cocktail was mounted in the middle of the
detection system. The beta efficiency is estimated to be 87 % with liquid scintillation counter.
The difference of disintegration rate is consistent with the reference ion chamber at KRISS.
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The intense reddish orange emitting Eu**-doped gadolinium borate glasses with compositions
of 25Gd»03-(75-x) B203-xEu20s3; (x= 0.1, 0.3, 0.5, 1.0, 3.0, 5.0, 7.0 and 9.0 mol%) (GdBEu)
have been synthesized by melt-quenching method at 1400 °C for 3 h. Glass samples were
prepared to study physical, photoluminescence, scintillation and lasing potential properties.
Glasses absorb photons in ultraviolet, visible light and near infrared regions and the energy
transfer phenomena from Gd**— Eu®" in these glasses were observed. Ultraviolet (UV) and X-
ray excitation have been indicated performance was found at 275 nm and 394 nm excitations.
Luminescent properties can generate the strong red emission with 614 nm (°Do—'F2) with
energy transfer from Gd** to Eu®* content. The optimum concentration of Eu3* ion in this glass
is 7.0 mol% as it results in maximum emission intensity. The radiative properties including
transition probability (A), branching ratio (Br), stimulated emission cross-section (ce) and
decay time (tr) for different excited states have been evaluated by using Judd-Ofelt parameters
determined from the emission spectra. The stimulated CIE chromaticity coordinates were also
calculated. The decay time of the °Do level decreases from 1.824 ms to 1.585 ms when
concentration increased from 0.1 to 9.0 mol %. From RL measurement, glass samples perform
the integral scintillation efficiency as 18% when compared with BGO.
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A088 - Radiation hazard assessments of natural radioactivity in cosmetic products
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Natural sources such as clays, plant extracts, and raw materials containing naturally occurring
radioactive material have been used as ingredients for medicinal and cosmetic purposes since
ancient times. Nowadays, a variety of commercially available cosmetics products contain
radioactive substances that pose unknown radiation risks to the consumer. In this study, 12
samples of cosmetic products containing NORMs were used to conduct dose assessments on
members of the public for various usage scenarios in order to evaluate the external exposure
dose. Gamma-ray spectroscopy was utilized to determine the activity concentrations of 238U,
232Th, and “°K in the sample. Gamma-ray spectroscopy was used to measure the activity
concentration of 238U, 222Th, and “°K in the sample. Meanwhile, doses to skin and other organs
from these cosmetic products were modelled using Geant4 Monte Carlo simulations and the
MIRD5 mathematical phantom, incorporating Dose Conversion Factors (DCFs). The results
revealed that the activity concentration is lower than the reference provided by international
regulation. Furthermore, the effective doses in the skin estimated in this study are significantly
lower than the International Commission on Radiological Protection (ICRP) reference limit of
50 mSv per year for members of the general public. As a result, it is safe to conclude that the
dose from these products poses no radiological risk to the user. The addition of NORMs in
cosmetic products, on the other hand, should be done with caution because higher
concentrations can raise the dose.
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A089 - Variability of estimated organ dose based on different Monte Carlo radiation
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Effective dose assessment due to unavoidable radiation exposures from NORM (Naturally
Occurring Radioactive Material)-added consumer products is necessary in managing public
health and epidemiology studies at low-dose levels. This study was conducted to investigate
the variability of organ dose estimations due to the product radiation exposures based on two
different approaches of Monte Carlo radiation transport codes from MCNP5 and GEANT4. 5
products were selected based on their high prevalence of uses that is energy pendant,
tourmaline socks, energy card, bracelet and thorium mantle. For MCNP5 codes, direct
simulations of radiation transport were performed in human phantom; specifically, by
incorporating standing computational MIRD human phantom, and using photon mode (P
MODE) only with thick-target bremsstrahlung model (TTB) to take account of electron-
induced photon transports. Meanwhile, GEANT4 incorporated Low Energy Electromagnetic
Package EM Opt4 to simulate both photon and electron transports (PE MODE). The study
found out that the discrepancies of computed organ doses based on ratios between two different
codes due to short distance of product exposures (energy pendant, energy card, bracelet) were
in range of 1 — 19 %. Large discrepancy over 10 % are observed for organs that located in
proximity to the product of exposures. Extremely large discrepancy percentages of more than
100 % of organ dose ratios (tourmaline socks) were observed for different approaches between
point sources (GEANT4) and homogenously distributed volume source (MCNPS5). For long
distance of product exposures (thorium mantles), the disagreement of few to multiple tenth %
of organ dose ratios were observed between the codes for both 20 and 50 cm due to different
photon-electron transport approaches. The study suggests that in order to obtain high precision
of organ dose estimations, the most realistic model of exposures need to be achieved for
examples type of radiation mode and source geometries.
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The lead-free70[xTeO>—(1-x)B203]-20Bi>O3-10Li-O glasses were prepared by melt-
quenching method to determine the effect of mixing TeO, and B2Os glass formers on structural,
elastic and gamma radiation shielding properties of the glass system for applications in
radiotherapy laboratory and nuclear power plant control rooms. Structural analysis using FTIR
results revealed competition between TeO, and B2Os formers, where TO4 units indicated
bridging oxygen (BO) increased with increasing TeO> content before a large dropped at x=30
mol%, while BO4 units indicated BO fluctuated for x<30 mol% before it reaches the maximum
at x=30 mol% TeO> concentration. Interestingly, a minimum at x=30 mol% was observed for
elastic moduli (longitudinal, C. and shear, w) together with bulk, K, and Young’s modulus, Y
which due to the high formation of BO. On the other hand, gamma radiation shielding
properties have been investigated using Phy-X/PSD simulation and XCOM program. The
Linear Attenuation Coefficient (LAC) showed an increasing trend with increasing the TeO:
concentration. However, at x= 30 mol%, a slight changes were observed which may be due to
the density of the glass samples. The increased in TeO content decresed the values of Half
Value Layer (HVL) and Mean Free Path (MFP). The effective Atomic Number (Zeff) results
revealed that the gamma shielding properties increases with the increase in TeO> content. In
addition, the results demonstrated that the glass sample with 50 mol% of TeO- content had the
most desired for radiation shielding applications.
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In the current investigation, different types of alloys were fabricated through the solid-state
reaction process. The structural properties of the prepared alloys were reported by XRD, and
the density of the prepared alloys was measured experimentally to explore the radiation
shielding properties. Phy-X software was generated to calculate different radiation attenuation
factors for the prepared alloys between 0.01 and 15 MeV. We investigated the influence of the
chemical composition of the prepared alloys on the attenuation capability. We also examined
the influence of the energy at low, moderate, and high energy zones on the mass attenuation
coefficient (MAC) for each alloy. We found that the MAC for the prepared alloys is high in
the low-energy region, especially near the K-absorption edge of Sb and As. The results
illustrate an increase in the alloy’s half-value layer with increasing the energy of the radiation.
The obtained results confirm the potentiality of using the prepared alloys for radiation
protection applications.
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Multiple scattering (MS) of charged particles is relevant in many applications of radiation
physics, like the accurate simulation of energy deposition or of detector response. Electrons
are important both as primary particles and as secondaries released by the interaction of
photons, protons, and other ions. Despite this, data are generally old, the most recent ones
published in 2008 obtained with a medical linac under poorly controlled conditions. For
electrons with energies between 10 and 100 keV, the existing measurements of MS angular
distributions (not to be confused with backscattering) are from 1946. A project has been started
to measure MS angular distributions with the electron beams available at the S&o Paulo
Microtron. The first step has been the study of angle-integrated distributions for 10- to 100-
keV electrons impinging on targets with mass thicknesses between ~10 pg/cm? and ~2 mg/cm?,
and Z ranging from 13 to 79. Electrons scattered at frontal angles have been collected with a
Faraday cup covering the polar angles below 12.0°. To supplement this information, a ring has
been installed around the entrance of the Faraday cup to cover the angles from 12.0° to 23.1°.
The normalisation is provided by the current collected by the rest of the chamber, which is kept
insulated from the beam line and the ground. Important construction specifications will be
presented. The experience gained by operating this system will also be discussed regarding its
critical aspects like: avoiding cross talk between the cup and the ring both at the physical level
and during current measurements, measurement of small currents deposited on large objects
(the chamber in particular), conditioning of the target surface, and correction for electron
backscattering from the ring. Finally, some selected results for angle integrated MS
distributions will be compared to the best available theories.
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Prostate cancer is one of the most frequent malignancy affecting men. Due to high expression
of prostate-specific membrane antigen (PSMA) in the epithelial vasculature of prostatic cancer
cells, radiolabelled Gallium-68-PSMA Positron Emission Tomography-Computed
Tomography (Ga68-PSMA PET-CT) has now become an essential imaging modality to stage
high-risk prostate cancer as well as detect biochemical relapse. However, PSMA is also over-
expressed in the neovasculature epithelium of other non-prostatic high-vasculature tumours.
We report a case of incidental finding of hepatocellular carcinoma (HCC) by Ga68-PSMA
PET-CT. Eighty-year-old male diagnosed with prostate cancer undergoing hormonal therapy
was referred for Ga68-PSMA PET-CT for further staging. PET-CT findings showed a single
large irregular hepatic lesion with concordant PSMA tracer uptake, likely suggestive of primary
liver malignancy. Subsequent liver biopsy confirmed HCC. Patient then received concurrent
treatments for both HCC and prostate cancer. Neovascularisation is the foundation of growth,
invasion and metastasis in HCC. The epithelium of neovasculatures may express PSMA, which
could be a potential pitfall when staging for prostate carcinoma. Nonetheless, the expression
of PSMA in HCC may suggest a possible role of Ga68-PSMA PET-CT in HCC detection and
staging. Furthermore, this may allow for possible novel HCC treatments using PSMA as a
potential therapeutic target in theranostics.
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This study focused on the image quality and dosimetry characteristics in fabricated polyvinyl
alcohol (PVAL) phantoms for mammography. The densities of a number of fabricated breast
equivalent phantoms made from PVAL, ethanol solution and graphite powder adhering to
BIRADS (Breast Imaging Reporting and Data System) standard were investigated. An X-ray
computed tomography (CT) imaging system was used to determine the mean CT numbers,
relative electron densities and density distribution profiles of all PVAL composite gels.
Mammograms of fabricated and standard RMI 156 mammography phantoms were acquired
using full field digital mammography imaging system. The effect of breast density on contrast
(Cn), contrast-to-noise ratio (CNR), signal-to-noise ratio (SNR) and mean glandular dose
(MGD) were calculated. The breast phantoms made from PVAL + ethanol (E50), PVAL (P10)
and PVAL + graphite (G4) showed good resemblance to water and breast tissue based on their
densities, mean CT number, relative electron densities, CT density distribution profiles and
percentage flatness. Higher Cn, CNR and SNR values were achieved with lower density breast
equivalent phantoms. Moreover, density correlated positively with MGD and the mean values
of the MGD of the different categories of phantoms produced a p-value = 0.014 (< 0.05) which
implied that the dense phantoms had statistically significant higher MGD compared to the less
dense ones. All MGD values recorded in this work were found to be within the acceptable limit
of 3.0 mGy consistent with the ACR protocol. Therefore, these results support the suitability
of E50, P10 and G4 as approprite breast tissue-equivalent materials to mimic BIRADS
category B, C and D breast.
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This prospective study was designed to evaluate the influence of different tube potential, pitch
factor and iterative reconstruction (IR) algorithm on target transfer function (TTF) performance
in detecting pulmonary nodule during CT thorax examination. The study utilize image quality
phantom (CATPHAN 600) and was scanned under 128-slice Philips Brilliance (USA) CT
scanner. We employ CT Pulmonary Angiography (CTPA) protocols with adopting different
tube potential and pitch factor settings. Furthermore, the image was reconstructed using iDose*
level 3 and 4 and iDose* level 2 as a current IR setup. The spatial frequency values were
analyzed and TTF performance was evaluated in different settings of the tube potential, pitch
factor and IR algorithm. TTF performance was relatively higher with increase of pitch factor
value. However, no significant different observed on spatial frequency of TTF for various tube
potential and IR settings. The suitable pitch factor setting may enhance the TTF performance
for pulmonary nodule detection on the lung and improved the diagnostic performance. This
study discovered a significant association between TTF performance and lung nodule detection
under different data gathering settings, which can be used to improve the present CTPA
protocol.
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Rare-earth (RE) extraction activities in Malaysia produces 64000 to 75000 tonnes of low-level
radioactive residue annually which contains thorium concentration above the regulatory
clearance limit. Since thorium is considered as non-economic element, large volumes of these
RE processed residues are commonly disposed of without treatment. This research aims to
investigate the separation capability of thorium from aqueous waste through an electrosorption
technique using a carbon-based electrode. The leachate solution obtained from the digestion of
RE extraction residue was treated with the electrosorption technique. Several parameters such
as the applied voltage potential (0.2V - 0.8V vs Ag/AgCl), ion competition, and initial
concentration were investigated. The results showed that the adsorption of thorium ion
(ThSO4)s* was dominant at higher positive voltage with the trend of Kd value was Th> Pr>
Nd> La> Ce. The specific adsorption capacity obtained in this study ranged from 1.0 to 8.4
mg-Th/g-Carbon. The adsorption of (ThSO4)s* conforms to the Langmuir and Freundlich
adsorption isotherm models, while first and second pseudo-order kinetic models were well
fitted for the separation of (ThSO4)s> by carbon electrodes. Characterization of the electrode
carbon after treatment reveals that the migration of (ThSO4)s*to the surface of the carbon
electrode was due to the electrostatic forces followed by diffusion into the pores and bonding
with the C1s group through ion exchange and chemical non-reaction profile. This study found
that the application of electrosorption technique with carbon-based electrode may reduce up to
40% volume of the radioactive residue.

ORAL PRESENTATIONS| 88



ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

6 — 10 December 2021

A109 - MRI-LINAC dosimetry approach by Monte Carlo methods coupling charged
particle radiation transport with strong magnetic fields

Amiel Gayol*, Mauro Valente'?

lInstituto de Fisica E. Gaviola, IFEG-CONICET, & Laboratorio de Investigacion e
Instrumentacion en Fisica Aplicada a la Medicina e Imagenes por Rayos X, LIIFAMIR,
Facultad de Matemaética, Astronomia, Fisica y Computacion, FAMAF, Ciudad Universitaria,
Cordoba, Argentina.

2Centro de excelencia de Fisica e Ingenieria en Salud, CFIS & Departamento de Ciencias
Fisicas, Universidad de La Frontera, Temuco, Chile.

