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Low Radioactivity Measurements: 

 Supervision and reporting : L. Sneyers / K.Smits 
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 Supervision of measurements: F. Verrezen / M. Bruggeman 
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Tessens, W. Van Baelen, M. Vanuytven, M. Verbist, L. Verheyen, D. Verstrepen 
 
 
 

 

Food Safety Center, Boulevard du Jardin Botanique, 55 - 1000 Brussels 
Chief Executive Officer: Herman Diricks, ir (Tel: +32 2 211 82 01) 
Directorate General Control Policy, Secretariat: Tel: +32 2 211 85 81 – Fax: +32 2 211 86 30 
General Director Control Policy: Dr. Jean-François Heymans (Tel:+32 2 211 86 42) 
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1. Introduction 

In normal operation, subject to certain conditions, Class I nuclear facilities are authorised to release 
limited quantities of radioactivity1 in a controlled manner: 

 into the atmosphere, in the form of gaseous effluents, 
 into surface waters, in the form of liquid effluents. 

These discharges are subject to strict rules, and are monitored continuously by the operators and the 
public authorities. 

Continuous monitoring of these discharges by the public authorities moreover forms part of a much 
wider programme of radiological monitoring of the Belgian territory. This consists of analysing a series 
of compartments of the biosphere (air, soil, water, fauna, flora, etc.) as well as the food chain and 
therefore has the following objectives:  

 aiming to ensure compliance with legal and regulatory requirements relating to contamination 
of the environment, 

 checking whether the discharges into the environment are carried out in accordance with the 
authorised standards and limits, 

 informing the public objectively and evaluating, where necessary, the potential doses received 
by certain groups of the population. 

The aim of this information folder is to inform the public, in the first place, about the ways in which 
radioactive effluents from Class I nuclear facilities are discharged, as well as about the radiological 
impact associated with these discharges for the local populations, but also about the whole of the 
monitoring programme for the Belgian territory. 

The results for the past year presented in this folder make it possible to check that the discharges of 
effluents from these facilities remain in conformity (qualitatively and quantitatively) with the licences 
granted to the operators. The results of the monitoring programme also make it possible to decide on 
the radiological situation of the Belgian territory. The radiological impact associated with the discharges 
is also shown for each facility. 
  

 
1 The terms highlighted in italics are explained in the glossary at the end of the folder. 
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2. Nuclear facilities in Belgium 

1. Classification of facilities 

Depending on their nature and their characteristics, Belgian nuclear facilities are divided into four 
classes: I, II, III and IV. 

Class I facilities, which are the subject of this information folder, are the largest nuclear facilities: 
reactors for the production of electricity, research centres, centres for the management of radioactive 
waste, etc. 

 

2. Class I facilities 

In Belgium, four nuclear sites have one or more Class I facilities: 

 the Doel site, in the province of East Flanders (Flanders), 
 the Fleurus site, in the province of Hainaut (Wallonia), 
 the Mol-Dessel site, in the province of Antwerp (Flanders), 
 the Tihange site, in the province of Liège (Wallonia). 

Also, a French nuclear site (Chooz) borders on the province of Namur (Wallonia), a short distance away 
from the border (3 km). 

 
 

 
 Figure 1: Nuclear sites in Belgium and near the borders with one or more Class I facilities. 
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a. The Doel site

The Doel site is devoted to the nuclear 
production of electricity. 

It has four pressurised water nuclear reactors, 
operated by the company ENGIE Electrabel in 
the municipality of Beveren-Waas (9130): 

 Doel 1-2: twin reactors, each of 445 
MWe, put into service in 1975, 

 Doel 3: a 1,006 MWe reactor, put into 
service in 1982, 

 Doel 4: a 1,039 MWe reactor, put into 
service in 1985. 

The site also has a dry storage installation for 
spent fuel, and a unit for treating waste and 
effluents. 

 

 
Figure 2: ENGIE Electrabel at Doel. 

 

 

 

b. The Fleurus site

The Fleurus site consists among other things of 
an installation for the production of radioactive 
isotopes used in medicine for diagnosis and 
therapy, mainly 99Mo and 131I. 

This installation, commissioned in 1971, is 
operated by the Institut national des 
radioéléments (IRE) (National Institute for 
Radioelements) in the municipalities of Fleurus 
(6220) and Farciennes (6240). 

 
Figure 3: The IRE at Fleurus and Farciennes.
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c. The Mol-Dessel site 

The Mol-Dessel site brings together the activities of: 

 the management of radioactive waste, 
 scientific and technical research, 
 metrology and applied research. 

The management of radioactive waste is carried out by the company Belgoprocess (BP), which in the 
municipalities of Dessel (2480) and Mol (2400) runs two centres for the treatment and storage of 
radioactive waste coming from major nuclear operators and from other producers (industries, hospitals, 
etc.). 

The running of the installations on site 1, carried out since 1966 by the company Eurochemic, was taken 
over by Belgoprocess in 1984. The running of the installations on site 2, carried out since 1956 by SCK 
CEN, was taken over by Belgoprocess in 1989. 

Some installations on the two sites are currently being decommissioned. 

 
Figure 4: Belgoprocess at Dessel (site 1). 

 
Figure 5: Belgoprocess at Mol (site 2).

 
 
The scientific and technical research activities 
are carried out by the Belgian Nuclear 
Research Centre (SCK CEN), which operates 
experimental reactors and specialist 
laboratories in the municipality of Mol (2400). 
 
The first installation of the Centre was put into 
service in 1956. 
 
The BR3 reactor is currently being 
decommissioned. 
 
 

 

 

 

 
Figure 6: The SCK CEN at Mol.
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The metrology and applied research activities 
are carried out by the European Commission’s 
Joint Research Centre (JRC) in Geel, which 
operates several  laboratories and particle 
accelerators in the municipality of Geel (2440). 

The Institute’s first installation was put into 
service in 1962. 

 
Figure 7 : JRC – Geel.

 

Finally, two companies are involved in the fabrication of nuclear fuel. 

The company Franco-belge de fabrication du 
combustible International (FBFC International) 
was operating an installation for the fabrication 
of fuel based on enriched uranium, and fuel 
assemblies based on uranium and plutonium 
(MOX) in the municipality of Dessel (2480). 

This facility was put into service in 1963. It is 
currently being decommissioned. This should 
end in 2021. 

Belgonucléaire also used to operate an old 
facility for the fabrication of fuel based on 
uranium and plutonium (MOX) in the 
municipality of Dessel (2480), which was put 
into service in 1973. The decommissioning of 
this facility was completed in 2019 and the site 
is now released.  

 
Figure 8: FBFC International at Dessel. 
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d. The Tihange site 

The Tihange site is dedicated to the nuclear 
production of electricity. 
 
It consists of three pressurised water reactors 
operated by the company ENGIE Electrabel in 
the municipality of Huy (4500): 

 Tihange 1: a 962 Mwe reactor, put into 
service in 1975, 

 Tihange 2: a 1,008 Mwe reactor, put 
into service in 1985, 

 Tihange 3: a 1,038 Mwe reactor, put 
into service in 1985. 

 
The site also has a spent fuel storage pool, and 
a unit for treating waste and effluents.  

 
Figure 9: Engie Electrabel at Tihange. 

 

 
 
For more information... 
 
Website of Belgoprocess (Dessel, Mol) 
Website of ENGIE Electrabel (Doel nuclear power station)  
Website of ENGIE Electrabel (Tihange nuclear power station) 
Website of FBFC International (Dessel) 
Website of the Institut national des radioéléments (IRE) (Fleurus) 
Website of the Joint Research Centre (JRC) (Geel) 
Website of the SCK CEN (Mol) 
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3. Regulatory framework for discharges of radioactive effluents and 
radiological monitoring 

1. The requirements applicable to Class I facilities 

The operating of Class I nuclear facilities is regulated by a number of federal authority texts intended to 
protect the public and the environment against the undesirable effects of ionising radiation. 

The main legal and regulatory requirements applicable to these facilities arise from: 

 the Law of 15 April 1994 on the protection of the public and the environment against the 
hazards of ionising radiation and on the Federal Agency for Nuclear Control, 

 the Royal Decree of 20 July 2001 laying down the General Regulations for the protection of 
the public, workers and the environment against the hazards of ionising radiation, 

 the Royal Decree of 30 November 2011 on the safety requirements for nuclear installations.

 

These texts have been published in the Belgian Official Gazette. 

The Law of 15 April 1994 establishes the creation of 
the Federal Agency for Nuclear Control (FANC), 
one of whose tasks it is to ensure the monitoring and 
control of radioactivity on Belgian territory. This task 
shall include regularly measuring the radioactivity of 
the air, water, soil and the food chain, as well as 
assessing and monitoring the doses of ionising 
radiation received by the public. 
 
The Royal Decree of 20 July 2001, adopted in 
application of the law cited above, specifies in detail 
the rules applicable to Class I nuclear facilities, in 
particular regarding the discharges of liquid and 
gaseous radioactive effluents in normal 
operation. 

 
Figure 10: The Belgian Official Gazette.

 
According to the provisions of the royal decree, operating a Class I nuclear facility requires previously 
obtaining a licence examined by the FANC and its technical subsidiary Bel V, and granted by the King 
based on a dossier submitted by the operator. 
This dossier includes a scientific study of the potential impacts of the installation on its 
environment, describing all the direct and indirect effects, in the short, medium and long term, and 
more particularly the effects associated with ionising radiation. 
Assessment criteria must also be provided by the operator to present the main alternative solutions 
intended for its project and explain the reasons for the choice made among the options studied, 
regarding the potential effects on the environment. 
The royal decree defines furthermore the conditions for discharges of liquid and gaseous radioactive 
effluents by a Class I operator whose dossier has been approved. 
 
The discharge limits must be fixed at a level as low as reasonably possible, the “reasonable” 
character being assessed on a case by case basis taking into account technical factors (the use of the 
best available technologies, the application of best international practice, etc.) and economic and 
societal factors (seeking to obtain the best result at a cost that is acceptable for Belgian society). 
In any event, the authorised discharge limits must be compatible with the regulatory limit of exposure 
of the public to ionising radiation. 
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The European directives transposed into Belgian law set this exposure limit at 1 mSv (millisievert) per 
year. This value applies solely to the additional exposure caused by human activities (in this case, the 
operating of a Class I facility), independently of natural exposure (cosmic rays, radon, etc.) or medical 
exposure (X-rays, scans, etc.). In actual fact, the authorised discharge limits must be sufficiently low so 
that they can lead only to a fraction of the regulatory limit for the most exposed local populations. 
 
On the basis of these principles, for each Class I operator the FANC draws up a licence for the 
discharges of liquid and gaseous effluents in normal operation. The licence stipulates the nature of 
the radioactive materials that can be discharged (the radiological composition of the effluents), and if 
applicable the ways in which the discharges can be made (maximum and mean radioactive 
concentration of the effluents, the maximum amount of radioactivity discharged in a given year, etc.). 
 

2. Legal and regulatory framework of radiological monitoring 

Each Member State of the European Union is required to carry out radiological monitoring of the 
territory and populations (Articles 35 and 36 of the EURATOM treaty and European Directive 
2013/51/EURATOM).  
 
This obligation is transposed by Articles 21 and 22 of the Law of 15 April 1994 and by Articles 70 and 
71 of the General Regulations for the protection of the public, workers and the environment 
against the hazards of ionising radiation. They provide that the control of radioactivity of the territory 
in its entirety and of the doses received by the population fall under the responsibility of the FANC. As 
part of its tasks, the FANC therefore initiates radiological monitoring programmes for the Belgian 
territory. 
 
These monitoring programmes are also designed so as to comply fully with international requirements. 
These international regulatory expectations are available on the FANC website (legal and regulatory 
framework of the radiological monitoring). 
 

3. Transparency and public information 

The Law of 11 April 1994 on public accessibility of government matters defines the general context 
for access by the public to documents held by a federal administrative authority. Apart from exceptions, 
the law provides that anyone can view on site any administrative document, obtain explanations about 
it and receive communications about it in the form of a copy. 
 
The abovementioned Law of 15 April 1994, on the creation of the FANC, defines more specifically the 
public information tasks that are the responsibility of the Agency in its area of competence. 
Under the law, the Agency is responsible for providing neutral and objective information about the 
nuclear field. Also, it must organise the distribution of technical information on nuclear safety and 
radiation protection. 
 
The Law of 5 August 2006 on public access to environmental information reaffirms this wish for 
transparency and extends it to all areas of activity, including outside the nuclear sector. Indeed, the law 
assigns to all federal public services and public interest bodies subject to the authority, control or 
monitoring of the federal authority, active public information tasks concerning the environment in their 
respective areas of competence, in particular by using electronic means of communication. 
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Since its creation, the FANC has been 
participating actively in public information 
regarding nuclear safety and radiological 
protection, in particular through its website. 
 
This information folder is part of achieving this 
objective 

 
Figure 11: The FANC website. 

 
 
For more information... 
 
Website of FANC (regulation) (in French or Dutch only) 
Website of FANC (legal and regulatory framework for radiological monitoring) 
Website of the Belgian Official Gazette (in French or Dutch only) 
Website of Bel V 
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4. Discharges of radioactive effluents 

1. Types of radioactive effluents 

The current operating of nuclear installations generates two types of radioactive effluents: liquid 
effluents and gaseous effluents. 
 
Liquid effluents contain radioactive materials in the form of solution when they are dissolved in ionic 
salts, or in the form of suspension when they are solid particles mixed with the effluents.  
These effluents are produced mainly from process circuits, for example treatment circuits of primary 
coolant in nuclear power stations. They are also composed of sanitary wastewater (showers, 
washbasins, etc.) and soil washing water produced in nuclear zones, which are managed as 
potentially radioactive effluents even though they do not normally contain radioactivity. 
 
Gaseous effluents contain radioactive materials in gaseous form (gas and vapours), or in the form of 
aerosols when they are solid or liquid particles in suspension in the discharged air.  
These effluents are produced mainly from certain process circuits, provided for example in nuclear 
power stations for degassing primary coolant. Gaseous effluents also originate from the general 
ventilation of nuclear buildings. In all nuclear installations, the safety rules require that the air present 
inside the buildings is continuously refreshed, using forced ventilation systems. The volumes of air 
discharged to the outside, which depend on the size of the buildings and the ventilation flow rates, are 
specific to each installation. 
 

2. The composition of radioactive effluents 

The radiological composition of the liquid and gaseous effluents produced by nuclear installations is 
specific to the type of installation and the activities carried out there. So there is no overall list 
characterising radioactive effluents in general. Some representative radioactive atoms can, however, 
be mentioned. They are the characteristic tracers of certain nuclear activities. 
 
Tritium (3H) is an emitter of β radiation with a short radioactive half-life (12.3 years). 
It is produced mainly in the primary coolant of nuclear reactors when it is circulating in the core. It 
presents in the form of tritiated water (HTO) or tritium gas (HT), so it can be found both in liquid and 
gaseous effluents. Tritium is also produced in nature, formed by the interaction of cosmic rays with 
nitrogen in the air in the upper layers of the atmosphere. 
 
Carbon 14 (14C) is an emitter of β radiation with a long radioactive half-life (5,730 years). 
It is produced mainly in the primary coolant of nuclear reactors when it is circulating in the core. It can 
be found both in liquid effluents and in gaseous effluents in the form of carbon dioxide. 
Carbon 14 is also produced in nature, formed by the interaction of cosmic rays with nitrogen in the air 
in the upper layers of the atmosphere. 
 
Cobalt 60 (60Co) is an emitter of β and γ radiation with a short radioactive half-life (5.3 years). 
It is produced essentially in the primary coolant of nuclear reactors when it is circulating in the core. It 
can be found in liquid effluents, and in the form of aerosols in gaseous effluents. Cobalt 60 is not present 
in the ambient environment in the natural state. 
 
Krypton 85 (85Kr) is an emitter of β and γ radiation with a short radioactive half-life (10.7 years). It 
belongs to the family of “rare gases”. 
It is produced by the fission of the fuel in the core of nuclear reactors. It presents only in gaseous form, 
so it is found only in gaseous effluents. 
Krypton 85 is also produced in nature, by the interaction of cosmic rays with krypton in the air in the 
upper layers of the atmosphere. 
 
Strontium 90 (90Sr) is an emitter of β radiation with a short radioactive half-life (29.1 years). 
It is produced by the fission of the fuel in the core of nuclear reactors.   It can be found in solution or in 
suspension in liquid effluents, and in the form of aerosols in gaseous effluents. 
Strontium 90 is not present in the ambient environment in the natural state. 
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Iodine 131 (131I) is an emitter of β and γ radiation with a short radioactive half-life (8 days). 
It is produced by the fission of the fuel in the core of nuclear reactors. It is also prepared specifically for 
applications in nuclear medicine, first in a research reactor then in the laboratory for the production of 
radioelements. It can be found in liquid effluents, and in the form of gas in the gaseous effluents of 
these installations. 
Iodine 131 is not present in the ambient environment in the natural state. 
 
Xenon 133 (133Xe) is an emitter of β and γ radiation with a short radioactive half-life (5.2 days). It belongs 
to the family of “rare gases”. 
It is produced by the fission of the fuel in the core of nuclear reactors. It presents only in gaseous form, 
so it is found only in gaseous effluents. 
Xenon 133 is not present in the ambient environment in the natural state. 
 
Caesium 137 (137Cs) is an emitter of β and γ radiation with a short radioactive half-life (30 years). 
It is produced by the fission of the fuel in the core of nuclear reactors. It can be found in liquid effluents, 
and in the form of aerosols in gaseous effluents. 
Caesium 137 is not present in the ambient environment in the natural state. 
 
Uranium 235 and uranium 238 (235U, 238U) are emitters of α and γ radiation with long radioactive half-
lives (704 million years and 4.47 billion years respectively). 
They are used mainly as a fuel for nuclear reactors and they are also handled in all fabrication and 
treatment installations or research installations on new or spent fuel. They can be found in liquid 
effluents, and in the form of aerosols in the gaseous effluents of these installations. 
Uranium 235 and uranium 238 are naturally present in the ambient environment. 
 
