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PTB Introduction: Why the lens?

ICRP 103 (2007) vs. 118 (2012): Tissue reactions

Threshold dose for the induction of cataract at irradiations

® acute: 2 Gy 0.5 Gy (.. 0 Gy?)
o protracted'qﬁ -5 Gy

‘olume 37 Nos. 2-4 2007

—> Definition of
threshold dose:
effect for 1 %
of exposed,
not necessarily
cataract!
More shall be
prevented =
500 mSyv / 25 years
= limit: 20 mSv/a
o 75 % “normal”
cataract in public;

1SBN mnm-mz I1SBN mnmsw

Annals of the ICRP

Annals of the ICRP

ICRP Publication 103 ICRP Publication 118

The 2007 Recommendations of the International ICRP Statement on Tissue Reactions
Commission on Radiological Protection and
Early a d L e Effects fR diation in Normal
Tissu d Organ Th reshold Doses
for T e Rea t n a Radiation
P otectio C ntext

Death by cancer:
5% per 1 Sv
death for 1 %
of exposed =
1 % per 200 mSv

If more should be
prevented =
200 mSv / 25 years
=» limit: 8 mSv/a !?
20 % “normal”
mortality in public

(2007) (2012) can be operated by cancer
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PT Terms: Sievert (H) vs. Gray (D)

» Low doses (< 0.5 Sv) = DSB  High doses (= 0.5 Gy) = cell dead
 Effect: cancer, hereditary disease « Effect: e.g. erythema, organ-fail or -dead, dead
(e.g. tumor therapy)
» Depends on radiation type = w; = Sv * Independent of radiation type = Gy
Individual variation 1 4
Probability (~ factor of 5 .. 30) Probability
of effect UNT: linear no of effect
threshold 0 Threshold dose
Dosis ! Dosis g
» Stochastic effects » Deterministic effects
* Long after irradiation (years to decades) * Shortly after irradiation (days to weeks)
A .. e e
1 Individual variation
 Strength * Strength (~ factor 5 .. 30)
of effect of effect
0 Dosis Dosis >

» Use e.g. for effective dose (risk of cancer) | < Use e.g. at radiation accidents,
and in epidemiological studies; tumor therapy (dose in target volume)
in therapy only for secondary cancer!

Effect not yet clear for the lens of the eye (ICRP 118)
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PTB Protection quantities

T T T 5
| Whole body | Lens of the eye | Local skin
: 0 o ICRP reference : Stylized eye model; : Tissue-equivalent cube
g 4 © | ';f'; v'1 voxel phantoms: | whole lens |l (10x10x10 cm3);
S g a1 i)l B = 3owr Sewg Drg | (ICRP 116, Annex F):| 1 cm? area
9 g & : i1 : Hiens = 2aWg Diens v : at 50 — 100 pm depth
OS50 : it M : : (ICRP 116, Annex G):
t a o= | | | Hlocal skin — ZRWR Dlocal skin,R
o | | |
>
R
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PTB Protection quantities vs. operational quantities

i Whole body : Lens of the eye : Local skin
: e o ICRP reference : Stylized eye model; : Tissue-equivalent cube
g 4 © | T 'j " voxel phantoms: | whole lens | . (10x10x10 cm3);
s g - : b B = 3wy Sawg Drg | (ICRP 116, Annex F):| 1 cm? area
Lca : 0 1 : Hiens = 2aWg Diens v : at 50 — 100 pm depth
o8&l | | | (ICRP 116, Annex G)
t a o= i i i Hlocal skin — ZRWR Dlocal skin,R
g Operatlonal quantities: definition: H=Q(L) - D
.9 — | ICRU 4-element : ICRU 4-element : ICRU 4-element
p) @ o e | tissue sphere: | tissue sphere: | tissue sphere:
=) :?’: @ =30cm: : @ =30cm: : @ =30cm:
"g s : H*(10) = Q - D(10),, : H'(3;0Q) = Q- D(3;Q),, : H'(0.07;Q) = Q - D(0.07;Q),,
= ~— | | |
Tc:g i m "H.(10) = Q - D(10) oreon i Hy(3) = Q' D(3)ersor i ® H ,(0.07) = Q- D(0.07),
25 5 o | I: N 23 l Il
S2 3 i ©
85 2l = | el
8_ € 'é IFor calibration: ICRU 4-element IFor calibration: ICRU 4-element IFor calibration: ICRU 4-el. tissue
o5 Itlssue slab: 30x30x15 cm3: Icyllnder. @=h=20cm: Islab, pillar, rod (@=73,19 mm):
+ : Hp(lo) =Q- D(lo)slab : Hp(3) =Q- D(S)cylinder : Hp(0'07) = Q'D(O'O7)slab, pillar, rod
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PEPIB Quantities: proposal of ICRU RC26

