.. ® ) EEAE EAAHNIKH ENITPOMNH ATOMIKHZ ENEPTEIAZ
P GREEK ATOMIC ENERGY COMMISSION
e ©

Eye lens monitoring:
How is it implemented in different
countries?

Eleftheria Carinou, Robert Kollaard and Merce Ginjaume

WG12 Dosimetry in medical imaging
Winter School, Eurados, Florence 2020

www.eeae.gr




contents

* Framework

* Provisions in EU Directive 59/2013

* Status of eye lens monitoring in hospitals (2014)
* Regulatory status of eye lens monitoring (2018)
* Implementation in practice

* Conclusions

) www.eeae.gr
@



The framework




l‘ni INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION

ICRP ref 4825-3093-1464
Statement on Tissue Reactions

Approved by the Commission on April 21, 2011

(1) The Commission issued new recommendations on radiological protection in
2007 (ICRP, 2007), which formally replaced the Commission's 1990
Recommendations (ICRP, 1991a). The revised recommendations included
consideration of the detriment arising from non-cancer effects of radiation on health.
These effects, previously called deterministic effects, are now refemed to as tissue
reactions because it is increasingly recognised that some of these effects are not
determined solely at the time of imadiation but can be meodified after radiation
exposure. Previcusly, the Commission had reviewed various aspects of non-cancer
health effects of low linear-energy-transfer (LET) ionising radiation in Publication 41
(ICRP, 1984), high LET radiation in Publication 58 (ICRP, 1590), the skin in
Publication 59 (ICRP, 1991b), and the skin and the eye in Publication 85 (ICRP,
2000).

(2) The Commission has now reviewed recent epidemiological evidence
suggesting that there are some tissue reaction effects, particularly those with very
late manifestation, where threshold doses are or might be lower than previously
considered. For the lens of the eye, the threshold in abserbed dose is now
considered to be 0.5 Gy.

(3) For occupational exposure in planned exposure situations the Commission
now recommends an equivalent dose limit for the lens of the eye of 20 mSv in a
year, averaged over defined periods of 5 years, with no single year exceeding
50 mSv.
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{Non-legislone acz)

DIRECTIVES

COUNCT DIRECTIVE 201 V59FURATOM
of 5 December 2013
laving down basic safery mandards for protecton agsinst che dangers arising from expomure

to ionising radistion, and repealing Direetives

59/618/Furatom, mwlfh.nm 56/ 25 Eusacom,

97/43 Euratom and 2003{122Faratom

THE COUNCIL ©F THE ELUROPEAN UNION,

Having regard to the Treaty establishing the European Aromiic
Frergy Community, and in particular Arice:r 31 and 11
thereof.

Having regard to the propozal from the Furopean Cammizion,
drawn up after having obmined the spinion of 3 group of
perzon: appaintsd by the Scientfic and Technical Committze
from smeng sentific expers in the Member States, and shier
having conzlted the Furopen fconomic and Secil
Commitree,

Vaving regard to she opinion of the Furapean Parkament

Having regard o the opinien of the Fimopean Feonomic and
Sodial Commitee,

Whereas:

{1 Peine (5 of Artics 2 of the Turstom Treany provides for
the extablizhment of unform zafety randard: to protect
the hesith of workers and of the gen b Artich
of the Furazom Treaty defines [ saniplinuririn e
procection of che heslth of waskers sd the gereral
priblic againzt the dingers srizing fom iomiing mé
ation:.

(& I erder 1o perform i sk, the Commnicy bid down
basic mandard: for the i time B 1959 By mean: of
Directives of 2 Febnuary 1959 laying down the basic
standards for the protection of the health of warkes
=nd the peneral public against the dangers arking fram
ieniing radistion (! The Dirsctives hove besn revized
seversl timez, most recendy by Councd Directive
8528 Furzsom (/) which sepealed the sarlier Directives

FEERTEES
Directiva $6/19Euratom of 17 May 1996 laying dawn
oty o the protactian of tha hezkh of warkars
he panacal public apanc: the dangers wuing fom fomizng
radiatson (O] 1 159, 29.6.19%6, B 0L

) Directive 96/20{Furatam establizhes the basic safety stan-
dandz. The pravizionz of that Directive pply to normal
and emergency situations and have bees supplement
by more cpecific legizhition.