Corresponding author: amielgayol@mi.unc.edu.ar

MRI-LINAC devices incorporate magnetic resonance imaging systems to therapeutic
procedures with megavoltage photon beams produced by linear clinical accelerators. MRI-
LINAC devices are considered to represent a new type of technology with great expectations
for high precision radiotherapy since it allows treatment guidance by means of in-situ images
of the patient. The strong magnetic fields used in these equipment influence the trajectories of
secondary electrons, and charged particles in general, by means of the Lorentz force. Thus,
modifying the ionizing radiation field, which may cause local variations in the absorbed dose
distribution. The proper implementation of the external electromagnetic field coupling in
Monte Carlo simulation codes is a key issue to confirm the feasibility of using such a tool to
describe this type of complex applications along with the subsequent dosimetric effects. This
work provides a framework to carefully investigate the effects of magnetic fields on charged
particle tracks and on dose distributions, due to incident photon beams typically used in clinics.
PENELOPE and FLUKA simulation main codes were used to study the deflection of the
electron trajectories, while evaluating dosimetric effects, considering simplified arrangements
to complex clinical setups. Comparisons of the numerical results achieved for the radius of
curvature of the trajectories with an analytic relativistic formulation was satisfactory, and
dosimetry distortions due to the presence of strong magnetic field, as required for MRI-LINAC
technique, have been obtained using dedicated phantoms including interfaces and
inhomogeneities as well as preliminary approaches for patient-specific clinical cases.
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A113 - Feasibility of mean glandular dose determination of digital breast tomosynthesis
unit using LuSy dosimeter
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Mammography is a radiological examination that utilised low-energy x-rays to detect breast
cancer. The techniques available are full-field digital mammography (FFDM) and digital breast
tomosynthesis (DBT), which produced 2D and 3D breast images, respectively. Mean glandular
dose (MGD) can be used to monitor the dose delivered by these techniques because it estimates
the photon absorption in the breast's glandular tissue. This study aimed to determine the
feasibility of determining the mean glandular dose (MGD) using an in-house developed, real-
time optical fibre-based dosimeter called LuSy dosimeter. LuSy was calibrated against a
standard mammography dosimeter for three different target-filter combinations of W/Rh,
W/Ag and W/AI. After calibration, the MGD was measured using LuSy and subsequently
compared with the MGD measured by the solid-state detector and those predicted by the
mammography machine. The measured calibration coefficient was 341 + 8, 381 + 7 and 433 £
58 counts/mGy, for W/Ag, W/Rh and W/AI target-filter combinations, respectively. For MGD,
both LuSy and the mammography dosimeter measured a higher dose compared to the machine
console. The mean deviation between the LuSy and the solid-state dosimeter was 3.0 %, and
the mean deviation between the LuSy and the machine console was 30.3 %. Meanwhile, the
mean deviation between the solid-state detector and the machine console was 32.7 %. This may
be because of the slight difference in the MGD determination setup used by the mammography
unit. In conclusion, the LuSy was calibrated for low-energy x-rays, and the MGD measured
was comparable with a standard dosimeter.
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PRESAGE® dosimeter was investigated to explore the capability of the system for radiotherapy
dosimetry applications when read using the in-house developed optical CT system at Universiti
Teknologi MARA known as 3DMicroHD-OCT. The samples of PRESAGE® were irradiated
at different field geometry and pattern to investigate the percentage depth dose, the dose
linearity and dose rates dependency. It was found that the irradiated PRESAGE® accurately
produces depth dose profile which shows the dmax at 1.5 cm for 6 MV when readout and
analysed by the 3DMicroHD-OCT system in both 2D and 3D. The system also accurately
measured the absorbed dose in the PRESAGE® linearly with the R? better than 0.85 . The dose
linearity result is consistent with results of UV-Vis’s spectrometry. It was also found that there
is a dose rate effect at lowest dose rate irradiation on the dose response over the range tested.
The dose rate dependency analysis was consistent with the UV-vis. This study shows that the
3DMicroHD-OCT system is capable and feasible to utilise as 3D dosimetry system.
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A115 - High accurate mass attenuation coefficients and nanostructure of Zinc from X-
ray absorption Spectroscopy at room temperature.
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High-accuracy X-ray mass attenuation coefficients were determined from the X-ray Extended
Range Technique (XERT)-like experiment at the Australian Synchrotron. The accuracy of
measured mass attenuation coefficients is about 0.023% to 0.036%. Experimentally measured
mass attenuation coefficients deviate from the theoretical values near the zinc absorption edge,
suggesting that improvements in theoretical tabulations. The zinc K-edge jump ratio, jump
factor and X-ray absorption fine-structure (XAFS) are carefully determined from the high
accuracy absorption data. The XAFS analysis yields bond lengths and nanostructure of zinc
with uncertainties of from 0.1% to 0.3% or 0.003 A° to 0.008 A°. Thermal parameters were
fitted with an accuracy of from approximately 5%, and So? is determined to be 0.904 + 0.037.
A significant variation from reported crystal structures observed and it suggests local dynamic
motion compared with a standard crystal lattice. XAFS is sensitive to dynamic correlated
motion so that it is possible to observe any significances related to dynamic motion of materials.
These results for the zinc absorption coefficient, XAFS and structure are the most accurate
structural refinements of zinc at room temperature.
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This paper reports the luminescence and scintillation properties of LaCls:Tm3* single crystal.
Single crystal of Tm-doped LaClsz with the dimension of diameter 7 mm and length 55 mm was
successfully grown from the melt by using an inhouse-developed Bridgman furnace. The
luminescence property of the synthesized crystal has been analyzed under X-ray excitation, the
characteristic emission of LaCls:Tm3* crystal shows strong emission at 382 and 701 nm which
comes from the STEs of LaCls crystal and the transition of Tm®"*, respectively. Pulse height
spectrum under gamma excitation of the crystal coupled with a PMT was measured and
compared with that of LY SO crystal. At 662 keV - rays, the light yield (LY of 38,800 ph/MeV
and energy resolution of 4.36% were studied for LaCls:Tm?3* crystal. From these results, the
LaCls:Tm®" single crystal is a promising candidate for X-rays and y-rays radiation detection.
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Medical exposure is the primary source of radiogenic risk from artificial radiation to the general
population. The contribution of artificial radiation exposure in the medical field has been
growing in Sudan. This study aims to estimate effective doses for adult’s patients from nuclear
medicine examinations. The study involved 685 patients from five different hospitals in Sudan.
In total, 300, 196, and 189 patients underwent renal, thyroid, and bone scans. All procedures
were carried out using the Tc-99m radionuclide. Effective dose has been estimated using
computer software depending on conductive activity. The results show that dose information
for patients from thyroid, renal, and bone scan, for thyroid scan the patients age was 42.82 +
16.46 years, the patient's weight 68.58 + 12.82 kg, the activity 4.75 + 0.543 mCi and the
effective dose for thyroid was 2.28 +0.26 mSv. For renal scan, the patients' age 45.19 + 16.36
years, the weight 65.96 + 13.78 kg, the activity 5.21 + 1.166 mCi, and the effective dose 0.94
+ 0.211 mSv. For a bone scan, the patients' age was 57.59 + 14.92 years, the patient's weight
was 69.48 + 13.71 kg, the activity 19.96 + 2.11 mCi, and the effective dose for bone was 4.208
+0.443 mSv. The study revealed that the administered activity is independent of patient weight.
Patients received unjustified exposure due to the high amount of administered activity.
Implementation of national guidelines is necessary to improve the practice and patient safety.
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A119 - Precision measurement of the phase fine structure across the iron K-edge.
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Current applications of X-ray Absorption Fine Structure (XAFS) to low absorbing samples
such as ultra-thin films in semiconductor and nano-devices have been limited. This is expected
to not be the case for the phase component of the fine structure as it is generally orders of
magnitude larger than the absorption component in the x-ray regime. Here, we present details
of a precision measurement of both the phase and absorption components of the atomic fine
structure across the K-edge of a thin iron foil. The experiment applied Fourier Transform
Holography with an extended reference in spectroscopy mode and was conducted at the
SAXS/WAXS beamline of the Australian Synchrotron. The results provide critical
experimental benchmark for further theoretical development and has potential to delve into the
phase equivalent of XAFS related techniques.
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Dose measurement in high dose rate (HDR) brachytherapy treatment is challenging due to the
nature of steep dose gradient characteristic of brachytherapy source. MOSKin is a MOSFET-
based detector which possesses the main advantages of having small active volume and water
equivalent packaging as well as providing real-time measurement. It therefore has a high
potential to be the detector of choice for implementation of in vivo dosimetry (IVD) programme
in clinical brachytherapy. In this work, the aim is to evaluate the feasibility and applicability
of MOSkin as an in vivo detector for Cobalt-60 (Co-60) brachytherapy dose measurement
during brachytherapy of skin and cervical cancers. The MOSkin was first explored for a
dosimetric study at lead-tissue interface to measure the dose to the targeted and normal skin
regions during skin brachytherapy. Dose quantification with MOSkin performed in three
different source-lead-bolus phantom setup arrangements and during treatment delivery,
providing dosimetric information of tumour and normal tissue doses evaluation. There was 20%
dose enhancement at the target area from source-lead-bolus (SLB) setup while > 25% dose
reduction to normal skin was achieved with source-bolus-lead (SBL) setup arrangement. The
suitability of the MOSKin detector for rectal dose measurement during cervical intracavitary
brachytherapy (ICBT) was then investigated. Verification of classical cervical pear-shaped
isodose distribution from ICBT applicator was performed in a custom-made gynaecological
phantom which resulted in < 3% dose difference between the TPS planned and MOSkin
measured dose. This is followed by clinical in vivo rectal dose measurements in 18
brachytherapy insertions with placement of single MOSkin detector, which resulted in
percentage dose difference with planned doses ranging from —16.3% to 14.9%. In conclusion,
the MOSKin detector has been used for IVD and the results have verified the suitability and
applicability of the MOSkin as detector of choice for IVD in HDR brachytherapy using Co-60.
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X-ray absorption fine structure (XAFS) is widely used for investigating the properties of
molecular structures that falls short when applied to weakly absorbing samples. We propose a
new technique that explores the phase interactions with a sample which is known to be orders
of magnitude more sensitive than absorption. The sensitivity of phase-based measurements will
therefore overcome the limitations of absorption-based measurements. This new technique
yields both an absorption and phase spectrum simultaneously whereas XAFS is only capable
of absorption. Experimental demonstration of the new technique to achieve the complex
refractive index on a relative scale shows exciting results. In this presentation, details of the
structural fitting of the measured complex fine structure using the aforementioned technique
will be discussed.
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A new compact octagonal split ring resonator based tuning fork-hammer shape perfect
metamaterial absorber for C-band applications presented in this paper. It is a new combination
of an octagonal split resonator with tuning fork-hammer shape metal strip. FR-4 (lossy) is
selected as substrate material and copper (pure) is used for all metal stripes. The projected unit
cell is assessed by a high frequency electromagnetic simulator like CST microwave studio. The
proposed structure exhibits maximum absorption at 4.65GHz (98.86%) and 6.19GHz (95.42%).
The simulated results are also validated by HFSS and equivalent circuit model which shows
insignificant amount variation. Absorption individualities are also analyzed by different
polarization angle, width and length of the structure. The anticipated design is optimized
through the different types of parametric studies such as design optimization, unit cell size,
substrate materials. This C-band absorber permits numerous applications like satellite
communication, defense, security and stealth technology.
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X-ray Absorption Spectroscopy has been one of the most powerful tools for probing atomic
and molecular structures of materials. However, the measured fine structures in the absorption
domain do not have adequate dimensionalities to extract three-dimensional structural
information of the material of interest. In this presentation, we will describe a new technique
that allows accurate measurements of the atomic fine structure in both the absorption and the
phase domains, thereby opening exciting opportunities in a wide range of fundamental and
applied research. New results of the complex atomic fine structure of copper across the K-edge
will be discussed.
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A new coincidence module for the Triple-to-Double Coincidence Ratio (TDCR) counting
system has been developed at KRISS. The module is developed based on the Field-
Programmable Gate Array (FPGA) to replace the MAC3 unit, a well-known coincidence
module for a TDCR system. A cRIO controller, equipped with a Zyng-7020 FPGA, from the
National Instrument is used to develop the FPGA code that realizes the same functionality as
the MAC3 unit. The code is programmed to process pulses from three photomultiplier tubes
(PMTs) and simultaneously generate the counting signals from the three channels. An
extendable common dead-time correction is also applied in the FPGA code. Performance of
the new module is tested by varying some measurement parameters, i.e., input pulse width,
measurement time, dead-time, and resolving-time. A preliminary measurement result using 1*C
and ®H shows a difference of less than 0.5% between the FPGA and the MAC3, confirming the
ability of the new coincidence module to replace the MAC3 unit.
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The one proton radioactivity of all possible isotopes of Dysprosium are investigated
theoretically. Using effective liquid drop model (ELDM), the possible barriers limiting one
proton emission are studied using the molecular phase of the dinuclear system. The mass
excess values are taken from the reference [Chinese Physics C Vol. 45, No. 3 (2021) 030003].
The penetration probability is evaluated using Wentzel-Kramers—Brillouin (WKB) integral.
The half-lives obtained from the present work were compared with the available experimental
values. The half-lives of possible isotopes with positive decay energy in the isotopes of
Dysprosium are predicted. The predicted decay energies along with the corresponding half-
lives were useful in diagnosis and radiotherapy.
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Generally, Computed Tomography (CT)procedure makes a higher dose to patientcompared to
other conventional imaging procedures. Diagnostic Reference Levels (DRLs) are widely used
to determine the unusual high patient doses from radiologic examinations. Because of its high
radio-sensitivity, even a low radiation dose to pelvis may carry a greater risk to individual or
descendant. The purpose of this study is to estimate the pelvis radiation dose and establish
provincial DRLs. Several imaging parameters such as tube voltage, current as well as pitch and
number of slices, CT dose index and dose length product (DLP) were recorded for 275 patients
exposed at different radiology departments in Taif City, Saudi Arabia. Patients’ characteristics
(age, body mass index and number of CT examinations) were also recorded. In calculation of
effective dose (ED), theMonte Carlo methods and DLP-based conversion coefficients were
used. The use of any contrast media examinations was excluded from the calculation. The mean
CTDlyol, DLP, ED and DRL for the current study was estimated to be 20mGy, 600 mGy-cm,
8.9 mSV and 14.4 mSV, respectively. The third quartile was introduced to estimate the DRL
for the pelvis examinations. The results show similar values with the recent studies available
in the literature. The obtained provincial DRLs may allow an effective reduction in patient dose
without resulting in degradation of image quality. Recommendations: Further CT studies are
recommended for other organs, specifically CT examinations that carried out with contrast
media where higher photoelectric absorption were occurred and consequently pose a higher
dose and DRLs .
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In this paper, the flexible materials from natural rubber (NR) has been developed for possible
application in radiation shielding. Composites of natural rubber (NR) were prepared by
incorporating Antimony oxide (Sb20s3) with various loading levels. Crosslink density and
mechanical properties such as Modulus at 100% elongation, tensile strength, elongation at
break, hardness and a specific gravity of the NR composites were investigated. For the gamma
ray shielding properties, were measured in energy range 0.223 MeV-0.662 MeV using
Compton scattering technique for variation the energy from Cs-137 source. From the results,
the increasing of Sb2Os concentrations in the NR composites helped to increase the values of
mass attenuation coefficient (um), effective atomic number (Zefr), effective electron density (Ne)
and lead equivalent, While the half value layer (HVL) values of all samples were decreased
with the increasing of Sb2Os concentrations. For the X-ray radiation attenuation properties, the
linear attenuation coefficient (i) and lead equivalent (dPb) were increased with increased
Sbh203 add in NR and show the decreasing of X-ray energies range. These results reflect that
the NR/Sh>0O3 composites are suitable for flexible radiation shielding materials.
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Simultaneous imaging of multiple and complementary probes represents a substantial step
toward high specificity and large length-scale imaging. In this work, we combine the element-
specific nature of X-ray Fluorescence with the ability of X-ray Compton scattering to provide
information about the low atomic number matrix of materials by using the Rayleigh-to-
Compton ratio technique (R/C), coupled with the capability of the Small-angle X-ray Scattering
(SAXS) technique to probe particle sizes, shapes and orientations in the nano- to the
mesoscopic range (up to about 1 pum). The simulations were performed using the Monte Carlo
approach XRMC and a python-based in-house collagen fibril simulator. The simulations were
compared against the experiment results for a phantom, specially design for this study. Finally,
it will be shown the potential of exploiting the complementarity between X-ray scattering and
spectroscopy techniques tomographically acquired, to map simultaneously three-dimensionally
relevant features of the sample.
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High energy X-ray penetrates most matter without any problem and the common shielding for

X-ray is lead or concrete with various thickness. Betatron is a promising compact accelerator
that are capable of producing high energy X-ray for industrial cargo scanner. Present work
highlights the MCNP5 simulation of barium sulfate (Ba2SOs4) and concrete mixture radiation
shielding for 9 MeV betatron at Billion Prima Sdn Bhd. Several points are marked within layers
of the shielding materials to observe the radiation absorption and dose. Within the MCNP5
framework, the density of materials involved are set to 1.2930 x107 g/cm? for air, 3.35 g/cm?®
for well-mixed concrete barite, 4.5 g/cm? for barite and 2.35 g/cm?® for cement. Based on our
observation, combination design of well-mixed barite concrete shows the good shielding
property as the radiation dose reading outside the inspection room shows the lowest reading
which is 4.1600 uSv. The used of well mixed concrete and Ba>SOs as radiation shielding
effectively reduced the incident X-ray absorption and backscattered X-ray during cargo
scanning procedure.
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Fourier Transform Holography (FTH) is a single-shot imaging technique that can determine
both the absorption and phase of a sample. However, there are major practical challenges in
fabricating the FTH object mask. Consequently, FTH related studies have only been
demonstrated in the Extreme UV regime. In this presentation, we will present a simulation
study of a new approach, which makes it possible to use FTH with photons of higher energy
region (i.e., X-ray).
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A145 - Relation between energy dependence and dosimeter size: An experimental study
on glass TLDs
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Practical Use of a dosimeter in a range of photon energies necessitates recognition of the
radiation field as well as energy response of the dosimeter. Energy dependence is caused by
the unequal absorption properties of the material from various radiation energies. The emphasis
on the tissue equivalence of a dosimeter is also mainly due to energy dependent response of
non-tissue equivalent materials. The aim in this work was to measure the energy dependence
of the response of capillary glass silica fibre thermoluminescent dosimeters and to check
whether there is a relation between energy dependence and the size of the dosimeter.
Irradiations were performed in free-in-air condition at the secondary standard dosimetry
laboratory (SSDL) of the Malaysian Nuclear Agency using X-ray narrow beam series spectra
and gamma rays from a *'Cs source as the reference photon energy. Small size TLDs of hollow
rod shape with the external/internal diameters of 870/544, 386/241 and 127/79 pum and 3 mm
length prepared by a precision cutting process and preconditioning were irradiated at various
photon energies. Theoretical energy dependence calculated from the ratio of mass energy
absorption coefficients as well as the results from the Monte Carlo (MC) simulations using the
MCNPX code were also used for the comparison. The results show an increasing energy
dependence trend with the dosimeter size in the studied range. This can be explained based on
the cavity theory, MC simulation results and size-dependence of the luminescence efficiency
at various photon energies.

ORAL PRESENTATIONS| 107



ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

6 — 10 December 2021
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The present study compares the feasibility of fabricated Ge-doped optical fibres as a potential
remote dosimeter for radiotherapy postal dosimetry audit in non-reference conditions to a
commercial thermoluminescence dosimetry (TLD-100) system. The optical fibres system was
made up of two types of fibres: cylindrical (CF) and flat fibres (FF). The dosimetric
characteristics of the systems were studied and compared, with particular attention paid to dose
linearity, energy dependency, reproducibility, and fading. Methods for measuring absorbed
doses of CF, FF, and TLD-100 were developed, as well as uncertainty budgets. A preliminary
audit was performed under non-reference conditions to assess the variations in absorbed doses
measured by CF and FF over TLD-100. For both 6 MV and 10 MV photon beams, CF, FF, and
TLD-100 exhibit linear dose-response from 1 Gy to 3 Gy with a coefficient of determination
(R?) greater than 0.99, minimum energy dependency, and good reproducibility of 2.2%, 2.9%,
and 1.8%, respectively. The highest fading rate were determined to be 37.6%, 63.4%, and 14.2%
for CF, FF, and TLD-100, respectively, over the 106" day following irradiations. Several
correction factors have been established for the absorbed dose formalism utilizing these two
dosimetry systems. For irradiation with a 6 MV photon beam, the combined relative standard
uncertainty in the absorbed dose determined from CF, FF, and TLD-100 measurements were
estimated to be 4.3%, 5.56%, and 0.74%, respectively. The preliminary audit for the absorbed
dose measurement under non-reference conditions observed no significant differences (p >
0.05) in the absorbed dose measured by CF, FF, and TLD-100. The fabricated Ge-doped optical
fibre systems have commensurate dosimetric performance to TLD-100 and can be utilized as
a potential remote dosimeter for postal dosimetry audits with appropriate correction factors
applied to the absorbed dose measurements.
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Al148 - X ray spectrometry methodologies for sustainable cancer tissue analysis — recent
advances and limitations
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Trace elements play an important role in biological processes and an association between the
levels of trace elements and the presence of diseases such as cancer has already been
established. Thus, the understanding of the mechanisms of assimilation of trace elements may
be indicative of the genesis or progression of the disease. Energy Dispersive X-ray
Fluorescence technique (EDXRF) might be the innovative technique for screening analysis as
it constitutes the ideal compromise for a non-destructive, of simple instrumentation and good
sensitivity technique for the elements of interest. For these reasons, this technique has already
been tested in research regarding to the characterization of tumour tissues. However, there is
always a great impairment to statistically significant conclusions: the extremely reduced
number of samples. The research here presented intends to overcome this obstacle by taking
advantage of the vast repository of human tissue samples, fixed in formalin and embedded in
paraffin, that is stored in Portuguese hospitals. However, there is a major disadvantage when
using these samples, namely the type of substrate (formalin and/or paraffin), that increases the
factor of greatest uncertainty in the quantification by EDXRF: the characterization of the dark
matrix of the sample. This methodology will be based on the analysis and characterization of
"fresh" normal tissues by the techniques already established suitable: EDXRF, but also with
Total Reflection X-Ray Fluorescence (TXRF) and Inductively Coupled Plasma Optical
Emission Spectrometry (ICP-OES). This way, we will obtain an accurate elemental
quantification of the tissues, that we will then parameterize as we go through the paraffin
inclusion steps. The final samples will be analysed again by EDXRF, in order to create a matrix
correction model.
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The global incidence of malignant tumors is increasing every year, and 70% of them
receive radiotherapy. The accuracy of tumor boundary delimitation greatly influences the
success of radiotherapy. Nodule boundaries are usually marked by experienced radiologists.
However, marking is highly subjective and may lead to errors. Therefore, research to further
improve the accuracy of marking and automatically correct radiologists’ marking errors is
ongoing. In this study, 340 nodules were selected from computed tomography (CT) images of
lung nodules. Center on the centroid direction gradient (CDG) of the boundary drawn by each
radiologist on the CT image. The direction is drawn from the centroid of the polygon to the
boundary point of the polygon. The centroid direction gradient (CDG) of the boundary drawn

