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PTB Types of radiation and their characteristics

Penetrating power of different types of radiation

Photons vs. charged particles:
o ®—, e Finite penetration probability with Ranges of charged particles in air
B o N . unchanged energy 108
. \_ VS.
VAV VVVVVVaViV, S~ _ .. ,
continuous energy loss and finite range = positrons H’f
Neutron (s e 4 oo R )-> : J 104 Electrons e
™~ Photons @, b
PAPER ALUMINIUM LEAD CONCRETE 3 /
https://www.osha.gov/ionizing-radiation/background — E._ 103 /
i -E 102 Protons
' R —Alphas
. > d (depth o \ p
Charged particles o )4, = / /
0 o r

107
R (range) / /
100 ./
https://link.springer.com/chapter/10.1007/978-3-319-73398-2_14 (Figure 2)

1 u,—‘ =
0.01 0.1 1 10 100 1000

Energy (MeV)

https://link.springer.com/chapter/ 10.1007/978-3-319-73398-2_14 (Figure 3)
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PTB Beta radiation: what’s that?

Beta minus decay = electron
Beta plus decay = positron

B
n Radio-
nuclide
|
p B
£

https://doi.org/10.1051/epjn/ 2019004

Beta particle = electron (beta-) or positron (beta*) from a nuclear decay

Datei Bearbeiten Ansicht Chronik Lesereichen Extras Hilfe

2 Livechart - Table of Nuclides - | X +

C @

+ 1

— O = Nuclide

ww-nds.iaea.org/relnsd/vcharthtm|/NVChartHTMLhtml|

g 2-
T2:64.05 h 0.05
decay B- 100%

Ty2:28.91y 0.03
decay - 100%

Ground State isomers Levels Gammas Decay Radiation Nuclear Moments Neutron Captui

Comments | JJ) - Click on a column header to open the guide - Uncertainty for numeric values refers to the last digits

Sources

- Evaluation: S. K. Basu, E.A. MCCUTCHAN Publication cut-off: 1-Mar-2020 ENSDF insertion: 2020-05 Publication: Nuclear Dat:

e Energy _ T Tyl Decay Modes : . Q R Qp
uclide s sospin
[keV] Abund. [mole fract.] 2 BR [%] P [un] [barn] [fm] [keV]
905 Q.0 0+ 2891y 3 912310730 946708 B- 100 4.2611 37 546.0 14
r
38 52

https://www-nds.iaea.org/relnsd/vcharthtm!l/VChartHTML.html

Electrons and positrons:

Practically the same interaction -
apart from the positron’s end...

O Positron-emitting
radionuclide

+

ﬁq_ ,

Y ——
(511keV) |\ g Il (511 keV)
\\ /
o ,
~——-" 180°

https://www.radiation-dosimetry.org/what-is-positron-annihilation-definition/
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PTB Beta radiation: spectrum emission

Beta particle spectra in ICRP 107

ISSN 01466453
ISBN 978-0-7020-3475-6

Volume 38 No. 32008

Annals of the ICRP
ICRP Publication 107 'E ‘g.: %
Nuclear Decay Data for Dosimetric E E E
Calculations K= \ : ; ] , : | = , \
0 0.005 0.010 0.015 0 0.05 0.10 0.15 0 0.3 0 L5
Energy (MeV) Energy (MeV) Energy (MeV)
“CE_=0I56MeV P E,_=17MeV

*H E_,,=0.018 MeV

https://ehs.stanford.edu/manual/radiation-safety-manual/radioactivity
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PTB Beta dosimetry for radiation protection: why?

Beta radiation in medicine, industry and research

Process control using
14C, 147Pm, 8K, %Sr ...

RadiosynOViortheSiS USing Beta Radiation for Eye Tumor Treatment
Y for pain therapy

RAIMS

https://raims.co.uk/product-category/sealed-sources/ R/AI MS

/A \A
Sensor adjusts oo
rollers based on Detector
data from detector !

S y T/ http://www.radiologie-bad-neuenahr.de/

leistungen/rso/rso.phpt
J 1
» ¢ _
J » https://medical.ezag.com/en/products/
- Sheet B-particle ru-106-eye-applicators/
Rollers material source

http://mrtremblaycambridge.weebly.com/
p15-radioactivity.html

I ' I ' I ' I I
0.0 0.2 0.4 0.6 0.8 MeV 1.2
Mean beta energy
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PTB Particle tracks in air: photons vs. electrons

Beta radiation: Significant absorption and scattering of betas in rather small air volumes

Aircubeof 1cm x 1cm x 1cm

Collimated beam
(from left to right):
opening angle o = +11°

10 keV photons 10 keV electrons
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PTB Principles of primary beta dosimetry

Beta radiation: Significant absorption and scattering of betas in ionization volume V
=> Measurement at different chamber depth | and extrapolation to | = 0

lonization chamber with variable volume: Beta Primary Standards of PTB: BPS1, Bohm chamber
Extrapolation chamber (commercially available, PTW; word wide in use)

Active air volume (developed at PTB)
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PTB Principles of primary beta dosimetry

Beta radiation: Significant absorption and scattering of betas in ionization volume V
=> Measurement at different chamber depth | and extrapolation to | = 0

lonization chamber with variable volume: Beta Primary Standards of PTB: BPS1, Bohm chamber
Extrapolation chamber (commercially available, PTW; word wide in use)

I
«—>

250 ... 2500 pm;
@=3cm

Active air volume (developed at PTB)
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PTB Principles of primary beta dosimetry: Realization

Realization of the Gray: Principle of extrapolation chamber

Extrapolation curve

lonization chamber with variable volume: 2500 —
. | easurement
Extrapolation chamber " —— Linear fit
1500
C
= _ /,)/.)/
31000
| c
—> ks
250 ... 2500 pm; = 500
N
@=3cm = | _
o 0 ke——Extrapolation to
slope at depth 1 =0 pm
-500 S - - - -
0 500 1000 1500 Hm 2500

Chamber depth 1

1ISO 6980-2:2004:
Absorbed dose rate to tissue: Dgpp =

(Wo/e) " St,a

Pao * 4

c {k -k 1(1)}]
dl =0
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PTB Principles of primary beta dosimetry: Realization

Realization of the Gray: Principle of extrapolation chamber

Extrapolation curve

lonization chamber with variable volume: 2900
- | easurement
Extrapolation chamber —— Linear fit
fA Quadratic fit
= 1500 Deviation from linearity
v enlarged by a factor of 10 1
3 1000 for illustration purposses.
A c
=
250 ... 2500 pm; = 500
N
@=3cm 'c
o 0 Extrapolation to
4 slope at depth I =0 pm
i viaquadratic fit. |SO 6980_2

-500 : : : :
0 500 1000 1500 pHm 2500
Chamber depth 1

1ISO 6980-2:2004:
Absorbed dose rate to tissue: Dy =

(Wo/e) " St,a
Pao - A
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PTB Principles of primary beta dosimetry: Realization

Realization of the Gray: correction factors k' (constant with chamber depth [) and k (variable with [):

Table 3 — Correction factors which are constant for the entire extrapolation curve Table 4 — Correction factors which can vary during the extrapolation curve measurements

measurements
Influencing parameters relating to
Influencing parameters related to Symbol Description | 5 P 8 d
. Extrapolation | Condition Irradiation
Symbol Description i iti iati p -
y P Extrapolation | Condition Source ]rrad_la.tlon chamber of use Source conditions
chamber of use conditions - —
— for the diff. - Correction factor for variations in the
Correction factor for € € dLIerence in attenuation and scattering of beta par-
kya backscatter between tissue and the + + + ticles between the source and the col-
material of the collecting electrode K lecting volume and inside the collection . . . .
Correction factor for the effect of abs volume due to variations from reference
Ky bremsstrahlung from the beta-parti- + conditions and for differences of the
cle source entrance window to a tissue-equivalent
Correction factor for the electrostatic thickness of 007 mm
k. attraction of the entrance window due + - Correction factor for the variations of
to the collecting voltage 9 8 O 2 k.q the air density in the collecting volume +
Correction factor for the effect of humid- I S O 6 - from reference conditions
ity of the air in the collecting volume on Correction factor for the radioactive
ky, : - T | ky : +
u the average energy required to produce € decay of the beta-particle source
an ion pair Correction factor for the inhomogeneity
Correction factor for interface effects ki, of the absorbed dose rate inside the + + +
k between the air in the collecting volume . collecting volume
" and the adjacent entrance window and Correction factor for the perturbation
collecting electrode kye |ofthebeta-particle flux density by the + + +
Correction factor for the change of the side walls of the extrapolation chamber
k source to chamber distance once absorb- . . Correction factor for the stopping power
ph ers are placed in front of the chamber i i
arep kgy ratio to use the Spencer-Attix theory + +
(to increase the phantom depth) instead of the Bragg-Gray theory
Correction factor for the change of x Correction factor for ionization losses . N .
Ksta tk;le SEDpp:;‘lg E]’OWEI" ratio at different * + + sat | due to ionic recombination
phantom depth

(Wy/e) - St,a

Pao * 4

. d
Absorbed dose rate to tissue: Dgg = 4 {k-k'-I (l)}] many correction factors ...
=0

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
Dr. R. Behrens, PTB 6.3: Latest developments in beta-radiation metrology CCRI Webinar 2022-09-07 14



PTB Principles of primary beta dosimetry: Realization

Realization of the Gray: Interpolation to relevant tissue depths: 0.07 mm & 3 mm
Absorbers of increasing thickness in front of chamber
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PTB Principles of primary beta dosimetry: Realization

Realization of the Gray: Interpolation to relevant tissue depths: 0.07 mm & 3 mm
Absorbers of increasing thickness in front of chamber
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PTB Principles of primary beta dosimetry: Realization

Realization of the Gray: Interpolation to relevant tissue depths: 0.07 mm & 3 mm

1.2

XSr Y

d=0.07 mm

—_
o
Il |

H,(0.07)

o
o
1

o
o
!