Plutonium 239 (239Pu) is an emitter of α radiation with a long half-life (24,100 years). It is produced in 
the core of nuclear reactors from the uranium 238 present in the fuel, and can also be handled in 
treatment or research installations on spent fuel, as well as in fabrication plants for new fuel based on 
plutonium.  It can be found in liquid effluents, and in the form of aerosols in the gaseous effluents of 
these installations. 
Plutonium 239 is not present in the ambient environment in the natural state. 
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3. Scrubbing of effluents before discharges 

Before being discharged, liquid and gaseous effluents are scrubbed by physical/chemical processes in 
order to trap as many radioactive materials as possible, which will then be packaged in the form of 
waste. 
For liquid effluents, the scrubbing techniques used can include one or more treatment(s) of filtration, 
absorption, flocculation, sedimentation, precipitation and/or distillation depending on the nature and 
initial concentration of the radioactive materials. 
For gaseous effluents, the scrubbing consists of one or more treatment(s) of filtration, absorption and/or 
washing depending on the case. 
 
Certain effluents can also be stored temporarily 
in tanks waiting for their radioactive decay. 
 
These systematic practices meet the aim of the 
applicable regulations, intending to limit the 
quantities of radioactive materials discharged 
into the ambient environment to as low a level 
as reasonably possible. The liquid and 
gaseous effluents discharged after these 
successive treatments in fact contain much 
less radioactivity than the untreated effluents. 
 

 
Figure 12: Aerosol filtration caissons on a ventilation 
network of the IRE, before discharge from the stack. 

 

4. Monitoring of effluent discharges 

Operators of nuclear installations are obliged at all times to comply with their licence for the discharging 
of radioactive effluents. To ensure this, operators are required to monitor their discharges in accordance 
with predefined methods. 
 
Depending on the case, prior checks are carried out in order to verify that the characteristics of the 
effluents (concentration for example) comply with the discharge licence. 
To this end, liquid or gaseous samples can for example be taken from the tanks of the installation and 
analysed in the laboratory.  
If the results of the analysis are unfavourable, the operator decides what action to take, for example 
temporary storage of the effluents in the installation waiting for radioactive decay. 
 
Continuous checks on discharges are also carried out in Class 1 facilities in order to verify in real time 
compliance with the discharge methods provided for in the licence (maximum and mean concentration 
of the effluents, maximum amount of radioactivity discharged, etc.). 
To do this, radiation measuring instruments are arranged in the installations on each pipe for liquid 
discharges and on each stack for gaseous discharges. These devices continuously analyse the 
characteristics of the discharges taking place and send the results instantaneously to the control panels 
monitored by the installation’s personnel. 
In case of an anomaly, or if there is a risk of one of the parameters monitored being exceeded, the 
discharge is stopped. The pipes for discharging liquid effluents and the stacks for discharging gaseous 
effluents of each nuclear installation are limited in number and clearly identified, which facilitates the 
carrying out of these instantaneous checks. 
 

 



16 
 

 
Figure 13: Devices for the continuous monitoring of 
the discharges of gaseous effluents at the Tihange 
nuclear power station. 

Figure 14: Automatic sampling device for discharges 
of liquid effluents at Belgoprocess (site 2). 

 
 

 
Figure 15: Monitoring of the discharges by the operators. 
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5. Taking account of the ambient conditions 

When nuclear installations discharge radioactive effluents, the materials they contain are dispersed 
into the ambient environment. For liquid effluents, the receiving environment is a watercourse usually 
close to the installation concerned. For gaseous effluents, the receiving environment is the atmosphere. 
 
In order to obtain a mixing and optimal diffusion in the receiving environment for the discharged 
effluents, practical measures are provided for from the design stage of the installations. 
Therefore, to ensure good dispersion of the liquid effluents, discharge pipes lead into the watercourse 
in the areas where there is a sufficient current. 
Similarly, for gaseous effluents, the height of the discharge stacks on the one hand, and the ejection 
speed of the gases on the other are determined such that the actual height of the discharges is high 
enough above the ground and the buildings. 
 
The ambient conditions of the receiving environment are also taken into account in the ways in which 
discharges take place from certain installations (nuclear power stations). As far as possible, the 
discharges are preferably made when the dispersion conditions are the most favourable. 
For liquid discharges, this means for example that the watercourse must have a sufficiently fast flow 
rate. When the flow is weak, in particular in a period of low water, the discharges can be spread out 
over a longer period, so that the effluent content in the watercourse remains limited. The discharge can 
also be delayed until the flow rate of the watercourse has returned to a satisfactory level; in this case, 
the liquid effluents are stored temporarily in the installations. 
For gaseous discharges, the meteorological conditions are the most favourable in dry (no rainfall) and 
windy weather. 
 

6. Monitoring of effluent discharges 

Radioactive discharges from Class I nuclear sites are monitored in different ways by the FANC: 

 TELERAD monitors are placed around the sites and in the rivers where the liquid effluents are 
discharged. These monitors trigger alarms to the FANC in the event of an abnormal discharge 
from a nuclear site. 

 Every month the operators of nuclear sites must declare their discharges to the FANC and to 
Bel V. This declaration is sent in the form of a spreadsheet.  The safety authority then checks 
compliance with the discharge limits as well as that there is no sudden significant increase in 
these discharges. 

 Every year the operators of nuclear sites send a report on the discharges for the past year to 
the FANC and to Bel V. This report contains a summary of the activity discharged for each type 
of discharge, as well as a calculation of the impact of each dose of discharges from the site for 
the public. By the 1st October of each year, the FANC publishes an information folder on the 
radioactive discharges, containing the summary of these reports. The ways in which the 
discharges are declared, both monthly and annually, are described in a memorandum from the 
FANC (Memo 010-106-FR). 

 Every year, for each site, the FANC carries out an inspection of the radiological impact of 
nuclear sites, during which the tracking of radioactive discharges is addressed. Bel V also 
carries out controls in conjunction with the management of radioactive discharges.  These 
inspections and controls are part of the general tasks of monitoring the nuclear safety and 
radioprotection of the FANC and Bel V. These inspections and controls consist in particular of: 

o verifying that the systems for measuring discharges of radioactive effluents in the 
installations are appropriate for the nature of the discharges, 

o verifying that the procedures for operating and maintaining these measuring systems 
are applied properly, and that these systems are used in the conditions provided for in 
the design, 

o checking that the data provided by the operator and that provided by the discharge 
measuring systems are consistent. 
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The inspections by the FANC and the controls carried out by Bel V are part of an integrated strategy 
determined over a number of years. They can be planned (the operator is informed of them in advance) 
or unannounced  (the operator is not informed beforehand), and can take place both during the day or 
at night, including at weekends and on public holidays. They can be carried out by the Agency and Bel 
V either on the basis of predefined subjects or in response to a particular event (an uncontrolled 
discharge declared by the operator, an anomaly measured in the environment of a site, etc.) or at the 
request of a third party (the Parquet - the Belgian Federal Prosecutor’s Office, for example). 
 
 
For more information... 
 
Website of FANC (control of nuclear facilities) (in French or Dutch only) 
Website of FANC (integrated control and inspection strategy) (in French or Dutch only) 
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5. Radiological monitoring of the environment 

1. The principles of monitoring 

Following a discharge, the radioactive materials contained in the liquid and gaseous effluents are 
distributed into the environment, according to the water cycle and weather phenomena. 
The materials discharged into the watercourses will mainly be carried away by the currents but some 
of them will be deposited in the sediment on the bed of the watercourse. Depending on the uses of the 
water (agricultural irrigation for example) or sediments, some of these materials may also reach the 
soil. 
Similarly, materials discharged into the atmosphere are mainly carried away by the wind, but some are 
deposited on the ground by progressive sedimentation and being washed by the rain. 
 
Over time, a fraction of these radioactive materials will possibly be absorbed by the flora and fauna, 
and transferred to the food chain. 
In the watercourses the algae, fish and other aquatic organisms can be ‘marked’ directly in contact with 
the discharge waters. 
On dry land, plants potentially ‘marked’ on the surface by atmospheric deposits can also absorb through 
their roots certain materials carried by irrigation water or deposits on the soil. It is then possible for 
radioactivity to be transferred from plants to herbivores. 
 
These mechanisms have been studied for each nuclear site in impact studies on the environment 
attached to each regulatory dossier requesting authorisation to operate. 
 
In order to establish the actual impact of the operating of the installations, and possibly reveal 
anomalies, the environment of the site is monitored regularly by certain operators themselves 
(Belgoprocess, SCK CEN), as well as by the FANC throughout the whole of Belgium. This monitoring 
involves periodic measurements and monitoring the development over time of certain radioactive 
substances discharged into the environment. 
 
Around the sites, the nature, location and the frequency of the sampling to be carried out in the 
environment are determined taking into account the local environment. 
 
To monitor the radioactive materials released into a watercourse by liquid discharges, sampling may 
be carried out on: 

 the water itself (radioactivity levels in the watercourse), 
 sediments (radioactivity deposits in the bed of the watercourse), 
 algae, aquatic plants (transfer of radioactivity from the water to the aquatic flora), 
 fish, crustaceans (transfer of radioactivity from the water to the aquatic fauna). 

 
These samplings are carried out upstream and downstream of the watercourse, at several distances 
from the site. Upstream sampling can be used as a reference for evaluating the radiological impact of 
the installation compared with the ambient background. 
 
For monitoring radioactive materials released into the atmosphere by gaseous discharges, sampling 
can be carried out on : 

 the ambient air (atmospheric aerosols, gases), 
 rainwater (washing of aerosols and gases in the atmosphere), 
 soils (atmospheric deposits), 
 grass (atmospheric deposits, radioactivity transferred by the roots from the soil), 
 milk (transfer of radioactivity in the fodder to farm animals). 
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Figure 16: Sampling in the environment. 
 

2. Monitoring carried out by the operators 

In addition to their obligation to comply with their radioactive effluent discharge licences, some operators 
are also obliged to run an environment monitoring programme. This programme describes in particular: 

 the types of measurements and samplings to be performed in the environment, 
 the location of each measurement point and sampling inside and around the site, 
 the frequency of the measurements and samplings, 
 the radioactive substance(s) to be detected in the samplings, 
 the type(s) of radiological test(s) performed on the samplings. 

 
As far as the samplings are concerned, the 
samples are collected directly by the operator. 
 
The analysis of these samples is also carried 
out by the operator. To do this, the operator 
must also have radiological analysis 
laboratories available. 

 
Figure 17: Sampling of the surface water in the Molse 
Nete river by Belgoprocess.
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3. Monitoring by the FANC 

In addition to examining the operators’ discharge declarations and monitoring how they change over 
time, the FANC periodically carries out its own measurements of radioactivity in the environment, 
as part of the radiological monitoring of the territory.The legal and regulatory framework under which 
this monitoring is carried out is available on the FANC website. 
 
Radiological monitoring of the territory is carried out in three additional ways: 

 A sampling programme which is based on many periodical samplings of several components 
of the environment (water, sediment, air, soil, fauna, flora, food chain, etc.) across the whole of 
the territory, and particularly around nuclear sites, the Brussels Capital region and the Belgian 
coast, followed by radioactivity analyses. 

 A NORM sampling programme which is also based on many samplings targeting in particular 
the NORM sites, discharges or building materials with enhanced natural radioactivity. 

 A TELERAD automatic network which continually essentially measures dose rates at 
numerous fixed points. 

 
These sampling programmes represent around 4,000 - 4,500 samples collected each year over the 
whole of Belgium and give rise to close to 25,000 radiological analyses. The measurements performed, 
in particular near nuclear sites, therefore make it possible to confirm that the quality of the ambient 
environment remains satisfactory over time.   
 
The Federal Agency for the Safety of the Food Chain (FASFC) takes part in this monitoring insofar as 
falls within its jurisdiction, with samplings in abattoirs and at wholesalers as well as fish markets. For 
imported foodstuffs, the AFSCA can trace back the country of origin of the products from import data at 
the points of entry into the territory. 
The results of the measurements of these 2 sampling programmes can be found in the following 
chapters. 
 

 
Figure 18: Rainwater samplings by the FANC near the 
Tihange site. 

 
Figure 19: Collection of milk samples by the FANC at 
the Comité du lait [Milk Committee] in Battice.. 

 
In addition to these programmes, the FANC permanently carries out monitoring of the territory using 
the TELERAD network. The TELERAD network is an automatic network of telemeasurement of the 
radioactivity on Belgian territory. It consists of 254 stations which permanently measure the radioactivity 
in the air and river water. 
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These measuring stations are distributed over 
the whole of the territory, with a greater density 
around the nuclear installations at Tihange, 
Doel, Mol-Dessel and Fleurus, as well as in 
agglomerations close to these installations and 
that of Chooz in France (Figures 20 and 21). 
They are connected to a centralised system 
which is automatically alerted if a threshold 
value of radioactivity is exceeded. The network 
is supplemented by meteorological masts 
which measure the speed and direction of 
winds and by mobile (doserate) measuring 
stations which can be used everywhere on the 
territory. Figure 20: Measuring station of ambient gamma 

radiation, situated at Bourseigne-Neuve close to the 
Chooz site. 
 

More information on the different stations is available on the FANC website and the results of the 
measurements can be seen by the public on the TELERAD network website. 
 

 
          Figure 21: Distribution of the TELERAD stations on Belgian territory in December 2020. 

 

The TELERAD network has two objectives:  

 continually recording radiation levels detected in the country, 
 immediately triggering an alarm above a pre-defined threshold. 

 
Normally, the network measures the ambient dose due to gamma radiation. This dose rate comes 
from natural radioactivity, which is known as background. The measurements recorded therefore make 
it possible to evaluate the average levels of gamma radiation at different points on the territory. If there 
is an abnormal rise in the level above a pre-defined threshold, alerts are reported automatically to the 
FANC for analysis and follow-up (permanently staffed 24 hours a day, 7 days a week). 
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As regards effluent discharges, the TELERAD network has therefore been designed more as a crisis 
management tool, intended to detect in real time an abnormal situation which, depending on its 
severity, could lead to triggering the nuclear risk emergency plan. 
Its role consists above all of identifying situations that might involve significant quantities of radioactive 
materials.  Therefore, routine discharges from the installations, which by their nature have low levels of 
radioactivity, do not trigger alerts on the network. 
 
As the TELERAD network continually measures a dose rate (µSv/h), it is possible to calculate the 

annual dose of gamma 
exposure monitor by monitor. 
Grouping similar values under 
the same colour therefore 
makes it possible to construct 
an isodose map (Figure 22). 
This map illustrates the natural 
background due to gamma 
radioactivity and shows the 
annual exposure expressed in 
mSv (gamma dose of external 
exposure) received on the 
territory.  
The average gamma exposure 
dose in Belgium is 1 mSv/year. 
It varies from 0.6 to 0.7 
mSv/year in the north, 0.8 to 
0.9 mSv/year globally in the 
centre and up to 1.0 to 1.1 
mSv/year in Wallonia and 
more particularly in the 
Ardennes. 

Figure 22: Isodose map of the external gamma radiation received on Belgian territory in 2020. 
 
Exposure varies mainly according to the nature of the ground. The doses are generally higher in old 

terrains consisting of rocks 
such as limestone, schists, 
psammites and sandstones 
mixed with limestone which 
are present, in Belgium, mainly 
in the Ardennes and in the 
Condroz region (Figure 23). 
Conversely, the doses are 
weaker in Flanders because 
the soils are mainly made up of 
sedimentary terrain (sands, 
silts and clays). It should be 
noted that in the extreme south 
of the country, a marly, clay 
region, with layers of sand and 
silt on a substrate of limestone, 
the dose is less and reaches 
values comparable to those 
found in Flanders. 
 
 
 

Figure 23: Map of the geology of Belgian soil. 
 
The dose limit of ionising radiation to the population, set at 1 mSv/year, does not take into account the 
natural radiation connected with cosmic rays as well as radioactivity from the soil and subsoil nor the 
radiation used for medical purposes. Hence it does not apply in the present case (natural ambient 
background).  
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6. The impact of discharges of radioactive effluents 

1. Ways in which the public are exposed 

Members of the public who live or spend time regularly near nuclear sites can be exposed to a certain 
extent to radioactive materials coming from liquid and gaseous discharges of effluents from the 
installations. 
 
The ways in which exposure occurs are well known and can be divided into two separate categories: 
external and internal exposure. 
A person experiences external exposure when exposed to ionising radiation the source of which is 
situated outside the body. This is the case, for example, during medical diagnostics by radiography or 
a scan, where the patient’s body is exposed to X-rays. 
A person experiences internal exposure when exposed to ionising radiation the source of which is 
situated inside the body. This is the case, for example, when medical diagnostics are carried out by 
scintigraphy, where radioactive tracers are injected into the patient’s body in order to identify certain 
pathologies. 
 

 
Figure 24: External exposure to ionising radiation. 

 
Figure 25: Internal exposure to ionising radiation.

 
For discharges of gaseous effluents, the various ways in which the public are exposed are as follows: 

 external exposure: 
o by radioactive gases and aerosols 
o by deposits of radioactive aerosols on the soil. 

 internal exposure: 
o by inhaling radioactive gases and aerosols, 
o by ingesting plants (fruits, vegetables, cereals, etc.) ‘marked’ with radioactivity due to 

the deposits on the ground, and/or ingesting meat and animal products (milk, 
cheeses, etc.) from animals reared locally and having themselves consumed ‘marked’ 
plants. 

 
For discharges of liquid effluents, the main way in which the public are exposed is by internal exposure 
which results from: 

 the farming of the aquatic environment receiving the discharged liquid effluents: 
o the production of drinking water (if applicable), 
o the consumption of fish and other fishing products. 

 the irrigation of plant products intended for: 
o human consumption (fruits, vegetables, cereals, etc.), 
o animal consumption (fodders, etc.). 
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Figure 26: Ways in which the public are exposed. 
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2. The reference groups around the nuclear sites 

The exposure of members of the public, living or spending time regularly near nuclear sites therefore 
depends on several factors: 

 the geographic location of where people live, in particular the proximity to the site or its 
position under the prevailing winds. 

 the diet, in particular the consumption of local agricultural produce (fruits, vegetables, cereals, 
meat, milk, cheeses, etc.), garden produce, produce foraged (mushrooms, etc.), as well as 
products from fishing and hunting. 

 the uses of the water, in particular for domestic consumption or the irrigation of agricultural 
land. 

 
Furthermore, people’s sensitivity to ionising radiation differs according to their age.  The Royal Decree 
of 20 July 2001 considers six different age brackets to take account of this sensitivity: 

 babies: under 1 year of age, 
 children: aged between 1-2 years, 2-7 years, 7-12 years and 12-17 years, 
 and adults: over 17 years of age. 

