)

Third International
Conference on Radiation
and Applications in Various
Fields of Research

June 8-12 | 2015
Slovenska Plaza

Budva | Montenegro
www.rad-conference.org

RAD
PROCEEDINGS

Ny



PUBLISHER: RAD Association, Nis, Serbia
www.rad-association.org

FOR THE PUBLISHER: Prof. Dr. Goran Risti¢
EDITOR: Prof. Dr. Goran Ristié

COVER DESIGN: Vladan Nikoli¢, M.Sc.

TECHNICAL EDITING: Sasa Trenci¢ and Vladan Nikoli¢

PROOF-READING: Sasa Trenci¢, MA and Mila Aleksov, BA

ISBN: 978-86-80300-01-6

CIP - Karanmoruzanuja y myOauKamuju -
Haponna 6ubmmotexa Cpouje, beorpan

539.16(082)(0.034.2)

INTERNATIONAL Conference on Radiation and Applications in Various Fields
of Research (3rd ; 2015 ; Budva)

Proceedings [Elektronski izvor] / Third International Conference on

Radiation and Applications in Various Fields of Research, RAD 2015, June
8-12, 2015, Budva, Montenegro ; [editor Goran Risti¢]. - Ni§ : RAD
Association, 2015 (Nis : RAD Association). - 1 elektronski opticki disk
(CD-ROM) ; 12 cm

Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. -
Tiraz 400. - Bibliografija uz svaki rad.

ISBN 978-86-80300-01-6
a) Jonusyjyhe 3paueme - Jlozumerpuja - 300pHUIIN

COBISS.SR-ID 215655436



(A,
N

RAD

AIR KERMA TO Hy(3) CONVERSION COEFFICIENTS FOR EXPOSURE
OF THE HUMAN EYE LENS TO THE SELECTED STANDARD X-RAY BEAM QUALITIES

Dragana Krstic !, Zoran Jovanovic !, Dragoslav Nikezic !, Olivera Ciraj-Bjelac 2

1 University of Kragujevac, Faculty of Science, R. Domanovica 12, 34000 Kragujevac, Serbia
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Abstract. International Commission on Radiological Protection (ICRP) has decreased the annual dose limit for the
eye lens from 150 mSv down to 20 mSuv for occupational exposures. The operational quantity Hp (3) has been defined
for eye lens dosimetry, while cylindrical phantom approximating the shape of a head was suggested for calibration
purposes. The aim of the work was to provide a set of conversion coefficients that could contribute to improving the
overall quality of eye lens dose assessment. The work investigated the air kerma to Hp(3,1)conversion coefficients,
Hp(3,1)/Ka (in Sv/Gy), based on Monte Carlo simulations for a standard beam qualities, different angulations and
suitable cylindrical phantom. For incident angles 1 from o0° to 90°, the conversion coefficients Hp(3,1)/Ka were in the
range 0.44-0.88 for N-40, 0.72-1.06 for N-60, 0.91-1.63 for N-80, 1.08-1.52 for N-100, 1.22- 1.62 for N-120 and
0.14-1.56 for N-150 beam quality. The conversion factors Hp(3)/Ka provided in this work are related to standard
beam qualities readily available in the calibration laboratories and are suitable for application in numerous

workplace situations in medicine and industry.
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1. INTRODUCTION

Numerous studies have demonstrated that the
lens of the eye is more sensitive to ionizing radiation
than previously thought, indicated that radiation
risk has been significantly underestimated and that
threshold for cataract development in the eye lens,
might be much lower than it was previously thought
[1-6]. Interventional radiology and cardiology are
among areas with high potential for risk to eye lens.
If radiation protection is not practiced, the eye dose
to workers involved in interventional radiology or
cardiology procedures can reach or exceed the
regulatory limit. There are recent reports of eye lens
injuries among interventionalists and support
professionals in interventional suite [3-5]. The
International Atomic Energy Agency (IAEA)
initiated a study in 2008 called RELID
(Retrospective Evaluation of Lens Injuries and
Dose) to examine the eyes of medical and
paramedical personnel involved in interventional
suits [4]. The reported results from these studies
showed increased prevalence of radiation induced
lens injuries [1,2,6].

