N

N

EURADOS project on the impact of the proposed ICRU
operational dose quantities
Phil Gilvin, Marco Caresana, Jean-Francois Bottollier-Depois, Vadim
Chumak, Isabelle Clairand, Jonathan Eakins, Paolo Ferrari, Oliver Hupe,
Pawel Olko, A Rottger, et al.

» To cite this version:

Phil Gilvin, Marco Caresana, Jean-Francois Bottollier-Depois, Vadim Chumak, Isabelle Clairand, et
al.. EURADOS project on the impact of the proposed ICRU operational dose quantities. Radiation
Protection Dosimetry, 2023, 199 (15-16), pp.1689-1695. 10.1093/rpd/ncac293 . irsn-04390703

HAL Id: irsn-04390703
https://irsn.hal.science/irsn-04390703

Submitted on 17 Jan 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://irsn.hal.science/irsn-04390703
https://hal.archives-ouvertes.fr

Radiation Protection Dosimetry (year), Vol. 0, No. 0, pp. 0-0
DOI: 10.1093/rpd/nc0000

IMPACT OF NEW OPERATIONAL QUANTITIES

EURADOS PROJECT ON THE IMPACT OF THE PROPOSED ICRU
OPERATIONAL DOSE QUANTITIES

P. Gilvin!, M. Caresana?, J-F. Bottollier-Depois®, V. Chumak®*, I. Clairand?, J. Eakins', P. Ferrari®, O. Hupe®, P.
Olko’, A. Rottger®, R.J. Tanner!, F. Vanhavere®, E. Bakhanova®*, V. Bandalo®, D. Ekendahl'®, H. HédImoser®, D.
Matthid'!, G. Reitz!!, M. Latocha'?, P. Beck'?, D.J. Thomas'? and R. Behrens®

1 UK Health Security Agency, Chilton, Didcot, OXON OX11 ORQ, U.K. phil.gilvin@ukhsa.gov.uk
2 Politecnico di Milano, Department of Energy, Via la Masa 34, 20156 Milano, Italy
3 Institute for Radiological Protection and Nuclear Safety, PSE-SANTE BP 17, 92262 Fontenay-aux-Roses,

France

4 Dosimetrica LLC, Division of Prospective Dosimetric Studies, P.O. Box 40, 4119 Kyiv, Ukraine

5 ENEA IRP - Radiation Protection Institute, 4 Via Martiri di Monte Sole, 40129 Bologna, Italy

6 Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany

7 Institute of Nuclear Physics PAN, Division of Applied Physics, Radzikowskiego 152, 31-342 Krakow, Poland
8 Belgian Nuclear Research Centre, Environment, Health and Safety, Boeretang 200, 2400 Mol, Belgium

9 Mirion Technologies (AWST) GmbH, Otto-Hahn-Ring 6, 81739 Munich, Germany

10 National Radiation Protection Institute, Bartoskova 28, 14000 Prague, Czech Republic

11 German Aerospace Centre, 51147 Koln, Germany
12 Seibersdorf Labor GmbH, 2444 Seibersdorf, Austria

13 National Physical Laboratory, Teddington, Middlesex, TW11 OLW, UK.

Received month date year, amended month date year, accepted month date year

Following the publication of the joint ICRU/ ICRP report on new operational quantities for radiation protection, the
European Dosimetry Group (EURADOS) have carried out an initial evaluation. The EURADOS report analyses the impact
that the new quantities will have on: radiation protection practice; calibration and reference fields; European and national
regulation; international standards; and, especially, dosemeter and instrument design. The task group included

experienced scientists drawn from across the various EURADOS working groups.

INTRODUCTION

The International Commissions on Radiation Units and
Measurements (ICRU) and on Radiological Protection
(ICRP) have published joint recommendations' for new
operational quantities for external exposure. The new
quantities have been devised to address certain problems
with the existing ones, including the need to cover a
wider range of radiation types and energies. ICRP have
carried out a consultation process and ICRU have
revised the report in the light of comments received.

