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• Associate Members
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to the overall EURADOS objectives 
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• Eight EURADOS Working Groups

• Harmonization of Individual Monitoring (P. Gilvin, UK)
 
• Environmental Dosimetry (A. Vargas, Spain)
  
• Computational Dosimetry (R. Tanner, UK)
 
• Internal Dosimetry (B. Bruestedt, Germany)
 
• Radiation Dosimetry in Radiotherapy (R. Harrison, UK)
 
• Retrospective Dosimetry (C. Woda, Germany)
 
• High-Energy Dosimetry (M. Caresana, Italy)

• Dosimetry in Medical Imaging (Z. Knezevic, Croatia)



EURADOS inputs

• This presentation is:
– Not intended as “for” or “against”  the proposed revision 

to the operational quantities
– It is intended as an impartial review of where the revision 

will have impacts, and whether those impacts are “positive”, 
“negative” or “neutral”
» In some instances, the impact may be “mixed”, 

depending on your perspective
– Draws on input from colleagues in EURADOS, which covers 

many areas of work where the revised quantities will have 
an impact 



EURADOS inputs

• EURADOS runs eight Working Groups, six of which have provided 
input to this review (I list only the WG Chairs below):

– WG2: Harmonisation of individual monitoring. Phil Gilvin

– WG3: Environmental dosimetry. Arturo Vargas

– WG6: Computational dosimetry. (Rick Tanner) Hans Rabus

– WG7: Internal dosimetry. Bastian Breustedt

– WG9: Radiation dosimetry in radiotherapy. Roger Harrison

– WG10: Retrospective dosimetry. Clemens Woda

– WG11: High energy radiation fields. Marco Caresana

– WG12: Dosimetry in medical imaging. Željka Knezevic 



Need for Operational Dose Quantities

● The protection quantities equivalent dose in an organ or 
tissue and effective dose are generally not measurable.

● Exposure limits, constraints, and optimization,  are given in 
terms of protection quantities.

● Measurements need the calibration of instruments in 
terms of measurable quantities.

● Control needs the assessment of values of the  protection 
quantities by measurements.



Limitations of ICRU39/51 Operational Quantities 

• In some applications, not good estimates of 
protection quantities.

• Dose at depth of 10 mm in the sphere not good 
estimate of effective dose for photons and 
neutrons, or for other particles, for extended 
energies

• The depth of 10 mm was related to the maximum 
dose equivalent in the body: for photons below 70 
keV overestimates effective dose by factor of 5.



3.4.1   Ambient Dose
The ambient dose, H*, at a point in a radiation field, is the product of the particle fluence at 
that point, Φ, and the conversion coefficient, h*Emax relating particle fluence to the maximum 
value of effective dose, Emax.  

For a given particle type i with kinetic energy Ep, the conversion coefficient h*Emax,i(Ep) = 
Emax,i(Ep)/Φi(Ep,) is calculated for exposure of the whole-body ICRP/ICRU adult reference 
phantoms (ICRP, 2009) for broad parallel beams of the radiation field incident in irradiation 
geometries AP, PA, LLAT, RLAT, ROT, ISO, SS-ISO, and IS-ISO fields for photons and neutrons; 
AP, PA, ISO, SS-ISO, and IS-ISO fields for electrons, positrons, muons and pions; and AP, PA, 
and ISO for He ions. 

Ambient dose
H * = h * (Ep) F

ICRP 110
The draft defines the corresponding rate quantity  



3.4.3Directional Absorbed Dose in the Lens of the Eye

The directional absorbed dose in the lens of the eye, D'lens(Ω), at a point in a radiation field 
with a specified direction of incidence, Ω, is the product of the particle fluence at that point, 
Φ(Ω), and the conversion coefficient, d'lens(Ω), relating particle fluence to the value of 
absorbed dose in the lens of the eye. 
For a given particle type i with kinetic energy Ep, the conversion coefficient d'lens,i(Ep,Ω) = 
D'lens,i(Ep,Ω)/Φi(Ep,Ω) is calculated for exposure of the whole-body of the stylized eye model 
(Behrens and Dietze, 2011) for broad parallel beams of the radiation field incident in the 
direction Ω. For a given Ω, the maximum value of absorbed dose in the lens of the right or 
left eye is taken. 

