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Abstract

On behalf of the Federal Ministry for Environment, Nature Conservation and Nuclear Safety
(BMU), the Federal Office for Radiation Protection in Germany (BfS) is carrying out a research
program in the field of radiation protection. More than 60 research and study contracts in 11 different
radiation protection areas are funded every year, and these are carried out mainly by universities and
research centers. The results of these projects are used in developing radiation protection regulations,
guidelines and procedures to fulfill the special radiation protection tasks of the BMU, the execution of
which is required by law. Planning, scientific and administrative management, provision of assistance
as well as expert evaluation of the results from these projects lies within the area of responsibility of
the BfS. A report issued annually provides information on preliminary and final results of radiation
protection research projects in Germany.

1. INTRODUCTION

In Germany, the Atomic Energy Act regulates the peaceful use of atomic energy. As a
consequence of this, the design, construction, operation and decommissioning of nuclear power plants
is subject to comprehensive licensing and supervision procedures. The Atomic Energy Act is
supplemented by different regulatory measures. The most important in the area of radiation protection
is the Radiation Protection Ordinance, which regulates the use of radioactive substances and ionizing
radiation, this ranging from the licensing of practices in medicine, industry and research to the
decommissioning of facilities and exclusion of practices where activities are below exemption levels.
Other regulations, like the Precautionary Radiation Protection Act and the X-Ray Ordinance, regulate
specific aspects of radiation protection. The Ordinances are supplemented by a number of guidelines,
for example, the Guideline on Radiation Protection in Medicine, which form together the regulatory
framework for the field of radiation protection.

The radiation Protection Ordinance prescribes the system of notification, registration and
licensing of all practices in the non-nuclear field. The implementation of the Ordinance by the
different State Authorities is supervised by the BMU. The protection of man against the dangers of
ionizing radiation is the responsibility of the BMU, and is carried out within the framework of the
protection tasks layed down in the Atomic Energy Act, the Radiation Protection Ordinance and the
Precautionary Radiation Protection Act. The carrying out of these tasks, the development of a
prescriptive radiation protection system, and the supervision of their implementation is only possible
on the basis of a broad knowledge of the science involved, and of technological advances.
Fundamental problems, as well as problems relating to specific radiation protection measures, have to
be investigated and solved. In order to provide support in the decision making process and in the
carrying out of the specific technical tasks required by the regulations, the BMU has established a
nuclear safety and a radiation protection research program covering a broad range of topics. Planning,
scientific and administrative management, assistance as well as expert evaluation of the results from
these projects lies, as mentioned above, within the area of responsibility of the BfS. A report issued
annually provides information on preliminary and final results of radiation protection research in
Germany [1].
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In the following paper, the radiation protection research program is described and the results
of selected research projects are presented.

2. THE RADIATION PROTECTION RESEARCH PROGRAM

Within the radiation protection research program there are 11 subject headings under which
projects are initiated, supported and evaluated (see Table I). An important task, in the process of this,
is the assessment of natural and man-made sources of exposure, and of the resulting radiation
exposures to man. Enrichment processes for natural radioactive substances, and trends in the use of
radioactive substances and ionizing radiation have to be recognized and evaluated in order to make
possible the implementation of measures for the protection of the population. A special topic is radon
exposure to the population and to those exposed to radon at their place of work. As a consequence of
the recommendations of the European Commission on the Protection of the Population Against
Radon Exposures within Houses, and of the revised European Basic Safety Standards in Radiation
Protection, which now also require the protection of workers against exposures due to natural sources
of radiation and also the protection of air crews, there is a need for specific research in this area.

On the basis of the experience gained so far, it is assumed that dose limits for the public are
such that exposures do not lead to a significant increase in the risk due to natural radiation. However,
this assumption must be re-examined constantly. For this reason, detailed knowledge of both
radioecological data and models is necessary. Knowledge of the behavior of radioactive substances in
the environment, their dispersion in air and water, their enrichment in different ecosystems and their
subsequent effect on man via the food chain is very important, and further research is still needed in
this area.