As part of its strategic research agenda? the European

Radiation Dosimetry Group, EURADOS
(www.eurados.org), seeks to contribute to the

development and understanding of fundamental dose
concepts, such as in the area of operational quantities.
Accordingly, EURADOS has carried out a project to
evaluate the impact of the proposed operational
quantities and to make recommendations for their
application. Our report’ analyses the differences

*Corresponding author: phil.gilvin@ukhsa.gov.uk

between the new and existing quantities before going on
to examine their impact and application.

EXISTING AND NEW OPERATIONAL
QUANTITIES

Purpose of Operational Quantities (OQs)

The system of radiological protection* is based on a set
of protection quantities, such as effective dose and
equivalent dose, that represent risk and detriment.
However, the protection quantities are not measurable.
Instead, a set of operational quantities is used to act as
reasonable estimators of the protection quantities.
Although the operational quantities are likewise not
directly measurable, they do possess a closer
relationship with the field quantities, which are directly
measurable. The definitions of the operational quantities
have also served as conceptual guidance for designers
and manufacturers of measuring devices, whether active
or passive: the definition at a specified depth makes the
design of filters intuitive.
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Table 1. Summary of the definitions of the existing and new operational quantities.
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Deficiencies of Existing OQs

The current operational quantities>® were defined during
the period 1985-98. Their definitions include references
to notional spherical, cuboid and cylindrical phantoms
of ICRU 4-element tissue, and to the positioning of a
dosemeter on the human body. The conversion
coefficients from the field quantities (fluence or air
kerma) were calculated using the simplifying “kerma
approximation”, whereby it is assumed that kerma and
absorbed dose are equal — that is, all of the energy
released at a point is also absorbed at that point. This
method was used because it is valid for most workplaces
and because the numerical calculation capability was, at
that time, limited.

It took decades for the current operational quantities
to be completely adopted across the world, and in the
USA they have never been fully adopted. Nevertheless,
they provided a significant advance in radiation
protection, allowing additivity for different radiation
types and energies, and overall, they have provided a
consistent and useful system. However, there have
always been problems of overestimation, up to a factor
of 5 at sub-80 keV photon energies, and even more at
higher energies (Eph>2 MeV), where secondary
charged particle ranges can exceed 10 mm. Also, the
current quantities only cover a limited range of particle
types. In recent years these drawbacks have become
more important, with growth in medical diagnostic and
interventional techniques and in the use of particle
accelerators.

New Operational Quantities

With modern advances in computing power, it has
become possible to perform “full transport” Monte
Carlo calculations, avoiding the need for the kerma
approximation. Further, the new quantities' are defined,
in vacuo, on the same anthropomorphic computational
phantoms in which the protection quantities are now
defined'%!"12, Thus, the new operational quantities have
a closer relationship with the current protection
quantities.

Meanwhile, references in the current operational
quantity definitions to fixed depths (10 mm, 3 mm,
0.07 mm) have provided some guidance for instrument
and dosemeter manufacturers. With a wider range of
radiation types and energies, this is no longer considered
appropriate.

Table 1 summarizes the definitions of the current and
new operational quantities. For full details readers are
strongly recommended to read ICRU Report 95', and
our EURADOS report®.

EURADOS EVALUATION PROCESS

The present work was not part of the formal
consultation. Rather, it looks ahead at practical matters
concerning the introduction of the new quantities.

Topics Considered

As well as the main differences between the current and
proposed operational quantities, the EURADOS task
group considered impacts on:

e  dosemeter and instrument design

e radiation protection practices

e  calibration and reference fields

e international standards

e regulation (including dose registries etc.)

Benefits

If they can be measured well, the new quantities will
bring with them improved estimates of detriment,
especially in low-energy photon fields and high-energy
fields around accelerators. They will also allow for a
wider range of particle types and energies to be
considered. The proposed switch to absorbed dose for
tissue reactions — as is recommended — looks sensible.
Note, however, that for eye lens doses, we await current
ICRP deliberations on cataract formation, and their view
on whether it constitutes a tissue reaction or a stochastic
effect.