Directional absorbed dose in the 
lens of the eye

D ’ lens(Ω)=)=d ‘
 lens(Ep,W) F

The draft defines the corresponding rate quantity  



3.4.5 Directional Absorbed Dose in Local Skin

The directional absorbed dose in local skin, D'localskin(Ω), at a point in a radiation field 
with a specified direction of incidence, Ω, is the product of the particle fluence at that 
point, Φi, and the conversion coefficient, d'local skin(Ω), relating particle fluence to the 
value of absorbed dose in local skin. For a given particle type i with kinetic energy Ep, 
the conversion coefficient d'localskin,i(Ep,Ω) = D'local skin,i(Ep,Ω)/Φ(Ep,Ω) is calculated for 
exposure to broad parallel beams of the radiation field incident in the direction Ω. The 
conversion coefficient is calculated for exposure of a specified phantom, an ICRU 4-
element tissue 300 mm x 300 mm x 150 mm slab (ρ=1.0 g cm-3), in which the dose is 
averaged over the volume of a right circular cylinder between the depths of 50μm m 
and 100 μm m and a cross sectional area of 1 cm² below the center of the front surface. 
Inside the phantom there is an outer layer of 2 mm skin of density 1.09 g cm-3 (ICRP, 
2009) of elemental composition given in Publication 89 (ICRP, 2002). 

Directional absorbed dose in 
local skin

D ’ local skin(Ω)=)=d ‘
 local skin(Ep,W) F

The draft defines the corresponding rate quantity  



3.4.7 Personal Dose

The Personal dose, Hp at a point on the body is the product of the particle fluence incident 
at that point, Φ, and the conversion coefficient hp, relating the particle fluence to the value 
of the effective dose E.
For a given particle type i with kinetic energy Ep and direction of incidence, Ω, the conversion 
coefficient hp,i(Ep,Ω)=E(Ep,Ω)/Φi(Ep,Ω) is calculated for a broad parallel beam incident on the 
whole body ICRP/ICRU adult reference phantom (ICRP 2009). For a given Ω, the maximum 
value of effective dose is taken for radiation incident from left or right.

Personal dose

x

z

yHp = hp(Ep,W) F

The draft does not define the corresponding rate quantity  



3.4.7 Personal Dose

AP
PA

RLAT
LLAT
ROT

Phantom placed in vacuum
Full transport of secondary particles

ISO
SS-ISO
IS-ISO



3.4.8 Personal absorbed dose in the lens of the eye

The personal absorbed dose in the lens of the eye, Dp lens, at a point on the head or 
body is the product of the particle fluence incident at that point, Φ, and the 
conversion coefficient, dp lens, relating particle fluence to the value of absorbed dose 
in the lens of the eye. For a given particle type i with kinetic energy Ep and direction 
of incidence Ω, the conversion coefficient dplens,i(Ep,Ω) = Dp lens,i(Ep,Ω)/Φi(Ep,Ω) is 
calculated for broad parallel beams incident on the whole-body stylized eye model 
(Behrens and Dietze, 2011). For a given Ω, the maximum value of the absorbed doses 
in the lens of the right or left eye is taken. 

Personal absorbed dose in the 
lens of the eye

Dp lens = dp lens(Ep,W) F

The draft does not define the corresponding rate quantity  



3.4.9 Personal Absorbed Dose in Local Skin

The Personal absorbed dose in local skin Dp localskin is the product of the particle 
fluence incident on the body or extremities, Φ, and the conversion coefficient, dplocal 
skin, relating particle fluence to the value of absorbed dose in local skin. For a given 
particle type i with kinetic energy Ep and direction of incidence Ω, the conversion 
coefficient dplocalskin,i(Ep,Ω) = Dplocalskin,i(Ep,ΩΩ)/Φi(Ep,ΩΩ) is calculated for exposure of the 
specified  phantoms to broad parallel beams:

Dp local skin = dp local skin(Ep ,W) F

The draft does not define the corresponding rate quantity  



3.4.9 Personal Absorbed Dose in Local Skin
  for the trunk, a slab of ICRU 4-element tissue (ρ=1.0 g cm-3) 

with dimensions 300 mm x 614 300 mm x 150 mm, in which the 
dose is averaged over the volume of a right circular cylinder 
between the depths of 50 μm and 100 μm and a cross sectional area m and 100 μm and 100 μm and a cross sectional area m and a cross sectional area 
of 1 cm² below the center of the front surface;  

  for the extremities a pillar of ICRU 4-element tissue (ρ=1.11 g 
cm-3) with dimensions 73 mm diameter and 300 mm length, in 
which the dose is averaged over the volume between the radii 36.4 
mm and 36.45 mm with a circle of area 1 cm² projected onto the 
upper and lower cylindrical surfaces perpendicular to and at the 
center of the pillar;  

  for the finger a rod of ICRU 4-element tissue (ρ=1.11 g cm-3) 
with dimensions 19 mm diameter and 300 mm length, in which the 
dose is averaged over the volume between the radii 9.4 mm and 
9.45 mm with a circle of area 1 cm² projected onto the upper and 
lower cylindrical surfaces perpendicular to and at the center of the 
pillar. 



