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SETTING THE SCENE: WHY SHOULD WE BE 
CONCERNED ABOUT NORM, WHAT ARE  

THE IMPLICATIONS OF THE NEW EURATOM  
BASIC SAFETY STANDARDS?

Augustin Janssens
44 An der Rëtsch, L 6980 Rameldange, Luxembourg1

Abstract
One may wonder why we should now be concerned about NORM materials and 
processes. Would they be regulated if we did not have the precedent of regulating 
nuclear industry and other practices involving exposure to ionizing radiation? 
Probably yes, but in a different way. Our system of radiation protection is the 
fruit of a long history of the management of induced radioactivity. In the new 
Basic Safety Standards Directive NORM industries are regarded as practices 
and managed exactly in the same way as any other practice. Still the criteria 
for exemption and clearance are at 1 mSv/y instead of 10 µSv/y, allowing for 
the prevailing background radiation and levels of concentration of naturally 
occurring radionuclides in the earth’s crust. The Directive also addresses NORM 
in building materials both for natural stones and for the recycling of materials 
from industry. Liquid effluent may cause the contamination of ground or surface 
waters used as drinking water supplies, and the requirements on the quality of 
drinking water are very strict. The proper management of secondary NORM 
materials is crucial but their recycling for construction purposes may be the cause 
of new exposure pathways. 

1 Augustin Janssens formerly was head of the EC’s radiation protection unit; no part 
of this presentation however should be regarded as representing the views of the 
European Commission, nor should it be referred to in interpreting the Directive or its 
implementation in national legislation. 
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Setting the scene
Why should we be concerned about NORM? The question may seem 
superfluous since the issue has already been settled: In the new Euratom 
Basic Safety Standards Directive (EBSS [1]), in planned exposure situations 
there is no distinction between practices involving natural or artificial 
radiation sources. NORM industries are regarded as practices, so there is 
no discussion whether they should be regulated or not. Nevertheless, the 
question mark in the title should provoke further thoughts on whether it 
was right to impose a regulatory system, which some would regard as very 
demanding, on an industry that for many decades, if not centuries, did not 
bother about radioactivity and ionizing radiation.

Imagine a world without induced, man-made radioactivity (no neutron 
sources, no fission, no nuclear power, no nuclear weapons). Still, 
uranium and thorium would be mined for their metallic and chemical 
properties. Radioactivity would have been discovered (Henri Becquerel) 
and radionuclides in the decay sequence of the primordial series would 
be extracted (Marie Curie) and known to emit intense ionizing radiation. 
Soon it would be understood that this radiation harms our health (this 
knowledge would also arise from the use of X-rays). Biologists would 
tell us that radiation causes genetic mutations and possibly cancer, and 
that there might be no threshold below which the probability of cancer 
causation would be zero. Hence we would be concerned about elevated 
concentrations of Ra-226, Th-232 and K-40 in ores and in the industries 
processing these ores. As we knew about miner’s disease (‘Bergsucht’) 
since Georg Agrippa in the early 16th century, we would understand the 
impact of Rn-222 and its presence in dwellings.

In this hypothetical world, we would most likely not be concerned with 
doses below the prevailing background of around 1 mSv/y. The evidence 
on lung cancer by exposure to radon could have prompted a threshold 
of regulatory concern at around 10 mSv/y (if we had todays definition 
of effective dose). Maybe we would have made no distinction between 
existing exposure situations and planned situations at all, while emergency 
exposure situations would not occur.

Occupational exposures in NORM industries should now follow the same 
protection scheme as for other radiation sources, but there is one important 
feature of natural materials that is fundamentally different: concentrations 
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are not very high, and low specific activities will not give rise to high 
accidental exposures. Hence protection relies on personal protection 
(distance, respiratory masks) rather than on confinement of the materials 
and shielding against the emitted radiation. Public exposures from NORM 
industries are in general of less concern than occupational exposures. 
This is mostly true for airborne releases. Liquid effluent may cause the 
contamination of ground or surface waters used as drinking water supplies, 
and the requirements on the quality of drinking water are very strict. Most 
important however is the fact that NORM radionuclides are extremely 
long-lived. The proper management of secondary products from NORM 
processes is crucial, not only for long-term health protection but also for 
the protection of the environment.

The growing societal and economic pressure to recycle these secondary 
products may be the cause of new exposure pathways. One pathway is of 
particular importance: the recycling of NORM into building materials is 
the best possible way to increase public exposures. The proper recycling 
of secondary products should help to avoid that any NORM residues ought 
to be regarded as radioactive waste.

Implications of the new Basic Safety Standards
International BSS and Euratom Directive
The new EBSS Directive incorporates the previous EBSS (96/29/Euratom) 
and other legislation in the field of radiation protection, including Euratom 
Directive 97/43 on medical exposures, so that now all categories of 
exposure are addressed in a single document. The new European standards 
were developed in close cooperation with the international organisations 
co-sponsoring the international Basic Safety Standards (IBSS [2]). Both 
standards refer to the latest recommendations from ICRP [3]. 

The introduction by ICRP of exposure situations, rather than the earlier 
distinction between practices and interventions, facilitated the management 
of natural radiation sources and their coherent incorporation in the overall 
protection system. The distinction now introduced by ICRP between 
planned and existing exposure situations related essentially to the principle 
of Justification and focussed on whether the radiation source already 
exists or is introduced. Hence for ICRP all natural radiation sources are 
a priori part of an existing exposure situation. In the EBSS and IBSS the 
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focus is more on whether the situation already exists or not, and whether 
there is a need for regulatory control to manage planned human activities 
[4]. An existing exposure situation is now one resulting from features 
of the location rather than the type of human activity. Exposures from 
indoor Radon (ingress from soil) are a clear example. It was also agreed 
that commodities resulting from an existing exposure situation should 
be managed within the same framework. Hence building materials and 
foodstuffs (post-accidental situation) are managed in this way, despite the 
human activity implied by their production and placing on the market. A 
planned exposure situation introduces a new source or, unlike ICRP, a new 
pathway of exposure resulting from a human activity. Hence for Euratom 
industries processing NORM and the operation of aircraft and spacecraft 
(specially authorised) are explicitly regarded as practices within planned 
exposure situations. The IBSS are not so clear on this point despite having 
the same definitions.

The management of natural radiation sources
Both standards have a comprehensive approach towards natural radiation 
sources. The EBSS have more explicit requirements. This is the case with 
building materials, for which the international standards basically have 
only one specific requirement, but also with NORM industries, aircrew 
and radon. The EBSS cover radon in dwellings (previously addressed 
in a Commission Recommendation [5]) but leaves a lot of freedom to 
Member States to define proper national objectives and strategies as part 
of a Radon Action Plan (Art. 103). The Action Plan should address all 
relevant sources of radon ingress, including building materials and water. 
Situations involving radon in workplaces are a priori managed in a similar 
way, but if the occupational exposures remain high the employer should 
take up responsibilities similar to those for occupational exposures in a 
planned exposure situation.

Building materials are in principle part of a planned exposure situation, 
especially when their constituents are natural stones, but in case of 
recycling of products from NORM industries there may be corresponding 
requirements on the latter. 

Finally, residues from past practices are generally regarded as an existing 
exposure situation. NORM residues do not result from post-accidental 
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contamination, but rather from the fact that in the past these industries 
were not regulated at all.

There are no specific requirements on NORM except for the identification 
of types of industry that are of concern. It should be borne in mind that 
all requirements for practices apply also to identified NORM industries, 
if they are not exempted. The Articles and Annexes of the Directive that 
need to be examined to get the full picture of the requirements on NORM 
are the following:

• General Regulatory Requirements: Arts. 23, 24, 25, 26 and 27, and 
Annexes VI, VII

• Waste management strategy: Art. 30.1, -.2, - .4
• NORM Legacy contamination: Art. 73, Art.100 
• Building Materials: Art. 75.2-.3, and Annexes VIII, XIII.

Graded approach to regulatory control
Both EBSS and IBSS emphasize the need for a graded approach to 
regulatory control, allowing for the magnitude of exposures and the possible 
impact of regulatory control on reducing these. The graded approach is 
based on the pillars of notification, registration and licensing (as well as 
inspection) and the possible exemption from notification or authorisation. 
For some types of practices, the undertaking may merely be required to 
notify, without a need subsequent authorisation. Both Standards have now 
introduced the same general exemption and clearance criteria and have 
listed the same radionuclide-specific values for exempt quantities and 
concentrations. EBSS allow for higher values that have been approved for 
specific applications and for the exemption of specific practices based on 
an assessment showing that exemption is the best option.

The prime criterion for exemption is that radiation risks are sufficiently low 
as not to warrant regulatory control. The default clearance levels are the 
same as the values for exemption of bulk amounts of material. The EBSS 
refer explicitly to specific clearance levels and associated requirements, 
established in national legislation or by the competent authority (the 
available Community guidance is listed in the recital to the Directive).
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NORM in planned exposures situations
NORM industries are essentially regulated in the same way in both standards. 
The EBSS however have explicitly incorporated NORM industries in the 
framework for practices in a planned exposure situation, while the IBSS 
regard them a priori as existing exposure situations while applying the 
requirements for practices when a threshold value is exceeded (e.g. 1 Bq/g 
for the U-238 series). In the Euratom approach NORM industries can be 
exempted from the requirements for planned exposure situations. For the 
benefit of international harmonisation, the same thresholds, respectively 
exemption values apply, so that the net result is very much the same. 
The Euratom Directive is clear about which industries may be of concern 
by introducing a list of relevant industrial sectors (Annex V). National 
authorities will use the default list as a starting point, and adjust it to their 
own situation. Types of industries that have not been listed are not to be 
regulated.

Exemption and clearance
There is an important difference between NORM practices and practices 
involving artificial sources: while for artificial radionuclides the general 
exemption criterion remains at 10 µSv/y, this criterion is 1 mSv/y for 
practices involving natural radiation sources. This is explicit in the EBSS, 
and consistent with earlier guidance [6], even though it had introduced 
a lower criterion of 0.3 mSv/y. The IBSS still reflect very much the 
philosophy in R-SG-1.7 [7] which instead was based on the concept of 
exclusion and referred to the prevailing concentrations in the earth’s crust. 
The dose criterion is helpful for specific NORM practices, for which there 
is no secular equilibrium in the decay chain. The fact that for NORM 
materials the criterion is at 1 mSv/y instead of 10 µSv/y does not mean 
that we are less concerned about natural radiation sources, rather that there 
would be no justification for imposing 10 µSv/y in view of the prevailing 
background radiation and levels of concentration of naturally occurring 
radionuclides in the earth’s crust. The same criteria, and the same values, 
also apply the clearance of materials arising from regulated practices. In 
addition, secondary NORM materials that are incorporated into building 
materials must comply with the reference level of 1 mSv/y that also applies 
to natural stones, within the framework of existing exposure situations. 
There is one further reservation in the EBSS: drinking water standards 
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should be complied with as well, and if necessary the authorities may 
require regulatory control despite the activity concentration being below 
the exemption value. Since the Drinking Water Directive [8] is based on 
the concept of an ‘indicative dose’ of only 0.1 mSv/y it may indeed happen 
that this is the most restrictive criterion.