T I I .
| Whole body | Lens of the eye | Local skin
: 0 o ICRP reference : Stylized eye model; : Tissue-equivalent cube
g AECRE 1 voxel phantoms: | whole lens |I (10x10x10 cm3);
BE Sl Eg= S wWy SaWr D | (ICRP 116, Annex F):| 1 cm?area
= 0F95 8 ,
9 g & : o1 : Hiens = 2aWg Diens v : at 50 — 100 pm depth
OsQO! . | | | (ICRP 116, Annex G):
=1 ‘ | |
t a o= : : : Hlocal skin — ZRWR Dlocal skin,R
o . - .
> Operational quantities: definition: H=h-®; D=d- - ©®
.9 © : 2 ¢ ICRP reference : Stylized eye model; : ICRU 4-element tis. slab
Vp) H S e | 1 L voxel phantoms: | whole lens | (30x30x15 cm3) with
B K o : ot L vy : (ICRP 116, Annex F): : 2 mm skin cover over
= <i o1 | | 1 cm? at 50-100 pm
g 2 : o " H*= hE,max O : 'Iens('Q) = dlens('a) CD | D'Iocalskin('o) = dlocalskin('o) @
E; : ® ¢ |ICRPreference : Stylized eye model; , ICRU 4-elementslab, pillar, rod;
g S _ : . 1| voxel phantoms: : whole lens : 2 mm skin cover;
o5 S : Wikt : (ICRP 116, Annex F):1 | 1cm?area
..é ..é -g 1R | | at 50—100 pum:
8. e -é : - HP = hE @ : Dp Iens('Q) = dlens(‘Q)'cD: plocalskm Iocalskm
o £ £ | |
— | | |
o | | |
| | |
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PTB Is an operational quantity conservative?

Whole body Lens of the eye Local skin

ICRP reference Stylized eye model; ' Tissue-equivalent cube

T T T
| | |
g : :
g 8 G | n;“ Qﬂ voxel phantoms: | whole lens I' (10x10x10 cm3);
s g a1 iyl Ee= SoWyp Sewg Drg | (ICRP 116, Annex F):| 1 cm? area
gca : T : Hiens = 2RWg Diens v : at 50 — 100 pm depth
o8&l | | | (ICRP 116, AnnexG)
= ' | |
t a o= : : : Hlocal skin — ZRWR Dlocal skin,R
0 . " .
> Operatlonal quantities: definition: H=Q(L) - D o
.9 — | ICRU 4-element : ICRU 4-element : ICRU 4-element
Vp) ¥ o e | tissue sphere: | tissue sphere: | tissue sphere: >
=) :?’: @ =30cm: : @ =30 cm: : @ =30cm:
£e | H*(10)= Q- D(10), | H(3:0)=Q- DB, 1 H(0.07:0) = Q- D(0.07;0).,
g — : :
Sw | |H,(10) = Q- D(10) pron | Hy(3)=Q - D(3)person 10 H ,(0.07) = Q- D(O 07 e
@ .= | : | | ‘-f‘ﬂ
68 5 | I & 2
—+ 5 '
= | A | |
85 &Il =@ : el
8_ € 2 | For calibration: ICRU 4-element | For calibration: ICRU 4-element | For calibration: ICRU 4-el. tissue
o5 Itlssue slab: 30x30x15 cm3: Icyllnder @=h=20cm: Islab, pillar, rod (@=73,19 mm):
- : Hp(lo) =Q- D(lo)slab : Hp( ) Q- D(S)cylmder : Hp(0'07) =Q D(O'O7)slab, pillar, rod
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PTB Which quantity for the lens of the eye?

