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l.Introduction

After long years of discussions the new European Directive laying down basic safety
standards for the protection of the health of workers and the general public against the
dangers arising from ionising radiation was finally published in 1996 [Dir96]. This
Directive is binding for the 15 member countries of the European Union (EU)
and must be transferred into national legislation the latest on 13 May 2000.
Should and could this Directive not serve as a guideline for CERN, the European
Laboratory for Particle Physics? Actually CERN has 19 European member states,
4 more than the EU but in this context the simple equation 15 + 4 = 19 is not
valid. On the one hand EU's Ireland and Luxembourg are not members of CERN
whilst on the other hand the Czech Republic, Hungary, Norway, Poland,
Slovakia, and in particular Switzerland, one of CERN's Host State are not
belonging to the EU. This means that CERN must not ignore what Switzerland is
doing in the field of radiation protection.

CERN's revised radiation protection provisions laid down in the Radiation
Safety Manual (RSM) which came into force in 1996 were greatly inspired by the
Swiss Radiation Protection Ordinance of 1994 [ORaP94, CERN96]. This was quite
natural since CERN's policy is to follow in all safety matters the most stringent
rules in either of its host states. Whilst the French legislation in radiation
protection is still based on ICRP Publication 26 the 1996 RSM followed closely
the new Swiss Ordinance because it has adopted the more stringent recommen-
dation of ICRP Publication 60 [ICRP91].

Some colleagues in radiation protection simply consider ICRP Publication 60 as a
mere refinement of ICRP 26. This may be true in the case of persons exposed in
the exercise of their profession (PEEPs) where the decrease of the annual dose
limit from 50 to 20mSv simply confirms and follows the trend to lower
individual professional doses observed at CERN and elsewhere.

The lowering of annual exposure limits for individuals of the general public by a
factor of five from 5 to 1 mSv from manmade activities is however not simply an
arithmetic operation since it had already had important practical consequences.
The exposures to low levels of natural radiation during professional activities
like the exposure of miners by minerals or aircrews by cosmic radiation places
whole new groups of people into the category of PEEPs. In fact, in a country like
Switzerland differences in exposures from natural radiation sources in different
regions of the country are greater than the annual dose limit of 1 mSv.

In the following three topics of both general and particular interest for CERN in
the field of radiation protection are presented and reflected on to the EU
Directive.
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2. Persons exposed in the exercise of their profession (PEEPs)

Whilst an annual dose limit of 20 mSv for PEEPs is now generally accepted there
exist subtle differences between the EU Directive, the Swiss Ordinance and
CERN's RSM. Table 1 shows the actual situation in a synopsis.

Table 1: Annual dose limits and classification of persons (older than 18 years) exposed to
ionising radiation in the exercise of their profession [Dir96, ORaP94, CERN96].

Annual dose
limit in

mSv
Classification

of
PEEPs

Frequency of
medical

examinations*'
Individual
Monitoring

EU Directive
1996

50 under the condition
of remaining < 100 in

5 years
Categories A and B:
A > 6 mSv/year
B > 1 mSv/year
A: At least once a year
B: Criteria of general
occupational medicine
A: Required
B: Facultative

Swiss Ordinance
1994

20, but up to 50 in
a year with prior

authorisation
No categories, all

persons
> 1 mSv/year

Criteria of general
occupational

medicinef
Required and
work specific

CERN RSM
1996

20, but CERN
reference dose of
15 mSv in a year

ATC and Non-ATC
(Apte a travailler en

Zone controlee)
ATCs once a year,
non-ATCs every

second vear
Required and work

specific
*) A thorough entrance examination stating the fitness of the person to work in the
presence of ionising radiation is required in all three documents.
f) Medical examinations for the HSK once a year, BAG and SUVA have not fixed the
frequency.

For the classification of PEEPs the EU Directive keeps, apparently for reasons of
medical surveillance, the old categories A and B but with lower dose limits. This
now places all old B category people into A and many persons that were formerly
considered as members of the public find themselves in category B. The shift in
categories in the EU Directive would have had some numerical logic if the EU had
chosen as an upper dose limit for category B people a value of 5 mSv.