Building materials 
Article 75 of the EBSS is concerned with the gamma radiation from 
building materials. Annex VIII is establishes the activity concentration 
index I. This is taken from earlier guidance [9] where it was introduced as a 
tool to identify materials that need supplementary investigations, but only 
for bulk use. Building materials are of concern from a radiation protection 
point of view when the reference level of 1 mSv per year is exceeded (or 
by default the value of index I exceeds 1). Annex VIII nevertheless states 
that the index is a conservative screening tool, and for building materials 
of concern’ the calculation of dose needs to take into account other factors 
such as density, thickness of the material as well as factors relating to the 
type of building and the intended use of the material (bulk or superficial)’. 

The Euratom Directive further refers to the Construction Products Regulation 
(Regulation EU/ 305/2011), which lays down essential requirements for 
construction works. In recital (19) of the Euratom Directive it is stated that: 
‘Building materials emitting gamma radiation should be within the scope 
of this Directive but should also be regarded as construction products as 
defined in Regulation (EU) No 305/2011, in the sense that that Regulation 
applies to construction works emitting dangerous substances or dangerous 
radiation’. The construction works must be designed and built in such a 
way that the emission of dangerous radiation will not be a threat to the 
health of the occupant. The radiological features of building materials are 
not thoroughly treated in the Regulation; in fact, they are merely listed 
together with other toxic and dangerous agents. In the framework of the 
EU Construction Product Regulation a working group received a mandate 
to define possible ways for calculating the dose resulting from building 
products with known concentrations of natural radionuclides. This should 
allow a relaxation of the activity concentration index for some types of 
materials.
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The EBSS finally introduce in Art. 30.4 a very important clarification about 
dilution of radioactive materials. This paragraph distinguishes between 
‘deliberate dilution … for the purpose of (the materials) being released 
from regulatory control’ and the ‘mixing of materials that takes place in 
normal operations where radioactivity is not a consideration’. The former 
(deliberate dilution) is prohibited, the latter (mixing) may be justified and 
authorised, in specific circumstances, for the purpose of re-use or recycling. 
This important new principle was initially motivated having secondary 
NORM materials in mind, but eventually applies to any type of material.

Conclusions
NORM industries are now managed as a planned exposure situation, but 
the graded approach to regulatory control should avoid disproportionate 
efforts. With the latest BSS, we enter a new era in radiation protection in 
which protection against natural radiation sources is managed in a coherent 
way within the overall radiation protection system, commensurate with the 
magnitude of the exposures and with the controllability of these exposures. 
The need for a ‘graded approach’ now transpires in all requirements of 
the BSS, but it should be borne in mind that it was largely triggered by 
the need to incorporate the management of NORM materials. Also, the 
novel approach to the issue of mixing/dilution should prove helpful. 
This flexibility will require judgment by the regulatory authority, and the 
necessary competences for this purpose. Building materials are managed 
as an existing exposure situation. The new Directive will need to be 
transposed in national legislation by 6.2.2018. Many novelties and subtle 
changes introduced in the Directive will need to be allowed for, and the 
larger scope of the Directive may require new legislation to be drafted. 
The transposition of the Euratom Directive will be a challenge both from 
a legislative and operational point of view, in particular regarding NORM 
industries and natural radioactivity in building materials. The regulatory 
authority will be faced with new responsibilities in terms of the graded 
approach to regulatory control and greater transparency of regulatory 
decisions (Article 77). We can only hope that NORM industries will fully 
understand the new requirements and cooperate in their implementation. 
There will be a need to evaluate the effectiveness of these requirements and 
the success of actual practical measures improving radiation protection in 
this new area.
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HOW WILL BELGIUM IMPLEMENT THE EUROPEAN 
DIRECTIVE WITH REGARD TO NORM?

S. Pepin, G. Biermans, B. Dehandschutter, M. Sonck
Federal Agency for Nuclear Control

Surveillance of the Territory & Natural Radiation
Brussels (Belgium)

Abstract
NORM industries are regulated in Belgium since 2001, following the 
implementation of 1996/29/Euratom. Current regulations define a ‘positive list’ 
of work activities involving natural radiation sources, which has been regularly 
updated though the publication of successive FANC decrees and takes into account 
most of the sectors listed in annex VI of 2013/59/Euratom. Companies which 
belong to the listed activities must notify FANC and provide the relevant data 
for assessing the dose to the workers and the population. A peculiar attention has 
been given to the issue of management of NORM residues: exemption/clearance 
criteria based on the EC publication ‘Radiation Protection 122 Part II’ have been 
published in Belgian regulations. Disposal and processing of NORM residues 
with an activity concentration above these levels are submitted to declaration 
within the regulatory framework of NORM work activities. Decommissioning 
of NORM facilities also involves various challenging aspects: lessons have been 
drawn from recent decommissioning projects and will be integrated in the process 
of implementation of 2013/59/Euratom. 

NORM legacies have also been addressed by FANC and various initiatives have 
been taken regarding the identification, the environmental monitoring and, in 
some cases, the remediation of NORM contaminated sites. A law proposal has 
been drafted which should implement the requirements of art. 73 of 2013/59/
Euratom regarding contaminated areas.   

The issue of NORM in building material was not specifically addressed in current 
Belgian regulations. FANC has started consultations with various stakeholders 
in order to develop a regulation commensurate with the risks involved. FANC 
intends to carry out regular surveys of the natural radioactivity in building 
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materials in order to better focus on building materials of concern, without 
unnecessary burden for the producers or importers of building materials. 

1. Introduction
The awareness on NORM issues is not a recent phenomenon in Belgium. 
It dates back from the studies of R. Kirchman in the 1960s on the 
environmental impact of the radium releases from the phosphate industry 
(see e.g. [1]). They already pointed out the impact of NORM industries on 
the environment and  later led to the reduction of the radium concentration 
of the effluent of the concerned factory by appropriate treatment. The 
decommissioning of the BASF phosphoric acid installation in Antwerp 
in the 1990s was followed by the Belgian radiation protection authority 
of that time, which, based on this experience, drew the attention of 
other phosphate factories on the risk of NORM contamination in their 
facilities [2]. NORM in building material was also a topic due to the use of 
phosphogypsum as plaster material (e.g. [3]). Phosphate industry has been 
declining in Belgium since the 2000s and the focus turned to other NORM 
activities, as it became more and more obvious that phosphate processing 
was not the only industrial sector in Belgium which faces NORM issues 
[4,5].

2. Current regulations and recent developments
The former European BSS directive 1996/29/Euratom was implemented 
in Belgium through the publication of the Royal Decree of 20 July 2001 
[6]. The concept of ‘work activity involving natural radiation sources’ was 
introduced in the legislation. Art. 4 of the Royal Decree provides the list of 
these work activities and article 9 defines the obligations of the companies 
belonging to these ‘work activities’: they must introduce to FANC 
(Federal Agency for Nuclear Control, the Belgian Radiation Protection 
and Nuclear Safety authority) a declaration containing the necessary data 
to assess the exposure of the workers and, if relevant, of the public. If this 
exposure is not liable to exceed 1 mSv/yr, then no further measures need 
to be enforced. If there is a risk of exceeding this level, then corrective 
measures have to be enforced in order to bring the exposure below 1 mSv/
yr. If these corrective measures are not sufficient to reduce the dose, the 
activity needs to be licensed and the concerned workers will be considered 
as occupationally exposed. 
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The list of ‘NORM’ work activities published in art. 4 of the Royal Decree 
of 2001 was limited to the phosphate and zirconium sand sector, the tin 
foundries, the extraction of rare earths and the manufacturing of thoriated 
welding electrodes. But art. 4 gave FANC the possibility to update the 
list through the publication of FANC decrees. This was first done in 2012 
when most of the sectors listed in annex VI of 2013/59/Euratom were 
defined as ‘work activities involving natural radiation sources’ and thus 
submitted to the obligation of declaration. A new update in 2016 added 
geothermal energy (including exploration phase) to the Belgian list as new 
geothermal projects appeared with a geothermal fluid characterized by a 
high activity concentration in Ra-226 (~ 100 Bq/liter). 
Furthermore, a particular attention was dedicated to the development of a 
regulatory framework for the management of NORM residues. In 2013, 
another FANC decree was published which included the processing, 
valorization and disposal of ‘NORM’ residues within the list of work 
activities. A ‘NORM’ residue is defined as a residue with an activity 
concentration above the levels defined in the EC report Radiation Protection 
122 Part II [7]. Processing of NORM residues is thus also submitted 
to a declaration to FANC. On basis of the declaration, FANC imposes 
specific acceptance criteria to the facility. More details on this regulatory 
framework and the acceptance criteria may be found in [8]. 
Up to now, some 82 declarations have been submitted to FANC. Table 1 
gives an overview of all work activities listed in the regulation with the 
corresponding number of declarations. 

sector # declarations
Storage, handling and processing of phosphate ores; 10
Storage, handling and processing of zircon and zirconia; 16
Decommissioning and recycling of zircon(ia)-based 
refractories;

0

Titanium dioxide production; 1
Primary production of rare earth 1
Groundwater treatment facilities; 27
Geothermal energy including exploration phase 1
Coal-fired power plant; 1
Production of non-ferrous metals; 8
Primary iron production; 0
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Production, storage, use and handling of thorium-based 
materials;

6

Oil refineries; 1
Extraction and transport of natural gas and shale-gas; 2
Storage, handling and processing of pyrochlore, columbite, 
tantalite, ilmenite, rutile, cassiterite, monazite, garnet and 
silica fumes.

0

NORM containing consumer products 1
NORM residues processing or disposal 7

Table 1.  NORM sectors listed in Belgian regulations and the number of declarations 
submitted per sector

For 25 declarations, FANC had to enforce corrective measures. These 
measures include measures related to workers radiation protection, as the 
wearing of respiratory protection against inhalation of NORM-containing 
dust and measures related to the control of the produced residues or to 
environmental monitoring.  The terminology ‘corrective measures’ for 
workers radiation protection may be misleading, as, in many cases, these 
measures are in fact already implemented for Health and Safety reasons 
(e.g. respiratory protection for protecting workers against dust inhalation).  
In only one case, the NORM activity led to a dose higher than 1 mSv 
even after application of corrective measures: the decommissioning of 
the phosphate installations of Tessenderlo Chemie (see §3) involved 
significant working time of the operator in close contact with (sometimes 
significantly) contaminated parts of the facility. A license was delivered 
and the workers taking part in decommissioning were considered as 
professionally exposed.  

The declarations of the different companies are reviewed with a period of 
around five years. FANC contacts the operators and generally organise 
an inspection on site to check if data of the declaration are still up to 
date and, when relevant, if the correctives measures have been correctly 
implemented. 

Concerning the disposal of NORM residues, there are currently (2016) 
9 sites in Belgium registered for the disposal of NORM residues. 5 of 
these are mono-landfills (e.g. phosphogypsum stack) where only the waste 
from one single company may be disposed:  4 landfills belong to the 
phosphate sector, one is the landfill from a titanium dioxide producer. The 
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4 remaining installations belong to the sector of (non-radioactive) waste 
disposal and may accept waste from any Belgian producer: 2 landfills for 
hazardous waste, one landfill for non-hazardous waste and one incinerator 
for hazardous waste. In 2015, these 4 installations accepted 274 tons of 
NORM waste. 

3. Decommissioning, NORM legacies and environmental 
monitoring
The decline of the phosphate industry in Belgium led to the closure of two 
major phosphate facilities in the recent years: the former Rhodia Chemie in 
Ghent and the phosphate section of Tessenderlo Chemie in Ham. Context 
of both closures were different: bankruptcy and sudden cessation of all 
activities in the case of the former Rhodia, planned closure with a partial 
reuse of the installations for another production process in the case of 
Tessenderlo Chemie. Both cases however exemplified the challenges from 
decommissioning of major NORM facilities.