Unsurprising Changes

A number of changes will obviously follow from the
introduction of new quantities, whenever they happen.
For example, the large number of international standards
covering type testing, calibration practice, proficiency
testing and usage recommendations, will have to be
revised in due course. Little or no change, however, will
be needed to:

e  dose records and registries.

e regulations.

e radiation protection practices.

e  calibration laboratory practice — but see below.

EFFECTS ON DOSIMETRY

Conversion Coefficients

Charged Particle Equilibrium (CPE) and the Kerma
Approximation

One problem with the new quantities is that they are
effectively defined in vacuo. In practice, this condition
is not realizable. When, for example, a photon beam
passes through air, it is accompanied by secondary
charged particles — in this case, electrons. This
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contamination of the primary beam is unavoidable but
controllable. When the point is reached at which the
number of secondary particles being generated is equal
to the number being absorbed, a state of charged particle
equilibrium (CPE) is reached. By deliberately ensuring
CPE, calibration laboratories can standardize
conditions, avoiding any problems with variable beam
contamination. CPE, i.e. equilibrium conditions, can be
achieved by ensuring sufficient source-to-target distance
and beam diameter in air, or, much simpler and for
photon energies above the X-ray range practically only,
by means of a polymethyl methacrylate (PMMA) build-
up layer'3. The latter is recommended by ISO 4037-3'4,
The CPE condition therefore currently applies to all
calibrations and type-test exposures — in other words,
everything that is needed for using instruments and
dosemeters. Furthermore, if one wishes to calibrate a
device in non-equilibrium conditions, i.e. without CPE,
one needs to separately determine the spectra of the
different radiation type contributions, e.g., photons and
electrons, by means of precise spectrometry or detailed
Monte Carlo transport simulations, and fold the spectra
with the corresponding conversion coefficients with full
transport to obtain the new operational quantities. To
circumvent this, CPE conditions are always used. Also,
CPE is justified as it is assumed that it exists in many
workplace situations as usually a significant amount of
material is located between the source and the person to
be monitored — such as the source encapsulation,
shielding, walls and air.

Conversion Coefficients in ICRU 95

By its nature, CPE is associated with the conditions
required for the kerma approximation to be valid.
Therefore, the approximation will be valid in most
situations in which instruments and dosemeters are used.
Recognizing this, ICRU! have provided, in addition to
the primary sets of conversion coefficients calculated
with full transport, a supplementary set for photons,
based on the kerma approximation. The energy range for
these conversion coefficients is limited to the energies
for which CPE can be assumed. In practice, it will be
this supplementary set of conversion coefficients that is
used in almost all photon applications.

Example: Extremity Dosemeters

It is just as well that the kerma-approximation
conversion coefficients are available. Our analysis
shows that changing the design of, for example, single-
element extremity dosemeters to measure the new
operational quantities, using the full-transport
coefficients, would be extremely difficult.

— @ — Photon: Hp(0.07)

—&— Photon: D_p_local skin_Rod (FULL)
«---&--- Photon: D_p_local skin_Rod (KA)
= © = Electron: Hp(0.07)

0.1

Relative Response

=== Electron: D_p_local skin_Rod (FULL)
«=+#y--+ Electron: D_p_local skin_Rod (KA)

0.01
10 100 1000

Energy (keV)
Figure 1. Relative response characteristics of a single-element
extremity dosemeter, in terms of the current operational
quantity and the new.

Figure 1 shows the relative responses of a typical
fingerstall extremity thermoluminescence dosemeter
(TLD), featuring a single-element of LiF:Mg,Cu,P, in
terms of the current and proposed quantities. It can be
seen how the Dy local skinrod T€SpoOnse compares with the
Hp(0.07) response (circles), when Dpiocalskinrod 1S
calculated either with the full transport (squares) or the
kerma-approximation (triangles) conversion
coefficients. Because extremity dosemeters must
respond correctly to both photons (solid symbols) and
electrons (open symbols), the comparison is shown for
both types of radiation. The minimum electron energy
considered is 70 keV, which is the lowest energy for
which /,(0.07) conversion coefficients are provided®,
though dp 1ocal skin rod data are now given' down to 50 keV.
The curves are normalized to the corresponding 3’Cs
photon response appropriate for each dataset.

