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Abstract. According to the Directive 96/29/EURATOM the EU Member States are obliged to identify work 
activities that might lead to a significant increase of exposure due to natural occurring radioactive materials 
(NORM). In Germany, investigations were carried out that resulted in lists of possibly relevant workplaces on 
the one hand and residues from industrial processes on the other. These lists are part of the German radiation 
protection ordinance and form a key element of the regulations on NORM. They reflect the concept of 
selectivity of radiation protection in this area. Another peculiarity is the fact that the NORM regulations rely to 
a large extent on self-control of the industries concerned. The responsible authorities play only a limited role, 
and authorization is generally not required. Since actions are currently in progress to update national and 
international recommendations and standards we have evaluated and summarized the experience gained from 
the implementation of the NORM regulations in Germany. Our inquiries allow the conclusion that  overall, the 
concept has proven to work properly. Since most of the industries were confronted with problems of 
radioactivity and radiation protection for the first time, professional assistance was necessary in the beginning. 
However, in the long run the concept will help to optimize the efforts on both sides, industry and authorities. 
Some problems have appeared with regard to the concept of selectivity. For example, certain exposures had 
been considerably overestimated on the basis of conservative, generic dose assessments that formed the basis of 
the lists of regulated workplaces and residues. This may not only lead to undue regulatory efforts but also to an 
unnecessary stigmatization of industries and concerns among workers and the population. Therefore it is 
necessary to weigh up carefully the conservatism that is to some extent necessary in generic dose assessments 
and the realism required in on-site assessments.  
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1. Introduction 

Directive 96/29/EURATOM has set down a framework for controlling exposures to natural radiation 
sources arising from work activities, where natural radionuclides are not or have not been processed in 
view of their radioactive, fissile, or fertile properties [1]. The EU Member States are obliged to 
identify, by means of surveys or any other appropriate measure, work activities that could lead to a 
significant increase in exposure for workers or members of the public due to the presence of natural 
radiation sources. 

With Part 3 of the Radiation Protection Ordinance (RPO) of 2001 [2] the EURATOM Directive was 
implemented in German radiation protection legislation. The regulations are subdivided into two parts, 
aimed at the protection of workers at selected workplaces and at the protection of the public against 
exposures resulting from the disposal or the reuse of selected industrial residues showing enhanced 
mass specific activities of radionuclides of the uranium-radium and of the thorium decay chain. The 
pre-selection of workplaces and residues for which the regulations apply is something typical of the 
regulations on radiation exposures from natural sources. 

Another peculiarity of the NORM regulations is the fact that they rely to a large extent on self-control 
of the industries concerned. The responsible authorities play only a limited role, and authorization is 
generally not required. This paper is meant to review the regulations critically in view of the practical 
experience gained in the past seven years since they came into force, especially considering the 
conceptual framework. 
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2. The concept of selectivity 

In the preparation phase of the regulations a comprehensive analysis of existing information on 
radiation exposures at workplaces with enhanced levels of natural radioactivity was made. Further, 
numerous materials and industrial processes have been checked with regard to their potential to cause 
significant exposure to members of the public. Among others, existing information on mass specific 
activities in materials, the principal relevance of the industrial processes and workplaces in Germany, 
typical working conditions, the amount of materials, and their usage or disposal conditions has been 
considered. 

As a result, the so called positive lists have been defined for both workplaces and industrial residues 
that may cause radiation exposures superseding an effective dose of 1 mSv/a. These are now part of 
the RPO.  

2.1 Workplaces 

The following fields of work activity are regulated according to appendix XI of the RPO (simplified): 
 
Part A: Workplaces with increased radon-222 exposure 

 

- Underground mines, shafts and caves including exhibition mines for visitors 

- Therapeutic Radon spas and shafts 

- Facilities of water procurement, preparation and distribution 

 

Part B: Workplaces with increased exposure through U, Th and their daughters (without radon) 

 

- Grinding of and AC-arc welding with thoriated welding rods 

- Handling and storage of thoriated gas mantles 

- Use of natural thorium (Th-232sec) and natural uranium (U-238sec and U-235sec) for 
chemical analytic or chemical preparatory purposes 

- Handling, especially installation, dismantling, processing and inspecting products made 
from thoriated alloys 

- Extraction, usage and processing of pyrochlore ores 

- Usage and processing of cinder from the metallurgical processing of copper shale ores. 