 
Taking account of these variables, theoretical reference groups (consisting of fictitious individuals) are 
modelled in the local population in order to evaluate for each of them the radiological impact associated 
with discharges from nuclear installations. 
 
These groups are to be found at characteristic distances from the site (at the fencing around the site, 
at the first dwellings, at the first villages, etc.), and cover several representative age brackets. The site 
and the age of the reference groups define the ways in which exposure takes place (direction of the 
prevailing winds, diet, etc.) and the sensitivity of the persons concerned. 
 

3. Calculation of the radiological impact 

In order to have envelope evaluations, penalising hypotheses are taken into account for calculating 
the radiological impact on each reference group. This therefore leads to overestimating the actual 
exposure of the people concerned. 
The calculation takes into account the total activities (expressed in Becquerels) discharged in the year 
in liquid or gaseous form, and their transfer to the people exposed.  It is also taken into consideration 
that these people are there permanently, and that, to a large extent, they eat produce from the garden 
and local farms, as well as local products from hunting and fishing. 
 
The result of the radiological impact calculations for each reference group is then compared with the 
regulatory limit value for the public, which is 1 mSv (millisievert) per year. 
In the case of normal operation, the discharges of radioactive liquid and gaseous effluents from 
the nuclear installations only lead to a fraction of the regulatory limit for members of  the public 
who are most exposed and those who are most vulnerable. 
By way of comparison, the average exposure of the public to natural radioactivity is of the order of 2.5 
to 3 mSv per year in Belgium. 
The results of the impact calculations near the sites for the past year can be found at the end of this 
information folder. 
 
 
For more information... 
 
Website of FANC (average exposure to ionizing radiation in Belgium)  
Website of FANC (radon exposure in Belgium) (in French or Dutch only) 
Website of FANC (cosmic radiation) (in French or Dutch only) 
Website of FANC (previous radiological monitoring reports of Belgium)   



27 
 

7. Discharges and radiological monitoring for the year 2020 
 
This section of the information report gives the annual results of the discharges of liquid and gaseous 
radioactive effluents and of the calculation of the associated radiological impact for each Class I nuclear 
facility. These values are provided by the operators as part of their reporting obligations. They cover all 
the individual installations present within each facility, whatever the number of stacks or pipes 
discharging the effluents into the environment.  
All the radiological monitoring data of the territory is also given. This monitoring meets the requirements 
of international organizations and targets the regions around the nuclear sites, but also Brussels, the 
Belgian coast and the food chain. The analyses are carried out in collaboration with external institutions 
mentioned on page 2. 
 
Releases of liquid and gaseous radioactive effluents:  

 The discharge results from each establishment for the year 2020 remained in conformity with 
the operating authorisations. 
 

 With the exception of incidents at SCK CEN in 2019, the release trend is broadly stable 
compared to previous years, and discharges are still well below the limits indicated in the 
discharge authorisations. 
 

 The results of the radiological impact calculations for the year 2020 in the vicinity of nuclear 
sites remained in compliance with the regulatory limit for the public of 1 mSv per year. 
 

 The trend in 2020 for the radiological impact is broadly stable compared to previous years. 
 
 

Radiological monitoring of the territory: 
 The radiological contamination of the analysed samples is generally extremely low, the majority 

of the measurements being below the detection limits of the measuring instruments. Natural 
radioactivity is by far the most important and present than most β-γ artificial emitters. The 
monitoring program demonstrates its ability to finely monitor the impact of radionuclides on the 
environment and ultimately on humans: traces of artificial radioactivity, significantly lower than 
natural radioactivity, are regularly detected. 
 

 Discharge limits are well respected by operators of nuclear facilities. Indeed, the nuclear sites 
at Tihange, Doel and Fleurus have no measurable impact on their environment. Some nuclear 
installations at Mol-Dessel have a measurable, albeit small, radiological impact on the 
environment. This is also the case with the historical discharges from the former food phosphate 
industry - NORM industry - in the Tessenderlo region (now dismantled). This means that the 
sediments of the Molse Nete river contain a relatively high level of fission products (137Cs) and 
traces of heavy artificial radionuclides (239+240Pu and 241Am). The activity in 226Ra is also high in 
the sediments of the Grote Laak river and the Winterbeek river near Tessenderlo. Nevertheless, 
the radiological impact of nuclear installations in the north-east of the country has decreased 
sharply in recent years. Although the radiological situation on Belgian territory is perfectly 
satisfactory, the Laak-Winterbeek-Nete-Scheldt hydrographic network must be monitored 
because of its high load of artificial and natural radioactivity (226Ra) reinforced by human activity. 

 
 The collection, analysis and publication of these data show that Belgium is, as in the past, 

complying with its national and international obligations.  
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1. Discharges and monitoring of the nuclear site at Tihange 

The Tihange site ENGIE Electrabel

 

 

 

Place: Huy (4500), Liège, Wallonia 

Main activity/activities: Production of electricity 

Type(s) of installation: Pressurised water reactors, storage of spent fuel, treatment of 
waste and effluents 

First entered into service: 1975 

Current phase of life: In operation 

Monitoring of potential discharges: Liquids:  tritium (tritiated water HTO) 
  emitters (235U, 239Pu, 241Am…) 
 -emitters (60Co, 90Sr, 124Sb, 131I, 137Cs…) 

 
Atmospheric:  tritium (tritiated water HTO) 

 iodine (131I) 
 rare gases (85Kr, 133Xe…) 
  aerosols (235U, 239Pu, 241Am…) 
 - aerosols (60Co, 90Sr, 124Sb, 137Cs…) 
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A. Discharges 
 

 Liquid discharges 
Total activity discharged 

2016 2017 2018 2019 2020 

 Tritium (TBq) 40,6 28,4 45,7 32,5 46,6 

 α emitters (MBq) 2,5 2,21 3,48 1,85 2,61 

 β-γ emitters (GBq) 15,3 15,8 23,3 13,4 9,1 
 

 

 Atmospheric discharges 
Total activity discharged 

2016 2017 2018 2019 2020 

 Tritium* (GBq) 7400 8940 7840 8560 5867 

 Iodine (MBq) 8,0 7,8 11,0 10,0 11,5 

 Rare gases** (TBq) 4,9 5,1 5,07 5,38 3,63 

 α aerosols***(kBq) - - - - - 

 β-γ aerosols (MBq) 320,0 269,0 221,4 228 224,1 
* Since 2020, calculated at CNT1 on the basis of the power produced and measured at CNT2 and CNT3 
** expressed in equivalent 133Xe  
*** α aerosols are only measured in the gaseous discharges when the mean activity in α emitters of the primary circuit exceeds a pre-defined 
threshold 
 

 
Interpretation of the results of the year 2020 
 
In 2020, discharges of liquid and gaseous radioactive effluents from the facility remained in compliance 
with the requirements of the discharge authorization. 
No exceedance of discharge limits was recorded during the year. 
 
Regarding liquid discharges, the variations from one year to the next are mainly due to the existence of 
a lag time between the production of a primary effluent, its treatment and its discharge. 
The gaseous discharges in 2020 are of the same order of magnitude as in 2019, except for tritium. The 
total activities released from tritium and carbon-14 in the gas effluents from Tihange in 2020 are 
calculated on the basis of the discharges calculated for Tihange 1 on the one hand, and the discharges 
measured for Tihange 2 and Tihange 3 on the other hand. These new measurements are significantly 
lower (34% for tritium) than previous estimates. 
 
The maximum radiological impact calculated for the public in 2020 due to the discharge of liquid and 
gaseous radioactive effluents from the establishment varies between 0.0088 and 0.028 mSv. This result 
is significantly lower than all previous years (between 0.015 and 0.049). It takes into account the 
measurements now carried out on the releases of tritium and carbon-14 from Tihange 2 and 3 and the 
latter are in fact significantly lower than the values theoretically estimated for years. In other words, this 
drop in the dose impact on the population should be understood as a best estimate of the real impact 
of the Tihange releases on the population and it can be reasonably assumed that all the values for 
previous years are overestimated. Finally, the impact therefore remains in line with the regulatory limit 
for the public of 1 mSv per year. 
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B. Monitoring around the nuclear site at Tihange 

The program monitors the discharges emitted by the 3 reactors of the Tihange nuclear power plant 
located along the Meuse between Huy and Ampsin, as well as by several large agglomerations (Namur, 
Liège) including many hospitals or research centers. The Meuse also receives contamination from its 
tributary, the Sambre. Sampling around this site includes: 

 Atmospheric compartment: air samples (collection of aerosols and dust particles deposited on 
the filters) by automated air volume samplers near Tihange and Lixhe. At these two locations, 
surface particle deposition is collected from known surface deposition tanks containing a thin 
layer of water to trap fine particles (dry deposition) or leached by rain (wet deposition). The 
analysis of this total deposit is made on the filtrate and the residue. 

 Soil compartment: soil samples in Tihange and Lixhe (Belgium-Netherlands border). 
 River compartment: waters, sediments and samples of fauna and flora of the Meuse river. 
 Liquid effluents: analysis of liquid discharges from the nuclear power plant. 

 
 
For more information... 
 
Website of FANC (radiological monitoring - sampling and taking measurements on site) 
 
 
All the results of the analyses around the Tihange nuclear site in 2020 are available in Table S1 (Annex).  

 
 

a. Atmospheric radioactivity 

The analysis of airborne dust is an effective method of 
detecting the release of radioactive material into the 
atmosphere. Indeed, aerosols (particles > 0.5 μm) are one of 
the forms of atmospheric discharges from nuclear 
installations; they essentially contain fission products (β-γ 
emitters) recondensed on a particulate nucleus. This method 
of detecting air radioactivity has been particularly used for the 
monitoring of atmospheric nuclear tests when they were 
carried out ("fallout") as well as for the monitoring of the 
passage of radioactive clouds following the Chernobyl 
accident. Dust from the air is collected by means of pumps, 
with air passing through a filter which stops dust (Figure 27).  

 
Figure 27: Air dust collection for 
analysis. 

Dust can also be deposited directly on the ground (dry 
deposition) or leached by rain (wet deposit). The dust is then 
collected in deposit tanks where it is trapped by a thin blade 
of water distributed over a known surface (Figure 28). 

 
Figure 28: Deposit bin for air dust 
collection. 
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Measurements for the atmospheric compartment (Table S1) show that: 

 Natural radioactivity is mainly responsible for the very low level of radioactive contamination of 
the air. The 7Be (natural cosmogenic) is clearly identified. The measured values are of the same 
order of magnitude as those observed in other European countries (Sweden, Luxembourg, 
France, Germany, Austria, Italy, etc.) where they generally vary from 1 to 30.10-3 Bq/m³. Traces 
of 3H (artificial) are sometimes measured but remain at extremely low levels. 

 The Tihange nuclear power plant in routine operation has no measurable radiological impact 
on its environment. Indeed, outside any accident scenario, the impact on the atmosphere and 
indirectly in the environment is always negligible or even uninsurable. Only traces of beta 
emitter (total β measurements) – mainly of natural origin – are detected. 

 The radiological air situation is excellent in the vicinity of these sites. 
 
 

b. Soil radioactivity 

Soil contamination (grasslands/surface soils) is mainly due to the fallout of radioactive material from the 
atmosphere (most often associated with very fine particles or aerosols) through dry or wet deposition 
(leaching from the atmosphere by rain). Soil samples are taken once a year in Tihange and Lixhe. The 
possible deposition of radioactivity is sought via grass samples (surface deposits). Detection limits vary 
depending on the quantity and density of soils collected, the geometry used to perform the 
measurements, and the overall activity level of the sample. Soil density ranges from 1.6 to 1.8 kg/L and 
sampling depth is 20 cm. Measurements of soil radioactivity (Table S1) show that: 

 Natural radioactivity is mainly responsible for the level of radioactive contamination of soils. 
Indeed, we observe the broad preponderance of the natural radioactivity emitted by the 40K of 
soils which behaves chemically like stable potassium (the 40K represents 0.0119% of the total 
potassium) whose concentration varies from one soil to another and according to the seasons. 
The natural alpha emitters (226,228Ra, 234,235,238U, 228Th) are also regularly detected. 

 Regarding artificial radioactivity, traces of 137Cs are measured everywhere, with a concentration 
ranging from 2 to 30 Bq/kg. These traces originate from the fallout from the Chernobyl accident 
and from the older ones of the nuclear tests in the atmosphere (which reached their peak in the 
1960’s). The long persistence of 137Cs in the environment explains why some traces are still 
measured today (half-life ≈ 30 years). Traces of 90Sr are also detected some years. This beta 
emitter (half-life ≈ 29 years) is still present in the biosphere following the testing of nuclear 
weapons in the atmosphere. Transuranic artificial alpha emitters (Pu and Am) are generally not 
measurable. 

 The Tihange nuclear power plant has no radiological impact on the surrounding soils. 
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c. River radioactivity 

The Meuse receives radioactive discharges from the 
French nuclear site of Chooz, Tihange and the IRE via 
its tributary the Sambre. These two rivers also collect 
radioactive discharges from hospitals and laboratories 
in large cities. The Meuse is, after treatment, a source 
of drinking water for a significant part of the Belgian and 
Dutch populations, which explains why an extensive 
analysis of the Meuve river is performed. 
 
Water samples are collected automatically by 
independent collectors (PPMOS) installed in the 
containers of the TELERAD river beacons (Figure 29). 
 
In order to evaluate the fixing potential of the 
radioactivity of suspended solids and fine sediment 
particles which constitute an important compartment for 
the fixation of radionuclides, analyses are carried out on 
the sediments collected monthly in sedimentation tanks 
(Figure 30). These tanks are installed in the containers 
of the TELERAD beacons for continuous measurement 
of the gamma radioactivity of rivers. They continuously 
recover suspended particles in the water via a bypass 
on the water pumping circuit of the TELERAD beacons. 
 

 
Figure 29: River water collectors installed in 
the containers of TELERAD beacons. 

 
Figure 30: Sedimentation tank to harvest river 
sediments. 

 
Sampling also includes aquatic biocenosis: mosses (Cinclidotus danubicus), aquatic plants (Salix sp.) 
and bivalve molluscs (Dreissena polymorpha) which are good biological indicators ("bioindicators") of 
the presence of radioactivity. Indeed, mosses and aquatic plants are particularly sensitive in the short 
and medium term to liquid discharges because these organisms have a high potential for concentration 
of stable or radioactive chemical elements. Dreissena, like all filter-feeding bivalve molluscs, are very 
good integrators of radioactivity over average periods of time (of the order of a month). 
 

The control points for the radioactivity of water, sediment and biocenosis are chosen in order to be able 
to verify the radiological impact of the Tihange power plant along the Meuse: 

 The sites of Huy, Andenne, Lives-sur-Meuse or Gives integrate the contribution of the Sambre 
as well as the discharges of the hospitals of the agglomerations of Namur and Charleroi and 
allow the radiological analysis of the river upstream of the Tihange power plant. 

 The Ampsin or Amay and Flémalle sites, downstream of Tihange, make it possible, in 
comparison with data from Huy, to monitor the radiological impact of liquid discharges from the 
nuclear power plant on the Meuse. 

 The Lixhe site integrates all Belgian inputs to the Dutch border. 

Measurements of the radioactivity of the Meuse (Table S1) show that: 

 Natural radioactivity (40K, and to a lesser extent 226,228Ra and 228Th) is mainly responsible for 
the radioactivity of the different compartments of the river. Indeed, in the sediments of the 
Meuse, the mean in 40K fluctuates from 361 to 422 Bq/kg dry, the 226Ra fluctuates from 39 to 
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46 Bq/kg dry, the 228Ra around 37 Bq/kg dry and the 228Th from 34 to 40 Bq/kg dry. In flora, the 
40K is measured with concentrations ranging from 296 to 592 Bq/kg dry in mosses. 

 Regarding artificial radioactivity, only tritium (3H) is routinely measured in water (up to 60-70 
Bq/L maximum) downstream of the nuclear power plant. However, the concentrations are below 
the reference value of 100 Bq/L defined in Directive 2013/51/EURATOM laying down 
requirements for the protection of the health of the population as regards radioactive 
substances in water intended for human consumption. Iodine (131I) is never measured in the 
collected sediments (all measurements being lower than the limits of detection). 

 The Tihange power plant has no significant radiological impact on the Meuse. 
 
 

d. Liquid effluents 

For the Tihange power plant, the liquid discharges of primary effluents are the most radioactive. These 
effluents are not discharged as such, they are diluted by "cold" effluents from technical areas and 
premises as well as by condensation water recovered at the cooling towers. No radiological problems 
to report given these results. 
 
 

Summary of the monitoring programme around the nuclear site at tihange:  

 The radiological situation of the air and soils around Tihange is excellent and does not present 
any radiological problems. 

 The radiological impact of the Tihange installations on the Meuse is negligible and has no 
consequences for human health. Only tritium is regularly detected in the water of the Meuse 
(a few tens of Bq/L) and in the case of other radionuclides, most often, the levels reported 
are barely above the detection limits of measuring devices. 
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2. Discharges and monitoring of the nuclear site at Fleurus  

The Fleurus site Institut National des Radioelements

 

 

 

Place: Fleurus (6220) and Farciennes (6240), Hainaut, Wallonia 

Main activity/activities: Production of radioactive substances for medical applications 

Type(s) of installation: Production cells 

First entered into service: 1971 

Current phase of life: In operation 

Monitoring of potential discharges: Liquids:  -emitters (60Co, 106Ru, 124Sb, 131I...) 

 
Atmospheric:  iodine (131I, 133I) 

 rare gases (133Xe, 135Xe…) 
 - aerosols (99Mo, 99mTc, 106Ru, 137Cs…) 
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A. Discharges 
 

 Liquid discharges 
Total activity discharged 

2016 2017 2018 2019 2020 

 β-γ emitters (GBq) 2,8 0,65(a) 0,5 0,86 0,39 
(a) a new procedure for accounting for activities discharged into liquid effluents was applied to the 2017 releases. With the same procedure, we 
would have obtained an annual discharge of 0.57 GBq in 2016 compared to the 0.65 GBq released in 2017. 

 

 Atmospheric discharges 
Total activity discharged 

2016 2017 2018 2019 2020 

 Iodine** (MBq) 1973,0 1594,0 2023 1640 1906 

 Rare gases*** (TBq) 1764,0 2008,4 2626,1 2778,3 2011 
* β-γ aerosol releases of the IRE are below the regulatory thresholds requiring authorization 
** expressed in equivalent 131I 
*** expressed in equivalent 133Xe 
 

 
Interpretation of the results of the year 2020 
 
In 2020, discharges of liquid and gaseous radioactive effluents from the establishment remained in 
compliance with the requirements of the discharge authorization. 
 
