Journal of Physics: Conference

Series

OPEN ACCESS You may also like

Radiological characteristics of charged particle 'J;QH*—Q—EQF??S%:Jb}.ggcgc%%ffégu&ce

. . . . N aswati osn, A. Das arma, R. N.

interactions in the first clay-nanoparticle Basu et al.

dichromate gel dosimeter Brocesses on Pure Macnesm
P. Schmutz, V. Guillaumin, R. S. Lillard et
al.

To cite this article: M L Taylor et al 2013 J. Phys.: Conf. Ser. 444 012110 ) )
- Perchlorate ion standard solution:

multipath titrimetric approach using three
different stoichiometric reactions—towards
the establishment of S| traceable chemical
standards

View the article online for updates and enhancements. Toshiaki Asakai

@ = DISCOVER

how sustainability

The : ' : intersects with
Electrochemical ¢ ]
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 18.191.33.207 on 21/05/2024 at 19:39


https://doi.org/10.1088/1742-6596/444/1/012110
https://iopscience.iop.org/article/10.1149/1.2338759
https://iopscience.iop.org/article/10.1149/1.2338759
https://iopscience.iop.org/article/10.1149/1.2338759
https://iopscience.iop.org/article/10.1149/1.2338759
https://iopscience.iop.org/article/10.1149/1.2338759
https://iopscience.iop.org/article/10.1149/1.2338759
https://iopscience.iop.org/article/10.1149/1.1554721
https://iopscience.iop.org/article/10.1149/1.1554721
https://iopscience.iop.org/article/10.1088/1681-7575/ab79bf
https://iopscience.iop.org/article/10.1088/1681-7575/ab79bf
https://iopscience.iop.org/article/10.1088/1681-7575/ab79bf
https://iopscience.iop.org/article/10.1088/1681-7575/ab79bf
https://iopscience.iop.org/article/10.1088/1681-7575/ab79bf
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvHn0xeIseup2v8rvFqPUpaQrjm3SdPhI_O3r3CL0uRfOn_K9YkqHHn7nWj7613QEcvxMykUnJQ6AdFCwyTfOUeC1fSqgHltki0onOGc9rkXf7qQkSD_3NJYEl9tLtwLZ_iOPM6wmg4GQpyrm5DZsYXGLEcxuWErHtHrjefzzYP3K30LTUISGfQNDyfpJCWvyVCWhX8sS3CjyTvOpuGqWQQllHFNDrMqZ2kmRiYbCkagJyalFA3IKNP7EizX4WxGanyGS3UGMblt7y8TtiTquIIKO44deW-3FQlM3ArwHw836szTx2X_rL70WD0lTPzGAoljtvp0GS6153KAJIvKZW947LGS96T&sig=Cg0ArKJSzBqyGaIrBMQ5&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

7th International Conference on 3D Radiation Dosimetry (IC3DDose) IOP Publishing
Journal of Physics: Conference Series 444 (2013) 012110 doi:10.1088/1742-6596/444/1/012110

Radiological characteristics of charged particle interactions in
the first clay-nanoparticle dichromate gel dosimeter

ML Taylor'*', T Maeyama®, N Fukunishi’, KL Ishikawa*’°, K Fukasaku*’, T
Furuta’, S Takagi*®, S Noda'’, R Himeno"’ and S Fukuda'’

"RMIT University/School of Applied Sciences, Melbourne, Australia

2Peter MacCallum Cancer Centre/Physical Sciences, Melbourne, Australia

* RIKEN/Nishina Centre for Accelerator-Based Science, Wako, J apan

* RIKEN/Computational Science Research Program, Wako, Japan

* The University of Tokyo/Department of Nuclear Engineering and Management, Graduate School
of Engineering, Tokyo, Japan

% The University of Tokyo/Photon Science Centre, Graduate School of Engineering, Tokyo, Japan
" Himon'ya Hospital, Department of Neurosurgery, Tokyo, Japan

* The University of Tokyo/Department of Mechanical Engineering, Graduate School of
Engineering, Tokyo, Japan

* RIKEN/Advanced Centre for Computing and Communication, Wako, Japan

' National Institute of Radiological Sciences / Research Centre for Charged Particle Therapy,
Chiba, Japan

E-mail: michael.taylor@rmit.edu.au

Abstract. The incorporation of clay nanoparticles into gel dosimeters shows promise for
significant diffusion reduction — but to what extent does the presence of the nano-clay
influence charged particle interactions and, in particular, what is the impact on water
equivalence? In this work, we quantify the radiological characteristics of electron, proton and
carbon ion interactions in the RIKEN dichromate nanoclay gel and specifically evaluate the
water equivalence over a broad energy range. Results indicate that the radiological properties
are sufficiently representative of tissues that this low-diffusion gel could readily be used for
validation of complex dose distributions. Electron and proton ranges are within 1 % of those in
water. Mean effective atomic numbers for electron interactions in the range 10 keV — 10 GeV
are within 1 % of those of water which, coupled with the similar mass density, ultimately
means the overall impact on dose distributions is not great. The range of C* ions in the
nanoclay gel is closer to that of water (< 4 %) than a common polymer gel dosimeter (< 7 %),
though experimentally measured R, values indicate an over-response at low doses.