The resulting somatic and genetic effects have to be investigated further, and evaluated to
enable assessment of radiation risks with higher levels of reliability, especially in the low-dose
region. Important topics in this area are epidemiological studies on lung cancer risk due to radon, and
the causes of childhood leukaemia.

An important requirement for many investigations, as well as for the monitoring of dose
limits, is the availability of appropriate measurement techniques. The wide variety of complicated
measurement tasks, requires improvement of existing measurement systems and the development of
new methods, to incorporate new dosimetric data and models. Important topics here are the
measurement of radon and the improvement of environmental monitoring and incorporation control.
The objective is the standardization of measurement and calculation procedures.

The present philosophy in radiation protection is based on the principle of licensing practices
which contribute to radiation exposure only when these can be properly justified (justification
principle), and to constrain exposures from justified practices, to keep them as low as reasonably
achievable (optimization principle). Both principles are layed down in the Radiation Protection
Ordinance and their implementation has to be supervised by the BMU. In order to fully achieve this
aim, the investigation of radiation risks from the handling of radioactive substances and sources of
ionizing radiation, and the development of procedures and facilities for the optimization of radiation
protection is required.

The main topic of these investigations are radiation exposures in medical diagnostics, since
these contribute most to man-made radiation exposure to the public. In this regard, it is important to
find a balance between the benefits and the risks of diagnostic methods, to look for alternative
procedures where necessary, and to improve quality assurance in radiodiagnostics and nuclear
medicine. Radiation protection and quality assurance aspects are not only important in diagnostics but
also in medical therapy practices which use radioactive substances and ionizing radiation.
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Further topics of research are radiation protection issues arising during the transport of
radioactive materials and the management of radioactive wastes.

Wherever radiation is used, incidents may occur - due to human error or technical failure - in
which radioactive substances are released and/or persons are exposed to radiation. For this reason,
emergency planning and preparedness is an important task. Emergency planning has to be constantly
improved and the efficiency of protection measures, including medical preparedness in cases of
overexposure, has to be increased.

After the reunification of Germany a new, important task in the area of precautionary
radiation protection developed: the assessment, analysis and evaluation of uranium mining residues in
Saxony and Thuringia. The objective of the research project on establishing an assessment register
for uranium mining residues is the estimation of the overall radiation protection situation, and of the
necessity of implementing safety and restoration measures, along with the further economic
development of the affected regions, by localizing the affected areas and objects.

In the last decade, the human environment has become increasingly characterized by the use
of electronic devices, both at work and at home. This continuing development has led to the
introduction of protection measures against non-ionizing radiation. In this area, there is clearly a need
for improving scientific knowledge and for the carrying out of systematic investigations of the effects
and risks of different practices for man, in order to develop regulations for the protection of the public
or specific occupational groups. The research results obtained so far served as an important basis for
the development of the Ordinance on Electromagnetic Fields which has been in force since 1996.

TABLE I. RESEARCH TOPICS IN RADIATION PROTECTION

1

2

3

4

5

6

7

8

9

10

11

RESEARCH TOPIC

Analysis of natural and man-made radiation exposure

Measurement techniques and dose assessment

Radioecology data and models

Somatic and genetic effects of radiation

Emergency planning and preparedness

Radiation risks from handling radioactive substances and radiation sources

Procedures and facilities for the optimization of radiation protection

Radiation protection in radioactive waste management

Biological indicators, pathogenesis of radiation injuries

Effects and risks of non-ionizing radiation

Assessment register for uranium mining residues

NO. OF PROJECTS

5

9

9

12

4

2

3

2

4

10

2

3. RESULTS OF SELECTED RESEARCH PROJECTS

Radon has. for many years now, been an important topic and still is so. The subject area
ranges from measurement procedures, to lung cancer risk due to radon. The inhalation of radon and
its daughter products in houses causes more than half of the natural radiation exposure to the public in
Germany. Research projects revealed that geological subsoil is the main source of radon releases. On
the basis of measurements of activity concentrations for radon and its short-lived daughter products,
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and of the equilibrium factors for in-door and out-door radon levels, the resulting radiation exposure
could be estimated. An analysis was carried out in order to establish whether reference levels
recommended by the International Commission on Radiological Protection (ICRP) and by the
German Radiological Protection Commission (SSK), for radon concentrations at home and at the
work place, had been exceeded. Parallel to this, concepts for the restoration of old buildings to protect
against radon ingress were elaborated and proposals were made for how to build 'radon-safe' new
houses. Investigations of radon diffusion through porous materials were relevant in relation to this.