No exceedance of discharge limits was recorded during the year. 
 
The radioactive activity discharged in 2020 in liquid effluents is of the same order of magnitude as in 
previous years. 
 
Between 2016 and 2020, atmospheric discharges expressed in equivalent iodine fluctuate between 
1600 and 2000 MBq. These fluctuations have their origin in various elements such as possible small 
incidents taking place in a controlled area or climatic conditions. Noble gas emissions decreased 
significantly in 2020. This decrease is probably due to the increasingly frequent use of low-enriched 
uranium production facilities which better contain xenon. 
 
The maximum radiological impact calculated for the public in 2020 due to the discharge of liquid and 
gaseous radioactive effluents from the establishment is equal to 0.009 mSv. This result represents less 
than 1% of the regulatory limit for the public, which is 1 mSv per year. 
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B. Surveillance around the nuclear site at Fleurus 

The program monitors the discharges emitted by the Fleurus nuclear site (IRE) as well as by several 
large agglomerations such as Charleroi, crossed by the Sambre, which includes many hospitals or 
research centers. Sampling around this site includes: 

 Atmospheric compartment: air samples (collection of aerosols and dust particles deposited on 
the filters) by automated air volume samplers in the vicinity of the IRE. At this location, surface 
particle deposits are collected from known surface deposition tanks containing a thin layer of 
water to trap fine particles (dry deposition) or leached by rain (wet deposition). The analysis of 
this total deposit is made on the filtrate and the residue. 

 Soil compartment: soil samples at Fleurus. 
 River compartment: samples of the fauna and flora of the Sambre. 

 
 
For more information... 
 
Website of FANC (radiological monitoring - sampling and taking measurements on site) 
 
 
All the results of the analyses around the Fleurus nuclear site in 2020 are available in Table S2 (Annex).  
 
 

a. Atmospheric radioactivity 

More practical information on atmospheric radioactivity analysis can be found on p.30. 
 
The results for the atmospheric compartment near the IRE nuclear site show that:  

 Natural radioactivity is mainly responsible for the very low level of radioactive contamination of 
the atmosphere. 

 The Fleurus site, in routine operation, has no measurable radiological impact on its 
environment. Indeed, outside any accident scenario, the radiological impact of installations on 
the atmosphere and indirectly in the environment is always negligible or even non-measurable. 
Only traces of beta emitter – mainly of natural origin – are detectable. 

 The radiological situation of the air is excellent near the site. 
 
 

b. Soil radioactivity 

Soil contamination is mainly due to the fallout of radioactive material from the atmosphere (most often 
associated with very fine particles or aerosols) through dry or wet deposition (leaching from the 
atmosphere by rain). 
 
Soil samples are taken once a year near the IRE nuclear site in Fleurus. The possible deposition of 
radioactivity is sought via grass samples (surface deposits). Soil density varies from 1.6 to 1.8 kg/L and 
sampling depth is 20 cm. The analyses focus on the detection of gamma, beta and alpha emitters. 
Detection limits vary depending on the quantity and density of soils collected, the geometry used to 
perform the measurements, and the overall activity level of the sample. 

Measurements of soil radioactivity (grasslands/surface soils) at Fleurus (Table S2) show that: 

 Natural radioactivity is mainly responsible for the level of radioactive contamination of soils with 
a large preponderance of 40K. The natural alpha emitters (226,228Ra, 234,235,238U, 228Th) are also 
regularly detected. 

 With regard to artificial radioactivity, traces of 137Cs (5,7 Bq/kg) are measured and originate 
from the fallout from the Chernobyl accident and from nuclear tests in the atmosphere. The 
long persistence of 137Cs in the environment explains why some traces are still measured today. 

 The IRE's nuclear installations do not have a significant radiological impact on the surrounding 
soils. 
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c. River radioactivity 

More practical information on the analysis of river radioactivity can be found in p. 32. 
 
The Sambre collects radioactive discharges from hospitals and laboratories in Charleroi as well as 
potential liquid discharges from the IRE before discharging into the Meuse. In order to verify its 
radiological status, samples of fauna and flora are taken in Floriffoux, Mornimont or Sambreville. 

The radioactivity measurements of the Sambre (Table S2) show that: 

 The large majority of the radioactivity detected in the fauna and flora of the Sambre comes from 
natural radioactivity (40K, 7Be and to a lower extent 226,228Ra and 228Th). 

 Traces of 3H (artificial) are measured but the levels are very low (on average 44 Bq/kg dry for 
mosses and 36 Bq/kg dry for aquatic plants). 

 Iodine (131I) is not measured in the fauna and flora of the Sambre while this radionuclide could 
be rejected by the IRE. The values are indeed below the detection limits.  

 The IRE's facilities have no significant radiological impact on the Sambre. 
 
 

Summary of the monitoring program around the nuclear site at Fleurus:  

 There are no radiological problems with the air and soil around nuclear facilities. The 
measured contents are all below or close to the detection thresholds – very low – of the 
measuring devices. 

 The radiological impact of nuclear installations on river water is negligible and has no 
consequences for human health. 
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3. Monitoring of Belgian territory around the French nuclear site at Chooz 

The programme monitors the discharges emitted by the French nuclear power plant at Chooz and its 
potential impact on Belgian territory. Around the Boot of Givet, in Belgian territory, an extensive soil 
control also aims to verify the good radiological status of agricultural areas and their crop production. 
Sampling around this site includes: 

 Atmospheric compartment: In Heer-Agimont, just on the Franco-Belgian border, surface 
particle deposits are collected from bins of known surface deposits containing a thin layer of 
water to trap fine particles (dry deposition) or leached by rain (wet deposition). The analysis of 
this total deposit is made on the filtrate and the residue. 

 Soil compartment: soil samples from a permanent meadow in Heer-Agimont. Around the Boot 
of Givet, Belgian agricultural soils as well as samples of agricultural crop production are also 
analysed. 

 River compartment: water, sediment and samples of fauna and flora from the Meuse to Heer-
Agimont. 

 
 
For more information... 
 
Website of FANC (radiological monitoring - sampling and taking measurements on site) 
 
 
All the results of the analyses of the Belgian territory around the French nuclear site of Chooz in 2020 
are available in Table S3 (annex). 

 
 

a. Atmospheric radioactivity 

More practical information on atmospheric radioactivity analysis can be found in p.30. 
 
The results obtained for the atmospheric compartment near the Chooz site (at Heer-Agimont on the 
Franco-Belgian border in Belgium) show that the radiological situation of the air is excellent around the 
site (Table S3). It can be observed that: 

 Natural radioactivity is mainly responsible for the level – very low – of radioactive contamination 
of the atmosphere: 40K, 7Be (natural cosmogenic), etc. 

 Traces of 3H (artificial) barely higher than the detection limits of the devices are sometimes 
measured. 

 Apart from any accident scenario, the radiological impact of nuclear installations on the 
atmosphere and indirectly in the environment is always negligible or even non-measurable: 
only traces of beta emitter (total β measurements) – mainly of natural origin – are detectable. 

 The radiological impact of the Chooz nuclear site is completely unmeasurable and can therefore 
be considered zero. 

 
 

b. Soil radioactivity 

Soil contamination is mainly due to the fallout of radioactive material from the atmosphere (most often 
associated with very fine particles or aerosols) through dry or wet deposition (leaching from the 
atmosphere by rain). 
 
Samples of permanent grassland soil are collected once a year in Heer-Agimont. In addition, around 
the Boot of Givet, in Belgian territory, an extensive control aims to verify the good radiological status of 
agricultural soils and their crop production. Thus, out of 24 predefined locations, 12 are analysed 
annually (soil and crop production analyses). This control is part of the Franco-Belgian agreement on 
the Chooz nuclear power plant. Soil density ranges from 1.6 to 1.8 kg/L and sampling depth is 20 cm. 
Detection limits vary depending on the quantity and density of soils collected, the geometry used to 
perform the measurements, and the overall activity level of the sample. 
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Measurements of soil radioactivity (permanent grassland, agricultural soils and crop production) around 
the Givet Boot (Table S3) show that : 

 Natural radioactivity is mainly responsible for the level of soil contamination with a large 
preponderance of 40K. The natural alpha emitters (226,228Ra, 234,235,238U, 228Th) are also regularly 
detected.  

 Regarding artificial radioactivity, traces of 137Cs are measured everywhere in soils (2 to 10 
Bq/kg) but not in agricultural production, and come from the fallout from the Chernobyl accident 
and the older ones from nuclear tests in the atmosphere (peak in the 1960’s). The long 
persistence of 137Cs in the environment explains why some traces are still measured today. 
Traces of 90Sr are also detected in agricultural production. This beta emitter is still present in 
the biosphere following the testing of nuclear weapons in the atmosphere. Transuranic artificial 
alpha emitters (Pu and Am) are generally not measurable. 

 The nuclear power plant at Chooz has no significant radiological impact on the surrounding 
soils. 
 

Table 1 reports the concentration of 3H (artificial) in agricultural production in the Givet boot since 2015. 
The number of samples in which 3H is detected fluctuates over the years. Until 2019, the quantities 
detected in recent years were barely above the detection limits. However, in 2020, 3H was detected in 
almost all samples and the average measured concentrations were higher. 

 
Table 1: Concentration of 3H in agricultural plant production around the Givet boot since 2015. The values are expressed 
in Bq/kg dry matter (DM: dry matter). 

Campaign 
Cases of detection of 

³H in plants 

Detection limits in case of 
absence of detection (Bq/kg 

MS) 

Average observed concentrations 
when detected (Bq/kg DM) 

2015 9 / 24 4.9 to 5.7 7,5 
2016 0 / 24 11.3 to 12.2 / 
2017 3 / 12 11.1 to 13.5 19,6 
2018 0 / 12 13.4 to 13.9 / 
2019 7 / 12 12 to 13.3 18,4 
2020 11 / 12 19,2 46,4 

 
 

c. River radioactivity 

More practical information on the analysis of river radioactivity can be found in p.32. 
 
Samples of water, sediment, fauna and flora are collected at Heer-Agimont, Rivière or Godinne to 
determine the radiological state of the Meuse when it enters Belgium, after discharges from the Chooz 
nuclear power plant. The Meuse is, after treatment, a source of drinking water, which is why extensive 
analyses are carried out on it. 
 
The radioactivity measurements of the Meuse downstream of the Chooz nuclear power plant in Belgium 
(Table S3) show that:  

 Natural radioactivity (40K, 7Be and to a lower extent 226,228Ra and 228Th) is mainly responsible 
for the radioactivity of the different compartments (water, sediment, fauna and flora) of the river. 

 Regarding artificial radioactivity, 3H is detected in water (on average 18 Bq/L) but well below 
the parametric value of 100 Bq/L defined in the directive 2013/51/EURATOM. The traces of 
137Cs detected in the sediments come from the fallout of the Chernobyl accident and from the 
old nuclear tests. 

 The Chooz nuclear power plant has no significant radiological impact on the Meuse. 
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Summary of the monitoring programme around the nuclear site at Chooz:  

 There are no radiological problems with the air and soil. The measured contents are all below 
or close to the detection limits – very low – of the measuring devices. The increase in tritium 
measured in agricultural production will have to be confirmed in 2021. 

 The radiological impact of nuclear installations on the Meuse is negligible and has no 
consequences for human health. Indeed, only tritium is regularly detected in water (about ten 
Bq/L). For other radionuclides, in most cases, the levels reported are only slightly higher than 
the detection limits of the measuring instruments. 
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4. Discharges and monitoring of the nuclear site at Mol-Dessel 

The Mol-Dessel site Belgoprocess site 1

 

 

 

Place: Dessel (2480), Anvers, Flanders 

Main activity/activities: Treatment and storage of radioactive waste 

Type(s) of installation: Treatment facilities and storage buildings 

First entered into service: 1984 

Current phase of life: In operation, partially in the process of dismantling 

Monitoring of potential discharges: LLiquids:  no direct discharges of liquid radioactive effluents 
(taken over at Belgoprocess site 2 in Mol) 

 Atmospheric:   tritium (HTO tritiated water) 
  radon (222Rn) 
   aerosols (238Pu, 239Pu, 241Am…) 
  - aerosols (60Co, 90Sr, 137Cs…) 



42 
 

A. Belgoprocess site 1 discharges 
 

 Liquid discharges 
Total activity discharged 

     

Belgoprocess site 1 does not discharge liquid radioactive effluents (discharges are carried out via Belgoprocess 
site 2). 

 

Atmospheric discharges 
Total activity discharged 

2016 2017 2018 2019 2020 

 Tritium (GBq) 5,0 6,1 2,8 4,9 5,3 

 Radon (GBq) 1,4 1,1 1,1 1,4 1,6 

 α aerosols (kBq) 169,1 256,3 288,9 403,9 175,9 

 β-γ aerosols (MBq) 0,4 0,5 0,3 0,17 0,35 
 

 
Interpretation of the results of the year 2020 
 
In 2020, the radioactive gaseous discharges from the facility remained in accordance with the 
regulations of the discharge permit. 
 
No exceedance of the discharge limits was noted during the year. 
 
The total amounts of tritium, radon and released aerosols () are comparable to those of previous 
years. 
 
The maximum calculated radiological impact for the public in 2020 attributable to the radioactive 
gaseous discharges from the facility is less than 0.001 mSv. This result is stable compared to previous 
years and is in line with the regulatory limit for the public of 1 mSv per year.  
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The Mol-Dessel site Belgoprocess site 2

 

 

 

Place: Mol (2400), Antwerp, Flanders 

Main activity/activities: Treatment and storage of radioactive waste 

Type(s) of installation: Treatment facilities and storage buildings 

First entered into service: 1956 (installations then operated by the SCK CEN) 

Current phase of life: In operation, partially in the process of dismantling 

Monitoring of potential discharges: LLiquids:  tritium (tritiated water HTO) 
   emitters (238Pu, 239Pu, 241Am…) 
  - emitters (60Co, 90Sr, 134Cs, 137Cs) 

 
 
 
 
 

Atmospheric:   tritium (tritiated water HTO) 
  radon (222Rn) 
   aerosols (238Pu, 239Pu, 241Am…) 
  - aerosols (60Co, 90Sr, 137Cs…) 
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B. Belgoprocess site 2 releases 
 

 Liquid discharges 
Total activity discharged 

2016 2017 2018 2019 2020 

 Tritium (TBq) 0,9 1,1 0,9 1,8 1,3 

 α emitters (MBq) 60,7 25,0 17,5 29,7 49,7 

 β-γ emitters (GBq) 0,7 0,4 0,2 0,36 0,26 
 

 

 Atmospheric discharges 
Total activity discharged 

2016 2017 2018 2019 2020 

 Tritium (GBq) 0,4 0,5 6,5 1,2 0,75 

 Radon (GBq) 12399,0 12996,0 11874,9 11012,3 8190,4 

 α aerosols (kBq) 12,2 15,8 17,4 48,9 41,8 

 β-γ aerosols (MBq) 0,05 0,07 0,09 0,34 0,08 
 

 
Interpretation of the results of the year 2020 
 
In 2020, the radioactive liquid and gaseous discharges from the facility remained in accordance with 
the regulations of the discharge permit. 
No exceedance of the discharge limits was noted during the year. 
 
Radioactive liquid discharges for the year 2020 have decreased compared to 2019 due to a decrease 
in tritium discharge. The tritium discharged into the wastewater comes from the wastewater from the 
BR2 nuclear research reactor of SCK CEN. 
With regard to atmospheric discharges, there is a clear decrease in the discharged radon activity, this 
is due to the cessation of the activities in the alpha room of building 236X in the course of 2020 
 
The maximum calculated radiological impact to the public in 2020 attributable to gaseous radioactive 
discharges from the facility is approximately 0.010 mSv. This result is lower compared to 2019 (0.012 
mSv). Since 2020, Belgoprocess has been using a new model for determining the dose impact of liquid 
discharges, which takes into account stricter scenarios than before, but the dose impact of liquid 
discharges remains limited (0.666 µSv for 2020). The radiological impact for the public in 2020 is in 
accordance with the regulatory limit of 1 mSv per year.  
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The Mol-Dessel site FBFC International

 

 

 

Place: Dessel (2480), Anvers, Flanders 

Main activity/activities: Manufacture of fuel, assembly of assemblies 

Type(s) of installation: Production  

First entered into service: 1963 

Current phase of life: In operation, partially in the process of dismantling 

Monitoring of potential discharges: Liquids:   emitters (235U, 239Pu, 241Am…) 

 
 

Atmospheric:    aerosols (235U, 239Pu, 241Am…) 
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C. Discharges of FBFC International 
 

 Liquid discharges 
Total activity discharged 

     

FBFC International's liquid discharges have consistently fallen below the regulatory thresholds that require 
obtaining a discharge permit and were discontinued in September 2016. 

 

 Atmospheric discharges 
Total activity discharged 

2016 2017 2018 2019 2020 

 α aerosols (kBq) 662,1 87,0 18,6 2,0* 5,1 
 *Discharges via the chimney of the building 5 were stopped in April 2019, and discharges via the chimney of the building 2 in May 2015 

 
Interpretation of the results of the year 2020 
 
In 2020, the radioactive gaseous discharges from the facility remained in accordance with the 
regulations of the discharge permit. 
 
No exceedance of the discharge limits was noted during the year. 
 
We can observe a strong decrease in radioactive gaseous effluents in 2019 compared to 2018, as a 
result of progress in decommissioning works. The atmospheric discharges were stopped at the end of 
April 2020. 
 
The maximum calculated radiological impact to the public in 2020 attributable to the radioactive gaseous 
discharges from the facility is well below 0.0001 mSv. This result is stable compared to previous years 
and is in line with the regulatory limit for the public of 1 mSv per year.   
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The Mol-Dessel site JRC-Geel

 

 

 
 

Place: Geel (2440), Anvers, Flanders 

Main activity/activities: Metrology and applied research 

Type(s) of installation: Laboratories, particle accelerators 

First entered into service: 1962 

Current phase of life: In operation 

Monitoring of potential discharges: LLiquids:  no direct discharges of liquid radioactive effluents 
(taken over by Belgoprocess) 

 Atmospheric:    aerosols (235U, 239Pu, 241Am…) 
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D. JRC-Geel discharges 
 

 Liquid discharges 
Total activity discharged 

     

JRC-Geel does not discharge liquid radioactive waste. 