Decommissioning of a NORM facility is also submitted to a declaration to 
FANC, which must contain the following elements:

- A description of the installations to be cleaned-up or dismantled;
- Radiological characterization of the contaminated parts of the 

installations;
- Proposal of work protocols applied in the decommissioning activities 

with a description of operational protection measures for the workers;
- Descriptions of the residues produced by the decommissioning and 

assessment of the various options for disposal or treatment of these 
residues;

- Planning of the operations;

During decommissioning activities, significantly contaminated parts 
need to be handled and treated. Table 2 shows some values of activity 
concentration measured in the installations of the two mentioned facilities. 
Decades of accumulation of natural nuclides led to activity concentration 
up to a few hundreds of Bq per gram with the corresponding risk of 
exposure to the workers carrying out the decommissioning activities. 
The external dose of the most exposed decommissioning worker at the 
Tessenderlo plant was measured to be 1.5  mSv for the duration of the 
decommissioning.



132

Contaminated part U-238
(kBq/kg)

Ra-226
(kBq/kg)

Scale in decanter 11 136
Scale in washing decanter 3 780
Incrustation in gutter 240 1
Scale in ammonium phosphate tank 228 0.1

Table 2. Activity concentration in some contaminated parts of phosphate facilities

Table 2 shows also the diversity in the patterns of contamination between 
different parts of installations, which demonstrates the importance of a 
careful measurement and sampling methodology. The characterization 
must also be guided by the knowledge of the processes, of literature and 
historical data, which allows to make assumptions about the contamination 
patterns.  The internal knowledge of the operator about its processes and 
its industrial history is crucial in this respect. 

These decommissioning projects generated significant quantities of 
contaminated material: it requires to have a set of options available 
for processing and disposal. Various techniques have been applied or 
specifically developed to cope with contaminated material: high-pressure 
water jetting, dissolution of scalings in acid bath with subsequent 
neutralisation of the acid, transfer to a specialised foundry. The appraisal 
and choice of the different options should be done on basis of a cost-benefit 
analysis and the preferred option submitted to approval by FANC. 

The issue of liability is unambiguous when the decommissioning is 
planned by the same operator which was responsible for the production. 
The operator is then responsible for submitting a declaration to FANC 
and is liable for the costs of decommissioning. The situation becomes 
much trickier in case of bankruptcy, as was demonstrated by the case of 
the former Rhodia Chemie. The operator went bankrupt in 2009 and the 
activities were stopped abruptly. In the aftermath of the bankruptcy, the 
former production site was split into different lots, each of them with a 
different owner. Moreover the ownership of the real estate (ground and 
building) and of the production equipment was also different. Assignment 
of liabilities in such a situation is far from being obvious and it took a long 
time before an agreement between the different parties could be found. 
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Assignment of responsibility is also crucial in the context of management 
of NORM legacy sites. NORM industries are present in Belgium since 
the beginning of the industrial era and several sites contaminated with 
natural nuclides have been identified in Belgium [9, 10]. The contamination 
is related either to the disposal of NORM residues (e.g. the many 
phosphogypsum stacks) or to the discharges of the phosphate industry 
(like the contamination of the Winterbeek and Grote Laak basin). In order 
to cope with these legacies, FANC drafted up a law proposal, which is very 
similar in its principles and structure to the soil remediation legislation 
of regional authorities. The law proposal defines who is responsible for 
carrying out the studies needed for characterizing the contamination and 
its impact and, if deemed necessary, to carry out the remediation. Besides 
the law proposal, FANC defined ‘intervention levels’ in order to guide 
the decision-making process [11, 12]. Although FANC submitted this law 
proposal to its responsible minister some years ago, to date the law has yet 
to go through at political level. 

Even without this law, FANC took several initiatives in order to further 
identify, characterize and manage legacies of NORM activities. In 
particular, FANC published a list of radium-contaminated sites as 
anthropogenic radon-prone areas [13]. For most of these sites, the major 
risk would occur if buildings are constructed on the site with radon being 
the major exposure pathway. Controlling the radon pathway is then the 
most important measure to limit the radiological impact of these NORM 
legacy sites. Moreover, publishing the list of NORM contaminated sites in 
the Belgian Official Journal establishes an official record-keeping of these 
contaminations.  

FANC works also closely with regional administrations in charge of 
soil remediation. NORM  contamination being always coupled to non-
radioactive contamination, a coordinated and global approach of all 
contaminants is required. Close collaboration between FANC and the 
Flemish OVAM allows for instance for a pragmatic approach of the 
radiation protection aspects of the remediation of the Winterbeek river 
which will start in 2017. 

FANC integrated also the environmental monitoring of NORM sites within 
its radiological surveillance program. The environmental monitoring of the 
discharges of Tessenderlo Chemie and of the Winterbeek and Grote Laak 
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rivers dates back to the beginning of the radiological surveillance program. 
This program was adapted in 2013 to include other NORM sites and will 
be extended in 2017. Next to the surveillance of known NORM sites, the 
radiological surveillance program also intends to improve our knowledge 
of reference values for natural nuclides in different environmental matrices 
(groundwater and sediments in particular) as well as further identifying 
new legacy sites. In order to implement this part of the surveillance 
program, collaboration with regional environmental agencies or institutes 
(VMM and OVAM in Flanders, SPAQuE and ISSeP in Wallonia) have 
been reinforced. 

4. Towards the implementation of EU BSS
As shown in the previous sections, Belgium has already implemented a 
significant part of the requirements of 2013/59/Euratom with respect to 
NORM:

- The preamble of the EU BSS requires that industries processing 
materials containing naturally-occurring nuclides should  be managed 
within the same regulatory framework as other practices. This 
concretizes into art. 24 of the EU BSS stating that ‘Member states 
shall require practices to be subject to regulatory control... by way of 
notification, authorization and appropriate inspections, commensurate 
with the magnitude and likelihood of exposures... and commensurate 
with the impact that regulatory control may have in reducing such 
exposures’

 Art. 9 of the Royal Decree of 20/07/2001 already implements this 
graded approach with a one-to-one correspondence between the current 
terminology of the Royal Decree and the EU BSS terminology:

Royal Decree – art. 9 2013/59/Euratom – art. 24
Declaration Notification
Corrective measures registration
Licensing licensing

Table 3.  Correspondence between the terminology of the Royal Decree of 20/07/2001 
and the terminology of EU BSS

- The identification of practices involving natural radioactive sources as 
required by art. 23 of the BSS has already been carried out through 
the publication of FANC decrees in 2012, 2013 and 2016. Of course, 
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identification is a continuous process and some further industrial 
sectors, such as the maintenance of the ovens of the cement industry, 
will probably be added to the ‘positive list’ in 2018. 

- Belgium intends to be more stringent that the EU BSS regarding 
exemption/clearance values and keep the current exemption values 
derived from the Radiation Protection 122 Part II document. The 
exemption values of EU BSS are not applicable to NORM material 
being used in building material or liable to have an impact on the quality 
of groundwater. Suppose we have a producer of phosphogypsum with 
an activity concentration between 0,5 kBq/kg and 1 kBq/kg: with an 
exemption level of 1 kBq/kg, the production of this phosphogypsum 
would be exempted from notification to the radiation protection 
authority while, at the same time, its use in the construction industry 
should be regulated and restrictions or environmental monitoring of 
the stack where this phosphogypsum would be disposed should be 
enforced. FANC prefers to apply lower exemption values (0,5 kBq/
kg for the U-238 or Th-232 chain in secular equilibrium) without 
exceptions in their application in order to avoid confusion among the 
operators. 

 While the RP122 Part II exemption values are currently only used in 
the context of NORM  residues, they will be considered as general 
exemption values for all NORM material in the future: any activity 
involving material with an activity concentration above exemption will 
thus be submitted to notification. 

- Practices involving natural radiation sources are considered as planned 
exposure situations by  the EU BSS. Article 19 of 2013/59/Euratom 
regarding the justification of practices needs thus to be implemented 
and a reflexion regarding its practical implementation has still to be 
carried out. The decision introducing a practice should be justified in 
the sense that ‘the decision is taken with the intent to ensure that the 
individual or societal benefit resulting from the practice outweighs the 
health detriment’. On the other hand, for existing exposure situations 
(such as resulting from contaminated areas or building materials), it is 
the decisions introducing or altering an exposure pathway which need 
to be justified in the sense that they should do more good than harm. 
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- To avoid unnecessary administrative burden, there is also a need to 
define specific exemptions or simplified notification procedures: some 
companies may belong to the sectors identified in the ‘positive list’ 
but either process only marginal quantities of material or have a type 
of process or raw material which is not at risk from a NORM point of 
view. For instance, in the groundwater treatment sector, some aquifers 
contain a higher concentration in natural nuclides than other and the 
treatment of the water coming from these aquifers is therefore more at 
risk. 

- The entanglement of NORM with other Health and Safety aspects 
should be acknowledged in the regulations. Art. 84 of the EU BSS states 
that ‘Members states shall decide in which practices the designation of 
a radiation protection officer is necessary...’.  A radiation protection 
officer may be needed for NORM practices subjected to registration or 
licensing but a radiation protection officer in a NORM industry should 
be able to balance radiation protection aspects with other Health and 
Safety aspects. This is why the Health & Safety advisor should play a 
central role, also in the organisation of radiation protection within the 
NORM facility. Building in-house expertise is necessary to enforce a 
radiation protection culture within the facility which is an integral part 
of the global Health and Safety policy. 

- Art. 66 of the EU BSS states that ‘Members states shall ensure that 
arrangements are made for the estimation of doses to members of the 
public from authorized practices’. FANC intends to define discharge 
limits for NORM effluents taking into account e.g. the recommendations 
of the EC report Radiation Protection 135 [14].

Next to the issues explicitly addressed in the EU BSS, FANC intends to 
take advantage of the transposition process to address other aspects: 

- Financial guarantees for decommissioning: the process of notification 
should allow to identify NORM facilities for which the decommissioning 
would generate significant quantities of NORM residues. In these cases, 
the facility would be required to develop a plan to cope with NORM 
contamination within the facility (e.g. regularly clean its installations 
in order to avoid significant accumulation of contamination). When 
deemed necessary, financial guarantees may be requested from the 
company. 
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- Reinforcing the collaboration and exchange of information with 
environmental authorities: although complex in practice due to 
institutional barriers between federal and regional competences, 
it would be beneficial both for operators and regulators if licensing 
processes for environmental and radiation protection aspects could be 
coordinated. This is applicable to collaboration regarding delivery of 
environmental permits, end-of-waste criteria or site remediation. 

Concerning the management of legacy sites, the law proposal drafted by 
FANC answers to the request of art. 73 of the EU BSS of developing 
‘optimised protection strategies for managing contaminated areas’. 
The law proposal defines the liabilities, sets reference levels, provides 
the procedural framework for characterizing the contamination and its 
radiological impact on the population and for implementing remedial and 
monitoring measures. 

5. Building material
The issue of building material is not explicitly addressed in current Belgian 
NORM regulations. Only the processing of NORM residues with an 
activity concentration above exemption levels is submitted to a declaration 
to FANC. This includes applications in building materials. Up to now, no 
declaration regarding processing NORM residues into building material 
(in the sense of the EU BSS1) has yet been submitted to FANC.  