by each radiologist on the CT image was considered as the center. The COMBAT method was
used to coordinate the CDG, and the boundary of the nodule was redrawn according to the
newly obtained direction gradient. The results showed that the COMBAT method increases the
accuracy of delineation of the tumor boundary, and at the same time, it can clean the error
points of the data set. Analysis of variance showed that significant differences between the
CDGs of each expert disappeared after coordination. this method can be used to correct
delineation errors, making delineation of the tumor boundary more accurate.
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X-ray fluorescence analysis is a frequently used analytical method in a number of areas,
including the research of objects of cultural heritage. Especially in this area, the irreplaceable
advantage is the fact that the measurement can be performed non-destructively and non-
invasively on the examined object as a whole. If it is to be used in a non-destructive manner, it
only affects a relatively thin layer at the surface of the object under investigation, nevertheless,
this layer can have a complex structure (various coatings, gilding or other metallization, etc.).
Information about it can be a valuable contribution both to historical knowledge and to
restoration work. During the development of the method, therefore, several procedures were
elaborated to estimate the homogeneity or possible inhomogeneities of the investigated layer.
In principle, the simplest one is to measure at different beam angles. However, this also changes
the depth in the material into which the radiation penetrates. Without changing the
measurement geometry, it is possible to use simultaneous detection of two different energy
lines of the characteristic radiation of the investigated element (e.g., Ka. and Kg) and to evaluate
the depth distribution on the basis of their ratio. Finally, the most sophisticated, but also the
most informative, is the confocal arrangement of the spectrometer, where the focus, i.e. the
intersection of the beams of incident and emitted radiation very narrowly collimated the by the
capillary optics, shifts to the depth of the measured material. The review paper summarizes the
principles and possibilities of these methods, their advantages and limitations, and thus gives
instructions for their use for specific needs. The use is illustrated by examples of specific
measurements of art objects, realized in various laboratories, but especially in the laboratory
of the authors of this paper.
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The production of secondary neutrons and their contribution to the non-target dose remains a
general concern in the field of heavy ion therapy. Due to the high relative biological
effectiveness of neutrons, their broad energy distribution and their large range in tissue, even
small doses might be relevant. A precise determination of secondary neutron dose is required
for the correct estimation of potential risks. Fluorescent Nuclear Track Detectors (FNTDs) are
biocompatible passive detectors based on doped aluminium oxide and a promising tool for
personal dosimetry, especially for the high-energy neutrons resulting from ion beams used for
cancer treatment. They allow for single particle track detection on a microscopic scale while
offering several superior characteristics compared to other available dosimeters in use. In this
work, FNTD technology was implemented for neutron dosimetry using a standard Am-241/Be
neutron source for irradiation and a confocal laser scanning microscope for detector readout.
Acquired images were evaluated in terms of track density of recoil proton signals behind a
polyethylene neutron converter that was placed between the neutron source and FNTD
detectors during irradiation. The proton track density is found to be linear to dose and was
therefore used to obtain a calibration curve of the FNTDs for neutron dosimetry. This study
presents a new methodology for the post-irradiation data analysis, based on the intensity
threshold parameter during the track reconstruction process. By doing this, it was possible to
reduce the influence of the sensitivity differences between FNTDs, and the obtained calibration
curve is in agreement with previous publications. This methodology will be used for
experimental measurements of secondary neutrons at the Heidelberg lon Beam Therapy Center
(HIT), Heidelberg, Germany, along with other experimental techniques for comparison reasons.
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Ultrasound personnel was exposed occupationally to ionizing radiation from radioisotopes
during Ultrasound imaging. Thus, radiation safety assessment is required to ensure that the
Ultrasound physician's practice conforms with the international guidelines and dose limits are
not exceeded. This study aims to measure staff exposure during certain ultrasound
investigations on patients who received radioactive material in molecular imaging procedures,
including positron emission tomography (PET) and single-photon emission computed
tomography (SPECT) procedures, and estimate the biological risk of occupational exposure.
Occupational doses and ambient dose were monstered for Ultrasound physicians' personnel
over one year and at King Faisal Specialist Hospital and Research Center (KFSHRC), Riyadh,
Saudi Arabia. Occupational dose equivalent was measured in terms of Hp (10) (deep dose), Hp
(0.07) (skin dose) using calibrated thermos-luminescent dosimeters (TLDs), TLD-200 (CaF2:
Dy). TLDs were read using an automatic TLD reader (Harshaw 6600) in a nitrogen gas
environment. The overall mean of Hp(10), Hp(0.07) for an annual occupational dose 0.4 mSv
and ambient dose (mSv) were (M) in ultrasound room, Hot Lab were (Hp(10)=1.7 and Hp(0.07)
=1.72 mSv) and in the Stress Room were (Hp(10)=0.4 and Hp(0.07) =0.02 mSv) respectively.
Occupational exposure exceeded the annual dose limits (20.0 mSv) for some practitioners. The
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extremities dose is below the annual dose limits (500 mSv). Staff exposure, which depends on
radioisotopes characteristics and protection measures, can vary significantly for different
personnel. Careful assessment of working conditions is recommended to ensure that
occupational exposure is below the annual dose limits.
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Microbeam Radiation Therapy (MRT) is a pre-clinical concept in radiation therapy that uses
collimated arrays of micrometer width beams. A similar concept is minibeam radiation therapy,
which uses millimeter-sized beam widths. Both techniques can deliver very high doses at the
peak region and shallow doses at the valleys and have demonstrated equivalent tumor control
to conventional radiation therapy and better sparing of healthy tissue. An accurate dose
measurement of these beams requires a micro-scale detector with high spatial resolution and a
wide dynamic range to account for the dose variation between the peak and the valley. In this
work, the performance of Fluorescent Nuclear Track Detectors (FNTDs), based on aluminum
oxide crystal doped with carbon and magnesium, was examined as a dose verification tool for
photon sources such as Cesium 137 and X-ray beams, and MRT spatially collimated beams.
The FNTDs were read out using a confocal laser microscope which provides sub-micrometer
resolution and multiple non-destructive detector readouts. For data analysis, three methods
were used to quantify the fluorescence signal from the detectors, namely, the image mean
intensity, the fluorescence count rate, and the frequency domain analysis by means of the power
spectrum integral. The results obtained with the three methodologies agree with previous
studies in the dose range of 0.1 Gy to 100 Gy. A preliminary MRT dosimetry application was
achieved with a range of doses from 2 Gy up to 50 Gy, and it was possible to estimate the full
width at half maximum (FWHM) and the peak-to-valley dose ratio (PVDR) as the main
parameters of the spatially fractionated dose resulting from the MRT beams.
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Radiation exposure from computed tomography (CT) examinations contributed to more public
exposure from medical procedures. Establishing the diagnostic reference levels (DRL) is
recommended as an effective dose optimization method for patients’ doses. This study aims to
measure patient’s doses and establish the DRL for CT brain and paranasal sinuses procedures.
Sixty-six patients underwent CT procedures at 7 CT departments equipped with CT modalities
from different vendors. The Scheffe test was used to analyze variable differences. Patient age
ranges were 19- to 70 years. The radiation dose ranges for paranasal sinuses procedure (PNS)
were 185 mGy.cm to 587 mGy.cm, and 12.6 mGy to 55 mGy in terms of dose length product
(DLP) and volume CT dose index (CTDIvol) in that order. There are statistically significant
differences at the level of significance (0.05) or less in the variables (tube current-time product
(mAs), DLP, and CTDI) attributable to hospitals. There are no statistically significant
differences at the significance level (0.05) or less in the variable (age) attributable to hospitals.
In addition to that, there are statistically significant differences at the level of significance (0.05)
or less in the variable (CTDIvol) attributable to the number of CT slices. DRLs are proposed
for all of the investigated CT procedures. The patient radiation doses observed herein are more
significant than those typically seen in other studies worldwide.
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Radiocarbon (**C) is both the cosmogenic and anthropogenic isotope. Anthropogenic sources

of 14C are atmospheric nuclear bomb tests, various nuclear facilities and fossil fuel combustion.
The bomb-produced *C has been globally distributed across the planet and can be considered
as a new-natural level (clean-air sites). Combustion of fossil fuels that do not contain **C causes
increase of atmospheric CO2 concentration and depletion of local *C levels, while nuclear
sources increase local or regional atmospheric **C level. Naturally produced CO- and that
formed by fossil fuel combustion are characterized by different content of the stable isotope
13C (8'3C values) in addition to their different *C content. Therefore, the carbon isotope
composition (33C and 14C) of the atmospheric CO> can indicate sources of CO- at each location,
if it is far from nuclear facilities. 1*C activity in the atmospheric CO2 in Zagreb, Croatia, has
been monitored since 1985. Recently we have been monitoring carbon isotope composition at
several other locations in Croatia (city of Rijeka and rural areas around Zagreb and Rijeka)
with the aim of determining influence of fossil fuel combustion on atmospheric *C activity
and 8¥3C values at different locations with the hypothesis that the urban sites are affected by
fossil fuel uses. Rural locations show higher *C activities (by about 2 pMC — percent Modern
Carbon) and higher §*3C values than the urban sites in accordance with the hypothesis. The
difference is larger during winter (about 2.4 pMC) due to more intense fossil fuel combustion
in the cities.
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In this study, the performance of computed tomography lung classification using image
processing and Markov Random Field were investigated. For lung classification, the process
must first be going thru lung segmentation process. Lung segmentation is important as an initial
process before lung cancer segmentation and analysis. Image processing was employed to the
input image. We propose multilevel thresholding and Markov Random Field to improve the
segmentation process. Three setting for Markov Random Field was used for segmentation
process that is Iterated Condition Mode, Metropolis algorithm and Gibbs sampler. The output
from the experiments were analysed and compared to get the best performance. The results
revealed that for CT image lung classification, Markov Random Field using Metropolis
algorithm gives the best results. In view of the result obtained, the average accuracy is 94.75%
while the average sensitivity and specificity are 76.34% and 99.80%. The output from this
study can be implemented in lung cancer analysis research and computer aided diagnosis
development.
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Pediatrics are vulnerable to ionizing radiation exposure due to their rapidly dividing cells
compared to adults. Computed Tomography is one of the most imaging modalities used in
hospitals worldwide. It contributes up to 72% of the collective dose for the whole population
from medical procedures. Although the task is essential, few studies were performed in Saudi
Arabia regarding medical exposure patients’ doses. The objectives of this study were to
evaluate the radiation dose for patients during CT scan of the brain, Chest, Abdomen, and
CAP :( chest, abdomen, and pelvis in one scanning) and estimate the effective dose for the
patients undergoing CT exams.Two hundred eighty-two patients were examined from five
hospitals using five multi-detector CT machines. The radiation dose parameters were presented
in terms of CTDIvol (mGy) and DLP (mGy.cm). The mean CTDIvol (mGy) was 51, 9, 10, and
11 mGy for the head, chest, abdomen, and CAP, respectively. The mean DLP (mGy.cm) was
912, 428, 604, and 738 for head, chest, abdomen, and CAP, in that order.Patients have been
exposed to the highest dose during head CT procedures while the lowest was during CT chest.
Patient doses depend on imaging protocol and the anatomy of the organ of interest. Patient
doses showed wide variations due to technologist selection of exposure parameters. The patient
doses were higher compared to most of the previous studies.

ORAL PRESENTATIONS| 119


mailto:nmtamam@pnu.edu.sa

ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

6 — 10 December 2021
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Xenon scintillation has been widely used in rare event detection experiments, such as double
beta decay and double electron capture, with or without neutrino emission, as well as dark
matter. However, information on the primary scintillation yield in the absence of recombination
is still scarce and dispersed. The mean energy required to produce a vacuum ultraviolet
scintillation photon (Wsc) in gaseous xenon has been measured in the range of 30-120 eV.
Lower Wsc-values are often reported for alpha particles compared to electrons produced by
gamma or x-rays, being this difference not understood. We carried out a systematic study of
the absolute primary scintillation yield in Xe at 1.2 bar, using a Gas Proportional Scintillation
Counter. The simulation model of the detector's geometric efficiency was benchmarked
through the primary and secondary scintillation signals produced at different distances from
the photosensor. Wsc-values were obtained for gamma and x-rays with energies in the range
5.9-25 keV, and for 2-MeV alpha particles. No significant differences were found between
alpha particles and electrons.
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The Egyptian beach black sands and sand dune placer deposits are discontinuously distributed
along the Mediterranean Sea Coast including El- Arish coastal area, North Sinai, Egypt.
Several drill hole (well) samples representing the main two geomorphologic units in the studied
area; beach sand and sand dune were homogeneously mixed and collected to give one
composite sample for individual well. Separation of economic heavy minerals using heavy
liquid technique are considered. The total heavy minerals (THM) of beach sand varies from
2.7 to 11.39%, with an average 4.5%, while the mean content of total heavy minerals in sand
dune is 2.89%. The opaque minerals, especially magnetite, ilmenite and leucoxene, represent
more than 40% of the economic heavy minerals content. There is a wider variation in the non-
opaque minerals that are dominated by zircon, rutile, apatite, monazite, garnet group, and
silicates minerals (including amphiboles, pyroxenes, muscovite and biotite). Mineralogical
examinations including XRD and ESEM, were done with an emphasis on the more radioactive
minerals that comprise monazite and zircon. The ESEM analyses of monazite indicate that Th
and U content with an average of 11.24% and 2.17% respectively are the main minerals
responsible of the radioactivity in the studied area.
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Uranium represents the main heavy minerals that are used in nuclear applications. The aim of
the current study is to assess the exposure of Um Bogma formation from three localities
(Allouga, Abu Thor and Wadi Naseib) as a raw material that could be used in industrial and
construction applications and their environmental implications. Multichannel Nal gamma-ray
spectrometer was used to measure the radionuclides (238U, ?°Ra (eU), 2*2Th and “°K) contents
of the collected samples. The average values of 238U, ?2°Ra (eU) activities of Allouga (7285,
5089 Bqg/kg), Abu Thor (894.67, 757.3 Bg/kg) and Wadi Naseib (3076.33, 1237.67 Bg/kg) are
higher than the recommended average values. Six radiological hazard indices: rate of absorbed
dose (Dair), radium equivalent (Raeq) activity, annual effective dose (AED), external (Hex) and
internal (Hin) hazard indices, as well as activity gamma (Iy) were estimated based on
radionuclide activity concentrations. These indices exhibit that the examined samples have
values higher than the recommended permissible values, reflecting that they cannot be used for
industrial applications due to their impact on human-beings.
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We have ambiguously measured, in pure Xe, non-excimer-based secondary scintillation,
Neutral Bremsstrahlung (NBrS), in fully-controlled conditions in a dedicated setup based on a
Gas Proportional Scintillation Counter. We reveal the presence of NBrS in the NEXT-White
TPC, at present the largest optical HPXe-TPC in operation worldwide. NBrS is emitted by
drifting electrons scattering on neutral atoms and occurs, unlike electroluminescence (EL),
even for electric field values below the gas excitation threshold. Moreover, for field values
above 1 kV/cm/bar, the typical field intensities used for EL-based signal amplification, there
is solid evidence that NBrS is present with an intensity that is about two orders of magnitude
lower than conventional, excimer-based EL. Our results are in excellent agreement with the
NBrS yield values obtained with a recently developed simulation toolbox based on Maghboltz
and Python (Pyboltz). Even being less intense than EL in pure xenon, this new source of
scintillation has to be accounted for in Xe optical TPCs and may play an important role in
future single-phase LXe TPCs, especially in view of the forthcoming ton-scale detector
experiments.
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Recently, Radon (??°Rn) and Thoron (?*°Rn) made an issue in Republic of Korea, since the
mattresses from domestic manufactures release the radon at levels that exceed safety standards,
which is 1 mSv per year for the radiation dose of the general public by processed products.
Radon emanation found in several living goods, such as a natural latex, a mask, a sanitary pad,
a health care instrument, construction materials and so on. Most types of the radon mitigation
use the ventilation the inner gases. This method causes some loss of the heated or air
conditioned air, which increase the operation cost of the system. Korea Research Institute of
Standards and Science (KRISS) is developing a new concept of an active radon reduction
system by an interworking technology with a highly sensitive radon monitor system and a
ventilation system. We employ an electrostatic radon detection method and the radon detector
counts an alpha emitting from the radon daughters (**3Po, 2*Po, 2'Po and ?*2Po from ??’Rn and
220Rn) with a silicon detector. KRISS is developing a highly sensitive radon detector, KRISS
Rn-mini, with a micro controller and own developed signal processing circuit. The electric
field has been optimized by the 3D electric field calculation by finite element method. The
mock-up model of the radon collection cell has been fabricated by the 3D printer and the
sensitivity is found to be 4.5 times high by comparing with RAD?7. In this presentation, the
development of the KRISS Rn-mini will be discussed.
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One of the determinants of quality delivery of patient prescribed doses in radiotherapy is the
ability to make time-resolved radiation dosimetry. Doped silica optical fibres scintillators
reported earlier, used in radioluminescence (RL) based dosimetry, have indicated advantages:
an ability for real-time measurements, robustness, high spatial resolution, and versatility. Using
a suitable scintillator with fast rise and decay time adds on to the advantages above leading to
the time-resolved radiation dosimetry capability. Such capability provides the high temporal
resolution required to ensure quality assurance through pulse-by-pulse radiation dosimetry. We
report on the potential of cerium and terbium co-doped YAG crystal derived optical fibres as a
suitable scintillator for a time-resolved radiation dosimetry system. The samples were
irradiated in a high-energy clinical X-ray beams (6 MV) radiotherapy facility. The RL
responses were recorded for dose-rates between 100 MU/min and 600 MU/min, delivered by
a Varian 2100 C/D linear accelerator. The gating time in the photon-counting circuit was set at
1 ps. The fluorescence lifetime analysis demonstrates a calculated rise time of 590.1 ns and a
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decay time of 0.423 ps. This indicates superior performance compared to other scintillator
forms reported earlier. The scintillator samples demonstrated linear RL response, with minimal
observable memory, afterglow and plateau effects. These results demonstrate the potential for
the cerium and terbium co-doped YAG crystal derived optical fibre scintillators for time-

resolved radiation dosimetry.
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Auger electrons are a secondary form of radiation emitted following high-energy excitation of
a physical system. Auger emission spectra can identify the element of an excited atom that
decays by the Auger process. In addition, close examination of peak intensities can furnish
information about the component of a core hole’s angular momentum along the emission
direction. Such analysis can provide information about the process by which the core hole
came about. This therefore allows one to sense information regarding more than one step in a
multi-step radiation-absorption process without the need to resort to coincidence spectroscopy.
Here, resonant Auger spectra for several systems are re-analyzed in this light to better
understand phenomena that occur in the low-energy portion of a cascade event. This includes
better knowledge of angular and energy distributions of Auger electrons.