Instruments calibration

No change in the calibration procedures. Only conversion factors and reference 
quantities change.

Phantoms used for calibration of personal dosimeters:

• for personal dose: a polymethyl methacrylate (PMMA) 300 mm x 300 mm x 150mm 
water filled slab (front wall 2.5 mm thick, other walls 10 mm thick) (ISO, 1999); 

• for personal absorbed dose in the lens of the eye: a PMMA 200 mm diameter 200 
mm length water filled cylinder (cylinder walls and end faces 5 mm thick) (Gualdrini 
et al. 2011; Daures et al., 2011; Vanhavere et al., 2012)); 

• for personal absorbed dose in local skin: for the trunk, a PMMA 300 mm x 300 mm x 
150mm water filled slab (ISO, 1999); for the extremity, a PMMA 73 mm diameter 300 
mm length water filled pillar (cylinder walls 2.5 mm thick, end faces 10 mm thick) 
(ISO, 1999); for the finger, a PMMA 19 mm diameter 300 mm length rod (ISO, 1999). 



Present and new frameworks

Present
New

At higher values of dose, tissue reactions (deterministic effects) are of concern, and 
absorbed doses are to be evaluated (Harrison et al, 2016). For evaluating tissue 
reactions, mean absorbed dose in the organ or tissue is assessed, weighted for high-LET 
radiation by a specific RBE. The RBE values will depend on the radiation type and 
energy, and can differ for different biological endpoints and different organs or tissues 
(ICRP, 2007). 



Conversion coefficients

• Conversion coefficients for ambient dose, H*, are given for photons, neutrons, 
electrons, positrons, protons, negative muons, and positive muons, for 
energies up to 10 GeV; for negative pions and positive pions for energies up to 
200 GeV; and for He ions up to 100 GeV/u. 

• Conversion coefficients for personal dose Hp are given for photons, neutrons, 
electrons, positrons, protons, negative muons, positive muons, negative pions 
and positive pions for energies up to 1GeV; and for He ions up to 1GeV/u

• Conversion coefficients for adsorbed dose are given for photons, neutrons, 
electrons, positrons, and protons, forenergies up to 50 MeV.



H*, H*(10) for neutrons



H*, H*(10) for photons



EURADOS Review I

• General appreciation of the better alignment of the operational 
and protection quantities (better protection, epidemiology)

• Some concerns about the impacts on operational dosimetry:
– Shielding for low energy photons:

» Shield less – higher collective dose
» Less shielding is cheaper
» Personal view – low energy photons are so easy to shield this is not 

really an issue
– Environmental dosimetry – standard only asks for photon response 

above 80 keV so not much affected (more later)
– High energy fields – great concern about how the high energy fields 

can be applied for aviation/cosmic or accelerator dosimetry – these 
were the driving force behind the change



Aviation/cosmic dosimetry
• Simulation codes to assess E
• Codes can be validated only by 

comparing the measured ambient 
dose equivalent to the calculated 
value

• This requirement can best be 
fulfilled if measurements are 
performed according to the ISO 
20785 series. These standards 
define the way instruments are 
characterized and calibrated, and 
how measurements on board 
aircraft are to be performed. 



Aviation/cosmic dosimetry
With the proposed definitions, it will be extremely difficult, if not impossible, to measure the new operational 
quantities in the highly complex fields which are dominated by cosmic radiation and its secondary particles. 
Measurements so far rely on measurement of LET regardless of the particle type and energy, for instance 
with a TEPC. With the proposed definitions, it is either necessary to measure both particle type and 
energy to apply the corresponding conversion factors or to calibrate the instruments in a reference field. 
The former is impossible as it requires very complex and large detectors which can, for practical reason, not 
be used in aircrafts. The latter also seems to be impracticable as:
1. There is no such reference field as the report states itself on page 48, line 1185: "In high-energy and 
complex radiation fields, there are no traceable reference fields to characterize and calibrate instruments."
2. A combination of reference fields, for instance for different particle types and energies, would require a 
complete knowledge of the composition of the radiation field to be measured in practice. Presently, the 
dependence on the single parameter, LET, allows to separate the field into a low-LET ("non-neutron") and 
high-LET ("neutron-like") component and allows to perform and apply a combination of corresponding 
calibrations regardless of particle energy and type (ISO 20785-1 and ISO 20785-2). The report does not 
provide a solution for this problem or a proposal on how to approach it. 

