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and eye protection of workers

INTRODUCTION

In April 2011, the International Commission on RaAdgical Protection revised its eye
dose threshold for cataract induction. The Commisspecified a limit of 0.5 Gy,
compared with the previous threshold doses foralisupairing cataracts of 5 Gy for
acute exposures and > 8 Gy for highly fractionaieds. Further, ICRP recommended
a reduction in the dose limit for occupational exyre in planned exposure situations
(in terms of equivalent dose) for the lens of thie #om 150 mSv to 20 mSv in a year,
averaged over defined periods of 5 years, with ogedn a single year to exceed 50
mSVY. This revised dose limit is incorporated into IAHAternational Basic Safety
Standard®, and into the Council Directive EuratSfwhich must be implemented by
the Member States by February 2018.

The reduction of the limit for occupational expasuor the lens of the eye has
significant implication in view of the applicatidn planned exposure situations for the
different areas of occupational expostiteand needs adequate approaches for eye
protection and eye dose monitoring.

IRPA initiated a process in 2012 to survey the wewof the Associate Societies
worldwide and to provide a medium for discussion tre implications of
implementation of the new limits for the lens oé tye in occupational exposiié

Within the IRPA key scope of supporting the RP pssfonals; the purpose of this
guideline is to provide practical recommendatiohews when and how eye lens dose
should be monitored in the framework of the implatagon of the new ICRP dose

limit for the lens of the eye, as well as guidanceuse of protective devices depending
on the exposure levels.



WORKERS FOR WHOM LENS OF THE EYES MONITORING MIGHT BE
NEEDED

lonising radiation as neutron, photon and betaatawi can result in exposure to the
lens of the eye, while an exposure to alpha pagiere in general not considered in
relation to the very low penetration depth in tessiExposure to neutron, as to heavy
ions, are unlikely to be as an important contriimutio the lens of the eye dose in
general, since they may be restricted to astror@uscidental conditions.

Risk assessments should be carried out to idewtiikers for whom exposure of the
lens of the eyes might be important. These wiluregjithe use of information available
on the tasks undertaken and the level of involvenmetihe procedures.

1. Workers exposed to a relatively uniform wholedpoadiation field, shall not

need any specific eye lens monitoring. The wholdylbadosimeter will provide a

good estimate of the eye-lens dose. This is thd fmeguent situation, and thus
in most cases no special monitoring or procedurab ke required.

2. Workers exposed to weakly penetrating radiatioa non-uniform radiation
field producing a significant dose to the lens hulow effective dose. This
might be the case for contaminated areas or invitiaity of high levels of

directional dose-equivalent rate produced by bedgation.

3. Workers exposed to highly non-uniform radiatfegids in which the eyes
may be especially exposed, such as the case oVenteonal radiologists and
cardiologists who work close to the radiation seurat with a part of their body
protected with a lead apron or similar situations.

For categories 2 and 3, estimation of potentiakdds the eyes is required. For weakly
penetrating radiation it is recommended that thigateon field is characterized and the
maximum energy of beta radiation determined, sd tha appropriate protection
methods can be used. Within category 3, fluorosadyi guided procedures in
medicine are likely to be the most frequent situadiwhere special eye lens monitoring
is required.

Occupationaéxposure tthelensof the eyas considered ithe nucleamdustry mainly
in the use of hot cells, decommissioning of nucfaailities or in case of handling Pu or
depleted U.

Occupational exposure to the lens of the eye isidened in the medical field mainly in
fluoroscopically guided procedures imterventional radiology and cardiology,
preparation of radiopharmaceuticals and manuahlytherap{.



PROPOSED DOSE LEVELS FOR IMPLEMENTATION OF DOSE
MONITORING

Prior to routine monitoring, for category 2 and 8rlers, it is important to assess the
dose levels to the lens of the eye in a workplaald Eituation in order to decide which
method, if any, and interval of routine monitorilsghecessary. The potential eye doses
can be obtained from workplace monitoring, wholabaosimetry, literature data,
simulations or confirmatory (pilot) measuremértsFor interventional clinicians, a
number of studies involving multiple centres andaremalyses of published data have
been reported, and these can be helpful in esbmafi potential doses to the eyes based
on other parameters or doses measured in othes pathe body: 2. Data on the
number of procedures performed, the kerma-areauptosorklioad, the interventional
access route and proximity to the x-ray tube shbeldonsidered for risk assessritént

The dose limit for the eye is expressed in termsgpfivalent dose to the lens .
This quantity cannot be measured but it is welhestied using the operational quantity,
individual dose equivalent at 3 mm depth £3). The depth of 3 mm was selected as it
corresponds to the depth at which is located the giathe lens sensitive to ionising
radiation. If the radiation field is well known,,(3) can be estimated by the use of
dosemeters type tested and calibrated in termghef quantities, such as the individual
dose equivalent at 0.07 mm depth{@§07) and at 10 mm depth 0)*>.

Recommendations for dose monitoring based on pateldses are given in Table 1.

Table 1 Proposed dose levels for implementation of dose monitoring™®

Tissue  Dosimeter Dose Annual Monthly Protection / Dose monitoring
position guantity*  dose (mSv) dose recommendations
(mSv)
Eyes Collar or Hp(3) 1-6 0.2-0.5 Initial monitoring with collar bead
headband dosimeter to establish dose levels.

Regular monitoring recommended

Eyes Collar or Hp(3) > 6 (15)** >0.5 Regular monitoring with catl or
headband head dosimeter is required.

