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- Communication from the Comrnission conceming the implementation of ~Councvil.
" Directive 96/29/Euratom of 13 May 1996 laying down basic safety standards for the
protectlon of the health of the workers and the general publlc agamst the dangers B

. ansmg from lomsmg radlatlon

A

For the purposes of implementing Council Directive 96/_2*9/Euratom of 13 May 1996 laying
- down basic safety standards for the protection of the health of thé workers and ‘the general

. public against the dangers arising from i ionising radiation', the Commission, having consulted.

the group of scientific experts referred to in Artlcle 31 of the Euratom Treaty, wxshes to
commumcate the followmg 1nformat10n S '

I General Remarks o

Sy

The purpose of this. commumcatlon is to assrst the Member States in transposing into mtloml
law Council Dlrectlve 96/29/Euratom of 13 May 1996 laying down basic safety standcuds for.
the protection .of the health of the workers and the general public against the dangers ‘arising
from ionising radiation, hereinafter called the Directive. The Directive repeals w1th eftect from

13 May 2000, the prev1ously established Basic. Safety Standards Drrectlves

-

It should ‘be regarded as a reference document since Member States are bound only by the
' prov131ons of the Dlrectlve '

Exposure to ionising’ radlatlon can lead to detrlmental health effects in human bemgs The
Directive sets out requxrements designed for the protéctlon of workers and the. general pubhe
against the dangers of ionising- radiation without unduly hmltmg the beneficial ‘uses of the
practices giving rise to radiation exposure. The Commission recognises that all lllOSt Lom.cmcd
with radiation protectlon have to make value Judgements about the relame lmportanu. ot -
. dxfferent kmds of rlsks and about the balancmg of risks and beneﬁts ' S :

The European Commumty is requlred by Article 30 of the Treaty establlshmz, ‘the Luropc.an :
Atomic Energy Commumty to lay down baslc standards for the: ‘protection.of workers and the
general public agamst the dangers of i 1omsmg radratlon 'Ihese standards hth, been lald do“ n -
.in the form of Councd Drrectlves - ’ -

.. B h N}
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" OJNoL 159,29.6.1996, pl 3 o
Notably Directive 80/836/Euratom (0J No L 246, 17. 9 1980, p.1 )us dmcnded by o
Dxru,tlve 84/467/Eur'1tom (OJ No.L 65 5.10. 1984 p 4) ’ SRR
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Those Directives have always made use of the recommendations of the International
Commission on Radiological Protection (ICRP) and the International Commission on Radiation
Units and Measurements (ICRU). Those organisations are internationally recognised for their
assessments of the state df the art in their respective fields.

The ICRP publication on which the 1996 Directive is based is ICRP Publication N° 60 that
contains the latest general recommendations issued by the ICRP to take account of  .the
continuing development in scientific knowledge and administrative experience. This
development has been of an evolutionary nature and it did not fundamentally change the system
of protection recommended by ICRP Publication N° 26 on which the 1980/1984 Directive was
based. .

Until 1984 the Basic Safety Standards Directive has been the only instrument of derived
legislation based on Article 31 of the Euratom Treaty. Since then, although it remained together
with the Euratom Treaty itself, the central element of the European Community radiation
protection system, it has been supplemented by a number of specific legal instruments®.’

The Directive does not affect general obligations relating to the protection of those at work as
given for example in Directive 89/391/EEC on the introduction of mcasures to cnwumbe
improvements in the safety and health of workers at work®. In the case of mutually L\LILI\I\C
dispositions the Euratom Directive is given prlorlty over EC Dlrectlvw

- Council Decision 87/600/Euratom of 14 December 1987 on Community arrangements
for the early exchange of information in the event of a radiological emergencv
0J NoL 371,30.12.1987, p. 76

- Council Regulatlon (Euratom) No 3954/87 of 22 December 1987 laying down
maximum permitted levels of radioactive contamination of foodstuffs and of
feedingstuffs following a nuclear accident or any other case of radiological emergency
OJ No L 371, 30.12.1987, p. 11. Regulation as amended by Regulation (Euratom)

No 2218/89 (OJ No L 211, 22.7.1989, p. 19)

- Council Directive 89/618/Euratom of 27 November 1989 on informing the general
‘public about health protection measures to be applied and steps to be taken in the
event of a radiological emergency : . .
OJ No L 357, 7.12.1989, p. 31 . -

- - Council Directive 90/641/Euratom of 4 December 1990 on the operational protectlon
of outside workers exposed to the risk of ionizing radiation during their activ mes in
controlled areas
OJ No L 349, 13.12.1990, p. 21

- Council Directive 92/3/Eurtom of 3 February 1992 on the supervision and control of
shipments of radioactive waste between Member States and mto and out of the
Community
OJNo L 35,12.2.1992, p. 24

- Council Regulation (Euratom) No 1493/93 of 8 June 1993 on shipments oi
radioactive substances between Member States
OJ No L. 148, 19.6.1993, p. 1

- - Council Directive 97/43/Euratom of 30 June 1997 on health protection of mdnvxduals
against the dangers of ionizing radiation in relation to mCdlLdl exposures, and
repealing Directive 84/466/Euratom '
OJNo L 180,9.7.1997, p. 22

*  OJNoL 183,29.6.1989, p.1.

> See Article 232 (2) EC Treaty.



. One of the major new features of the Directive is the dlstlnctlon between - practlces and
interventions. Practices relate to those human activities that ¢an increase radiation exposure;

interventions are those human activities that prevent or decrease radiation exposure. Other new
features are the 1ncreased recognition of the fact that some exposures due to work activities
involving natural ‘radiation sources are sxgmﬁcant enough to warrant attention, the use of dose
constraints in optimisation of protection, the concepts of clearance and of potennal exposures.
The development of scientific knowledge led to new concepts and quantities in dosimetry and
tadiation protection. It also led to lower dose limits, to redefined values. for the application of

-~the requirements on reporting and authorisation of practices and to new parameters for the
estimation of doses from external radlanon notably from neutrons, - and from 1ntakes of
.radionuclides. ' - : ‘

. II. Comments on some Articles of the Directive®

. a) TITLET
lDeﬁnitions

~ Article 1
- The definitions relate to terms used in the Dlrectwe Further deﬁmtlons are given in Anne)t II
Where necessary, guidance on the1r mterpretatlon is glven below in the comments on the
articles in questlon - » :

i) "Accidental exposure is no longer limited to exposures whereby one of the dose lmnts lald
down for exposed workers is exceeded. ‘
. . : o~ .
ii) 'Emergency exposure should not be confused with- 'Speczally authorised exposures', an
- emergency-exposure is the exposure of a volunteer actively implementing urgent protective
.actions (Article 52). A specially authorised exposure is the careﬁally planned exposure of a
category A worker who should be a volunteer for. carrymg out spemﬁc operations in
except10nal 01rcumstances (Artlcle 12) '

iil) 'Equivalent "dose and 'Eﬁ‘ective dose'. The Du'ectlve uses - the protectxon quannues ,
recommended- by ICRP Publication N° 60. They. replace the previous quantities "Dose - -
equlvalent" and "Effective dose (equivalent)". It is noted that the ICRP recommends that
““it is appropriate to treat as additive the weighted quantltles used'by the ICRP but assessed
at different times, despite the use of different values of weighting factors. The ICRP does -
not recommend that any attempt be made to correct earlier values. It is also appropriate to
add values of dose equivalent to- equivalent dose and. values of effectwe dose eqmvalent to

effective dose wnhout any adjustment”

iv) The newly mtroduced concept of 'Health detriment includes the probability of fatal.cancer,

- of severe heredxtary effects of non-fital cancer and the relative length of life lost

V) 'Qualified expert'. Advice on basic and addltlonal trammg, for quahﬁed experts 1s gnven in
Annex 1 of this commumcatlon ' :

ey T - N

' Amcles refefred to in this Commumcatlon are those of Councﬂ Dlrectlvc 96/29/Luratom
v _ofl3 May 1996 e RN
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\ vi) ‘Undertaking'. ‘The obligations set out in Title VI for the protection of exposed
workers and related to requirements for working areas are linked to the undertaking who \

~ has the legal responsibility for the practice. In a given ‘working area more than one
practice can be carried out by various undertakings or employers. In this context it
should be noted that the Directive does not affect employers’ obligations required by
- Council Directive 89/391/EEC of 12 June 1989 on the introduction of measures to.
encourage improvements in the safety and health of workers at work’. .

b) TITLE II
Scbpe
Article 2

The Directive does not apply to radon in dwellings, for which a Commission Recommendation
exists® nor to exposures to natural radiation sources essentially not controllable.