0.4 1

0.2

Dose rate relative to d = 0.07 mm

o
o

L ’ L | ’ L | ’ oo
. 107 107 10° 10"
Tissue equivalent depth in phantom, d in mm

—
o
W
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PTB Secondary beta dosimetry: Dissemination

Dissemination of the Gray: D, and

Sievert: H,(0.07), H'(0.07), H,(3) and H'(3) (operational quantities)

BSS2 in general: J. Instrum. 2, P11002 (2007)

Irradiation facility: Beta Secondary Standard 2 (commercially available, EZN) extensions: J. Instrum. 6, P11007 (2011)

Main characteristics

Developed at PTB

Traceable to PTB

Quality assured

All parameters controlled (single-board computer)
Dose corrected for radioact. decay and amb. cond.
Safe source handling

Beam flattening filter for homog. radiation fields
Rod and slab phantom included

Sources: %7Pm, 8Kr, 90Sr/%0Y (standard) and
106Ru/1%Rh (implemented in software)

Quantities: H,(0.07), H'(0.07), H,(3) and H'(3)

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin
Dr. R. Behrens, PTB 6.3: Latest developments in beta-radiation metrology

National Metrology Institute
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PTB Secondary beta dosimetry: Dissemination

Dissemination of the Gray: D, and
Sievert: H,(0.07), H'(0.07), H,(3) and H'(3) (operational quantities)

BSS2 in general: J. Instrum. 2, P11002 (2007)
extensions: J. Instrum. 6, P11007 (2011)

Irradiation facility: Beta Secondary Standard 2 (commercially available, EZN)

5000 Large energy and dose rate ranges (BSS2 standard)

mSvih 5 905/%0Y; 0.46 GBq
M 11 cm; w/o filter
8Kr; 3.7 GBq
W 30 cm; with filter B 20 cm: wio filter
100 ’
- ] W 30 cm; w/o filter
o B 30 cm; with filter
\za 147Pm; 3.7 GBq M 50 cm; wio filter
10 5 B 20 cm; with filter
14
0.5 4 T T T T T T T T T T T T T
0.0 0.2 04 0.6 0.8 1.0 MeV 14
Mean beta energy
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
Dr. R. Behrens, PTB 6.3: Latest developments in beta-radiation metrology CCRI Webinar 2022-09-07 19


http://iopscience.iop.org/1748-0221/2/11/P11002
https://www.ptb.de/de/org/6/63/f_u_e/bss2cons.pdf

PTB Secondary beta dosimetry: Dissemination

Dissemination of the Gray: D, and

Sievert: H,(0.07), H'(0.07), H,(3) and H'(3) (operational quantities)

Irradiation facility: Beta Secondary Standard 2 (commercially available, EZN)

5000 -

mSv/h E

100 E

H,(0.07)

BSS2 in general: J. Instrum. 2, P11002 (2007)
extensions: J. Instrum. 6, P11007 (2011)

Large energy and dose rate ranges (BSS2 at PTB)

M 11 cm; w/o filter

4’Pm; 3.7 GBq
B 20 cm; with filter

90sr/%%y: 0.46 GBq

W 11 cm; w/o filter
8Kr; 3.7 GBq

M 30 cm; with filter B 20 cm: wio fiter

lOGRu/106Rh;
0.02 GBq
B 11 cm; wio filter

B 30 cm; w/o filter
B 30 cm; with filter

B 50 cm; w/o filter
M 50 cm:; with filter

M 50 cm; with filter

W 20 cm: wio filter

B 30 cm; with filter

(37 times lower activity) B 30 o with filter

W 50 cm; with filter

T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 MeV 14
Mean beta energy
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PTB Secondary beta dosimetry: Dissemination

Dissemination of the Gray: D, and
Sievert: H,(0.07), H'(0.07), H,(3) and H'(3) (operational quantities)

. e . . BSS2 in general: J. Instrum. 2, P11002 (2007)
Irradiation facility: Beta Secondary Standard 2 (commercially available, EZN) extensions: J. Instrum. 6, P11007 (2011)

® BSS1 ' ® BSS1
Version 1 , Version 2

d worldwide - more than 140 exemplars

1978-1983 | 1984 - 1996 e R

N U
North %
Pacific \

\
Ocean \

Indian Ojcean

Atlantic

Ocean

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
Dr. R. Behrens, PTB 6.3: Latest developments in beta-radiation metrology CCRI Webinar 2022-09-07 21


http://iopscience.iop.org/1748-0221/2/11/P11002
https://www.ptb.de/de/org/6/63/f_u_e/bss2cons.pdf

PTB Secondary beta dosimetry: Dissemination

Dissemination of the Gray: D, and

Sievert: H,(0.07), H'(0.07), H,(3) and H'(3) (operational quantities)

Irradiation facility: Beta Secondary Standard 2 (commercially available, EZN)

without

05r/%%y at 30 cm w/o filter

BSS2 in general: J. Instrum. 2, P11002 (2007)
extensions: J. Instrum. 6, P11007 (2011)

Beam profile at different depths in material

-0.02
0.02
0.06
0.10
0.14
0.18
0.22
0.26
0.30
0.34
0.38
0.42
0.46
0.50
0.54
0.58
0.62
0.66

0.70
0.74
0.78
0.82
0.86
0.90
0.94
0.98
1.02
1.06

-16-14-12-10 -8 6 -4 -2 0 2 4 6 8 10 12cm 16
Radial position in phantom ——»

1.10
1.14
1.18
1.22

and

with beam-flattening filter

05r/*Y at 30 cm with beam-flattening filter il ...

20 0.02

0.06

10 0.10

0.14

0.18

3 mm 022
0.26

0.30

mm 0.34
0.38

0.42

= 0.46
8 0.50
% 0.54
0.58

< 01 0.62
c 0.66
= 0.70
g- 0.74
) 0.78
[a) 0.82

0.86
0.90
0.94
0.98
1.02
1.06

ocool+—T—T1T—T1T" T T T T T T T T T T T T 1.10
-16-14-12-10 -8 6 4 -2 0 2 4 6 8 10 12cm 16 ﬁg

Radial position in phantom ——» 122

J. Instrum. 8, P02019 (2013)
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PTB International comparison BIPM EURAMET.RI(1)-S16

Beta comparison 2018-2023
H,(0.07) and H,(3), the latter for the first time

16 participants: BIPM EURAMET.RI(I)-S16

Circulation of PTB’s secondary ionization chamber and measuring stand

Several delays due to Covid-19 and issues with the measuring stand: ~ 1 year

Current status: most participants finished; CU on the way; report in 2023

Do Bewiooten Bscts Coroms Lmcechen Eom B

nnnnnnnnnnnnn

nnnnnnnnnnnnnn

m F
E‘-.:_‘

.”‘"“ Chaerl
LNE-LﬂHB-%?, ‘

STUK

FR

L ‘\“BKFH &

IST-LPSR. CIEMAT. &YV L
ES . 7

Lo
NMISA
“ZA

“rv nZ
- ;" zg
3
2
e
N—

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin
Dr. R. Behrens, PTB 6.3: Latest developments in beta-radiation metrology

CCRI Webinar 2022-09-07

National Metrology Institute
24


https://www.bipm.org/kcdb/comparison?id=452
https://www.bipm.org/kcdb/comparison?id=452

PTB Contents

Introduction

Primary and secondary beta dosimetry
International comparison BIPM EURAMET.RI(I)-516
Revision of ISO 6980 < correction factors for beta dosimetry

Newly proposed operational quantities (ICRU 95)

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
Dr. R. Behrens, PTB 6.3: Latest developments in beta-radiation metrology CCRI Webinar 2022-09-07 25



‘PTB Beta standards at ISO TC85 SC2 WG2

ISO 6980: Reference beta fields (2004 .. 2006), Ed.1

INTERNATIONAL ISO
STANDARD 6980-1

First edition
2008-08-01

Nearly all corf

L —wrcar-energy — Reference beta-particle
radiation —

Part 1:
Methods of production

Energie nucléaire — Rayonnement béta de référence —

Partie 1: Méthodes de production

m
ection factors based on

INTERNATIONAL ISO
STANDARD 6980-2

Premiére edition

2004-10-15

s using BO

easurement

Nuclear energy — Reference beta-particle
radiation —

Part 2:

Calibration fundamentals related to basic
quantities characterizing the radiation
field

Energie nucléaire — Rayonnemenis béta de référence —

Partie 2: Concepts d'étalonnage en relation avec les grandeurs
fondamentales caractérisant le champ du rayonnement

INTERNATIONAL ISO
STANDARD 6980-3

First edition

hm chamber (BPS1)

Nuclear energy — Reference beta-particle
radiation —

Part 3:

Calibration of area and personal
dosemeters and the determination of
their response as a function of beta
radiation energy and angle of incidence

Energie nucléaire — Rayonnement béta de référence —

Partie 3: Etalonnage des dosimétres individuels et des dosimétres de
zone et détermination de leur réponse en fonction de I'énergie et de
l'angle d'incidence du rayonnement béta
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PTB 1ISO 6980: Points of revision since 2019 in TC85 SC2 WG2

ISO 6980: Reference beta fields: minor / editorial changes

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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PTB ISO 6980: Points of revision: ISO 29661 reference

ISO 6980: Reference beta fields: minor / editorial changes INTERNATIONAL 1SO
STANDARD 29661

- Alignment to ISO 29661:2012 and its Amd 1:2015:
=>» general definitions (quantities, phantoms...), terms and procedure i

Reference radiation fields for
radiation protection — Definitions and
fundamental concepts

Champs de rayonnement de référence pour la radioprotection —
Défintions et concepts fondamentaux

%

Reference number
1SO 29661:2012(E)

&

©1S0 2012

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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PTB ISO 6980: Points of revision: spectra included

. . . . . . Electron spectra at 0.07 mm depth
ISO 6980: Reference beta fields: minor / editorial changes —————
4 pectra at 0.07 mm depth in an tissue
. . om MeV mSv phantom in 1.5 cm radius including backscatter
- Alignment to 1SO 29661:2012 and its Amd 1:2015: R | raciation with beam-attening fiter / abs.
=» general definitions (quantities, phantoms...), terms and procedure |3 <o i
:I'fn 3.5x10° {HH —— "TPm; 20 em
. . > s H —— ¥Kr; 30em
- Inclusion of electron and photon spectra =» detailed graphs follow 2 sox0'q — 95y, 20cm; 4 mm PMMA
b x10° —— ¥5r/"Y; 20 ¢m; 3 mm PMMA
& 28 105 — 2050y 30 em
§ 20010 —— "Ru/"®Rh; 30 cm
é 1.6x10°
g 1.0x10° i"‘é"'!
o 5.0x10° ]
0.0 4 ! . . B . .
0.0 05 1.0 15 20 25 MeV 35
Electron energy
Photon spectra at surface
110 Spectra free in air in 1.5 cm radius without
m* MeV m§ backscatter radiation with beam flattening filter
= 10
2 —— "“'Pm; 20cm
= #Kr; 30 cm
. 805/9%: 20 em: 4 mm PMMA
2 5 *r/”%Y; 20em; 3 mm PMMA
- *8r/"%Y; 30cm
§ —— "Ru/"Rh; 30em
§ 1074 ¥
* 104 H
0.0 0.5 1.0 1.5 2.0 25 MeV/ 35
Photon energy
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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PTB ISO 6980: Points of revision: phantom harmonized

ISO 6980: Reference beta fields: minor / editorial changes

- Alignment to I1SO 29661:2012 and its Amd 1:2015:
=>» general definitions (quantities, phantoms...), terms and procedure

- Inclusion of electron and photon spectra = detailed graphs

- Harmonization of the substitute for the ISO water slab and cylinder
phantom = 20cm x 20cm x 2 cm PMMA in all three parts

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
Dr. R. Behrens, PTB 6.3: Latest developments in beta-radiation metrology CCRI Webinar 2022-09-07 30



PTB ISO 6980: Points of revision: photon contribution

ISO 6980: Reference beta fields: minor / editorial changes
- Alignment to I1SO 29661:2012 and its Amd 1:2015:

=>» general definitions (quantities, phantoms...), terms and procedure

- Inclusion of electron and photon spectra =» detailed graphs

Photon spectrometry: J. Instrum. 6, PO9006 (2011)

Photon contribution to dose: J. Instrum. 6, P11007 (2011)

: : o« 4_ 0 0
- Harmonization of the substitute for the I1SO water slab a Photon contribution: 1-k;, (0.017% ... 0.55 %)
phantom = 20cm x 20cm x 2 cm PMMA in all three | 3%
- Inclusion of photon contribution to total reference dose . 1%{ w7 0sr/0y
(I_Ib ) DRrp ~ ] m 20 cm; 4 mm PMMA
> kpr =——=and Dy = S 20 cm; with flter 106R,,/106R
I Kbr S 50 cm; with flter
I‘l 30 cm; with filter
= 90gy /90y 20 cm; wlo filter
2 10 20 cm; 3 mm PMMA 50 om; with filter 11 cm; wio fiter
S 30 cm; with ftter
= 85 50 cm; w/o filter
ol r 30 cm; wio filter
1" 50 cm; with filter 20 cm; w/o filter
_\“5 30 cm:; with filter 11 cm; wo filter
< 0.01%-
] 11 cm; w/o filter
0.003 % | . | . | . | . | | :
0.0 0.2 0.4 0.6 0.8 1.0 MeV 1.4

Mean beta energy
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PTB 1ISO 6980: Points of revision: nuclide *C removed

ISO 6980: Reference beta fields: minor / editorial changes

- Alignment to I1SO 29661:2012 and its Amd 1:2015:
=>» general definitions (quantities, phantoms...), terms and procedure

- Inclusion of electron and photon spectra = detailed graphs

- Harmonization of the substitute for the ISO water slab and cylinder
phantom = 20cm x 20cm x 2 cm PMMA in all three parts

- Inclusion of photon contribution to total reference dose

> kypr = —U—Ilbr) and Dy = iR@
br

- Removal of "™C (Epeta mean = 0-04 MeV)
=» as not in use in any institute

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
Dr. R. Behrens, PTB 6.3: Latest developments in beta-radiation metrology CCRI Webinar 2022-09-07 32



(.'PTB ISO 6980: Points of revision: correction factors by simulations

ISO 6980: Reference beta fields: major / technical changes
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Q'PTB ISO 6980: Points of revision: correction factors by simulations

ISO 6980: Reference beta fields: major / technical changes: correction factors for phantoms / quantities (EGSnrc)

Validation (1/2): measured (symbols) and J. Instrum. 8, P02019 (2013)
simulated (lines) depth dose curves agree

Ml _ ?Mm;.mthﬂlw
Simulation of the radiation DO,L, S
sources of the BSS2 relative
\ o m i i
ot TN
14
0 T T T -
1 10 100 um 10000
Depth in ICRU tissue ———
1.2 Kr T T
i 50 cm; with filter
. . . 101" 30"cm; with fitter
Primary extrapolation chamber in a ‘ o |
PMMA slab phantom Coseret
=> absorbed dose to tissue, D,(0.07), et 4]
i.e., H,(0.07) in a slab phantom AP 04
0.0

1 10 100 pm 10000
Depth in ICRU tissue ———

linear scale

Doserate
relative .01+ o e
to 70 pm

depth !

1E-6

1 10 100 um 10000
Depth in ICRU tissue ——»

5

1

i i 5,

Doserate
relative

to 70 pm0.01 -
depth

1E-3 +

5E-5

1 10 100 um 10000
Depth in ICRU tissue ——»

logarithmic scale
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(.'PTB ISO 6980: Points of revision: correction factors by simulations

ISO 6980: Reference beta fields: major / technical changes: correction factors for phantoms / quantities (EGSnrc)

Validation (2/2): measured (symbols) and J. Instrum. 8, P02019 (2013)
simulated (lines) depth dose curves agree

Simulation of the radiation
sources of the BSS2—__ |

Primary extrapolation chamber in a
PMMA slab phantom

=» absorbed dose to tissue, D,(0.07),
i.e., H,(0.07) in a slab phantom

1.2

Doserate
relative
to 70 ym

depth 0.4

0.0

gy

11 cm; wio filter|
20 cm; wio filter

30 cm; with filter W}
50 cim: with filter * \\

1 10 100 pm 10000
Depth in ICRU tissue ———
‘|DﬁRuI|IJﬂRh
. : 11 cm; wio filter
i 20 cm; wio filter

30 cm; with filter
50 cm; with filter

9

10

100 um 10000
Depth in ICRU tissue ———

linear scale

a0
s S’y .
o
1 -
[ 0.1+
Doserate
relative
to 70 ym0.01 - ; . e
depth | i 50 cm; wio filter
€34 . 30,cm; with filter : ....20 cm; wio filter g
30 cm; with filter 11 em; wio filter
wriatt bttt i T T
""""" e e T L e i S B
e e =
5E-5 T T T T
1 10 100 pm 10000
Depth in ICRU tissue ———
“]ﬁRuPEmRh
5 "
4]
1 il
Doserate i
relative 0.014 50 cm;,with filter "_
to 70 pm?: ; ; 30 cm; with filter &=
depth : i B —
20 e : S
0 cm; wio filter b ™
1833 11 cm; wio filter = =
.
5E-5 T T T T
1 10 100 um 10000

Depth in ICRU tissue ——»

logarithmic scale

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin
Dr. R. Behrens, PTB 6.3: Latest developments in beta-radiation metrology

CCRI Webinar 2022-09-07

National Metrology Institute
35



W : .
:(.'!PT ISO 6980: Points of revision: correction factors by simulations

ISO 6980: Reference beta fields: major / technical changes: correction factors for phantoms / quantities (EGSnrc)

Hp(0°07)slab

H,(0.07)g1ap

Simulation of the radiation
sources of the BSS2—__ |

... replaced——, Slab:
by an ICRU tissue slab 30 x 30 x 15 cm?

=» absorbed dose to tissue, D,(0.07),
i.e., H,(0.07) in a slab phantom 1

Air
ICRU tissue

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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(.'PT ISO 6980: Points of revision: correction factors by simulations

ISO 6980: Reference beta fields: major / technical changes: correction factors for phantoms / quantities (EGSnrc)
Validation (1/2): measured (closed symbols) J.Instrum. 10, PO3014 (2015)

Hy(0.07)ap and simulated (open symbols) angular dependence factors agree ...
H(0.07; source; a),,,,
... for o Angular factor R(0.07; source; o), = Hp(0.07; source; 0°),,
. v T v T v T v T L) 1 -
. . . Hp(0-07)s|ab Hp(0.07) _ *
Enhance simulation efficiency T 1.2 - 3 3
by phase space files : %
\ . 1.1 %t .
i 1%Pm Ky “
_ Phase space file plane 1.0 = L
> | Start simulation here | 8 - * Oy 0y 1085,/1% R ]
\L X/ 5 094 o v i
o 4
2 0! 4 j
a .
~ 7 - x a Measurement Calculation |-
Slab: 2 ] 5w .
30x 15x 15 cm3 T 6 30° ] @ l
_ 45°
Files (spectra) freely available: 0548 60° * # i
‘ ¥ 75° W ¥
J. Instrum. 8, P02019 (2013) & . : - —
J. Instrum. 14, A07001 (2019) 0.4 : ; . ; , . , " ' I '
Air 0.0 0.2 0.4 0.6 0.8 MeV 1.2
ICRU tissue Mean beta energy ———

National Metrology Institute
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http://iopscience.iop.org/1748-0221/8/02/P02019/
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/A07001
https://doi.org/10.1088/1748-0221/10/03/P03014

:!PTB ISO 6980: Points of revision: correction factors by simulations

ISO 6980: Reference beta fields: major / technical changes: correction factors for phantoms / quantities (EGSnrc)
Validation (2/2): measured (closed symbols) J.Instrum. 10, PO3014 (2015)

Hy(0.07)ap and simulated (open symbols) angular dependence factors agree ...
H(3; source; a),,,
... and o Angular factor R(3; source; a),,, = Hp(3; source; 0°),_
L T 4 T T T T T T T
. . o Hp(0-07)slab Hp(3) ] = e
Enhance simulation efficiency T 0.9 4 : : : .
by phase space files 05 ] L) ]
N I — |
_ Phase space file plane o "Ru/""*Rh
> | Start simulation here | § 06 ]
\L x ) 0 5: “sr/™Y a« Measurement Calculation ]
g 7 15 = :
3 i 30° o 87 ]
3 0.4 1 e .
Slab: T 03- = $ ik .
30x15x15cm3 02' +* ¥
Files (spectra) freely available: 01 ] v '
J. Instrum. 8, P02019 (2013) & o v _
J. Instrum. 14, A07001 (2019) 0.0 . T . T . : : T . r '
Air 0.5 0.6 0.7 0.8 0.9 MeV 1.1
ICRU tissue Mean beta energy ——=
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https://doi.org/10.1088/1748-0221/10/03/P03014
http://iopscience.iop.org/1748-0221/8/02/P02019/
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/A07001

PTB 1ISO 6980: Points of revision: addition of quantities

ISO 6980: Reference beta fields: major / technical changes: correction factors for phantoms / quantities (EGSnrc)
Differentiate H,(0.07),p,, H,(0.07),,q and H'(0.07)
9 kcorr = H(d) / Hp(0°07)slab

o B H(0.07)gia0 H(0.07) 164 H'(0.07)
Enhance simulation efficiency T T T
by phase space files\
_ Phase space file plane Phase space file plane Phase space file plane
~ | Start simulation here | | Start simulation here | | Start simulation here |
_ | Rod:
Slab: @=1.9cm
30 x 15x 15 cms3 T h=30cm
1 Sphere:
Files (spectra) freely available: 1 @ =30cm
J. Instrum. 8, P02019 (2013) & 115cm
J. Instrum. 14, A07001 (2019)
Air
ICRU tissue Correction factors: J. Instrum. 10, P03014 (2015)
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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https://doi.org/10.1088/1748-0221/10/03/P03014
http://iopscience.iop.org/1748-0221/8/02/P02019/
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/A07001

PTB 1ISO 6980: Points of revision: addition of quantities

ISO 6980: Reference beta fields: major / technical changes: correction factors for phantoms / quantities (EGSnrc)
Differentiate H,(0.07),p, H,(0.07),,q and H'(0.07) and inclusion of H,(3) and H'(3)
9 kcorr = H(d) / Hp(0°07)slab

H,(0.07)g1ap H,(0.07)04 Ho(3)ey H'(0.07), H'(3)
Enhance simulation efficiency T T - =

by phase space files\

_ Phase space file plane Phase space file plane Phase space file plane Phase space file plane
> | Start simulation here | | Start simulation here | | Start simulation here | | Start simulation here |

@/ \@ \@ \@

Rod:

Slab: T a=19cm Cylinder:
30x15x 15 cm?3 T h=30cm @=20cm
. ) 1 h =20 cm Sphere:
Files (spectra) freely available: 1 N @ =30cm
J. Instrum. 8, P02019 (2013) & 115cm
J. Instrum. 14, A07001 (2019)
Air
ICRU tissue Correction factors: J. Instrum. 10, P03014 (2015)
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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https://doi.org/10.1088/1748-0221/10/03/P03014
http://iopscience.iop.org/1748-0221/8/02/P02019/
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/A07001