#)  Councl Directive 97/41/Euratom (%), Councll Directive

89)615 /Furatom (*). Council Directi S0/641 [Fura~
(% and 200° JEuracom ()
—,mq: wpecs complemenzary 1o

Direstive 95/ 19/Easacom,

5 Az recognized by the Cours of Juctice of the European
Usion i i caelmw, the msk imposed on the
Commumity by poimt (b of Aricle the Fursam
Treaty to lay down uniform zafety standards to protect

the healh of workerz and the general public does nos
preciude, unless explicily stated in the stundand, 3
Member Stase frem o for mare zmingent
meazies of protecion. Az this Divective pravides far
minimnums mlez, Member Stazes sheuld e free o adapt
or mingin more ctingent measures i the subject-
matter coversd by thiz Directive, wichout prejudice 1
the fras movement of goodr ind zarvices in the
intemmal marke: 2z defined by the casedaw of the Court
of fuzsice

@ The Groop of Expers appoinied by the Sciemific 2nd
Technical Commires has advized thar the basic safery

fom of 0 fums 1957 on_ heskh

it the dangers of jonizing Tadiazion

ampozura, =i  satay; e
1357

‘meazaras o

akan = the et of 3 rdohgal

533, 2. 71)

Euratom of 4 Decamber 1990 on the

ien of oussda worlers srpams to the rik of
s aciviiec m commolled ares

o of 11 Decarber 2007 on the
radioactivs sourca: snd. orphan
2003, . 57).




Framework

* Reduction of the annual limit on the equivalent dose to the lens
of the eye for exposed workers (international and European

basic safety standards) ¢ @)\\\’
* Regulatory bodies, scientific committees, professional societie: \"Q\\J
* RPOs and RPEs IAEA
 WORKERS!

* To be implemented by ...
- practical implementation of the reduced limit ???
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Meanwhile...




Meanwhile ...

Oramen
&>

* Research projects (ORAMED, EURALOC...) (1
Furalec

* Many publications involving measurements, simulations,
regulatory issues, quantities to be used, calibration issues etc ...
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Types of eye lens dosemeters




European Directive




What is foreseen in the

EU BSS?

73 pages, 109 articles, and 18 annexes

) e
e @ ) www.eeae.gr
e .,

17.1.7014
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DIRECTIVES

COUNCIL DIRECTIVE 201 Y59 EURATOM
of 5 December 2013
liying down basic safery sandards for protection sgsinzt the danger: arising from expocure

to ionising radistion, and repealing Directives 896

541 28]

97/43Furasom and 2003/122/Euratom

THE COUNCIL OF THE EUROFEAM UNION,

Having regard to the Treasy establiching the Furopean Atomic
Energy Community, and in paricular Arsides 31 and 32
thereaf.

Hiaving regard 1o the proposal fam the Furopean Cammision,
drawn up sfher having cbizined the opinion of 2 group of
personz appeinted By the Scientic and Technicsl Commitse
from ameng ssiensific experts in the Member States, and afees
having conmilied the Foropean  Fzomamic and  Secial
Commiteee,

Having regard to the opinion of the Furapean Parfament.

MHaving regard to the opinicn of the Furopean Fxonamic and
Secial Commitee,

Whersar:

{1 Poine (5] of Article 2 of the Furstom Treaty provides for
the establichment of uniform =fety sandards o protect
the heaith of workers and of the general public. Article 30
of the Furatom Treaty defimes “baric ctandardz" for the
protection of the health of workers and the peneral
public apainzt the dangers arizsing from ioning md-
atians.

i® In order to perform itz task, the Community lxid down
basic standardz for the first dime in 1950 by meanz of
Directives of 1 Febmuary 1952 laying down the basic
standards for the protection of the health of workers
and the peneral public againct the dingers arking from
ienising radistion ('], The Directives have been revized
zeverzl times, most recently by Council Directive

95/26 Eurarom 7] which repealed the earlier Directives.