¢) TITLE III
- Reporting and authorisation of practiceS
Article 3

Reporting means the submission of a document to notify or inform the competent authorities of
the intention to undertake a practice. Article 3(2) and Annex I specify the circumstances under
* which competent authorities may decide that reporting is not required. Member States are
allowed to deviate from the values in Table A of Annex I, in exceptional circumstances and
subject to specified conditions.

Article 4
Prior authorisation is the permission granted by the competent authority in individual written
‘notification or in a legislative act that is individual in character, to carry out a practice”” It
implies the prior examination by the competent authorities of individual submitted cases.

Member States need not require such prior authorisation in the case of certain practices,
exempted from the requirement to report as stated in Article 3(2) and in Article 4(3)(a), and in
the case of practices, permitted according to conditions laid down in national legislation, where
_ examination of individual cases is not considered necessary as a result of limited risk of
exposure of human beings as stated in Article 4(3)(b). In compliance with Article 3(1) such
latter practices are reported to the competent authorities.

Authorisation is needed under any c1rcumstances for the practxces reterred to in Amcle 4(1)(b)
and in Article 4(1)(d)

Article 6(3) identifies practices which are not permitted under any circumstances.

7OJ N°L 183, 29.6.1989 pl
8 Commxssnon Recommendation (90/143/Euratom) of 21 February 1990 on the protec—
tion of the public against indoor exposure to radon (OJ No L 80, 27.3.1990, p.26. )
. 4



CAticles . - 7
" This Article deals with the disposal, recycling or reuss of radioactive substances or materials. * -

- The disposal, recycling or reuse of materials containing radioactive substances whiéh have been
involved in practices subject to reporting or prior authorisation is subject to prior authorisation.
Such materials may nevertheless be released from the’ requirements of the Directive subject to
compliance with clearance levels established by national competent authorities. Such clearance
levels shall be established following the basic criteria in Annex I. They may be generic or ‘be

" established in individual cases. The term ‘clearance’ refers to material previously subject to

r‘egulatory' control as part of the operations that gave rise to this disposal, recycling or reuse. On -
” the other hand exemption from reporting according to Article 3(2) refers to materral whrch does

. not need to become subject to regulatory’ control

~

Artrcle 3(2)(t) ensures - that human activities 1nvolvmg materlals contammated asa result of

authorised releases need not be reported ' )
In view of the mternal market, a harmonised approach to the development of clearance levels is.
highly desirable. The Commission will therefore give technical guidance for national
competent_ authorities on the establishment of clearance levels. - The Commission, with the
support of the group of scientific experts referred to in Article 31 of the Euratom Treaty, is
working on a revised version of the technical guide (1988) on clearance levels for the recyclma
of material coming from the decommrssronmg of nuclear mstallatlons Other tcchmcal gurdes
wrll follow ~ -

" d) TITLE v

: Justlﬂcatlon, optlmlsatlon and dose llmltatron for practlces
‘ : :
Artrcle 6
) : ) 1
This Artrcle sets out the basic pr1nc1ples of radratron protection and thus. requrres Member States’

to "base their procedures on these pr1nc1ples namely Justrﬁcatlon optlmlsatlon and dose B
l1m1tat10n ‘

’ Determmatlon of the Justlﬁcatron of any new classes or types of practrce is the duty of the
Member State. It should take place before the introduction of the class or type of practice and as
early as possible to reduce the influence of the already incurred costs in balancing economic and
social factors against health detriment. Compllancc with this principle can be safely .\s\umnd m -
respect of a new class or type of practice 'by the existence or laying down of ubulahons
specifically concemmg the class or type of practice. Paragraph 5 gives a list of practices
considered a priori as not justifiable under any circumstances. The- newly introduced proviso of
Article 6 (2) reflects that there might bé the need to review the justification of existing classes or -
types of practrces If an existing practice should be considered unjustified a transitional perlod |

‘could still be tolerated on the basis of a carefully weighted balance between economlc socral or
_other benefits and the health detrlment : T e S B

<

’ ‘Radiation protect1on No 43: Radiological protection criteria for the recyclmg of

materrals from the dlsmantlmg of nuclear mstallatlons Luxembourg, 1988
‘ -5



Optimisation requires that exposures from practices shall be kept as low as reasonably

achievable below the prescribed limits, economic and social factors being taken into account. -
The techniques for judging the need for further reductions in exposure in the light of what is

reasonable are very diverse. They include formal aids to decision-making such as cost benefit
analyses, but they are more usually based on professional judgement . The principle should be

applied from the design stage, throughout all other stages to eventual decommissioning or

disposal of sources. :

The third principle requires that the sum of the doses to an individual from all relevant practices
shall not exceed specified dose limits. The considerations which led to the establishment of the
dose limits are presented in ICRP Publication N° 60. The dose limits are intended to protect the
most highly exposed individuals which, in the case of members of the publlc are deﬁned as the
“reference group of the population” (Article 1). : :

S | , Article 7

The concept of dose constraint has been introduced in ICRP Publication 60 within the context
~of optimisation of protection. Dose constraints should not be confused with dose limits. They -
are essentially a ceiling to the predicted values of individual doses from a source, practice or
task which could be determined to be acceptable in the process of optimisation of protection for
that source, practice or task. : :
Dose constraints may be established and used by undertakings as a hdp for optimising
protection in the design or in the planning stage.? { They may also be established by authorities.
particularly in the context of public.exposure. They may be matters for discussions between
“undertakings and authorities.

A guide on the utilisation of the newly introduced concept is given ina report'® by a joint group
- of experts from the OECD Nuclear Energy Agency and from the European Commrsswn )
a pubhshed by the OECD in 1996.

¢ Article 9
“The Directive has decreased the effective dose limit for exposed workers from 50 mSQ ina yezrr L
to 100 mSv in a consecutive five-year-period, subject to a maximum effective dose of 50 mSv

in any’ smgle year.

‘While respecting the limit of 100 mSv . in a consecutive five-year peﬁod Member States a.re
entitled to decide instead an annual amount. In this case the effective dose limit would be

20 mSv in a year. Member States which wish to adopt stricter dose limits shall comply with - - |

Article 54.

The equrvalent dose limits for the lens of the eye, the skin, the hands, forearms, feet and ankles
remain unchanged. Their purpose is to protect against deterministic effects, for which scientific
information indicates no need for change. However, the limit for the skin now applies to the
dose averaged over any 1 cm? of skin, regardless of the area exposed. Compliance with the
effective dose limit alone is not always sufficient to prevent the occurrence of deterministic
effects on some organs or tissues. It is therefore necessary to ensure comphance wrth both the
veffectrve dose limit and the quivalent dose limits.

' Considerations on the Concept of Dose constraint, Paris 1996.

6



. 'Article 1>0 ‘

Artlcle 10 aims at protectmg the suckhng chrld or the chrld to be bom, via the workmg‘
conditions of the nursmg or the pregnant woman. ’ e A A

Ny Artrcle 22 (1) (b) identifies the addrtronal mformatron that women should be grven . '
: : Artlcle 12 N |

Specially- authorised expo'sures replace the planned . special exposures from Directive
"~ 80/836/Euratom. Experience on the application of planned special exposure under the terms. of -
~ the 1980 Directive has shown that they have been applied very seldom'if at all. A specrally'

.. --authorised exposure would involve an exposure above one of the dose lrmrts for exposed
- workers establrshed by natronal legrslatron in compliance with Artrcle 9..

~ The Drrectrve requrres maerum exposure levels resulting from specially authorised exposures
to be defined for each particular case by the competent authorities. No cerlmg is grven for such
: levels as it might be mterpreted asa generally tolerable value.: -

Article 12 2) should be read in conjunctron with Artrcles 35 and 36 on. the specral surverllance
: of exposed workers : . o .

Article 13

The Directive has decreased the effectrve dose limit for members of the public from 5 mSv to I
mSv in a year; in special circumstances, a higher effective’ dose may: be authorised in a srngle
year, provided that the average over ﬁve consecutlve years does not exceed 1 mSv per year.