The measurement of the operational quantities would not be independent of model calculations any more. In 
radiation protection in aviation the application of numerical simulations and models is the standard. Measuring 
the operational quantities and validating model calculations with these measurements is an essential part of 
quality management. If both measurements and calculations were based on the conversion coefficients 
(determined with numerical models) defined in the report, the power of such a validation would be 
weakened. 



EURADOS Review II
• Concerns about the principle of aligning operational protection too 

closely to ICRP 103 & ICRP 116. Changes will happen:
– Changes to wR and wT

– Changes to the voxelization
– Changes to the specified organs (parts of organs?)
– New age dependent phantoms
– Height and fat/thin dependent
– Non-uniform rational basis spline (Nurbs)/mesh phantoms

•EURADOS Strategic Research Agenda revision to operational quantities
» Focus on nanodosimetry
» Monte Carlo modelling of DNA damage

•Some conceptual difficulties with the definition of Hp



Even more realistic phantoms?

Current ICRP consultation on mesh 
based phantoms
Much better for skin and shallow 
organsVoxel phantoms



Even more realistic mesh phantoms?



Age dependent phantoms?

• Child phantoms can have E 
60% greater

Curtesy of Rick Tanner – Public Health England (PHE)



Monte Carlo modelling of DNA damage

Baiocco, G et a.. 2016. The origin of neutron biological effectiveness as a function of energy. 
Scientific reports, 6, p.34033.

• Using Monte Carlo to predict 
RBE

• Could lead to radically 
different operational and 
protection quantities

• ICRP not in line with the 
U.S. Nuclear regulatory 
commission



Conservatism factor?
• As the protection quantities and practice change, there is a 

danger that the new operational quantities will need repeat 
revision to avoid underestimates of risk

• Could add a “conservatism factor” (not in the draft) to the 
concepts

• E.g. H* = f ∙ Emax

• Simply a factor to multiply the new quantities to guard against 
underestimates of risk:

• Where dosemeters or instruments will underestimate

• If the protection quantities change

• f =  1.6? 1.5?  1.25? A discussion to be had…



Conceptual difficulties with the definition of Hp

Hp(10) is harder to calculate in the workplace, but by putting a slab of tissue into 

the computer model, with the application of the Schuhmacher and Siebert1 data 
for Q(L) and kf, it is relatively easy to do. Because Hp(10) is manifestly a receptor 

present quantity, this is straightforward. The fluence from rear angles is 
attenuated by the receptor.

 The definition of Hp implies that it is a receptor absent quantity, which causes 

many conceptual difficulties in the workplace that the MC modeller will have to 
grapple with. Hp seems to be based just on the fluence at a point where the 

dosemeter is worn. This fluence will need to be binned in terms of angles only in 
the horizontal plane, which is not realistic in the workplace. For some 
workplaces it is entirely unrealistic. For rear angles the fluence will not be 
attenuated by the phantom, which is not satisfactory, because it relates to the 
field at the position where the dosemeter is worn. 

The local field will also not be perturbed by the person, as it would be when the 
dosemeter is worn. 

1 Siebert and Schuhmacher , RPD (1995), 58 – 3, P 177–183,



EURADOS Review III

• Major concerns about the impacts on the design of radiation 
protection instrumentation
– Some different views about whether this will be necessary

– And about whether it would be a good thing or a bad thing

– Current designs are calibrated in:

» Calibration fields and methods described by ISO

» Need to meet performance standards defined by the IEC

» IEC performance standards a mixture of how well a device should 
perform and how well it can be expected to perform

– Concern about the cost and implementation of change

– I will try to focus on these aspects (not the cost)



Instrument response in terms of new quantities

• Survey instruments currently calibrated in terms of Ambient Dose 
Equivalent, H*(d)

• Dose quantity for area monitoring for penetrating radiation
• Prospective measurements should not:

– underestimate risk
– depend on the orientation of the instrument

• Requires an instrument that is isotropically sensitive
– quantity is isotropic  alignment and expansion

• d, the depth below the surface of the sphere for penetrating radiation, 
is/was recommended to be 10 mm  H*(10)



Photon meter



Photon meter



Photon meter

IEC 60846 lets you specify that an instrument is only for 50 keV – 60Co



Photon meter

• A “poorer” GM based device – 
currently underestimates at 
lower energies

It is closer to meeting the 
standard than the “better” 

device



Photon meter

Hand held ion chamber – 
currently has very good 
response

Cannot cope at low 
energies in terms of H*



Response to electrons

• Photon H*(10) instruments are designed to have effectively 
zero response for a 90Sr/90Y source

– 2 MeV electron travels about 10 mm in tissue

– H*(10) practically zero for common reference b sources

– IEC 60846-1 H*(10) response to 90Sr/90Y < 10% of H’(0.07, 00)

• Metal filters can cause an over-response to betas

– Electrons penetrate better through higher Z material

• But is the H* for betas still as low as it was for H*(10)?