Consequently, the International Commission on
Radiological protection (ICRP) proposed a
reduction of dose limit for eye lens from 150 mSv to
20 mSv per year [7]. This 7.5 fold reduction of a
dose limit has attracted great attention and eye lens
dosimetry has become a very intensive research
area, including development of new dosimeters,

calibration procedures and eye lens monitoring
arrangements in various fields of application of
ionizing radiation [8-15].

Operational quantities for area and individual
monitoring of external exposures have been defined
by International Commission on Radiological Units
and measurements (ICRU). The Hp(3) is
recommended as operational quantity for eye lens
monitoring. It is the dose equivalent in ICRU (soft)
tissue at an appropriate depth of 3 mm, below a
specified point on the human body [16-17].

The lens of the eye dose, as organ dose is not
directly measurable. It is usually assessed by
measuring the above mentioned operational
quantity Hp(3), at a position on the head near to the
eye. Until recently this quantity has not commonly
been in use and respective dosimeters were rarely
available. However, in the light of the most recent
scientific findings, accurate dosimetry is important
for investigation of correlation of radiation effects
and radiation dose, for verification of compliance
with regulatory dose limits and it certainly
contributes to better radiation protection.

A number of papers addressed the question of
occupational lens exposure from both a dosimetric
and epidemiological point of view . Those studies
were carried out to investigate various aspects of
the eye dosimetry, as development of new dedicated
eye dosimeters and calibration procedures, clinical
studies aimed to design the methodology and assess
eye lens dose levels, monitoring arrangements using



different types of dosimeters, correlations of eye
lens dose with patient dose indices and methods for
retrospective dose assessment [9, 11-15].

The need for eye lens dose monitoring increased
interest for the calculation of conversion coefficients
from air kerma (Ka) to Hp(3) for photons [13].
Recently, activities carried out under the ORAMED
(Optimisation of RAdiation protection for MEDical
staff) calculation of the conversion factors from air
kerma to Hp(3) for photons, electrons and neutrons
[8,9,14]. In addition, a new phantom, shaped as a
right cylinder (20 cm in diameter) and made of the
ICRU 4-element tissue, has been proposed for
calculating the conversion coefficient from air
kerma to Hp(3) [13,15]. This cylindrical shape is
closer to the elliptical shape of the head and more
realistic in terms of the position of the eye lens
within the head. This improves accuracy compared
to calculations performed in the slab phantom [13,
14].

The aim of the work was to provide a set of
conversion coefficients from air kerma to Hp(3) for
reference radiation beam qualities defined in the
International Organization for Standardization
(ISO) publication ISO 4037, that are commonly
used in calibration laboratories, that could
contribute that to improve the overall quality of eye
lens dose assessment procedures in workplace
situation involving exposure to medium energy X-
rays.

2. MATERIALS AND METHOD

The work investigated the lens of the eye dose to
air kerma conversion coefficients, Hp(3,1)/Ka (in
Sv/Gy), based on Monte Carlo simulations using a
standard beam qualities and suitable cylindrical
phantom. Calculations have been performed by
means of the MCNP5/X code using Monte Carlo
method [18], which was used to simulate photon
transport from the source to the volume of interest.
For this purpose, calculation of conversion
coefficients was performed by using a phantom,
with the shape of cylinder, as presented in Figure 1.

Dimensions of cylinder is 20 cm in diameter
and 20 cm in height, with the wall thickness 0.5 cm,
with basic material structure in the wallof poly-
methyl-methacrylate (PMMA), and inside area was
filled with water.