In each case we can estimate the ranges of response
from the minimum to the maximum, considering both
photon and electron curves. The results for H(0.07) and
Dy 1ocal skinrod (kerma approximation) are very similar,
with a factor of just under x5 between the minimum and
maximum responses. On the other hand, the result for
Dprocalskinrod  (full transport) shows a much greater
response range: the factor here is more than x20, chiefly
owing to the altered shape of the photon response curve.

The consequences are as follows. First, current
extremity dosemeters are likely to be able to measure the
new quantities without much modification, provided the
kerma-approximation conversion coefficients are used.
Second, if the full-transport conversion coefficients
were used instead, it would be very difficult indeed to
design an extremity dosemeter to measure the new
quantities. This clearly illustrates why the extra, kerma-
approximation, coefficients were needed.

Effect on Existing Instruments and Dosemeters

Redesign
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To optimize measurements of the new operational
quantities, many types of passive dosemeters and
instruments will need a measure of redesign. It is in the
redesign, testing and roll-out of modified or new
dosemeters that significant costs will arise. The options
are, in order of increasing severity:
e adjust the calibration, adjust the instrument, or
apply a constant correction factor.
e change the dose algorithm (for multi-filter
dosemeters).
e change the filtration, e.g. replace a plastic filter
with a suitable metal one.
e  replace the system (it may be impractical to adapt
some dosemeter types/ sensitive materials).

Example: LiF (Mg, Ti)

A material that is likely to be badly affected is
“conventional” lithium fluoride, that is, doped with
magnesium and titanium. LiF (Mg, Ti) is widely used in
thermoluminescence dosimetry systems. This concern is
illustrated in Figure 2, which shows three ratio curves.
The first shows a typical energy response characteristic
for an extremity dosemeter using that material in terms
of the current operational quantities. Because extremity
dosemeters in general employ very thin, and usually
tissue-equivalent, filters, the dosemeter response in this
case closely matches that of the material itself. The
second curve shows the ratio of the current conversion
coefficients, /4(10), to the new, /p; and the third shows
the product of the two: the response for the material in
terms of the new quantities.

9.0

8.0 ——R (current)
7.0 hp(10,4)/hp(¢)
R (new)

6.0
5.0
4.0

Ratio

3.0
2.0
10 —t—— e
0.0
0.01 0.10 1.00
Photon Energy, MeV

Figure 2. How the new conversion coefficients affect the
relative photon response of an example “conventional” lithium
fluoride (LiF (Mg,Ti)) dosemeter together with the ratio of the
current and the new quantities for personal whole-body
monitoring.

In the sub-80-keV energy range, the material already
over-responds in terms of the current quantity; but since
the corresponding values of the new quantity are
significantly smaller, the over-response of the material
will in future be much worse. The problem may be
tractable for multi-element designs, where differing

filtrations can be used, but is unlikely to be so for simple
one- or two-element dosemeters.

Areas for Further Work

The conclusions given above are, at this stage, broad.
Detailed simulation/ feasibility work is needed on:
e instrument and dosemeter re-design and
simulations — filtration, calibration
e  dose algorithms
e evaluation of energy and angle dependence under
the new quantities
e  cvaluation of measurement uncertainties
e  determination of radiation type contributions in
typical workplace situations.

These must be followed by physical type tests to
confirm the new propertiecs. New solutions may be
found, but this process must be well advanced before
new / revised international and national standards can be
completed.