F18

i 1% fEuratom of 17 May 1996 laying down
Fasic =ity mandard: for the protecion of tha heakh of workars
and the generz! public aperet the dangers aising from lomising
radiation (O L 159, 29.6.19%6, p. 1L

} Council Dimectha 3743 /Euratom of 30 |

| Council Diractive 50/64

Diirsctive 96/ 20/ Furatom ectablizhes the basic zafeey ctan-
dards The provisions of that Directive =pply to normal
and emergency sitaations znd have bes supplemented
by mere cpecific legislation.

Caum:ﬂ Directive 07/43/Enratom (7, Councl Directive

[Furatom (Y, Councl Divsctive f
nd Council Divective 2007/
cover differen: pecific aspec:  complementary tm
Direcsivs /29 Enrasam,

Az recognized by the Court of Justice of the European
Unmion in itz caselaw, the mcks impesed on the
Commumity by point (bl of Amicle 2 of the Furaom
Treaty 1o lay down umiform safety seandards 1o protec
the health of workerz and the pameral public does not
preciude usles: esplicidy ctared in the zmndards 2
Member Stare from providing for mare crringen:
meazures of protection. Az this Directive provides for
minimmm nides. Member State: should be free 1o adopt
or mainmin more ctringent measures in the cubject-
matter coversd by thic Dirsctive, withour prejudice o
the fras movement of goods and services in the
internal marker 2= defined by the cazedow of the Court
of h=tice.

The Group of Fxperes appointsd by the Seisntific 2nd
Technical Commitres has sdvized thar the basic zafery

@ 1337 on heaith
protaction of individuzl spainct the damgers of lomising radizsion
in miztion o medical
E4j466/Euraom (0] L 150, 9.7.12

Council Dirsctiva 53818/ Eurziom Novamber 1322 on
inSarming tha gamaral pusic shou hasish protacton mesne: to
be applisd and stepz to be tkan in the evant of 3 radsalopical
smirgency (07 L 35 285, 2. 31

rarom of 4 December 1950 on the

eparanamal ion of ousda worker arpazsd to the rk of
ionising  medi during  chair activiies 0 comrollsd  aneas
10} L 349, 13.121990, p. 214

Council Dirsctive 200
contral of tigh-actvi
sourcas (0] L 346, 31

cealed radioarriva  sowncas
003, p. 57

om of 11 Dacamdar 2007 on the
amd. caphan




European BSS

* Recital no 14 “This Directive should also follow new ICRP guidance
on the limit for equivalent dose for the lens of the eye in
occupational exposure.”

* Article 9 Dose limits for occupational exposure “a) the limit on the
equivalent dose for the lens of the eye shall be 20 mSv in a single
year or 100 mSyv in any five consecutive years subject to a maximum
dose of 50 mSv in a single year, as specified in national legislation”

» Article 11 Dose limits for apprentices and students “(a) the limit on
the equivalent dose for the lens of the eye shall be 15 mSv in a year;”

)) www.eeae.gr




European BSS

» Article 12 Dose limits for public exposure “(a) the limit on the
equivalent dose for the lens of the eye shall be 15 mSv in a year;”

» Article 35 Arrangements in workplaces “...for the purposes of
radiation protection, arrangements are made as regards all
workplaces where workers are liable to receive an exposure greater
than ...an equivalent dose of 15 mSv per year for the lens of the

124

eye...

, )) www.eeae.gr



European BSS

» Article 40 Categorization of exposed workers “(a) category A:
those exposed workers who are liable to receive ...or an equivalent
dose greater than 15 mSv per year for the lens of the eye ...;

* (b) category B: those exposed workers who are not classified as
category A workers.”

* Article 41 Individual monitoring “In cases where category A
workers are liable to receive significant internal exposure or
significant exposure of the lens of the eye or extremities, an
adequate system for monitoring shall be set up”

, ) www.eeae.gr
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European BSS

 Article 82 Radiation protection expert ...the advice of the RPE
shall cover ... “(d) classification of workers;”

* Annex 10 Data system for individual radiological monitoring “The
results of the individual monitoring of the exposed worker shall

include the official dose record (year; ... equivalent doses in the
different parts of the body in mSv; ...),”

)) www.eeae.gr



Implementation
by the end users
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Implementation means ...

v'How to measure the exposure to the lens of the eye

v'How to estimate the eye lens
v"Who should be monitored?
v"Who is responsible to do the categorization of workers?