Radiation field Hp(0-07)rod / Hp(0-07)slab / Hp(3)slab / Hp(IO)slab /
I{lens I{lens

X-ray mean E <30 keV 0.9-5

X-ray mean E > 30 keV 0.8-0.9

Beta max. E < 0.6 MeV 6 —100 1-— lﬂm ~1 see above
and X-rays

< 2 Betamax. E~1MeV 1-500 1-500 2x10% - 1
and X-rays
Beta max. E>1.5MeV | 1-60 1-60 2x107% -1
and X-rays \ )

H_(0.07 is ONLY H_(3) is H_(10) is NOT
R. Behrens and G. Dietze: ol )stab p(3) »(10)

Phys. Med. Biol. 55 (2010) 4047-4062 adequate for NECESSARY for|] adequate for
and .phys_. Med.. Biol. 56 (2011) 511 photon radiation. || beta radiation.|| £, <40keV & B
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PTB Extremity dosem. for the lens? Calibration phantom?

Are extremity dosemeters (for photons for H,(0.07)) appropriate?

Calibration on
rod phantom slab phantom ... yield the same results!

3 J:

—&— MPA-TKD-01 - > LPS-TLD-TK 03 - O : LPS-TLD-TK 07
+ X/ * LPS-TLD-TK 08 —K~ GSF-TL-TD-60 —® GSF-TL-TD-70

* BIIE-TLID-'I'ID-F’HIO'II'C')NEN 01 : ‘ BEI-TLI?-TID-II3ri!IeI .
100 1000 2000
Energy / keV
R. Behrens et al.:
Rad. Prot. Dosim. 148 (2012) 139-142
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PTB Monitoring of the lens of the eye: practice in Germany

Routine measurements
* D: H,(3)- and H'(3)-dosemeters

« D: alternatively until end of 2021 (§ 197 (1) and § 90 (2) StrISchV):
H,(0.07)- and H'(0.07)-dosemeters in photon fields

P
¥ <, MPA-TKD_O1

MPANRW
Ihr Partner fiir Sicherheit und Qualitat \

BE-TLD-TD-Brille

m Berlin.de

| GSF-TL-TD-60
~ also with
headband

HelmholtzZentrum miinchen I
Deutsches Forschungszentrum filir Gesundheit und Umwelt

L|P[S
LPS TLD-TK 07
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PTB Monitoring of the lens of the eye: practice in Germany

Routine measurements
* D: H,(3)- and H'(3)-dosemeters

« D: alternatively until end of 2021 (§ 197 (1) and § 90 (2) StrISchV):
H,(0.07)- and H'(0.07)-dosemeters in photon fields

BE-TLD-TD-Brille

i Berlin.de

L|P[S
LPS TLD-TK 07

HelmholtzZentrum miinchen I
Deutsches Forschungszentrum filir Gesundheit und Umwelt
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PTB Irradiations and type tests in H,(3) and H'(3) possible

Photon spectra:
« Conversion coefficients for K, = H,(3).,:
Radiat. Prot. Dosim. 151 (2012) 450

« Conversion coefficients for K, = H'(3):
P J. Radiol. Prot. 37 (2017) 354

Beta radiation:

e Extensions to the Beta Secondary Standard BSS 2

incl. conversion factors from H,(0.07) =» H,(3) and H'(3):
J. Instrum. 6 (2011) P11007 and Erratum and Addendum

", - ~"=1) « Available for old instruments via SW update

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
Dosimetry of the lens of the eye 13" EURADOS Winter School ”Eye lens dosimetry” 2020-01-30 Firenze, Italy Dr. R. Behrens 16



PTB Use cylinder or slab phantom for

H(3)?

Response on slab above 45° significantly different! R

Eye-D: Response on Slab / Response on Cylinder

.
L} T T T

Behrens and O. Hupe
Radiat. Prot. Dosim.

