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Radiation Dosimetry

Radiation exposure

Artificial radiation Natural radiation

Radiation exposure in iibanaia
S m
daily life * 800 bananas o
ST, o .. Transatlantic flight = 80Sv
Approx 0.3 mSv 3 mSv.
& Cancer treatment (doses from outer space from the ground = 01 microsieverts (uSv) A Mo ' .
) only to treatment areas) é

Inha!anon of radon, etc  Approx. 0.99 mSv 27,000 bananas

Cardiac catheter (skin doses) J\

\
Dose limits to workers handing nuclear energy or radiation
100 mSv/5 years —
50 mSv/y s

'm1ma as doses | | e
Fray

Approx. 0.48 msv from foods UK average annual radiation dose = 2700jisv
Annual doses from the ground in
! P
= Iran/Ramsar | o = =
‘V / i ! | 100 bananas 50,000,000 bananas
CT scan/once ‘\\ / /// — India /Kerala, Chennal 100 of Brazil nuts = 10uSv cthal adiation dose = 5000000p5v

|
high natural radiation areas
10 mSv

" Gastric X-ray exammanon/once \

E—
. PET scan/once

ICRP-recommended annual dose

A SINGLE DENTAL X-RAY EXPOSES
A PERSON TO ABOUT THREE TIMES
Tokyo to New York (round trip) LESS RADIATION THAN A ONE-HOUR

(Increase in cosmic rays due to FLIGHT
- high altitudes)
=3

Chest X-ray -
Mass examination/
L PRl DENTAL X-RAY ONE-HOUR FLIGHT

Dental imaging

ALARA i
pl'i nsi p a| & (except for medical exposure)

mSv: millisieverts
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The Multi-Scale Challenge of Dosimetry

*  How much dose did the worker receive?

' REPAIRED

How radon
enters a house

NORMAL N3
FUNCTION ™
ALTERED 2 3 rey
“mse oF ) ) a
Gicer radiation source]
worker
peAp
*RISK OF i 4
ORGAN FAILURE
nm scale um scale mm scale cm scale km scale
(DNA) (cell) (tissue) (whole body) (environment)
°  What exactly happens to biological tissue at the molecular level
when radiation passes through it?
2
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Dose measurement vs calculation
B
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SSB SSB+ 2SSB DSB DSB+ DSB++ NB
Segars, W. P., et al. Medical physics 2010
1 1 [N 11 [N [N
< ! 1 1 1 1 ]
SB 1 11 1|t 1 1 1
Sakata et al. 2021, PMMA 0 mm —Sakata et al. 2021, PMMA 32 mm
‘ = This study, PMMA 0 mm # This study, PMMA 32 mm
| +Exp. PMMAD mm + Exp. PMMA 32 mm

Chatzipapas, K., et al.
Prec. Radiat. Oncol. 2023

Cell Line: NB1IRGB o

Cell Surviving Fraction

%
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(s}
(GRAY)

+
Key Dose Quantities ) o

* Physical quantities:

> (SIEVERT
for xrays 1Gy

*  Absorbed Dose (D): Energy/mass in Gray [J/kg]

° Biological quantities: 4
Radioactivity
*  Equivalent Dose (H;): Absorbed dose x Quality Factor (radiation type) BECUKRELORCURE) 4 )
Exposure
*  Quality factor varies: photons QF=1, alpha particles QF=20, neutrons QF=5-20 (ROENTGEN)

® Fquivalent dose in a tissue or organ

* Regulato uantities:
9 va Hr = Z wrDrr
R

° Effective Dose (E): Sum over organs of (equivalent dose x organ sensitivity weight)

because bone marrow is 100x more radiosensitive

*  Example: 10 mSv to bone marrow + 0.1 mSv to skin = different cancer risks ° Effectr've dose
= 3w Yot
T R

* Molecular quantities:
D1 g : Mean absorbed dose from radiation R
inatissueororganT
*  DNA damage yield (Gy™"): Number of lesions per gray of dose to a cell wg @ Radiation weighting factor
wy : Tissue weighting factor

*  Specific energy: Energy deposition in nanometer-scale volumes around DNA targets