) www.eeae.gr



To get some answers for the practical
implementation ...

* A questionnaire was developed by the members of
WG12 of EURADOS in order to establish an overview of
the status of eye lens radiation dose monitoring in
hospitals (2014)

* The questions about:
o knowledge of the proposed eye lens dose limit;
o monitoring and dosimetry issues;
o training and radiation protection measures.

@ )) www.eeae.gr



Status of eye lens monitoring in European
hospitals

* 195 responses from 23 European countries

* 93% of the responses stated that they are familiar with the change
in the eye lens limit

* 55% have already performed some specific eye dose monitoring
pilot studies

* @ ) www.eeae.gr
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How do you measure/estimate eye lens doses?

total number:157/83 =R

® NM
70

60 -
50 -
40 -
30 -
20 -
10 -
0 -

number of answers

1: use of a specific dosemeter 2: use of extremity 3: use of whole body 4: not measured/estimated
dosemeter dosemeter worn on collar

' in many cases eye lens monitoring was not performed or; it
is done within a framework of specific studies.

www.eeae.gr



Position of the eye lens dosemeter

on the shoulder
3%

on the collar
26%
the position of the

dosemeter varies
5 considerably.

near the eye, in front
of the lead glasses
37%

between the eyes
15%



Status of eye lens monitoring in European
hospitals - 2014

There was good awareness of the reduced eye dose limit

Many specific eye dose studies had already been performed or were
in progress

The new eye lens dose limit could be exceeded for those working
with IR

Harmonisation about the position and method of estimation of the
eye lens dose was suggested

www.eeae.gr



Regulatory status




Implementation means ...

v'Modification of the national regulations
v'Registration to the NDR
v'In line with GDPR (May 2018)

Also..

v'Guidance on appropriate quantity, algorithm, correction factor,
position of dosemeter

) www.eeae.gr
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Overview of
the regulatory status of eye lens monitoring

Eurados WG12 organized a survey through a questionnaire
addressed to regulatory authorities

»to investigate how the various countries are dealing with the:
v’ estimation of the effective dose, E, and
v'equivalent dose to the lens of the eyes, H,_,,

when protective garments such as thyroid collars, lead aprons
or lead glasses are worn.

@ ) www.eeae.gr
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Design of questionnaire 4
Rﬁﬂ. :
* country’s regulations ?Tﬂﬂ
* double dosimetry [

A
* monitoring of the dose to the lens of the eye o

* methodology for the estimation of the effective dose and the dose to the lens of the eye

* national dose register

* few months before the February 2018 deadline for the implementation of
the reduction in annual limit European Union member states

 information gathered need to be interpreted in light of foreseen
modifications

) www.eeae.gr
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Answers from

26 countries responded to
the questionnaire




Level of regulatory provisions for determination of the
effective dose and/or the operational quantities for
individual monitoring

All of the 26 countries have certain
provisions in their regulatory framework

B Governmental level (Decree of the
Cabinet, ministerial order)

However, 12 out of 26 have no legal
requirement for the estimation of the
dose to the lens of the eye!

B Highest state level (Presidential
decree, state law)

W Technical guidance by the
competent authority

e @ ) www.eeae.gr
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What type of dosemeter is required for the estimation
of the eye lens dose?

12

¥ No legal requirement to estimate the eye lens dose
10

B Legal requirement to estimate the eye lens dose

Number of countries

A dosemeter above protection Specific eye lens dosemeter Other arrangements



Is there an algorithms in place for the estimation of the
eye lens dose H,,..?