* In photon fields, characteristics of fluorosamdly guided procedures Hp(0.07) or Hp(10) maydle
used
** dose constraint in brackets

EYE LENSMONITORING PROCEDURES

The most accurate method for monitoring the egaiMatiose to the lens of the eye is to
measure the personal dose equivalent Hp(3) withosinteter worn as close as
practicable to the eye.



In a homogeneous radiation exposure, an unshieltiete body dosimeter worn on the
thorax provides a good estimate both of the effectiose and the dose eye equivalent
dose.

In cases of non-homogenous exposures, such asatliprocedures, where workers
protect part of their body with a lead apron, reggslia better policy. A dosimeter worn
under the lead apron will yield a reasonable edéntd effective dose but will not
provide an indication of the eye exposure. In thigation a second unprotected
dosimeter is recommended. Personal dose equivaleasured with dosimeters worn
on collar or head could be considered to providatesfactory estimate for annual eye
lens doses. The closest is the position of thentetelr to the eyes the better is the
estimate.

When using a single unprotected dosemeter worheatdllar or thorax, especially for
measured annual doses above 6 mSy, it is recommendperform a pilot study to
determine a conversion factor between this measeeand H(3) measured close to
the eye. Such study can provide an objective @ritefior ensuring compliance with the
dose limit§"*").

The ICRP recommends the use of one dosimeter wotthe trunk of the body inside
the apron, and a second dosimeter worn outsidegphmn at the level of the collar for
interventional radiologists, and cardiologists, ctdar surgeons and other groups
undertaking interventional proceduf&s®,

For other users of fluoroscopy, and staff presemind interventional procedures, but
larger distance from the patient, the need for ssessment of dose to the eye must be
borne in min&. Use of a collar badge should be based on pragiterns and
workload. In some cases, initial collar monitorimgll support the desirability of
continuing requirements for the collar dosimeteriristitutions where all staff always
wear lead aprons, it may only be necessary foirtegventional clinician performing
the procedure to wear two dosimeters, while othaff ©nly wear a collar or eye
dosimeter.

GUIDANCE ON USE OF EYE PROTECTIVE DEVICES

In the occupational exposure setting, radiationosype to the eyes can be broadly
divided into three categories:

i) exposure to beta radiation that can be effectisblglded by wearing protective
eyewear containing plastic lens (Perspex™ or edgmig
i) exposure to x-rays that can be shielded by wegmiotgctive eyewear with

lead-glass lenses;
iii) exposure to gamma radiation that is so penetr#tiaigprotective eyewear
would be too heavy or bulky to wear.



It should also be noted that for item ii) aboveattithe radiation protection factor

published by the manufacturer of the glasses iameal description of the effectiveness
for reduction of dose to the lens of the eye, singeortant factors such as the fit and
shape of the glasses and the angle of exposur¢ypically need to be taken into

account.

In the medical field

The lead apron is the most essential componenemsopal shielding in an x-ray room,
and must be worn by all those present. It shoulddied that the level of protection of
the lead apron depends on the x-ray energy, wkicbgresented by the voltage applied
across the x-ray tube (kV). Staff working closetlie patient should wear a thyroid
collar. Since the risk of radiation induced thyro&hcer is higher for those under 30 v,
especially females, use of a thyroid collar shdagdconsidered for all staff under 30 y
who are present in the interventional room. It ttabe remembered that the lead apron
and thyroid collar are extremely good in reduciagels of radiation scattered by the
patient that reach the chest, neck and the otleegied parts of the staff member’s
body, but do not provide any protection for theslehthe eye.

Doses to the lens of the eye of the staff can lportant during interventional radiology
and cardiology and in nuclear medicihé®. As regards protection of the eyes in the
medical field, Table 2 summarizes the protectiocoremendations depending on the
annual dose.

Since effective use of ceiling suspended screedstalerance of lead glasses both
depend on the operator, individuals must be inwblwe decisions on options for
protection that suit them.

Table 2 Proposed dose levels for guidance on use of protective devices *©

Tissue Annual Protection recommendations
unprotected
dose (mSv)
Eyes 3-6 Ceiling suspended screens should be usem &vailable. Protective eyewear

may be considered where there is no other protdivice.

Eyes 6-10 Training in use of ceiling-suspendedestgseecommended. Protective eyewear
should be considered, particularly where no othetagative devices are
available.

Eyes >10 Protection essential. Both ceiling sudpdrshield and protective eyewear

should be considered and at least one form used.

Ceiling suspended screens

Staff should be trained in optimal use of ceilingended screens, before commencing
interventional work. The training should includerreat positioning linked to the
different positions of the x-ray tube with respecbperator position.

The ceiling suspended screen is more effective vpositioned close to the skin of the
patient and to the x-ray field. The ceiling suspahdcreen can provide good protection



for the whole head, but this depends on effectise through repositioning whenever
the x-ray tube or patient couch are moved, sodhaé reduction factors in practice are
usually only of the order of two, although diliggrasitioning could give reductions of
4-5 time&™,

Protective eyewear

Use of properly designédrotective eyewear should be considered if thesomeal
annual eye dose exceeds 6 mSv. Lead glasses cadegxdmse reduction factors of 4-5,
although since the doses depend on the glassegndesily factors of 2-3 can be
guaranteed®. Different models of protective eyewear with vasoshapes, sizes and
lead thickness should be evaluated before their aggenst penetrating and higher
energy gamma rays. The evaluation should includ®gaaphy to confirm that the side
shielding is adequate. If there is no specific @atailable for measurements of the dose
reduction, then a factor of 2 may be applied pregiidhe eyewear is of an approved
design. However, systems must be in place to ertbat¢he protective eyewear is worn
consistently.
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