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Abstract. An overview of possible occupational exposures to enhanced natural radiation in Germany is given,
based on an analysis of the German Radiological Protection Commission. So far, the most significant exposure
source is radon at underground and above ground workplaces. As a result of relevant regulations, in East
Germany since the 70's a systematic monitoring of exposures to radon progeny has been introduced step by step
in the uranium industry, in conventional ore mining, in show caves and mines, in enterprises for securing mining
areas against subsidence, in radon spas and in water works in radon affected areas. Individual exposures have
been assessed. The monitoring results for the period 1975-1998 are presented. Successful protection measures
leading to a significant reduction of the exposures are discussed, using workplace monitoring results and regis-
tered occupancy times. In West Germany no regulations in this area were in force. Nevertheless, voluntary
measuring programmes at similar workplaces were carried out. In case of unacceptable exposures successful
protection measures were implemented. At present a systematic approach to control occupational exposures to
radon is laid down in the European Directive 96/29/Euratom which has to be taken over in the national
legislation to come. The expected number of workplaces to be included in the radiation protection system in
Germany, the recommendable way of including different workplace types taking into account appropriate
reference levels, and possible approaches to a graded system of workplace and individual monitoring are
discussed in detail.

1. INTRODUCTION

In the European Council Directive on basic safety standards for radiation protection [1] requirements
for enhanced natural radiation exposure are laid down. It is a great challenge to implement them in the
future national regulations. Generally we are faced with multiple problems if we deal with natural
radiation: occupational exposure of air crews to cosmic radiation, public exposure to radon in dwell-
ings, exposures in industries where occupational exposure to radon and occupational and public expo-
sure to natural radionuclides other than radon ("NORM") should be distinguished, and remediation of
mining and industrial relics. Even though it is very difficult to solve all these problems in a consistent
manner one should strive for solutions that are not contradictory to each other [2]. At the beginning a
pragmatic rather than a comprehensive regulatory approach seems to be prudent. Any step in the
direction of controlling enhanced natural radiation exposures is a progress if one begins with moni-
toring and reducing the highest individual exposures.

This paper is focused on the occupational exposure to radon and radon progeny incidental to work.
The exposure of uranium miners is outside the scope of this paper although the predominant pathway
is their radon exposure [3]. Uranium mining and milling have been traditionally controlled as parts of
the nuclear fuel cycle like other practices. There are other workplaces where natural radionuclides are
not or have not been processed in view of their radioactive, fissile or fertile properties and within
which the presence of natural radiation sources leads to a significant increase in the exposure of
workers or of members of the public which cannot be disregarded from a radiation protection point of
view. They may be regarded as practices or as intervention situations since most of these workplaces
with enhanced exposure to natural radiation already exist. That is why for them in the European
Directive [1] the term "work activities" was introduced.
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2. THE SIGNIFICANCE OF ENHANCED OCCUPATIONAL EXPOSURE TO RADON
PROGENY

The European Directive requires that each member state of the EU shall ensure the identification, by
means of surveys or by any other appropriate means, of work activities which may be of concern. The
German Commission on Radiological Protection (SSK) has analysed relevant workplace types and
assessed the expected number of workers in the dose ranges of 1-6 mSv per year and above 6 mSv per
year [4]. Relevant workplace types are, among others, production and use of thoriated welding
electrodes, production, transportation, storage and use of thorium gas mantles, use of phosphate fer-
tilizers, processing of zircon sands and pyritic ore as well as scrap recycling and copper slag process-
ing. However, the largest number of workers and the highest exposures are expected at workplaces
with exposures to radon and its progeny. Table I gives an overview.

Table I: Assessment of numbers of workers with enhanced exposure to radon

Underground mining

(except uranium and coal mining)

Coal mining

Water works and water supply facilities

Spas, sewage systems

Normal buildings

1000-3000 Bq-m"3

1000

some 100

2000

Single cases

50,000

> 3000 Bq-m"3

300

-

300

-

10,000

Obviously radon is the most significant "technologically enhanced natural radiation exposure"
(TENR), at least under the conditions prevailing in Germany. Since this fact has been suspected for
decades, efforts to monitor and control enhanced natural radiation exposures at workplaces have
concentrated on radon exposures.

3. EXPERIENCES WITH THE CONTROL OF HIGH EXPOSURES TO RADON
PROGENY

In Germany, there are different legal regulations with regard to exposures to radon and radon progeny
in the old and in the new Federal States (Lander).

A legal basis [5] for the radiological protection monitoring of work places with exposures to radon
and short lived radon progeny outside of the uranium industry has only existed in the new Federal
States in the eastern part of Germany. A systematic monitoring has been introduced step by step since
the 70's, and includes mainly underground work places of particular groups of workers with
significant exposures to radon progeny, i. e. uranium mining and milling and the closeout of the
uranium industry (since 1991), conventional ore and mineral underground (non-uranium) mining,
shaft construction and securing abandoned mines against mechanical damage (subsidence). Other
workplaces, such as show caves and tourist mines, radon spas and certain water works have also been
included.