PT ISO 6980: Points of revision: addition of radiation fields

. . . Actual fields, simulations: J. Instrum. 8, P02019 (2013)
ISO 6980: Reference beta fields: major / technical changes and addendum J. Instrum. 14, A07001 (2019)

- Sources and geometries in the 2004/2006 version

Radionuclide 10 cm, 11 cm, 20 cm, 20 cm, 30 cm, 30 cm, 50 cm, 50 cm,
(source) without filter | without filter | without filter | with filter | without filter | with filter [ without filter [ with filter
14C X

147pm X
85Kr X
20y /20y X X X X X
106Ru /106Rh X
BSS2 in general: J. Instrum. 2, P11002 (2007)
extensions: J. Instrum. 6, P11007 (2011)
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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http://iopscience.iop.org/1748-0221/2/11/P11002
https://www.ptb.de/de/org/6/63/f_u_e/bss2cons.pdf
http://iopscience.iop.org/1748-0221/8/02/P02019/
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/A07001

PT ISO 6980: Points of revision: addition of radiation fields

. . . Actual fields, simulations: J. Instrum. 8, P02019 (2013)
ISO 6980: Reference beta fields: major / technical changes and addendum J. Instrum. 14, AO7001 (2019)

- Inclusion of additional distances and filter geometries New fields: J. Instrum. 15, PO5015 (2020)
(removal of “C and '%Ru/1%Rh at 10 cm)

Radionuclide 10 cm, 11 cm, 20 cm, 20 cm, 30 cm, 30 cm, 50 cm, 50 cm,
(source) without filter | without filter | without filter | with filter | without filter | with filter [ without filter [ with filter
C X

‘14

147Pm X X
85Kr X X
20y /20y X X X X X X
106Ry /106RK X X X X X
BSS2 in general: J. Instrum. 2, P11002 (2007)
extensions: J. Instrum. 6, P11007 (2011)
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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http://iopscience.iop.org/1748-0221/2/11/P11002
https://www.ptb.de/de/org/6/63/f_u_e/bss2cons.pdf
https://doi.org/10.1088/1748-0221/15/05/P05015
http://iopscience.iop.org/1748-0221/8/02/P02019/
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/A07001

PTB ISO 6980: Points of revision: addition of radiation fields

. . . Actual fields, simulations: J. Instrum. 8, P02019 (2013)
ISO 6980: Reference beta fields: major / technical changes and addendum J. Instrum. 14, A07001 (2019)

- Inclusion of new fields with mean energy between 8°Kr and ?9Sr /%Y New fields: J. Instrum. 15. PO5015 (2020)

=» add absorber in front of a 29Sr/9Y source: 3 mm or 4 mm PMMA at 4 cm distance
=» two more radiation fields

Radionuclide 10 cm, 11 cm, 20 cm, 20 cm, b0 cm, 50 cm,
(source) without filter | without filter | without filter | with filter out filter | with filter
G X
147pm X X
85Kr X
205y /30y X X 3mm, 4 mm X X
106Ry /106RK X X X X
BSS2 in general: J. Instrum. 2, P11002 (2007)
extensions: J. Instrum. 6, P11007 (2011)
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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http://iopscience.iop.org/1748-0221/2/11/P11002
https://www.ptb.de/de/org/6/63/f_u_e/bss2cons.pdf
https://doi.org/10.1088/1748-0221/15/05/P05015
http://iopscience.iop.org/1748-0221/8/02/P02019/
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/A07001

PTB ISO 6980: Points of revision: addition of radiation fields

Actual fields, simulations: J. Instrum. 8, P02019 (2013)
and addendum J. Instrum. 14, A07001 (2019)

ISO 6980: Reference beta fields: major / technical changes
- Dose rate and energy ranges in ISO 6980: 2004/2006 version

New fields: J. Instrum. 15, P0O5015 (2020)

5000 ENErgy and dose rate ranges (150 6980: 2004/2006)

mvin 3 05r/%0y; 0.46 GB(
MW 11 cm; wio filter
8Kr; 3.7 GBq
W 30 cm; with filter B 20 cm: wo fiter . .

100 5 Ru/'%°Rh;
< ] B 30 cm; w/o filter 0.02 GBq
< B 30 cm; with filter B 10 cm o fiter
o . ;

‘I’Q 4Pm; 3.7 GBq M 50 cm; wio filter
Bl 20 cm; with filter

10 -

14 %C; 0.01 GBq
053 [ 10Icm;w/o|f|Iter . . | . | .

0.0 0.2 0.4 0.6 0.8 1.0
Mean beta energy

MeV 14 Bss2in general: J. Instrum. 2, P11002 (2007)

extensions: J. Instrum. 6, P11007 (2011)
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http://iopscience.iop.org/1748-0221/2/11/P11002
https://www.ptb.de/de/org/6/63/f_u_e/bss2cons.pdf
https://doi.org/10.1088/1748-0221/15/05/P05015
http://iopscience.iop.org/1748-0221/8/02/P02019/
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/A07001

PTB ISO 6980: Points of revision: addition of radiation fields

. . . Actual fields, simulations: J. Instrum. 8, P02019 (2013)
ISO 6980: Reference beta fields: major / technical changes and addendum J. Instrum. 14, AO7001 (2019)
- Dose rate and energy ranges in ISO 6980: new 202x version

New fields: J. Instrum. 15, P0O5015 (2020)

=000 ENErgy and dose rate ranges (150 6980: 202x)

mSv/h 3 W11 cm; wiofilter 0gr/9%0v: 0.46 GBq
] W 11 cm; w/o filter
8Kr: 3.7 GBq
B 30 cm; with filter .
’ B 20 cm; w/o filter
100 r QOSr/QOY; 106Ru/106Rh :
— ] . M 30 cm; w/o filter
< W 50 cm; with filter ’ 0.02 GB
S O.46vGBq B 30 cm; with filter - a
= 147pm: 3.7 GBq 20 cm; 3 mm PMMA B 50 cm: wlo filter 11 om; wio filter
T T ’ i fit v M 50 cm: with filter
10 E om, with fitter 20 cm; 4 mm PMMA W 20 cm: w/o filter
B 30 cm; with filter
l-E B 50 cm; with filter
0.5 - T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 MeV 1.4

Mean beta ener BSS2 in general: J. Instrum. 2, P11002 (2007)
gy extensions: J. Instrum. 6, P11007 (2011)
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http://iopscience.iop.org/1748-0221/2/11/P11002
https://www.ptb.de/de/org/6/63/f_u_e/bss2cons.pdf
https://doi.org/10.1088/1748-0221/15/05/P05015
http://iopscience.iop.org/1748-0221/8/02/P02019/
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/A07001

PTB ISO 6980: Points of revision: spectra included

Actual fields, simulations: J. Instrum. 8, P02019 (2013)

ISO 6980: Reference beta fields: major / technical changes and addendum J. Instrum. 14, AO7001 (2019)

- Electron and photon spectra in ISO 6980: new 202x version: New fields: J. Instrum. 15, P05015 (2020)
free in air (without backscatter)

Electron spectra free in air (without backscatter)

2.50x10"

1
cm2 MeV mSv |

2.00x10"
1.75x10" 411
1.50x107 {f}

1.25x10" 4| }

1.00x107 } 1
7.50x10° 4 |

Electron fluence per 1 mSv = H,(0.07)

2.50x10% <

5.00x10° |

Spectra free in air in 1.5 cm radius without
backscatter radiation with beam flattening filter

— 1%7"Pm: 20cm

— 85Kr: 30 cm

—— %9gy/%%Y; 20 cm; 4 mm PMMA
— %05/%%Y: 20 cm: 3 mm PMMA
— 050y 30 cm

— 196Ru/%Rh; 30 cm

0.5 1.0 15 2.0 25 MeV 35
Electron energy

Photon spectra free in air (without backscatter)

1.0x10°
1 Spectra free in air in 1.5 cm radius without
cm? MeV mSy backscatter radiation with beam flattening filter
8.0x10’

—— “'Pm; 20cm

—— 8% 30cm
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PTB ISO 6980: Points of revision: spectra included

Actual fields, simulations: J. Instrum. 8, P02019 (2013)

ISO 6980: Reference beta fields: major / technical changes and addendum J. Instrum. 14, AO7001 (2019)

- Electron and photon spectra in ISO 6980: new 202x version: New fields: J. Instrum. 15, P05015 (2020)
free in air (without backscatter)

Electron spectra free in air (without backscatter)

2.50x10"

1
cm2 MeV mSv |

2.00x10"
1.75x10" 411
1.50x107 {f}

1.25x10" 4| }

1.00x107 } 1
7.50x10° 4 |

Electron fluence per 1 mSv = H,(0.07)

2.50x10% <

5.00x10° |

Spectra free in air in 1.5 cm radius without
backscatter radiation with beam flattening filter

— 1%7"Pm: 20cm

— 85Kr: 30 cm

—— %9gy/%%Y; 20 cm; 4 mm PMMA
— %05/%%Y: 20 cm: 3 mm PMMA
— 050y 30 cm

— 196Ru/%Rh; 30 cm

0.5 1.0 15 2.0 25 MeV 35
Electron energy

Photon spectra free in air (without backscatter)

1

5 Spectra free in air in 1.5 cm radius without
cm? MeV mSv

backscatter radiation with beam flattening filter

107 3
i ——¥pm; 20cm

——%Kr; 30cm

—— %051/°%Y; 20 cm; 4 mm PMMA
—— %051/°°Y; 20 cm; 3 mm PMMA
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H,(0.07)

6.0x107

Photon fluence per 1 mSv
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PTB ISO 6980: Points of revision: spectra included

Actual fields, simulations: J. Instrum. 8, P02019 (2013)

ISO 6980: Reference beta fields: major / technical changes and addendum J. Instrum. 14, AO7001 (2019)

- Electron and photon spectra in ISO 6980: new 202x version: New fields: J. Instrum. 15, PO5015 (2020)
in front of a tissue phantom (including backscatter)

= many low energy backscatter particles

Electron spectra at 0 mm depth (with backscatter)

2.50x10"

1 ] Spectra at 0 mm depth in an ICRU tissue
cm? MeV mSv ] phantom in 1.5 cm radius including backscatter
. radiation with beam-flattening filter / absorber

2.00x10" -

1.75x107 41+
1t — 1%7"Pm: 20cm

— 85Kr: 30 cm

—— 9951/°%Y: 20cm; 4 mm PMMA
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1.50x10"

1.25x10° 4t +
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5.00x10% 4 |

Electron fluence per 1 mSv = H,(0.07)

0.0 0.5 1.0 15 2.0 25 MeV 35
Electron energy

Photon spectra at 0 mm depth (with backscatter)

1

] Spectra at 0 mm depth in an ICRU tissue
cm? MeV mSv

phantom in 1.5 cm radius including backscatter
radiation with beam-flattening filter / absorber