Studies on the natural radioactivity of building material [15, 16] used in 
Belgium don’t allow to identify any building material of concern. The most 
recent study only identified few materials with an activity concentration 
index I > 1 but there were superficial material from which the radiological 
impact is likely to be below 1 mSv/yr. The phosphogypsum which is 
currently produced in Belgium has also an activity index I < 1 and does 
not require any restriction. 

The issue of building material involves a large diversity of stakeholders 
and professional federations: FANC started consultation of several 
of these federations in order to implement art. 75 of the EU BSS in a 
realistic manner. FANC intends to keep the current system of compulsory 
declaration for the processing of NORM residues above exemption levels 

1 There were some applications for NORM residues in civil engineering applications – 
as road basement material or as a layer in the cover of a landfill. 
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into building material. The ‘building material of concern’ of art. 75 will 
be defined as all building materials incorporating non exempted NORM 
residues. 

The indicative list of building material provided in annex XIII of EU BSS 
constitutes a guide but does not really allow to identify specific building 
materials. Categories defined in annex XIII are generic and are not easily 
translated in operational terms: e.g. the annex names the building material 
incorporating ‘fly ashes’ or ‘residues from steel production’, as possible 
building material of concern but the European waste codes list 9 different 
categories of fly ashes and 11 different categories of waste from iron and 
steel industry. Are they all ‘of concern’? 

To determine more specifically the ‘building material of concern’, FANC 
intends to focus on measurement data and to perform regular surveys of 
the natural radioactivity of building material produced or imported in 
Belgium. 

For building material imported from outside the EU, this survey will 
essentially rely on the measurements data provided by the portal monitors 
of the Belgian customs in the harbours of Antwerp and Zeebrugge. It has 
already been shown [17] that building materials contribute for a significant 
part of the detections of radioactivity on shipments going through the 
portal monitors. A pilot-study has just been launched where samples from 
imported building materials will be selected on basis of the measurements 
data of the portal monitors and analysed by gamma spectrometry as 
specified in the EU BSS. This pilot-study will allow to get a more realistic 
picture of the level of natural radioactivity in imported building material. 

FANC also follows the work of the CEN working group on radiation 
aspects of building material (Working group 3 within the CEN Technical 
Committee 351), where a standard regarding gamma spectrometry analysis 
of building material and a technical report on dose-assessment are being 
prepared.  

6. Conclusion
A significant part of the requirements of the EU BSS with respect to NORM 
have already been implemented in Belgium. However, the approach of 
building material has still to be developed: it will essentially be based on 
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regular surveys allowing to focus on building material of concern. For 
the implementation of the requirements regarding NORM legacies, an 
approval at government level of the law proposal developed by FANC is 
urgently needed. 

NORM aspects should not be isolated from other environmental or health 
and safety aspects: a global approach need to be developed by promoting 
and reinforcing collaboration between the various actors involved. 
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HOW NORM ACTIVITIES ARE REGULATED IN 
FRANCE AND WHAT ARE THE OPPORTUNITIES 

FOR EVOLUTION?

Pierrick Jaunet
Nuclear Safety Authority, ASN, France

Abstract
Professional activities which use materials which naturally contain radionuclides 
not used for their radioactive properties but which are liable to create exposure 
likely to harm the health of workers and the public (‘enhanced’ natural exposure) 
are currently subject to the provisions of the Labour Code and the Public Health 
Code. The regulation requires for specific activities which can lead to significant 
exposure of the general public or of workers, dose assessment for public and 
occupational exposures. 

The transposition of the new Euratom Directive 2013/59/Euratom will deeply 
modify the regulatory framework for these activities and will implement new 
regulation for building materials.  NORM activities will be subjected to the legal 
system for nuclear activities as defined in Article L. 1333-1 of the Public Health 
Code. In particular NORM activities will have to measure the radioactivity of 
materials, products and waste materials by accredited laboratories, and will 
be potentially submitted to specific authorization or notification.  Concerning 
building materials, France wants to regulate the whole cycle: NORM raw 
materials activities, professionals of construction products containing NORM 
materials and building construction professionals such as architects, designers 
or builders. 

A draft decree for the transposition was released by the French government in last 
August and is currently submitted for public consultation. 
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HOW WILL THE NETHERLANDS (TRY TO) 
IMPLEMENT THE NEW BSS IN THE NORM AND 

BUILDING INDUSTRY?

Ir. R.B. Wiegers
IBR Consult BV, Haelen, The Netherlands

Abstract
As in all member states also the Netherlands have to implement the Euratom BSS 
into national legislation. NORM is in this process a special theme for reasons 
that some major changes occur compared with the previous Euratom BSS/1996. 
The main aspects are that  NORM (industry) is seen as an existing situation, 
therefore imposing a different approach as is used in the current legislation 
(Besluit Stralingsbescherming [1]). A second (and even more important one) is 
that buildings and building materials are included in the legislation: Buildings 
as far as the indoor radon concentration is concerned, building materials will be 
screened on their radionuclide content. Therefore, this presentation will consist 
of three main themes: explaining the current NORM situation in the Netherlands, 
the impact the BSS implementation may have on the traditional NORM industry 
and the impact it may have on the building industry, all based on the most recent 
proposals for implementation as discussed in the Netherlands.

Introduction
From the title one could suggest that implementation in the Netherlands is 
a matter of trying. As we all know implementation is obligatory and even 
strict bound to a deadline; 13 January 2018. Even though an implementation 
period of 4 years seems to be enough, it still will be quite a job to keep 
within the time limits and, at the same time, have a well-balanced, efficient 
and clear legislation and derived regulation ready in time. In this paper 
first the current situation on NORM will be shortly described. Based on 
this some of the implementation aspects will be addressed. An emphasis 
will be made for building materials as being both a new NORM subject as 
well as a rather complex topic to deal with.
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As in all Member States also the Netherlands must implement the revision 
of the Euratom BSS ….. Although in first instance it looked like a strait 
forward operation, the implementation turned out to be much more 
complex and time consuming than expected. One of the main reasons is 
the fact that two (more or less) new items have to be added to the already 
existing ordinance (Besluit Stalingsbescherming [1]) as well as that the 
idea of graded approach has to be involved in all existing articles (as far 
as not already been done in the past). Due to the fact that at the moment of 
writing this paper the implementation is not finished and therefor, a lot of 
open ends still have to be addressed, all information refers to the status of 
the discussions at this moment. Although the final version may differ from 
the information given in this article, it can be expected that this article gives 
at least an idea on the relevant subjects and the considerations involved in 
the decision making process. In order to understand the implementation 
process and the challenges involved with it, first a short overview will 
be given of the current situation regarding NORM. Based here on some 
generic NORM implementation aspects will be addressed as well as some 
specific issues, to show the intermediate results of the implementation 
trajectory.

Current situation
In the current legislation as been laid down in the Radiation protection decree 
(Besluit Stralingsbescherming) the Netherlands already addressed several 
(mainly) industrial aspects of NORM. This was for reason that NORM 
was already part of the existing approach at the time of implementation of 
the Euratom BSS 1996. However, the legislation upon that time was based 
on pragmatic case to case solutions due to the fact that NORM became a 
topic during the 80’s of the last century. For reasons that the situation in 
the NORM industry differed in such extend from the existing practises for 
nuclear installations and medical applications, this was not applicable on 
the NORM situation and, hence, required a different approach. 

One of the differences was the assessment whether a substance had to 
be seen as being radioactive. The current system is as simple as rigid; 
if the exemption level (EL) is exceeded, a substance is radioactive and 
the full impact of legislation is applied. For reasons that in many cases 
the EL is only slightly exceeded and the impact on workers and public is 
(very) limited, it was chosen to have a separate regime for those materials 
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which exceeds the EL by less than a factor 10. In this case a notification is 
enough. However all other aspects from the legislation must still be met, 
such as having radiation protection expertise and all kinds of administrative 
obligations. Exceeding this second threshold implies that a full permit has 
to be submitted. For reasons that this new approach was more strict than 
the existing one, it meant that by implementing the previous Euratom BSS 
1996 in 2001 several industries became a NORM industry. One side effect 
of the changing EL was that several (bulk) waste steams became a NORM 
waste. For dealing with this problem several options were developed under 
which the option for deposition on existing landfills which, if they wanted 
to accept these NORM wastes, had to fulfil certain demands. At certain 
times the existing legislation was updated also based on the experiences of 
the NORM industry. Therefore, it can be stated that in the current situation 
one can regard the set of legislations and regulations to be fulfilling the 
demands for radiation protection whilst being  pragmatic and not causing 
(too much) troubles for given industries. A specific aspect regarding 
NORM, which probably will not change in the new implementation, is 
that it is not known to full extend where NORM materials are present in 
industry (and outside). This is not only a flaw from radiation protection 
point of view; it also causes disruptions in the level playing field a sound 
economy requires in order to prevent that industries which are complying 
(and thus generally have costs involved) are facing unfair competition from 
those industries who are not complying (whether due to lack of knowledge 
or on purpose).

Radionuclide Activity conc.
(kBq/kg)

Activity
(Bq)

Pb-210+ 1E+2 1E+4
Po-210 1E+2 1E+4
Ra-226+ 1 1E+4
Ra-228+ 1 1E+5
Th-232 1E+1 1E+4
Th-232sec 1 1E+3
U-238+ 1E+1 1E+4
U-238sec 1 1E+3

Table 1.  Current EL (=CL) according the Dutch radiation protection ordinance (Besluit 
Stralingbescherming).
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The implementation
The general aspects on NORM are already described in the paper of mr. 
Augustin Janssens and will, therefore, not be repeated in this paper. The 
specific aspects which will be described in this paper are the changes in the 
system of required expertise and the approach in assessing what measures 
have to be taken by either competent authorities and given industries.

System of radiation protection expertise
In the current situation one can apply for expertise on 4 (theoretically 5) 
different levels ranging from level 5 (simple situations) to level 2 (for 
complex situations). For NORM generally a level 3 (for being able to 
assess situations with open sources) or level 2 (in case of large industries 
with multiple sources and uses) is required. Basically, although some 
courses are putting some emphasis on a specific subject, these levels are of 
a generic nature allowing to be used in any field of radiation application. 
An advantage of the system is that once you have a certificate, it is not 
a problem to switch from one field of radiation protection (for example 
medical use) to another field (for example NORM). In the new system (at 
least for the RPO) specific courses and certificates are being developed for 
different applications. This has several advantages in terms of efficiency 
of the course and the possibility to address more in depth specific themes 
belonging to the given field of interest. On the other hand, switching 
from one field to the other will not be so simple anymore and will require 
additional certificates (and thus courses).