The persons responsible for such work activities are obliged to conduct estimates of the radon-222 
exposure (part A) or the effective dose (part B) related to the specific workplaces. Only in case the 
effective dose may exceed 6 mSv/a, the radiation protection authorities are notified and a radiation 
protection scheme is applied that is comparable to that foreseen for practices. 

Experience has shown that the list of work activities has to undergo a critical review. There is not 
doubt, however, about the relevance of those workplaces that were selected in view of possibly 
enhanced radon exposures. On the contrary, the question has arisen whether or not water treatment 
facilities e.g. in coal mines should be regulated as well, since Ra-226 activities up 50 Bq/g in residues 
of such processes have been reported. Significantly enhanced radon-222 concentrations in the air 
cannot be excluded in such cases, too. 

Regarding to the workplaces according to part B the situation is different. Considerable doubts have 
arisen meanwhile that the inclusion of all of the listed work activities and workplaces is actually 
justified. For example, it seems  questionable meanwhile if the storage and handling of thoriated gas-
mantles really is important from the radiological point of view. Respective inquiries made in the 
1990ies led to relatively high exposures only in case of conservative assumptions. Under the 
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assumption of 1.000 to 2.000 working hours per year in close vicinity of 10.000 thoriated gas mantles 
with the maximum measured mass specific activity of Th-232 effective doses between 3 and 10 mSv/a 
were estimated for warehousemen. Based on realistic scenarios and assumptions required during 
workplace-specific investigations, exposures are well below 1 mSv/a. Moreover, there is a trend 
towards substituting thorium by yttrium as a non-radioactive additive. Taking these facts into account 
the handling and storage of thoriated gas mantles can probably be taken off the list of regulated 
workplaces in the future. 

The situation is quite similar considering thoriated welding rods. According to newer studies thoriated 
welding rods are only used in exceptional cases now, since thorium is being substituted by rare earth 
elements like cerium increasingly. Therefore, in the future it may turn out to be needles to have these 
workplaces on the list. Moreover, in view of the possible substitution of thorium the question arises 
whether its use is generally justified from the radiation protection point of view.  

The other work activities of part B are generally of even less importance and shall not be discussed 
here in more detail. For instance, the extraction, usage and processing of pyrochlore ores is not done 
anymore in Germany. In summary it can be stated that the regulations on radon at workplaces are fully 
justified, whereas some other work activities are less important or no longer important from the 
radiation protection point of view. 

2.2 Controlled residues 

The following industrial residues are regulated according to Appendix XII of the RPO (simplified, 
shortened): 

- Sludge and scales from oil and natural gas extraction, 

- Unconditioned phosphogypsum; sludges, dust, slags from the production and processing 
of raw phosphate, 

- Waste rock, sludges, sands, slags and dusts from the extraction and preparation of bauxit, 
columbit, copper shale, tin, .. 

- Dust and sludges from the off-gas cleaning of blast furnaces in raw iron and non-ferrous 
metal processing. 

Only radionuclides from the uranium-radium1 and the thorium-decay series have been considered. 
Control is not required in case the mass specific activities of the listed residues are lower than the 
control limits C  specified in the ordinance. They refer to the sum of the specific activities of those 
radionuclides from the U-238 and Th-232 decay series showing the maximum values within the 
respective series: 

CCC ThU ≤+
maxmax 232238  

 
C takes on values between 0.2 Bq/g and 5 Bq/g, depending on the type and characteristics of the 
disposal or reuse, respectively. The values have been derived from the level of effective dose of 1 
mSv/a, using generic exposure scenarios, parameters and models, except the 0.2 Bq/g level which is 
primarily oriented about the upper level of radionuclide contents in soils in Germany. 

In case the control limit for the intended disposal or reuse option is exceeded, the residue has to be 
formally released by the radiation protection authority at the request of the responsible person or 
company. The precondition is, again, that the effective dose to members of the public be less than the 
reference dose level of 1 mSv/a. 

A critical review of the residues regulated according to appendix XII of the German RPO shows that 

                                            
1 Radionuclides from the U-235 series can be considered to be in constant relation to those of the U-238 series. 
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the list is up to date for some important residues such as sludge and scales from oil and natural gas 
extraction. Interestingly, comparable residues from the exploration of deposits are outside the scope of 
the regulations. In view of the relatively small amount of material this is plausible at the one hand side, 
but turned out to be hard to communicate, even among radiation protection experts. 