Maximally 28,000 employees have been involved in this monitoring. The present figure is
approximately 3,000 persons (Figure 1).
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Figure 1. Number of monitored persons with exposures to short lived radon progeny.

The primary objective of the monitoring in the first decade was not the assessment of the exposure as
such but to provide necessary information for the further optimisation of protection at the workplace.

The VOAS Regulations [5] of the former German Democratic Republic, which remain in force until
the federal German radiation protection law will be amended with regard to this type of exposure,
include limits for occupational exposures to radon and radon progeny. These limits have been
expressed in terms of the potential alpha energy of the short lived radon progeny corresponding to the
exposure.
ALEpot = 8-1010 MeV-h-rn3 (12.8 mJ-h-m"3)

Consequently the quantities used for practical radiation protection in the case of exposures to radon
progeny are the integral exposure Epot and the workplace concentration Cp0, with their respective
derived annual limits.
DACpot = 4-107 MeV-m3 (6.4 uJ-nf3)

Individual exposures have been assessed using workplace monitoring results of the potential alpha
energy concentration and registered occupancy times. Where necessary, protection measures were
required [6].
This method for the estimation of occupational radiation exposure on the basis of short term opera-
tional measurements has been widely applied — as in other countries with uranium industries as well.
So-called mine radiometers have been used which have been adapted to the special conditions
underground.

The effective dose equivalent values shown in figures 2 through 4 have been determined on the basis
of the ICRP 32 dose conversion factors [7]. The contribution of external radiation and of long lived
alpha emitters was determined as a constant fraction of the whole exposure. From 1991 on, during the
closeout of the uranium industry with heavily changing exposure condition, these contributions have
been measured and assessed separately by means of individual devices [8].
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Figure 2. Annual collective dose in different types of occupation (dose calculation according to
ICRP 32).
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Figure 3. Mean effective dose in different types of occupation (dose calculation according to
ICRP 32).
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Figure 4. Mean effective dose in different types of occupation excluding the uranium industry (dose
calculation according to ICRP 32).
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Figure 5. Quotient of measuring value Em to true value Ew of the exposure in dependence on the true
value Ew.
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When applying the ICRP 65 dose convention [9] for the calculation of doses, the values given above
decrease by approximately one half; the exact reduction depends on the contribution of exposures
caused by long lived alpha emitters and external radiation.

More than twenty years experience in this field have shown that individual and collective
occupational exposures to radon progeny are in many cases significantly higher than occupational
exposures to artificial radiation sources.

The slight reduction in the number of workplaces as a result of efficiency measures in the second half
of the eighties and the drastic reduction in the number of workplaces as a result of the
decommissioning of many enterprises from 1990 on, have affected only the collective dose (Figure 2).

The decreases with time of the mean annual individual effective dose, which are given in Figures 3
through 4, result from the extensive radiation protection and organisational measures which have been
implemented in workplaces. It is particularly important that above all the highest individual exposures
could be reduced.From 1984, some workplaces in water work institutions in the southern area of the
former German Democratic Republic were also included in the radiation protection monitoring
program. The work regime for the persons employed there is characterized by the fact that single
employees must carry out a variety of tasks with very different and frequently very high radon and
radon progeny concentrations, but mostly enter these places only for short periods of time. The
necessary remedial measures may be constrained by existing requirements of hygiene or may not
completely be effective for organisational reasons. Necessary investigations of the exposure
conditions require often monitoring of individual exposures.

Improvements in ventilation have proved to be the most effective radiation protection measure for
reducing exposures in all fields of work. Three components are particularly important:

(a) air volume of the ventilated area,
(b) air throughput,
(c) direction of ventilation (change from underpressure to overpressure).

In addition in mines a more or less efficient decrease of concentrations was achieved by covering the
mine drainage system or hermetic sealing of abandoned tunnels and galleries ore in rare cases means
of filtration of air of an auxiliary ventilation at the workplace. The reduction of occupancy time was
possible in some cases.

In the western part of Germany no regulations were in force in this area. Nevertheless, voluntary
measuring programmes and protection measures were carried out with reference to general labour
safety regulations and the legislation of mines at similar workplaces. For these measurements devices
for long term determination of both radon and radon progeny exposure and concentration were
preferentially used [10]. In case of high exposures protective measures were implemented. Altogether
it can be said that, as exercised in both parts of Germany, a regulatory and a pragmatic approach
resulted in a similar improvement of the exposure conditions.

4. REGULATORY APPROACHES

4.1. Basis

The discussion on the future German radiation protection legislation is not yet finished. That is why
the information on it, given in the following paragraphs, is not finally confirmed.