A no! 23/26

. Yes! 5/26 for the
Yes! 3/26 ~ effective dose
-He=fH,3),
B Hlens:f, Hp(0,07),
when eye lens dosemeter is used
above the radiation glasses

Approved by the
competent authority

________________________________________________________
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Parameters to be included in the NDR

All of the responding countries use
some kind of national database for
keeping individual
monitoring data.

the operational quantity
H,(3) is stored in the NDR of
only 7 out of 26 countries

s @ ) www.eeae.gr
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H,(10) below

H,(0.07) below

H,(10) above

H,(0.07) above

E (estimated from the operational quantities)
Extremity doses

H,(3) below

H,(3) above

18
14
14
11
12
17



Parameters to be included in the NDR

20
18 m Derived estimated effective dose
16 W Hp(d) above the protection
214 " Hp(d) below the protection
= b = Extremity dose
S
s 10
g 8
=
=z 6
4 =
2 -
0 - 1

Hp(10) Hp(0.07) Hp(3)



Changes foreseen

* 15 out of 26 are considering changing their NDR to be able to record
additional parameters, such as
* the results of double dosimetry,
* the measured values of H(3),
* the correction factor for the applied protective measures ...

* To be in line with the new GDPR

* @ ) www.eeae.gr
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Changes
foreseen

A Data to be included in the data system for individual radiological monitoring

3. Data on the worker’s identity shall include the worker's:
(a) surname,
(b) first name;
(c) sex;
(d) date of birth;
(e) nationality; and
{f) unique identification number.

4 Data on the undertaking shall include the name, address and unique identification number of the undertaking.

el

Data on the employment of the warker shall include:
{a) the name, address and unique identification number of the employer;
(b) the starting date of individual monitoring; and where available, the end date;

(c) the categorisation of the worker in accordance with Article 40.

6. The results of the individual monitoring of the exposed worker shall include the official dose record (vear; effective
dose in mSv; in the event of non-uniform exposure, equivalent doses in the different parts of the body in mSv; and in
the event of an intake of radionuclides, the committed effective dose in mSv);



An example




Greek implementation

- ORAMED and EURALOC
- pilot study <2013

* November 2014
* Around 50 interventional cardiologists

* Average monthly dose 0,22 mSv
 Maximum monthly dose 2,5 mSv
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Greek implementation
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Greek implementation
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Greek implementation
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Actions taken




Actions taken

IAEA TECDOC SERIES

TEcpoc No. 1731

Implications for Occupational
Radiation Protection of the
New Dose Limit for the

Lens of the Eye

IAEA

International Atomic Energy Agency

l} www.ttde.g1
[ ]

1£41 000031 VaVI

This NCS report has Deen downioaded on 20 Ju 2018

Occupational radiation protection

for the lens of the eye

To reduce the risk for cataracts in the
lens of the eye, the IAEA General Safety
Requirement Radiation Protection and Safety
of Radiation Sources: Intemational Basic
Safety Standards (No. GSR Part 3) states
that occupational exposure of the lens of

the eye should be limitad to an equivalent
dose limit of 20 mSv per year, averaged over
five years, with no annual dose in a single.
year exceeding 50 mSv. This dose limit

is in lina with the recommeandation in the
International Commission on Radiological
Protaction (ICRF) Publication 103.

Optimizing protection

Appropriate protactive actions need to

be taken to ensure that doses fo the

lens of the eye do not excead the dose
fimit. Werkers potentially at risk includa
medical specialists operating image guided
equipmant in interventional cardiology

and interventional radiology, medical
spacialists performing some tasks in nuclear
medicine, workers involved in soma tasks
in the decommissioning of nuclear facilities,
‘waorkers in nuclear facilities using glove
boxes, workers that carry out some tasks
in fusi cycle facilities, emergency response
‘workers and industrial radiographers.

=(

As outlined in the
General Safety Guide on
Occupational Radiation
Protection (No. GSG-7),
optimizing protection
of workers against

high doses to the lans

of the eye involve:

« Engineerad controls
such as shielding to
reduce exposure of the eyes.

* Administrative controls such as written rules
1o control exposure in normal operations.

= The use of parsanal protective squipment
such as protective glasses. Glasses
'made of Persper. or equivalent materiais
'may be sufficient in cases involving
beta radiation. Protective glasses
«containing lead can be used to protect
‘against scatterad low energy X rays.

= nformation, instruction and training for
workers on any changes to the radiation
jprotection program to reduce doses.