Changes in exemption levels
As the BSS 1996 was implemented, the Netherlands made the choice to 
enhance the levels for Po-210 and Pb 210 by a factor of 100. This was based 
on the fact that some NORM industries signalled that they would have 
serious problems with the originally proposed levels of 1kBq/kg whilst 
from studies it could be seen that these enhanced levels posed no relevant 
thread to either workers or public. This approach addressed the potential 
(negative) perception of current users of one of the by-products (some 
600.000 t/a phosphoslags). In case this would lead to a significant reduction 
of the use there would be no options for either depository or other reuse 
due to the new status as being radioactive. Moreover, this could easily have 
led to closure of said company. This situation has not changed (although 
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some of the industries do not exist anymore). Hence, if the EL for both 
nuclides would be 1 kBq/kg this would mean that some of the industries 
would have a tremendous increase of NORM waste. First estimations by 
those industries leads to the suggestion that this would enhance the NORM 
wastes for them by a factor of 100 and more. This would result into a 
significant increase in costs for given industries; processing these types of 
NORM waste involves costs ranging from a few hundred up to 50.000 € 
per ton. An aspect which is generally often forgotten is that it is not only a 
matter of costs (which one is willing to pay or not, latter generally resulting 
in closure of the factory). A more important aspect is the availability of 
the (national) waste processing capacity. Increasing the amounts of these 
specific types of NORM wastes, probably will exceed by far the existing 
capacity. Whether operators of such waste processing plants are willing to 
expand their capacity, and if so, at what time scale this extra capacity would 
become available (permits, investments, constructing etc.) is another, not 
yet answered, question. Both the costs and the uncertainty concerning the 
availability of enough capacity is a strong driver to look into this matter 
with much care.

Graded approach for exemption and clearance.
As mentioned, the current system to exempt (or clear) a substance is 
as simple as rigid. When the exemption/clearance level is exceeded a 
substance is regarded to be radioactive and, basically, all the articles of 
the BS must be followed and implemented by given entity. In the past this 
has led to situations where only small amounts of NORM substances with 
nuclide contents just over the EL, caused a company to put a lot of effort 
in compliance without any real risk occurring. In the new approach a more 
complex, but also more flexible system is proposed by the authorities. 
In this system a material will be generally exempted either when the 
values are below the given threshold or specifically if the thresholds are 
exceeded,  but in given application it can be seen that this will not cause a 
situation which requires measures for protection of workers and/or public 
also taking the ALARA principal into consideration. This would lead to a 
specific exemption for given substance in combination with foreseen use. 
In other cases where the EL is exceeded either notification, registration or 
a permit will be required depending on the potential radiological impact 
given substance in the foreseen use could cause. For clearance a similar 
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system is foreseen in which besides generic clearance also conditional 
release is foreseen. Furthermore, aspects concerning radioactive waste, 
storage of such and reuse option will be addressed.

Building materials.
In the current legislation building materials are exempted according to 
article 2 in the BS. In the new revision, however, building materials are 
explicitly addressed in a direct and an indirect way, both referring to the 
indoor dose in buildings. The first is the contribution of the indoor dose 
by gamma radiation of the used building materials. The second is their 
potential contribution to the indoor radon (and thoron) concentration. The 
latter was reviewed recently (Smetsers et al, 2015 ) [2] in a large survey on 
some 3000 dwellings which covered the building period from the thirties 
of last century and onwards. From this survey it can be derived that the 
average radon concentration is about 13 Bq/m3 with only a few exceptions 
where the concentration can reach levels up to 50 Bq/m3. In very few 
cases more than 100 Bq/m3 can be assumed mainly in dwellings in the 
southern part of the Limburg province. For the thoron daughters also very 
low values were found (EETC of about 0,65 Bq/m3) . Hence, probably 
the required radon action plan might be of limited size, mainly resulting 
to raise enough awareness and furthermore performing some surveys on 
regular time intervals on new dwellings in order to monitor whether this 
good situation remains.

The index for the building materials is a different story. Although the 
following paragraph doesn’t strictly spoken explain the Dutch approach, 
for understanding the choices made, first some background information will 
be given. First of all one has to be aware of the size and complexity of the 
building industry. In the Netherlands there are over 100.000 construction 
companies (ranging from one man operation to multinationals with ten 
thousand employees and more). Next, a wide variety of building materials 
is required to construct the buildings which are fulfilling both the users 
wishes and are compliant to the wide range of regulations and building 
codes. Moreover, the decision what materials/products will be bought, is 
influenced by quite a number of stakeholders ranging from the specialists 
(such as architects) via construction companies to the users/owners. This 
last aspect is also relevant for making choices of the developments of 
new products as well as the acceptance criteria for the use of raw (NORM 
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related) materials by the producers. Moreover, a lot of stake holders have 
their demands when the issue of material choice is made. Radiation is 
only a (tiny) part of it. More general health issues have to be met, but 
also technical applicability and safety, visual aspects can be of importance 
and, last but not least, the price will be an important driver in the choice 
of the raw materials and products to be used in the production of building 
products. Two aspects must be highlighted to understand the importance 
of the choice of raw materials and how this can be influenced by the 
implementation of the BSS. Raw materials for the building industry are 
the single largest group of materials, with in the Netherlands a demand of 
about 100 to 160 million ton/a [3]. The EU as well as individual member 
states put a large emphasis on reuse and recycling of all kinds of wastes, 
including wastes from demolition of all kinds of building structures at 
the end of their lifetime (see; EU Waste Directive) [4]. Some important 
industrial by-products are fly ash from the coal based power generators and 
blast furnace slags from the steel industry. In the Netherlands it is common 
practise to replace cement up to 50% and more and thus reducing the CO2 
emission caused by the cement production up to an according level. For 
the Dutch situation this leads to a reduction of CO2 emission of several 
millions tons yearly. At the same time, these materials are listed as being 
of potential concern from a radiation point of view and therefor have to be 
reviewed on their impact. Generally, the fly ashes and blast furnace slags 
as used in the European building industry are (far) below exemption levels 
and do not give rise to any enhanced indoor dose levels. In the Netherlands 
these materials are already used to a high extend in cement over decades 
(the blast furnace slag cement from the thirties of last century). Still the 
average indoor dose due to gamma radiation from building materials is 
estimated to be 0,3 mSv/a (thus including the use of many NORM related 
by-products to a high extend) [5]. The problem the building industry fears 
is therefore not the fact that they wouldn’t be allowed anymore to use 
these valuable by-products but the perception it could raise; stakeholders 
somewhere in the chain might be alarmed by the fact that given materials 
are seen as being potentially relevant in terms of radiation protection. But 
this is not the only problem (or collateral damage) the new legislation 
can cause. Due to the fact, as explained above,  that the building industry 
has many types of involved parties ranging from (construction) industry, 
experts, raw material suppliers and also all kinds of involved authorities 
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(e.g. those local authorities who are responsible for granting building 
permits) makes it quite difficult to have an effective legislation and also to 
achieve a level playing field between all kinds of stakeholders.

The EC already have thought about the question whether all building 
materials have to be controlled. In order to avoid unnecessary administrative 
burdens for measurements and certificates, they came up with a screening 
tool as well as the already mentioned list of materials and by-product which 
may give rise to enhanced levels of indoor gamma dose. This screening 
tool is based on a few simple assumptions mainly concerning the use of a 
specific building material (i.c. concrete with a density of 2350 kg/m3 and 
a standardized wall thickness of 20 cm) and the geometry of a standard 
room. In RP 112 [6] it is described how on basis of these main assumptions 
the annual indoor dose due to gamma radiation can be assessed and be 
used as a screening tool. For this the specific activities of Ra-226, Th-232 
and K-40 are required. Based on a simple formula the potential dose can 
be calculated. Although this approach is simple and straight forward it 
is too unprecise when materials are used which differs from those where 
the assumptions are based on. More specifically the generic assumption 
made on the density and the wall thickness can differ substantially for 
many of the relevant materials with a high level of use in buildings. For 
this reason the EC mandated the CEN for assessing a standard for a more 
differentiated assessment tool. This has led to a more complex formula in 
which also the density and the wall thickness are involved.

This leaves us how to implement the radiation aspects of the building 
materials in the Dutch legislation. To start with it is the believe of the 
author that new legislation and regulation must (amongst other aspects) at 
least fulfil the following main demands, 
It must serve a purpose. If so, then the implementation should:

• be efficient
• be transparent/enforceable
• social gain must outweigh the (social) costs (ALARA)

From the information above it can be seen that implementation will require 
a tremendous effort from all the stakeholders. On the other hand for the 
Netherlands, as already mentioned above, it was seen that the average 
external indoor dose in the Netherlands is approximately 0,3 mSv/y. This 
is significant lower than the threshold as given by the BSS and involves all 
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the used materials over the last decades and thus also the use of enhanced 
amounts of all kinds of listed raw materials like fly ash and blast furnace 
slag for concrete and phospho-gypsum as plaster. From this it can be 
derived that a direct and unaltered implementation doesn’t fulfil the above 
mentioned requirements of efficiency and social gain. Therefore, in the 
Netherlands, a different approach will be chosen in which only in special 
cases producers and other stakeholders have to take an action to prove that 
they are in compliance with the 1 mSv/a threshold as given in the BSS. To 
do so, all kind of calculations, using the CEN tool, were made in order to 
estimate the influence of a certain amount of NORM related materials in 
the raw material mixture on the estimated dose. Using this approach one 
can derive maximum levels of NORM related products, which causes the 
accepted additional dose, whether this is 1 mSv/y or a lower (yet to be 
chosen) threshold. For reasons that generally different building materials 
will have another density as well as application thickness, those thresholds 
will differ between the product groups. Although the generic approach 
is welcomed by the Dutch building industry, they urged the authorities 
to avoid that those levels are coupled to a certain building material and 
thus giving rise to all kinds of perception and marketing problems for 
those materials with the lowest accepted levels of NORM addition. One 
option to avoid this problem and still being in compliance with the chosen 
structure, is to define weight/m2 classes (density times the application 
thickness) and define threshold for each of these classes. At the moment 
all kinds of building materials and alternative configurations are being 
calculated as basis for defining the thresholds in such way that the current 
building methods and their use of building materials are not hampered and 
that only in special cases producers will have to prove their compliance. 
By this approach it will be prevented that from a radiation protection point 
of view, unacceptable situations will occur without bothering the building 
industry and all kinds of authorities with administrative burdens knowing 
that in (almost) all cases the threshold will not be exceeded. Moreover, 
the (environmental and social) gain the use of certain NORM related by-
products has, will be preserved.
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Abstract
The COST Action “NORM4Building” studies the reuse of by-products that 
can contain enhanced concentrations of Naturally Occurring Radionuclides in 
existing and new types of construction materials. The NORM4Building network 
focusses on the application of by-products such as coal fly and bottom ash, slags 
from iron and steel production, copper slag, red mud and phosphogypsum in 
Portland and alkaline-activated cements & concretes and in ceramics. The 
COST Action was launched in September 2014 and will run until September 
2017. NORM4Building discusses problems and potential solutions regarding the 
management of by-products containing NORM (Naturally Occurring Radioactive 
Materials). Options for the management of NORM residues are evaluated in the 
light of national implementations of the new Euratom Basic Safety Standards 
(EU-BSS) while considering the impact on the related industrial sectors. 

Reuse of NORM in Construction?
Slag and bottom ash from coal-fired power plants, phosphorous slag 
from thermal phosphorus production, unprocessed slag from primary iron 
production and lead, copper and tin slags from primary and secondary 
production, depending on the origin of the ores and the industrial process, 
contain enhanced concentrations of naturally occurring radioactive 
materials (NORM) [1]. These types of residues can have very interesting 
properties for the cement industry as alternative raw materials and 

1 Augustin Janssens formerly was head of the EC’s radiation protection unit; no part 
of this paper however should be regarded as representing the views of the European 
Commission. 
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supplementary cementitious materials (SCMs) or, in the case of residues 
with a high caloric value, they can be introduced as an alternative fuel, 
the remaining ash being typically incorporated in the cement clinker [2, 
3]. In the concrete industries, the residues are used or studied for use in 
increased amounts as SCMs (as partial cement replacement or as mineral 
additions in concrete) and as aggregates [4]. In the ceramic industries 
slags from various types of metal smelting were used, or investigated for 
use, as aggregates in clay-based ceramics [5]. Alternatively, other types 
of NORM containing residues (such as red mud from refining bauxite, 
the Bayer process) can be used in the bond system of clay ceramics [5]. 
An emerging field in the building industry is the development of Alkali-
Activated Materials (AAMs). The AAMs can contain calcium silicate or 
a more aluminosilicate-rich precursor such as a metallurgical slag, natural 
pozzolan, fly ash or bottom ash as solid aluminosilicate source [6].