CERN rather adopted the position of the Swiss Ordinance i.e. there are no
categories with respect to annual doses people might receive. In addition the
Organisation retained as an internal limit its Reference dose of 15 mSv/year that
had already been introduced in 1980 with the premises that maintenance work in
the radiation environment of an accelerator should be possible within one third of
the - at that time valid - annual dose of 50 mSv. The experience with the Reference
dose concept was positive.

For the medical surveillance of PEEPs CERN has no strict scheme but rather
follows the criteria of general occupational medicine. The distinction between
ATC and Non-ATC - originally defined differently - now is only used by
CERN's Medical Service as they like to keep a closer and more frequent eye on
the ATCs. One criterion for their selection is in fact the expected exposure of
PEEPs being more than about 5 mSv in a year but ATCs also comprise persons
who had accumulated a somewhat higher dose in the past or are considered by
the Medical Service being in need of more frequent medical care for reasons that
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are only known to them. Such a scheme following the criteria of general
occupational medicine is considered in the European Directive for category B
PEEPs only. With individual doses always kept below 15 mSv/year and within
the old regime still valid in France CERN actually has no persons in category A.

The same flexibility like in the case of the medical surveillance is applied at
CERN in the field of individual monitoring. Again the Organisation follows the
Swiss Ordinance issuing a dosemeter to all persons working in controlled
radiation areas but both the frequency of the dosemeter change and the radiation
risk to be covered is rather treated work specifically and not according to fixed
categories. In particular most persons at CERN wear their dosemeters for a
period of two months and only those running an exposure risk from neutrons
carry in addition to their photon film also a nuclear emulsion.

2. Exemption values and clearance levels

There is a general concept in radiation protection that the use of small quantities
of radioactivity is exempted from regulatory control and subsequently does not
need an authorisation. This however does not mean that these radioactivities can
be disposed of, recycled or reused without any restriction. The actual situation is
presented in a synopsis in table 2 comparing the situation at CERN with those in
CERN's Host States, in the EU Directive of 1996 and in the IAEA Basic Safety
Standards. As can be seen, although the concepts of exemption values and
clearance levels (using the nomenclature of the EU Directive in the following) are
well distinguished in the various documents there is a considerable confusion in
the naming conventions. Hence, the exemption limits in Switzerland and at
CERN actually are clearance levels. It should however be noted that the licensing
or authorisation limits LA of the Swiss Ordinance are always greater or equal to
the exemption limits LE, the latter being valid for disposal, recycling and reuse
of radioactive material under the condition that the dose rate at 10 cm from the
surface of the object is smaller than 0.1 jiSv/h.

Clearance levels are neither proposed in the EU Directive nor in the IAEA Basic
Safety Standards. Both papers however make the point that it is necessary,
although left to national regulations, to provide on the long run unrestricted
clearance levels for radioactivity particularly when shipments of slightly
radioactive material could easily pass borders like between members states of the
EU. The fact that Switzerland has introduced clearance levels for their territory
has in fact caused problems when a shipment of metal scrap with values below
the Swiss LEs was stopped at the Italian border. Italy does not apply clearance
levels. The same is valid for France where the earlier possibility to get rid of
radioactive waste through normal garbage channels at defined daily rates has
been abandoned. In this context it should be mentioned that in the old Swiss
Ordinance the possibility of dumping considerable higher specific activities than
nowadays had been possible under the condition that the material would not be
reused or recycled. This clearly showed the need for traceability of radioactive
material particularly in the case of its recycling.



Table 2: Exemption values and clearance levels in Switzerland, France, at CERN, in the EU
Directive of 1996 and the IAEA Basic Safety Standards [ORaP94, Dec86, CERN96, Dir96, IAEA94]

CH
Ordonnace
sur la radio-
protection
du
22 juin 1994

F
Decret
No 86-1103
du 2 octobre
1986

CERN
Radiation
Safety
Manual '96
EU
Directive
96/29
13 May 1996

IAEA Basic
Safety
Standards

Limit for keeping and handling
of radioactive material

Bewilligungsgrenze
Limite d'autorisation
Licensing limit
LA in Bq for the daily handling.
The LAs are based on the inha-
lation on a single occasion of an
activity leading to a committed
effective dose of 5 mSv.
Specific activity < 100 Bq/g
Activites pour une radiotoxicite
ires elevee 5 kBq
elevee 50 kBq
moderee 500 kBq
faible 5000 kBq
Not applicable. Radioactive ma-
terials are classified into four
categories and are handled in
appropriate radiation areas
Exemption value
Valeur d'exemption
Freigrenze
Values in Bq and kBq/kg
Exception possible if personal
doses < 10 piSv/year
Exemption level