When considered necassary, smployers
should provide workers with dosimeaters to
measura the dose to the lens of the eye to
verify compliance with the dosa limit.

fetry

i C ik aik 3
i ion and
May 2018 DOI: 10.25030incs-031

of the Eye Lens'

RPA

q\

IRPA guideline protocol for eye dose monitoring
and eye protection of workers

INTRODUCTION
4 o, Radialacica) Pratection ravised its eye
t of 0.5 Gy.
JUNE 2016 < of 5 Gy for
‘ecommended
/ Jre situations

-\‘T.//’_l 1Svin a year,
TecHNICAL INFORMATION SHEETS: SFRP e
[ =2ERE

lemented by

EYE LENS:

REGULATORY LIMITS, MEASUREMENT, DOSIMETRY AND MEDICAL SURVEILLANCE il 696
ations for the
ches for eye

The lens of the sye is radiossnsitive tissue that can be affscted by ionising rediation. It develops

opacities, which can go on to become catarects. Az & result of verious epidemiological

studies3d the 8 L C: 5 on Rad | Protection [ICRP] has proposed & ate Societies

revised axposurs limit for the eye lensi, which in some work situations may lead to a significant ﬂiﬂ"[tzlgs) of

change in radiclogicel protection practices around monitoring the risk of eye lens exposures. L

In this sheat, we bagin by explaining the official limits and the measuremant guantities. vioss of thie

ety e b vacsonss, Sxpamrs dsiokbons.and His oparating, praeples, snd Eefiermivs fié‘;‘l: gg:

of seversl dosemeters, togsther with their wearing conditions, before going on to describe es depending

the possibilities for indirect monitoring of the dose delivered to the lens and procedures for
dosimatric and medical surveillance.

S 1 - REGULATORY LIMITS AND MEASUREMENT QUANTITIES

In 2010, ICRP ded that the exposure imit be reduced for the lens
of the sys to 20 mGv per year on sverage over a five-year period, with & maximum of 50 mSv
in any one year!! (ss opposed to the previous 160 mSv over 12 consecutive months). Europsan
Directive 2013/69/Euratom gives the same , though fi L slightly
differently: 100mSv over a B-year period, with 8 maximum of 50 mSv in any given year [Articls
Q). At the time of publication of this information sheet, this recommendation has not yet
been transposed into French law.

The limit iz exprecsed in terms of equivalent dose to the lenc - H__ . As this quantity cannot
be measured, it is estimeted via two operational quantities™A", the first being directionsl dose
equivalent at 3 mm depth - H'™ - for area monitaring, and the second being individual dose
equivalent at 3 mm depth ~ H[3). The depth of 3 mm was selected as it corresponds to the
depth at which the part of the lens considered to be sensitive to ioniging redistion is located
In order to study the energy depasited in the tissue without using an anthropomorphic phantom,
the operational quantities are set using simplified phantom shapes. For sxample, for H (3], s
20 cm diameter right circular cylinder made of ICRU [soft] tissue materialis used and for H'™
the ICRU 30 cm diamater spharel™!.1214

2- SITUATIONS ENTAILING LENS EXPOSURE HAZARDS.

The table below gives some sxamples of lens exposure situstions by occupational sector
(industry, medical). The exposure risk and the sources t for thess sectors.
can also be found in research facilities. This ia not intended to be an exhaustive list, but is de-
signed to draw attention to situations we might not necessanily think about and to stimulste
an examination of exposure risk according to the work place. The table illustrates the fact
that all types of ionising radiations - neutrans, photons and electrons - can entail exposure
of the lens. In some , these exp itustions can lesd to dose squivalents
close to or even in excess of the expasurs limit laid down by Directive 2013/69/Eurstom.




Guidance is given about

* The energy and angle of radiation
* The geometry of the field

* The quantity to be used
* Dosemeters to be used

* Protective measures
e Where to wear the dosemeters

s @ )) www.eeae.gr



Harmonisation ...

>

* The procedures for the estimation of
the dose to the lens of the eye

* Type and position of the eye lens
dosemeter

* Algorithms to be used

* Clear definition of the parameters to
be registered in in national radiation
protection database

L