 

 Atmospheric discharges 
Total activity discharged 

2016 2017 2018 2019 2020 

 α aerosols (kBq) 1,1 1,5 1,4 1,4 0,5 
 

 
Interpretation of the results of the year 2020 
 
In 2020, the radioactive gaseous discharges from the facility remained in accordance with the 
regulations of the discharge permit. 
 
No exceedance of the discharge limits was noted during the year. 
 
The maximum calculated radiological impact for the public in 2020 attributable to the radioactive 
gaseous discharges from the facility is less than 0.0001 mSv. This result is stable compared to previous 
years and is in line with the regulatory limit for the public of 1 mSv per year.   
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The Mol-Dessel site SCK CEN

 

 

 

Place: Mol (2400), Antwerp, Flanders 

Main activity/activities: Scientific and technological research 

Type(s) of installation: Research reactors, laboratories... 

First entered into service: 1956 

Current phase of life: In operation, BR3 reactor being dismantled 

Monitoring of potential discharges: LLiquids:   no direct discharges of liquid radioactive discharges 
(taken over by Belgoprocess) 

 

 
 
 
 
 
 
 
 
 
 

Atmospheric:   tritium (tritiated water HTO, tritium gas HT) 
  iodine (131I) 
  rare gases (41Ar, 85mKr, 87Kr, 88Kr, 133Xe) 
   aerosols (235U, 239Pu, 241Am...) 
  - aerosols (60Co, 110mAg, 125Sb, 137Cs…) 
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E. Discharges of SCK CEN 
 

 Liquid discharges 
Total activity rejected 

     

SCK CEN does not discharge liquid radioactive waste. 

 

Atmospheric discharges 
Total activity rejected 

2016 2017 2018 2019 2020 

 Tritium (GBq) 2455,6 1982,0 1779,3 1895,7 2610,0 

 Iodine (MBq) 2,0 2,8 7,34 2,64 4,49 

 Rare gases (TBq) 20,4 93,0 33,7 31,8 17,6 

 α aerosols (kBq) 21,5 22,9 26,2 25,6 27,1 

 β-γ aerosols (MBq) 0,8 1,3 0,52 16600,3 0,38 
 

 
Interpretation of the results of the year 2020 
 
In 2020, the radioactive gaseous discharges from the facility remained in accordance with the 
regulations of the discharge permit. 
 
No exceedance of the discharge limits was noted during the year. 
 
Radioactive gaseous discharges for 2020 are stable compared to previous years, noting that in 2019 
there was an exceedance of the discharge limits for  aerosol emissions which could be attributed to 
two selenium incidents (Se-75) that took place in May and August 2019. 
 
The maximum calculated radiological impact for the public in 2020 attributable to the radioactive 
gaseous discharges from the facility is lower than 0.00055 mSv, which is well within the regulatory limit 
for the public of 1 mSv per year.   
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F. Monitoring around the nuclear site at Mol-Dessel 

The programme monitors the discharges emitted from the Mol-Dessel site, which contains the SCK 
CEN and JRC-Geel research centres, as well as Belgoprocess, which is responsible for the treatment 
and storage of radioactive waste from nuclear power plants, the industrial sector, hospitals, laboratories 
and decommissioning operations. FBFC International, a nuclear fuel manufacturer enriched with 235U 
and now MOX, is present on site but under dismantling. Sampling around this site includes: 

 Atmospheric compartment: air samples (collection of aerosols and dust particles deposited on 
the filters) by automated air volume samplers in Mol-Dessel. At this location, surface particle 
deposits are collected from known surface deposition tanks containing a thin layer of water to 
trap fine particles (dry deposition) or leached by rain (wet deposition). The analysis of this total 
deposit is made on the filtrate and the residue; 

 Soil compartment: soil samples in Mol; 
 River compartment: water, sediment and flora samples from the Molse Nete; 
 Liquid effluents: analysis of liquid discharges from the Mol-Dessel nuclear site. These 

discharges are carried out in the Molse Nete via the Belgoprocess 2 installations. Although 
FBFC International's liquid discharges were stopped in September 2016, analyses are still 
being carried out in the site's piezometers. 

 
 
For more information... 
 
Website of FANC (radiological monitoring - sampling and taking measurements on site) 
 
 
All the results of the analyses around the Mol-Dessel nuclear site in 2020 are available in Table S4 
(Appendix).  
 
 

a. Atmospheric radioactivity 

More practical information on atmospheric radioactivity analysis can be found on p.30. 
 
The results obtained for the atmospheric compartment around the Mol-Dessel site do not reveal any 
radiological problems (Table S4). It can be observed that: 

 Natural radioactivity is mainly responsible for the very low level of air radioactivity: 40K, 7Be 
(cosmogenic), etc. 

 Traces of 3H (artificial) are sometimes measured in the filtrate of the total deposition but are 
barely above the detection limits.  

 The radiological impact of nuclear installations on the atmosphere and indirectly on the 
environment is negligible or even non-measurable: only traces of alpha and beta emitters 
(measurements in α and total β) – mainly of natural origin – are detectable near the Mol-Dessel 
nuclear site. 

 
 

b. Soil radioactivity 

Soil contamination is mainly due to the fallout of radioactive material from the atmosphere (most often 
associated with very fine particles or aerosols) through dry or wet deposition (leaching from the 
atmosphere by rain). Soil samples are taken from a permanent meadow once a year near Mol. The 
possible deposition of radioactivity is sought via samples of grasses and surface soil. 
 
Detection limits vary depending on the quantity and density of soils collected, the geometry used to 
perform the measurements, and the overall activity level of the sample. The measurements of 
radioactivity of soils in the Mol-Dessel region (Table S4) show that: 

 Natural radioactivity is mainly responsible for the level of radioactive contamination of soils with 
a large preponderance of 40K. The natural alpha emitters (226,228Ra, 234,235,238U, 228Th) are also 
regularly detected. 
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 With regard to artificial radioactivity, only traces of 137Cs (2.9 Bq/kg) are measured and come 
from the fallout from the Chernobyl accident and the older traces of nuclear tests in the 
atmosphere (which reached their peak in the 1960’s). No heavy elements such as plutonium 
(Pu) or americium (Am) are detected that could have been released from the facilities of the 
site that combines those of Belgoprocess 1 (Cilva – solid waste incinerator, Pamela – 
vitrification plant for waste with high levels of radioactivity), those of Belgoprocess 2 (former 
liquid waste treatment plant of SCK CEN) and those of the former Belgonucleaire activities 
concerned by releases of alpha emitters and Pu. FBFC International is not concerned here 
because its atmospheric emissions are negligible in terms of activity. The latter is also being 
dismantled, which should be done for the end of 2020 - beginning of 2021. 

 The nuclear installations at the Mol-Dessel site have no measurable radiological impact on the 
surrounding soils (via atmospheric discharges). 

 
 

c. River radioactivity 

More practical information on the analysis of river radioactivity can be found in p.32. 
 
The main watercourse concerned is the Molse Nete (Figure 31), which receives liquid discharges from 
Belgoprocess 2, the liquid radioactive waste treatment plant at the Mol-Dessel site. Indeed, 
Belgoprocess 2 (which was the former liquid waste treatment facility of SCK CEN) now receives for 
treatment before discharge all liquid radioactive waste from the other installations on the site (SCK CEN 
and Belgoprocess).  
 

 
Figure 31: The Nete basin. 
 
The discharge limits in the Molse Nete were lowered in 2020 and must not exceed 10 GBq/month of 
alpha, beta and gamma radioactivity according to the following formula: 

 
2.5 [ total] + 0.4 [90Sr-90Y] + 2.5 10-5 [3H] + [60Co] + 1.5 [134Cs] + 1.5 [137Cs] + 0.1 [ ]  10 GBq/month (maximum 

50 GBq/year with a concentration limit of 15 MBq/m³). 
 

with [] = [ total] – ([90Sr-90Y] + [60Co] + [134Cs] + [137Cs]) 
 
The analysis of the radioactivity of the Molse Nete is carried out near the discharge point of the 
Belgoprocess 2 outfall of the site and includes: water, sediments freshly deposited in the riverbed and 
near the banks (sedimentation tanks) as well as aquatic flora. The analyses concern total alpha and 
total beta radioactivity, gamma spectrometry as well as specific radium measurements. 
 
The measurements of radioactivity in the Molse Nete (Table S4) show that artificial radioactivity (mainly 
3H) is measured. It can be observed that: 

 In general, the radioactivity of the different compartments of the Molse Nete comes mainly from 
natural radioactivity (40K and to a lesser extent 226Ra, 228Th and 234,238U).  
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 In water, regarding artificial radioactivity, we measure mainly 3H which fluctuates from 8 to 451 
Bq/L (annual overall average: 56 Bq/L) and traces of transuranic (241Am, 238,239Pu) with a 
maximum of respectively 3,2.10-3 Bq/L and 5.10-4 Bq/L.  

 In sediments, radioactivity is mainly of natural origin (Be, K and Ra). Radium is readily 
detectable in Molse Nete with (10 to 120 Bq/kg dry matter). The more we move in the basin 
towards the Scheldt the more the contents decrease (see next part). Regarding artificial 
radioactivity, the fresh sediments of the Molse Nete present: 

o 137Cs from 9 to 540 Bq/kg dry matter, 
o Pu and Am, respectively from 1 to 33 Bq/kg dry matter and from 2 to 86 Bq/kg dry 

matter, 
o 99Tc, sometimes detected as traces and up to 60 Bq/kg dry matter. 

This artificial radioactivity originates from the liquid discharges of Belgoprocess 2 (discharges 
that respect the permitted limits) and a possible re-suspension of older sedimentary deposits. 
Quickly, this radioactivity becomes very difficult to detect the more we move away from the 
discharge point towards the estuary (see next part). 

 In the flora, 40K is the main source of radioactivity. However, 137Cs is sometimes detected in the 
aquatic plants with contents ranging from 4 to 12 Bq/kg dry matter. This is a signature of 
discharges of artificial radioactivity from the site which are operated by Belgoprocess 2. 
 

Discussion on the ecological situation of the Molse Nete 

The ecological situation of the Molse Nete is more problematic from the point of view of chemical 
contamination in general. Indeed, from the radiological point of view, this watercourse contains artificial 
radionuclides (especially cesium and tritium), that result from the nuclear industrial activity of the Mol-
Dessel site which nevertheless respects the discharge limits set for it. However, the situation has 
improved in recent years. It should be noted that these waters may not be intended as such for human 
consumption. However, they bathe agricultural areas that can be contaminated locally – especially 
chemically (banks, dredged sludge deposit areas, etc.). The contribution of chemical and radioactive 
contaminants must be reduced in the future. 
 
The situation is even more problematic when we consider the entire Nete basin (Figure 31): 

 Grote Laak and Winterbeek, which received discharges from the Kwaad-Mechelen and 
Tessenderlo food phosphate manufacturing site (discharges of 226Ra). 

 the Grote Nete into which the Molse Nete and Grote Laak flow. 
 the Rupel where the Grote Nete ends, it also receives the waters of the Winterbeek via the 

Demer which flows itself into the Dijle which finally leads to the Rupel. 
 the Scheldt, which drains the entire Nete basin and ends in a sea-drawn (marinized) area before 

emptying into the North Sea. 
 
As these rivers are classified as “NORM Industries and historically contaminated sites", they are also 
discussed in the next section. 
 
Radioactivity in the Grote Nete valley 
 
The radiological situation in the Grote Nete basin had already been discussed in previous reports on 
radiological monitoring of the territory. Despite the cessation of phosphate production activities at the 
end of 2013, and thus the cessation of associated discharges, the radiological contamination present 
in the Grote Laak valley is still transported – however in concentrations greatly reduced compared to 
the period of discharges – by the watercourse. The "legacy" on the banks of the Grote Laak has yet to 
be remedied, while the remediation of the Winterbeek is underway. The radiological anomalies 
observed for 226Ra add up to a problem that is actually more important: that of a high chemical pollution 
by heavy metals, co-localized with radium. 
 
Historically, the extensive radiological characterization of riverbanks and sediments has focused on the 
rivers directly receiving discharges: Molse Nete, Winterbeek and Grote Laak. However, studies carried 
out in the early 2000’s by the Flemish region showed that the banks of the Grote Nete – which receives 
water from the Molse Nete and the Grote Laak – also showed contamination in 226Ra in flood zones 
near the city of Ivy comparable to that present on the banks of the Grote Laak. This shows that some 
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of the radium present in the discharges was deposited tens of kilometers downstream of the mouth of 
the Grote Laak. Since the areas identified were largely inaccessible and the radiological risk negligible, 
a more detailed characterization of the areas was almost neither possible nor justified2. 
 
Recently, however, the presence of radium in the Grote Nete has again returned to the agenda following 
the discoveries made as part of the work planned by the Flemish Region in this valley to develop the 
bed and the banks (Sigma Plan). During the ecological study of certain areas, greatly increased 
concentrations of heavy metals were also measured in the same areas. For this reason, the FANC has 
contacted the OVAM, which is responsible for non-radiological pollution issues.  
The FANC and the OVAM identified different areas in the mouth of the Grote Nete where an exploratory 
review of the soil in the short term was appropriate. This complementary study confirmed that 
contamination in 226Ra of areas which in the past suffered frequent flooding (either by occasional 
flooding or due to the effect of tides) is present. The values are in an order of magnitude of a few Bq/g 
of 226Ra. 
 
At the end of 2016, a soil study was launched at the initiative of the OVAM, the aim of which is to identify 
and characterize the chemical and radiological pollution of the bed and banks of the Grote Nete between 
Geel and Ivy. In this context, the FANC studies the radiological aspect and the OVAM the chemical 
aspect. The FANC closely monitors the evolution of the situation at the level of the soil study and will 
take, when necessary, the appropriate measures. 
 
 

d. Liquid discharges 

Liquid discharges from the Mol-Dessel nuclear site are carried out in the Molse Nete via the 
Belgoprocess 2 installations. These discharges, which largely comply with the limit set, are nevertheless 
detectable as shown by the radioactivity measurements carried out in the river (water, sediments and 
flora). These controls should still be carried out at the source and in the environment. Table S4 
summarizes the radioactivity measurements of liquid discharges from the site. Samples are collected 
from the drainage pipe just prior to discharge. No radiological problems to report given these results. 
 
Liquid discharges from FBFC International, a nuclear fuel and MOX assembly plant, are made to a lost 
well located on the site. These discharges do not reach the Molse Nete. However, they are analysed 
monthly. The production of UO2 pellets has been stopped since the beginning of 2012. The assembly 
of the MOX fuel elements (mixture of Pu and U oxides) continued with shutdown in 2015. However, 
since 2011, the dismantling of part of the installations has begun. At the end of 2019, the dismantling is 
75% complete and should be completed by the end of 2020. Table S4 reports the radioactivity 
measurements taken from the piezometers of FBFC International. 
 
The cessation of the manufacture of UO2 pellets results in a reduction in discharges. Measurable 
quantities of alpha emitters are still released monthly: up to 0.3 Bq/L (there is a decrease compared to 
the years 2001-2002 even more marked since 2011-2013). Note that the detection limits are less than 
0.03 Bq/L which indicates that these discharges are barely measurable. As a reminder, the installation 
cannot reject more than 20 Bq/L in total alpha (RGPRI). On the other hand, the dismantling of part of 
the installations led to a slight detection of transuranic discharges (Pu). FBFC International stopped all 
discharge since April 2020. No radiological problems to note regarding the FBFC International site. 
 
 

 
2 VMM (2002) Complement to the inventory and characterization of increased concentrations of natural 
radionuclides of industrial origin in Flanders.  
(http://www.milieurapport.be/upload/main/miradata/MIRA-T/02_themas/02_06/ioni_O&O_03.pdf) 
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Summary of the monitoring programme around the nuclear site at Mol-Dessel: 

 The air near the site does not present any radiological problems. The measured contents are 
all below or close to the detection thresholds – very low – of the measuring devices. 

 The waters of the Nete basin (Molse Nete) must be subject to stricter controls because of the 
liquid discharges of artificial radioactivity from the Mol-Dessel site and those of radium 
historically discharged from the Tessenderlo installations (Grote Laak, Winterbeek). The 
presence of certain radionuclides (including 3H) in the waters of the Molse Nete is confirmed, 
although nuclear industrial activities in the region comply with the established discharge 
limits. 

 The natural radioactivity due to 226Ra (highly radiotoxic, half-life ≈ 1620 years), having as 
descendants the gaseous 222Rn, the 210Pb (half-life ≈ 22 years) in Grote Laak and Winterbeek 
is not negligible. Also, the radiological situation of the Nete river network must be monitored 
assiduously. Since 2016, actions have been initiated by the FANC to better characterize the 
situation in and on the banks of the Grote Nete downstream of the Grote Laak. 
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5. Discharges and monitoring of the nuclear site at Doel 

The Doel site ENGIE Electrabel

 

 

 
 
Place: Beveren-Waas (9130), East Flanders, Flanders 

Main activity/activities: Production of electricity 

Type(s) of installation: Pressurised water reactors, storage of spent fuel, treatment of 
waste and effluents 

First entered into service: 1975 

Current phase of life: In operation 

Monitoring of potential discharges: LLiquids:  tritium (tritiated water HTO) 
   emitters (235U, 239Pu, 241Am…) 
  - emitters (60Co, 90Sr, 124Sb, 131I, 137Cs…) 

 Atmospheric:   tritium (tritiated water HTO) 
  iodine (131I) 
  rare gases (85Kr, 133Xe…) 
   aerosols (235U, 239Pu, 241Am…) 
  - aerosols (60Co, 90Sr, 124Sb, 137Cs…) 
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A. Discharges 
 

 Liquid discharges 
Total activity discharged 

2016 2017 2018 2019 2020 

 Tritium (TBq) 41,8 37,9 35,1 35,9 37,5 

 α emitters (MBq) 5,7 3,4 4,1 2 2 

 β-γ emitters (GBq) 3,8 4,2 3,6 2,6 3,7 
 

 

Atmospheric discharges 
Total activity discharged 

2016 2017 2018 2019 2020 

 Tritium (GBq) 4453,0 2165,2 3635,3 3024,0 3155,0 

 Iodine (MBq) 26,5 6,3 23,1 21,6 20,6 

 Rare gases (TBq) 48,2 27,4 55,1 32,2 39,2 

 α aerosols (MBq) 0,4 0,4 0,5 0,4 0,5 

 β-γ aerosols (MBq) 83,7 58,8 40,7 30,7 24,5 
 

 
Interpretation of the results of the year 2020 
 
In 2020, the facility's liquid and gaseous radioactive wastewater discharges remained in compliance 
with permit requirements. 
 