'Values in Bq and Bq/g

Limit for disposal, recycling and
reuse of radioactive material

Freigrenze
Limite d'exemption
Exemption limit

LE in Bq/kg or Bq (same values) and
H* < 0.1 piSv/h at 10 cm or < 1 ^iSv/h
if personal doses < 10 piSv/year. The
ingestion of 1 kg gives a committed
effective dose of 10 \LSV
Limits for radioactive waste from
non basic nuclear installations (INB)
were defined in the past but are no
longer applicable

Limite d'exemption
Exemption limit
LE in Bq/kg or Bq (same values) and
H*<0.1 nSv/hatlOcm
Clearance level
Seuil de liberation
Freigabewert
Not defined. Subject to national
regulations

Discharge limit

Subject to national legislation

In fact, conditional clearance of radioactivity has been practised and still exists in
many countries for material below well defined specific activities with the
emphasis on traceability. However, with the ever increasing amount of slightly
radioactive solid and frequently metallic material a need for its release free from
any regulatory control, i.e. unconditionally arises.

In a recent publication the International Atomic Energy Agency have renamed
what they previously called discharge limit to unconditional clearance level
[IAEA96]. In addressing the subject they scrutinised a number of reports on the
issue basing themselves in their definition of unconditional clearance levels on
four seemingly universally accepted criteria:

- unconditional clearance levels should not be greater than exemption values



- individual doses to the average member of a critical group from likely exposure
scenarios should be constraint to 10 iiSv/a and for unlikely scenarios to
100 uSv/a.

- the collective dose per year of practice involving cleared material should be less
than about 1 man-Sv

- the materials cleared could be recycled, reused or disposed of within any IAEA
member state or in another state or country without restriction.

The IAEA has placed radionuclides into 5 categories with clearance levels of
specific activity ranging from 0.1 to 1.0, 1 to 10,10 to 100,100 to 1000 and 1000 to
10000 Bq/g. The representative values for these categories are then 0.3, 3, 30,
300, and 3000 Bq/g. The following table compares the proposed IAEA
unconditional clearance levels with LE values of the Swiss Ordinance of 1994
and exemption values of the EU Directive of 1996 for some selected
radionuclides i.e. those of particular interest to CERN. Note that the EU
exemption limits were apparently arrived at using the same dose constraints as
those used by the IAEA but it is clearly seen that the EU exemption limits are
rather high compared with the clearance levels proposed by the IAEA and
Switzerland.

Table 3: Proposed IAEA unconditional clearance levels, LE values of the Swiss
Ordinance 1994 and exemption values of the 1996 EU Directive in Bq/g.

Radionuclide
3H
7Be

22Na
51Cr
54Mn
60Co
65Zn
137Cs
238U

IAEA96
3000

-
0.3
30
0.3
0.3
0.3
0.3
0.3

ORaP94
300
300
3
20
10
1
3

0.7
0.4

Dir96
1 000 000

1000
10

1000
10
10
10
10
1

The unconditional clearance levels proposed by the IAEA are generally lower
than the LE values in Switzerland. In practice these values can however be rarely
applied due to the additional constraint that the dose rate must not exceed
0.1 uSv/h at 10 cm distance from the material.

CERN uses the Swiss LE values for its mostly metallic radioactive waste but very
conservatively and naturally only towards Switzerland. Hence, the maximum
value of specific activity in an extended object like a magnet must be lower than
the LE value thus guarantying that the overall specific activity of the object is
much lower than LE. In figure 1 the annual influx of radioactive material under
the custody of Radiation Protection Group is compared with the amount of
material that could be released from CERN as inactive scrap in Switzerland over
the last 16 years. The figure shows the need for an ever increasing amount of



storage space for radioactive items in a place like CERN and probably elsewhere.
It seems therefore appropriate that the EU takes up the issue of unconditional
clearance levels within its member states in particular with respect to recycling of
metals. Article 5 of the Directive is not very helpful leaving the establishment of
clearance levels to national competent authorities in the member states [Jes97].
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Figure 1: Annual influx of radioactive waste (upper) and annual release of
non-radioactive scrap (lower)