. The equrvalent dose lrmrts for the lens of the eye and for the skin are unchanged Thelr purpose
is to protect against deterministic effects, for which scientific information indicates no need for

change. However, the limit for the skin now applies to the dose averaged over any 1. c¢m® of o

skin, regardless of the area exposed. Equivalent dose limits for the. hands, forearms feet and
ankles are no longer seen as necessary. Compliance with the effective dose limit alone is not
" always sufficient to prevent the occurrence of deterministic effects on'some organs or tissues. It
- is therefore necessary to erisure comphance with both the effectrve dose hrrut and the qurvalent
dose llmlts :

'The dose limits apply to the sum of the doses to members of- the public due to exposure to all
relévant sources recerved in one year, through all exposure pathways ‘ - '

Artrcle 14

This Artrcle requires optimisation of protectron to be made not only wrth respect to mdrvrduals
but also to the populatron asa whole :

The second paragraph requires regular asse'ssment's of the total of contributions to the exposure
of the population from practices. - The Objective 1s to enable competent authorities' and-
undertakings to identify trends in the pattern of exposures in partlcular where actions to reduce
doses mrght be warranted See also Article 45

7



e) TITLEV
Estimati_on of effective dose
'Aﬁicl_es 15 and 16

This Title refers to the values and. relationships given in Annex II and the dose coefficients
given in ‘Annex III to be used for the estimation of effective and equivalent doses. The
information contained in these annexes and the additional " tables annexed to 'this
Communication are taken from the most recent relevant work of ICRU and ICRP and reflect
the current status of scientific knowledge. While competent authorities may authorise the use of

equivalent methods (Article 15), it is recommended that these ‘be kept in lme with

internationally recognised scientific guldance

" With regard to the estimation of effective dose for internal exposure, Annex III gives dose
- coefficients for different chemical and physical forms that have been considered for the listed

_radionuclides and corresponding parameter values. If specific information is not available, the:

indicated default parameters may be used. On the other hand, whenever information is
available which permits a better estimation of the parameter values and corresponding dose
coefficients, competent authorities may authorise the use of such mformanon to calculate
effective dose to workers and to members of the public.

In the above context, the last paragraph of Part B of Annex III relates to the choice of parameter A
~values for inhalation dose coefficients for members of the public. The international sc1ennm

guidance referred to is now identified in Table 1 in AnnexII of this communication.

In the first paragraph of Part B of Annex III it is stated that dose coefficients for members of the
public also relate to apprentices and students aged between sixteen and eighteen years. While
this makes allowance for the age dependence of dose coefficients, in some circumstances it may
be useful to look into whether the default pélrameters‘ used for members of the public are
suitable for the physical and chemical forms in which radionuclides occur in the w orkplace.
Article 15 allows Member States to authorise the use of dose coefﬁc1ents for workers whenever
these are more appropriate.

f) TITLE VI

~ Fundamental principles governing operational protection
of ‘exposed workers, apprentices and students for practice

Atrticle 17

Consistent with Council Directive 89/391/EEC of 12 June 1989 on the introduction of measures
to encourage improvements in the safety and health of workers at work'!, Article 17(a) requires
a prior evaluation of the radiological risk to exposed workers. This should be seen as the first

step in identifying the protection measures requlred mcludmg the classification of workplaces
and workers :

" OJNo'L 183,29.6.1989, p.1.

R



Amcle 17(b), dealmg with classrﬁcatlon of workplaces into dlfferent areas, introduces the
- concept of potential exposure, as defined in Article 1. An example of potential exposures is that
resulting from the failure of the operation of an interlock preventing access to the beam of an
.. irradiation “facility. Any exposure resulting from such an event would be considered as
~ accidental. Exposures that may result from everts having a relatively high. probabxhty of

_occurrence, and contributing only small increments to the doses inhérent in the normal working =

conditions; can be considered as resulting from the normal workmg conditions. 'An example of
~such exposures are those resulting from the: splllage of a radropharmaceuncal in a nuclear
medicine laboratory : , : :

Article 18-20 -

These articles give the requiréments to implement Article 17 Article 18 (2) requrres a
distinction to be made between controlled and supervised areas. This distinction is primarily a
management matter. It aims at facilitating the practrcal organisation of radiation protection -
- commensurate with the radrolo'gical risk. It also draws the attention of the workers to the -

particular conditions of the workplace and makes them aware of therr responsrblhtres as regards
radiation protection. ' ‘ ‘ : '
Controlled areas should be estabhshed where workers are requrred to follow rules spcclally
related to radrologrcal protection rather than ‘simply on the basis of a defined fraction of the dose -
limit. - Special rules are required based on considerations of radiological risk, 1nclud1ng expected
dose to, workers, possrble spread of contammatlon and potenttal exposures. - ~

The Drrectlve does not requ1re a controlled area to be surrounded by a supervrsed area, nelther
~ doesit requrre that supervrsed areas only ex1st at. the border of controlled areas.

'Ar.tiCIe 2 1"

The classrﬁcatron of exposed workers in Category A and Category B workers 1s mamtamed It
is intended to simplify working arrangements and to ensure that workers are aware both of their
own status and of the likely conditions in their place of work. It also contributes to ensure that

radiation protectron arrangements for workers are appropnate to the rrsks linked- w1th their worl\
and working condltlons ' . :

~ Article28 -

"The Directive requires a record of the results of the individual rnonitoring' to be retained only for
category A workers. Member States, however,.are free to require such records to be kept for
. other persons who are mdwrdually monitored. .

N

_The individual dose record shall contain the estimated or :measured doses separated into:

- those recerved routmely (Artlcle 25)

! those recelved as specrally authorlsed exposures (Artlcle 12)

- those due to accrdents (Artrcle 26),



~ - those received as emergency exposures (Article 2‘7) and, ,

- those received from natural radiation sources in a work actrvrty declared to be of concern
(Article 41), when decrded by Member States

The rndrvrdual dose record shall also contam reports relating to the circumstances of an accrdent
or emergency exposure and actions taken (Article 28(2)(b))

A separate medical record shall be opened for each Category A worker as specrﬁed by B
Article 34 . ’
Article 29

Article 29(2) requires Member States to determine the arrangements for conveying the results of -
1ndrv1dual monitoring followmg their national regulations concerning confidentiality and
privacy. -

Articles 31-37

One of the aims of medical surveillance of category A workers is to ensure that they are and
continue to be medically fit for their duties. The approved medical practitioner conducting the - .
surveillance must therefore have relevant 1nformatlon about these duties and the condmons in -

. which they are camed out.

The nature of the periodic reviews shall depend on the type of work that is undertaken and the
state of health of the worker. :

For example special consideration may be needed in situations:
- where workers are required to use respiratory protective equipmen_t,

- where workers with skin diseases or skin damage are required to ‘handle radroactne
substances whrch are not in the form of sealed sources, -

- where workers are known to have psychological disorders.
- g) TITLE VII
Significant increase in exposure due to natural radiation sources
Articles 40-42

In some cases, the exposures of workers and members of the public to natural radiation sources
due to work activities are sufficiently high to warrant the introduction of radiation protection
measures to monitor, control and reduce them . Examples are radon exposures in identified
working ‘places. and exposures due to work with large amounts of materials with activity
concentrations significantly above the normal levels of natural radionuclides in the earth's crust.
Materials with elevated activity concentrations might include phosphate’ rock, rare earth
materials, scales and residues from oil and gas industries. The potential to apply protection -
measures regarding these exposures may vary considerably depending for example on working
- “conditions and -within and between Member States, therefore the Drrectwe leaves srgmﬁcant
discretion to the Member States as regards actions to be taken. '

10 -



-

The Direc‘tive se/ts up a four step system to deal with exposures due;to' natural radiation sources: -

1) the use of surveys or other appropnate means to 1dent1fy work activities wh_rch may lead to
~ Ma significant increase in the exposure of workers or members of the public;

: ‘u) the setting-up of appropriate means for momtonng exposures, and the evaluatlon of the
related doses in identified workplaces - : . -

iii) the irnplementatiOn, as necessary of corrective‘measures to.reduce exposure ) and

-~ iv) the total or partial applrcatron as necessary, of radlatxon protectron measures for practxces
(Trtle L 1v, Vv, VI and VIII) . ,

| Advxce on the 1mplementatron of Title VIILof the Dlrectlve concernmg srgmﬁcant increase in-

- exposure due to natural radiation sources, prepared with the support of the group of scientific
experts referred to m Arttcle 31 of the Euratom Treaty has been 1ssued by the Commrssron

L The advrce covers protectron of. a1r crew. ' a

| ) 1) TITLE X'
_ Intervention .
Artlcles 48-53-

A clear dlstrnctron between practlces and mterventrons is one “of ‘the main modlﬁcanons

~ introduced by the Directive. Therefore, Titlé IX includes a sectron on the varlous phases for v'

41ntervent10n in cases of a radiological emergency

- preventlve consrderatron.of possrble radrologrcal emergency,

- preventiye preparation of the interVentiont

- irnple_mentation of the intervention‘,lshould an emergency occur.