ORAL PRESENTATIONS| 127



ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

6 — 10 December 2021

A194 - Thermoluminescence characteristics of customised Ge-doped optical fibres
(CusOF) under Am-Be neutron source as a potential to be used for space radiation
detector

Farid Bajuril, Salasiah Mustafa?, Nizam Tamchek®, Fathinul Fikri Ahmad Saad®*,
Norkhairunnisa Mazlan?, David Andrew Bradley >¢, Noramaliza Mohd Noor?*’

!Department of Aerospace Engineering, Faculty of Engineering, Universiti Putra Malaysia,
Malaysia

2Centre for Diagnostic Nuclear Imaging, Universiti Putra Malaysia, Malaysia
3Department of Physics, Faculty of Science, Universiti Putra Malaysia, Malaysia

“Department of Radiology, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia,
Malaysia

®Centre for Biomedical Physics, School of Healthcare and Medical Sciences, Sunway
University, Malaysia

Department of Physics, University of Surrey, United Kingdom

"Medical Physics Unit, Hospital Pengajar Universiti Putra Malaysia, Universiti Putra Malaysia,
Malaysia

Corresponding author: noramaliza@upm.edu.my

While primary cosmic ray particles mainly consist of protons, the complex interactions of the
particles with the neutral atoms that exist in the Earth’s upper atmosphere may produce
neutrons. Some of the neutrons possess enough energy and with the right direction are able to
penetrate into the low Earth orbit (LEO). These neutrons are called albedo neutrons. This work
focuses on the possibility of Ge-doped optical fibres (GOF) to be used as passive dosimeters
for neutron detection in LEO environment. In order to feasibility toward neutron radiation
detection, various types of GOF with different concentration of Ge and shapes were irradiated
using Am-Be neutron source up to 72 hours with three distances of 0 cm, 15 cm and 30 cm
from the location of the source. The irradiation was conducted at Radiation Teaching
Laboratory, University of Surrey, United Kingdom. The GOF used were commercial GOF
(ComOF) that is generally used for communication application and customised GOF (CusOF)
to be used as a passive dosimeter. The TL signal from the GOF were compared with TLD-100,
TLD-600 and TLD-700 as reference. Upon normalising with the core volume, flat fibre (FF)
with 2.3 mol% Ge dopant had the highest average reading of 49.7 x 10! nC/m®. Both
cylindrical fibres (CF) with 6 mol% Ge and 604 micron diameter irradiated at 0 cm from source
have linear R-squared value of 0.98 and linearity index in the ranges between 0.96 and 1.03.
Finally, after 304 days upon irradiation, 483 micron CF with 6 mol% Ge had the least fading
of 5% compared to the original reading. From this work, we conclude that GOF has the
potential to be used as a neutron dosimeter.
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Computed Tomography (CT) scan examinations have been acknowledged for its higher
radiation doses contribution when compared to other imaging modalities. Hence, the public’s
recently has raised a concern of radiation burden, especially to paediatric patients. The purpose
of this study is to investigate the influence of CT acquisition parameters on radiation dose in
the selected radiosensitive organs of infant CT head examination and its repercussion on the
image quality. This study utilized a 1-year-old anthropomorphic phantom and
thermoluminescent dosimeter (TLD) for organ dose assessment. The examination was
performed by using 128 multi-slice CT Ingenuity Core (Philips Koninklijke, Amsterdam, and
The Netherlands) with adopting tube potential and iterative reconstruction algorithm
(Ingenuity-128 with iDose4). The tube potential was fixing at 100 kVp with various tube
current reference values (ref.mAs). 5 different CT protocols (P1 to P5) were employed during
the process. 3 TLD chips were inserted into the phantom slab no 2, 4, and 7 to represent brain,
lens, and thyroid respectively. The objective image quality in terms of signal to noise ratio
(SNR) and contrast to noise ratio (CNR) and subjective image quality using the Visual Grading
Analysis technique in terms of sharpness, noise and artefact were assessed from each protocol.
As a result, the dose was declined up to 30% along with reducing tube current. Meanwhile, the
SNR and CNR values were improved with iterative reconstruction. In conclusion, optimization
of CT acquisition parameter led to reduced radiation dose in radiosensitive organ in CT brain
examination.
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In this study, the dosimetric characteristics of Germanium (Ge) doped optical fibres were
investigated for their potential use as an alternative dosimeter for electron beam therapy postal
audits. The dosimetric characteristics of 6mol% Ge-doped optical fibres fabricated in a
cylindrical shape were examined in terms of fading effect, dose-response, energy dependence
and dose rate dependence subject to electron beams using a medical linear accelerator located
at Royal Surrey Hospital, England. The fibres were then used in the pilot study of electron
beam therapy audit for reference and non-reference conditions in accordance with the
International Atomic Energy Agency (IAEA) standard irradiation procedures. The results show
that the fading effect of the Ge-doped optical fibres was reduced by 26% at 120 days post-
irradiation and the dose-response was linear within the dose range of 1 to 3 Gy, with the least
determination coefficient, R2 of 0.994 at 12 MeV. The responses for electron beam energy
between 6 to 20 MeV and dose rate within 100 to 400 cGy demonstrate significant deviations
at a maximum of 6% and 3%, respectively. The results of the electron beam therapy audit were
satisfactory within the IAEA’s acceptance limit of 5%, except for the 6 MeV electron beam in
the reference condition, in which a deviation relative to the measured dose of 6% was obtained.
In conclusion, the Ge-doped optical fibres are suitable to be used as a transfer dosimeter in
electron beam therapy postal audit.
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Abu Furad area lies in the Central Eastern Desert, Egypt. The main outcrops include
metasediments, metavolcanics, metagabbros, syn- to late-orogenic granites, and post-orogenic
granites, in addition to numerous dykes and veins of different shapes and composition intruded
and invading all the older rocks in the study area. Altered syenogranite at Abu Furad area is
affected by multistages of hydrothermal alteration processes along brittle structures, this
alteration comprises silicification, hematitization, sericitization, saussuritization, chloritization
and muscovitization. These rocks were used as ornamental stones and inter in ceramic industry.
The 28U, 232Th, 2?°Ra and “°K activities were measured in Abu Furad granitic rocks using a
Nal (TI) gamma-ray spectroscopy system. The activities are ranged from 31 to 351.33 Bgkg?,
22.2 t0 102.35 Bgkg?, 22.2 t0168.35 Bgkg™ and 881.49 to 1460.67 Bqgkg™, for 28U, 232Th,
2%6Ra and “°K, respectively. The lowest activities of these radioelements were recorded in syn-
to late-orogenic granites while the highest values in the altered granites and pegmatites.
Absorbed Dose Rate (D), annual effective dose equivalent (AEDE), radium equivalent activity
(Raeq), external (Hex) and internal (Hin) hazard index, in addition to activity gamma index (Iy)
caused by gamma emitting natural radionuclide are determined from the obtained values of
226Ra, 2Th and “°K. Fairly, the studied altered granites and pegmatites do not agree the
international limits. This could be attributed to the presence of radioactive and U-bearing
minerals such as thorite, fergusonite, samarskite, columbite, zircon, monazite, xenotime,
apatite, fluorite and sphene.
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In clinical settings, the source-to-distance (SID) is adjusted using measuring tape attached to
the x-ray tube. However, this method is ignored when hand extremities X-ray examinations are
involved. Variation in SID can affect radiation dose to hand and quality of image. In this study
upper extremities of the hand area were included. It is because the number of hand injuries
cases at the hospitals is higher compared to other upper extremities such as the forearm, elbow
and humerus. The purpose of this work was to investigate the effect of different SID on
entrance surface dose (ESD) and quality of image for posteroanterior (PA) projection. The
Siemens Multix Top system was used selecting 55 kVp and 1.6 mAs. The SID selected was 95,
100, 105, 110 and 115 cm. The anthropomorphic hand-wrist phantom was placed over the
cassette with the third metacarpophalangeal joint as the centre of the anatomical structure.
Twelve nanoDot OSLDs at various locations on the phantom were positioned. The ESD
readings were repeated for three times at each SID in order to record an average value. Five
images of PA hand X-ray examinations were produced in order to measure signal-noise-ratio
(SNR) using ImageJ for image quality evaluation. The mean ESD value at the centre of
anatomical structure, which is the metacarpophalangeal (MCP) joint of the third digit decreased
as SID increased. There is a significant difference between the mean ESD at MCP joint of the
third digit and SID (p<0.05). However, inconsistent ESD values at other locations were
observed. In terms of image quality, the results also show inconsistent pattern of SNR for each
image. To conclude, the increase in SID, lowers the ESD and image quality. It is suggested that
the SID need to be adjusted manually when upper extremities of the hand X-ray examinations
are performed.
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The Auger Effect is the name given to a secondary ionisation of an atom due to an initial inner
shell vacancy. While first discovered almost a century ago, there are still many active
investigations into this phenomenon as well as newly found applications. Practical applications
include cancer research, semiconductor and quantum dot studies, microelectrics, functional
electroluminescence, and materials science. Furthermore, Auger Electron Spectroscopy has
been a key analytical tool for decades. Despite this, there is a lack of theoretical understanding
of the Auger Effect within the framework of relativistic quantum mechanics. Plenty of
publications mention the need for a greater understanding of the Auger Effect. However, very
few theoretical works exist which lead to a lack of understanding the fundamental atomic
processes. This is unfortunate and we aim to bridge the gap in the literature. Two recent
publications from our group include an analysis of the Auger Effect. The work considers the
relative intensity, K-edge, Auger edge, and peak energy, as parameters to define the shape of
an Auger energy profile. There is no consensus in the literature as to what profile one should
use when considering an Auger emission profile, guesses range from non-contiguous and
piecewise profiles to broad Gaussians. This is an issue in many radiation physics subfields, as
the Auger Effect is always present to some degree in X-Ray physics experiments.
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Investigation has been made on the performance of Ge-doped silica optical fiber
radioluminescence (RL) scintillators used for radiotherapy dosimetry. The samples under study
were differentiated by the core and cladding diameter and Ge dopant concentration. The small
core samples have a relatively smaller core to cladding ratio compared to the larger core
samples. In the characterization, the samples were subjected to 6 and 10 MV photon beams
from a linear accelerator in a radiotherapy facility. Each sample were exposed under a set of
similar conditions, with a fixed surface distance (SSD) of 100 cm and field size of 10 x 10 cm?.
Dosimetric performance investigation included radioluminescence yield, dose-rate dependency,
energy dependency, angular dependency and percentage depth dose profile. The
radioluminescence yield was observed to be linear with increasing dose with the smaller core
samples demonstrating a higher total radioluminescence yield. The sample with core diameter
of 134 um and core to cladding ratio of 0.069 demonstrated the highest sensitivity of 2.73 x
108 counts/ Gy. The higher RL yield is contributed by the higher number of color centers in the
pure silica network (cladding) compared to the color centers in the Ge-doped silica network
(core). The higher Ge-dopant concentration in the large core samples influenced the RL yield
through photon trapping, reducing the overall RL yield in such samples. The RL response
indicated dose-rate independence, indicating potential for Ge-doped silica optical fiber
scintillators for radiotherapy dosimetry.
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A223 - Tomographic gamma-ray imaging of industrial processes and equipment

Geir Anton Johansen!, Bjgrn Tore Hjertaker!, Reza Hashemi2, Ryan Spelay?
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Over the past decades there has been an increase in the development of tomography systems
for cross sectional imaging of industrial processes and equipment. The motivation is typically
to obtain better insight and understanding of the process dynamics to enable process
optimization, and to carry out integrity measurements of process equipment such as pipes. At
the University of Bergen, we concentrated on the development of gamma-ray imaging systems
with multiple sources and detectors even though electrical tomographic imaging systems also
were considered. There are several trade-offs in the design of these systems. For instance, to
reveal the dynamics of multiphase flows, high speed imaging is required, preferably in
combination with high spatial resolution. The first gamma tomograph system developed at the
University of Bergen has five 2*!Am sources with fan beam collimation so that each source
faces a detector array of 17 CdZnTe semiconductor detectors and a total of 85 detectors / beams.
The system has been applied to provide data which has been used to design efficient multiphase
flow meters. The second gamma-ray tomograph was based on the system in Bergen and
developed for and by Saskatchewan Research Council in Canada. The system utilises five
pixelized CdZnTe detectors with a total of 4480 elements. The unit has been used to study the
dynamics of solid-liquid, oil-water and oil-water-solid multiphase pipe flows and has been
instrumental in better understanding the underlaying physics and mechanisms that govern these
type of flows. Tracerco has developed Discovery™, a unique non-intrusive external inspection
tool which can be clamped onto process equipment such as pipes for integrity measurements.
The Discovery™ technology can measure defects to within a 2 mm resolution, provide a
tomographic wall thickness and build up map of each scanning location, inspect pipe-in-
pipelines to measure the wall thickness of both inner and outer pipes, provide accurate results
unaffected by multiphase flow, and inspect non intrusively by ROV deployment.
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Intraoperative electron radiotherapy treatments consist on the irradiation of the tumour bed
during the surgical intervention after tumour extirpation to remove the remaining cancer cells.
Due to the collaboration between the institutions the authors belong to, it has been possible to
carry out the study of the beams emitted by the Liac HWL Sordina accelerator, using state-of-
the-art Monte-Carlo (MC) simulations. During experimentation with 12 MeV electron beam
and 10 cm diameter applicator, in a water phantom, it has been observed by the hospital medical
physicist that the dose profile presents a significant inhomogeneity. To homogenise the field,
the collaboration group has proposed the design of a flattened filter made of PMMA. MC
simulations has been performed independently by two research groups using MCNP6v2 and
PENELOPE/PenEasy. The applicator geometry was modelled and incorporated to the
simulation, which was executed using as a source a phase space file at the exit of the accelerator,
provided by the manufacturer. First, the dose distributions obtained in a water phantom located
at the exit of the Liac, were compared with experimental data provided by the hospital. Once
this verification was done, the PMMA filter attenuation in layers of different thicknesses and
shapes was studied, applying these results to the filter design. After adding the proposed filter
to the applicator geometry some simulations were performed to check its effectiveness on the
field homogeneity. The results showed that the designed filter achieves the proposed objective,
obtaining a flat dose profile at the depth of interest in the water phantom. Moreover, the fluence
and dose distribution around the accelerator system have been studied to verify that the filter
does not generate scatter that increase the peripheral dose around the Unit. The designed filter
will be manufactured to be validated in a water phantom by performing experimental
measurements. Its potential use for specific patients will be evaluated.
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The UK’s National Nuclear Laboratory is a centre of expertise for nuclear fuel cycle
technologies. NNL is leading an ambitious project to deliver unique research facilities that will
enable the requisite research and development for myriad applications of radiation and nuclear
technology in the future. This project, called STELLAR, aims to deploy a high flux, high
fluence neutron irradiation source at NNL’s Central Laboratory located at the Sellafield nuclear
fuels complex in the UK. It is expected that STELLAR will operate with a continuous flux in
excess of 10 neutrons/cm?/s at energies of up to 14.1 MeV. By locating the system at Central
Laboratory, STELLAR offers the opportunity to make use of high activity pre and post
irradiation analytical facilities, enabling a range of unique experiments to be considered with
STELLAR making use of materials that couldn’t be handled at other facilities. Applications
proposed to date include the development of novel radionuclide production processes for
improved targeting of radiation in medical treatments, materials testing for advanced nuclear
technologies across fission and fusion and investigating the transmutation of nuclear waste.
Such a facility will enable the development of more hands-on skills for the UK and global
nuclear sectors. To ensure the development of a flexible and suitable facility for these
applications, feedback on the proposed facility is welcome as well as expressions of interest
for future use of the facility. A summary of the facility specification and more detailed
experimental concepts will be shared.
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In the UK many radionuclides are imported from abroad with the UK having a limited
radionuclide production capability. Due to strict import conditions and the difficulty
transporting short-lived radionuclides there is a gap in the UK’s nuclear skills and facilities
capability to meet this demand. A part of meeting this demand is not only the development of
production facilities, but the identification of novel medical radionuclide and novel production
routes aimed at increased effectiveness whilst limiting damage to healthy tissues. To
accomplish this, a review was undertaken to develop a method of prioritising novel
radionuclides and novel production routes of interest for medical applications. Once the method
was established, radionuclides identified would be evaluated in the newly developed
Production Rate Assessment Tool. This tool utilises the UKs fission product inventory code
FISPIN as a calculation kernel to model the rate of production of nuclides generated when a
target material is exposed to an incident neutron flux. FISPIN is used routinely for industrial
applications on the Sellafield site and makes use of well-established and validated nuclear data.
The unique attributes of FISPIN when used within this tool enable it to handle mixed nuclide
inputs, multiple irradiation and cooling steps and both reactor and accelerator irradiations
within one flexible model. The Production Rate Assessment Tool therefore allows the user to
make quick assessments to enable effective decision making based on theoretical feasibility of
production routes of radionuclides of interest. Through this work we have demonstrated a
transfer of knowledge and understanding for this area of interest through the review of nuclear
physics considerations and the method of prioritisation. The Production Rate Assessment Tool
has also expanded the capability a reputable and well validated code for a novel application to
enable assessment of prioritised radionuclides in a structured manner.
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X-ray Free Electron Laser (XFEL) light sources present new opportunities in the imaging of
single particles and biomolecules. However, the interpretation and analysis of XFEL data
depends critically on a fundamental understanding of the characteristics of the inherently
stochastic XFEL pulses delivered to the instrument. Exploiting the uniqgue MHz repetition rate
of the European XFEL to image single particles requires an improved understanding of both
the inter- and intra-train fluctuations in pulse structure and beam pointing, which are frequently
implicated in the loss of information in XFEL single particle imaging (SPI1) and other classes
of coherent diffraction experiment. Failure to account for fluctuations of the electron bunch
phase-space and/or trajectory within a pulse train can result in deviations of the recorded
wavefront and intensity statistics from theoretical behaviour and lead to conflation of the
structure of the source and sample in single particle reconstruction. Contrary to expectations,
X-ray optical data collected at the SPB-SFX instrument of the European XFEL demonstrates a
sensitivity of inter- and intra-train variations in beam pointing to beam delivery parameters —
We present this data in comparison to a partially coherent wave optical simulation of the SPB-
SFEX instrument, through which photon diagnostics have been designed and developed, with
the goal of improving the stability and subsequent imaging quality of the user-end photon beam.
We discuss these results within the scope of developing a novel phase-retrieval method
applicable to the study of MHz repetition rate XFEL sources using nearfield speckle-tracking
measurements.
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Proton-boron capture enhanced proton therapy is an exciting area of development in cancer
treatment. By introducing !B into the treatment area of the proton beam three alpha particles
can be produced in the !B+p->3a reaction. Highly ionising alpha particles result in large
equivalent doses deposited in small treatment volumes. An increased dose produced within the
treatment area would allow for a lower proton beam exposure, reducing the dose to healthy
tissue and improving outcomes for patients. The reduction in damage to healthy tissue is
particularly important for the treatment of tumours close to highly radiosensitive structures
within the body, which currently limits the applications of proton therapy. To take advantage
of the reaction cross-section, a high boron concentration is needed for the dose from the alpha
particles to become significant. Previous research into the effectiveness of proton-boron
capture therapy has focused on the use of boron containing pharmaceuticals. As the boron is
free to interact in the body, the amount of boron that can be delivered to a tumour is limited by
the boron toxicity level. By encasing the boron in inert glass microspheres, the boron
concentration in the tumour location can be safely increased beyond this limit. This work will
present glass microspheres doped with 1B as an alternative delivery vector to proton-boron
capture therapy. A glass with the maximum amount of boron without leaching above the
toxicity limit is being developed, produced and tested at Bangor University. Leaching levels
are measured by simulating an in vivo environment and testing for all glass components to
ensure biocompatibility. The effectiveness of proton-boron capture therapy compared to proton
therapy for this delivery vector will be assessed experimentally by examination of cell culture
damage. A detailed explanation of the methodologies and initial results will be given.
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In aquaculture, as for all other sectors of the food industry, food safety is a major concern, there
being a necessity for both transparency and traceability. In particular it is imperative for the
consumer to have access to details of where (traceability) and how (transparency) the food has
been produced. Importantly, the food industry including the aquaculture sector needs to be
accountable in terms of seeking possible solutions towards ensuring food safety compliance.
Forming the background to present work is the issue of the presence of anti-microbial
resistance (AMR) bacteria in aquatic food and its environment, a matter of major and growing
concern. Radiation treatment is one approach that can confront resistant microorganisms found
in aquatic environments, combating their potential appearance in fresh market produce. This is
an issue that has been little addressed in developing nations. In this paper, systematic controls
and measures using radiation treatment will be compared to biological and chemical
approaches such as phage therapy, lactic acid bacteria therapy and nano-sensors, also other
existing controls such as the use of light (photovoltaic and blue and UV light). In recent studies
radiation methods have been successful in inactivating microorganisms at the DNA level, with
minimal damage to surrounding cells, being highly effective in eradication of harmful
microorganisms. Ensuring aquatic food safe to health contributes to the UN Sustainable
Development Goals (SDGs), addressing the 3" goal ‘good health and well-being’ and the 12"
SDG of ‘responsible consumption and production’. In this review, the focus is on AMR
radiation treatment, adopting the systematic control measures familiar in the medical field,
offering a potential solution towards environmental and safety concerns in the aquatic food
production sector.
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Radon is a radioactive noble gas that is exhaled from the soil and can reach high concentrations
in enclosed spaces. As elevated concentrations cause serious health problems, legislation has
been put in place in many countries to regulate the concentration limit and to establish
mitigation techniques, the most effective for new buildings being the installation of radon
barriers. One of the parameters that determine whether the barrier is adequate to protect against
radon is the diffusion coefficient, whose measurement methodology is standardised in ISO/TS
11665-13:2017. The experimental setup consists of two stainless steel airtight chambers, 2 mm
thick and with a volume of 0.801 litres each, placed one on top of the other. The radon source
is placed in the lower chamber, the materials to be studied are positioned between the two
chambers and the setup is sealed by means of an O-ring and several screws. Two continuous
detectors (Durrigde RAD7) are used to measure the evolution of the radon concentration in
both chambers every 30 minutes for 48 hours and, with these results, the radon diffusion
coefficient is calculated. The materials to be studied are 10 micron sheets of polyethylene (PE)
and 15 micron sheets of aluminium (Al), testing in each case 1, 2 and 3 layers of each material.
In addition, combinations of the two materials, i.e., PE-AI-PE and PE-AI-PE-AI-PE, are also
studied. The diffusion coefficients obtained vary around 2-101? m?/s for PE; in the case of Al
the diffusion coefficient decreases with increasing number of layers and a lower value is
obtained than for PE (around 10* m?/s), making it a very good material for reinforcing
polymeric barriers; and the combination of both materials gives very good results, the diffusion
coefficient being very low. Radon reductions achieved range from 70-87.5% for PE to more
than 98% for Al and the materials combinations. The excellent radon shielding capacity of
aluminium is observed, which grows with increasing material thickness. Furthermore, it can be
stated that the use of multilayer materials of different nature is very effective in reducing the
radon concentration reaching an enclosed space, and that the use of aluminium in some of the
layers is essential to achieve a greater shielding effect.