10" 4F
——¥pm; 20cm

——85r; 30cm

—— 905¢/°%y; 20 cm; 4 mm PMMA
—— 905r/°°y; 20 cm; 3 mm PMMA
—— %51/%Y; 30 cm
—— 195Ry/1%Rh; 30 cm

H,(0.07)

6.0x107

10° 4~ |

Photon fluence per 1 mSv

4.0x107

2.0x10" -

Photon fluence per 1 mSv = H,(0.07)
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'H,(0.07) =1 mSv Photon energy
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5 P1B 150 6980: Points of

revision: spectra included

Actual fields, simulations: J. Instrum. 8, P02019 (2013)

ISO 6980: Reference beta fields: major / technical changes and addendum J. Instrum. 14, AO7001 (2019)

- Electron and photon spectra in ISO 6980: new 202x version: New fields: J. Instrum. 15. P05015 (2020)

at 0.07 mm tissue depth (including backscatter)

=> significant absorption of low energy electrons; photons not significantly attenuated

Electron spectra at 0.07 mm depth (with backscatter) Photon spectra at 0.07 mm depth (with backscat.)
7 8 10°
2.50x10 - - 1.0x10 1 ] Spectra at 0.07 mm depth in an ICRU tissue
1 ] Spectra at 0.07 mm depth in an ICRU tissue 1 o’ MeV mSve ph;,n:,om in,t%]-z cm r?;\lditt:s inclu#ﬂl:ng/ba;kscbaﬂer
eV mSv™] phantom in 1.5 cm radius including backscatter cm? MeV mSvA roCEon W eAr Teroning Tl asonel
. radiation with beam-flattening filter / absorber o 10
2.00x10” 8.0x10" S —— 7Pm; 20em
g ] © ——%Kr; 30cm
: < L —— sr/Y; 20 cm; 4 mm PMMA
% 1.75x107 - H (0 ° 07) o Q@ 10° ——%051/Y; 20 cm; 3 mm PMMA
T E — 147Pm; 20cm P . . % g ——905r/%Y; 30 cm
(I/>I) :I_,SOX]_O7 — — SSKF; 30cm :III: 6.0X107 g —— 105Ry/2%Rh; 30 cm
£ 7 —— 95r/°%; 20 cm; 4 mm PMMA b7 ERELE ¥
5 1.25x107 - om0 2 =
5 ] —_ "USr/7YY; 20cm; 3 mm PMMA 5 2
S 1.00x10" — 95r/%%Y; 30cm g 4.0x10’ *
o
2 . —— 19Ru/*®Rh; 30 cm o 5
g 7.50x10° %
b i S
S 5.00x10° = 2.0x107
m 2.50x10° 4 6*9_
0.00 +— . = M 0.0 . — b :
0.0 0.5 1.0 1.5 2.0 2.5 MeV 35 Fluence per 00 01 02 03 04 05 06 07 08 Mev 1.0
Electron energy Photon energy
'H,(0.07) =1 mSv
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PTB ISO 6980: Points of revision: spectra included

. . . Actual fields, simulations: J. Instrum. 8, P02019 (2013)
ISO 6980: Reference beta fields: major / technical changes and addendum J. Instrum. 14, AO7001 (2019)

- Electron and photon spectra in ISO 6980: new 202x version: New fields: J. Instrum. 15, P05015 (2020)
at 0.07 mm tissue depth (including backscatter)
=> significant absorption of low energy electrons; photons not significantly attenuated

Electron spectra at 0.07 mm depth (with backscatter) Photon spectra at 0.07 mm depth (with backscat.)
6 8 10°
5.5x10 - - 1.0x10 1 ] Spectra at 0.07 mm depth in an ICRU tissue
h ° cm? MeV mSv- h in1. dius including back:
1] Ordinate Spectra at 0.07 mm depth in an ICRU tissue — I Fatiion with beam-fattening fter | absorber
cm? MeV mSv phantom in 1.5 cm radius including backscatter cm? MeV mSv4 i
6 | X4.5 radiation with beam-flattening filter / absorber o 1074
4.5x10° 8.0x10” + S — P 20em
'g 6 b : - ——%Kr; 30cm
- 4.0x10° gini < v ——%g/%y; 20 cm; 4 mm PMMA
% ILE H (0 R 07) o Q@ 10° ——%8r/%Y; 20 cm; 3 mm PMMA
I 6 Il & — 4pm: 20 cm 2 ) e o —— %95r/%Y; 30cm
N 3.5x10 i 13 . ! :I:CL 6.0 107 2 —— 105Ry/2%Rh; 30 cm
Z SV el —— %Kr; 30cm O 8
g 0x1077 S —— %05¢/%Y; 20 cm; 4 mm PMMA 3 2
T 25xa0° it T — %s1/°Y; 20 cm; 3 mm PMMA E 5
o ] ) FF Tt — 951/ 30 cm 5 4.0x107 *
1 ‘." . : 1l Q_
2 2.0x10 W —— 19Ru/*®Rh; 30 cm ® 5
o} T i T a e
2 1.5x10° 4 7 ¥ &
= o | = 20010 -
S 1.0x10° JEEA c <
8 : = 8
o 5.0x10° i §
0.0 . . . 0.0 — .
0.0 0.5 1.0 1.5 2.0 25 MeV 35 Fluence per 00 01 02 03 04 05 06 07 08 Mev 10
Electron energy _ Photon energy
'H,(0.07) =1 mSv
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PTB ISO 6980: Points of revision: spectra included

ISO 6980: Reference beta fields: major / technical changes

- Electron and photon spectra in ISO 6980: new 202x version:
at 3 mm tissue depth (including backscatter)
= “7Pm and ®Kr totally absorbed; %°Sr/°9Y and %Ru/1%Rh fluence and energy reduced; low energy photons attenuated

5.5x10°

Electron spectra at 3 mm depth (with backscatter)

1
cm?MeV mSv |

4.5x10° -

4.0x10° i
3.5x10° ]
3.0x10° ]
2.5x10° i
2.0x10° ]

1.5x10°

Ordinate
x4.5

1.0x10°

Electron fluence per 1 mSv = H,(0.07)

Spectra at 3 mm depth in an ICRU tissue
phantom in 1.5 cm radius including backscatter
radiation with beam-flattening filter / absorber

—— %51/%%y: 20 cm; 4 mm PMMA
— %051/°%y: 20 cm; 3 mm PMMA
— 90590y 30 cm

— 198R/1%%Rh: 30 cm

MeV 3.5

15 2.0 25
Electron energy

)

Fluence per
'H,(0.07) =1 mSv
(MC: EGSnrc)

Photon fluence per 1 mSv = H,(0.07)

Actual fields, simulations: J. Instrum. 8, P02019 (2013)
and addendum J. Instrum. 14, A07001 (2019)

New fields: J. Instrum. 15, P0O5015 (2020)

Photon spectra at 3 mm depth (with backscat.)

1.0x108 1
1 cm? MeV msv
cm? MeV mSv-

8.0x10" -

T
H,(0.07)

6.0x107 -

Photon fluence per 1 mSv

4.0x10" -

2.0x107 -

0.0
0.0 0.1 0.2 0.3

10°4 B

if

Spectra at 3 mm depth in an ICRU tissue
phantom in 1.5 cm radius including backscatter
radiation with beam-flattening filter / absorber

——¥pm; 20cm

——85r; 30cm

—— %051/°%Y; 20 cm; 4 mm PMMA
—— %051/°°Y; 20 cm; 3 mm PMMA
—— %51/%Y; 30 cm

—— 195Ry/1%Rh; 30 cm

I ! 1
e
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0.4 0.5 0.6 0.7 0.8

Photon energy
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PTB ISO 6980: Points of revision: calculated correction factors

ISO 6980: Reference beta fields: major / technical changes: correction factors for primary dosimetry (EGSnrc)
- for radiation fields of the BSS2:

Radionuclide 10 cm, 11 cm, 20 cm, 20 cm, 30 cm, 30 cm, 50 cm, 50 cm,
(source) without filter | without filter | without filter | with filter | without filter | with filter [ without filter [ with filter
14C X

147Pm X X
85Kr X X
205y /30y X X 3mm, 4 mm X X X X
106Ry /106RK X X X X X
Metrologia 57, 065022 (2020)
Metrologia 57, 065005 (2020)
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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PTB ISO 6980: Points of revision: calculated correction factors

ISO 6980: Reference beta fields: major / technical changes: correction factors for primary dosimetry (EGSnrc)
- for radiation fields of the BSS2:
=>» Calculation for Beta Primary Standards of PTB: BPS1 (current, Bohm chamber) and BPS2 (new, PTB made):

— - e 4 = =
e = L. £
-

Photographs of the B6hm extrapolation chamber (left, BPS1) and the newly developed (right, BPS2)

Metrologia 57, 065022 (2020)
Metrologia 57, 065005 (2020)
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PTB ISO 6980: Points of revision: calculated correction factors

ISO 6980: Reference beta fields: major / technical changes: correction factors for primary dosimetry (EGSnrc)

- for radiation fields of the BSS2:
=>» Calculation for Beta Primary Standards of PTB: BPS1 (current, Bohm chamber) and BPS2 (new, PTB made):

Model of new PTB primary standard (BPS2)

Metrologia 57, 065022 (2020)
Metrologia 57, 065005 (2020)
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. . Air
Files (spectra) freely available: Active air volume: @=3cm; = 19 mm PEEK_ELS (conductor) I PolyEther Ether Ketone (PEEK)
J. Instrum. 8, P02019 (2013) & [=250 ym ... 2500 um/ > prevent room charges I Electrically cond. PEEK (PEEK_ELS)
J. Instrum. 14, A07001 (2019) 2 mm PEEK (insulator) Polycarbonate (Makrolon)
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute

Dr. R. Behrens, PTB 6.3: Latest developments in beta-radiation metrology CCRI Webinar 2022-09-07 54


http://iopscience.iop.org/1748-0221/8/02/P02019/
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/A07001
https://doi.org/10.1088/1681-7575/ab6cd6
https://doi.org/10.1088/1681-7575/ab8829

PTB ISO 6980: Points of revision: calculated correction factors

ISO 6980: Reference beta fields: major / technical changes: correction factors for primary dosimetry (EGSnrc)
- for radiation fields of the BSS2 for the Bohm chamber (in ISO 6980):

Backscatter: k,,
Sidewall perturbation: k.

Inhomogeneity in active volume: ki, Model of new PTB primary standard (BPS2)

Metrologia 57, 065022 (2020)
Metrologia 57, 065005 (2020)
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Files (spectra) freely available: Active air volume: @ =3 cm; W PolyEther Ether Ketone (PEEK)
J. Instrum. 8, P02019 (2013) & ['=250 ym ... 2500 pm I Electrically cond. PEEK (PEEK_ELS)
J. Instrum. 14, A07001 (2019) Polycarbonate (Makrolon)
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PTB ISO 6980: Points of revision: calculated correction factors

ISO 6980: Reference beta fields: major / technical changes: correction factors for primary dosimetry (EGSnrc)
- for radiation fields of the BSS2 for the Bohm chamber (in ISO 6980):

Backscatter: kba = Dtissue_back / Dreal_chamber
Sidewall perturbation: k.