168 (2016) 441

+O° .
® 45° s Sy ..
—a— 60° ALEEE S e
¥ 75° ."--..___‘
= | --e--900° =
. . . | Uncertainty
| = Calibration (0°) on slab or cylinder bars: standard
ﬁi, = Type test ONLY on cylinderl =~ — joymvone
T values
T T \ -
S . ===
3 1 -
1.0 - Nzi_
0.9 — —
10 100 keV 1000 2000

Photon energy —»

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin

Dosimetry of the lens of the eye
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PTB H,(3) eye lens dosemeters: Calibration and characteriz.

Calibration (0°)

R. Behrens and O. Hupe

Characterization (0° .. a)

Radiat. Prot. Dosim.
168 (2016) 441

Area Individual Area Individual
monitoring monitoring monitoring monitoring
free in air Eye lens dosemeters free in air Eye lens dosemeters

on
water cylinder, water slab or PMMA rod
phantom

on
water-cylinder phantom

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin
13" EURADOS Winter School ”Eye lens dosimetry” 2020-01-30 Firenze, Italy

Dosimetry of the lens of the eye

National Metrology Institute
Dr. R. Behrens 18



PT Calibration, characterization and measurement

Calibration (0°) and

characterization (0° .. a) Measurement
Area Individual Area Individual
monitoring monitoring monitoring monitoring

‘.? 2 4 V
[‘L "2 ) = ’

freein air | Whole body-, eye lens-, ring-dosem. | freein air | Whole body-, eye lens-, ring-dosem.

on at the person
Water slab-, water-cyl.-, PMMA-rod- at representative part of the body
phantom

_ : behind / below protection
(water-pillar not in Germany)

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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PTB Calibr., charact. and meas.: proposal of ICRU RC26

Calibration (0°) and

characterization (0° .. a) Measurement
Area Individual Area Individual
monitoring monitoring monitoring monitoring

730 JR~ =
freein air | Whole body-, eye lens-, ring-dosem. | freein air | Whole body-, eye lens-, ring-dosem.
on at the person
Water slab-, water-cyl.-, PMMA-rod- at representative part of the body

phantom

_ : behind / below protection
(water-pillar not in Germany)

Procedures unchanged — “only” new conversion coefficients
=>» Calibration coefficient and energy dependence change!

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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PTB Monitoring of the lens of the eye: nuclear medicine

Dose rate constants for the quantity Hp(3) for frequently used
radionuclides in nuclear medicine

Bastian Szermerski'-*, Iris Bruchmann ', Rolf Behrens?2, Lilli Geworski'’

"Department for Radiation Protection and Medical Physics, Medical School Hannover
2 Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100, 38116 Braunschweig

Table 1

Z. Med. Phys. 26 (2016) 304

Source characteristics and dose rate constants for the investigated nuclides and geometries (average of values measured at both eyes and at
Dose rate per activity at 1 m

all distances).

Nuclide Dominant emissions Geometry Knuclide F{Hp(3)) in { mSv-mz:l."[GBq-h;l
Radiation Ey: Eg max P This work From photon Otto [19] ©
keV emission “/

.| 141 0.89 5ml solution in 10 ml syringe  0.71 =0.04f 0.021 £0.006 0.025 a) 0.026
uis

B 606 0.90 Capsule in applicator 0.66 £0.03] 0.071+£0.021 0.0699 0.068

+ 365 0.82 udcs

i 634 0.97 S5ml solution in 10ml syringe  0.60+0.03 0.169+0.049 0.169 0.005 u ™

photons 511 1.94 0! 0.169 s

i 1899 0.89 5 ml solution in 10 ml syringe 1.00£0.058 0499+0.146 0.155 1.20 u

photons 511 1.78 ° 0.161 s

B 2280 0.99 Microspheres in 5 ml syringe 1.00£0.05 2.566+0.762 2.35u
0.0 s
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PTB Monitoring of the lens of the eye: nuclear medicine

Dose rate constants for the quantity Hp(3) for frequently used Z. Med. Phys. 26 (2016) 304
radionuclides in nuclear medicine < —— —

Bastian Szermerski'-*, Iris Bruchmann ', Rolf Behrens?2, Lilli Geworski'’