ORAL PRESENTATIONS| 142



ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

6 — 10 December 2021

A243 - First results from FATIMA within the DESPEC collaboration at FAIR-0

S. Jazrawil?, M.Polettini®4. A.Yaneva®®, M.M.R.Chishti!, B. Das’, A.Banerjee®, N.Hubbard>2,
A.K.Mistry>8, M. Rudigier®, H.M.Albers®, R. Shearman*, M.Gorska®, J.Gerl°, P.H.Regan'?,
B.Cederwall’, J. Jolie®, S.Alhomaidhi®®, T. Arici®, G. Benzoni*, P.Boutachkov®, T.Davinson®,
T. Dickel®, E. Haettner®, O.Hall®, H.Heggen®, P.R.John, I. Kojouharov®, N. Kurz®, B S.Nara
Singh?®, S.Pietri®, Zs.Podolyak®, E. Sahin®®, H. Schaffner®, C.Scheidenberger®, A.Sharmatt, J.
Vesic?, H. Weick®, H.J.Wollersheim®, U.Ahmed®, O.Aktas’ A.Algora®®, C.Appleton®, J.
Benito!4, A. Blazhev®, A.Bracco®* A.M.Bruce®®, M.Brunet?, R. Canavan!?, A.Esmaylzadeh®,
L.M. Fraile!®, H. Grawe®, G.Hafner®®, D. Kahl®, V. Karayonchev®, R. Kern®, G. Kosir'?, R.
Lozeval®, P. Napiralla®, R.Page!’, C. M.Petrache?®, J. Petrovic’, N.Pietralla®, J.-M.R"egis®, P.
Ruotsalainen®, L.Sexton®, V. Sanchez-Temble!*, M.Si'®, J.Vilhena®®, V. Werner®, J.
Wiederhold®, P. Woods® and G.Zimba'®

!Department of Physics, University of Surrey, Guildford, GU2 7XH, UK; ?National Physical
Laboratory, Teddington, Middlesex, TW11 OLW, UK; 3Dipartimento di Fisica, Universita
degli Studi di Milano, Italy; *INFN, Sezione di Milano, Italy; °GSI, Darmstadt, Germany;
SInstitut fur Kernphysik der Universitat zu Koéln, Germany; 'KTH Royal Institute of
Technology Stockholm, Sweden; 8Institut fir Kernphysik, Technische Universitit Darmstadt,
Germany; °School of Physics and Astronomy University of Edinburgh, EH9 3FD, UK;
10School of Computing, Engineering & Physical Sciences, University of the West of Scotland,
UK; Department of Physics, Indian Institute of Technology Ropar - Rupnagar, India; 2Jozef
Stefan Institute, Ljubljana, Slovenia; BInstituto de Fisica Corpuscular, CSIC-Universidad de
Valencia, Valencia, Spain; *Universidad Complutense de Madrid, E-28040 Spain;
BUniversity of Brighton, UK; ®Univeristé Paris-Saclay, 1JCLab, CNRS/IN2P3 — F-91405
Orsay, France; }’Department of Physics, University of Liverpool, L69 7ZE, UK; 8University
of Jyvéskyla - Seminaarinkatu 15, 40014, Finland

Corresponding authors: s.jazrawi@surrey.ac.uk & p.regan@surrey.ac.uk

Abstract: The NuSTAR collaboration, based at the Facility for Antiproton and lon Research
(FAIR) radioactive-ion beam facility, under construction near Darmstadt, Germany, focusses
on investigations of radioactive species with unusual combinations of protons and neutrons.
The DEcay SPECtroscopy (DESPEC) research programme within NuSTAR includes
instrumentation development for operation at FAIR, such as the FAst TIMing Array (FATIMA)
of 36 LaBr3(Ce) scintillation y-ray detectors; and the AIDA, position sensitive implantation
detector. The commissioning run of the DESPEC at FAIR-0 umbrella took place in March
2020 and focussed on spectroscopy of neutron-deficient residues resulting from the projectile
fragmentation of a 982 MeV/u '?*Xe primary beam. We report on the analysis of these first
experimental data, including measurement of electromagnetic transition rates between excited
states in neutron-deficient palladium (Z=46) isotopes. We use previously reported isomeric
decays in *#%Pd to determine the in-situ operational characteristics of the FATIMA array,
including full-energy peak efficiency and timing resolution, which are compared with a
detailed GEANT4 simulation package developed within the DESPEC collaboration.
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In neutron activation analysis (NAA), the gamma-gamma coincidence method (GGC) is
commonly employed in experimental studies of nuclear structure. In order to conduct an
accurate measurement, requiring complex de-convolution peak methods must be applied to the
resulting gamma-ray spectrum. This work applied GGC method for investigation of Fe and Th
in Montana Il Soil and Coal Fly Ash sample. Measuring was done using an event—event gamma
coincidence spectrometer (Dalat Nuclear Research Institute, Vietnam). This system has two
semiconductor detectors (GMX35, Ortec, USA). Montana Il Soil and Coal Fly Ash sample
were provided by National Institute of Standards & Technology (NIST, USA). It is shown that
the peak to background ratios have been improved and concentration of Fe and Th in samples
was determined with better accuracy when the GGC method applied. It has been demonstrated
that the gamma—gamma coincidence method may accurately determine Fe and Tb in geological
and environmental samples.
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Recent advances in photon counting detection technology have led to significant research
interest in X-ray imaging. Photon-counting detectors are new technology for Computed
Tomography (CT) scanner, with the potential to overcome major limitations of conventional
CT detectors. The performance and sensitivity of semiconductor detector material in photon
counting detectors in differentiating soft tissue contrast are still under investigation. The
purpose of this study was to characterize the Cadmium Zinc Telluride photon counting
detector‘s linearity and its sensitivity in distinguishing various type of tissues in imaging.The
X-ray tube voltage and current were set at 25 keV, 35 keV and 0.5 mAs, 1.0 mAs respectively
to find the optimum (FPS) Frame rate per second. The X-ray tube current was then set with
the ranges from 0.1 mAs to 1 mAs and the detector energy thresholds were set in small steps
from 15 KeV to 35 KeV to find the relationship between the voltage and current of the X-ray
source and counts per second (CPS) and energy thresholds by keeping the optimum FPS fixed.
A stair-step chamber was fabricated from Plexiglass with a dimension of 21 cm x 21 cm to
place the fat, liver, muscle, paraffin wax and contrast media for six different thicknesses The
transmission of X-rays at six different thicknesses of samples were also evaluated to investigate
the effect on Count per seconds (CPS) for varies tissue thickness at five different energy
thresholds (21 keV, 25 keV, 29 keV, 31 keV, and 45 keV). This study found that the optimum
FPS follows the X-ray source spectrum, The CPS has linear relationship with X-ray tube
current. The sample thickness also affects the X-ray transmission at different energy thresholds.
The high sensitivity and linearity of the detector make it suitable to be used in X-ray based
medical applications as well as for preclinical applications.
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A259 - Simulation of Ka X-ray emission lines in metallic Cu from first principles
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High precision X-ray spectrometry has pushed the boundaries of electronic structure
calculation, as with increased energy resolution the emission line shapes reveal asymmetries
that sometimes fail to be explained by theory. Among the possible parameters that might hinder
a good agreement between theory and experiments are X-ray fundamental parameters, such as
fluorescence and Coster-Kronig yields, shake-off and shake-up probabilities as well as
transition energies and rates. To this date, the analysis of experimental spectra requires multi
peak fitting including up to 12 or more parameters depending on the complexity of the system
and whether satellite lines are present. These parameters include not only experimental features
such as spectrometer energy resolution and transfer functions but also energy shifts, natural
transition widths, spectator intensities and broadening. In this work, we have performed
simulations of high accuracy X-ray spectra of Cu where there is still inconsistencies between
theory and experiment, namely on Ko2/Kal intensity ratios and widths. These ab initio
calculations included relativistic and quantum electrodynamics corrections such as self-energy
and vacuum polarization using the MultiConfiguration Dirac-Fock (MCDF) method. The
simulation of the spectrum is then free of any fitting parameters, requiring only as input the
experimental energy resolution, background intensity and any energy offset due to solid state
effects. Noteworthy is the fact that the ratio between the diagram and the satellite lines
intensities is not subject to any fitting, being obtained directly from their calculated relative
intensities.
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A260 - X-ray phase contrast imaging with a simple prototype system: polyenergetic
beam and a dental imaging detector.
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Conventional X-ray images are obtained by placing an image receptor immediately after the
object. The image contrast results from the variations on X-ray attenuation at structures within
the object due to the different composition, density and thickness of this structures, as well as
of the X-rays energies emitted from the source. Although this image modality is widely used
in several applications, it can be limited when the attenuation characteristics of the structures
and the surrounding medium are similar. However, if the image receptor is placed in a certain
distance from the object, it’s possible to detect phase changes after the X-rays refract in the
object and travel a certain distance towards the image receptor. Thus, the phase contrast is
formed. In this work, the propagation X-ray phase contrast imaging technique was studied and
applied using a microfocus X-ray source (high spatial coherence), essentially polyenergetic,
and a digital dental imaging detector, both compatible with conventional sources and detectors
used clinically. Initially, all these elements were characterized and then the experimental setup
was built and the influences of irradiation and geometric parameters on the images were
investigated. Finally, several test phantoms (containing fibers and homogeneous materials with
close attenuation characteristics) and animal tissues (bone, fibrous, adipose and mixed) were
analyzed with this prototype system. The implemented prototype system showed great
potential for biological and clinical applications, showing a significant increase in the contrast
of biological and inorganic materials with similar attenuation characteristics, compared to the
traditional X-ray images using the same energy spectrum.
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Proton therapy (PT) is growing worldwide since it can provide very conformational dose to the
tumor being irradiated. However, diverse variables may compromise such conformational dose
distribution, leading to undesirable situations that are suspected of being correlated with tumor
recurrence. Several approaches have been suggested for in vivo proton beam range verification.
One technique is based on detection of prompt-gamma rays (PG) originating from proton-
nuclear interactions within the body. On one side, the emission of such PG rays occurs with
higher intensity in the Bragg peak (BP) region. On the other side, PG emission should not occur
after the BP since the protons are expected to stop at this point. Hence, LIP has addressed
efforts to develop a multi-slat collimated system oriented orthogonally to the beam direction in
order to detect the PG rays that escape the patient in the perpendicular direction. Such rays give
an approximation of the proton's range into the patient. However, the neutrons produced during
proton irradiation may interact with the patient and with the heavy structures inside the
treatment room and produce secondary gamma rays that can mask the signal of interest. The
number of neutrons increases as the proton energy increases, so the technique may be not
suitable to assist in the irradiation of some anatomical regions, e.g. prostate irradiation, which
requires protons with energies of 200 MeV or higher. Hence, a detailed study of this approach
should include the simulation of real treatment plans. This task includes, on one hand, the
adaptation of patient computed tomograms (which are proportional to electron density) into
Geant4 (which includes tissue density and stoichiometry). On the other hand, some irradiation
beam parameters (e.g. position, energy, direction, among others) should also be considered in
the simulations. In this work, our latest developments on this topic will be presented.
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The introduction of polycapillary optics into X-ray techniques has contributed to a huge
improvement in terms of performances available with conventional lab setups, almost
comparable to those achieved only with Synchrotron Radiation sources. At XLab Frascati,
within the Laboratori Nazionali di Frascati (INFN-LNF), the expertise gained on X-ray
techniques and on polycapillary lenses, has allowed researchers to carry out advanced X-ray
spectroscopy and X-ray microscopy studies. We will show the results obtained on the
characterization of building and crafting materials from the Peltuinum excavations (an
archeological site located in Central Italy) to evaluate the temporal and geographical origin of
the raw materials used for the production of these objects in an area characterized by the
movement of goods and people linked to the presence of the sheep trail connecting Central and
Southern Italy. Our focus is on the evaluation of the elemental composition and the structure
materials coming from Peltuinum, as: a) tiles, to trace the origin of the clays used for the
different productions; b) painted and unpainted plasters, mortars - characterized by the use of
fine-grained gravel; c) limestone of different hardness, with different uses according to the
context of destination; 4) ceramics, from the Roman age and archaic majolica productions, the
latter being part of Abruzzo as early as the 14" century BCE; d) bone samples from domestic
animal and people probably circulating along the sheep trail.
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Nowadays, x-ray Computed micro Tomography (UCT) is one of the most advanced high-
resolution imaging techniques for the nondestructive analysis. Extreme penetration
peculiarities of x-rays combined with beam shaping features of polycapillary x-ray optics allow
contrast imaging of internal microstructures of various nontransparent objects and materials,
becoming a basics for uCT. Measuring the three-dimensional (3D) X-ray attenuation
coefficient, the distribution of areas with different densities and/or chemical compositions over
the sample is typically visualized by virtual slicing or 3D volume rendering. Recently, at XLab
Frascati (Dabagov laboratory at the National Institute for Nuclear Physics, Italy) a new
dedicated facility, a Computed Tomography Station (CTS), has been installed offering to the
users the accessibility to advanced UCT studies. Utilising a microfocus source with an
advanced laboratory optics, CTS can provide a spatial resolution close to the focal spot size.
Moreover, analysis enforced by the cross-section microstructure of the optics can result even
in higher resolution without the radiation intensity increase. Furthermore, as known,
performing phase-contrast microCT measurements is allowed independently of a limited
spatial coherence with respect to the synchrotron radiation beam. Keeping in mind the growing
request for the nondestructive analysis, x-ray CTS should represent a powerful investigation
tool in the variety of applications, as for material science, geology, biomaterials and cultural
heritage.
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The assessment of the ambient dose rate from the natural background is always the main object
of the environmental monitoring programs. Ky Anh, at coordinates of 18°07'35" N-106°15'27"

E, is a rural district of Ha Tinh Province in the North Central Coast region of Vietnam. The
titanium mineral itself has caused radioactive contamination to various degrees in the
surrounding environments. Primarily, the mineral deposit at the mining area is located very
close to even intermingling with residential areas; therefore, attention should be paid to
investigating the status of radioactive contamination in the mine. The obtained values of the
environmental gamma dose-rates were widely fluctuated in the range from 0.05 to 0.18uSv/h,
with the average value of 0.10 uSv/h. Approximately 86.2% of the obtained dose-rates within
the range from 0.08 to 0.12 pSv/h equivalent to 0.70 to 1.05 pSv/year, and this range agrees
with the natural radiation background in the entire world. In addition, the average values of the
radioactivity of isotopes 238U, 226Ra, 232Th, 40K, and 137Cs in the surface soil collected at
120 positions were 33.1, 21.1, 36.6, 279.0, and 0.42 Bg/kg, respectively and used to figure out
the dose rate at 1m above the ground caused by these isotopes. The average calculated value
was 0.048 uSv/h or 0.42 mSv/year.
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The signature of molecular vibrations and distortions in dynamic molecules gives a complex
fingerprint which is insightful and can substantiate chemical hypotheses regarding molecular
and conformer stability. Using high-accuracy experimental data of ferrocene (Fc) and
deuterated ferrocene (dFc, Fc—d*®) at temperatures from 7 K through to 388 K, we obtain
complex spectral profiles which require an advanced reaction coordinate model to explain. We
obtain compelling evidence that the single conformer model (staggered Dsq or eclipsed Dsh)
used to interpret and explain many experimental results on ferrocene is invalid. We also present
compelling evidence that mixed conformer models are invalid, where ferrocene is represented
by an effective dihedral angle between the cyclopentadienyl (Cp) rings; or by a mixture of
Boltzmann populations of the two conformers. We find no evidence for single or mixed
conformer models despite covering almost all conclusions from past literature for gas, solution
or solid phase Fc. A new principle based on the reaction coordinate is introduced using
advanced spectroscopy and modelling for hypothesis testing, to articulate the nature of the
potential surface, the reaction coordinate, and subtle conformational changes in dilute systems.
Theoretical calculations of the infrared spectra of Dsh and Dsq with the B3LYP/m6-31G(d)
functional highlights a significant difference between Fc conformations around 450-500 cm
and early investigations provided key insight into the quantum dynamics of ferrocene. A new
methodology for obtaining defined uncertainties with high quality Fourier Transform Infrared
(FTIR) measurements allow for quantitative hypothesis testing for complex structural
determination. Our experimental analysis shows that the lowest energy conformer is Dsh for
both Fc and dFc at low temperatures, but as temperature increases, the population of occupied
vibrational modes increases towards the Dsq conformation. We obtain agreement of the model
with the complex spectral evolution of profiles.
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Understanding fundamental atomic processes is key to advancing the field of radiation physics
and spectroscopy. Copper is the most common source for laboratory X-Rays worldwide.
Therefore, theoretical understanding of the copper characteristic X-Ray sources is vitally
important to the field. There have been several high accuracy measurements of the copper Ka
and Kpg spectrum recently. However, there is some discrepancy between these empirical
investigations and the most recent theoretical studies.

Using a multiconfigurational Dirac-Hartree-Fock approach we have calculated the copper Ka
and Kp spectra. Results are the eigenenergies and relative amplitudes of the diagram and
satellite lines. Novel results are the satellite lines and the shake-off probabilities for 1s, 2s, 2p,
3s, 3p, 3d, and 4s subshells. Convergence is monitored through gauge ratios and the evolution
of energies with expansion to higher orbitals.

Theoretical investigations into fundamental X-Ray processes are essential for advancing the
capabilities of computational relativistic quantum mechanics. Furthermore, by accounting for
well-known and well-studied phenomena, such as shake-off events, to high accuracies we are
able to make better claims on the consequences of lesser known features. For example, by
characterising shake-events in various characteristic X-Ray spectra to greater precision, any
discrepancies between theory and experiment can more strongly invoke other processes, such
as the Auger Effect.
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To observe the variation of neutron induced events, the experiments have been conducted on
an annular solar eclipse day and a normal day using a Superheated Emulsion Detector (SED).
The SED has been fabricated in the laboratory with R134a (C2H2F4) liquid of b.p. =-26.3 0C .
The acoustic signals are produced in this detector by the shock wave created due to the energy
deposition by the energetic particles. The present measurement has been carried out with R134a
SED operated at 400C at the laboratory (Kolkata, India) on 26 December 2019 which was an
annular solar eclipse day that starts at 8:06 am (IST) and ends at 11:10 am (IST). Similar
experiment has been carried out on a normal day. The calibration experiment has been carried
out with 241Am-Be neutron and 137Cs gamma sources. We define the acoustic power, and
Fundamental Frequency variables from the measured acoustic pulses. From the analysis with
these variables it is observed that the maximum events during solar eclipse day were due to the
neutrons. The expected event rate for neutrons has also been calculated for the interaction cross
section of some specific energy of neutrons. The experimental count rate on the day of solar
eclipse is found out to be 7.75E-03 + 0.84E-03 per second and on the normal day is 2.16E-03
+ 0.44E-03 per second. The present study shows that there is an enhancement of the neutron
flux during the solar eclipse. The effect of the small variation of gamma ray flux during the
solar eclipse as reported earlier is not visible in this measurement.
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The superheated emulsion detector (SED) is based on the dispersion of superheated liquid
droplets in an impurities-free gel base matrix. The SED performs well as a neutron detector in
a mixed radiation field as it is sensitive to heavy ionizing particles at a specific temperature
and pressure combination of the superheated liquid, but insensitive to low ionizing particles in
the same thermodynamic regime [1]. This property of SED allows it to be used in dark matter
direct search experiments, which is a challenging field of research these days [2]. The SED
should run for a long time to detect the dark matter (DM) candidates as the cross-section of
interaction of the DM with the detector nuclei is extremely small, on the scale of about 104
cm? [3]. To run the SED for an extended period of time, one must know the superheated droplet
stability feature. Superheated state is generally short lived in nature due to the presence of
heterogeneous nucleation sites such as trapped air bubbles in gel base matrix, roughness of
container, dissolved gas pockets etc. which can initiate nucleation to reach at stable vapour
state. By removing such potential heterogeneous nucleation sites, the stability of the
superheated state can be improved significantly. Another factor is that during SED fabrication
process, stress is induced in the SED, which also promotes spontaneous nucleation so it
requires curing for several days to be used in the experiment. In the present work, for different
ranges of superheated droplet sizes, the stability of R-134a (C2H2F4, b.p. -26.3 °C) superheated
liquid droplets has been investigated as a function of curing time. Here the curing time refers
to the day from the SED fabrication. The gel matrix utilised in R-134 SED fabrication was
properly degassed by vacuum pump to remove the trapped air bubbles. By adjusting the stirrer
rotation speed of the high pressure reactor, different sized R-134a SEDs were created. The 900
rpm (rotation per minute) and 1400 rpm of the stirrer speed were used to fabricate the SEDs.
To better understand the stability of the superheated droplets, the rate of bubble nucleation
events was investigated in presence of a 2*Am-Be neutron source (10 mCi) with varying curing
times. At 34 °C operating temperature, both SEDs (900 and 1400 rpm) were irradiated with the
neutron source. It is observed that both the SEDs remain stable throughout the 5-months of
curing period and enters into fragile region after an around 8 months of curing time.