In a resource-poor continent such as Europe, reuse of secondary raw 
materials becomes a necessity and, as discussed above, more and more 
residues can be used in construction materials. Hence, we are evolving 
to a situation where construction materials will mainly be made from 
residues. However, in view of the presence of NORM it is crucial to 
ensure the health protection of the population and to ensure that guidelines 
are available for the industry to limit the exposure of workers and the 
population. On the 5th of December 2013, the Council of the European 
Union has adopted the new Directive 2013/59/EURATOM (Euratom 
Basic Safety Standards, EU-BSS) [7] that specifically addresses the topic 
of using residues from NORM processing industries in building materials. 
The EU-BSS sets the requirement of a radiological screening and further 
characterisation of building materials that incorporate specific residues 
from NORM processing industries (considered are among others fly ash, 
phosphogypsum, phosphorus, tin and copper slag, red mud and residues 
from steel production), before the they can be distributed on the market. 
The new requirements on natural radioactivity in building materials are 
based on earlier guidance in RP 112 [8]. RP 112 uses a model for the 
gamma exposure from building materials related to the presence of all 
natural radionuclides from the 238U and 232Th decay series and of 40K. In 
this model, secular equilibrium among all radionuclides in the decay series 
is assumed. This assumption is about valid in case of construction materials 
of natural origin. For NORMs however, quite different assumptions should 
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be made. Lack of equilibrium also implies the application of more accurate 
measurement methods. 

The role of the COST Action NORM4Building
The main objective of COST action Tu1301 ‘NORM4Building’ is the 
exchange of multidisciplinary knowledge and experience (radiological, 
technical, economical, legislative, ecological) to stimulate the reuse of 
NORM residues in new tailor-made sustainable building materials in the 
construction sector, while considering the impact on both external gamma 
exposure of the building occupants and indoor air quality. The COST 
network consists of four working groups and the aims of each working 
group are given in figure 1. 

Figure 1: Aims of the four working groups of the ‘NORM4Building’ network.

The new EU-BSS can have a large impact on reuse options for NORM in 
building materials. The COST action aims at providing scientific support 
and solutions for industry regarding the reuse of NORM materials in 
construction, so that building materials comply with the requirements of 
the new EU-BSS.
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The NORM4Building COST action develops strategies for the reuse of 
NORM residues in ceramics, concrete and cement with a focus on the reuse 
of NORM residues in emerging building materials such as geopolymers 
(i.e. inorganic polymers). The main output of the COST Action will be a 
Book entitled “Naturally Occurring radioactive materials in construction” 
that gives an overview of the recommendations of the COST Action. 
The Book is linked to a database that itself is linked to the website www.
norm4building.org. The book and database will be completed towards the 
end of the COST Action in September 2017. 

The database that is currently being developed by working groups 1 and 
2 serves to combine information on different aspects (technical, chemical, 
radiological…) of the NORM residues and the (residue-based) building 
materials. 

Working group 3 investigates industrially useful and cost-efficient 
methodologies and protocols for the determination of the activity 
concentration index (Annex VIII of the EU-BSS [7]). Specifically, 
the applicability of an on-site measurement methodology is investigated 
[10, 11]. Working group 3 also organizes inter-comparisons between 
institutes using different measurement protocols and instruments.

Working group 4 develops new research on computational methodologies 
- room models [9, 12, 13, 14] to evaluate and predict indoor gamma dose rates 
and indoor radon concentrations on the basis of the radioactivity content 
and other characteristics of newly developed types of building materials. 
It was found that the modelling of doses due to natural radionuclides in 
building materials is an effective tool for the optimization of radiation 
protection. Such modelling cannot be done for all building materials, but 
in case their activity concentration index is higher than 1 it may help to 
decide whether they might still be used.

Working group 4 uses three different modelling approaches: (1) Gamma 
dose modelling, (2) Radon dose modelling and (3) Modelling of the 
leaching of radionuclides and metals. Gamma dose modelling uses 226Ra, 
232Th and 40K concentrations, the density and thickness of the material and 
information on the structure of dwellings as input parameters. Results on 
gamma dose modelling are reported in publication [15]. The goal is not 
to change legislation but to provide tools that companies can use for a 



159

more detailed dose modelling to verify compliance with the dose criterion. 
The Radon activity concentration is modelled to account for ventilation, 
dwelling size and convection. As experimental input for the modelling of 
the leaching behaviour two methods are proposed: method 1313 [16,17,18] to 
study the pH dependence, and method 1314 [17,19] to study the end-of-life 
aspects by means of percolation tests. Modelling of the leaching behaviour 
further includes important properties (mixtures, materials with different 
layers, carbonation, oxidation, …) of building materials. 

The NORM4Building network currently comprises around 120 researchers 
from 30 different European countries plus the US and is open to further 
international collaboration. More information regarding the COST action 
and the current results are available at www.norm4building.org. 

Conclusions
The NORM database will provide updated information on good practices 
for the reuse of NORM in construction. The Book will serve as guidance to 
permit the safe reuse of by-products in construction with due consideration 
of natural radioactivity.

Above all, the COST network stimulates the interaction between experts 
in construction on the one hand and experts regarding radioactivity on the 
other hand,  in order to promote a more realistic assessment of the impact 
of the reuse of NORM in construction materials. The COST Action has 
prompted a lot of research in a field where information was lacking.
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Abstract
Some industrial activities such as oil and gas extraction, phosphate fertiliser 
production, ceramic production, coal combustion in power plants or mining 
and ore processing for the production of metals (tin, aluminum, …), geothermal 
energy production, …  involve the use or generation of materials, usually regarded 
as non-radioactive but which contain naturally occurring radionuclides (NORM). 
NORM industries may be of radiological concern for the general public and the 
environment as a result of their discharges and wastes. 

We here present a short overview of the waste production processes and the 
radiological content of the raw materials, residues and discharges for the NORM 
industries that may require regulatory control.  The main sources and pathways 
by which technologically enhanced radioactive materials can impact on man 
and environment and the methodologies to assess radiation doses to humans 
and wildlife are described. Taking an example case from the Belgian phosphate 
industry, we perform a preliminary radiological impact assessment for man and 
environment for the Veldhoven phosphate sludge deposit and the inundation 
areas of the Grote Laak.

Introduction
Industries affected by NORM
Naturally Occurring Radioactive Material (NORM) is defined as material 
which may contain any of the primordial radionuclides or radioactive 
elements as they occur in nature, such as radium, uranium, thorium, 
potassium, and their radioactive decay products that are undisturbed 
as a result of human activities. Technologically enhanced Naturally 
Occurring Radioactive Material (TeNORM) is defined as naturally 
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occurring radioactive materials that have been concentrated or exposed 
to the accessible environment as a result of human activities such as 
manufacturing, mineral extraction, or water processing.

NORM (TeNORM) impacts an important number of industries but not 
all are recognised as having NORM issues associated with them. The 
production and processing of uranium is well known as an industry 
affected by NORM. Most operations have radiation monitoring programs 
for occupational, public and environmental exposures and waste disposal 
is a concern due to the large quantities produced. We are now well aware 
that the production of oil and gas results in sludge and scales which 
contain enhanced quantities of 226Ra. The disposal of these wastes has 
been problematic in some operations. Mineral sands typically have a large 
amount of thorium present. The production of phosphates for fertiliser 
and other uses may have uranium and radium issues including scales and 
waste disposal issues (phosphogypsum waste dumps). Most mineral sand 
mining and extraction operations have radiation monitoring programs and 
are regulated. The production of a number of metals including aluminium, 
iron, copper, gold, silver, tin and rare earths may have NORM issues at 
some stages during the processing. Particular areas of concern include 
dust derived from heating or smelting (210Po and 210Pb), scales in pipework 
(226Ra), disposal of waste products (e.g. tin slags, aluminium red mud) 
and recycled by-products from internal or external processes (e.g. reused 
dust, precious metal slimes). Regarding coal production or utilisation, 
enhanced concentrations of NORM are found in scale, mine waters and 
process waters (226Ra), fume emissions (210Po and 210Pb) and the disposal 
of coal ash. In the context of water production and purification: ground 
water often contains enhanced 238U and 226Ra. The NORM can be as scale 
in pipework, collected on purification media (charcoal, reverse osmosis 
membranes), or released as radon gas. Geothermal power plants can be 
major emission sources for radon and may have 226Ra in scale on pipework. 
Clay and ceramics may contain elevated levels of uranium. By-products of 
other industries may contain NORM such as phosphogypsum as a building 
material. There are hence a number of industries potentially affected by 
NORM which need to be regulated. For the Belgian context, the Federal 
Agency of Nuclear Control (FANC) present on its website the industry 
sectors concerned (www.fanc.fgov.be).
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Properties of NORM waste – a myriad of cases 
The most common radionuclides found in nature include the uranium, 
thorium and actinium series its decay products, potassium-40, carbon-14 
and other radionuclides derived from cosmic particles and rays (e.g. 7Be). 
Depending on the NORM industry and waste stream, there may be different 
radionuclides of major concern: 232Th series radionuclides are important in 
e.g. mineral sands and aluminium industry, 226Ra in sludge and scales of 
oil and gas industry, 238U and 226Ra in sludge from the phosphate industry, 
210Pb and 210Po in dust from smelting in metal industry. Also a range in 
radionuclide concentrations exist: 226Ra is present in fairly low levels of ~1 
kBq/kg in phosphogypsum sludge from the phosphate industry up to huge 
concentrations (106 kBq/kg) in scales in tubing of the petroleum industry. 
232Th is present in negligible levels (<0.1 kBq/kg) in phosphogypsum 
sludge but in high concentrations (10³ kBq/kg) in refractory bricks. Also 
radionuclide mobility may differ which will impact its transfer in the 
environment: 226Ra has a higher availability in phosphogypsum sludge 
than in scales.

NORM and TeNORM waste come in different physical forms: as waste 
water from oil and gas production, as sludge from phosphate-fertiliser 
production, water treatment or metal processing, as scales in oil and gas 
and phosphate industry, as ashes and slag from metal processing, coal 
industry or as waste rock. There is also quite some miscellaneous waste: 
filter cloth, filter parts, … Waste can come in large volumes with low 
specific levels of radioactivity as for example phosphogypsum sludge or 
waste water from industrial processes or in small volumes containing high 
levels of specific radioactivity as in sludge from water treatment plants or 
scales in oil and gas tubings.

Also non-radioactive hazardous components need to be considered when 
evaluating the potential impact from the NORM industries. Often the 
impacts of non-radiological contaminants (heavy metals such as arsenic, 
toxic organics) are as important as or more important than radiological 
impacts (although radiological impacts may be perceived as more important 
by the public). For example, in oil and gas industry heavy metals (e.g. Hg) 
and hydrocarbons are of concern, for the phosphate industry Cd, Zn, Pb, 
F; for iron and steel industry Pb, Zn, Cr, Cd, Cu, As, Hg, Ni. These toxic 
elements cause several health problems. For example fluor in elevated 



166

concentrations affects human bone, Pb, Cd, Ni exert a high mobility and 
toxicity, As and Cr are carcinogenic …. [1, 2]. Non- radiological parameters 
may also be necessary to understand the environmental processes driving 
the dispersion of radioactive contaminations (e.g. pH, ground water head, 
sulphuric acid content).