Basic recommendations on the control of exposures to radon and its progeny are laid down in ICRP
publication 65 [9]. Further guidance on occupational exposure is given in ICRP publication 75 [11].
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The stipulations in the European Directive [1] and in the International Basic Safety Standards [12] are
based on the ICRP recommendations.

4.2. Identification ofworkplace types

There is a general consensus that the first step should be the identification of types of work activities
that may be of concern as required in the European Directive. In ICRP publication 75 [11] it is said
that a precondition for the introduction of controls is "a sound overview of the patterns and levels of
exposure as a basis for discussion of the types of workplaces which should be subject to a system of
radiological protection." Although identified workplaces of concern comprise also exposures to
natural radionuclides other than radon, in this paper only occupational exposures to radon and its
progeny are discussed.

Underground work activities with enhanced occupational exposure to radon progeny may be non-
uranium mines, shaft construction, subsidence prevention, tunnels, galleries in radon spas, show
caves, tourist mines, water treatment works and stores, subways, sewage systems, military facilities
etc. They can exist within and outside radon-prone areas. Work activities above ground may be radon
spas, waterworks, factories and workshops, schools, hospitals and other public buildings, and last but
not least normal offices and shops where the exposure conditions are the same as in dwellings.
Relevant above ground work activities are usually located in radon-prone areas.

Based on the workplace analysis of the SSK the following work activities with exposure to radon are
specified to be included in the German radiation protection system: underground mining including
show caves and tourist mines, radon spas and water works in radon-prone areas. According to the
SSK analysis the highest number of workers is expected in normal offices and shops. However it is
the prevailing conviction that these workplaces should not be controlled as long as a national policy
regarding radon in dwellings has not been established.

4.3. Requirements

Employers are required to assess the potential radon exposure at relevant workplaces. In the
recommendations of an Article 31 Group on the implementation of Title VII of the European
Directive [13] it is recommended that the action level for workplaces above which the exposures are
subject to regulatory control should be set in the range of 500-1000 Bq-m"3 time averaged radon gas
concentration (ICRP: 500-1500 Bqm"3 [9], IAEA: 1000Bq-m"3 [12]). In order to clarify that the
averaging refers to the worker, in the German legislation the action level is given as an annual
individual radon exposure of 2-106Bq-h-m"3 corresponding to an average radon concentration of
1000 Bqm"3 when the working time is 2000 h per year. If the equilibrium factor between radon and
radon progeny significantly deviates from 0.4 the authority may establish different action levels for
the individual radon exposure.

If the action level is exceeded, at first remedial measures like in an intervention should be
implemented to reduce the exposure to values below the action level. If this is not possible or if the
remedial measures were not successful the exposure of the workers has to be controlled like in a
practice. Of course, the actual control and protection measures have to be adapted to the particular
problem. The annual limit of the individual radon exposure is set at 6106Bq-h-m"3. This corresponds
to a potential alpha energy exposure of 14 mJ-h-m"3 assuming an equilibrium factor of 0.4. In the case
of significantly from 0.4 deviating equilibrium factors a different value for the annual limit of the
radon exposure may be established.

If the action level was not exceeded as a result of the exposure assessment, a re-testing of the
exposure conditions after a certain time interval may be advisable. If compliance with the action level
was achieved only after a remedial action the re-testing may be necessary after a shorter time interval.
Details have not been established yet. The same is true for the monitoring methods to be used. The
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costs of monitoring have to be taken into consideration. In many cases operational workplace
monitoring and individual assessment of occupancy times may be sufficient as it was shown in section
3. In other cases individual monitoring may be necessary, preferably of the radon exposure. In rare
cases operational individual monitoring of the potential alpha energy exposure by means of cheap
("passive") electronic devices may be appropriate. Details are left to a future guideline.

Any monitoring system requires a quality assurance. As a first step in Germany an intercomparison of
radon monitoring services was carried out. The results are shown in Figure 5. Nearly all values are
located within two lines characterizing accuracy requirement to individual dosimeters for external
radiation in Germany [14]. That means that reliable measurements of the individual radon exposure
are possible.

5. SUMMARY AND CONCLUSION

On the basis of experiences with monitoring of occupational exposures to radon progeny and related
protective measures for more than 20 years and of international recommendations and standards a
pragmatic regulatory approach was presented. It is not part of a comprehensive, complete and
consistently risk-based solution of all problems of radiation protection against technologically
enhanced natural radiation exposures, but it is focused on the decrease of the highest occupational
exposures to radon progeny and tries to avoid an unjustifiable imbalance between protection efforts in
the fields of occupational and public radon exposures. This approach should be considered only as a
milestone on the way to an ultimate solution of all problems faced today. Certainly after having
successfully solved the envisaged problems the system should be further improved using the
experiences meanwhile gathered.
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