Other Matters

Phased Introduction of Limited Value

Not all of the switch to the new quantities, in terms of
dosemeter and instrument design, has to be done at once.
Indeed, the roll-out of new instrument and dosemeter
designs will have to be phased. For instruments,
manufacturers will need to support both old and new
instruments / devices until most users have adapted or
replaced their existing models. For individual
monitoring services, because dosemeters are used for
varying periods and are returned at varying rates, there
will inevitably be a period over which both old and new
dosemeters, which will require different treatment, are
being returned. Besides this, a phased introduction will
allow suppliers and their customers to spread the
significant financial investments that will be necessary.

However, a phased introduction will, for instruments
or dosemeters, carry increased complexity, and therefore
increased risk of errors. Any phased transition should
therefore be relatively short, taking investment costs into
account.

Doses at Diagnostic X-ray Energies

As we have seen, in this energy range the current
quantity Hp(10) significantly overestimates effective
dose E. The new quantity H, will be much closer to E,
and occupational doses will appear to be lower (see the
ratio of conversion coefficients in figure 2). But
radiation professionals should be clear that the values of
E will not change at all. Therefore, protection measures
should not be relaxed.

Another point concerns the practice, which is
sometimes used in homogeneous fields, of controlling
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eye lens dose by controlling whole body dose. Important
in this case is the ratio of the new quantities Hp/Dpens.
This ratio is below unity for all photon energies, whereas
the corresponding ratio for the current quantities,
Hy(10)/Hp(3), is around unity above approximately
40 keV. With the new quantities, then, it will no longer
be feasible to control eye lens dose by controlling whole
body dose, because Hp is smaller than Dy ens.

Air and Space Crews

The new operational quantities cover a wider range of
particles and energies, and this will make them useful in
high-energy applications, e.g. in particle accelerator
environments. Note, however, that new operational
quantities are not needed for aircrew dosimetry, because
the existing dose programs calculate effective dose £
directly. Such programs are currently validated by wide
use of tissue-equivalent proportional counters (TEPCs)
calibrated for H*(10). This works well and should not be
changed.

The new operational quantities, like the current ones,
are not intended for space crew dosimetry.

COST, RESOURCE AND OTHER IMPACTS

Costs and Resources

Funds and resources will need to be dedicated to:

e re-design of instruments, personal dosemeters
and algorithms.

e  modified instruments and personal dosemeters:
production, roll-out of the new and withdrawal of
the old.

e revision and re-issue of international standards
(calibration, type testing, practice).

In addition, a programme of training and information
will need to be provided for:
radiation protection experts
legislators/ competent authorities
health and safety supervisory staff
individual monitoring service staff
workers.

Other Implications

As indicated above, large numbers of international
standards will need changing. Depending on the
performance attainable by instruments and dosemeters
in terms of the new quantities, some requirements may
need to be relaxed. Calibration laboratories will see
changed practices but, if the kerma-approximation
conversion coefficients are used, changes will be
relatively small.

Lengthy Transition

Judging from experience, different countries will adopt
the new quantities at different rates. Concerns about
costs could particularly affect countries whose radiation
protection resources are limited, and full adoption might
not be achieved until the late 2030s. Inevitably there will
be a loss of harmonization during the transition, with
different countries using different quantities.

RECOMMENDATIONS

e Weecho ICRU’s view that the process of adopting
the new operational quantities should be carried
out over a suitably long timescale, e.g. decades.
This will allow for mature consideration of the
changes, and for account to be taken of the parallel
development of new ICRP recommendations, for
example concerning whether cataract formation
should be treated as a tissue reaction or a
stochastic effect.

e  While the new quantities bring benefits, it is not
clear at this stage that they will outweigh the
associated costs. National competent authorities
should be aware of the potential costs that would
be borne by manufacturers and undertakings in
changing to the new quantities. They should
prompt stakeholders to ensure that the costs are
evaluated at an early stage.

e  Stakeholders, including instrument suppliers,
dosemeter suppliers, individual monitoring
services and calibration laboratories, should begin
work immediately to evaluate and make initial
plans for the change.

e To fully support the training and information
processes, a planned communication programme
will be required, both internationally and
nationally.
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