"Department for Radiation Protection and Medical Physics, Medical School Hannover
2 Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100, 38116 Braunschweig

Table 1
Source characteristics and dose rate constants for the investigated nuclides and geometries (average of values measured at both eyes and at
all distances). Dose rate per activity at 1 m
Nuclid Dominant emissions Geomelry Fnuclide F(Hp(3)) in (mSv-m? W(GBqg-h
Radiation Ey: Epmax P This work From photon Otto [19] <!
keV emission */
¥ 141 0.89 Sml solution in 10 ml syringe  0.71+0.04f 0.021+0006 0.025% 0.026
uks
B 606 0.90 Capsule in applicator 0.66+0.03@ 0.071+0.021  0.0699 0.068
¥ 365 0.82 uks
B* 634 0.97 5ml solution in 10 ml syringe  0.60+ 003 0.169+0.049 0.169 0.005u™
photons 511 1940 0.169 s
B* 1899 0.89 5 ml solution in 10 ml syringe 100+ 005 0499 +0.146  0.155 1.20u
photons 511 1780 0.161 s
B 2280 0.99 Microspheres in 5 ml syringe 1L.00+ 005 2.566+0.762 235u
0.0s
) Annihilation photons.
) Two photons per annihilation.
) See equation (3} for details.
') For Te-99m and I-131 all photon emissions above 10 keV are taken into account.
¢ ) “u” denotes “unshielded”, i.e. photons {without annihilation photons), B°, and B* are taken into account:
“s” denotes “shielded”, i.e. photons including annihilation photons are taken into account.
No uncertainties are given by Otto.
') The value for the unshielded source is rather small as the contribution from the annihilation photons is missing.
Figure 2. Dose rate constants divided by the average value of the dosemeters on the phantom’s eves
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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PTB Monitoring of the lens of the eye: nuclear medicine

Impact of radiation protection means on the dose to the lens of
the eye while handling radionuclides in nuclear medicine

Iris Bruchmann®*, Bastian Szermerski?, Rolf Behrens?, Lilli Geworski?

2 Department for Radiation Protection and Medical Physics, Medical School Hannover, Carl-Neuberg-Str. 1, 30625 Hannover
b Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100, 38116 Braunschweig

Figure 1. Set-up with four alderson head phantoms (above) and pro-
tection glasses (below): laboratory glasses (left) and X-ray goggles
(right).

O Laboratory Glasses

Hy(3)-dosemeters
@ X-Ray Goggles

1.0 - ~} I

o 0.8 -
2
[
v mw
‘E 0.6
(7]
| =
e
¥ pa

0.2

*
U'.D T T T |_-—|_ T
F-18 Ga-68 1131 ¥.90 Tc-99m

Figure 2. Nuclide-depending mean reciprocal attenuation factors
determined for laboratory glasses and X-ray goggles with Hp(3)-
dosemeters.

*not investigated

Z. Med. Phys. 26 (2016) 298

1.2
H,(0.07)-dosemeters OlLsboratory glasses
@ X-Ray Goggles
10 1 1
0.8

Transmission
(=] (=]
B o

=
fo

I

Tc-99m

oL [ m

F-18 Ga-68 I-131 ¥-90

Figure 3. Nuclide-depending mean reciprocal attenuation factors
determined for laboratory glasses and X-ray goggles with H,(0.07)-
dosemeters.

*not investigated
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International documents with H,(3) and / or H'(3)

IEC 61331-3: Requirement to medical
protective equipment (2014)

ISO 4037: Photon reference radiation fields (2019)
ISO 6980: Beta reference radiation fields (2004 — in revision)

IAEA TecDoc 1731: Dosimetry in practice (2013)
ISO 15382: Dosimetry in practice (2015)

IEC 62387: Requirements to dosemeters (passive) (2020)
IEC 61526: Requirements to dosemeters (active) (2010 —in rev.)

ISO 14146: Routine test for dosemeters (2018)

INTERNATI
STANDAR(

lllllllllllllllll
fayonnements photoniques.