Inhomogeneity in active volume: ki, Model of new PTB primary standard (BPS2)

Metrologia 57, 065022 (2020)
Metrologia 57, 065005 (2020)
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Files (spectra) freely available: Active air volume: @ =3 cm; PolyEther Ether Ketone (PEEK)
J. Instrum. 8, P02019 (2013) & ['=250 ym ... 2500 pm B Electrically cond. PEEK (PEEK_ELS)
J. Instrum. 14, A07001 (2019) Polycarbonate (Makrolon)
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PTB ISO 6980: Points of revision: calculated correction factors

ISO 6980: Reference beta fields: major / technical changes: correction factors for primary dosimetry (EGSnrc)
- for radiation fields of the BSS2 for the Bohm chamber (in ISO 6980):

Backscatter: kba = Dtissue_back / Dreal_chamber
Sidewall perturbation: k.

Inhomogeneity in active volume: ki, Model of new PTB primary standard (BPS2)

Metrologia 57, 065022 (2020)
Metrologia 57, 065005 (2020)

v
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Phase space file plane
| Start simulation here |
Y

Air

Files (spectra) freely available: Active air volume: @ =3 cm; W PolyEther Ether Ketone (PEEK)

J. Instrum. 8, P02019 (2013) & [=250 um ... 2500 pm I Electrically cond. PEEK (PEEK_ELS)
J. Instrum. 14, A07001 (2019) Polycarbonate (Makrolon)
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PTB ISO 6980: Points of revision: calculated correction factors

ISO 6980: Reference beta fields: major / technical changes: correction factors for primary dosimetry (EGSnrc)
- for radiation fields of the BSS2 for the Bohm chamber (in ISO 6980):

BaCkscatter: kba = Dtissue_back / Dreal_chamber
Sidewall perturbat]on: kpe = Dchamber_without_side_waIls / Dreal_chamber

Inhomogeneity in active volume: ki, Model of new PTB primary standard (BPS2)

Metrologia 57, 065022 (2020)
Metrologia 57, 065005 (2020)

A 4
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Phase space file plane
| Start simulation here |
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Files (spectra) freely available: Active air volume: @ =3 cm; PolyEther Ether Ketone (PEEK)

J. Instrum. 8, P02019 (2013) & [=250 um ... 2500 pm B Electrically cond. PEEK (PEEK_ELS)
J. Instrum. 14, A07001 (2019) Polycarbonate (Makrolon)
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PTB ISO 6980: Points of revision: calculated correction factors

ISO 6980: Reference beta fields: major / technical changes
- for radiation fields of the BSS2 for the Bohm chamber (in ISO 6980):

Backscatter: kba = Dtissue_back /D real_chamber
Sidewall perturbat1on: kpe = Dchamber_without_side_walls / Dreal_chamber
Inhomogeneity in active volume: ki, = Dgai votume / Dreal_volume

A 4 X
magnified

Metrologia 57, 065022 (2020)
Metrologia 57, 065005 (2020)

Small “point” volume:
@=0.5cm; h=100 um
(too small to see)

Active air volume:

@=3cm;
[ =250 um ... 2500 um
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Files (spectra) freely available: Active air volume: @ =3 cm; W PolyEther Ether Ketone (PEEK)
J. Instrum. 8, P02019 (2013) & 1=250 pm ... 2500 pm Bl Electrically cond. PEEK (PEEK_ELS)

J. Instrum. 14, A07001 (2019)

Polycarbonate (Makrolon)
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PT ISO 6980: Points of revision: calculated correction factors

ISO 6980: Reference beta fields: major / technical changes
- for radiation fields of the BSS2 for the Bohm chamber (in ISO 6980):

BaCkscatter: kba = Dtissue_back / Dreal_chamber
S1dewall perturbat]on: kpe = Dchamber_without_side_walls / Dreal_chamber
Inhomogeneity in active volume: ki, = Dgai votume / Dreal_volume

40 x

magnified Active air volume:
@=3cm;
[ =250 pm ... 2500 pm

Metrologia 57, 065022 (2020)
Metrologia 57, 065005 (2020)

Small “point” volume:
@=0.5cm; h=100 um
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Files (spectra) freely available: Active air volume: @ =3 cm; PolyEther Ether Ketone (PEEK)
J. Instrum. 8, P02019 (2013) & ['=250 ym ... 2500 pm B Electrically cond. PEEK (PEEK_ELS)
J. Instrum. 14, A07001 (2019) Polycarbonate (Makrolon)
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https://doi.org/10.1088/1681-7575/ab8829

PTB ISO 6980: Points of revision: Spencer-Attix theory
~ @ @

ISO 6980: Reference beta fields: major / technical changes (Wy/e) - stald
. "Sta
- Optional Spencer-Attix (SA) instead of Bragg-Gray (BG) theory (MC: EGSnrc): | Drg = 2 a{k k- I(l)}]
=>» Spencer-Attix stopping power ratios consider the air cavity dimensions: Pao * A 1=0
MONTE CARLO-BASED SPENCER-ATTIX AND BRAGG -GRAY ksa = St,a(D)sa / St,a:86 4 X o
TISSUE-TO-AIR STOPPING POWER RATIOS FOR ISO BETA magnified Active air volume:

SOURCES

T. Palani Selvam, S. Vandana*, A. K. Bakshi and D. A. R. Babu
Radiological Physics and Advisory Division, Health, Safety and Environment Group, Bhabha Atomic
Research Centre, Trombay, Mumbai 400 085, India

Radiat. Prot. Dosim. 168, 184 (2016)
J. Instrum. 16, P03006 (2021)

@=3cm;
[ =250 um ... 2500 um
DA o= 4 ... 14 keV
Scoring volume in tissue:
@=3cm; [=1pm

- —
&5
o
@ T | | |
05 =
g-g | I |
[}
[}
85
L
—>
Air
Files (spectra) freely available: Scoring volume in tissue: @ =3 cm; ICRU tissue
J. Instrum. 8, P02019 (2013) & [=1pm
J. Instrum. 14, A0O7001 (2019)
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https://doi.org/10.1093/rpd/ncv283
https://iopscience.iop.org/article/10.1088/1748-0221/16/03/P03006
http://iopscience.iop.org/1748-0221/8/02/P02019/
https://iopscience.iop.org/article/10.1088/1748-0221/14/07/A07001

PTB ISO 6980: Points of revision: application of new corr. factors

Application of new correction factors to extrapolation curves:
for both: normal incidence, i.e. 0° ...

Residuals for 85Kr at 30 cm with filter at « = 0° measured with BPS1

1 |
e -1
£ -2 D.
g -3 Diso
:'5 4 i) 1SO 6980-2:2004 1.000
g : A i) kpy & ke via EGSNrc 1.003
T A iii) Kpa & kpe & kip, via EGSnrc 1.001
= miv) Asiii) & kgp, i.e. Spencer-Attix theory 1.004
-7
-8
0 500 1000 1500 2000 2500

Chamber depth 1/ pm

2500

— —
S 8 =
=) o >

lonization current 1

o

-500
0

500 -

Extrapolation curve

T T
B Measurement
Linear fit
Quadratic fit

Extr:apolation to d
/slop_e atdepth [ =0 ym a {k- K- I(D)}

via quadratic fit.

Deviation from linearity i
enlarged by a factor of 10
for illustration purposses.

500 1000 1500 um 2500

Chamber depth [

Metrologia 57, 065022 (2020)
Metrologia 57, 065005 (2020)
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PT ISO 6980: Points of revision: application of new corr. factors

Application of new correction factors to extrapolation curves:

Extrapolation curve

2500 . .
for both: normal incidence, i.e. 0° and especially oblique (e.g., 60°) = e
fA | Quadratic fit
Residuals for 2°Sr/°0Y at 30 cm with filter at « = 60° measured with BPS1 = 1500 S —
1 E en!grged b)_/ a factor of‘:O
3 1000 for rﬂustram?n purposses. |
0 S
s 500}
N
N -1 ‘_ED Extriapolation to d
o ‘ 0 &~ slope at depth I = 0 um PTALE k' -1(D}
c _2 | via quadratic fit. :
= Dy -500 i - - i
_ 0 500 1000 1500 pm 2500
E; -3 DISO Chamber depth [
:1_5 4 ) | i) 1SO 6980-2:2004 1.000
%’ c A ii) kpy & kpe via EGSnrc 0.981
T 3 iii) Kpa & kpe & ki via EGSnrc 0.977
= m iv) Asiii) & kgp, i.e. Spencer-Attix theory 0.982
-7
-8
0 500 1000 1500 2000 2500
Chamber depth 1/pum Metrologia 57, 065022 (2020)
Metrologia 57, 065005 (2020)
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‘PTB Beta standards at ISO TC85 SC2 WG2

ISO 6980: Reference beta fields (2004 .. 2006), Ed.1

INTERNATIONAL ISO
STANDARD 6980-1

First edition
2008-08-01

Nearly all corf

L —wrcar-energy — Reference beta-particle
radiation —

Part 1:
Methods of production

Energie nucléaire — Rayonnement béta de référence —

Partie 1: Méthodes de production

ection factors based on M

INTERNATIONAL ISO
STANDARD 6980-2

Premiére edition

2004-10-15

s using BO

easurement

Nuclear energy — Reference beta-particle
radiation —

Part 2:

Calibration fundamentals related to basic
quantities characterizing the radiation
field

Energie nucléaire — Rayonnemenis béta de référence —

Partie 2: Concepts d'étalonnage en relation avec les grandeurs
fondamentales caractérisant le champ du rayonnement

INTERNATIONAL ISO
STANDARD 6980-3

First edition

hm chamber (BPS1)

Nuclear energy — Reference beta-particle
radiation —

Part 3:

Calibration of area and personal
dosemeters and the determination of
their response as a function of beta
radiation energy and angle of incidence

Energie nucléaire — Rayonnement béta de référence —

Partie 3: Etalonnage des dosimétres individuels et des dosimétres de
zone et détermination de leur réponse en fonction de I'énergie et de
l'angle d'incidence du rayonnement béta
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.'PTB Beta standards at ISO TC85 SC2 WG2