1. Introduction

Contemporary radiotherapy involves increasingly small fields and often complex dose distributions
'and, within this context, gel dosimetry possesses many advantages over other dosimetric methods (1).
Polymer gels have reduced diffusion when compared to ferrous-sulphate (Fricke) based formulations,
but exhibit greater artefacts (due mostly to Mie scattering) when imaged with modern optical readout
techniques compared to ferrous-sulphate gels, which are amenable to spectrophotometric approaches
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(2). A novel alternative currently being explored is dichromate gel dosimetry, with a clay nanoparticle
additive as a diffusion suppressant (3). This, however, raises the immediate question as to the
radiological influence of the nano-clay and, particularly, the extent of deviation from water
equivalence. In this work, we investigate the fundamental characteristics of charged particle (electron,
proton and Carbon ions) interactions and quantify any differences to water and tissue.

2. Methods

A range of calculations and comparisons have been made for electron, proton and Carbon ion
interactions. For electron interactions: (i) Mean energy-dependent effective atomic numbers have been
calculated via the Taylor approach (4-7); (ii) Collisional interaction cross sections have been presented
as a function of kinetic energy using the standard Bethe-Bloch (8-10) approach recommended by the
ICRU (11); (iii) Radiative interaction cross sections have been determined using the combined method
of Seltzer and Berger (12, 13); (iv) Continuous slowing down approximation (CSDA) ranges have
also been calculated. For proton interactions: (i) electronic and (ii) nuclear stopping powers have been
determined, and (iii) projected proton ranges have been computed according to Ziegler (14, 15).
Equivalent calculations have also been undertaken for Carbon ions. Example dose distributions have
also been computed. In each case, comparisons are made to water and ICRU-defined tissues.
Experimental measurements for C** ion beams (Heavy Ion Medical Accelerator, NIRS Japan) are also
shown, with readout undertaken via MRI (1.5T Philips Achieva).

3. Results

The mean effective atomic number for electron interactions in the nanoclay gel over the range 10 keV
— 10 GeV are presented in Table 1, along with other media (relevant to medical physics) for
comparison. Stopping powers are shown in Figure 1(a) for electron interactions, with the ratio to water
presented as an insert. The continuous slowing down approximation ranges for electrons in the
nanoclay gel are presented in Figure 1(b); plotted as dashed lines against the right axis is the ratio of
ranges in gel to water and tissue. A depth-dose distribution of 1 MeV electrons in the nanoclay gel
(not shown) indicates a shift in dy,. of approximately 0.2 mm relative to water. Figure 1(c) shows that
the electronic stopping power for proton interactions is lower than that for water (by a maximum of 5
%) while nuclear stopping powers, which comprise a small fraction of the total stopping power, are
similar. Proton ranges are within several percent of those in water; see Figure(d). Figure 1(e) indicates
that the range of 270 MeV/u C®" ions in nanoclay gel is within 6 mm of that of water, compared to 10
mm for a common polymer gel formulation (BANG-3). Both measured and calculated data are shown.
The R; values indicate an over-response to the high LET radiation in low-dose regions.

Table 1. Mean effective atomic numbers for the partial and total electron interaction processes; the spread of
values over the 10 keV — 10 GeV range is indicated by the standard deviation. Along with the nanoclay gel, data
for water, tissues and other dosimeters are provided for comparison.

Z Radiative o Collisional o Total o
Nanoclay gel 4.605 0.113 3.659 0.462 3732 0.534
Water 4.569 0.112 3.623 0.465 3.696 0.534
Tissue (16) 4.613 0.108 3.688 0416 3.772 0.502
Bone (16) 5.757 0.156 4273 0.231 4.552 0.562
BANG gel (17) 4.598 0.104 3.709 0418 3.784 0.493
TLD-100 (4) 6.653 0.066 6.200 0.204 6.230 0.237

R (nanoclay/water) 1.008 - 1.010 - 1.010 -
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Figure 1 (a) Collisional, radiative and total electron interaction cross sections in the nanoclay gel; data relative
to water and human tissues are provided as an insert. (b) The continuous slowing down approximation range of
electrons (left axis); the dashed lines indicate the ratio of ranges in gel to those in water and tissue (right axis).
(¢) Proton electronic stopping powers plotted alongside those for water and muscle tissue; the insert indicates the
nuclear stopping power. (d) Proton range as a function of energy (left axis; note these effectively overlap); the
dashed lines indicate the ratio of ranges in gel to those in water and tissue (right axis). (e) The depth dose profile
corresponding to 270 MeV/u C®" ions in the nanoclay gel, both measured and calculated. For comparison, an
equivalent profile in water (measured with an ionisation chamber) is also provided, demonstrating a 6 mm
difference in range. The insert indicates the total (electronic and nuclear) stopping power for Carbon ions in the
nanoclay gel. (f) For comparison to the nanoclay gel, we have also measured (and calculated) depth dose curves

in BANG gel. The discrepancy compared to water is more pronounced in this case (10 mm).
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4. Conclusions

The nanoclay gel exhibits broadly similar radiological properties to water, tissue and other dosimeters
over the keV — GeV range for electron, proton and Carbon interactions. The addition of clay
nanoparticles raises the effective atomic number only at the sub-percent level and the mass density is
not significantly different to water; consequently, resultant dose distributions are not greatly impacted.
By comparison, the difference in effective atomic number for the BANG gel formulation is greater
relative to water (due mostly to collisional interactions). Ultimately, the results suggest that the
formulation could be readily employed for validation of phantom-mapped patient plans.
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