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ABSTRACT

The system of individual monitoring at CERN is presented. Follow-
ing the substantial decrease of individual doses over the last decade,
emphasis is now placed on monitoring rather than on dosimetric
aspects. Future developments have to face a possible decrease of dose
limits that are difficult to control in view of the lower detection
limits for the detectors presently used. One possible solution to the
problem is the increase in the wearing time for individual dosemeters.
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INTRODUCTION

As a result of ICRP publication 26 in 1977, several developments
in radiation protection were noticed at CERN [ICRP77]. In following
the basic concepts of justification and optimization, a considerable
decrease of individual doses took place such that it never became
necessary to Invoke the last defense line, i.e. that of dose limita-
tion (Fig 1). In fact, it has become possible to perform work at CERN
in the presence of radiation while remaining well below a recommended
individual reference dose of 15 mSv per year, as laid down in the
radiation protection policy statement of the Organization [CERN81].

ICRP is working at present on a revision of its publication 26. A
reduction of the recommended dose limits is under discussion, in par-
ticular a decrease from 5 mSv to 1 mSv for the annual dose of the
general public. Such a move will have important consequences for the
future of individual monitoring.

THE INDIVIDUAL MONITORING SYSTEM AT CERN

Two main sources of personal exposure at CERN can be distin-
guished: stray neutron radiation during the operation of the accelera-
tors and photon radiation from induced radioactivity during periods of
maintenance and repair. Consequently, two types of dosemeters are
worn: the Kodak gamma film Type 2 and the NTA emulsion.

These detectors are used since the beginning of individual moni-
toring at the Organization. Several attempts to change the present
combination have failed as it turned out that the film badge worn at
CERN is well suited to the specific radiation environment.

The gamma film is now calibrated to indicate depth dose equiva-
lent in a typical radiation field from induced radioactivity. Such a
field is characterized by the presence of a hard photon spectrum with
a maximum in the energy region of 300 keV, i.e. predominantly scat-
tered annihilation radiation from positron emitters. These photons
give rise to a typical optical density pattern behind the filters of
the film holder. Any deviation from this pattern is easily detectable
and generally due to X rays or beta radiation. All these "unexpected"
exposures are investigated in order to determine their origin and to
avoid any reoccurrence. In addition to this approach to an active
ALARA, all work in radioactive areas is controlled by quartz fibre
dosemeters. Individual doses accumulated greater than 1 mSv are com-
pared with the film-badge results. The excellent correspondence



between the two doses recorded has been reported at several occasions

[Hoe85a, Hoe89].

The problems of individual neutron dosimetry are well known and
in spite of considerable efforts no universal solution has been found
so far. In the CERN radiation environment the NTA film seems to be an
acceptable solution at present. Indeed, the fading of tracks was
reduced considerably and it became possible to issue the nuclear emul-
sion for wearing periods of two months [Hoe87]. Neutron energies in
stray fields around the accelerators are generally higher than those
in the spectrum of radioactive source neutrons used for calibration.
Hence, the standard interpretation of any tracks recorded on the film
worn in routine tends to give conservative dose values considering the
increase in sensitivity of the nuclear emulsion with neutron energy
[Hoe85b].

PAST EXPERIENCE

In Fig. 1 the mean annual doses recorded at CERN both for photon
and neutron radiation are plotted for the years 1974 to 1988. The most
important observation concerns the dramatic decrease of photon doses
following ICRP publication 26 and the CERN radiation policy statement
introducing an annual reference dose of 15 mSv.

Neutron doses up to 1984 were greatly influenced by the presence
of -facing, in fact high individual doses were never observed, although
important sources around external targets were encountered in experi-
mental halls during this period. The introduction of a quick scanning
method lead to a decrease of individual neutron doses during the years
1984/85 [Hbe83]. This technique was based on the idea that no track
recorded in two fields would exclude that a dose of 1 mSv is over-
looked. On the other hand, many small "doses" of 0.2 mSv just above
the background were no longer detected. When in 1985 the NTA emulsion,
sealed under dry nitrogen, was issued for periods of two months many
small signals became separated from the background. This was due to
the longer wearing time in spite of the fact that in the mean time
dose rates in stray radiation fields had decreased considerably.
Finally, the noticable increase of the mean neutron dose in 1988 was
caused by experiments with heavy ions ejected via secondary beam lines
into experimental halls. The operation was characterized by higher
dose rates than normally experienced in occupied areas when working
with protons.



Longer wearing periods are also at the origin of the increase in
the mean photon dose observed in 1987 and 1988. Indeed, during these
years the distribution pattern was changed to a period of two months
for more than 2/3 of the persons individually monitored, leading to a
better discrimination against the detector background. As can be seen
in Fig. 2, many more small doses are now observed than in the past. In
fact, during the period 1985 to 1988 the percentage of persons with an
annual dose of zero has decreased fron 64.8 to 37.2%, while over the
same period the figure in the dose range up to 1 mSv increased accord-
ingly.

FUTURE OUTLOOK

From Fig. 2 it is evident that only a small fraction of the indi-
vidually monitored persons at CERN exceeds an annual dose of 5 mSv. Of
the work performed in the presence of induced radioactivity less than
1% of the personnel accumulates doses in the range from 5 to 15 mSv.
Hence the aspect of individual monitoring is more important than that
of personal dosimetry.

This is particularly true for neutrons, where, in view of the
radiation levels involved, individual monitoring could be allowed over
even longer periods than two months. A suitable detector for such a
practice in the CERN environment should have an energy response
(threshold detector) similar to the one of the NTA emulsion but should
show no fading. Other necessary conditions are good sensitivity and
background reproducibility. Field tests are presently performed in
stray fields at CERN for periods of three months, including the NTA
emulsion, CR39, polycarbonate and albedo type detectors. The first
results suggest that the detection limit for polycarbonate is 0.3 mSv
compared to 0.2 mSv for the NTA emulsion*' . This apparent disadvantage
is largely compensated by the absence of fading for the plastic detec-
tor. It,could therefore be carried to accumulate doses over periods of
more than two months.

*) It was shown that a dose of 0.2 mSv in the NTA film has
a probability of only 50% of being a real dose and 50 % of being
background when five fields of 0.175 mm2 are scanned [Hoe88].



As far as photon dosimetry is concerned, Fig. 1 shows clearly
that for most monitored persons individual doses are now near the
lower limit of detection for the film dosemeter. While this value is
of the order of 0.2 mSv for the photographic emulsion, a much lower
figure is easily achieved for a thermoluminescence dosemeter (TLD).
As already mentioned, however, at CERN the "imaging" qualities of the
film are considered as an important tool for active ALARA, in parti-
cular in view of the elucidation of unusual and unexpected sources of
exposure.

CONCLUSIONS

Over the last years individual doses at CERN have decreased to
levels that are in most cases near the lower limit of detection for
the detectors used. However, small dose values are separated from
background and thus become detectable when dosemeters are carried for
periods longer that the usual month. Such a practice, i. e. monitor ing
persons over extended periods, is in line with the low potential radi-
ation risk at CERN.
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FIGURE CAPTIONS

Fig. 1 The development of mean annual photon and neutron doses at CERN
as registered on individual dosemeters from 1974 to 1988.

Fig. 2 Annual dose distribution in different classes at CERN for the
years 1984 to 1988.
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