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ABSTRACT

In Germany, the working group "Incorporation Monitoring" of the German-Swiss Radiation Protection
Association defined a new standard for the monitoring of workers occupationally exposed to radioactive
material. During the last two years this draft has been accepted by the German government in the form of three
guidelines.

The purpose of the approach was the installation of a consistent state-of-the-art system:

defining clear criteria for the necessity of routine and special monitoring programs,
giving guidelines for monitoring programs ensuring that dose assessments are as reliable as necessary
with the lowest possible expenses,
standardizing as far as possible the procedures of dose assessments, and
guaranteeing the necessary quality standards.

The scientific basis of this regulatory system are the publications 30 and 54 oflCRP.

GUIDELINE FOR PHYSICAL RADIATION PROTECTION SURVEILLANCE

Necessity of Monitoring Programs

Although the guidelines distinguish routine monitoring and special monitoring, the criteria for their
necessity are identical. They are necessary, if the incorporation of more than 10 % of the nuclide specific
annual limit of intake (ALI) can not be excluded. This percentage corresponds to the dose level defining
the occupationally exposed person in Germany. For the handling of nuclide mixtures each contribution is
to be taken into account.

The guideline gives practical help to check this criterion. The simplest case is that of manipulating unsealed
activity on a laboratory desk. In this case routine monitoring is necessary, if the maximum activity handled
during a working day exceeds 2000 • ALI/n (n = number of exposure days per year). Other methods
proposed to check the criteria for the necessity of monitoring programs make use of local long-term expe-
rience with earlier monitoring programs or the results of air activity measurements.

Action Levels

It was one objective, to avoid unjustified work and expenses at activity levels which are irrelevant for the
health of the worker or under legal aspects. Therefore, two action levels define the necessity of additional
measures.

The lowest one is the so-called interpretation level, at 3 % of the annual limit of intake. This level roughly
corresponds to the detection limit characterizing the external dosimetry; it takes into account the
uncertainties arrising from the lacking knowledge concerning the exact date of incorporation.

The result of each routine measurement is compared with a nuclide specific tabulated value (Table 1):

If the measured acitivity or activity concentration does not exceed this value (reference value), it means
that the expected annual intake is well below 3 % of the ALI, taking into account the method of
measurement (monitoring procedure), its frequency (monitoring interval) and assuming an intake at
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the beginning of the monitoring interval. In this case there is no need for any further action, even any
calculation of doses and intakes is not required.

Above the interpretation level, intake and dose must be assessed, but with a very simple and standardi-
zed method, described in the second guideline as reference method.

Nuclide
Compound,
Inhalation

class

ALI

(Bq)

Monitoring
Procedure

Monitoring
Interval

(d)

Reference Value

(Bq, Bq/d, Bq/m3)

Co-60

1-131

Cs-137

Th-232

...

W
Y

D

D

W

Y

4-106

4-105

1 -106

6-106

3-10'

6- 10'

WBC
WBC

Thyroid
U

WBC

AM
+

U + F
(LC)
AM

+
U + F
(LC)

180
180

14
14

180

3-103

1 • 103

2-103

10

3-10"

4-10-4

8 • ÍO"4

Table 1: Extract of the table for routine monitoring (Guideline for Physical Radiation Protection
Surveillance), defining monitoring procedure, monitoring interval and reference value for
radioisotopes and its compounds (WBC = whole body counter, LC = lung counter, AM = air activi-
ty measurement, U = urine analysis, F = feces analysis).

The second action level is called investigation level, at 30 % of the annual limit of intake:

As long as the intake for the calender year expected on the basis of the available measurements is
below 30 % of the ALI, there is no need for further assessments and measurements.
If the investigation level is exceeded, additional measurements and investigations are required until
they ensure a sufficiently reliable dose assessment, described in the second guideline as individual
assessment.

Requirements for the Monitoring Procedure

If any monitoring procedure is necessary, it must ensure the detection of an annual intake of less than 3
% of the ALL

Three factors influence the methods and frequencies applied for this procedure:

the physical characteristics of the radionuclide;
the biokinetics of the incorporated compound; and
the sensitivity of the equipment (eg detection limit).

As a result, the guideline defines for about 90 radioisotopes and its different compounds the method(s) to
be applied and the length of the monitoring intervals (Table 1). Two aspects were taken into account when
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fixing these intervals:
it must be sure, that the method applied allows the detection of 3 % of the ALI; and
the uncertainty of the date of the possible incorporation requires an estimate for this parameter. In the
concept, it is assumed, that the incorporation took place in the middle of the monitoring interval.
Though this assumption means on the average an overestimation of the possible intakes, it does not
exclude possible underestimations in individual cases. To avoid unacceptable uncertainties, the length
of the interval was chosen so that the maximum factor of underestimation ist limited to a value of three.
Together with the definition of the investigation level this definition avoids that dose limits are
exceeded without being recognized.

GUIDELINE FOR ASSESSMENT OF EXPOSURE BY INCORPORATED RADIATION
EMITTERS

As already stated above, one of the main objectives was the standardization of the dose assessment
procedures. This means, that for all results (intakes and doses) below the investigation level, there should
be a well defined nearly unchangeable method for the interpretation of the measured values. Only for the
small fraction of cases above the investigation level it seems justified to deviate from this procedure and
to introduce as much individual information as necessary or as available. Figure 1 shows the corresponding
scheme of decision:

Below the interpretation level, there is no interpretation at all.
Above this level, the measured activity or activity concentration is divided by a tabulated value, thus
giving a first estimate of the incorporated activity by using the so-called reference procedure, Figure
1. These table values are the retention functions or excretion rates resulting from the biokinetic models
of the ICRP publication 30 and 54.

The next step is the comparison of this estimated intake with the investigation level:

As long as this level is not exceeded, the intake estimate and the resulting doses are recorded.
As soon as the level is exceeded, in a first step it must be checked, wether better information is
available about the possible dates of the incorporation, about the chemical compound and the AMAD.
By means of this information, a new intake and dose is estimated, still based on the tabulated retentions
of ICRP. It is titled the individual assessment in Figure 1.
If the investigation level is still exceeded, measurements of the individual retention characteristics are
to be performed enabling a comparison with the ICRP retention models. If there are no substantial
deviations, the calculated intakes and doses are recorded. If there are considerable differences, the
individual retention must be measured and modeled as far as physically possible, and a new dose
calculation must be based on these measurements including the calculation of new dose conversion
factors.

GUIDELINE FOR DEMANDS CONCERNING MEASURING LABORATORIES

The directives mentioned already are complemented by a third one for the measuring or service labora-
tories performing the analysis and being responsible for the assessment of intakes and doses. It defines
recognition criteria to ensure that these laboratories:

are sufficiently well equipped with state-of-the-art instruments;
have the same scientific know how necessary for the dose assessment, based on the ICRP publications
30 and 54; and
take part in adequate quality assurance programs, which will be organized by a governmental in-
stitution.

SUMMARY

The three guidelines establish a consistent system of regulations to monitor occupationally exposed persons
in Germany for intakes of radioactivity. It shall contribute to an adequate protection of the workers and
ensure the comparability of dosimetric informations from different institutions.
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