ISO 6980: Reference beta fields (202x), in revision = Ed.2

FINAL INTERNATIONAL  ISO/FDIS FINAL INTERNATIONAL  ISO/FDIS FINAL INTERNATIONAL  ISO/FDIS
BRAEE STANDARD 6980-1 BRAET STANDARD 6980-2 BRAEE STANDARD 6980-3
1S0/TC85/5C2 N l R f b . 1SO/TC85/5C2 N l R f b ¢ BP S 1 ) b t
Secretariat: AFNOR uciear Energy — nelerence hewa: Secretariat: AFNOR uclear energy — Kelerence beta- eta-
Voting begins on: partide radiation o Voting begms on: parn‘:le radl"hn— fo r Boh m Ch am b e r (
2022-08-11 P t 1: 2022-n
o s O Ma;thods of production m u ‘atl o n S - — w;”"“‘“ o Cahbratlon of area and personal

o n faCto rS b ase d_,(_)‘,:‘m,rsn!yr“—m dosemeters and the determination

of their response as a function of

1 es]
‘mpo rtant CorreCt s TR 1T S0 :)nectiad;a:i?tlon energy and angle of

Partie 2 Cancepsd et clornage en relation avec les grandeurs
nt le champ du

Energie nucléaire — Rayonnement béta de référence —

Partie 3: Etalonnage des dosimétres individuels et des dosimétres de
Zzone et détermination de leur réponse en fonction de I'énergie des
particules béta et de I'angle d'incidence du rayonnement béta

Current status: FDIS for vote circulated in August 2022

Reference number Reference number Reference number
1SO/FDIS 6980-1:2022(E) T ISO/FDIS 6980-2:2022(E) e 1SO/FDIS 6980-3:2022(E)
©1502022 i ©1502022 i ©1502022
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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W .. .
:al !PTB Revision of the series ISO 6980
The author wishes to thank the members of

References: ,,,ISO TC85 SC2 WG2 SGO (Betas):

R. Behrens, 2011 Extensions to the Beta Secondary Standard BSS 2: J. Instrum. 6, P11007 B a May 2019 (Okayamna, Japan)
(2012) and Erratum J. Instrum. 7, E04001 (2012) and Addendum J. Instrum. 7, A0O5001 (2012) R '

R. Behrens, 2011 & 2019 Simulation of the radiation fields of the Beta Secondary Standard
BSS 2: J. Instrum. 8, P02019 (2013) & Addendum J. Instrum. 14, A07001 (2019)

R. Behrens, 2015 Correction factors for the I1SO rod phantom, a cylinder phantom, and the
ICRU sphere for reference beta radiation fields of the BSS 2: J. Instrum. 10, P03014 (2015)

T.P. Selvam et al., 2016 Monte Carlo-based Spencer-Attix and Bragg-Gray tissue-to-air
stopping power ratios for ISO beta sources: Radiat. Prot. Dosim. 168, 184-189 (2016)

R. Behrens, 2020 Correction factors for primary beta dosimetry: Metrologia 57, 065022
(2020)

R. Behrens, 2020 Energy reduced beta radiation fields from %9Sr/ Y for the BSS 2:
J. Instrum. 15, P05015 (2020)

R. Behrens, 2020 Correction factors for two new reference beta radiation fields:
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PTB Newly proposed operational quantities (ICRU 95)

Journal of the ICRU

CCRI webinar by Thomas Otto
October 12, 2021 (PDF and video):

IM2022 contribution

ICRU Report 95: . .
Operational Quantities for External April 26, 2022 (PDF and video):

Radiation Exposure BE P s
. . . = National Metrology Institute
What Changes for Radlatlon PrOteCtlon ’? Calibrations and irradiations in terms of the newly proposed

ICRU operational quantities for radiation protection in
photon and beta reference radiation fields

Thomas Otto, ICRU and CERN or
. Newly proposed ICRU/ICRP operational quantities:
CCRI Weblnar, 12.10. 2021 conversion coefficients for photon and beta
reference radiation fields (ISO 4037 and ISO 6980)

Rolf Behrens
ORCiD: 0000-0002-4905-7791

PTB, Department “Radiation protection dosimetry” (6.3)

< I ™
1 il 1M 2022 .

NEUDOS 14

ERE—

=

S

National Metrology Institute
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https://www.ptb.de/cms/fileadmin/internet/fachabteilungen/abteilung_6/6.3/information/2022-04-26--R_Behrens--Calibrations-in-new-ICRU_quantitites.pdf

o : L : .
.‘PTB Protection quantities vs. current operatlonal quantities

(ICRU 51/ 57)

Sievert

Whole body Lens of the eye Local skin

% ? ICRP reference. Stylized eye model; whole . Tissue-equivalfnt cube
589 Rl B \éz: 2 §?®?§T§R D;q I((IagSRP 116, Annex F): (AT0x10 e
'é :E : Yol i~%*f;5"f: Si S | _ ;tCSng) -aieo% pum depth
EL imulations: Hiens = 2.7Wr Diens e (ICRP 116, Annex G):
aoc<

Iz T‘? Neer = Eer @ diendQ) =Die {Q) /P Hiocar skin = 2rRWr Diocal skin

Operational quantities: definition: H = Q(L

) .

Operational quantities
for monitoring (ICRU 51/57)

Area

ICRU 4-element
tissue sphere:
@ =30cm:

H*(10) = Q - D(10)g,,

ICRU 4-element
tissue sphere:
@=30cm:

H'(3;Q9) = Q- D(3;Q0)

sph

ICRU 4-element
tissue sphere:
@ =30cm:

H'(0.07;Q) = Q - D(0.07;Q),,

Individual

H,(10) = Q - D(10)

pers

For calibration: ICRU 4-element tissue

slab: 30x30x15 cm3:
H,(10) = Q - D(10)

slab

Hp(3) = Q ' D(3)pers.

For calibration: ICRU 4-element cylinder:

@=h=20cm:
Hp(3) = Q ' D(B)cylinder

For calibration: ICRU 4-el. tissue slab,
pillar, rod (& = 73, 19 mm):
Hp(0.07) =Q - D(0.07)

slab, pillar, rod

Annals of the ICRP

ICRP Publication 116

Conversion Coefficients for Radiological Protection
Quantities for External Radiation Exposures

ICRU REPORT 51

ICRU REPORT 57
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https://www.icrp.org/publication.asp?id=icrp%20publication%20116
https://www.icru.org/report/conversion-coefficients-for-use-in-radiological-protection-against-external-radiation-report-57/
https://www.icru.org/report/conversion-coefficients-for-use-in-radiological-protection-against-external-radiation-report-57/

o

‘(.‘ TB Protection quantities vs. proposed operational quantities (ICRU 95)

Iz Tr Neesr = Eett @

dlens('Q) =Dlen5('Q) /P

Whole body Lens of the eye Local skin
Q? @ [ICRP reference Stylized eye model; whole . Tissue-equivalent cube
589 ! ,.{: \éoxe=| ;hsvm%m;; D I(?SSRP 116, Annex F): (10X120X10 em’)
§ % Z () V : ;ﬁ T ) : T ;tCSrg _arlcz% um depth
EL mulations: Hiens = 2-Wr Diens v (ICRP 116, Annex G):
aoco

HIocal skin = ZRWR DIocal skin,R

Operational quantities: definition: H=h-®; D=d- ¢

Volume 40 Noa 2-52010 Mml-."l»-d

Annals of the ICRP

ICRP Publication 116

Conversion Coefficients for Radiological Protection
Quantities for External Radiation Exposures

@ @ ICRP reference

Sievert

U Hr=ho @

Area

E,max

A% w'# voxel phantoms:

Stylized eye model; whole
lens

(ICRP 116, Annex F):
(Q) = de,(Q) @

Iens Iens

, ICRU 4-element tiss. slab
(30 x 30 x 15 cm") with
2 mm skin cover over
1 cm’ at 50-100 pm

Iocal skm('o) = Iocalskin('o) ¢

@ @ ICRP reference
8 ) ¢

L =g @

iR

Operational quantities
for monitoring (ICRU 95)

Individual

% #7s  voxel phantoms:

Stylized eye model; whole
lens

(ICRP 116, Annex F):
(Q) = de,(Q) @

Iens Iens

ICRU 4-element tiss. slab,
pillar, rod;

2 mm skin cover;

1 cm’ area at 50 - 100 pm:

Dplocalskin = CIIocal skin © @

Volume 20 * Number 1 » 2020

Journal of the ICRU

ICRU REPORT 95

Operational Quantities for External
Radiation Exposure
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PTB Primary dosimetry of operational quantities [Sv]: neutrons

Basic quantity Radiation field Method to determine the operational quantities H & D
@ via Mn- Fold spectrum with conversion coefficients for mono-energetic neutrons,
Neutron | P2t precoi Neutron spectrometry and /or | 1, (£} & d(E) from ICRU 57 / ICRU 95:
det.. or Monte Carlo transport H={ [j(¢E/¢) ‘he(E) - dE]}- @
others” > (P/P) D={[[(®c/®) - do(E) - dE]}- @

EodE)/ o

I

) AP (associated particle) method

0.35 |-
0.30 |-
0.25 |-
0.20 |
0.15 |-
0.10 |-

0.08 |-

M ——— 1000

Ty vy -y -y -y Ty Ty

Conversion coefficient (pSv cml)

:)=> H&D

E | MeV N

leutron energy (MeV)
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PTB Primary dosimetry of operational quantities [Sv]: photons

Photon spectrometry

Photon air or cavity > (D./D) &K
E a,spc

10mor25m

______

Ge spectrometer

DENTTITII])

Ge crystal

Lead collimator

i
;60 mm Diaphragm pair

1 :ﬂ

N
I

Monitor
chamber

1O filioy

X ray
tube

H={[[(®e/®) - (KJSP)e - h¢(E) - dE ]/ Kygpe } - Ky
chamber D={ [I(ch/cb) : (Kaltb)E : dE(E) de]/ KE - K:E

Lead cylinder (aperture diam_1.13 mm

I

B 10)  gg |

7
.
X ' (0,07,0°) el

0.4

02

00 Lovesns

#,(10)
——— 1 (0,07,0°

) —

1000 keV

Basic quantity Radiation field Method to determine the operational quantities H & D
K via free Fold spectrum with conversion coefficients for mono-energetic photons,
a,IC h¢(E), dk(E) & (K,/®)e from ICRU 57 / ICRU 95:

)=> H&D
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PTB Particle tracks in air: photons vs. electrons

Air cube of
ImxImxlm 1 MeV 300 keV 100 keV 30 keV at beam center

practically

1000 Photons . )
mono-directional

far from being

1000 Electrons : )
mono-directional
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PTB Primary dosimetry of operational quantities [Sv]: betas

Basic quantity Radiation field

Method to determine the operational quantities H & D

Dt meas Via Monte Carlo transport
Beta extrapolation = K.y = Heim / Dy sim
chamber '

(= Dsim / Dt,sim)

i) i)

Phase space file plane Phase space file plane
| Startsimulationhere | | Start simulation here |

\@ \@

Rod:

Slab: To=19cm
30x15x 15 ecm? T h=30cm
! s
slab rod
Dt,sim

Hp(0-07)s|ab & Hp(3)slab
Correction factors: J. Instrum. 10, P03014 (2015)

H,(0.07)04

Phase space file plane
| Startsimulationhere | | Startsimulation here |

Phase space file plane

\@

Cylinder:
=20cm
h=20em S
cylinder sphere
H'(0.07)
Hp(3)cylinder H'(S)

Multiply absorbed dose to tissue with correction factor to account for the
respective phantom = H =D, .. - Ksim
with the phantoms from ICRU 57 / ICRU 95

ICRU 57
Air
ICRU tissue
= H= Dt,meas ' ksim
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PTB Primary dosimetry of operational quantities [Sv]: betas