[1] F. d’Errico, Nucl. Instr. Meth. Phys. B 184 (2001) 229.
[2] S. C. Roy, Radiat. Phys. Chem. 61 (2001) 271.

[3] C. Amole et al (PICO Collaboration), Phys. Rev. D 100 (2019) 022001.
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The purpose of this study is to build a model with similar characteristics to the average
population of Saudi Arabia for radiation protection purpose, dosimetry, risk assessment and
other related applications. A survey was conducted on the eastern province of Saudi Arabia
among male volunteers only, recording their age, mass (weight) and height. A total of 3,404
data sets were collected. The data were used to find the average characteristics by which a
volunteer was chosen to be the source of the computational phantom data. The tissues and
organs according to ICRP 103 recommendation for radiation protection calculations were
segmented from the phantom using open source software. A comparison of the dose calculation
using MCNPX Monte Carlo code is presented with ICRP computational phantom for photon
irradiation conditions. Results of implemented phantoms postures, one in a standing and the
other walking are presented and discussed. The results showed that the phantom in walking
posture may receive up to 2.96 times the dose of the standing one. In general, the organ dose
in the walking phantom is in the order of 1.5 times that of the standing one. The radiation
dosage estimation with the new phantom will be particularly relevant practical radiological
situations. In addition the data from phantom will serve the implementation of the created
computational virtual phantom for education purposes i.e. sectional anatomy teaching and
advance images synthesising.
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The present study aims to fabricate a new concrete material that can be applied in radiation
shielding applications. The fabricated concrete was prepared as a mixture of Portland cement,
granite (coarse aggregate), and sand with ratios of 1: 3: 2 by volumero First, the mentioned
components were mixed well, and then the water was added with different cement/water ratios
0.4, 0.6, and 0.8. Then the mixture with water content was mixed well and molded in the cubic
molds with dimensions of 7 cmx7 xd, where d is the thickness and takes different values in the
fabricated concretes. Three thicknesses were fabricated for each sample, and all samples were
saved for 15 days to dry. After that, the preformed concretes density was measured using the
volume (V, cm®) and mass (M, g) of the samples were p=M/V, and the received results were
confirmed by the density meter MH-300A. The density of the fabricated samples varied
between 2.588 to 2.61 g/cm?®. Also, the chemical composition of the concretes was measured.
Then, the measured density and chemical. The chemical composition and density were applied
to the Monte Carlo simulation to predict the fabricated concretes’ attenuation characteristics in
the energy range between 0.015 and 2 MeV. The predicted linear attenuation coefficient,
transmission factor (TF), and half-value layer (HVL) were confirmed experimentally using the
Nal detector.
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The current work aimed to study the attenuation properties of ball clay-cement- slag iron as an
alternative to concrete. The percentages between the three compounds were changed to obtain
the best compound used to attenuate the photons. From this, 6 samples were designed as
follows BCSI-x (where x represents values from 0 to 5). Experimentally the mass attenuation
coefficient (MAC) was examined by using a HPGe detector. The measurement has been done
using the collimated beam technique by different point sources (Am-241, Cs-173 and Eu-152).
The experimental obtained results were compared with the results of XCOM program. The
linear attenuation coefficient (LAC) as well as the half value layer (HVL) of the studied
samples were calculated and compared with concrete and some types of ceramics and showed
good results. This compound should be taken into consideration as a shield from radiation,
especially that it does not cost as concrete or as a commercial shield, and has good mechanical
and thermal properties.
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Nowadays the nuclear power plants are widely used in power generation. Thus, a huge amount
of radioactive wastes was produced each year around the world. These radioactive wastes are
classified according to their activity to high, intermediate, and low-level wastes. The high-level
radioactive wastes represent around 95% of the detected total radioactive in the nuclear reactors.
These type of radioactive wastes is hazardous. Thus, the radioactive waste has to cool off inside
the reactor in deep pools for many years to be under control. On the other hand, the intermediate
level wastes represent around 4% of the total radioactivity detected in the reactor. These wastes
come from refurbishment waste, ion-exchange resins, and metal fuel cladding. The third is the
low-level wastes which are not dangerous do not require shielding during handling and
transport. The present work deals with the design of new containers to protect the ion-exchange
resins and their adsorbate impurities (Co-60 and Cs-137) during the reactor cooling process.
The Monte Carlo simulation was utilized to estimate the total absorbed dose received at 1 m
from the container contains adsorbent and adsorbate. The recommended container consists of
3 layers. The outer wall is 15 cm of concrete, followed by empty space that can be filled with
crushed rocks (filler). The inner layer (displacer) consists of a cylindrical container of different
metals/alloys with thickness varied between 0.5 and 3 cm. The effect of displacer types,
displacer thickness, and the filler type on the average absorbed dose was studied. The best
lowest dose was received when using a displacer made up of (80PbO-20ZnO0O) alloys, the
absorbed dose at 100 cm from the container reduced from 9.088 to 0.974 puSv/h with increasing
the displacer thickness between 0.5 and 3 cm. on the other hand, the highest absorbed dose
received was 22.143 uSv/h. This absorbed dose is received when the container consists of the
concrete walls only without any displacer.
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The photon shielding characterization of glass system 40P,0s -20Ca0O - 10K20 — (30-x) N2O
— X PbO (where x equal the values 0, 5, 10, 15 and 20 mol %) were determined. The
experimental technique was applied to measure the linear-attenuation parameter (LAC) using
Nal detector and multi radioactive point source (Cs-137, Co-60, Ba-133 and Am-241) to
achieve a wide range of energies. The results of the experimental technique were compared
with the theoretical results from online XCOM software and were found a fine agreement
between the two results. The other deduced parameters of the LAC results were evaluated such
as a half attenuator layer (HAL), mean free pass (MFP), Transmission factor (TF) and the
photon protection efficiency (PPE). The present glass system was compared with recently
published commercial glasses.The comparison showed the positive use of this glass as
transparent and protective shield in places that use photons of X-ray or gamma ray.
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The present work aims to study the attenuation ability of micro and nanoparticles of Bi.Os. To
evaluate the attenuation parameters of two different Bi.O3 types, the linear attenuation
coefficient or LAC was determined experimentally for both types. The experiment was done
using a narrow collimated beam method. A high pure germanium detector or, HPGe and
different point sources have energies from 0.0595 up to 1.408 MeV. The experimental results
of micro Bi»O3 were compared with the results obtained from the XCOM online software and
the results showed a good agreement which indicates the validity of the experimental values of
nanoparticles. The mass and thickness, which required to attenuate the initial photon intensity
to its half value (M2 and Ha respectively) were calculated. The results proved that the My
be less in the case of nanoparticles. This means that using nanoparticles as an alternative to
micro Bi2Os, which will provide the anti-radiation shield mass and have the same shielding
efficiency at different energies.
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Identification of toxic materials in historical objects is one of the many topics studied in the
cultural heritage sciences. In this particular case, we have focused our attention on presence of
such elements in coloured paints on historic plaster. The use of toxic elements in plaster is not
only a recent problem but these elements can be found in historical buildings too. Thus, they
represent a serious risk in the case of restoration, for instance. Heavier elements (e.g. lead or
arsenic) are well measurable with X-ray fluorescence (XRF) analysis and the hand-held XRF
instruments have been already used to identifying lead-based paints. However, such point XRF
analysis can only provide information on the increased presence of the toxic element and it can
estimate its amount if lead is distributed homogeneously. In this work, we tried to apply XRF
mapping techniques to get 3D distributions of all heavier elements. The studied samples were
taken from the walls of the rectory building in Potstat (Pterov district, Czech Republic), which
are dated to the Baroque period, but may also be older because the building was built during
the Renaissance. For the needs of restorers, samples are normally taken destructively from the
walls of buildings, processed into the form of cut slides and studied by various types of
microscopes. In our investigation, surface XRF scanning was firstly applied to a piece of wall
with an aim to find areas containing toxics elements. Secondly, confocal 2D mapping was
tested to visualize non-destructively the stratigraphy image of the selected parts of the sample.
It made us possible to identify a structure of the sample which includes more layers with toxic
elements. Another advantage of XRF mapping techniques is the contactless analysis without
the more difficult sample preparation, which is unpleasant when working with toxic materials.
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After Chernobyl accident (1986) the vertical distribution (profile) of 137Cs (30.17 a) | have
measured in Finland with a new method. This method | have not seen in this connection
elsewhere. What | have seen is to take samples and to measure their radioactivity in laboratory.
Then the soil is destroyed. My method is nondestructive. The only gamma photon of 137Cs
has the energy 661.7 keV. 134Cs (2.064 a) has been under consideration, because especially
the 604.7 keV photon disturbs 137Cs measurements with the Nal(TI) scintillator . I set
scintillator in the tube, which had been in soil before 1986 (In peat | measured without tube). |
measured the counting rate in different depths. The result is the counting-rate profile. The paper
tells the inversion calculation from the counting-rate profile to the 137Cs density profile. In the
calculation it is assumed that the 137Cs density only depends on the depth dimension. Soil
density profile must be known well. Also element composition influences little. I have found
that radioactive cesium (probably also 135Cs, 2.3 Ma) seems to be stabilized in mineral soil in
few years. —This method has in the world been used in the borehole measurements of natural
radioactivity (radioactive potassium, uranium, thorium).
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A022 - Assessment of radioactivity in the granite of granitoids at Nikeiba, south Eastern
Desert, Egypt; radionuclides concentrations and radiological hazard parameters.
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The present study aims to study the petrographical characteristics and evaluating the natural
radionuclides *8U, 22Th, and “°K and their activities in the collected granitoid samples from
the Nikeiba, south Eastern Desert of Egypt. The geological investigation revealed the granites
are metavolcanics, syenogranite, alkali feldspar granite and quartz syenite intruded by
microgranite dikes and quartz veins. Moreover the mineral analysis illustrated the granites are
bearing by radioactive minerals such as uranothorite as well as monazite, zircon and
yttrocolumbite. The mean activity concentrations of 28U, 2%2Th and “°K are 83.2+20.8,
75.2423.3 and 1012.4+ 172.5 Bq kg%, respectively which exceeded the worldwide average 33,
45 and 412 Bq kgt respectively. The public exposure to emitted gamma radiation is detected
by estimating various radiological hazard indices like radium equivalent content (Raeq),
external and internal hazard indices (Hex and Hin), annual effective dose (AED), annual gonadal
dose equivalent (AGDE) and excess lifetime cancer (ELCR). The obtained results of
radiological hazards parameters depicted that public exposure to emitted gamma radiation can
induce various dangerous health effects. Thus, the application of the investigated sediments in
different building materials and infrastructures fields is not safe. The multivariate statistical
analysis is applied to detect the correlation of radionuclides with the radiological hazard
parameters.
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A comprehensive study of the present work aimed to investigate the radiation shielding features
for WCu composites materials with high density. The solid-phase synthesis was applied to
obtain W85Cul5 and W75Cu25 composites with various thickness (0.6, 0.9, 1.2, 1.5 and 2.7
cm). The linear attenuation coefficient (LAC) was detected experimentally using a Nal detector
at various incoming photon energy. The obtained results are confirmed by the theoretical data
were detected by the Phy-X/PDS software program. The highest value of LAC (7.05 cm™) is
found at low energy 0.266 MeV while the lowest value (0.86 cm™) is observed at high energy
1.25 MeV. The Mass attenuation coefficient (up), the half-value layer (HVL) and the radiation
protection efficiency (RPE) were also computed. The shielding ability is tested by comparing
the mean free path of the studied composites with the commercial ones. Finally, it can deduce
the discussed fabricated WCu composites are suitable to apply in diverse applications of
radiation protection.
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The mixed ionic electronic 98[20Li.0-xBi203-(80-x)TeO.]-2Ag glasses were prepared by
melt-quenching method to determine the effect of Bi»Os addition on radiation shielding and
elastic properties of the glass system. The simulation done in Phy-X/PSD software on the glass
samples showed a minimum Linear Attenuation Coefficient (LAC) at x= 7 and 11 mol% with
increasing Bi>Os concentration which may be associated with mixed ionic electronic effect
(MIE). However, a maximum were observed at x= 7 and 11 mol% of Half Value Layer (HVL)
and Mean Free Path (MFP). In addition, photon shielding abilities in relation to MAC, LAC,
HVL, and MFP in the glass samples also have been observed to be photon energy dependent.
Meanwhile, the electron shielding properties of the glass samples were simulated using ESTAR
software which revealed that as kinetic energy rises, the electron total stopping power (¥,)
values and continuous slowing down range approximation (CSDA) range (&.) also increase.
Bond compression model approach was used for elastic moduli determination which a
maximum at x= 7 mol% is observed at all elastic moduli (longitudinal, Ly shear, Gpc bulk, Kpc
and Young’s modulus, Exc) together with average force constant, F and average cross link
density m, due to structural changes in term of BO/NBO thereby indicated the mixed ionic-
electronic effect in elastic properties.
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Whole blood irradiation prior to blood transfusion mitigates the risk of Transfusion Associated
Graft versus Host Disease (TA-GVHD) to the receiver. This study aimed to improve dose
homogeneity, also to benefit from a faster technique and a simplified blood irradiation
workflow. An acrylic box accommodating eight units of blood has been fabricated, build-up
material being used to ensure dose homogeneity. A linear accelerator dose distribution
treatment plan for blood bag irradiations has been evaluated, measurement of dose using
nanoDot optically stimulated luminescent dosimeters (OSLD) allowing comparison with
calculated dose. By using build-up material, dose distribution was within 95% to 107% of the
prescribed dose. With all eight units of blood accommodated in the box, an irradiation time of
20 minutes per box has been needed. Compared to a previously adopted procedure, use of the
acrylic box and build-up material maintains dose homogeneity, also simplifying the workflow,
the technique also being easy to undertake by the operators.
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A comprehensive study of the Forbush effects of galactic cosmic rays has been going on for
more than half a century. This increased interest is primarily due to the fact that the Forbush
effects of cosmic rays are associated with grandiose phenomena occurring on the Sun, in
particular, with chromospheric flares that cause strong electromagnetic disturbances of the
solar wind in interplanetary space. Such disturbances of the solar wind, spreading with colossal
speed (1000 km / sec and more), pass. 'Through the Earth's Magnetosphere and Atmosphere,
causing geophysical, biophysical and technological effects. Magnetic clouds and shock waves
that arise in interplanetary space as a result of chromospheric flares on the Sun differ from each
other both in their geometry and in their internal structure. Naturally, the Forbush effects
caused by them are of a different nature. In this research Forty-eight Forbush decline
occurrences were divided into four categories according on their shapes, we had gathered and
used data on cosmic ray intensity from six different neutron monitor sites from 1990 until 2020.
We found that there is an annual diminishing of cosmic intensity with a similar shape at the
same time every year on 25th or 26th November due to the Forbush phenomena and there is
no forbush reduction occurs in December of every year. An unexpectedly severe geomagnetic
storm on September 6, 2017 and August 26, 2018 are revealed itself as a peculiar Forbush drop.
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The safety and hazardous radiation dose in betatron electron beam have emerged as a high
concern for industrial and security applications. High power x-rays in the 3 to 20 MeV range
are needed for rapid screening of cargo containers and vehicles for security applications. This
study focused on the dose assessment level in 7.5 MeV (approximately 8.5 R/min at 1 meter)
high energy x-ray betatron in cargo security full scan applications (scanning including driver).
TLD-100™ rod type dosimeters, RadEye B20-ER alpha-beta-gamma survey meters and
Polimaster PM1610B were used to measure the organ equivalent dose assessment and scanner
boundary dose assessment, respectively. The results from the 12s operating x-ray ON setting
for scanner boundary recorded an optimum achievable standard and were found below the
control limit (below 0.5 puSv/h for the public area). The results ranged between 0.015 to 0.295
puSv/h. For organ dose assessment using Anthropomorphic Alderson Radiation Therapy
phantom, the organ equivalent dose assessment for gonad, brain (left and right), and lens (left
and right) shown an acceptable limit which lied in below 1 mSv annual dose limit for public
exposure, which the results lied in a range between 0.010 to 0.080 uSv. Thus, the study proves
that the betatron is safe to perform full scan in cargo scanning application to fill up the security
gap in the driver cabin.
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This study of organ dose profiles depends on a method enabling acquisition of densely sampled
dose measurements, acquired via modified nanoDot™ OSLDs and a standard anthropomorphic
Alderson Radiation Therapy phantom (ARTM 1092 model). The CT scan parameters were
based on an adult chest-abdomen and head region CT protocols using a Siemen Somatom
Definition AS+ located in Hospital Sultanah Aminah, Johor. The tube voltage and exposure
time values were varied significantly in examining the scanned region, the modulation
techniques strongly affecting the dose distribution. From overall protocol, the greatest dose
was detected in the thyroid. The doses to the thyroid showed larger values (34.528 mGy) and
larger variations than the brain. The per-slice average absorbed dose in the brain and thyroid
ranged from 3.469 to 33.645 mGy and 3.372 to 34.528 mGy, respectively. The radiation dose
trends agree with similar examinations and modality, with differences depending on factors
such as tube voltage, exposure time, tube current, slice collimation, and pitch factor. In CT
head-neck examinations, dose dependence upon tube voltage and exposure time is of particular
note. The modification of routine protocols to assure optimised image quality and the absorbed
dose is of particular importance.
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Radioactive consumer products (RCP) are widely marketed for everyday use. The study herein
was conducted on 23 commercially available RCP, such as glass infused discs, energy cards,
scalar energy products and anti-radiation stickers which were purposefully designed to contain
naturally occurring radioactive material (NORM). The goal of this study is to assess the
potential risk of NORM-added consumer products in the living environment, as the presence
of such products in the living environment could expose members of the public to unnecessary
radiation exposure. A Pb-shielded high purity Ge (HPGe) spectrometer was used to perform
the analysis. Simulations were performed using Geant4 Monte Carlo simulations to estimate
the equivalent organ doses and annual effective dose (AED) in the use of such products. The
total activity in such radioactive consumer products ranges from 2 £ 0.1 - 7413 £ 576 Bq, 1.2
+0.2 - 1168 + 131 Bq, and 14.2 + 3 - 574 + 103 Bq, for 2%°Th, 23U, and *°K, respectively. It
was found that RCP contains monazite, which relatively gives the high concentration of
uranium and thorium. The radiological risk posed by the use of such items as healthcare
products is assessed, with the daily external and internal exposure doses of particular concern.
Dose assessments of the organ equivalent and average effective doses were performed by
measuring the activity of 28U, 2%2Th, and 4°K using the aforementioned products for various
exposure duration scenarios. Accordingly, sample A15 scalar energy necklace offered the
greatest concentration, with mean percentages of 1.54 + 0.008% and 26.54 + 0.08% for U and
Th, respectively, giving rise to estimate annual effective dose exposure of 2.59 mSv,
considerably in excess of the public dose limit of 1 mSvly.
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The study investigates 24 commercially available tourmaline-based healthcare products that
contain naturally occurring radioactive material (hot spa stone, face mask, waist supporter
slimming belt, arm relief belt, socks, sole, soap, and comb) (NORM). Self-heating products are
claimed to provide health benefits by releasing negative ions and heating body parts. The
assessment of the radiological risk posed by the use of such products for therapy and healthcare,
with the daily external exposure dose being of particular concern. Gamma spectroscopy
analysis and Geant4 Monte Carlo simulations are being used for evaluation. Organ doses from
these have been simulated using male and female human phantoms, with dose conversion
factors (DCFs) included. Tourmaline sock coded T21 was found to contain the greatest activity
at 2.41 +0.2 and 28 + 1.3 Bq g%, for 23U and 232Th, respectively, while the magnetic therapy
face mask coded TO02 recorded the least activity, at 0.04 + 0.01 and 0.1 + 0.01 Bq g%, again for
238 and 2%2Th, respectively. The range for “°K was 0.16 + 0.01 — 16.4 + 1.1 Bq g™ among the
tourmaline products. Accordingly, sample T21 tourmaline sock offered the greatest
concentration, with mean percentages of 0.65 + 0.1, 0.02 £ 0.001 for Th and U, respectively.
Given the assumption of exposure for a period of 8 h per day, wearing tourmaline sock T21
gives rise to an annual effective dose of 0.79 mSv/y below the public annual dose limit of 1
mSv/y. However, some samples have relatively high doses, and the activity concentration
limits are necessary as a screening tool. In brief, the use of these healthcare products led to
elevated unnecessary radiation exposure doses to the environment.
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Beam modifiers such as apertures and multi-leaf collimators (MLCs) are commonly used in
proton therapy to conform the radiation field for the passive scattered beam module. The
scattered protons from the inner surfaces of these beam modifiers can cause Bragg peak
degradation in a water phantom, especially for small-fields proton. In addition, the multiple
coulomb scattering (MCS) would have a greater impact on small-field proton applications. In
this study, a Monte Carlo toolkit, Geant4, was used to assess the scattering effects of beam
modifiers for small proton fields. The Geant4-v10.05 is used to determine the particle tracks
before and after beam modifiers for various circular fields ranging from 5 mm to 30 mm in
diameter, and under 190 MeV proton irradiation with different Geant4 dRoverRange values.
The simulation results showed that the Geant4 dRoverRange (0.2) default value incorrectly
calculated the scattered doses and ranges from beam modifiers and that different dRoverRange
values do influence these calculations. Next, simulation results also indicated that the scattered
dose from beam modifiers of 30 mm field is largest (about 17.5% in the surface) among these
small fields, and the total scattered dose was reduced as the field size reduced. Overall, the
beam modifiers such as MLCs and brass apertures generate significant scattered protons in the
shallow region for small fields from 5 mm to 30 mm diameter circular fields. Finally, our
results suggest that the Geant4 dRoverRange value should be 0.5 or less in order to more
accurately calculate the scattering dose in water or homogeneous phantoms.
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Temporal and spatial resolutions of a neutron probe (NP) specially designed for C/O nuclear
well logging were obtained. The NP contains an alpha detector as well as a gamma-ray detector
with high energy resolution, both designed for operation in a high temperature environment
(up to 175 °C). Measurements with the NP were conducted by irradiating diesel fuel bottles
with fast (14 MeV) neutrons. Bottles were placed on several equi-spaced (around 10 cm)
positions parallel to the NP and time spectra of the probe in each case was obtained. The start
signal for TAC (time-to-amplitude converter) was the detection pulse of alpha particles from
deuterium-tritium reaction whereas the stop signal was the detection pulse of the characteristic
carbon gamma-rays emitted from the irradiated diesel fuel sample. The peak in the time spectra
for two adjacent positions was shifted for about 2 ns. It was also shown that the spatial
resolution of the NP is about 10 cm. Experimental results were substantiated by Monte-Carlo
simulations of the problem geometry, carried out using the MCNP6.2 software.
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Absorption and fluorescence spectra are sensitive to chemical environment and conformation
of fluorophores and therefore, are ideal optical probes for biomolecule conformation in solvents.
Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKI) with a
quinazolinone scaffold such as AG-1478 are fluorophores. Conformers of AG-1478 have been
confirmed computationally and experimentally. In a recent solvent benchmarking study of a
number of important DFT functionals, it is discovered that when combined with 6-311++G(d,p)
basis set, BSLYP and B3PW91 functionals are top performers for accurately determination of
maximum absorption and emission spectral transitions, as well as Stokes shift. It is further
discovered that the absorption spectrum dominates by local excitation (LE) transfer while the
geometry of the ground electronic state remains planar; whereas the emission spectrum is
largely twisted intramolecular charge transfer (TICT). The results are helpful for understanding
the mechanism of the TKI inhibitors and EGFR binding.