No excesses of the discharge limits were recorded during the year. 
 
Liquid radioactive discharges generally remain stable compared to previous years. 
 
Regarding radioactive gas emissions, the discharges of tritium and noble gas are stable compared to 
2019, after the specific increases in these discharges in 2016 and 2018 due to the long shutdown 
periods of the reactors in those years. As a result, the reactor buildings had to be ventilated more often. 
In 2017, the discharged iodine activity was exceptionally low. Iodine emissions for 2020 are stable 
compared to 2016, 2018 and 2019. Reported aerosol discharges have been systematically decreasing 
in recent years, as a result of increasing the confidence interval, adjusting the spectrometry and 
decreasing the discharged volume. 
 
The maximum radiological impact calculated for the population in 2020 as a result of the discharge of 
liquid and gaseous radioactive effluents from the facility is 0.0223 mSv for the most vulnerable category 
of persons. This result is stable compared to previous years and is in line with the legal limit for the 
public of 1 mSv per year.   
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B. Monitoring around the nuclear site at Doel 

The programme monitors the discharges emitted by the 4 reactors of the Doel nuclear site, located 
along the Scheldt, as well as the discharges emitted by large conurbations such as Antwerp, which 
includes many hospitals and research centres. The Scheldt also receives the waters of the Molse Nete 
basin, the latter requiring special monitoring. Sampling around this site includes: 

 Atmospheric compartment: air samples (collection of aerosols and dust particles deposited on 
the filters) by automated air volume samplers near Doel. At this location, surface particle 
deposits are collected from known surface deposition tanks containing a thin layer of water to 
trap fine particles (dry deposition) or leached by rain (wet deposition). The analysis of this total 
deposit is made on the filtrate and the residue. 

 Soil compartment: soil samples from a permanent meadow near the Doel nuclear site. 
 River compartment: waters, sediments and samples of fauna and flora of the Scheldt in front of 

Doel. 
 Liquid effluents: analysis of liquid discharges from the Doel nuclear power plant. 

 
 

For more information... 
 
Website of FANC (radiological monitoring - sampling and taking measurements on site) 
 
 
All the results of the analyses around the Doel nuclear site in 2020 are available in Table S5 (Annex).  
 
 

a. Atmospheric radioactivity 

More practical information on atmospheric radioactivity analysis can be found on p.30. 
 
The results obtained for the atmospheric compartment near the Doel nuclear installations do not reveal 
any radiological problems (Table S5). It can be observed that: 

 Natural radioactivity is mainly responsible for the very low level of radioactive contamination of 
the atmosphere (40K, 7Be). 

 The radiological impact of nuclear installations on the atmosphere and indirectly on the 
environment is negligible or even non-measurable: only traces of alpha and beta emitters 
(measurements in α and total β) – mainly of natural origin – are detectable near the Doel site. 

 The Doel nuclear power plant has no measurable radiological impact in the atmosphere. 
 
 

b. Soil radioactivity 

Soil contamination is mainly due to the fallout of radioactive material from the atmosphere (most often 
associated with very fine particles or aerosols) through dry or wet deposition (leaching from the 
atmosphere by rain). Samples are collected from permanent meadows once a year near Doel. The 
possible deposition of radioactivity is sought via samples of grasses and surface soil. 
 
The analyses focus on the detection of α, β and γ emitters. Detection limits vary depending on the 
quantity and density of soils collected, the geometry used to perform the measurements, and the overall 
activity level of the sample. The radioactivity measurements of the soils at Doel (Table S5) show that:  

 Natural radioactivity is mainly responsible for the level of radioactive contamination of soils with 
a large preponderance of 40K and to a lesser extent the natural α emitters (226,228Ra and 228Th).  

 Regarding artificial radioactivity, traces of 137Cs (5 Bq/kg) are measured and come from the 
fallout from the Chernobyl accident and the older ones from nuclear tests in the atmosphere. 
The long persistence of 137Cs in the environment explains why some traces are still being 
measured. Transuranic artificial alpha emitters (Pu and Am) are not measurable. 

 The Doel nuclear power plant has no measurable radiological impact on nearby soils (via 
atmospheric emissions). 
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c. River radioactivity 

The Scheldt, in addition to receiving radioactive discharges from the Doel nuclear power plant and those 
from hospitals and laboratories in Antwerp, drains the entire problematic Nete basin. The Scheldt ends 
in an estuarian (marinated) area before emptying into the North Sea. 
 
Sampling focuses on water, sediment and aquatic biocenosis: mosses (Cinclidotus danubicus), plants 
and algae (Fucus vesiculosus) (if available) of fresh water but also marine mussels (Mytilus edulis) or 
wild oysters, shrimps (Crangon sp.) – for the estuary part of the Scheldt – which are good biological 
indicators ("bioindicators") of the presence of radioactivity. The sampling and control points for 
radioactivity were chosen: 

 On the Scheldt near Doel for water and sediment. 
 Further in the estuary for fauna (shrimps and sea oysters) and flora (algae): in Kieldrecht near 

Doel (shrimps), Kloosterzande or Hoofdplaat (oysters and algae) located on the estuary part 
north of the Belgian-Dutch border. 

 
The measurements of radioactivity in the Scheldt (Table S5) show that: 

 The radioactivity of the different compartments of the river is mainly from natural radioactivity 
(40K and to a lesser extent 226Ra and 228Th). Radium, which was measured in the sediments of 
the Molse Nete (from 10 to 120 Bq/kg dry), decreases the more one moves in the basin towards 
the Scheldt (from 27 to 61 Bq/kg dry). In addition, in estuarine environment, traces of 226Ra are 
still sometimes detected in marine fauna and flora (aquatic plants, oysters, shrimps). 

 Regarding artificial radioactivity, tritium (3H) is routinely measured in water (annual overall 
average: 11 Bq/L) downstream of the nuclear power plant. Traces of americium (241Am), cesium 
(137Cs) and cobalt (60Co) are sometimes detected in water, sediments and fauna and flora. 
However, the fresh sediments of the Molse Nete showed traces of artificial radioactivity (137Cs 
from 9 to 540 Bq/kg dry, Pu and Am from 1 to 33 Bq/kg dry and from 2 to 86 Bq/kg dry, 
respectively, 99Tc sometimes detected as traces and up to 60 Bq/kg dry) much greater because 
these radionuclides are provided by the liquid discharges of Belgoprocess 2 (discharges that 
respect the authorized limits) and a possible re-suspension of older sedimentary deposits. We 
can therefore see here that, quickly, this radioactivity becomes very difficult to detect the more 
we move away from the point of discharge towards the estuary. Similarly, in the flora and fauna, 
the contents of 137Cs, signatures of discharges of artificial radioactivity from the Mol-Dessel site 
(operated by the Belgoprocess 2 installations), are much lower than those sometimes detected 
in the aquatic mosses and plants of the Molse Nete. 

 The Doel nuclear power plant has no measurable radiological impact on the Scheldt. 
 
 

d. Liquid effluents  

At the Doel power station, liquid discharges of primary effluents are the most radioactive. These 
effluents are not discharged as such, they are diluted by "cold" effluents from technical areas and 
premises as well as by condensation water recovered at the cooling towers. No radiological problems 
to report given these results. 
 
 

Summary of the monitoring programme around the nuclear site at Doel: 

 The air near the Doel site does not present any radiological problems. The measured contents 
are below or close to the detection thresholds – very low – of the measuring devices. 

 The Doel nuclear power plant has no measurable radiological impact on nearby soils (via 
atmospheric emissions). 

 The radiological impact of nuclear installations on the Scheldt is negligible and has no 
consequences for human health. Nevertheless, this river requires special attention since it 
collects the waters of the Nete basin, which are particularly controlled due to the liquid 
discharges of artificial radioactivity from the Mol-Dessel site and those of radium discharged 
historically by the Tessenderlo installations (Grote Laak, Winterbeek).  
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6. Monitoring of the Brussels-Capital Region 

The programme monitors the Brussels-Capital Region as a reference area for Belgian territory. Indeed, 
the aim is to periodically take samples that are not influenced by potential releases of artificial and/or 
natural radioactivity made by man in his activities throughout the territory. In addition, the high 
population density (1/10 of the total population of Belgium) also makes it an interesting representative 
area. Sampling in the region includes: 

 Atmospheric compartment: air samples (collection of aerosols and dust particles deposited on 
the filters) by automated air volume samplers in Brussels (site of the Royal Institute of 
Meteorology of Belgium - RIM in Uccle). In addition, surface particle deposition is collected from 
known surface deposition tanks containing a thin layer of water to trap fine particles (dry 
deposition) or leached by rain (wet deposition). The analysis of this total deposit is made on the 
filtrate and the residue. 

 Soil compartment: soil samples taken from the MRI site. 
 
 

For more information... 
 
Website of FANC (radiological monitoring - sampling and taking measurements on site) 
 
 
All the results of the analyses of the Brussels-Capital Region in 2020 are available in Table S6 (Annex).  
 
 

a. Atmospheric radioactivity 

The results for the atmospheric compartment (air dust and deposits collected in the deposit tanks 
(filtrates and residues of dry and wet deposits)) show that the air in the Brussels conurbation presents 
no radiological problems (Table S6). The levels measured are below or close to the detection limits - 
very low - of the measuring instruments. Natural radioactivity is mainly responsible for the very low level 
of radioactive contamination of the atmosphere. 
 
 

b. Soil radioactivity 

Soil samples are taken once a year. The possible deposition of radioactivity is sought via samples of 
grassy soils (surface deposits). Detection limits vary depending on the quantity and density of soils 
collected, the geometry used to perform the measurements, and the overall activity level of the sample. 
The results for soils in Brussels (Table S6) show that:  

 Natural radioactivity is mainly responsible for the level of radioactive contamination of soils with 
a large preponderance of 40K and to a lesser extent the natural alpha emitters (226,228Ra and 
228Th).  

 Regarding artificial radioactivity, traces of 137Cs are measured in the soil and come from the 
fallout of atmospheric tests of nuclear weapons during the 60’s as well as the passage of the 
radioactive cloud of Chernobyl. The levels measured are logically lower than those found in the 
Sambre - Meuse basin where the deposits due to this cloud were somewhat greater. 
Transuranic artificial alpha emitters (241Am) are not measurable.  
 
 

Summary of the monitoring programme of the Brussels-Capital Region: 

The radiological situation in the Brussels conurbation is excellent. 
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7. Monitoring of the Belgian coast 

The programme monitors the North Sea, which receives liquid discharges from several nuclear sites 
(French nuclear power stations at Gravelines, located near the sea between Calais and Dunkirk, Paluel 
and Flamanville, British nuclear power stations at Dungeness, Bradwell and Sizewell, reprocessing 
plant at La Hague (France) and Sellafield (United Kingdom)) and non-nuclear sites. The North Sea is 
also the culmination of several rivers which themselves receive radioactive waste from nuclear sites. 
That is why it is closely monitored by the riparian countries. Sampling includes: 

 Atmospheric compartment: dust samples from the air (filters) near Coxyde. 
 Land compartment: soil samples in meadows near Coxyde. 
 Marine compartment: water, sediments and samples of fauna (crustaceans, bivalves, fish) and 

flora (algae). Several sampling points have been chosen in front of the Belgian coast where 
campaigns of sampling of seawater, sediments and groundfish are organized 4 times a year by 
the oceanographic boat Belgica (Figure 32). Twelve samples are collected in a fringe ranging 
from 5 to 25 km off the towns of Coxyde, 
Nieuwpoort, Ostend and Blankenberge (a 
point is located 37 km above Wenduine 
near Blankenberge). On the coast, algae, 
fish, molluscs and crustaceans are mainly 
taken, because of their capacity for 
accumulation and concentration, to 
measure the main fission and activation 
products as well as Th, Pu and U. 

 
Figure 32: The Belgica (picture from the Management 

Unit of the Mathematical Model of the North Sea – 
MUMM). 

 
 
For more information... 
 
Website of FANC (radiological monitoring - sampling and taking measurements on site) 
 
 
All the results of the analyses of the Belgian coastline in 2020 are available in Table S7 (annex).  
 
 

a. Atmospheric radioactivity 

Measurements of the radioactivity of the atmosphere (air dust particles) on the Belgian coast clearly 
show that the air in the Coxyde region (Belgian coast) does not pose a radiological problem (Table S7). 
The measurements are below or close to the detection limits - very low - of the equipment. Only natural 
radioactivity (40K) can be sufficiently measured.  
 
 

b. Soil radioactivity 

Prairie soil samples are collected once a year in Coxyde. The possible deposition of radioactivity is 
sought via samples of grasses and surface soils (surface deposits). The detection limits vary the 
quantity and density of soils collected, the geometry used to carry out the measurements and the overall 
activity level of the sample. The measurements of radioactivity of the soil (meadows / surface soils) of 
the Belgian coast (Table S7) show that:  

 Natural radioactivity is mainly responsible for the level of radioactive contamination of soils with 
a large preponderance of 40K and to a lesser extent the natural alpha emitters (226,228Ra and 
228Th).  
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 Regarding artificial radioactivity, traces of 137Cs are measured in the soil and come from the 
fallout from the Chernobyl accident and from nuclear tests in the atmosphere. On the other 
hand, the levels measured are logically lower than those found in the Sambre-Meuse basin, 
where the deposits following the Chernobyl accident were somewhat higher than in Flanders. 
 
 

c. Radioactivity in the marine environment 

Various sampling points are visited quarterly by the 
oceanographic vessel Belgica. They are located in 
a fringe ranging from 5 to 25 km off the cities of 
Coxyde, Nieuwpoort, Ostend and Blankenberge (a 
point is located 37 km above Wenduine near 
Blankenberge). Seaweed samples (Fucus 
vesiculosus) are taken from a pier in Ostend, 
shrimps (Crangon sp.) and mussels (Mytilus edulis) 
are also sampled.  
 
Seawater sampling is carried out using "Niskin" 
bottles (Figure 33). 

 
Figure 33: "Niskin" bottle for the 

abstraction of seawater. 

 

The sediments are collected using a "Van Veen" 
dumpster (Figure 34), a kind of grapple descended 
on the bottom of the sea at the end of a steel cable, 
with the jaws open. As soon as the jaws touch the 
bottom, the spring that keeps the jaws open is 
released. At the time of ascent, the jaws close and 
trap a quantity of sand or sediment from the sea 
floor.  
 
 
 
 
 
 

 
Figure 34: "Van Veen" dumpster for the 

collection of sea sediments. 
 
 
Using a trawl, samples of the fauna (fish) are collected for conditioning for subsequent analyses of 
radioactivity (Figure 35). 



63 
 

 
Figure 35: Trawl for sampling wildlife (fish). 
 
The radioactivity measurements for the marine environment (water, sediments, flora (algae) and fauna 
(mussels/shrimps and flatfish)) confirm the absence of problems with the radiological state of the marine 
environment (Table S7). It can be observed that: 

 Natural radioactivity (40K) is mainly responsible for the radioactivity of the various compartments 
of the marine environment of the Belgian coast. 

 The 137Cs and 238,(239+240)Pu - 241Am radionuclides, elements of artificial origin that are produced 
and released by nuclear power plants and released by the nuclear spent fuel reprocessing 
industry, are not detectable, all the analyses are at the level of detection limits. 

 No artificial radioactivity is found in fish. 
 
 

Summary of the Belgian coast monitoring programme: 

The radiological situation in the maritime area does not lead to any particular remarks and does not 
require any action. Indeed, only natural radioactivity is measured (40K), traces of artificial radioactivity 
(137Cs and transuranic in fish) are sometimes detected (although at the detection limits of measuring 
devices) but they remain totally negligible. 
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8. Monitoring of the food chain 

The programme monitors the products of the food chain on Belgian territory in order to assess as 
broadly as possible all the pathways of entry of radioactivity into humans. The food chain can potentially 
be contaminated by all the nuclear and non-nuclear sites mentioned as well as by the import of food 
from countries affected by nuclear incidents or accidents (Chernobyl and Fukushima). 
 

The analyses carried out in Belgium shall cover: 

 Drinking water taken from distribution networks (taps) at points evenly 
distributed in Belgium. 
 
 

 Milk: taken from all over the country in dairies and farms. Milk is a 
sensitive vector in case of radioactive contamination such as iodine (131I) 
which passes rapidly from grass to cows and ends up in milk. The milk 
distribution chain being fast, iodine would quickly find itself ingested by 
the population with the associated risks of thyroid irradiation. 
 
 

 Foodstuffs (meat, sea and river fish and vegetables): taken from mass 
distribution and markets. Marine fish are also controlled from fisheries on 
the Belgian coast. 
 
 

 Control meals: collected monthly in company restaurants in the Brussels-
Capital Region, Flanders and Wallonia. 

 
 
 
 
 
 
 
For more information... 
 
Website of FANC (food chain monitoring : drinking water, milk, food and meals) 
 
 
All the results of the food chain analyses in 2020 are available in Table S8 (Appendix).  
 
Samples of tap water, milk, foodstuffs and meals from company restaurants (control meals) are 
regularly collected and analysed for radionuclide content. The artificial radioactivity of the food chain 
comes mainly from the possible presence of long-lived fission products (90Sr and 137Cs which result 
mainly from nuclear tests that took place in the atmosphere in the 1960’s). In the event of an accident 
(Chernobyl), an increase in contamination will be caused mainly in the short term by the possible 
presence of 131I and in the long term by that of 137Cs, 134Cs, 90Sr, possibly 103,106Ru, etc. 
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a. Drinking water 

Until 1998 there were no European standards for the radioactivity of drinking water where the “ALARA” 
("As Low As Reasonably Achievable") principle applied. However, a WHO recommendation set the 
following levels: 7800 Bq/L in 3H, 5 Bq/L in 90Sr, 20 Bq/L in 60Co, 6 Bq/L in 131I, 10 Bq/L in 137Cs, 1 Bq/L 
in 226,228Ra, etc. 
 
In November 1998, the Council Directive 98/83/EC of 3 November 1998 relating to the quality of 
water intended for human consumption was published, dealing with microbiological, chemical and 
radioactive aspects. Technical annexes specifying the analyses of radioactivity to be carried out and 
the detailed rules for implementing the directive were never published. Nevertheless, this directive 
specified two parametric values to be respected: 

 3H < 100 Bq/L, 

 Total Indicative Dose (TID) < 0.1 mSv/year. 
 