*  Repair kinetics and survival probability of cells

2
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Effective dosq
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Computational Dosimetry - Monte Carlo & Al (1/3)

° GATE

* Personalised dosimetry
° Medical applications

¢ External beams/ radiotherapy (p/y)

Program

. . B T —
* Radionuclide therapy (PBPK) Fregaraton * Konstaninos Chatzspe TUDEI, e ettends

* D S, GRS, sy f o Frace
* Lydia Maigne, Université Clermontt Auvargne. France

° Medical Imaging

Organiring committee

Traval

Accommodation

Registration

¢ Shielding (Medical/ Nuclear facilities)

5
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Computational Dosimetry - Monte Carlo & Al (2/3)

Collaboration
* Geant4 and Geant4-DNA R el o SRR il

° ESA/TU_Delit

teering Committee, The Geanté-ONA project ks coordinated by 112741/ since
 the

of
been adopted in 2014 and they are updated ev

For the 20232026 collaboration cyele, the following are memBers of the Geants-DNA
collaboration

Geantt-ONA World map of coliboralors in 2023-2026

* Micro and nano-dosimetry

* Investigation of cellular damage to predict the outcome of
irradiated persons (low dose conditions) (space/ workers)

V. Ivantchenko, CERN & Tomsk U,
i S, Incerti, LP2UINZPI/CNRS, France (spokesperson), D. Sakata, Dsaka U, Japan

z
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Computational Dosimetry - Monte Carlo & Al (3/3)

*  Fast Prediction to enable real-time decision-making Training Dataset meicfericsictaden
in medical and nuclear facilities. Ay T SR G T s
DNA damage in the form of 12 penetration depth
dependent variables each
° GAN DALF exere’ssing a different type of
. damage .g. Geant4
* aneural network trained on Geant4-DNA e T
simulation outputs to predict DNA damage o GAONA RS

Example: moleculardna

¢ feeding a dose distribution to predict DNA Geometry: E.coli nucleus
damage patterns and cellular risk. TR

° This enables real-time decision-making in

nuclear and medical facilities: Average LETvalueinagiven o ,———+ TRAINING ML SOLVER
*  Worker planning a maintenance task in a reactor pool volume
*  Optimisation of shielding in both nuclear facilities and clinical f—j
environment From Geant4
*  Optimise biological result of therapeutic procedures Example: radiobiology GANDALF OUTPUT

Geometry: Non-voxelized
water ellipsoid the same size

N SSB/DSB as a function of penetration
as an E.coli nucleus

depth

%
TUDelft

Sciuto A., Chatzipapas K. et al. Physica Medica 2025
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Personalized dosimetry

* Beyond the average person

* Physiologically-Based Pharmakokinetic ] 1
Modeling (PBPK) e ® |
¢ 3D Bioprinting for Dosimetry i _Hmo @
' 5 é‘_:!'_ Gut g
W’” .' § i nay’ 'g
S Excretion smd e
" 2 Adpgia <
| | §
* Applications Beyond Nuclear Industry: — ‘ ‘i E aN _
* Medical imaging- Radiotherapy- : gm N R G
Space radiation- Occupational dosimetry d : n"'\"'fﬁ \\ﬂ
2
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Digital Twins & Future of Nuclear Dosimetry
© -
* Virtual Environment for Reactor M MENU —
Applications (VERA). o
* VERA can solve a variety of
reactor performance challenges by e s S 5454 o1
modeling multiphysics . : ‘
Home > News » NWO makes 7 million euros available for research into
phenomena.
Digital Twins
NWO makes 7 million euros available for research into
_ S Digital Twins
° Avirtual reality digital twin model -
of the ORNL’s liquid-salt test loop
facility, displaying embedded 5
technical information with
simulated walk-downs to optimize
work planning
2
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Future Directions & Call to Collaboration

* Research frontiers at TU_Delft and the RID
* Real-time Al dosimetry

Applied Radiation & Isotopes (ARI) Group
Department of Radiation Science and Technology (RST)
Faculty of Applied Sciences, TU Delft

* Lunar/Space radiation dosimetry
* Advancing molecularDNA
* Integration with medical physics

* International collaboration

* Contact us for future collaboration

2
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