Article 48(2) sets out the radlatxon protectron pnnc1ples for mterventlons ‘It makes clear that
dose limits do not apply to- interventions; however, they should normally be approprrate for

workers involved in interventions. Intervention levels- establxshed by the. competent authormes :

constltute mdrcatlons as to the situations in whlch intervention would be approprlate
Mamly followmg the: Chemobyl accident a. number of- measures m relatron to. possrble
radlologrcal emergencres have been adopted by the Community: :

iRad.iation Protection No 88: Recommendations for the implementation of Title VII of
. the European Basic Safety Standards Directive (BSS) Concerning significant Increase ¢
" in Exposure due to Natural Radlatlon Sources, Luxembourg 1997 '
- - '_ - =
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- Regulations laying down maximum permitted levels of radioactive contamination of

 foodstuffs and feedingstuffs following a nuclear accident or any other case of radiological
emergency, including a Council Regulation on the special conditions for exporting
foodstuffs and feedingstuffs following a nuclear accident or any other case of radiological
emergency"’;

| - Council Decision on Community arrangements for the early excha.nge of mfonnatlon in the
‘ event of a rad1010g1cal emergency'?;

- Council Directive on informing the general pubhc about the health protecnon measures to
. be applied-and steps to be taken in the event of a radloioglcal emergency”. :

Following -Council Conclusions:of 27 November 1989 experts from the Member States meet
. regularly on 1ssues of cooperatlon between Member States in the event of a radlologlcal
emerg,ency : :

The Commission, with the support of the Group of Experts Referred to in Article 31 of the”
. Buratom Treaty, issued guidance on the ‘radiological protection principles for relocation. and -
“return -of people .in the event of accidental releases of radioactive material'® and on the
radiological protection principles for emergency countermeasures to ‘protect the pubhc in the.

event of acc1denta] releases of rad:oactlve material'”’

- Title IX also emphasises the importance, of international cooperation to ensure protection of the
population concerned in the event of radiological emergencies. and sets: requirements -on’ the

. Member States. These measures complement the obligations stemming from two intemnational
. conventions adopted in 1986 which deal respectively with the early notification of a nuclear
accident and mutual assistance in the event of a nuclear accident. The two comennons ha\ e s
been signed by all Member States'“ : ' :

Article 49 deals with potentlal exposures The eoncept is to be used essemmll\ in the prev an ¢
phase : . _ , ,

Y Council Regulation (Euratom) No 3954/87 (OJNo L 371, 30.12.1987. p.1). as
amended by Council Regulation (Euratom) No 2218/89 (OJ No L 211, 22.7.1989,p.1).
Commission Regulation (Euratom) No 944/89 (OJ No L 101, 13.4.1989, p.17),
Council Regulation (EEC) No.2219/89 (OJ No L 211, 22.7.1989, p.4),

Commission Regulation (Euratom) 770/90 (OJ No L 83, 30.3. 1990 p. 78)

M OJNo L 371, 30.12.1987, p;76.

'*0J N0 357, 7.12.1989, p.31. Sce also Commission Conunm]walmn on the

implementation of Council Directive 89/619/1iuratom of 27 November 1989 on
informing the general public about health protection measures to be applied and steps to
be taken in the event of a radiological emergency (OJ No C 103 o1 19.4.1991, p.12).
Radiation Protection No 64: Radiological Protection Principles for Relocation and
Return of People in the Event of Aeudmtal RLILdbLS of Radioactive Material,
Luxembourg 1993.
Radiation Protection No 87: Rad1010g1cal Protection Principles for Emergency
Countermeasures to Protect the Public in the Event of Acc1demal Releases of
Radioactive Material, Luxembourg 1997,

With the exception of Luxembourg which did not sign, nor ratify the Convention on

Mutual Assistance. '
12



Artrcle 53-deals-with lasting: exposure 51tuat10ns resultmg from the after-effects ofa radrologrcal
emergency or a past practlce .

3

- . . j)TIMLEX
'Finalpro_vis'ionse» - . T l\__' _‘

' Articl'e'54
Under Artrcle 33 (3) of the Euratom Treaty, the Member States are requrred to commumcate to
the Commission any draft Tegislative, regulatory »and adrmmstratrve provrsron 1ntended to
ensure complrance with the basrc safety standards". -

As a result of Article 54 of the Drrectlve in the case a Member State is to adopt stncter dose
limits, it has also to inform the other Member States. The Commrssron would normally be ,
notrﬁed under Artrcle 33 of the Treaty ‘ o : :

Annexes to the Dlrectrve
Annex I to the Drrectrve -

The exemptron levels , which apply to practices, are worked out usmg scenarros pathways and
formulae presented ina report publrshed by the Commrssron

Annex IIto the Drrectrve

The values and relatronshlps given in Annex II for external radlatrons are those requrred for the .
. protection quantities defined by the International Commission on Radiological Protection in
- Publication 60 and the Intematronal Comm1ssron on’ Radratron Unrts and Measurement in
'Report 51. ‘ o ' -

< Durmg the preparation of the Directive some small changes were introduced by the ICRP in the"
composition of some tissues and organs used to work out the effective dose, in partrcular as
regards the colon and the remainder tissues and organs’. Competent authorities may authonxe '
the use of the updated ICRP guidance, as an equrvalent method under the terms. of Article 15. -

 The dose limits glven in the Directive are expressed in terms of effective dose and equrvalent
dose. The need for measurable quantltres that can ‘be related to these protection quantities has
led to the development of thc operational quantities. The operational quantitics for arca -
monitoring are ambient dose equivalent and diréctional dose equivalent. The operational
quantrty for use in mdrvrdual momtormg is the personal dose equrvalent at a specrﬁed depth

-~

-~

: ‘See Commission Recommendatlon of 26 July 1991 on the applrcatron of'the third and
fourth paragraphs of Article 33 of the Euratom Treaty (OJ No L 238 of 27.8.1991, p.31).
Radiation Protection No 65: Principles and Methods for Establrshmg concentrations and

‘ Quantltres (Exemptlon Values) Below which’ Reportmg is not Requrred in the European

- Directive, Luxembourg 1993.

. ICRP Publication No 67 Age: dependent doses to members of the publle for mtak«. ol
radionuclides: Part 2. Annuals of the ICRP Volume 23. Part 3 4 :

‘ : 13
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Annex III to the Directive

“The requirements on doses in the Directive applysto the sum of the relevant doses from external -
and internal radiation exposure. In the case of internal exposure, the calculation is based on the

- use of dose coefficients which are the committed effective doses per unit intake of the relevant

radionuclide. Tables in AnnexIII give the appropriate dose coefficients for workers and

members of the public. These are based on parameters that generally apply. The Directive

permits competent authorities to use other methods that are equivalent. For example where

information is available on the actual chemical, physical or biological behaviour of a particular

form of radionuclide the competent authorities may authorlse the use of spemally derlved dose

coefﬁc1ents

Annual Limits of Intake (ALI) are no longer used in the Directive. If required, they can be
derived from the dose coefficients and the relevant dose limits.

~ Dose coefficients of Annex III are taken from ICRP Pubhcatlon 68 (for workers) and ICRP
Publication 72 (for members of the pubhc)

‘Inhalation dose coefficients for wbrkers are given both for 1 micrometer Activity Median
Aerodynamic Diameter (AMAD) and for 5 micrometers AMAD. The advice from ICRP. is
that the default value for the AMAD is 5 micrometers and this should be used in the absence of
specific information. TInhalation dose coefficients for members of the public are based on
1 micrometer AMAD.. For inhalation by workers, materials categorised as lung absorption
classes D, W and Y (days, weeks and years respectively, indications of the residence time) in
ICRP Publication 30 were assigned to lung absorptlon types F, M and S (fast moderate and
slow) in the model of ICRP Pubhcatlon 66.
)

Three tables, relevant for the estimation of doses from intakes or from exposure to inert. gases
. are given in Annex II to this Communication.

Table 1 indicates the relevant ICRP publications for the. source of information on lung
absorption types and biokinetics models for systematic activity used to calculate the coefficients
~ in Table B of Annex III of the Directive.. For a number of elements, lung absorption type G has
also been retained, which refers to their occurrence in specific chemical forms as soluble or -
. reactive gases and vapours. The corresponding dose coefficients for soluble or reative gases
and vapours for the different age classes are given in Table 2. - The values .for adults are
appropriate for both workers and members of the public and thus the table complements the list

of chemical forms for which dose coefficients for workers are given in Table (C.2) of Annex I
of the Directive.