For the reliable assessment of radon risks, specific epidemiological studies are required. Two
case control studies are being carried out in different regions in Germany. The cases group is
composed of a number of lung cancer patients, and the controls group of the same number of persons
from the general public from the same region. The in-door exposure to radon was measured for all
homes where the interviewed cases and controls have been living over the last 35 years. Other risk
factors, like active or passive smoking, occupational radiation exposure, nutrition etc. are determined
by questioning the study participants. First trends show an increase of lung cancer risk for the general
population, related to the level of their radon exposure. Reliable study results can be expected in the
near future.

For some years now, a discussion has been going on in Germany on whether the operation of
nuclear facilities may lead to an increase of cancer risk, especially for children living in the vicinity of
such facilities. The University of Mainz, which runs a childhood cancer register, carried out a case
control study on childhood acute leukaemia and lymphoma. Incidence rates were determined for
regions with a radius of 15 km around nuclear power plants, and compared to incidence rates for other
selected regions. The study also included regions where nuclear facilities were planned but not yet
built.

No increase in frequency of childhood leukaemia within the 15 km radius could be detected.
There is a tendency for an increased risk of acute leukaemia among children below the age of 5 within
a 5 km radius around nuclear facilities, however, the results are not statistically significant. There was
no increased risk around older facilities (in operation before 1970). These results are based on 979
leukaemia cases. No risk factors were found which could be related to the operation of nuclear
facilities.

The biggest individual project in terms of cost and manpower involving, in the last few years,
the establishment of an assessment register for uranium mining residues, was completed at the end of
1997. The objective of this project was the estimation of the level of radioactive contamination in
former uranium mining areas and the effects of this on the environment in suspected regions, by
means of standardized measuring programs. After evaluation of all results, the extent of radioactive
contamination was defined and a radiation protection-relevant assessment was carried out, this
defining those regions and situations which require more in-depth, location-specific investigations to
form a basis for restoration decisions. The basis for the assessment were the criteria established on
radiation protection principles for storage, use or exemption of contaminated materials, buildings,
areas or dumps from uranium mining activities (Recommendations of the German Radiological
Protection Commission). The investigated mining residues were divided into three categories,
depending on their level of specific activity with regard to the most relevant radionuclides of the
uranium-radium decay chain, and according to further criteria:

(1) object can be used without limitation
(2) object has to be observed further
(3) relevant object.

A classification scheme has been developed, all mining objects were classified, and unusual
situations in the vicinity of mining objects were identified. Maps including all relevant information
were given to the local State Authorities, and the public was informed about the findings of the
project.
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In the area of non-ionizing radiation a project was carried out to develop calculation and
simulation programs for the dosimetric assessment of radio systems available on the market,
especially in the light of the introduction of future communication systems, to establish and optimize
simulation programs for the calculation of field distributions in the human body. WLAN-applications
(Wireless Local Area Network) and satellite-aided mobile radio systems were of specific interest. The
results show that the established limits are only exceeded in abnormal cases and during misuse.

4. CONCLUSIONS

Regulatory procedures must be closely related to scientific knowledge and technological
advances. Progress in terms of knowledge and experience as well as new technological possibilities
must be taken into account, through the corresponding development of safety and precautionary
measures. The Federal Ministry for the Environment, Nature Conservation and Nuclear Safety has
thus established research programs in the areas of nuclear safety and radiation protection. The
projects carried out within the framework of these programs, contribute to the development of a
general safety strategy and to the improvement and revision of regulations, guidelines and procedures
in these areas.
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