3. Effective dose factors and reference levels

The EU Directive specifies in Article 13 the annual dose limit for members of the
public as 1 mSv per year with the possibility of authorising higher effective doses
in a single year provided that the average dose over five consecutive years does
not exceed 1 mSv per year. This statement is highly hypothetical as the reasonable
steps asked for in Article 14 to keep exposures to the population as a whole
ALARA considering economic and social factors have already been taken by



many countries in the EU. In fact, these economic and social factors have led in
Germany to the introduction of the so-called 0.3 mSv concept as the annual dose
limit for the public from nuclear activities long before ICRP had reduced the
annual dose limit for members of the public from 5 to 1 mSv. For the release of
radioactivity from nuclear power station Switzerland has adopted the same dose
value and for the operation of its accelerators CERN has entered the 0.3 mSv
limit in its Radiation Safety Manual [HSK80, CERN96].

Table 4: Dose limits applied at CERN according to ICRP Recommendation 60 and
the Radiation Protection Manual [ICRP91, CERN96]. All limits are expressed in
effective dose except the one for the fence post dose which is ambient dose equivalent.

Persons working at CERNf
Fence post dose
Dose to the population outside CERN
Exposure due to gaseous releases
Exposure due to liquid effluents

CERN annual
dose limit

1 mSv
1.5 mSv
0.3 mSv
0.2 mSv*
0.2 mSv*

Dose limits in
Recommendation

60 of the ICRP
lmSv

1 mSv

f Persons working on the site not belonging to the category of people exposed in the
exercise of their profession for whom an annual effective dose of 15 mSv applies.
* The sum of the exposure from gaseous releases and liquid effluents must remain
below a total dose of 0.2 mSv per year [HSK80].

The actual situation is illustrated in table 4. A particularity for accelerators is the
existence of neutron stray radiation produced during their operation that
generally dominates the radiological impact to the environment and determines
the dose to the public. In figure 2 the isodose curves of the annual dose on the
Meyrin site are shown for 1996 [Hof97]. A fence post ambient dose equivalent
limit of 1.5 mSv at CERN in a year will assure the proposed limitation in
effective dose to members of the public taking the occupation time in a particular
place and the shielding effect by buildings etc. into account.

Table 5: Committed effective dose coefficients for a period of 50 years (for children
70 years) [Dir96J and dose factors [ORaP94j following the intake via ingestion and
inhalation for members of the public in Sv/Bq for a few selected radionuclides.

Radio-
nuclide

3H (HTO)
" C (CO2)
22Na
54Mn
«>Co
^Zn
137Cs
238U

Dir96 ORaP94
Ingestion

1.8-10-11

2.4-10-"
3.2-109

7.1-1010

3.4-10-9

3.9-10-9

1.3-108

4.5-10-8

1.7-10-11

3.3-10-12

3.0-10-9

7.1-10-10

7.1-10*
3.7-10-9

1.4-10*
2.6-10-8

Dir96* ORaP94
Inhalation

4.4-10-11

1.8-10"
1.3-10-9

1.5-10-9

1.0-10-s
1.6-10-9

7.9-10-9

2.9-10-6

1.7-10-n
2.1-1012

2.0-109

1.7-10*
5.6-10-8
5.3-10-9

8.6-10-9

3.2-10-5

assuming moderate clearance from the lung
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Figure 2: Isodose curves for CERN's Meyrin site for the year. Doses are given in mSv.



As far as internal doses are concerned the EU Directive has published extensive
tables on committed effective dose coefficients in Sv/Bq for members of the
public for a period of 50 years (for children 70 years) following the intake via
ingestion and inhalation of radioactivity. These so-called dose factors in the
Swiss Ordinance found their entry in CERN's RSM. Table 5 lists these factors for
ingestion and inhalation for adults together with those published in the EU
Directive for a few radionuclides of interest at CERN. Generally the
correspondence between the two sets of data is quite good although in a few
cases they are different by a factor of ten. This only illustrates the importance of
the choice of the model with which these data have been arrived at.

These committed effective dose coefficients (much easier to handle than the old
ALI values) spurred some new interest to actually calculate doses to critical
groups of the population living in the vicinity of nuclear installations and to
compare these values to agreed release limits.