‘Table 3 gives effective doses for exposure of adults to inert gases. For most nuclides, internal
exposure resulting from gases absorbed in body tissues or contained in the lungs is negligible
compared to external exposure of skin and other organs when a person is submerged in a
radioactive gas. -'Hence the dose coefficients, which apply to workers and members of the
public, are expressed per unit integrated air concentration. Doses from the exposure to radon
(i.e. radon-222) and thoron (i.e. radon-220) arise principally from the inhalation of their short-
lived progeny, the data for which are given in paragraph C of Annex III of the Directive. Data
for the parent radionuclides (radon and thoron) have therefore not been included in Table 3.

N\

Attachments: Annex I and Annex II . ,
: 14
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ANNEX T

BASIC AND ADDITIONAL TRAINING FOR QUALIFIED EXPERTS -

~ INTRODUCTION

The purpose of thrs annex is to provide adv1ce on the tra1n1ng and expenence

of the “quallﬁed expert” as defined in Artlcle 1 of the. Dlrectlve and referred to

i Articles 12, 19, 20, 23, 38 and 47. |
, Surveys carrred out by the Comm1ssron mdlcate a wide drversuy in the: current'

approaches of Member States to the training and quahﬁcatrons necessary for -

recogmtlon asa quahﬁed expert

' It is therefore concluded that it is not possxble to give an agreed set of
harmonised requlrements for such experts An alternatrve approach adopted 1n P
- this annex, 1s to propose a basrc syllabus the content of which all. quahﬁed

-experts should have recerved Prevrous quahﬁcatrons and trammg may already

have covered part or all of th1s syllabus

The depth of coverage of this syllabus should depend on the level and. :
x»complex1ty of advice requlred from the quahﬁed expert whxch is generall\

, lmked to their level of mvolvement It is therefore proposed that certam items

should be covered m more detall for specrﬁc apphcatlons Addltlonal toplcs

. have also been 1dent1ﬁed whlch are recommended for five specrﬁc areas 1e '

“nuclear 1nstallatlons general mdustry, research and - trarnmg, medlcal"

application, accelerators ‘
Training by 1tself is not sufﬁcrent It needs to be supplemented by approprlat«.
practlcal expenence the duratron of which will depend on the complemty of

the field of work. It is not possrble to recommend any specnﬁc duratlon for

either the trammg or the practical experrence needed as the surveys mdlcate a .

- wide diversity of current practice in Member States.

15



' ‘BASIC SYLLABUS FOR THE QUALIFIED EXPERT IN RADIATION
PROTECTION ' :

The depth to which toplcs of the syllabus should be covered should depend
on the level of advnce/mput requlred from the qualified expert.

BASIC ATOMIC AND NUCLEAR PHYSICS
BASIC BIOLOGY

INTERACTION OF RADIATION WITH MATTER
BIOLOGICAL EFFECTS OF RADIATION ‘

DETECTION AND MEASUREMENT METHODS
(including uncertainties and li‘mité of detection) '

QUANTITIES AND UNITS (mcludmg dosimetry underlymb regulatory
quantities)

BASIS OF RADIATION PROTECTION STANDARDS :
~ (e.g. epidemiology, linear hypothesis - for. stochastic effects, deterministic
effects) : B N

ICRP PRINCIPLES:

- Justification o
- Optimi‘sation

- Dose limitation

/ PRACTICES AND INTERVBNTIONS (mcludmg natural radlatxon especxally
radon) ‘ '

LEGAL AND REGULATORY BASIS:
- International recommendations/conventions -
- European Union legislation

- National legislation and regulations (including competent authorities)



OPERATIONAL RADIATION PROTECTION;
- - Types of sources (sealed, unsealcd.sogrces;"X-ray umts and accelerétois)
- Hazardand risk cssessmcnt (ipclud_ing'cn\%ircgmcptal‘impacF) |
. Minimisation of risk | L
- Contfol cfrcleases— |
Moﬁitdﬁng
- areamonitoring |
- ipersqﬁai doéimetry (citcrﬁcl,_rccl t:i.rne'éncl.'irl'tcfpal) -
’ 5ciolcgical r_hchitoﬁﬁg _ o o o
bf Critical gcoup cohcept/dose calculaticn for critical group .
- Ergcnoniics (e.g. :Jscr fr'ieﬁdiy-dcsign and-iayout’ of icsfrqmentation) ‘
- Olperatipg 'ruleS and ccntipgcncy planmng | o
’,.- _Emeréency pfccedufec | |
- -Rcmediajl. action/decontamination
* - Analysis of past incidents including experience feedbcck
O_RQANISATION OF RADIATION PROTECTION o
7Role-' of dﬁaliﬁe’c’i experts S
: - .- Safety cu‘lture :(irlnportahce. of human behaviour)
CO&ununicgﬁpq skill (skills and ability to instil safety culture into others)
- Récorcl lceeping "(cdcrces, d9§é§, unusual occurrences) ; | | o
. Pém’iits to _Work éﬁd"cfher authcﬁ;atioﬁs,_
- Designation-o_f a{éés and cla_ssiﬁcaticr'x of ?vdr}cefsl
- Quality ccnn"ol/auditin}g‘ - |

- Dealing with contractors



' WASTE MANAGEMENT

| - Pripciples of ma'nageme'nf
- Principies of di_sposél

. TRANS_PQRT

PRACTICAL WORK/EXERCISES ,
. (e.g. monitoring, laboratory techniques, handling» of emergencies...)

ADDITIONAL MATERIAL

" The covérage 'of certain items, selected as appropriate from the following
. list, should be expanded to a greater depth according to the specific needs: .

- SAFETY CULTURE

OPTIMISATION TECHNIQUES

HEALTH PHYSICS IN STRUMENTATION
- instrument caligration and testihg :

- iinﬁtations of inéfruments and techniques
EXTERNAL DOSIMETRY

' INTERNAL DOSIMETRY .
(including dosimetry for specific radionuclides, complex molecules...) A

MONITORING OF THE WORK PLACE

| SPECIAL DECONTAMINATION PROBLEMS
CONTAINMENT/FILTRATION |

SPECIFIC PHYSIOLOGY OF INHALATION AND INGESTION
PROTECTIVE MEASURES AGAINST INCORPORATION

AREA DESIGNATION ANDCO&TROL -
DESIGN AND SHIELDING CALCULATIONS
ENVIRONMENTAL MONITORING

(critical group and environmental impact of discharges)

%



4.1.

42,

 POTENTIAL ACCIDENTS

N

' EMERGENCY PROCEDURES AND INTERVENTION

WASTE MANAGEMENT |
DECOMMISSIONING 3

TRANSPORT

ADDITIONAL TOPICS RECOMMENDED FOR SPECIFIC AREAS

" NUCLEAR INSTALLATIONS (mcludmg research mstallatlons)

Basic additional training:

. fission and fusion process and products

- reactor engineering . DT .

- neutrons (properties; detection)

- criticality

= handlirig spent fuel

Additional training specific to fuel fabrication:

- toxicity of and associated measurement problems for ‘high Z elements

B Addit_ional_ trammg specific to fuel processing and waste management: . . -

- chemistry of the process

- - remote handling
Co- fuel storage and waste management specnal problems :

* GENERAL INDUSTRY )

a. use of sealed sources
- s'peci_ﬁe problems of:
» controlling aceess particularly in remote locations
.* transport (€. g. site radiography, mobile sources)

« inadvertent exposure of non-radiation workers
* safety eultur_e (e.g. proper handlmg)

SLEN



43.

44.

4.5.

" - potential hazards of specific sealed sources o
- practical examples of accidents/misuses that have occurred
b. useof unsealed sources - |
- hazards of isotopes productidn and use (inCluding inadvertent use)

- specxal waste management aspects (mcludmg airborne and liquid
drscharges)

- specific hazards associated with natural radiation
RESEARCHAmu)TRAnnNG
- potential hazards encountered oy researchers and teachers
- design of experirnents (understanding of)

- accelerators (specnal problems for research/trarmng envrronment)

- special problems with X-rays (e g. crystallography)

- hazards of isotopes production and use (1nclud1ng madvertent use)

MEDICAL APPLICATIONS

N

- types and uses of different dlagnostxc and therapeutic procedures and

equipments

- awareness of the patient protection, in particular relevant European Union

legislation on radiation protection in relation to medical exposures,
including requirements on potential exposures and equipment.