Response to electrons

• Instead of its Sr/Y 
(e.p. 2279 keV) 
response being 
negligible, it should 
be about equal to 
the photon 
response?

• Response to Kr-85 
(e.p. 657 keV) 
should be significant

• Will need to respond 
to Pm-147 (e.p. 224 
keV) ?



Neutrons: H*(10)/F vs H*/F



Linus response function

Courtesy F. Pozzi, M. Silari - CERN 



Linus calibration
Calibration with Am-Be source



Linus calibration

Calibration at CERF



Linus calibration
Response function vs calibration coefficients



LUPIN response function
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Courtesy M. Ferrarini, F. Ferulli- CNAO/CERN 

Same result as LINUS. 
Increase of the 
calibration factor 
about 10% Both with 
Am-Be and at CERF 



Wendi II response function

Courtesy David Bartlett



Personal dosimetry

RESPONSES IN TERMS OF THE PROPOSED NEW 
OPERATIONAL DOSE QUANTITIES



Photon: Hp/Hp(10) ratio

Curtesy of Rick Tanner – Public Health England (PHE)



Photon: Hp & Hp(10) for ROT & ISO

Calculated in a slab 
phantom

Curtesy of Rick Tanner – Public Health England (PHE)



Dlocal skin/Hp(0.07) ratio

electrons

photons



PHE b/ personal dosimeter TLD

Curtesy of Rick Tanner – Public Health England (PHE)



 Adjustment of PHE b/ personal dosimeter TLD

Curtesy of Rick Tanner – Public Health England (PHE)

• Inserted an Al 
disk in the filter

• Simple change

• No need for a 
new holder



Active personal dosimeters

• Silicon based devices often have multiple channels

– Soft and hard gammas, maybe more than 2 channels

– Complex algorithm to get to Hp(10) – should be able to 
just change the algorithm?

• Other technology preferred in some instances:

– E.g. small GM tube with energy compensation



Active personal dosimeters

GM personal dosemeter – 137Cs



Active personal dosimeters

• Hp(10) Personal dosemeters 
should have effectively zero 
response for a 90Sr/90Y 
source
– 2 MeV electron travels 

about 10 mm in tissue
– Hp(10) practically zero

• But is the Hp for betas still as 
low as it was for Hp(10)? 

• Will need to balance the 
photon and electron 
response - difficult



Observations

• Previously, ICRU and ICRP have published revised concepts first
• When those concepts have been subject to review there have been 

publications of the conversion coefficients
• In this instance, the concepts have been presented, but not as a formal 

ICRU report for review
• In this case ALL applicable conversion coefficients have been published 

officially with the concept
• Most of these are not used: only the kerma approximation data will be 

used in operational radiation protection
– High energies, muons and pions – there are no reference fields for the 

calibration
– Instruments for muons and pions spectrometry needed
– If ICRU are to make these practical they need to produce a follow up report to 

explain how they will be used



Observations

• There is much to praise about the approach
• However, there are implications for operational radiation protection, some of which 

have considerable potential cost:
– Good dosemeters and instruments will need redesign
– Poor dosemeters and instruments may not need redesign – the dosimetry will 

become a bit easier for the most difficult conditions
• There are problems with the “definition” of personal dose

– The use of only the horizontal plane to define the angle makes the quantity 
unrepresentative of some exposures and impossible to score in Monte Carlo

– There may be the need of more than one personal dosemeter…
– Adjustment of personal dosimeters responding in Hp(10) and Hp(0.07) and include 

the electron contribution in Hp

• The biggest problem may be the timing. 
– These concepts may take 15 years to be incorporated into legislation?
– The definition and use of effective dose is changing very rapidly
– Use of a “conservative” factor could help



Observations

• Originally, the change was driven by the deficiencies of the 
old quantities for higher energies

• But, the new quantities are not really usable for higher 
energy fields
– No reference fields
– Personal dosemeters and hand held instruments cannot measure them, need 

of new insruments
– Other concepts for cosmic/aviation dosimetry

• The debate has centred on low energy photons
– These are a massive area of exposure in the medical sector
– But contribute very small doses – so easy to shield, very small dose per unit 

fluence
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