Table 6s Reference values in GBq for the release of radionuclides calculated
for the CERN Meyrin site on the basis of the Swiss Richtlinie HSK-R-41/d
[HSK96, Mor96a, Mor96b]. For each category of radionuclides (with the
worst radionuclide in a particular class given in brackets) a release of the
given activity in columns 2 or 3 amounts to an effective dose of 0.2 mSv to
the critical group of the population living in the vicinity of the Meyrin site.

Reference values in GBq
Air path:
Tritium (as gaseous HTO)
7Be (as aerosol)
Beta/gamma activities (T<1 day, nC)
Other beta/gamma emitters (T>1 day, 60Co)
Radioactive iodine (131I)
Alpha emitters (as aerosol, 210Po)
Liquid path:
Tritium (as HTO)
7Be
Beta/gamma activities (T<1 day, H Q
Other beta/gamma emitters (T>1 day, 22Na)
Alpha emitters (2:oPo)

Annual

10 000 000
30 000

3 800 000
40

3 500
3.7

1 200 000
3 000
5 000

300
0.25

Daily

230 000
1000

50 000
2

30
0.15

The Hauptabteilung fur die Sicherheit der Kernanlagen (HSK) in Switzerland
actually felt the need to calculate specifically for each nuclear power station the
exposure due to the emission of radioactive substances and published a
guideline to this end [HSK96]. Following some rough estimations in the past
years on doses to the environment from the emission of radioactivity CERN now
uses the proposed model to estimate the annual doses to the identified critical
group living outside the site of the Organisation. Calculations are based on the
data measured within CERN's environmental program [Mor96a, Mor96b]. In
figure 3 the location of the various types of monitor stations on the Meyrin site
are shown [Hof97].
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Figure 3: Location of monitor stations on the Meyrin site. PMS: stray radiation monitors, PMA: aerosol monitors, PMV: air monitors, PMW
and SW: water monitors



In table 6 so-called reference values valid for the Meyrin site of the Organisation
are given. They must not be confused with limits as the release of the
radioactivity of a single class of radionuclides in table 6 - always considering the
worst radionuclide - will already give rise to a dose of 0.2 mSv to an individual
member of the critical group.

Table 7: Ambient dose equivalent of stray radiation in pSv and release of radionuclides
in GBq from CERN in 1996 and the corresponding effective dose in uSv to the critical
group of the population living in the vicinity of the Meyrin site. T is the half-time.

Stray radiation in jiSv:1'
Air releases in GBq:
Tritium (as gaseous HTO)2>
7Be (as aerosol)
Beta/gamma activities (T<1 day)
Other beta/gamma emitters (T>1 day)
Radioactive iodine
Alpha emitters (as aerosol)
Liquid effluents in GBq:
Tritium (as HTO)
7Be
Beta/gamma activities (T<1 day)
Other beta/gamma emitters (T>1 day)
Alpha emitters
Total

Release in
1996
64

19.2
0.617

18100
0.019
0.000082
0.255

41.9
-
—
0.126
—

Effective
dose in uSv

14

< 0.001
0.004
0.95
0.095

< 0.001
14

< 0.001
—
—
0.09
—

29.1

1) Ambient dose equivalent of site monitor PMS63 with 21% of occupation time
assumed.
2) All tritium is assumed to be released in the form of water vapour for which the dose
factor is highest.

The results in table 7 for 1996 given are taken from CERN's annual report
[Hof97]. As it was said before, one of the main dose contributions to the critical
group living outside CERN comes from stray radiation. The other major part is
due to some alpha emission from the isotope production facility ISOLDE. The
total annual dose value is 29.1 uSv to the critical group mostly i.e. individuals
mostly exposed by the Organisation's activities. Other members of the general
public that live in the vicinity of CERN remain considerably below this dose
value.

4. Conclusions

The key objective of 1996 EU Directive is to homogenise radiation protection
regulations in its member states in view of the free passage of people and goods.
In scrutinising these recommendations it is obvious that in various domains of
radiation protection this goal has not been achieved. Progress has been made on
the issue of a uniform personal dose document that will allow people to work in
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any controlled radiation area within the EU. A supranational document on
unconditional clearance levels would be needed permitting in particular the
recycling of slightly radioactive material within the Union. Finally in view of
many nuclear power stations constructed near internal borders a common
approach on the evaluation of the radiological impact of these installations on the
environment should be established.
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