- specific problems of exposure conn'ol
+ staff
e visitors/public
- hospital waste management
- design of special facilities (e.g.: rooms for specral purposes)

ACCELERATORS

- special problems of radlatlon detectlon/measurement (response of
mstruments) ' X

- control of access

- ’ special design and shielding problems for accelerators

o



"~ ANNEX II -

Table 1:' Lung Absorption Types®’ used for the Calculation of Inhalation Dose
Coefficients for Members of the Public Exposed to Particulate Aerosols or to Gases and

Vapours
_Eiemerit Absorption - - ICRP Publication N°
' ' "Type(s) |- for details of
o - Biokinetic Model and
A'bsorption Type(s)
Hydrogen F,M, S, G | Publications 56, 67 and 71
Beryllium | MS Publica{ion 30, Part3 ~
'Carbeh | 'F, M, S, G ) Publlcatlons 56 67 and Ul
'Fluorine : F,_M, S Publlcatlon 30 Part 2 i
Sodium F | Publication 30, Part 2 o
Magnesium F,M. o Pubhcatlon 30 Part3
Aluminium ' - M Pubhcatnon 30, Part 3
Silicon F; M, S Publlcatlon 30 Part 3
Phosphqrus . F,M i Ppbllc_anon 30, Pert l
Sulphur F, M",‘ S,G Publi'catiens.6’7. and 7
. Chlerihe, F,M ‘ Pubhcatlon 30, Part 2 A
Potassium F A Pubhcatxon 30 Part 2 :
Calciur;i F, ‘M, S - | Publlcatlon 71
Scandium : -8 Pubhcatlon 30 Part3
'i‘itanium ' F,M,S . Publlcatlon 30 Part 3
Vanediilm F,M a Publlcatlon 30, Part 3
] 'Chromi_q\t’n o F, M_,.s Publlcntlon 30, Part2
Mengapﬁse : F, M . _' Publlcatlon 30, Part 1
Iron - F,M,S" | Publications 69 and 71
Cobalt FoMSS Pﬁblicmi’o'hs 67-mid 71
Nickel - ' F, Mf,"S, G ‘Publlcatnons 67 and 7l _
, C,opper_ F,M,S : Publlcatxon 30, Part 2
‘Zinc F,M,S Publylcatxot}s 67 end 71

@ Particulates

(see lCRP Pubhcatlon Ne71)..

Fast Moderate Slow (F M S) Gases and Vapours (G)

* Recommended default absorptlon Type for pamculale acrosol when no spec:ﬁc mformauonk is avmlabk

T



Europium

_Elerhent- Absorption ICRP Publication N°¢
: Type(s) for details of -
Biokinetic Model and
_ Absorption Type(s)
Gallium ) F,M. | Publication 30, Part3
Germanium ‘F, M Publication 30, Part 3
Arsenic M’ Publication 36, 'Parf 3
Selenium F,M,S | Publications 69 and 71
Bromine F,M . Publication 30, Part 2
Rubidium F. ) Publication 30, Part 2
Strontium | F,M’,S | Publications 67 and 71
Yttrium M,S | Publication 30, Part2
Zirconium F,M’,.S Publications 56, 67-and 71
Niobium F,M',S | Publications 56,67 and 71
Molybdenﬁh F,M,S PuBlicatiéﬁs 67 a'ndA7l
Technetium | FM.S | Publications 67and 71
Ruthenium F,M',S,G | Publications 6. 67 and 71
Rhodium ( F,M,S | Publication 30, Part 2
Palladium | F,M,S | Publication 30, Part3
Silver h F,M,S | Publications 67 and 71
Cadmium F, M, S Pub_lication,30, Part2
Indium E,M | Publication 30, Part2
Tin F,M | Publication 30, Part 3
Antimony F,M', S Publications 69 and 71.
Tellurium F,M',S,G | Publications 67 and 71
lodine F,M,S,G | Publications 56, 67 and 71
Caesium F", M, S Publications 56, 67 and 71
Barium F,M’, S | Publications 67 and 71
' Lanthanum " F,M PuBIication 30, Part3
Cerium F,M’,S | Publications 56, 67 and 71
Praseodymium’ M, S Publication 36, Part 3
Neodymium M, S Publication 30, Part 3
Promethium ) M, S PubI{cation '30, Part 3
Samarium M _Publication 30, Part3
™ '

Publication 30, Part 3

- ot



. Element.

' Abéorption

ICRP Publication N° .

F,M', §

- Type(s) A fqu details of ‘
- ‘Biokinetic Model and
oL Absomtion Type(s)
‘Gadolinium F,M 'Publicat_ion-30, Part 3

| Terbium M Publication 30, Part 3

' -Dysprosit;m h ) "M Publl;ca‘t.fon.?o, Palit3
Holmium M Publication 30, Part 3

| Ebium M | Publication 30, Part 3
Thulium . ‘M| Publication 30, Part 3
Yterbium M,s | Publication 30, Part 3

‘ Luietium » | M, S Phbliéa_tion 30; Part 3
: ,Héfnii.xlm F,M _PuBli’caiion 30; \Pért 3
Tantalum M,S | Publication 30, Part3

| Tungsten 'F | Publication 30, Part 3
Rhenium EM | Publication 30, Part2
Osmiium EMS >Publl'ication;30, Part2
Iridium F,M,S | Publication 30, Part 2
Platinum CF | publication 30, Part3
Gold . F,M,S | Publication 30, Part2
‘Mercury . ) : F,M, G ., ' Puf)_li'ca'ti.on 30,:- i’art 2
Thallium . " F | Publication 30, Pat3
Lead F,M’,S,G | Publications 67 and 71
Bismuth F,M . | Publication 30, Part2
Polonium "F,M,S,G Publications 67 an“i71
Asfatine ‘ " F, M ' Publica;tion 30, Part3. -
| Francium F. Publication 30, Part 3

. Radi,urp S F,M’, S Publicét_ions 67 and 71
Actinium F,M,S | Publication 30, Part3
Thorium , F, M, S - | Publications 69 ana 7

| Protactinium ~ M,S | Publication 30, Part3-

‘| Uranium - | F, M, S P;Jblicatidns 69 énd 71
Neptunium - F, M',"S Publications 67 énd 71
Plutonium a " F, M, S ‘Publications 67 and 71 _
Americium : »

Publ‘icﬁtions 67 and 71




Element Absorption ICRP Publication N°
Type(s) for details of
. Biokinetic Model and
Absorption Type(s)

Curium - F,M’,S . [ Publication 71

Berkelium M Publication 30, Part4
Californium M Publication 30, Part 4
Einsteinium M Publication 30, Part 4
Fermium M | Publication 30, Part 4
Mendelevium M Publication 30, Part4




N
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. Table 2: . Committed Effective Dose ‘pei' Unit Intake via Inhalation (sv Bq?) for soluble or react:ive Gases and Vaipours

-? Refer to section 5.6 of ICRP Publication N° 71.

N Age < 1.a Rge 123 2-7a  7iza  12-17a >17a -
L j 'Physical BAbsorp- %- 4 £, for o ’ ’ e T
Nuclide " half-life - tion deposit I3 hig) .g>1a h(g) ‘hi(g) h(g)..- . h{g) h(g)® -
Tritiated water - T12.3a Vi 100 000 6.4 167" . 1.000- 4.8 107.3:1 107 2.3 1070 1.8 107 1.8 10
. Elemental hydrogen 12.3a . ¥ ) 0.01 ..o‘oo 6.4 10“15 | v1'.000 48 1015 3.1 107 2.3 107 . 1.8 107 1 8'_‘19_15.
‘Tritiated methane 12.3a v 1 000 6.4107 1.000 4.8 10 3.1 107 2.3 100 1.8 1070 1.8 1070
Organically bound tritium 12.3 a v 100 000 1.1 1071 .~ 1.000 1'.-'1“107’-“' i.o 1074 5,".‘.3'10;‘1.1 4,17 107 | 41 1071
Carbon-11-vapour . 03a0h v - 100, 000 - 2.8 107 '1.000 1.8 1070 8.7 107 6.1 10 3.8 1077 - 3.2 107
" Carbon-11 dioxide 0.340 h  V 100 1.000 1.8 10 - 1.000 1.2 1071 6.5 1012 4.1°107% 2.5 1077 2.2 107
" Carbon-11 monoxide 0.380h v " 40° 000 C1.0 107 1.000 - 6.7 107 3.5 107 2.2 102 1.4 1012 1.2 107
Carbon-14 vapour 5.73 10%a v 100 000 1.3 10® 1.000 1.6 107..9:7 107°:7.9 107 5.77107° ' 5.8.107
Carbon—‘lnil‘cviioxic_ie' ©5.73 ,;0:3' a.Vv - 100 k;ooo. 1.9.107 "1.oo_ao:- 1.3.107 "1-;1',‘10‘“' 8'.,‘9. 107 6.3 1072 6.2 107*°
Carben-14 .mor;ox_i‘de ' 5.73 10° a v 40 .00(5 9.1 1072 ° 1.000 5.7"'10'12 ,2'.A8. 10712 -.1‘.'7“1'0‘12 '9v.49'10'-'13.‘ 8.0.1070
.-c;rbén disulphide-35 87.4.d - - F . 100 000 - - 6.9 107 - 0.800°. 4.8 107 vz.‘4‘io."9 'i;4v1'o'9 8.6 10710 ﬁ‘.o 10-i0
.Sulphur-35 dioxide 87.4 d Pl 85 v 000  ,9.4 107 - 0.800 6.6 107° 3:4 1o;1° 2.1 1070 . »1.»3'10'10' 1.1 107
Nickel-56 carbonyl 6.10d b* “160- 000 6.8 107 11.000 5.2 107 . 3.2 107 2.1 10 . 1.4.10°  1.2°10°
'v‘-'Nickel—57 cérbonyi 1.50 d "bz " 100 .000 -3.1'10."9 . 1.'060." 2.3._16'9 : i.ai--_io%; 9.2.107° 6.5 107 5.6_,10"10 -
; , 'l_V: Vel;y Fast absorption.v '