POSTER PRESENTATIONS| 175



ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

6 — 10 December 2021

A045 - Optimization of Tumour Segmentation Threshold in Gallium-68 PET/CT
Neuroendocrine Imaging

Puvanesuawary Morthy?*, Marianie Musarudin®, Mohamad Aminudin Said?
1School of Health Sciences, Health Campus, Universiti Sains Malaysia, Kelantan, Malaysia
2Nuclear Medicine Department, Institut Kanser Negara, Putrajaya, Malaysia

Corresponding author: marianie@usm.my

Numerous methods to segment neuroendocrine tumours (NETS) using Gallium-68 (°®Ga) in
Positron Emission Tomography/Computer Tomography (PET/CT) imaging have been
introduced. Up to now, manual tumour segmentation technique has been the gold standard,
however, it is time-consuming, subjective, subject to inter- and intra-observer variability and
prone to segmentation errors. An adaptive threshold-based is preferable to a fixed threshold-
based approach for forecasting accurate and precise tumour volume in real-patient studies, as
several researchers reported that threshold-based segmentation methods are more resistant to
noise and resolution. This study aimed to determine the optimal adaptive threshold for NET
segmentation in different tumour-to-background ratios (TBRs) in ®Ga PET/CT imaging. A
phantom with spheres of different volumes (0.5-27.02 ml) was filled with 8Ga-DOTA-Phe!-
Tyr3-Octreotide (38Ga-DOTA-TOC) at different TBRs (TBR: 2.5-10) and scanned for different
acquisition periods (t: 120-240 s). MIM Encore Software was used to perform image
registration of PET and CT images, followed by contouring and tumour segmentation. A set of
different adaptive thresholds (Tadaptive: 20%-50%) was applied to each sphere in each TBR
image of the phantom using tri-dimensional automatic segmentation tool. Lin’s concordance
correlation coefficient (pc) statistical analysis was employed to assess the strength of agreement
between measured sphere volume (Vm) and actual sphere volume (Va) for each Tadaptive relative
to TBRs. The optimal Tadaptive determined in TBRs of 2.5:1, 5:1 and 10:1 image is 35% (pc
=.991), 45% (pc=.999) and 40% (pc = .998), respectively. The optimal threshold among the
TBRs with maximum tolerance for delineation differences (% deviation = 10.93%) is 40%. As
TBR is the most significant predictor of Tadaptive, 40% Tadaptive IS recommended as the optimized
Tadaptive TOr tumour delineation because it demonstrated perfect accuracy and precision in
tumour volume estimation in higher TBR images using an adaptive threshold-based approach
and is thus successful for NET segmentation.
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In proton therapy, the width of the pristine Bragg peak is too narrow to cover the entire tumour,
and should be spread out into a uniform using Spread out Bragg peak (SOBP) techniques such
as energy stacking, range modulator wheel (RMW), and ridge filter. The purpose of this study
is to optimize the ridge filter modeling using the least square method in the proton wobbling
nozzle. In this work, four different ridge filters (5 cm-LE, 5 cm-HE, 10 cm and 11 cm SOBP)
of the proton middle wobbling nozzle at Chang Gung Memorial Hospital (CGMH) were
simulated by PTSim Monte Carlo code. The thickness, height, and width of each ridge filter
must be modelled into simulations. In our study, pristine Bragg peaks of different energies
were simulated according to different step thickness. Least square method was used to generate
the optimized weighting factors for these pristine Bragg peaks and then built up the optimized
ridge filter from the G4MRidgeFilter class. These optimized ridge filters were then checked by
the measurements performed by a PTW MP3 water tank and a Markus ionization chamber type
34045. Besides, the optimized ridge filters were also verified by proton beams other energy.
The results showed a good agreement between the measured and simulated SOBP in various
proton energies. Compared to the measurements, the deviation of these simulations of
optimized ridge filters were less than 1.5 mm, 0.6 mm and 4 mm in range (Rsod), distal dose
fall-off (Wso-20) and modulation width (Wsogp), respectively. And all their flatness were within
2.5 %. These data can be applied in practical and clinical uses.

POSTER PRESENTATIONS| 177



ISRP 2021

International Symposium on Radiation Physics
Kuala Lumpur — Malaysia

6 — 10 December 2021

A054 - Identify Malaysian residential buildings with high Radon concentration and
their possibility for remedy

Abdullah Mohd Noh?!, Nordin Ayoub?, Siti Zurina Mat Noor?, Norhafizah Zahari*, Mardhiyati
Mohd Yunus?

Faculty of Health Sciences, Universiti Selangor, 40000 Shah Alam, Selangor, Malaysia