Important release mechanisms for pollutants to the environment and 
general dose delivery pathways to man 

During operation the most important release mechanisms are dust emission 
and release of 210Pb and 210Po from stacks from smelters or furnaces, the 
release of waste streams to rivers and seas in case of sea dumping of radium 
scales from the oil and gas industry, sea or river dumping of CaCl2 from 
the phosphate industry and routine releases of process water for example 
in case of coal mining and geothermal energy production. A few examples: 
the 210Pb and 210Po concentrations in the dust and sludge in the niobium 
production can reach 10² to 105 Bq/kg. The 210Pb and 210Po from the stack 
of Cu smelters for the Mansfeld area in Germany, contaminated an area in 
a 3 km radius because no appropriate filters were used at that time [3]. In the 
furnace process to obtain elemental phosphorus, the atmospheric release 
of all radon and ~30 % of 210Po via the facility stack led to individual doses 
of ~2 µSv/a [2]. In the hydrochloric acid process for phosphate production, 
CaCl2 is produced and is in some cases dumped into the sea or in river 
systems via pipelines. The CaCl2 solution contains radium, polonium and 
lead. A recovery of the radium from the solution is technically feasible by 
treatment with BaSO4.
Releases of radioactivity from NORM disposal sites occurs via dissolution 
of the radionuclides present in the leachate and discharge to ground and 
surface water, release of radon and decay products from the waste heap, 
the emission of dust. 

Exposure from NORM sites occurs via atmospheric, terrestrial and aquatic 
pathways. The inhalation of radon and the subsequent deposition of radon 
decay products in the lungs and inhalation of dust is one of the major 
pathways by which occupational exposure can occur. Radioactivity in air 
can also lead to external exposure. Exposure via the terrestrial and aquatic 
pathway is possible by ingestion of contaminated foodstuffs and water and 
via external irradiation. A schematic representation of these pathways is 
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presented in figure 2. There are only few studies that evaluate the exposure 
of the public from NORM sites and liabilities. Harvey and co-workers 
[4] gave some examples of exposures from NORM sites. Individual doses 
arising from the migration of radionuclides from a landfill with waste of 
rare earth furnacing are ∼0.1 µSv/a. Public exposure from landfill disposal 
of tin slag was assessed to be in the range of 10 µSv/a for a single site.  The 
dominant radionuclide is 232Th and exposure is mainly through inhalation 
of 232Th after resuspension of material deposited on arable land. For an 
undisturbed landfill disposal site with niobium slag, doses received by the 
critical group, living 500 m from the site were reported as ∼6 µSv/a which 
is mainly the result of inhalation of resuspended dust residing on arable 
land [4].  The impact of coal mining on the public is considered to be low, 
except on occasions where the critical group lives close to the ash disposal 
site (resuspension of ash onto agricultural land: up to 250 µSv/a) [5]. 

Radiation exposures resulting from the mining and processing of raw 
materials containing NORM are required to be controlled through a 
system of radiation protection based on three principal requirements: the 
justification of practices, the limitation of radiation doses to individuals, and 
the optimisation of protection and safety, as established by the IAEA Basic 
Safety Standards (BSS). The requirement of the BSS for the optimisation 
of protection and safety [6] (§ 1.6) specifies: “…the system of protection 
and safety aims to assess, manage and control exposure to radiation 
so that radiation risks, including risks of health effects and risks to the 
environment, are reduced to the extent reasonably achievable.” The IAEA 
BSS also state that (§ 1.35) “These Standards are designed to identify the 
protection of the environment as an issue necessitating assessment, while 
allowing for flexibility in incorporating into decision making processes 
the results of environmental assessments that are commensurate with the 
radiation risks.” 

In the next paragraphs we provide a preliminary assessment of the public 
exposure from a waste disposal site from the phosphate industry and of 
public and environmental exposure in inundation areas of rivers to which 
CaCl2 from the phosphate industry was released. 
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Preliminary impact study for the phosphate industry: example 
case Tessenderlo Chemie.
From 1920 to 2013, phosphate ore processing was an important activity of 
the Tessenderlo group. Phosphate ores mostly from Moroccan origin, were 
converted into dicalcium phosphates via an hydrochloric acid leaching 
process to be used as additive in fertilisers and animal feed. These industrial 
activities have generated a huge amount of NORM waste, predominantly 
CaF2 sludge, disposed of in several landfills. Some of these landfills are 
already remediated, while others will be remediated in the next decades. 
The Veldhoven landfill is the largest waste disposal. The disposal site 
covers an area of 55 ha and is still partly in operation. CaCl2 is formed 
as an effluent and until 1995, 70% of the 226Ra in the raw phosphate was 
released to the Grote Laak or Winterbeek rivers with the liquid effluents, 
leading to an accumulation of radium in the bed sediment. By introducing 
a BaCl2 precipitation step, radium solubility was decreased and since then 
most radium is disposed on the CaF2 dump. Due to flooding and dredging, 
the river banks of the Grote Laak became contaminated. Here, we discuss 
the dose impact of the ‘Veldhoven’ landfill and the contaminated river 
banks of the Grote Laak. The impact assessment focuses on the main 
exposure pathways. For the inundation areas of the Grote Laak we also 
assess the impact of fauna and flora.

Site description
Veldhoven landfill
The landfill ‘Veldhoven’ contains about 9 million m3 sludge. The local 
water table is at a depth of 2 m below land surface. The average 226Ra 
concentration is approximately 3.5 kBq/kg. Dose rate measured at surface 
are up to a few μSv/h. In 2014, residues from the decommissioning of 
the phosphate unit have also been dumped on this landfill. The radon 
concentrations are monitored regularly and remain fairly stable. In 1993, 
the radon concentrations varied from 15 Bq/m3 to 60 Bq/m3 (background 
is about 10 Bq/m3). Similar values are found for the period 2010 – 2014. 
Between 2004 and 2009, the total alpha activity in groundwater samples of 
the Veldhoven site were measured using two piezometers. These activities 
ranged from values below 15 mBq/l to a maximum value of 139 mBq/l and 
are a factor of 2 to 10 higher than the 226Ra measurements carried out on 
March 1993 [7-9]. 



169

Fig 1. The Veldhoven landfill

River banks of the Grote Laak river
The Grote Laak is a small river with an average water flow rate of 1.2 m3/s. 
The catchment of the Grote Laak is about 125 km2. About 14.5 km from 
the discharge point of the liquid waste, the river flows into the Grote Nete 
river. Until 1990, the average  226Ra concentration of the waste water was 
20 Bq/l. Following the introduction of a BaSO4 step, the concentration 
was reduced to 3 Bq/l. Floodings and putting dredged bed sediment on the 
river banks have led to a contamination of the surroundings. Dose rates up 
to 1 µSv/h were measured on the river banks. The right river bank is more 
contaminated than the left river bank. The 226Ra concentrations on the right 
river bank vary from 400 Bq/kg to 2000 Bq/kg, with 800 Bq/kg as average 
value [10]. The radon concentrations in dwellings less than 100 m from the 
river vary from 19 Bq/m3 to 134 Bq/m3.

Human radiological impact assessment
Scenarios for impact assessment
Veldhoven disposal site
Two possible future exposure scenarios were evaluated for the ‘Veldhoven’ 
landfill. The first radiological impact scenario is the ‘well’ scenario. It 
describes the normal evolution of the landfill. Radionuclides leach out into 
the groundwater and are transported into a well at 50 m from the disposal 
site.  The representative person is a self-sustaining farmer who uses the 
well water for drinking, irrigation of crops and watering cattle. All his food 
is coming from the contaminated site and he spends 1800 h/y on the field. 
This is a conservative approach. The second scenario is the ‘residence’ 
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scenario. It is assumed that a house will be built on the site and that there 
is no cover on the site.  The representative person is an inhabitant with 
a kitchen garden on the contaminated soil who spends 100% of his time 
(20% outdoors, 80% indoors) on the site. This is the worst-case scenario.

Contamination of the surroundings of the Grote Laak 
Two exposure scenarios are assumed for the contamination of riverbanks: a 
recreational scenario and a residence scenario. In the recreational scenario 
we assume that people spend 2 hours per day on the river banks (e.g. 
walking, fishing). In the residence scenario, we consider the houses built at 
less than 100 m from the river banks and assume, similar to the residence 
scenario, that the inhabitants have a kitchen garden on the contaminated 
area and spend 100% of their time on the contaminated area. 

Human dose assessment 
We used the standard advection-dispersion transport module in the 
HYDRUS-1D code [11] to estimate the amount of radionuclides leached 
from the sludge to the underlying aquifer due to rain water infiltration. 
The SCK•CEN biosphere model [12] was used for the calculation of the 
contamination of the food chain and dose to humans. The biosphere 
assessment model is a representation of radionuclide transfer mechanisms 
in the biosphere, along with related assumptions and simplifications. The 
model is used for calculating the concentrations in the different biosphere 
compartments and the dose to representative persons living in the biosphere. 
A schematic presentation of the model is given in figure 2. 

Fig 2. Conceptual representation of the Biosphere model
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Transfer parameters
The HYDRUS-1D code was set up assuming the profile composition 
presented in Table table 1. The physical and hydraulic properties of the 
profile materials were adapted from [13]. Water flux through the waste (i.e. 
the upper boundary) was set equal to the long-term average infiltration 
rate at the site (100 mm/y). Assuming an average bulk density of 1500 kg/
m³, the height of the sludge layer is about 16 m above land surface. The 
activity concentration of 226Ra has been previously determined in sludge 
samples (3.5 Bq/kg). We assume that the mother 238U and daughters 210Pb 
and 210Po are in secular equilibrium. Sorption of radionuclides onto profile 
materials was quantified using the solid-liquid distribution coefficient 
(Kd). Kd values of the radionuclides of interested are given in table 2. 
After leaching to the groundwater, the radionuclides in the sludge were 
transported (through advection and dispersion) with the groundwater from 
the landfill site to a well located 50 m down-gradient. The hydraulic and 
chemical properties of the aquifer material were assumed identical to those 
of the sand in tables 1 and 2.  The maximum activity concentration in the 
leachate was used in the groundwater transport calculations. Dilution in of 
the leachate in the aquifer was accounted for by applying a dilution factor 
calculated as suggested by [14].

The biosphere parameters used to calculate the environmental transfer 
of radionuclides and human dose impact are derived from the database 
compiled for NIRAS/ONDRAF [15-17]. 

Thickness ρb θr θs α η Ks
(m) kg m-3 (m3 m-3) (m3 m-3) (m-1) (-) (m d-1)

Sludge 16 1500 0.06 0.48 1.6 1.57 0.5
Sand 2 1300 0.03 0.33 7.44 2.69 285

Table 1. Hydraulic parameters used in HYDRUS-1D code to simulation infiltration of 
rain water through the sludge and leaching of radionuclides to the underlying aquifer. ρb: 
bulk density, θr and θs residual and saturated moisture contents, η: shape parameter, Ks: 
saturated hydraulic conductivity. Values adapted from Mallants [13].