[\

z

poiicable to botih morkers and adult members of the public '
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Table 2: Committed Effective Dose

per Unit Iﬁtake via Inhalation (Sv Bq'') for soluble or reactive Gases and Qapours

>17a

N ‘ Age <1 a Age i-2a  2-7a 7-12a 12-17a
. +Physical i ; for o ‘

Nuclide half-life tion deposit £, h{g) 1 a  h(g) h(qg) h{qg) h{g) 'h(gla
Nickel-59 carbonyl 7.50 10° a 100 .000 .0 107 000 i0® 2.0 107 107 107 - 107
Nickel-63 carbonyl 96.0 a 100 .000 .5 10°  1.000 109 4.8 10° 3.0 10° 107 1070
Nickel-65 carbonyl 2.52 h 100 .000 .0 107 Looo 107° 8.1 16'“’ 10710 S107Y io*“’
Nickel-66 :ar5onyi 2.27 d , 100 .000 .0 10°® .C00 10°° 4.0 10 2.7 10 1078 1107°
Ruthenium-34 tetroxide 0.863 h F 100 .100 .5 10 0.050 107 1.8 107%° | 107 107 1074 -
Ruthenium-97 tetroxide -2.90 d 23 100 .100 .7 107 L0590 107%? 3;4 1071 -10710 10'“’- 10710
Ruthenium—io3 tetroxide 39.3 d F 100 .100 .0 107 .c30 10% 3.3 107 107° 107 107°
Ruthenium-105 tetroxide 4.44 h 3 100 .100 .6 107 .050 10 5.3 10 3.2 1070 101 1.8 107
Ruthenium-106 tetroxide 1.01 a T 100 .100 .6 1077 C30 107 6.1 107° - 107® 2. 107 107®
Tellurium-116 vapour 2.49 h - 100 . 600 .9 107¥ 350 1070 2.5 10710 1071 10710 1071
Tellu}ium—izl vapour 17.0 d F 100 - .600 .0 107 350 10 1.4 107 1070 - 10710 10710
Tellurium-121m vapour 154 °'d 13 1100 .600 .5 107% 300 "107°¢ '1:6 1078 107° | .6 107° 107
Tellurium-123 vapour '1.00 10*% a¥F 100 . 600 .8 107 .300 10% 1.9 107 1078 1.075,', 1.2 107
_Tellurium-123m vapour .120 d T ' 106 . 600 .5 107® 350 107 1.0.107% . 5.7 10™° ' 107° - 107°
Telluri®-125m \;apour ©58.0 d° F 100 +600 .5 107 300 "10°% 5.9 1077 107 . .9 107° 1079
~Te11urium-127.§zapour 9.35 h 3 100 . 600 ,":1 167 00 1074 2.3 107" 1071 - 1p-1 101
Tellurium-127m vapour’ 109 d z 100 .600 . © 5.3 167 365 °3.7 10% 1.9 107 107 107 10°°
a applicakle to both_wo?kers and aduint members of public -



- ’d’aff :

C o . Y~A§e <la = ) A§efl—2a 'é—7a '_5—12aAu .12-17a » Sl7a
» N .*. :Physical Absorp- & - : ] f, for : T : T
Nuclide. .~ ~-half-life tion .deposit - f ~ . htqg) g>1a hig) ~ hig) h{(q) . . H(g) Ah(g)é
_'Teliuri-umfl29'§ap<>ur‘ 1.16h F 100 0.600 2.5 107 10.300 137 1070 9.4 10 6.2 107 4.3 10 3.7 1070
| Tei;ur;uﬁ-lzgm vapour j33;6',d1 P _»1010‘"' 0.600 4.8 10° 0.300 .3.2 10° 1.6 10° 8.5 109 5.110° 3.7 10°
Tellurium-131 vapour .- 0.417h F ° 100 = -0.600 5.110%°  0.300 4.5 10 2.6 1070 1.4 100 9.5 10M  6.8.107
‘Téllurium—vl'ﬂm vapour  1.25 4 . F 100 : }o.e}oov 2:1 10° 0,300 1.3 107 '1.1’10'3 5.6 1_049 3.7 ;0'5 4107
Tellurium-132" vapour - '3A-_26 d F .v B  100: - 0.600 . -5.4 107 "~ 0.300 4.5 10 "2.4 10 . 1.2.10° 7.6 107 .-'1‘,10-9(
Te\l_lﬁrium_—'lss Vgpouf: - 0.207.h F . o0 . 0.600 5.5 100 0.300 - 4.7 1070 2.5 10 1.2 107°. 'g.1 107 5.6 101
Tellurium-133m vapour 0.923h F ; 100 ©0.600 2.3 1'0»'9. 10.300 2.0 10 1.1 10° 5.0 107 3.3 100 2.2 107
TeliUri@m;1_34_ vapour 0.696 h.' F  ':-'100, 1 0.600 s.é 10710 .o.édo 5.5 1070 3.0 107" 1.6 10710 1.1 107" 8.4 1078
‘Elemental‘io'dihe-lzo- o '1.35°h v © 100 ‘i‘..ood," 3.0 1_0"9"‘ '1'.ooo 2;4"_10'9: 1.3°107°. 6.;,4 10710 --4;3 107 3.0 10710
Ele;ﬁental, io»d'inef12.(0'm‘ "v'q.sé3l»h v : iloo _v1;o’oov © 1.5 107 1,_»._060 1".'2:10'9” 6.4 107 34 110710 lz.f3‘ 16‘10 1.8 1.01"1‘0 |
.El',fer'?ental'iod'ine-l-?‘,l. 2,120 Vv -_-;1,00' ' 1 000 5'_. 710 1.000 5.1 1079 3.0 1070 1.7 10 1.2 10 8.6 10
Elemental iodine-123: "13.2h .V - .:1:0_0 ©1.000 2.1 107 1_.oo'oA ~1.8.1077 1.0 107° 4.7 1070 3.2 107 © 2.1 107
‘Elemental iQdin§;124, 418d v .‘:."100'! S1.000 1.1 107 /1.000 1.0, 1677 5.8.10% _2'.é 10 1.8 107 .2 107 -
Elemental iédir}e—125 ; 60.1 d v iioo_' ' -’i.‘o‘oo," ,4.._"7 ‘10"'}’_‘ . 1.000 qu.z_ 10-‘»"1 37 107® 28 107  »‘2‘-10”-10‘9' 1.4 107
inefﬁenfn:al..iédir‘lve—l2'6“ ' ~."1'3.'o'qu'__‘ v 100 1.}’000}.. 1.9 107 1.000 1.5.467 1.1 107 6.2 107 41107 6 10°