The situation is different with residues related to the production of, e.g., phosphogypsum. Recent 
inquiries have shown that the processes leading to such residues are of minor importance now or do 
even no longer exist in Germany. This is also true for some other industrial processes like, e.g. the 
extraction and treatment of columbite. These might possibly be deleted from the list.  

The fact that the positive list obviously comprises more residues than necessary may at first sight not 
seem to be problematic from the radiation protection point of view. It should not be forgotten, 
however, that a side-effect of the positive list is a certain stigmatization of the materials. For example, 
a German company producing and trading blast bauxite felt addressed by the NORM regulations and 
cared about the health of the users of the product. These are sufficiently protected by protective 
clothing that are regularly used for reasons of normal health and safety requirements. The actual 
addressee of the regulations is an aluminium oxide works producing hundreds of thousands of tons of 
red mud per year, a residue from the milling of bauxite.  

On the other hand, predefined lists of relevant residues might not necessarily be complete. To 
overcome this problem, the regulations include a paragraph which puts the responsible authority in the 
position to order protective measures for the reuse or disposal of other materials if it turns out that 
significant exposures (> 1mSv/a) may result from them. Should, for instance, geothermal heat be used 
to a larger extent in the future, scales and sludge from this industry may become equally important as 
the respective residues from the oil and gas industry due to their enhanced radium contents. However, 
our experience has shown that this specific part of the regulations became more important than 
expected. There is a certain trend not to use the radiation exposure as the first criterion for its 
application, but the control limits in terms of Bq/g, regardless of the question whether they apply to 
these materials or not. This is a simplification that is neither adequate from the radiation protection 
point of view nor was it the intention of the regulators. However, we have to acknowledge the fact that 
there is a certain need for simpler decision criteria than effective dose levels, namely measurable 
quantities such as concentration values, dose rates etc.      

In summary it can be stated that the positive list of the German RPO is partly not up to date anymore, 
owing to changing technological and economical conditions. Regular updates seem desirable but are 
not easily made because of the high legal level of the RPO. A more flexible approach seems to be 
worth considering in the future. This is also true for the lists of work activities. 

3. The concept of self-control 

It is the nature of things that radiation protection authorities are only partially involved in the 
implementation the regulations. After all, this was the intention of the concept of self-control. If, for 
instance, workplace specific dose estimates show that radiation exposures higher than 6 mSv/a do not 
occur the responsible authority is not involved, see section 2.1. Similarly, radiation protection 
authorities are not involved in the management of residues in cases where the specific control limits of 
mass specific activity for the planned disposal or reuse-option are not exceeded. Clearly, this concept 
relies to a large extent on the sense of responsibility on the part of the companies concerned. Although 
it is difficult to get representative overviews under the circumstances described, our experiences show 
that most companies respect the regulations carefully. 

However, at least shortly after the enactment of the regulations on work activities and NORM residues 
many people and companies were confronted with problems of radioactivity and radiation protection 
for the first time. Since the personnel were normally not qualified in radiation protection issues, since 
no measurement equipment was available etc., professional assistance was usually necessary to deal 
with these problems. Assistance was also given via guidelines etc. which are provided by industrial 
associations and authorities, both on the federal level and on the part of the individual federal states. 
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Also, many consulting  companies have specialised in radiation protection issues in the NORM field. 
Thus, the enforcement of the regulations is the result of a cooperation of all parties involved in the 
process. 

An example is a guide on the implementation of the regulations of the RPO on work activities that was 
issued by the Federal Office for Radiation Protection. The guide sets out the concept of radiation 
protection for work activities. The tasks of those responsible for the enforcement of the regulations are 
pointed out and measures are recommended which are appropriate for the estimation and 
determination of radiation exposures. Furthermore, the guide informs about actions to reduce elevated 
radiation exposures and recommends measures for internal organization of radiation protection and 
measures to fulfil demands imposed by the regulatory authority [3]. 

Other examples are guides of industrial associations [4, 5] like the ones shown in the following figure, 
and  the recommendation of the German Radiation Protection Commission on representative sampling 
for NORM-residues [6]. 