238U 226Ra 210Pb 210Po
1.28 0.52 0.14 0.033

Table 2. Kd values (m3/kg) used in the HYDRUS-1D simulation runs [15] 
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Results for the Veldhoven landfill
The results for the well scenario and residence scenario are given in tables 
3 and 4. The dose results for the well scenario are conservatively estimated 
and are maximal doses . Realistic doses are about a factor of 10 lower. The 
results for 226Ra in both tables also include the dose due to exposure to 
the daughters 220Pb and 210Po. The total dose of 1.05 mSv/y is mainly due 
to 238U, because during the transport in the groundwater it decays much 
slower than 226Ra, resulting in a higher maximum concentration in the well 
at 50 m from the waste disposal. The dose due to inhalation for 226Ra is 
mainly due to the inhalation of radon (> 97% of the dose). The results 
are conservative, because it is assumed that all food is coming from the 
contaminated area. It can be expected that a realistic predicted dose is at 
least 10 times lower.

The results for the residence scenario show that the dose is mainly due 
to the radon inhalation indoors. This scenario is a worst-case scenario, 
assuming no remediation actions and subsistence farming. The external 
dose outdoors is also higher than 1. It is clear from these results that the 
access to the site should remain restricted during at least the next hundreds 
of years and a cover on the site is recommended. 

Radio- 
nuclide

External 
irradiation Inhalation Ingestion Total 

dosewater crops milk, meat soil
226Ra 2.15E-08 1.34E-08 7.09E-05 1.31E-05 3.81E-06 3.90E-07 8.82E-05
238U 2.01E-04 6.86E-05 2.65E-03 6.46E-03 1.10E-03 8.03E-05 1.04E-02

1.05E-02

Table 3. Human dose impact (mSv/y) for the well scenario in vicinity of the Veldhoven 
sludge basin

Radio- 
nuclide

External  
irradiation Inhalation Rn Exhalation Ingestion Total 

dose
outdoors indoors outdoors indoors outdoors indoors crops soil

226Ra 1.55E+00 2.01E+00 1.52E-03 1.85E-03 3.87E-01 3.45E+01 1.95E+00 2.17E-01 4.06E+01
238U 1.86E-02 2.42E-02 6.60E-04 8.02E-04 / / 5.76E-01 6.18E-03 6.26E-01

4.12E+01

Table 4. Human dose impact (mSv/y) for the residence scenario at the Veldhoven sludge 
bassin
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Impact from residing at the contaminated river banks of the Grote Laak
The results for the recreational and residence scenario are given in tables 
5 and 6. The results for 226Ra in both tables also include the dose due to 
exposure to the daughters 220Pb and 210Po. The total dose for the recreational 
scenario is mainly due to the external radiation of 226Ra (table 5). For the 
dose calculation from indoor Rn for the residence scenario, the measured 
average Rn concentration of 38 Bq/m3 in houses less than 100 m from the 
river banks is used. Other dose results are calculated using the average 
measured 226Ra concentration of 800 Bq/kg soil.  It is seen that also for this 
scenario, the Rn inhalation gives the highest dose, although the differences 
with the other exposure pathways are less pronounced. 

Radionuclide External irradiation Inhalation Rn Exhalation Total dose
226Ra 1.46E-01

1.75E-03
1.43E-04
6.21E-05

3.63E-02 1.82E-01
238U / 1.81E-03

1.84E-01
Table 5. Human dose impact (mSv/y) for the recreational scenario for the Grote Laak 
river banks

RN External irradiation Inhalation Rn Exhalation Ingestion Total dose
outdoors indoors outdoors indoors outdoors Indoors crops soil

226Ra 3.59E-01 4.66E-01 3.53E-04 4.29E-04 8.96E-02 9.58E-01 5.02E-02 4.52E-01 2.37E+00
238U 4.32E-03 5.60E-03 1.53E-04 1.86E-04 / / 1.43E-03 1.33E-01 1.45E-01

2.51E+00

Table 6. Human dose impact (mSv/y) for the residence scenario at the Grote Laak river 
banks

Conclusions for the human impact assessment

Predicted dose rates for an expected evolution scenario (well scenario) in the 
vicinity of the disposal site are well below the 1 mSv/a dose criterion for the 
general public. Given the (extremely) long half-life of 238U and 226Ra, an intrusion 
scenario is likely to occur with time. Covers will not last the time span of the 
radionuclides’ half-life and good record keeping is a requirement. But this also 
holds for toxic and hazardous conventional waste. Residence on the contaminated 
river borders may lead to dose rates slightly over 1 mSv/a but still within the 1-20 
mSv/a range proposed by IAEA [6] as reference annual dose rate range in respect 
to exposure to a representative person in existing exposure situations.  For the 
Grote Laak and Winterbeek, a decision has been made to decontaminate the river 
borders by soil removal. 
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Environmental impact assessment
Approach
The ERICA assessment tool, developed under EU-sponsorship [18] was 
used to assess radiation dose rates to the reference organisms and associated 
risks. Reference organisms and parameters (like Kd and concentration 
ratios) were those assigned as default by ERICA. Potential impact is 
expressed as a best estimate risk quotient (RQ) defined as the ratio of the 
predicted dose rate and a radiation screening value of 10 µGy h-1 [19]. This 
derived value is used to screen-out sites where contamination is of no 
radiological concern for fauna and flora. Hence, if RQ ≤ 1, the environment 
is unlikely at risk and requires no further action. If RQ > 1, the assessment 
should continue in a higher tier, using site-specific information.
Impact assessment to wildlife was performed for the terrestrial and aquatic 
ecosystem. For the terrestrial environment, an assessment was done 
considering the average 226Ra concentration at the right bank of 800 Bq/
kg and the average 226Ra concentration of the hot spots (5800 Bq/kg).  For 
the aquatic ecosystem, the sediment and water concentrations of 1999 
were applied (averages: 0.18 Bq/l and 528 Bq/kg 226Ra and maxima: 0.43 
Bq/l and 902 Bq/kg 226Ra). For 210Po and 210Pb, concentrations in soil or 
sediment are assumed to be at 80 % of the 226Ra concentration. 

Results
Terrestrial ecosystems
In figure 3, RQs are presented for the terrestrial wildlife exposed to 
activity concentrations monitored on the river banks of the Grote Laak. 
RQs were derived for average concentrations observed and averages of 
hot spots (highest dose rate locations). Figure 3 shows that the average soil 
concentrations are unlikely to impact the terrestrial fauna and flora living 
on the river bank of the Grote Laak. For detritivorous invertebrates and soil 
invertebrates, RQs are slightly above one but effects data provided within 
the ERICA tool (which actually contains a link to a database of radiation 
dose effects [20,21] show no effects for these organisms at the associated 
dose rates. 

Dose rates to lichens and bryophytes are predicted to be 150 µGy/h for 
average soil activity concentrations. They exceed the screening dose rate 
applicable for organisms in a terrestrial ecosystem by a factor of 15. There 
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are no effects data for lichens and bryophytes available in the FREDERICA 
database for these or higher dose rates. 226Ra is the highest contributor to 
the total dose rate, except for lichens and bryophytes. The high dose rate 
for the latter species are due to the high concentration ratio of 210Po (CR = 
6 kg/kg), reflecting the high bioavailability of 210Po for these organisms. 
For all scenarios analysed, dose rates were almost entirely due to internal 
exposure and 226Ra and 210Po were contributing most to the dose (results 
not shown). 

Fig 3. Best estimate RQs for the terrestrial wildlife exposed to activity concentrations 
monitored on the river banks of the Grote Laak. RQs were derived for average 
concentrations observed (left) and averages of hot spots (highest dose rate locations) 
(right – RQ for Lichens and Bryophytes is 108)

When considering average hot-spot concentrations, however, all RQs 
exceed 1, except for trees. At the related dose rates, there were either no 
FREDERICA effects data available or no statistically significant effects 
reported. Only some minor effects (generally related to mutations) are 
reported by FREDERICA at the associated dose rates for grasses and herbs, 
shrubs and mammals. For Bird, Rat, Deer, Grass and Tree, the predicted 
dose rates fall within the respective Derived Consideration Reference 
Level (DCRL) range proposed by ICRP [22] (a DRCL is considered by 
ICRP as a band of dose within which certain effects have been noted or 
might be expected). 

Aquatic ecosystems
The situation is very different for the aquatic environment of the Grote 
Laak. High RQs are obtained for the 4 years monitored even for the 
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reported average concentrations (figure 4). For 7 groups of reference 
organisms, the predicted dose rate exceeds the screening dose rate of 10 
µGy/h. For all scenarios analysed, dose rates were almost entirely due to 
internal exposure and 226Ra and 210Po were contributing most to the dose 
(results not shown). Within a factor of 2 to 3 of the dose rates predicted 
for bivalve molluscs and gastropods (same effects data in FREDERICA 
database), some deleterious effects have been observed as reported in the 
FREDERICA database. For example, for oyster, a two-fold increase in 
frequency of abnormal larvae was reported at a dose rate of 125 µGy/h. 
For insect larvae, no effects were observed up to a dose rate of 200 µGy/h. 
For snails exposed to 270 µGy/h there are observations of either hormetic 
effects or decrease in capsules per snail. For all other organisms for which 
RQ>1, either no effects are reported for the dose rates obtained or no 
effects data are provided by FREDERICA. 

Under the EU Euratom PROTECT project, organism group specific 
radiological benchmark values were derived for screening purposes [19,23]. 
For plants, a screening value of 70 µGy/h was derived, and for invertebrates 
a screening value of 200 µGy/h was proposed. As these authors state, there 
are insufficient data to recommend values for specific organisms rather than 
groups of organisms. Even if these higher screening values are applied, RQs 
would still be higher than one. If we would consider the organism specific 
screening value for vertebrates of 2 µGy/h derived by Andersson [19,23], 
the RQ would exceed 1 for birds, fish and mammals. Dose rates predicted 
for these organisms when considering maximal concentrations would also 
be slightly higher than the lowest DCRL level proposed by ICRP [22]. 
As for terrestrial ecosystems, internal exposure appears dominant. 210Po 
followed by 226Ra were the highest dose contributors (results not shown). 
As expected, RQs are much higher for the maximum concentrations. 
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Fig 4. Best estimate RQs for aquatic wildlife exposed to activity concentrations monitored 
in river water and sediments of the Grote Laak (1999). RQs were derived for average 
concentrations (left) and for maxima (right)

Conclusions
This screening environmental risk assessment for presented phosphate 
industry case study shows that 226Ra and 210Po are the most important 
contributors to the wildlife dose and that the dose rate is almost entirely 
determined by internal dose rate. Since the best estimate RQs are higher 
than 1 for the Grote Laak river system impacted by the releases from 
the phosphate-fertiliser plant of Tessenderlo, it is advisable to assess the 
potential impact on the environment further, following a more detailed 
assessment with site-specific data including representative organism 
selection from a survey of the local biosphere and transfer parameters for 
local fauna and flora, as advised by the ERICA methodology.

General conclusions
As a general conclusion it may be stated that the human and environmental 
impact assessment for NORM liabilities and legacy sites requires a site 
specific approach. The number of dedicated studies on public exposure 
is rather limited, though it is clear that some exposure situations need a 
critical evaluation of the risk. NORM is extremely long lived and impacts 
cannot only be considered in the short term but must include the potential 
impact for future generations. Long-term impact assessment, stewardship, 
long-term memory and long-term efficacy of remedial options are key for 
a robust management of NORM legacy sites.
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