Elemental iodine-129. ©1.57°10™a. v . 1000

" Table 2: Committed Effective Dose per Unit Intake via Inhalation. (Sv Bq') for soluble or reactive Gases and Vapours
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Table 2: Committed Effective Dose per Unit Intake via: Inhalation (Sv Bq™') for s'oiuble or reactive éases and Vapours
7 . - ‘Age'£ 1 a che 1-2a 2-Ta 7-12a '12-17a; >17a
Physical Absorp- 3 f, for :
Nuclide ' \ . half-life tion deposit fl, h(g) - g>1a h(qg) h{g) h{g) h{g) ‘hi{g)?
‘Elemental iodine-130_ 12.4 h ' 100 .000 1.9 10®°  1.000 1.7 10 9.2 107 4.3°10° 2.8 10° 1.9 107
Elemental iodine-131 8.04 d v 100 .000 1.7 107 1.000 1.6 107 9.4 107° 4.8.} 10 3.1 10° 2.0 10°°
Elemental iodine-132- 2.30 h v - 100 .000 2.8 10° 1.000 2.3 107 1.3 107° 6.4 io*" 4:3 1071 .1 1070
Elemental iodine-132m 1.39 h oy 100 .000 2.4 107  1.000 2.1 ’10"9 1.1 10° 5.6 107 3.8 1070 .7 1071
Elementél iodine-133° 20.8h 'V 100 .000. 4.5 1.0'5' :1_.000‘ 4.1 10° 2.1 10 9.7 109 6.3 107 .0 10°°
Elemental icdine-134 0.876 h v 100 .000 8.7 107 . 1.000 6.9 107 3.9 107°.2.2 107 1.6 10%° 1.5 107
_Elemental iodine-135 | 6.61 -r; v 100 .000 9.7 10° .1.000 8.5 10° . 4.5 10° 2.1 10° 1.4 107 .2 1077
Methyl iodide—lZO“' 1.A35 h .V - 70 .000 2.3 10° 1V.ooo "1.9-10° 1.0 10™° 4.8 10'T° 3.1 io-1.° .0 1070
‘Methyl iodide-120m 0,883 h v 70 .000 1.0 10° - 1.000 8.7 107 4.6 16'10 2.2 107 1.5 107 .0 10710
Methyl iodide-121 2.12 h v 70 .000 4,2 10710 - 1.000 3.8 107 2.2 107® 1.2 1070 8.3 1071 .6 1071 ‘
Methyl iodide-123 '13.2h Vv 70 .000 1.6 10° 1.000 1.4 107 7.7 107*° 3.6 107 - 2.4 '10'1'° .5 1071
Methyl .iocliide-l24 4 18 d v ’7-0 .boo 8.5 10° 1.000 8.0 10° 4.5 107* 2.2 107° 1.4'10'8- .2 10°°
Methyl iodide-125 60.1 d' v 70 2000 . 3.7 10°® - -1.000 -4.0 10% 2.9 10°° 2.2'1049_ 1.6 1078 .1 107t
Methyl iodide-126 13.0 d° v 79 .000 1.5 107  1.000 1.5 107 9.0 10® 4.8 10°® 3.2 10°® .0 107®
Methyl iodide-lze 0.416 h 'V 70 .000 1.5 107 1.000 1.2 107 6.3 107 3:0 10! 1.9 107 1.3 10°M
Methyl- iodide-129 1.57 197-a V 70 .000 1.3:1077 1.000-.1.5 1077 1.2 107 -1.3,10"7 " 9.9 10°® .4'10"B
Methyl iodide-130 12.4h v 70 1000 1.5 10 1.000 1.3.10% 7.2 10 3.3.10° 2.2 10 1.4 107
- ! , .
a applicable =< both workers and acilt members of the public T
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, | " Age < 1a Age 1-2a  2-7a 7iza 12173 »>_17'a ,
- Physical - Absorp- % . t. for : ) s
Nucl_ide . half=life tion deposit f; - h(g) g'>1 a h’(g) h{qg) h(g) - - hi{g) h(g)®
Methyl fodide-131 8.04 d v 70 1.000° 1.3 -10'_7' .':15'-.06)0 13 1 0'7> 7.4 107 3.7 10 . 2.4 107 .5 107
-,Meth‘yl_iod_i_qév-l32 2.30 & v ' %o 000 2.0 10 1.000 1,810 9.5 1070 4.4 1010 2.9 100 1.9 1071°
Méthyl iodidé~132m 1.39n v 70 1,000 1.8 10 - 1.000 1.6 107 8.3 107 3.9 10 2.5 101, 1.6 10,'1.?_
Methyl fodide-133 20.8 h v 70 .000. 3.5 107 ";.‘ooo 3.2 1’;5:9'}-. 1.7 10° 7.6 10 4.9 10° ©3.1107
Methyl iodide-134 0.876-h oy '_ 70 1000 51 _103”‘ L”oo 4‘,.3_‘104'“’_ 2.3 107 1,110 7.4 10" 5.0 101
Methyl iodide-135 6.61 h 'V _"-70': .006; 7.5 ‘1’9‘9 1.000 -6‘.7l 10°° 3.5.10° ‘ 1.6 10°  1.1.107 .8 10710
Mercu_r§l'1.—1;93:vapo:ur' 13.50 h -‘53 -70 .000 . ° '4';2 10 - 1.000 3-.4110'9 $2.2107°. .1."6'19’9' “1.2 107 . 1.1 107
VM.er‘cJﬁvry—1'93iri vapour 11.1 h B 70 -000 1.2 io*a . 1;@@0" 9.4 107 ‘6,1_1:0'9_ 4.5 107 . -,3;.4,10'? T3 107
-Mercuvryﬁ’194 vapour'_ ‘ 2.60 15 = 53_ 70 .000 g 9.4 10° 1.000 8.3 107 64.‘2 1('):3-- .5.0".‘10"3 4.3 10°% .0 107
.M.ervcu.ry-l.9‘5 vapour 9.90 b b3 0 .oo‘oi ‘*55,;3- 10°  1.900 .4.3 10 _2’.8‘10"9 2.1 10° 1.6 10 1.4 ,10"'9‘
Mercury-195m vapour 1.73 4. b 20 .000° 3.0 10 .1.000 2.5 10" 1.6-10'*.,3 1.2 10° 8.8 10° 8.2 107
' Mercury=197 vapour | 267 a B 70 1.000 . 1.6 107 - 1.000. 13 '10"8  8.4 10 . 6.3.107 4.7 107" .4 107
Mercury-197m vapour 23:8 0 B3 : 70 000 2:17°10% 1,000 1.7 10 .1.17107° 8.2 10° -+ 6.2 107 '_.é'lo""
Mercury-199m’ vapour’ ~10.710 o p? 707 1000 ° -"'6.;3' 1074 1.060 5.‘3"10'10 ’3.;4,-1'0'1°: 25 107 1.9 10% . 1.8 1010
. Mercury-203 Vapo.urb 46'.'\6»(; Lo 70 L000..  3.0°107 71650 2.3 10% 1.5 10® 1.0 10° 7.7 107 ._0,"10“9' )

Table 2: . éQmittéd Effective Dose'per Unit Intake via Inhalation (Sv Bql). for ‘soluble orireaét‘;i.v‘e ‘Gases

and Vapours

/

3 Deposition 16% : 20% : 40% (bronchial: brbnchiom:_alveolar-intérstitial), 1,7‘.day retention ba]thime_ (ICRP b_ublic’atidﬁ 68)

v

SN

3 applicable to bocth workers and asvit members of the public



Table 3 - Effective'boseAfor‘Exposure of adults (workers or members of the:
' public) to inert gases T :

Nuclide 2 - BEffective dose per unit integrated
' E : air concentration (Sv d'/Bq m™®)’

Argon
Ar-37 - 35.80 d © 4.1 10715 .
'Ar-39 269 a 1.1 101
Ar-41 : 1.83 h 5.3 .107°
Krypton
Kr-74 . 11.5 m 4.5 107°
Kr-76 - 14.8 h 1.6 107°
Kr-77 74.7 m 3.9 10°°
Kr-79 1.46 d 9.7 107
Kr-81 . 2.10 10° a 2.1 107M
Kr-83m 1.83 h 2.1 107%
Kr-85, _ " 10.7 a 2.2 1071t
Kr-85m 4.48 h 5.9 1070
Kr-87 . 1.27 h 3.4 107°
Kr-88 - - '2.84 h 8.4 10°°
Xenon
Xe-120 - 40.0 m 1.5 10°°
Xe-121 40.1 m 7.5 107°
Xe-122 20.1 h 1.9-1071°
Xe~123 = 2.08 h 2.4 107°
Xe-125 . : 17.0 h 9.3 1071°
Xe-127 ©36.4 d 9,7 10710
Xe-129m - 8.0d 8.1 10712
Xe-131m 11.9 4 3.2 1071
Xe-133m . o 2.19d 1.1 10710
Xe-133 5.24 d 1.2 10710
Xe~135m 15.3 m 1.6 107° .
Xe-135 . 9.10 h 9.6 1071°
m 4.7 10°°

Xe-138 14.2
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