Figure 1: Guidelines of industrial associations concerning thoriated welding rods and workplaces at   
waterworks 

 
 
Thus, despite the fact that there are still some problems to be solved, it can be stated that the industries 
concerned with the regulations have found proper ways to cope with the specific requirements 
resulting from the concept of self-control.  

4. Radiological Impact of the regulations 

4.1 Workplaces  

It has already been mentioned in section 2 that the definition of the positive lists of work activities 
according to appendix XI of the RPO was based on studies that were carried out until the middle of the 
1990ies [7]. Estimates were made on the level of possible radiation exposures and the number of 
exposed persons. Taking into account either aspect the most important work activities / workplaces are 
the grinding of and AC-arc welding with thoriated welding rods, and facilities of water procurement, 
preparation and distribution. According to these estimates about 2.000 workers in waterworks were 
supposed to receive radon exposures corresponding to effective doses between 6 and 20 mSv/a, with 
another 300 persons receiving more than 20 mSv/a. 5.000 welders were expected to be exposed to 
effective doses between 6 and 20 mSv/a.   
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The means to review the development of radiation exposures are confined since there is no obligation 
to notify exposures below 6 mSv/a or 2 . 106 Bq.h.m-3 radon exposure to the responsible authorities. 
However, exposures higher than these values have to be reported and are summarized annually by the 
Federal Office for Radiation Protection (BfS). According to the radiation protection register of the BfS 
there is, compared to the above mentioned figures, only a small number of workers exposed at levels 
above 6 mSv/a. In the year 2005 only 27 persons were reported to have received exposures above 6 
mSv/a2. Two workers received exposures higher than the annual limit of 20 mSv/a. All of these 
persons are from facilities of water procurement, preparation and distribution. 

The amazing difference between the old estimates and the newer figures is, according to our analysis,  
only partially a consequence of radiation protection measures following the implementation of the 
NORM-Regulations. The following aspects play a role: 

At first the fact has to be taken into account that former dose estimates were based on rather 
conservative assumptions, compare section 2.1. For example, the estimates in [7] concerning radon 
exposures at workplaces are based on 2000 h working hours per year. In most cases this is a 
considerable overestimation that is, of course, eliminated in the cause of realistic, workplace specific 
dose estimates. Another example, the handling and storage of thoriated gas mantles, was already 
discussed in section 2.1. 

Apart from this, specific radiation protection measures have been taken in many companies. Thereby, 
large effects can be obtained not only by complex technical measures. Sometimes, relatively simple 
measures, such as ventilation of rooms showing enhanced radon levels before entering, may lead to 
significant reductions of exposures. Also, considerable effects can be the result of normal technical 
developments not directly aimed at the reduction of radiation exposures. For example, the replacement 
of 30 old waterworks by a modern facility with a high degree of automation turned out to be an 
important radiation protection measure as well. 

Last but not least the substitution of radioactive additives by none-radioactive ones, such as in the 
mentioned case of thoriated welding rods, plays a role. 

Even if it is not only an effect of specific radiation protection measures it can be summarized that 
exposures at NORM workplaces that exceed 6 mSv/a are restricted to a number of persons that is 
much smaller than estimates carried out in the 1990ies indicated. 

4.2 Controlled residues 

It is even more difficult to estimate the influence of the regulations on the radiation exposure of the 
population due to the disposal or reuse of industrial residues since the regulations are not aimed at the 
reduction of known existing exposures but rather the avoidance or restriction of possible future 
exposures. However, as far as the concept of self-control works, the regulations ensure with high 
probability that exposures to the population do not exceed a dose value of 1 mSv/a.  

The following example shall illustrate the effect of the regulations on the oil and natural gas industry. 
In Germany, an annual amount of 10,000 tons of scrap containing about 1,000 tons of scales arises 
from the oil and gas extraction industry. The specific activities of the radionuclides vary considerably. 
In scales for instance, mass specific activities of Ra-226 range up to 1,000 Bq/g. Although mean 
values are usually much lower, the specific activities are mostly well above the highest control limit of 
5 Bq/g, which is valid for underground disposal. Therefore, these residues are controlled residues in 
the sense of the RPO and have to be formally released according to the NORM regulations by the 
authority prior to disposal. The precondition is that the reference value of 1mSv/a is not exceeded.   