Basic quantity Radiation field

Method to determine the operational quantities H & D

Dt meas Via Monte Carlo transport
Beta extrapolation = K.y = Heim / Dy sim
chamber '

(= Dsim / Dt,sim)

Phase space file plane
| start simulation here |

Phase space file plane
| Start simulation here |

Q&

slab slab
= Dt,sim I:)'Iocal skin
Hp(0-07)slab & Hp(3)slab Dp local skin, slab

Correction factors: J. Radiol. Prot. 41, 871 (2021)

Phase space file plane
| Startsimulationhere | | Startsimulation here |

\L%& /‘l_’%&\ ﬂ\\l\ J' \\I 'IA&II;U tissue
J 0

D

pillar rod

D

p local skin, pillar p local skin, rod

Phase space file plane

Multiply absorbed dose to tissue with correction factor to account for the
respective phantom = D =D, cas - Ksim
with the phantoms from ICRU 57 / ICRU 95

il ICRU 95

Phase space file plane
| startsimulation here |

Skin
Il Scoring vol.
eye
D'Iens
Dp lens
=D = Dt,meas ' ksim
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PTB Primary dosimetry of operational quantities: summary

Basic quantity

Radiation field

Method to determine the operational quantities H & D

@ via Mn- Fold spectrum with conversion coefficients for mono-energetic neutrons,
Neut bath, p-recoil | Neutron spectrometry and/or | p_(F) & d,(E) from ICRU 57 / ICRU 95:
eutron det.. or Monte Carlo transport H={[(®/P) - ho(E) - dE]} - @
others) > (P/P) D={[[(®/®) - dp(E) - dE]} - ®
K via free — ; ; Fold spectrum with conversion coefficients for mono-energetic photons,
N aiar‘"gr cavity o OE)SPfDC /r%mg '&’ he(E), di(E) & (K, /®) from ICRU 57 / ICRU 95:
hambor (Pl ) & Kaspe H={[[(Pe/®) - (KJ/P)e * h(E) “ E ]/ Ko} Koy
D= { [-[(¢E/¢) ’ (Ka/¢)E ’ dK(E) -dE ] / Ka,spc} ’ Ka,IC
D via et Gt t Multiply_ absorbed dose to tissue with correction factor to account for the
o t'tmeas o onte -ario transpor respective phantom:  H =D, s * Ksimi D = Dy meas * Keim
cta gﬁ;ﬁ%‘;? 'on > Ksm = Hsim / Dy sim with the phantoms from ICRU 57 / ICRU 95

(: I:)sim / Dt,sim)

Take home: Procedures unchanged - “only” new conversion coefficients / correction factors
=>» Response of dosemeters can be re-calculated; BUT calibration coefficient and energy dependence change!
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PTB Conversion coefficients: ICRU 95: impact

Impact to beta quantities / beta dosemeters:
Assume a perfect dosemeter for the current quantities

R(G) = Hp(0-07;a)rod / DIocal skin(a)rod —o=0° R(G) = Hp(S;a)cyl / Dlens(a) —o=0
O s gy Ay S S SR S| —0—15° ] 4.5 —0—15° [
30°
1.6 —O—45° 4.0
—0—60°
15 - = - ' 75° 3.5
= Beta ring dosemeters
- 1.4 will be fine in future | > 3.0
Q13 ® Q
& 3 25 -
1.2 = Beta eye lens
£ £20 dosemeters will

(a)

1.1 \ \ M 5 need modification!
? 1o e —0H Z e

N =4
0.9 1.0
0.8 0.5
0.7 F - TS E s 0.0
0O 01 02 03 04 05 06 07 08 09 1 11 12 0O 01 02 03 04 05 06 07 08 09 1 11 1.2

Enean iIN MeV Eean iN MeV

Dotted red lines: response limits 0.71 ... 1.67 according to IEC 61526 (active) and IEC 62387 (passive) dosemeters

For betas: J. Radiol. Prot. 41, 871 (2021) For photons: J. Radiol. Prot. 42, 011519 (2022)
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PTB Conversion coefficients: ICRU 95: impact

Only minor changes above 10 keV photon energy

Assume a perfect dosemeter for the current quantities

B 0°; L series

0 0°; W series

® 0°; RQR series
@ 60°; L series
0 60°; W series

@ 0°%; N series
O 0°; H series
O 0°%; S series
@ 60°; N series
0 60°; H series

@ 60°; RQR series O 60°; S series

8

1.3 - hpK(0'07;a)rgd / dlocal skin K(a)rod |
Sv/Gy
O
o
1.1 @
S
1.0 0 O
Oy ﬁ‘w
0.9
= Photon ring dosemeters
| will be fine in future
0.8
0.7
1 10 100

1000 Ein keV 10000

1h A3:a d o B 0°%; L series = 0°; N series
4.0 pK( d )CVI / IenSK( ) 0 0°; W series O 0°%; H series
Sv/Gy ® 0°; RQR series 0O 0° S series
@ 60°; L series © 60°; N series
3.0 g 0 60°; W series 0 60°; H series
u @ 60°; RQR series O 60°; S series
2.5
2.0 | =& Photon eye lens
: dosemeters will
15 L-T°°T77 - = —|need modification! |- = = = == = = = —
) &
1.0 O—-O0 O
0.5 py
0.0
1 10 100 1000 E in keV 10000

Dotted red lines: response limits 0.71 ... 1.67 according to IEC 61526 (active) and IEC 62387 (passive) dosemeters

For betas: J. Radiol. Prot. 41, 871 (2021) For photons: J. Radiol. Prot. 42, 011519 (2022)
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PTB Proposed operational quantities: implementation

Journey to implementation ...

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
Dr. R. Behrens, PTB 6.3: Latest developments in beta-radiation metrology CCRI Webinar 2022-09-07 79



PTB International and national requirements and legislation

Basic Safety Standards
of the IAEA

IAEA Safety Standards

Radiation Protection and
Safety of Radiation Sources:
International Basic

Safety Standards

Jointly sponsored by
EC. PAG, IAEA. ILO, OECD/NEA, PAHO, UNEP, WHO

=PUO206

General Safety Requirements Part 3
No. GSR Part 3

SYIAEA

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Basic Safety Standards
of the European Union

Official Journal E13

of the European Union

Legislation 17y 2004

+ Counch Diecsive 201559 Earstoes of § Decrsber 2083 baying down bose sy waadch foe
Pt e dh g i e oy 5 meieg ridusem, o g
Brccives “SOIAerman, WA Tacean, 19t | 974 Burstees
003137 Suen

= implementation of new quantities: 5...10 years

National radiation protection
law & ordinance, directives
and subordinate documents

Die Gesetze der Bundesrepublik Deutschland
1 goschitstes Motertal L
Die Gesetze der publik D
ﬁﬁﬂ Strahlenschul
Personal Dosimeter Requirements
Re: commnnd tion by the G Commission
n Radiological ion
‘This Recomeendation replaces the ermmmmm 2d by the
Conmission o 2002 (Bundesanzeiger 1 Juoe
w
1
Hot

Lvrd 3t the 247th meeting of the German Commissica on Radsological Protection o6
4725 February 2011
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PTB Standards for Reference Radiation Qualities

Photons: ISO 4037: 2019
Recently revised =
H,(3) and H(3) implemented

Betas: ISO 6980: 2004/06
In revision since 2019 =
implementation of H,(3) & H(3)

Neutrons: 1SO 8529: 1998/2001
In revision since 2019 =
general update

INTERNATIONAL 1SO
STANDARD 4037°1 INTERNATIONAL IS0 INTERNATIONAL IS0
STANDARD 6080-1 STANDARD 8529-1
INTERNATIONAL I1SO
STANDARD 4037-2
INTERNATIONAL ISO INTERNATIONAL ISO
STANDARD 6980-2 STANDARD 8529-2
INTERNATIONAL I1SO
STANDARD 4037-3
INTERNATIONAL ISO INTERNATIONAL IsO
STANDARD 6980-3 STANDARD 8529-3
INTERNATIONAL I1SO
STANDARD 4037-4 ¢ 1 {0 e 0 e

AT
IS0
S Ut K
=== o
oo —
IS0
Rl

= implementation of new quantities and conversion coefficients: another 5...10 years
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PTB Standards for Procedures and for Dosemeter

Requirements

Standards for procedures:
*1SO 15382: Dosimetry in practice (2015)
*1SO 14146: Routine test for dosemeters (2018)

Standards for dosemeter requirements:

INTERNATIONAL 1SO
STANDARD 15382

INTERNATIONAL

STANDARD 14146

Radiological protection — Criteria and
nerformance limits for the neriodic

IEC 61017, 2016-02
(environmental dosem.)

IEC 60532, 2010
(fixed installed in

DIN 25483, 2000
(TLD, only env.)

Type of Area dosemeters Personal dosemeters
radia- . : . .
ti Active passive active passive
ion
PTB-A 23.3, 2018  -rcfmmssrssin] > PTB-A 23.2, 2018 >

(fixed installed)

Photon nuclear facilities)
I[EC 60846-1, 2009 IEC 62387, 2020 IEC 61526, 2010 IEC 62387, 2020
(portable dosem.) (all passive (all active dosemeters) (all passive dosemeters)
IEC 60846-2, 2015 dosemeters)
(emergency dosem.)
Beta |V \4
ISO 21909-1, 2021
N IEC 61005, 2014 v (all passive neutron detectors)
eu-
tron IEC 61322, 2020 ISO 21909-2, 2021

(requirements in workplaces)
DIN 6802-4, 1998 (Albedo)

2z
<
-
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43
c
c

a
c
{9
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-
£

3
LE:
¢
g

Erganzung der PTB-Anforderungen

Strahlenschutzmessgerite

Ortsdosimeter zur Messung
der Umgebungs- und Richtungs-Aquivalentdoss und

2

INTERNATIONAL
STANDARD

PTB-A233

November 2018

Erganzung der PTB-Anforderungen

Strahlenschutzmessgerite [ PTB-A232 ‘

Verfahren zur Umgebungsiiberwachung mit DIN
integrierenden Festkorperdosimetern 25483

INTERNATIONAL 1SO
STANDARD 21909-1

DRAFT INTERNATIONAL STANDARD
1SO/DIS 21909-1

Apei 1968

DN
| 68024

= implementation of new quantities and reference to updated ISO 4037, ISO 6980 and ISO 8529
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PTB Proposed operational quantities: implementation

Implementation, if at all, will take several years, if not decades!
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PTB Summary = Contents

Introduction

Primary and secondary beta dosimetry
International comparison BIPM EURAMET.RI(I)-516
Revision of ISO 6980 < correction factors for beta dosimetry

Newly proposed operational quantities (ICRU 95)

we aré done ©

ma\\\l,
F near\y .s®
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Latest developments in beta-radiation metrology
(primary dosimetry, ISO 6980 revision, and ICRU 95 impact)

Rolf Behrens Thanks to

. Ty i
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PTB, Department ”"Radiation protection dosimetry” (6.3)
jation fields
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