IAEA TECDOC

SERIES

Implication
Radiation §

D

INTERNATI
STANDARL

INTERNATIONAL
STANDARD

iso [ERNATI

14146

INTERNATIONAL
STANDARD

IS0
4037-1

INTERNATIONAL ISO
STANDARD 15382

INTERNATIONAL
STANDARD

1ISO
6980-1

INTERNATIONAL
STANDARD

ELecrmomeo oL

caoe
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IAEA e ey https://rpop.iaea.org/RPOP/RPoP/Content/InformationFor/HealthProfessionals/
activities 6_OtherClinicalSpecialities/radiation-cataract/Radiation-and_cataract.htm

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

{J Radiation protection of medic: X +
C @ ® U & https:;//www.iaea.org/resources/rpop/health-profession adiology/cataract/staff B e % NN @ =
English 2
¢ r‘
\‘// ‘( l\i/ IA E A Press centre Employment Contact
- I! International Atomic Energy Agency
TOPICS v SERVICES v RESOURCES v NEWS & EVENTSv ABOUT US v Searc n
Home / Resources / Radiation Protection of Patients / Health professionals / Radiology / Cataract
-
Radiation Protection
of Patients (RPOP)
Radiation protection of medicallstaff|from cataract
— -
Hea|th pTOfeSSionals Frequently asked questions by the health professionals
- , | ) Related resources
¢ RPOP Home » Which part of the eye does cataract affect?
cataract caused by ionizing radiation different from that caused by % Retrospective evaluation of lens
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APTB Dosemeter tests: Germany
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R. Behrens et al.: Intercomparison of eye lens dosemeters.

Radiat. Prot. Dosim., Vol. 174, 6 (2017)
https://doi.org/10.1093/rpd/ncw051
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PTB Dosemeter tests: Germany
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Betas often overestimate
(up to a factor of 5000!) R. Behrens et al.: Intercomparison of eye lens dosemeters.
Radiat. Prot. Dosim., Vol. 174, 6 (2017)
Photons well detected https://doi.orq/10.1093/rpd/ncw051
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PTB Dosemeter tests: international (EURADOS)

Participant from 12 nations from

22 IMS (individual monitoring services).
Bulgaria, Czech Republic, France,
Germany, Israel, Italy, Slovakia, Spain,
Switzerland, Turkey, United Kingdom, USA

6 Eye-D™ systems (ORAMED European project)

3 Dosemeters with special badge to wear near the eye
11 Dosemeters in a plastic bag

2 Whole body dosemeters

I. Clairand et al.: EURADOS 2016
intercomparison exercise of eye lens dosemeters.
Radiat. Prot. Dosim., Vol. 182, 317 (2018)
https://doi.orq/10.1093/rpd/ncy067
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PTB Dosemeter tests: international (EURADOS)
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l. Clairand et al.: EURADOS 2016
intercomparison exercise of eye lens dosemeters.
Radiat. Prot. Dosim., Vol. 182, 317 (2018)
https.//doi.orq/10.1093/rpd/ncy067
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PT Contents

Introduction: Why the lens?

Dosimetry in general

Which quantity for the lens of the eye?
Practical and formal aspects

Reactions of international organisations
Conclusions / Challenges
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PTB Conclusions / Challenges

Protection and operational quantities
* Equivalent dose to the lens of the eye, H .o
 Personal dose equivalent to the lens of the eye, H,(3)
* Directional dose equivalent to the lens of the eye at 3 mm depth, H'(3)

Calibration, characterization and measurement
Personal monitoring :
» Calibration: on cylinder or slab phantom, only at a = 0°
* Characterization at a # 0°: only on cylinder phantom
*+ Measurements: close to the eye
Area monitoring:
» Calibration, characterization and measurement ,,free in air*
+ H'(3) dosemeters not yet available

Dosemeter comparison in H,(3)
* Betas often overestimated (up to a factor of 5000!), especially with H,(0.07) dosemeters
 Photons well detected, also with H,(0.07) dosemeters

Monitoring
* Obligation to measure on the person if H,. > 15 mSv/year possible

* Use of H,(3) and H'(3) as of 2022 (in Germany — different in other countries)
until then in photon fielders also H,(0.07) and H'(0.07) possible
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