The source was modeled as a square parallel
beam of 20 x 20 cm?2. An aligned and expanded field
of photons irradiated the entire phantom in
anterior-posterior AP geometry at a distance of 1 m
from the phantoms. The calculation of photons
transport was modeled and performed for the
angulation ranging from 0° to 90°.
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Fig 1. The cylindrical modeled of head phantoms

The tally used to score the kerma was ‘F6’ with 1-
keV energy cut-off for photons. Tally F6 gives the
energy deposited in cell (in MeV per gram). Totally
108 simulations were run in order to achieve a small
calculation uncertainty, not more of 3 percent.
Beam qualities used for calculation of the
conversion factors Hp(3,1)/Ka were narrow
standard series on photon reference radiation
defined in the International Organization for
Standardization (ISO) publication ISO 4037 [19] ,
as presented in Table 1. Spectra was caluculated
based on methods described elesewhere [20]

The calculation of conversion coefficients
Hp(3,1)/Ka, requires independent calculation of Ka
and Hp(3). The MCNP F6 tally was used for
calculating air kerma without phantom in sphere
with air of radius 10 cm. The personal dose
equivalent Hp(3) is defined as the dose equivalent in
tissue at 3 mm depth in the phantom. As it is
recommended to take the quality factor Q equal to 1
for photons Hp(3) is equal to the absorbed dose in
these specified conditions.

The centers of the scoring volumes were positioned
on the midplane at a depth of 3 mm. The thickness
along the radius is 0.5 mm, the height is 2 cm
around the axial midplane.

3.RESULTS AND DISCUSSION

The conversion factors Hp(3)/Ka for different
angulations and different beam qualities are
presented in the Table 1 and Figure 2.

Table 1 conversion factors Hp(3)/Ka for different
angulations and different beam qualities

Angle
(degree) Hp(3)/Ka [Sv/Gy]
N40 | N60 | N80 | N10oo | N120 | N150
[0} 0.88 | 1.06 1.63 1.52 1.62 1.56

30° 0.88 1.14 1.39 1.56 1.35 1.38

60° 0.75 | 0.93 1.29 1.42 1.43 1.44

90° 0.44 | 0.73 | 0.91 1.08 1.22 1.14

The cylindrical phantom was selected to
approximate to the best possible extend the shape of
the head related to angle dependence and depth (3
mm) at which the operational quantity is defined




due to the simultaneous attenuation of the medium
and its scattering properties [15].
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Fig 2. Conversion coefficients Hp(3)/Ka calculated for
different beam qualities for different incident angles

The phantom of the same external shape but
different materials (cylindrical, with a 0.5-cm-thick
PMMA wall, filled with water) has been proposed
for the calibration of eye dosimeters in laboratory
conditions.

As in realistic conditions during calibrations in
the laboratory the dosemeter is placed on the
surface of the phantom, and the aim of such
dosimeters is to measure dose to the lens of the eye,
the calculations of conversion factors were
performed in the similar geometrical conditions, i.e.
scoring volumes positions were selected to be as
close as possible to position of dosemeter and the
eye lens.

However, standard x-ray beam qualities are used
for calibration of dosemeters in the field of radiation
protection, as N and W series [15, 19], so provision
of conversion factors for these beam is of huge
practical importance. For calibration of dosemeters
used in interventional radiology and cardiology
procedures, it is very important to select proper
beam quality for calibration, as close as possible to
the beam qualities used in real clinical conditions.
In addition, the dosemeters must have an adequate
energy and angular response. Another issue related
to practical use of eye lens dosimeters is x-ray tube
orientation, as x-ray tube can be moved during the
intervention, which has an influence to the angle of
incidence of the x-ray beam. Having in mind typical
x—ray tube angulations, i.e. projections used during
interventional procedures, conversion factors for
different angulations are also provided in this work.

4.CONCLUSION

In this study, a set of energy- and angular-
dependent conversion coefficients (Hp(3)/Ka) in the
newly proposed cylindrical phantom for calibration
of eye lens dosimeters have been calculated with the
Monte-Carlo code MCNP5/X. The Hp(3)/Ka
conversion coefficients have been determined for
standard photon beam qualities denoted as ISO N

series in the range of tube voltages from 40 to 150
kV. The conversion factors Hp(3)/Ka provided in
this work are related to standard beam qualities
(N40 to N150) readily available in the calibration
laboratories and they are suitable for application in
numerous workplace situations in medicine and
industry.

The provided conversion coefficients could be
applied in calibration procedures utilized in
calibration laboratories and thus, could contribute
to the implementation and accuracy of the
dosimetry measurements for the eye lens exposure.
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