The TID is the committed effective dose resulting from an annual intake (ingestion) of 730 L of water (2 
L per day) of all natural and artificial radionuclides detected in a water distribution. It does not consider 
in its calculation the contribution of 3H, 40K, 222Rn and its daughter products with a short half-life. This 
dose is calculated from radionuclide concentrations and dose coefficients suitable for adults and 
children over 10 years of age. 
 
On 22nd October 2013 the European Commission published within the framework of the EURATOM 
Treaty Council Directive 2013/51/EURATOM laying down the requirements for the protection of 
the health of the general public as regards radioactive substances in water intended for human 
consumption. It takes up the technical annexes that had to be incorporated into the Directive 98/83/EC 
and adds a third value to be respected concerning radon: 222Rn < 100 Bq/L. 

The technical annexes specify two approaches based on screening values that make it possible to 
determine whether or not it is necessary to calculate the TID. Member States may choose their 
approach according to their habits and preferences for radiological monitoring of the environment and 
populations. These screening values facilitate water control and avoid unnecessarily multiplying 
expensive analyses while ensuring that the water distributed meets the standards. In both cases, the 
value of 100 Bq/L for 3H also serves as a screening value.  

 The first approach is based on an assessment of natural and artificial global radioactivity with 
screening values of 0.1 Bq/L in total alpha and 1 Bq/L in total beta. These values are used to 
perform a quick sorting of the waters. If these levels are exceeded, it is then necessary to check 
whether natural radioactivity is not responsible for the levels measured and if not, a maximum 
of radionuclides must be analyzed (spectrometry α, β, γ).  
This is the approach chosen by Belgium in the context of its programme of radiological 
monitoring of drinking water and in that of the transposition of the European directive into 
federal legislation by the Royal Decree of 31 May 2016 (Royal Decree on the protection of the 
health of the population with regard to radioactive substances in water intended for human 
consumption), supplemented by the FANC Decree of 24 November 2016 (Decree laying down 
the procedures for carrying out the control of radioactive substances in water intended for 
human consumption). It should be noted that Belgium has set the screening value for beta 
emitters on the basis of the residual beta (= total beta - 40K) at 0.2 Bq/L. 
 

 The second approach is based on the measurement of a certain number of radionuclides for 
which the activity must be less than 20% of the reference activity value (which corresponds to 
the concentration of a radionuclide that would induce, alone, the dose of 0.1 mSv): 

 Uranium.  
 14C and 90Sr for beta’s. 
 239+240Pu, 241Am for alpha’s. 
 60Co, 134,137Cs, 131I for gamma’s. 
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In order to apply and comply with these regulations, Belgium, which has hundreds of water catchment 
points, has set up a large-scale monitoring programme in which any supplier of water intended for 
human consumption (producer of drinking water and/or producer of foodstuffs) must submit an annual 
self-monitoring programme to FANC and carry out periodic radioactivity analyses at its expense. 
 
 
For more information... 
 
Website of FANC (control of radioactive substances in water intended for human consumption) 
 
 
The radiological monitoring programme monitors the quality of the water distributed in each province 
as well as in Brussels. The control of radioactivity covers the emitters α total, β total, 226Ra and 40K 
(natural) and tritium 3H (artificial). The results of the monitoring of the radioactivity of drinking water 
(Table S8) show that: 

 Weak 3H (artificial) activities are detected in Ghent, Namur, Brussels, Reningelst (near 
Poperinge) and Fleurus, although the measurements remain well below the parametric value 
defined in the drinking water directive (100 Bq/L in 3H).  

 Traces of 222Rn (natural carcinogen) are detected almost everywhere (except in Namur), 
although the measurements are barely above the detection limits of the measuring devices, 
when they are significant. The province of Luxembourg has slightly higher levels of up to 28 
Bq/L, although the latter remain well below the parametric value defined in the directive (100 
Bq/L in 222Rn).  

 The majority of the radioactivity β is explained by the presence of 40K (natural) whose 
contribution should not be considered calculating the dose delivered to humans. 

 Water intended for human consumption complies with the standards. Two locations, Reningelst 
and Fleurus, require special attention because of the total alpha emitter contents, the largest 
contribution of which comes from 226Ra (natural), which sometimes exceed the screening value 
(total α greater than 0.1 Bq/L). Even if the TID never reaches the value of 0.1 mSv/year, these 
waters must be particularly controlled. The origin of the exceedances at Reningelst is the 
mixtures of water from Wallonia (Fleurus/Mons region) which are naturally more concentrated 
with radium. Analyses are also carried out on the main distribution network in Poperinge but 
show almost no overshoots. The routine analyses therefore consider the city of Poperinge in 
addition to that of Reningelst. 

 The radiological impact of the nuclear industry is not measurable on distributed drinking water: 
it meets the standards set by the European Directive on drinking water. 
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Radiological status of groundwater in Belgium 

As part of its diverse activities, the FANC regularly gathers data on natural radioactivity in groundwater 
from the different aquifers present in the Belgian subsoil. In particular in some NORM declarations, 
groundwater analysis is required as part of the declaration procedure or during imposed routine site 
monitoring. In addition, a large amount of data is available from literature and previous studies. 
 
Although they are not primarily intended to assess the radiological status of the aquifer in question, 
these analyses nevertheless make it possible in the longer term to establish the average levels that are 
found globally in the waters from the various aquifers. For this reason, the FANC initiated in 2014 an 
action to gather these data in order to be able to create a global picture of the radiological status of 
Belgian groundwater. The exercise is still ongoing, but it is nevertheless useful to present the results 
achieved so far.  
 
The FANC collaborates with ISSeP in Wallonia and with Bruxelles-Environnement in Brussels to carry 
out radiological analyses on certain samples from their respective groundwater quality control networks. 
In 2020, ISSeP made available to the FANC 37 samples taken from the following Walloon aquifers: 
 

- E013 – Limestones of Peruwelz-Ath-Soignies 
- E030 – Chalk of the Bassin de la Haine 
- E032 – Chalks of the Valley of the Deûle 
- E033 – Alluvium and sands of the Valley of the Haine 
- E051 – Sables du Bruxellien 
- E060 – Limestones of Tournaisis 
- E061 – Sands of Flanders 
- E160 – Base of Brabant 
- M011 – Limestones of the Meuse basin north edge 
- M012 – Limestones of the Meuse basin southern edge 
- M021 – Limestones and sandstones of Condroz 
- M023 – Limestones and sandstones of calestienne and Famenne 
- M040 – Chalk of the Geer basin 
- M041 – Sands and chalks of the Méhaigne 
- M073 – Alluvium and gravel of the Meuse (Engis-Herstal) 
- M091 – Conglomerates of the Rhetian (Sinemurian) 
- M092 – Lower Lias (Sinemurian) 
- M093 – Upper Lias (Domerian) 
- M100 – Sandstone and shales of the Ardennes massif: Lesse-Ourthe-Amblève 
- M103 – Sandstones and shales of the Ardennes massif: Semois-Chiers and Viroin 
- M142 – Limestones and sandstones of the Vesdre basin 
- M151 – Chalks of the land of Herve 

 
Of all the measurements made on Walloon groundwater bodies since 2017, only 9% of the samples 
show an exceedance of the screening value in overall alpha (0.1 Bq/l). These exceedances generally 
correspond to a higher value for the activity concentration of 226Ra. Figure 36 shows the distribution of 
the results in total alpha and 226Ra of all groundwater samples.  
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Figure 36: Distribution of total alpha values and 226Ra on Walloon groundwater samples analyzed since 2017. 
 
Table 2 shows the average levels of screening parameters in waters from Belgian aquifers for which at 
least three independent analyses are available. For four aquifers, the average value in total alpha 
exceeds the screening value of 0,1 Bq/L provided for in Directive 2013/51/EURATOM. For three others, 
the sum of the mean and its standard deviation also exceed this value. Note also the exceedance of 
the radon screening value (100 Bq/L) for the aquifer of the Shale Massif of the Ardennes. For some 
aquifers, the FANC has several analyses of the complete natural radiological vector. These aquifers, 
and the values recorded, are listed in Table 3. 
 
 
Table 2: Values of radiological screening parameters in Belgian groundwater. The values are expressed in Bq/L. Each 
value is a mean ± standard deviation of at least 3 analyses. Means exceeding the filter values are shown in bold and underlined. 
Values for which the mean ± standard deviation exceeds the filter value are marked in bold italics. 

Parameter 40K Beta-T Alpha-T Rn-222 

Screening value (Bq/L) - 1 0,1 100 

Basement of the Brabant Formation 0,44 ± 0,28 0,6 ± 0,5 0,27 ± 0,17 68 ± 29 

Tournaisian carboniferous limestone 0,38 ± 0,09 0,54 ± 0,12 0,27 ± 0,14 17 ± 9 

Namur Basin carboniferous limestone 0,06 ± 0,03 0,14 ± 0,04 0,24 ± 0,15 29 ± 30 

Chalk of the Mons Basin 0,14 ± 0,10 0,22 ± 0,14 0,13 ± 0,09 12 ± 4 

Devonian limestone of Dinant 0,08 ± 0,06 0,11 ± 0,07 0,083 ± 0,023 11 ± 2 

Landenian 0,23 ± 0,17 0,18 ± 0,10 0,06 ± 0,04 23 ± 9 

Chalk 0,26 ± 0,06 0,25 ± 0,15 0,06 ± 0,04  

Carboniferous limestone of Dinant 0,057 ± 0,020 0,090 ± 0,009 0,06 ± 0,01 19 ± 15 

Virtonien 0,032 ± 0,016 0,078 ± 0,017 0,053 ± 0,023 13 ± 3 

Brusseliaan 0,044 ± 0,013 0,12 ± 0,09 0,0447 ± 0,027  

Shale Formation of the Ardennes 0,03 ± 0,04 0,06 ± 0,04 0,029 ± 0,015 128 ± 101 
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Table 3: Measurement of natural radioactivity in Belgian groundwater. The values are expressed in Bq/L. Means exceeding 
the filter values are shown in bold and underlined. Values for which the mean ± standard deviation exceeds the filter value are 
marked in bold italics. The indicative dose is calculated by dividing each measured radionuclide concentration by its screening 
value (2013/51/EURATOM) and then taking the sum of the ratios thus obtained. A sum of 1 corresponds to an annual dose of 
0.1 mSv/year. 

   

Tournaisian 
carboniferous 

limestone 

Basement of 
the Brabant 
Formation 

Shale Massif of 
the Ardennes 

Parameter 
Screening value 

(Bq/L) 
N=2 N=3 N=2 

222Rn 100  17 ± 9 68 ± 29 128 ± 101 

238U 2,8  < 0.003 0,011 ± 0,005 < 0.002 

234U 3 0,010 ± 0,007 0,019 ± 0,016 < 0.003 

226Ra 0,5 0,31 ± 0,04 0,059 ± 0,009 < 0.021 

228Ra 0,2  0,07 ± 0,05 0,101 ± 0,015 < 0.028 

210Po 0,1  < 0.02 0,004 ± 0,004 0,03 ± 0,03 

210Pb 0,2  0,015 ± 0,007 0,045 ± 0,003 0,0333 ± 0,0016 

Indicative  
Dose 

0,1 mSv/an 0,104 ± 0,026 0,090 ± 0,009 0,05 ± 0,03 

 
 
This summary, although it is currently based on a very limited number of analyses and includes only 
four aquifers, nevertheless contains some important elements: 

 The waters from the Tournaisian carboniferous limestone show the highest values of natural 
radioactivity of the four aquifers studied. The indicative dose, as defined in 2013/51/EURATOM, 
exceeds 0.1 mSv/year. The greatest contribution to this dose comes from the presence of 226Ra 
and 228Ra. This observation is important because the aquifer is one of the most important 
sources of groundwater for water distribution in Wallonia. It should be noted, however, that this 
is untreated groundwater, and most of the radioactivity is removed during treatment by filtration 
or ion exchange. 

 The basement of the Brabant Formation shows high levels of 228Ra, as well as a concentration 
of 222Rn closer to the screening value of 100 Bq/L. Note also radon progeny, such as 210Pb, 
which contribute to a relatively high indicative dose.  

 The Shale Massif of the Ardennes is well known for its radiferous properties, which translates 
into water rich in both radon and 210Pb and 210Po. At the same time, it should be noted that 
uranium and radium are markedly absent from these waters. 

The purpose of this exercise is to establish reference values that can be used as a benchmark for each 
aquifer or even each geographical part of an aquifer. These values will then make it possible to better 
detect radiological anomalies resulting from human activity, as well as to identify risk areas in the 
context of the control of water for human consumption. In the future, these tables will be supplemented 
with historical data for all other Belgian aquifers, which will already give global values, which do not 
consider geographical variations within a single aquifer. In a second phase, a geographical analysis will 
be carried out, which will eventually allow a mapping of natural radioactivity in Belgian groundwater. 
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b. Milk 

Milk is a staple food and an important biological indicator of the transfer of radionuclides to humans via 
the food chain. That is why it is subject to special monitoring. Regular monitoring of the radioactivity of 
milk from dairies is preferable to sampling, often more random, of the food consumed. This measure 
reflects fairly well the average total intake of artificial radionuclides by the population. Indeed, the 
dairies, scattered throughout the territory, collect the milk produced by the cows who play a role of 
"integrator" of the radioactivity deposited or fixed in the plants consumed. The contamination of milk 
thus gives a fairly accurate and rapid picture of the state of radioactive contamination of a territory. 
 
In routine, the detection of 137Cs present in a weighted milk mixture may be sufficient to calculate the 
collective dose due to feeding. However, milk is also collected from farms and dairies. The dairies 
selected for sampling are located within a radius close to nuclear power plants (20 km) depending on 
the size of their production. They integrate practically all the dairy production of the region (Chooz, 
Fleurus, Tihange). For the Doel and Mol-Dessel sites, the farms selected are located in the prevailing 
wind axis near the nuclear sites. In addition, milk samples are collected in Beersel (Brussels), which is 
the national reference area. 
 
The radionuclides analysed in milk are 40K (natural) and 90Sr, 134,137Cs and 131I (artificial). The 
radioactivity measurements (Table S8) show that: 

 Natural radioactivity (40K) is by far the most predominant. The average content of a liter of milk 
remains constant at about 45-50 Bq. 

 Artificial radioactivity is non-measurable for 134-137Cs and 131I, barely detectable for 90Sr. 
 Milk distributed in Belgium fully meets the limits set by the EC: maximum 370 Bq/kg in 134Cs 

and 137Cs in milk and milk-derived products (Community radiation protection regulation No. 
737/90 of 22 March 1990 extended by Regulations No. 686/95 of 28 March 1995 and No. 
616/2000 of 20 March 2000). 

 Nuclear installations have no impact on the radiological quality of milk in Belgium. 
 
 

c. Foodstuffs 

Sampling of different foodstuffs is carried out on the national territory, targeting small and large retailers, 
markets, slaughterhouses, fishmongers, etc. 

 The fruits and vegetables analyzed are very varied: lettuces, leeks, celery, cabbage, broccoli, 
carrots, chicory, asparagus, tomatoes, cucumbers, peppers, zucchini, spinach, apples, 
nectarines, kiwis, plums, oranges, etc. 

 Meat comes from markets and slaughterhouses: beef, veal, pork, mutton, goat, rabbit, lamb, 
poultry, roe deer, etc. 

 The fish come from fisheries and fishmongers: freshwater fish (tilapia, catfish, etc.) and open-
water marine fish (tuna, swordfish, sea bream, sea bass, sea bass, cod, herring, whiting, 
salmon, etc.) and groundfish (plaice, sole, etc.). 

 
In addition to this sampling programme, the Federal Agency for the Safety of the Food Chain (FASFC) 
also carries out hundreds of radiological analyses via its own monitoring programmes. The FASFC 
targets in particular border entry points for imports from non-European countries, customs agencies, 
slaughterhouses, farms, warehouses, manufacturers and wholesalers. 
 
In the same animal, the organs concentrate radionuclides differently. These differences are related to 
the metabolic pathways used by radionuclides to penetrate and eventually settle in the body. For 
example, cesium attaches mainly in the muscles (and in the longer term in the bones), strontium 
behaves like calcium and binds in bone structures. Physiological concentration factors, such as 
differences in the fat and water content of organs, can also influence the concentration mechanisms of 
radionuclides. However, the edible part is, in general, made up of the muscles. Also, it is enough for 
example to look at the 137Cs content of the muscles (meat) to have an overall idea of the amount of 
radioactivity that can be transferred to humans. 
 
Measurements of the radioactivity of foodstuffs in Belgium (Table S8) show that: 
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 The samples have virtually no detectable artificial radioactivity. 
 The results amply confirm the positive findings of previous years: the foodstuffs put into 

circulation in Belgium and national production are of an excellent radiological level and fully 
meet the limits set by the EC: maximum 600 Bq/kg in 134Cs and 137Cs. 

 Measurements of 90Sr carried out on mixtures of foodstuffs (mixtures consisting of meat, fish 
and fruit and vegetables) never make it possible to detect it (the detection limits fluctuate 
between 0.2 and 2.5 Bq/kg).  

 
Foodstuffs for everyday consumption in Belgium have no problems with regard to their radiological 
condition. However, this control is necessary because it is a good tool for detecting a nuclear incident 
or accident, since the products measured often act as an indicator of radioactive pollution. 
 
 

d. Control meals 

Control meals are collected monthly in the Brussels-Capital Region (Drogenbos), Flanders (Mol-
Tessenderlo) and Wallonia (Fleurus) from local restaurants, supermarkets or company messes for 
laboratory analysis. The radioactivity measurements of these control meals (Table S8) confirm the 
observation drawn from the analysis of the radioactivity of foodstuffs: no radiological problems for 
Belgian consumers. 
 
 

Summary of the food chain monitoring programme: 

 The radiological status of drinking water, milk, foodstuffs and control meals is quite normal in 
Belgium. 

 Decades of analysis confirm that there is no evidence of any influence of nuclear installations 
on food. 
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8. Analyses of NORM industries and historically contaminated sites 
in 2020 

 
Belgium has a number of NORM industries still in operation, particularly in the phosphate or titanium 
dioxide sector. Waste from these industries is in some cases stored on mono-landfills. because of the 
large volumes involved (several million m³) the environmental radiological impact of these mono-
discharges can be significant, which justifies the implementation of a monitoring system. 
 