                                            
2 Note that workers of the large reclamation programme of former uranium mining and milling sites (Wismut) 
are not included in this analysis. Radiation protection of these workers is not within the scope of the NORM 
regulations of the RPO.    
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Several disposal options are available. The growing demand for metal scrap has, however, led to a 
preference of technologies where the steel is recycled, both after the removal of the scales or the 
smelter of the contaminated tubes. A company from Saxony has specialized in the extraction of 
mercury from sludges and residues from the removal process. The radionuclides, as well as other toxic 
substances in the remaining residues can be fixed, using geopolymers, for instance. In this fixed form, 
the contributions of all paths but external γ  - exposure are reduced to negligible values. It is possible 

to dump the residues at conventional waste disposal sites. Exposures to workers have been 
demonstrated to be below 1 mSv/a for all persons involved in the process.  

Interestingly, the regulations do not only impose restrictions on the industries. The reuse of copper 
shale as an additive in the building industry for instance, was handled rather restrictive by the 
responsible authorities before the regulations. The regulations have clearly defined the reuse 
preconditions and restrictions and thereby clarified and simplified the necessary decisions and 
administrative procedures. 

One problem is the increasing public awareness of natural radioactivity. It has led to the situation that 
even industries which are not directly affected by the regulations are forced to deal with the problem. 
For instance, there is a trend for customers to inquire about the radioactivity content of materials, 
residues etc. Quality certificates of raw materials and chemicals increasingly include information 
about natural radioactivity. Also, disposal sites are generally equipped with portal monitors today and 
reject residues or wastes with enhanced radioactivity levels. Hence, practical problems, the general 
uncertainty about how to deal with radioactivity, and also fears of image loss make some companies 
treat materials containing NORM as if they were controlled residues, even if there is no legal 
obligation to do so. In a waterworks, for example, 20 tons of gravel filter containing  1 .. 2 Bq/g Ra-
226 had to be disposed of. Although there was no legal obligation, the operator, as a food supplier, 
insisted on a formal release and disposing the material according to the regulations of the RPO to be 
able to demonstrate full compliance with the radiation protection requirements.  

5. Summary / conclusions 

Seven years of experience with the NORM regulations have shown their principal aptness to deal with 
the problem of radiation exposure caused by enhanced levels of radionuclides of natural origin. The 
specific concepts of a selective radiation protection and of self-control have been demonstrated to 
principally work properly. In some branches, such as workplaces at waterworks, exposures were 
reduces considerably in the past years. In many cases, the reduction of doses results from rather simple 
measures, such as ventilation. 

Concerning the self-control experience has shown that all in all the industries show a high degree of 
responsibility. In the beginning, however, the implementation of the regulations required considerable 
effort of all parties involved, including consultants, authorities, and professional organisations. Now 
the know-how acquired is a valuable basis for an efficient management of radiation protection 
problems in the NORM area in the future, including an adequate administrative effort. Experience in 
Germany does not show an urgent need for more binding regulations up to formal authorization of 
work activities, as discussed currently by the EU in the context of the revision of their Basis Safety 
Standards. 

Experience concerning the aptness of the current positive lists of work activities and residues the 
situation is rather complex. The selectivity concept has turned out to be a suitable instrument to 
confine the regulatory and practical effort on the one hand. On the other hand, the industries are 
subject to changes in raw materials, technologies, or even die out. Though there is no doubt about the 
regulation of some of the work activities and industrial residues such as workplaces in waterworks and 
scales and sludge from the oil and natural gas extraction, the importance of others is being considered 
critically meanwhile. Then again, some possibly important materials have not been specified as 
controlled residues. To react adequately to new developments and insights, a greater degree of 
flexibility is desirable. The current regulations, with the positive lists being part of the radiation 
protection ordinance, does not provide much flexibility. 
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Generally, our experience shows that in the definition of the positive lists certain exposures had been 
considerably overestimated on the basis of conservative, generic dose assessments. On-site dose 
estimates using realistic parameters reveal such dose artefacts easily. This does not lead to better 
radiation protection, but rather to unnecessary effort on the part of the industry including unnecessary 
concerns of the employees, and the population. Therefore it is necessary to weigh up carefully the 
conservatism that is to some extent necessary in generic dose assessments and the realism required in 
on-site assessments.  
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