Corresponding author: abdullahmnoh@gmail.com

It has been explained in many works of literature that some commercial and residential
buildings have a high indoor Radon accumulation because of their layout design, building age,
and other factors. A building with a possibility of high Radon accumulation may require finding
some sort of remedial and rectification solutions to avoid its inhalation by the occupants. This
unhealthy building may require more activities of Radon inspection and then provide solutions
for its remediation that may save human lives in the long term. Radon monitoring was carried
out for this study using two different Airthings detectors that are recently being used in many
previous studies as Radon detectors. Its indoor concentration levels were measured passively
and continuously for seven days inside a selected room of a building. The measurements were
compared for both detectors to indentify which rooms record a high level of Radon
concentration when the room’s door is being closed and then open. The amount of the average
Radon concentrations and the graphs of Radon accumulation at each room showed some of the
affected rooms require finding the most effective proposed solution to avoid its inhalation. One
of the Radon accumulation graphs for the storeroom show high Radon concentration level of
130 Bg/m? that exceed a healthy level of 100 Bg/m® compared to other rooms in the same
building that show within a healthy level. Any early hazard sign of Radon high concentration
level should be avoided as it is known as one of the main causes of lung cancer. It should be
given high attention in order to minimize any possibility of its contribution to respiratory
disease that is being reported by the ministry of health in 2019 to be the second-highest cause
of death in local government hospitals. This considerable percentage of mortality may only be
controlled and reduced through radon monitoring and measurement which require the public
to understand it as one of the disease preventives and practiced methods.
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Effects of high energetic electromagnetic waves, neutrons, and heavy ions on structural defects
and alterations in graphite have been extensively studied and well-established. However, recent
studies on the effects of sub-kGy dose electromagnetic radiation (x-ray and gamma) over the
dose range of a few mGy up to 200 Gy have shown to possess a potential for applications as
novel material in passive radiation dosimetry. The graphite-rich materials produced promising
dosimetric properties, including linear therapeutic dose-response and effective atomic number
similar to bodily soft tissues. Present work revolves around exploring the utility of black carbon
charcoal in complementing the use of graphite as a novel material for in-vivo radiation
dosimeter. The structural alteration of charcoal irradiated by gamma within the dose range 0-
10 Gy will be optically characterized, use being made of energy-dispersive x-ray (EDX),
Raman spectroscopy and X-ray diffraction (XRD).
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The delivery of radiation dose treatments using small fields require precise and accurate
measurement, noting the importance of dosimeter to possess high spatial resolution, small
sensitive volumes, tissue equivalence, high sensitivity, dose rate and energy independence.
Present work is aimed at investigating the application of small field radiation in reducing the
perturbation effect in commercially available thermoluminescence dosimeter (TLD). The
Monte Carlo (MC) simulation method was used in this study, which is directed to the linear
accelerators (LINAC) treatment units for the determination of dosimetric parameter variations
of photon and electron spectra, and dosimeter correction factors prior to achieving least
perturbation in small fields. Different sizes of the dosimeter represented in diameter and
thickness (D, T) mm were investigated at various radiation field sizes. The results show that
perturbation region exist in all the dosimeter sizes. However, for dosimeters with 2 x 2 cm?
square area field size, the maximum and minimum energy deposition of 0.0114 MeV and
0.00915 MeV is recorded on (4.5, 0.89) mm and (3, 0.38) mm, respectively. Similarly, for 10
x 10 cm? square area field size dosimeter, the lowest energy deposition is 0.0004 MeV for (3.6,
0.25) mm dosimeter while the highest energy of 0.00053 MeV is recorded on (4.5, 0.89) mm.
This shows that the field size of 10 x 10 cm? has the lowest perturbation in comparison with
other field sizes.
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The study herein provides analysis of structural changes of radiation-induced and the
associated luminescence that originates from the energy absorption in the microscope glass
slide samples exposed to ®°Co gamma-ray source. Using kVp and MV spectra, the photon
response of several commercially available borosilicate microscope glass slide has already
been the subject of investigation by this group, also in regard to the photoelectron generation
enhancement resulting from high Z-material coatings (gold in particular). Encouraging results
from such studies have paved the way for development of borosilicate glass slide radiation
dosimeters specifically tailored to the task of dosimetry in therapeutics and diagnostic dose
regimes. Not least, commercial borosilicate microscope glass slide offers a range of features of
interest, including a relatively low softening point (820 °C), precluding need for a Pt-coil oven
in fabrications, a spatially homogenous and mechanically robust constitution, ready availability
in varying thicknesses, chemical inertness, and biocompatibility, also being inexpensive,
reusable and easily sterilizable through either simple heating or use of an autoclave. Raman
and Photoluminescence (PL) spectroscopy, and X-ray diffraction (XRD) analysis will be
undertaken to characterise the alterations in order-disorder defect of microscope glass slide
exposed to gamma radiation at relatively low doses from 0 up to 10 Gy.
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Pediatric interventional cardiology procedures are performed to treat or diagnose congenital
cardiac pathologies. The execution of these procedures involves the acquisition of radiological
images in fluoroscopy mode and in cine mode. The cine mode requires images in more detail,
as they will be used for later viewing. In pediatrics, it is important to perform radiological
protection in radiological procedures, as children are more sensitive to radiation and can
develop diseases due to stochastic effects throughout life. The objective of this study is to
evaluate the DAP (Dose-Area product) values in the interventional (diagnostic and therapeutic)
procedures of cardiology performed in a pediatric hospital in Curitiba, Brazil. Radiation Dose
Structure Reports (RDSR), provided at the end of the procedures, were evaluated. In the
procedures, the protocol used is generally the same for all patients, with low detail and 3.75
images/s for fluoroscopy mode and normal detail with acquisition of 30 images/s for cine mode.
The anti-scatter grid was is use in all procedures. The correction factor of the DAP value was
obtained previously (0.65). The mean fluoroscopy time was 1053+88 s and the cine mode was
38.4+1.9 s in the procedures (1092+90 s in total). The mean DAP value in fluoroscopy mode
was 1.72+0.42 Gy.cm?, for cine mode was 1.65+0.31 Gy.cm?, and the total value was
3.3740.65 Gy.cm?. These results demonstrate that, as described in the ICRP 135, fluoroscopy
time is a weak dose indicator. The values obtained of mean DAP for the age groups were lower
than the values found in other studies, despite our fluoroscopy times being higher.
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Glasses with matrix (50-x) B2O3- 17.5Si02-0.5Ce02-xTe0-12Bi»03- 12Zn0- 8Ba0, x=0, 10,
20, 30 and 40 mol% and coded as BiTe were synthesized using melt-quench technique with
purpose of investigating their radiation shielding and thermoluminescence (TL) properties.
Photon Shielding and Dosimetry (Phy-X/PSD) software was utilized for theoretical calculation
of parameters related to gamma and neutron radiation shielding. The current study reported
highest density value of 5 g/cm? for BiTe-40 glass leading to the occurrence of maximum linear
attenuation coefficient, effective atomic number, and minimum half value layer, tenth value
layer, mean free path values in 0.015-15 MeV range of gamma energy. BiTe-10 glass exhibited
higher fast neutron removal cross-section (Zr= 0.1012 cm™), which is also greater than that of
ordinary (0.093 cm™) and hematite serpentine concrete (0.096 cm™). Further, to assess the
gamma dosimetry application, glasses were irradiated with 3 kGy dose of gamma radiation,
which produced maximum intensity TL curve for BiTe-40. Deconvolution of this TL glow
curve by Computerized Glow Curve Deconvolution (CGCD) technique resulted in higher
activation energy and longer lifetime values (1.63 eV and 42.7x10° years) at 559 K, indicating
the presence of deeper traps and low fading behaviour. Also, in the dose range of 0.25-1 kGy,
the BiTe-40 sample displayed good linearity which makes it suitable for TL dosimetry
application.
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The four borate glass samples have been fabricated by addition of 10 mol% of SrO, TeO,, PbO,
and Bi20s to the 10 Li20 - 20 K20 - 60 B20s glass using the melt-quenching technique. The
effect of addition of SrO, TeOz, PbO, and Bi.Oz 0on the mechanical and the gamma ray shielding
properties have been studies. The Makishima and Mackenzie (MM) were used to calculate the
various mechanical properties. The variation of these parameters with percentage composition
of each of heavy metal oxide have been studied. A number of bonds per unit volume and
average cross-link density of the glasses have also been studied. The elastic moduli such as
Young’s modulus (E), bulk modulus (B), shear modulus (G), longitudinal modulus (L),
Poisson’s ratio (o), fractal bond connectivity (d) and hardness (H) have also been studied. For
the proposed glasses, we used Geant4 simulation code to study the influence of the four heavy
metal oxides (SrO, TeO2, PbO, and Bi>O3) on the radiation shielding features. The Geant4 code
helped us to examine the radiation protection efficiency of these glasses. Also, it helped in
determining the transmission of the photons through each glass sample. The radiation shielding
parameters for thel0 Li2O - 20 K20 - 60 B20szglass system with 10 mol% of SrO, TeO, PbO,
and Bi>Os were compared with other traditional radiation shielding materials.
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A comprehensive understanding of radiation-induced effects has been made using
commercially produced graphite, in the form of 0.3 mm thick rods of highly uniform 2B and
HB grade polymer pencil lead graphite (PPLG) (approximately 91 wt % and 75 wt % graphite
content, respectively), identifying variation in lattice structure and defects resulting from low
level neutron dose range of 2 to 10 Gy. To understand the nature and distribution of defects in
its crystal lattice that give rise to the luminescence signal, investigations have been made of
thermoluminescence (TL) and photoluminescence dose dependence, also of alterations in
Raman spectroscopic features. X-ray diffraction (XRD) study have focused on the atomic
spacing, lattice constant and the degree of structural order of the irradiated samples, supported
by crystallite size calculations. The results are clearly accepted to arise from irradiation changes
that are happening at the microscopic level, supporting previous TL, Raman and
photoluminescence research. Within the dose range studied, all samples showed excellent
linear response, with 2B grade PPLGs showing greater sensitivity than HB. The reported
findings demonstrate that graphite-rich commercially produced PPLG offers a lot of useful
features to be used as a dosimetric medium for neutron radiation physics applications. Most
specifically, the easily accessible PPLG can provide the basis of a low-cost yet highly effective
system for studies of radiation-driven changes in carbon and all results when summed up,
predict 2B grade to be a worth material for new generation radiation dosimetry.
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Radioluminescent dosimetry system with plastic scintillator has the advantages of real-time
dose measurement, tissue equivalent and high resolution. These advantages are desirable for
radiation detectors in radiotherapy. This study developed and tested a multichannel
radioluminescent dosimetry system by adapting the time-division multiplexing concept. This
design provided real-time dose measurement with a compact assembly and retained the
advantage of radioluminescent dosimetry. A prototype 2-channel system was developed,
incorporating an optical switch in the readout system. Two optical fibres were prepared, where
only one was coupled to a plastic scintillator and the other was not. These fibres were connected
to the optical switch, and the switch was controlled via software. The switch was automatically
set to acquire 100 ms at each channel in the looping sequence, and the switching duration was
3 ms. This procedure was repeated for different acquisition times ranging from 100 ms to 1000
ms, and the sampling time was set at 10 ms and 100 ms. The system was tested in the clinical
linear accelerator, using 6 MV and 10 MV photon beams. The findings showed that channel 2
of the optical switch was systematically slower than channel 1, with a mean deviation of 4.0%
and 51.8%, respectively, to the time set in the control software. Channel 1 showed an increase
in deviation as time increased, and channel 2 showed the opposite trend. The measurements
were reproducible with 2.5% variation when changing from sampling time 10 ms to 100 ms.
In conclusion, the developed radioluminescent dosimetry system could measure high energy
photon beams. This design allows for multiple channel measurement, an advantage for clinical
radiotherapy application.
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Epidemiological studies indicates that clavicle fracture is a predominant fracture especially in
male. Hydrated lime was found to be a suitable substance to mimic bone composition. It is
durable and has a good X-ray image intensity compared with that of real bone. on the other
hand silicone shows a similar X-ray diffraction spectrum to that of soft tissue. In this paper
phantoms that compromises different sites of clavicle fractures are formatted using hydrated
lime for education and quality assurance purposes. Phantoms of left clavicle different
pathologies are formed using many steps technique. The technique is easy to follow and
reproduce in a home based station. Clavicle phantoms were broken in different sites that
represent most fractures in the literature. Clavicle phantom was radiographed together with the
real clavicle bone using an X-ray machine Definium 6000, General Electric, 2009 with an
imaging parameters that were set to 53kV, 100mA, 1.2mAs. This was done to compare their
structures and densities. Mean grey value was 243.03, 248.97 and 253.53 for real bone,
fabricated lime bone and for fabricated bone coated with silicone. This indicates 0.02 contrast
between real and fabricated bone and 0.04 contrast between real and fabricated bone coated
with silicone. Low contrast values between real bone and fabricated phantoms supports the
formation of a clavicle phantom for radiography using hydrated lime for the purposes of
education and quality assurance.
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Ubiquitous nature, along with the detrimental health impact of radon (???R), has led to the
investigation of its activity concentration in the various environmental medium, including
bodies of water. This work was conducted to estimate the annual effective dose of inhalation
due to %??Rn in spring and some surface waters in Johor state, Malaysia. ??Rn activity
concentration was measured using RAD7 alpha detector. The annual effective dose for
inhalation was evaluated using the measured 22?Rn activity concentration in water. The activity
concentration of 222Rn in water varies from 80 + 110 to 5400 + 1100 mBq I in surface and
spring water respectively, with a mean value of 1227 mBq I from all samples. The measured
activity concentrations in the samples were found to be below the EPA and WHO maximum
permissible limit for 22Rn in Water of 1100 mBq It and 10° mBq I respectively. The highest
value of 2??Rn activity concentration was measured in spring water discharging from granitic
rocks Aquifer. While the lowest value was measured in surface waters. The values of an annual
effective dose of inhalation, due to 2?2Rn in spring water, were found to range from 0.998 to
5.139 uS ytwith a mean value of 2.15 pS y*, while in the surface waters the values range from
0.076 to 1.140 puS y* with a mean value of 0.423 S y*. The inhalation doses estimated were
found to be well below the recommended limit set by UNSCEAR of 1260 p Svy .
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The first polymer gel that contains maltose and inorganic salts, magnesium sulphate (MgSOa4)
has been introduced in this research work as a new low toxicity and sensitive polymer gel
dosimeter. The assessment is based on the effect of magnesium sulphate and maltose towards
the dose-response at the diagnostic range and the thermal stability of the polymer gel
dosimeters. Various concentration (0.5 — 1.0 M) of magnesium sulphate (MgSQO4) and (0.15 -
0.30 M) of maltose (MgSO4) were added to improve the basic composition of the polymer gel
which consist of deionized water, gelatine, N,N'-Methylenebisacrylamide (BIS), ascorbic acid
and 2-hydroxyethymethacrylic acid (HEMA). The polymer gels were then exposed with X-ray
at different (40-80 kVp; 5-100 mAs) modality energy setup. Upon irradiation, the absorption
spectra of the polymer gel dosimeters were measured by using UV-visible spectrophotometer.
Maltose is aid in the increments of the polymer gel melting point. Eventually, maltose is a type
of sugar which has been demonstrated to improve the thermal stability and density of a polymer
gel in order to obtain the desired tissue-equivalent properties. The use of inorganic salts as
additives is to improve the dose-response of polymer gel dosimeters based on the indirect
optical characterization. Polymerization was read based on absorption spectra in the
wavelength range from 1000 nm to 200 nm. The dependency of polymerization with increasing
of exposure dose was determined by changes in the optical energy band gap and Urbach energy.
The results showed that the MgSOas increase the dose sensitivity of the polymer gel dosimeter
and maltose has helped in improving the mechanical properties of the polymer gel dosimeter
upon irradiation. This observation is supported by the decreasing in the optical energy band
gap for sample with addition of MgSQa. This study has proved that addition of MgSQOas increase
the sensitivity of polymer gel dosimeter towards radiation and maltose helped in improving the
thermal stability of the polymer gel dosimeter.
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The scattering radiation distributed across the room during fluoroscopy-guided interventional
(FGI) procedures were quantified using nanoDot Optically stimulated luminescence
dosimeters. This research examines the radiation eye dose received by the staff involved in FGI
procedures. Four types of fluoroscopic imaging were simulated using a radio-opaque Sawbones
torso (Sawbones, WA) and carried out on a flat panel biplane (Phillips Allura XPer FD20/20,
Netherlands). All the tube angulation imaging shows that the radiation spectrum resembled a
single peak distribution. The right anterior oblique 45° shows the highest single peak
distribution (16.80 mSv/h). The single peak distribution for standard anteroposterior, left
anterior oblique 45° and left anterior oblique 90° imaging was 2.75, 2.94 and 11.99 mSv/h,
respectively. The interventional radiologist position shows the highest eyes lens dose compared
to other staff. During procedures, radiation doses differed significantly around the patient's
table and with imaging angles. With the increased workload, a specific dosimeter for regular
eye dosage monitoring is required. Radiation exposure limits must be understood in order to
avoid negative consequences, especially amongst staff.
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This paper presents the assessment of a fabricated automated radiopharmaceutical dispenser
system using stepper motor peristaltic pump processing. The manual dispensing technique of
the radiopharmaceutical in nuclear medicine involves manual withdrawal of activity from an
elution vial, from a combination of the syringe and elution vial activities, and preparation of
individual radiopharmaceutical doses to patients. Current evolution in the fields of control
engineering and industrial automation has been driven by a revived interest in automatic
methods of radiopharmaceutical activity measurements in nuclear medicine. In the proposed
system, the stepper motor peristaltic pump transferred water, replacing the radiopharmaceutical
from mother vial to the 1.5 cc and 10.0 cc control stroke syringes for volume accuracy and
precision measurement. The required amount of water are set on the remote application
controller of the automated dispenser radiopharmaceutical dispenser system and the
measurement are carried out. This dispenser system is equipped with functionality of
dispensing radiopharmaceutical and saline driven by customised 3 —way-stopcocks gears. The
measurement are carried out for both functionality and time taken to dispense the water are
also calculated. The percentage error calculated for both functionality of the automated
radiopharmaceutical dispenser system are below 5% which in the range of 0.2-0.9 mL and 2.0
-10 mL volume dispensed. The precision of the automated radiopharmaceutical system are
between 0.013-0.055. The proposed system offers a potential alternative to high-cost
commercial radiopharmaceutical dispenser achieving a high precision and reducing operator's
radiation exposure.
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For medical dosimetry, the dose to tissue is often the quantity of interest. Tissue-equivalent
material is preferable to create dosimeters that directly represent the absorbed dose on human
soft tissue. The materials used in plastic scintillators (PLS) have a density that is close to that
of soft human tissue and a relatively energy-independent energy response, However, for
photons below 200 keV, non-proportionality has to be taken into account to reproduce light
output spectrum since it causes significant reduction on light output in this energy range.
Several researchers have made an attempt to compensate the reduction or difference of plastic
scintillator between soft tissue in response at low-energy photon region (< 200 keV). In this
study, the effect of lead doping on the pulse height spectra for low and high energy photon will
be measured and calculated in comparison to standard plastic scintillator. The influence of the
optimal concentration of lead doping scintillator with soft-tissue dose will be discussed.
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The influence of incident y- rays, with different doses, on nano-structural, optical, and electrical
properties of copper iodide (Cul) thin films, deposited via successive ionic layer adsorption
and reaction (SILAR), have been investigated in this work. The prepared thin films were
exposed to different y- radiation doses (0-100 kGy) by using a %°Co gamma source, which has
a dose rate of 7.33 kGy/h at room temperature. X-Ray diffraction (XRD) results confirmed the
cubic phase structure with preferred growth direction corresponding to (111) diffraction peak.
The Williamson and Hall (W-H) analysis were used to compute the effect of crystallite size
and micro-strain on the peak enlargement after irradiation with various doses. The field
emission scanning electron microscope (FESEM) morphological descriptions revealed the
grain size decreased with increasing y- radiation doses and agglomerated at high dose value.
The energy dispersive X-rays (EDX) analysis confirmed the elemental composition of the
pristine Cul thin films. The estimated energy band gap for the irradiated thin films varied from
2.43 to 2.66 eV with increasing dose value. The photoluminescence (PL) spectra of pristine
and irradiated Cul thin films showed strong emissions at the energy around their band gaps and
the intensity of the resulted peak decreased with increasing the y- radiation doses. The
irradiation dose enhances the conductivity, charge mobility as well as carrier concentration in
Cul thin films as confirmed by Hall investigation. The obtained results suggested that the Cul
thin films are suitable for radiation detection and dosimetric applications.
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While the thermoluminescence (TL) yield of Ge-doped optical fibres have been widely studied
in respect of a wide range of radiation-based applications, detailed evaluation of the electron-
trapping mechanism of this material for proton irradiations is still not well represented. Herein,
for 150-MeV proton irradiations, we analysed key Kkinetic parameters; activation energy, peak
integral and frequency factor of TL glow curves for locally fabricated Ge-doped optical fibres,
use being made of the computerized glow curve deconvolution (CGCD) technique. For
maximum readout temperatures (Tstop) from 100 to 400 °C, the glow curves of the optical fibre
were obtained using increments of 5 °C and a fixed heating rate of 30 °C s*. For each Tstop, the
irradiated optical fibre was heated to acquire gross TL glow curve and then reheated with
similar readout parameters to obtain the remaining glow curve. The temperature of the
maximum peak intensity (Tmax) Of the glow curve was then recorded. A plot of the Tmax against
Tstop reveals five noticeable plateaus, indicating that the Ge-doped optical fibre is composed of
five individual peaks. Through use of GlowFit CGCD fitting method, all glow peaks were
shown to overlap each other, with figures of merit of better than 3%. The kinetic parameters of
the fitted glow peaks were calculated, the data suggesting that the TL glow peaks of the proton-
irradiated Ge-doped optical fibres obey second-order kinetics.
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Dy3* ions doped alkaline borophosphate glasses have been prepared by melt quenching
technique. The physical properties of present glasses like density (o), molar volume (Vm),
X-ray diffraction (XRD) and refractive index (n) were determined. Totally the absorption
spectra are observed, which are assigned to the transitions from the ground state ®Has/, to the
higher energy levels. From the analysis of absorption spectra and JO parameters (2, {24 and
Qg), the radiative properties such as radiative transition probabilities, branching ratios and
radiative lifetimes for the fluorescent levels of Dy®*" ions were determined. The
photoluminescence and X-ray induced luminescence were show four prominent emission
bands that corresponds to the *Fep—%H; (3 = 15/2, 13/2, 11/2, 9/2) transitions. The detailed
revision of the present glasses reveals that these glasses could be useful solid-state lasers,
LED’s and scintillation materials applications.
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Incorporating low concentrations of hydrogen peroxide (H.0.) as a radiosensitizer in
radiotherapy has effectively enhanced the therapeutic outcome of the treatment, specifically
towards hypoxic tumors. However, the current mode of delivery via intratumoral injection
causes clinical patients to experience side effects such as inflammation, local pain, flare,
fibrosis, sclerosis and edema acute phase. In this study, an amino acid based vesicle-hydrogen
peroxide complex was synthesized and the properties that underline its potential as a
radiosensitizer carrier alternative delivering method have been investigated. Vesicle-H.O.
complex was synthesized with sodium N-lauroulsarcosinate hydrate (SNLS) surfactant and
decanol co-surfactant immersed in H.O. solution for passive loading. Formed vesicles were
then extruded through a 0.1 um polycarbonate membrane. In terms of molecular conformation,
the FTIR spectra amide transmission peak at 1638 cm™ affirms the formation of the synthesized
vesicles. The formed nanovesicles had spherical morphologies and were moderately stable
upon synthesis. In vitro studies against hepatocellular carcinoma cell line Hep G2 demonstrated
that through agent encapsulation in vesicles, the cytotoxicity of agent against cultured cell was
reduced. This study elucidates that an amino acid based biosurfactant vesicle has the potential
to function as a radiosensitizer carrier.
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We provide retrospective analysis of a set of confocal Raman microspectrometry and
photoluminescence data for irradiated carbon rich media, in so-doing detecting low-dose
alterations. Within the dose range 0.1 Gy to 200 Gy an effect is identified that potentially seeds
material weakening, the pooled data covering independent x-, gamma-rays, and thermal
neutron field irradiations. Categorised in terms of a number of key influencing factors, an
emergent pattern of response for the various samples under study is observed, indicative of the
cycling of radiation driven modifications and subsequent relaxation. This novel technique,
referred to as defectroscopy, provides a probe of the generation of radiation-induced defects
and internal annealing, the strength of the effects being strongly identified to arise from a
combination of the ratio of sample surface to volume, fractional carbon content, linear energy
transfer (LET), and strain within the initial material. Outcomes from the technique suggest
applicability in determination of changes in materials of widespread importance in structural
and functional roles in biology, including the collagen of skin and pericardium, also the
viscosity of synovial fluid.
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The most commonly used solvent to extract thorium is tri-butyl phosphate (TBP). However,
this chemical has drawbacks due to its high chemical consumption and the multi-extraction
steps in achieving high-purity thorium and the aqueous solution of TBP tends to form a
hazardous explosive red-oil chemical. Furthermore, TBP is a controlled chemical that could
not be obtained in large quantities due to its utilization in plutonium uranium reduction
extraction (PUREX) processing, which likely leads to nuclear weapon production. Therefore,
the purpose of this study is to investigate the utilization of D.EHPA and Aliquat-336 as an
alternative thorium extraction solvent. The present study aims to investigate the optimum
parameter in producing high-purity thorium dioxide (ThO2) using Di-2-ethylhexyl phosphoric
acid (D.EHPA) and Aliquat-336 as solvent materials. The extraction and purification process
was performed using [Th-RE](OH)s compound which was selectively precipitated from the
monazite leach solution. Several parameters such as types of acid (HCI, HNO3z and H2(SO4)),
acid molarity (LM—6M), and solvent ratio (10%—-30%) were investigated. The findings indicate
that different solvents require a distinctive aqueous medium to extract thorium. The optimum
concentrations of D.EHPA and Aliquat-336 in extracting thorium were identified to be at 1M
H2(SO4) and 4M HNOs with 30% and 20% ratio, respectively. The multi-stage extraction
process was successfully extracted and purified thorium at a purity of 96.8% (D.EHPA) and
98.0% (Aliquat-336). Subsequent conversion to ThO. yielded a high-purity thorium dioxide at
99.1%. In general, the study elucidates that both solvents have the potential to be utilized as
thorium extracting agents in preference to the conventional tri-butyl phosphate (TBP).
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The tin tailing processing industry in Malaysia has operated with minimal regard and awareness
for material management and working environment safety, impacting the environment and
workers in aspects of radiation and heavy metal exposure. RIA was conducted where
environmental samples were analysed, revealing concentrations of ??°Ra, 2%Th and “°K
between the range of 0.47 - 9.80, 0.22 — 25.30, and 0.23 - 5.60 Bg/g respectively, resulting in
the AED exceeding UNCEAR recommended value and regulation limit enforced by AELB (1
mSv/y). Since employees fall outside of the definition of radiation workers, the dose small limit
paired with the repercussion of the exemption order increases the likelihood of overexposure
from the studies materials. Raeq calculated indicates that samples collected pose a significant
threat to human health from gamma-ray exposure. Assessment of heavy metal content via
pollution indices of soil and sediment samples showed significant contamination and
enrichment from processing activities conducted. As and Fe were two of the highest metals
exposed both via soil ingestion with an average of 4.61x107 and 1.44x10* mg/kg-day and
dermal contact with an average of 5.59x10* mg/kg-day and 5.98x10*. mg/kg-day respectively.
Exposure via accidental ingestion of soil and sediment samples could potentially cause adverse
non-carcinogenic and Carcinogenic health effect towards workers in the industry. A correlation
analysis was also carried out which shows the presence of a relationship between the
concentration of NORM and trace elements indicating that the source of both radionuclides
and heavy metals could potentially be from the same source.
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Amang or by-product of tin minerals processing has been found to contain valuable heavy
minerals which are significant to Malaysian economy in producing rare earth elements (REE)
such as ilmenite, monazite, and xenotime. This study aims to provide indications of
radiological hazard to authorities on the effect of the processing activity to close cycle water
management. Seven amang processing plants in Perak were chosen as the study location.
Sediment and water samples are collected from each processing plant retention pond before
being processed and analysed using HPGe spectroscopy. The Uranium-238 (2*8U), Thorium-
232 (%%2Th), and Potassium-40 (“°K) concentration in sediment samples were 0.1-1.9 Bg/g, 0.2-
3.2 Bg/g and 0.1-1.8 Bg/g respectively, with some of the sediment samples exceeds the limit
stated by Atomiv Energy Licensing Board (AELB) of 1 Bqg/g for 28U and 2%*Th and none
exceeds the limits of 10 Bqg/g for “°K.The values are then used for radiological hazard indices
calculation. The range values obtained from the sediment samples for Radium Equivalent
Activity (Raeq), Absorbed Dose Rates (Dr), Annual Effective Doses (AED), External Hazard
Index (Hex), Internal Hazard Index (Hin) and Excess Lifetime Cancer Risk (ELCR) were found
to be 2416.5+2020, 1046.3£858.0 nGy/h, 2.6£2.0 mSvly, 3.7£2.6, 6.4+5.3 and 10.0+7.5,
respectively. These reported results are compatible with those values in previous study in
amang processing pla