In addition, there are a number of sites in Belgium contaminated with radioactive substances as a result 
of past activities (“historically contaminated” or “legacy” sites). In addition to sites related to the NORM 
industry, such as former phosphogypsum stacks, there are also sites related to former radium mining 
activities. 
 
Since 2013, some sites have been monitored as part of FANC's radiological monitoring programme. In 
some cases, environmental monitoring is carried out by the site operator. 
 
 
For more information... 
 
Website of FANC (NORM industries) (in French or Dutch only) 
 
 

1. Sites related to the phosphate industry 

1.1. Sites related to the activities of Tessenderlo Chemie NV 
 
Tessenderlo Chemie nv produced in particular animal feed phosphates from sedimentary phosphate 
rocks of North African origin. The phosphate unit closed at the end of 2013 and completed most of its 
dismantling in 2015. Phosphate ores were dissolved using hydrochloric acid. The result was the 
production of large quantities of calcium fluoride-based waste. This waste was put in mono-landfill.  
 

a. Grote Laak and Winterbeek 

Until the 90’s, a significant part of the radium present in phosphate ores was discharged via discharge 
water. The radium concentration in discharge water could then reach 20 to 25 Bq/l. In order to reduce 
this concentration, the barium co-precipitation process was implemented: this led to a clear decrease 
in the radium concentration in the water.  
 
Since 2000, the discharges operated by Tessenderlo Chemie have been measured directly into the 
discharge channel that flows into the Winterbeek. However, the end of phosphate production at the end 
of 2013 and the dismantling of the facilities eliminated the source of radium releases. control measures 
confirmed that the concentrations of 226Ra in the facility's liquid releases had become negligible.  
 
This natural radioactivity was therefore artificially injected into the Nete basin historically via the Grote 
Laak and also via the Winterbeek in the Demer basin. This led to contamination of the Laak, Winterbeek 
and the bottom of these streams. The dredging of these and the deposit of sediments on their shores 
has led to contamination of these. Radium concentrations of the order of several Bq/g were found. The 
remediation of the Winterbeek (riverbed, banks and flood zones) began in 2017 and is being followed 
by a support group in which the FANC participates. Control analyses were carried out on the 
remediation materials as part of the radiological monitoring. They reported an average concentration of 
226Ra of 0.9 Bq/g with a maximum of 10.6 Bq/g in 2020. 
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b. Landfills 

The sludge pond (mono-landfill) "Veldhoven" on which Tessenderlo Chemie nv dumps its solid residues 
is also being monitored radiologically. Some waste streams from the dismantling of the phosphate unit 
have also been deposited there – the conditions for this landfill having been defined in the permit issued 
by the FANC. The concentration of radon in the open air on and around the landfill is monitored. Table 
4 shows the radon concentrations measured since 2014. Zones S1 and S2 are the oldest areas of the 
landfill. Table 4 also shows the radon concentration (in Bq/m³) on an old landfill located inside the 
company compound. 
 
Table 4: Radon concentration (in Bq/m³) on a former landfill located inside the Tessenderlo Chemie NV. 

 
On and near areas 
S1 and S2 of the 

landfill 
S3 

Surroundings of 
the landfill  

Landfill within the premises of 
the factory 

2014 45 35 15 58 
2015 40 25 15 37 
2016 35 25 15 32 
2017 40 25 15 22 
2018 50 25 15 17 
2019 40 30 15 23 
2020 35 25 15 20 

 
Besides the Veldhoven mono-landfill still (partially) in operation, Tessenderlo Chemie also has other 
landfills and basins that are no longer in operation.  
 
Tessenderlo Chemie has also commissioned a saneringsberging facility on the former Kepkensberg 
landfill. This facility includes materials resulting from the remediation of the Winterbeek and, in the 
future, the Grote Laak as well as sanitation materials from various sites in Tessenderlo Chemie. This 
facility is also subject to radiological monitoring. 
 
 

1.2. Sites related to the activities of Prayon SA 
 
Prayon's company produces phosphoric acid and fertilizers. it uses the process of dissolution by sulfuric 
acid which leads to the production of residues of phosphogypse. The company currently has two 
production sites in Belgium: one in Puurs and the other in Engis near Liège.  
 
Currently, the Puurs site is produced directly from phosphoric acid, so that only marginal amounts of 
phosphogypse are produced. The Engis site uses phosphate ores of essentially magmatic origin as raw 
materials. These have a significantly lower concentration of natural radioactive elements than 
sedimentary phosphates. 
 
Prayon has next to its production site in Engis a mono-landfill in operation – the CET (Technical Landfill 
Center) class 5.2 of Engihoul - on which are discharged the phosphogypse surpluses from the 
production process. 3 
 
There is also a "historic" phosphogypse landfill in Engis - the Hardémont site - which is currently no 
longer in operation (see the 2010 radiological monitoring report). Radon concentrations in the air on the 
Engihoul cet and the Hardémont site are monitored, as are the waters of the Engihoul TEC. 
 
 

1.3. Site of the ex-Rhodia Chemie company in Ghent 
 
The phosphogypse landfill located on the border of the municipalities of Zelzate and Ghent was 
operated from 1925 to 2009 by the company Rhodia first, NILEFOS nv then. The latter company 

 
3 Class 5.2 TECs are single landfills for non-hazardous waste. 
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declared bankruptcy in 2009. The area of this landfill amounts to about 65 ha and the total volume of 
phosphogypse to ~18 million tons.  
The total alpha and beta values of the groundwater and percolation of this landfill are monitored semi-
annually. For groundwater, the maximum total alpha (resp. beta) value was < 0.24 Bq/L (resp. 0.91 
Bq/L). The total alpha value in percolation waters is 0.21 Bq/L. The total beta value decreased in 2020 
to 31 Bq/L. 
 
In concertation with the various interested parties, the FANC continued to monitor the problem of soil 
contamination outside the landfill, within the perimeter of the former production units. 
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2. Other NORM sites 

2.1. River sediments in Flanders and Wallonia 

In 2020, the FANC continued its collaboration with the VMM in Flanders and ISSeP in Wallonia in order 
to carry out radioactivity analyses on the sediments of the country's various rivers. The VMM and ISSeP 
maintain a sediment monitoring network in their respective regions and have made available to FANC 
a sediment sample for the selected rivers.  

In Wallonia, 27 sediment samples from the following rivers were analysed: 

- Le Ton à Rouvroy; 
- La Semois in Chiny and Vresse-sur-Semois; 
- La Houille in Gedinne; 
- La Mehaigne à Wasseiges; 
- La Lienne in Stoumont; 
- The Eastern Ourthe at Houffalize; 
- The Western Ourthe at Libramont and La Roche-en-Ardenne; 
- La Hoëgne in Theux; 
- The Dyle in Grez-Doiceau; 
- Le Viroin à Viroinval; 
- La Rulles in Habay; 
- The alleines stream in Betrix; 
- L'Amblève in Comblain-au-Pont; 
- The Charleroi-Brussels canal at Courcelles and Chapelle-lez-Herlaimont; 
- The Meuse upstream in Dinant and Namur; 
- The Meuse downstream in Namur and Visé. 

The activity concentrations of the isotopes of the thorium decay chain (Ra-228 and Th-228) are between 
20 and 80 Bq/kg. These values are comparable to the "bottom" values in Walloon soils. For the uranium 
decay chain (U-238 and Ra-226), the concentration of Ra-226 exceeds 100 Bq/kg for the sample taken 
from the Western Ourthe at Libramont. For this sample, the concentration of Ra-226 is significantly 
higher than the concentration of U-238.  
 
Of the artificial isotopes, only cesium-137 has been systematically identified. Several values are greater 
than 20 Bq/kg. This is the case of the samples taken from the Hoegne in Theux and the Rulles in Habay 
– probably in connection with the deposits of the Chernobyl accident. The samples taken in the Meuse 
at Dinant and Namur over the entire thickness also show a concentration of Cs-137 activity greater than 
20 Bq/kg which confirms the results recorded in previous years4. 
Cobalt-60 exceeds the detection limit only in the shallow bed of the Meuse at Visé. This artificial isotope 
is typical of effluents from nuclear power plants. However, the measured concentration is much lower 
than the clearance level defined in Belgian regulations (100 Bq/kg). 
 
Figure 37 compares the concentrations of radium-226, uranium-238 and cesium-137 in all Walloon 
rivers investigated in 2020. 

 
4 The concentration of Cs-137 in the Rulles at Habay is similar to the value measured in 2017 (17 Bq/kg).  
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Figure 37: Concentration of activity of uranium-238 (in blue), radium-226 (in orange) and cesium-137 in the sediments 
of Walloon rivers. 
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In Flanders, 23 sediment samples from the VMM network were analysed. The conclusions for these 
samples are identical, with concentrations of natural isotopes lower than the values in Wallonia (7 to 
900 Bq/kg in Ra-226), due to the lower "background" values in Flemish soils. Caesium-137 
concentrations range from 0.3 to 17 Bq/kg. 
 
 

2.2. Brownfield sites in Wallonia 

Within the framework of the agreement between the FANC and the SPAQuE5, radioactivity analyses 
have been carried out on the groundwater and soil of some Walloon sites that are part of the SPAQuE 
monitoring network or are being investigated by the latter. The choice of these sites was determined in 
particular by the nature of the industrial activities that took place there or the waste that was buried 
there. Seven sites were selected in 2020: 

- The laminoirs de la Rochette in Chaudfontaine; 

- The landfill of the Genval paper mills in Rixensart; 

- The Mellery landfill in Villers-la-Ville; 

- The isnes landfill at Gembloux; 

- The discharge of the Morvau Funds in Binche; 

- The Ormont landfill in Tournai; 

- The Marais landfill in Boussu. 

Measurements of total alpha, residual beta, uranium and radium-226 were systematically carried out 
on each water sample. External radiation measurements were also carried out at all the sites 
investigated. 
 
 

Conclusions for groundwater:  

 Abnormal uranium concentrations have been confirmed in groundwater at the Ormont landfill. 
Radium-226 concentrations appear to have increased compared to 2019. The moderate 
increase in external radiation in the vicinity of activated carbon filters has also been confirmed, 
but the analyses carried out on these filters do not indicate any particular risk. ; 

 However, non-trivial concentrations of uranium have been detected in some piezometers at 
the Marais landfill; however, these concentrations remain below the reference value.  

Conclusions for soils and fills: 

No significant increase in the level of external radiation was noted at the sites investigated. Some 
samples of bricks and slag taken from the Laminoirs de la Rochette and marais landfill site show 
concentrations of natural radioactive substances above the "bottom" values in the soil. These values 
are typical of metallurgical fill and remain below reporting levels to AFCN. 

 
 

2.3. Measurement of groundwater and percolation of operating landfills 

In Flanders, the percolate and groundwater of the landfill operated by the OVMB in Ghent were also 
analysed. This landfill is authorized by the FANC for the acceptance of NORM residues. Monitoring 
results show that the "total alpha" and "total beta" signals of groundwater are lower than the screening 
values for drinking water. In percolate, the measured radionuclide concentrations are below the release 
limits of the RGPRI. 

 
5 Convention of 26 March 2009 on the exchange of environmental data between the FANC and the SPAQuE and 
access to the SPAQuE measurement network. 
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In Wallonia, analyses were carried out on groundwater and/or percolates of the TEK of Cronfestu in 
Morlanwelz and Erachem-Comilog in Saint Ghislain. All measured values were below the reference 
values for drinking water. 
 
 

2.4. Titanium dioxide production: kronos Europe's site 

KRONOS EUROPE in Ghent produces titanium dioxide; the production process is based on an attack 
of raw materials with hydrochloric acid. Production residues (mainly filter cakes) are landfilled on the 
company's site: see the 2012 radiological monitoring report.  
 
The company is subject to the obligation to declare provided for in Article 9 of the GDPR. In this context, 
the FANC has imposed a monitoring of radioactivity in the discharge water (Ra-226 and Ra-228) and 
in the groundwater around the active landfill.  
 
Activity concentrations of Ra-226 and Ra-228 in discharge water are monitored quarterly. Values range 
from < 0.03 to 1.04 Bq/L (or 0.063 and 0.72 Bq/L) for Ra-226 (resp. Ra-228). However, the maximum 
values remain below the rejection limits of the GDPR.  
 
Total alpha and beta measurements were also made on the groundwater of a piezometer located 
around the active landfill. The results are below the detection limits, lower than the screening values for 
drinking water.  
 
 

2.5. Varia 

The metallurgical company UMICORE nv in Olen is also subject to the reporting obligation provided for 
in Article 9 of the GDPR in the context of its activities in the production of cobalt and other non-ferrous 
metals6. The FANC has imposed a monitoring of the radioactivity of groundwater and percolate from its 
active landfill ("De Rendelaer"). Percolate shows a significant concentration of uranium (max. 63 μg/l in 
2020), probably of historical nature. Traces of uranium (2 μg/l) were also found in one of the 
piezometers.  
 
 

Synthesis: 

The current radiological impact of the NORM industries still active in Belgium is limited. Nevertheless, 
the levels of activity of residues placed in mono-landfill by some producers justify radiological 
monitoring of these landfills. In particular, any new use of these landfills will have to be the subject of 
a radiological impact study. 

 
 
In addition, monitoring of the various historic "NORM" sites is also necessary: although their current 
environmental impact is also limited, any change in the use of these contaminated sites must be subject 
to a risk analysis. For example, radon exhalation rates from phosphogypse are high and a possible 
conversion of former phosphogypse landfill sites into building land (whether residential or work 
buildings) could lead to significant exposure if no precautionary measures against radon infiltration are 
taken in the construction of these buildings. These sites are also considered by the FANC as areas at 
risk of anthropogenic radon.  

 
6 Regardless of its historical radium and uranium production activities.  
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3. Another historically contaminated site: UMICORE site in Olen 

Between 1922 and 1969, the metallurgical plant of the former Mining Union (now UMICORE) located 
in Olen (province of Antwerp) was active in the extraction of radium and uranium and the production of 
radium sources. In addition to its radium mining activities, this firm has also been active in the production 
of other metals, including cobalt. Some of the production tailings (tailings, radium needles,...) and 
dismantling waste were placed in a licensed storage facility: the Uranium Mill Tailings Remedial Action 
Project (UMTRAP).  
 
Between 2006 and 2008, the banks of the Bankloop River that had been contaminated as a result of 
the company's activities were remediated. The materials resulting from this remediation project were 
placed in another licensed storage facility. Contaminated materials excavated during infrastructure work 
on the plant site are stored in a third authorized storage facility ("LRA").  
 
These three licensed facilities are located on the company's site and are subject to a radiological 
monitoring programme imposed by the safety authority. Radon concentrations in the open air as well 
as radium concentrations in surface and deep groundwater are measured around each facility. Table 5 
shows the minimum and maximum values for each quantity measured in 2020 around the "UMTRAP", 
"Bankloop" and "LRA" facilities. Variations include the location of measurement points and atmospheric 
conditions.  
 
 
Table 5: Minimum and maximum values for each quantity measured in 2020 around the "UMPTRAP", "Bankloop" and 
"LRA" facilities.  

 

UMTRAP Bankloop LRA 
# 

measure
ment 
points 

Min Max 

# 
measure

ment 
points 

Min Max 

# 
measure

ment 
points 

Min Max 

Concentration Rn-222, 
open air (Bq/m3) 

3 36 98 6 7 177 3 7 158 

Ra-226 concentration, 
shallow groundwater 

(mBq/L) 
2 11,7 20,1 2 8,6 58 2 9,3 28,4 

Concentration Ra-226, 
groundwater (mBq/L) 

4 < 5 14,9 4 8,7 94 2 9,3 54 

Concentration Ra-226, 
percolat (mBq/L) 

NA - - 1 6,1 6,8 NA - - 

 
Furthermore, although the radium concentration values in the water are normal, radiological monitoring 
of the groundwater around these facilities revealed uranium contamination of groundwater (with a 
maximum concentration of 150 μg/L).  
In addition to the materials stored at these three licensed facilities, there are several lots on and around 
the company's site that have significant radium contamination and that have yet to undergo a 
remediation process. 
 
In particular, some production waste and dismantling waste from the radium extraction unit had also 
been deposited at two landfills, landfills D1 and S1. The D1 landfill shows the highest levels of 
contamination: the average activity concentration of Ra-226 over the entire volume of the landfill 
(217,000 m3) is between 5 and 20 Bq/g but the maximum concentration of some "hot spots" approaches 
1 kBq/g. 
 
However, landfills D1 and S1 are not publicly available: the current radiological impact is therefore not 
significant. 
 
Radium contamination is also found outside these two landfills, in particular on the company's own land 
but also on certain streets of Olen and Geel as well as on the paths along the D1 landfill. Most of these 
contaminations were identified during measurement campaigns carried out in the 1990s. Follow-up 
actions were carried out by the FANC in 2020 as part of the preparation of infrastructure works in Olen 
and Geel.  
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For more information... 
 
Website of FANC (historical radiological contamination in Olen) (in French or Dutch only) 
 
 

Synthesis: 

The current radiological impact of land contaminated by former radium mining activities does not 
require urgent action. However, it could become significant in the event of a change in the use of the 
land concerned. The level of contamination nevertheless requires continued monitoring. 
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9. Analyses of the natural radioactivity of building materials in 2020 

1. Introduction 

Directive 2013/59/EURATOM (European basic safety standards - Art. 75) sets a reference level of 1 
mSv/year for the external exposure of the population to building materials. It also asks member states 
to draw up a list of materials of potential "concern" from a radiation protection point of view. An indicative 
list of such materials is provided in Annex XIII to the Directive: it includes on the one hand natural 
building materials such as granites, and on the other hand building materials which incorporate by-
products of the NORM industry, for example fly ash or slag.  
 
In order to identify possible building materials of "concern" in Belgium, FANC has included the 
monitoring of the natural radioactivity of building materials in its radiological monitoring programme. A 
total of 16 construction products were analyzed in 2020.  
 

2. Analysis and results 

In accordance with the requirements of Directive 2013/59/EURATOM, the samples were analysed by 
gamma spectrometry to determine the concentrations of the representative natural isotopes: Ra-226, 
Th-232 and K-40. The directive defines a screening index I – weighted sum of the concentrations of 
these three isotopes where the activity concentrations are expressed in Bq/kg. 

I = CRa-226/ 300 + CTh-232/ 200 + CK-40/ 3000 

 If I is less than 1, there is no risk of exceeding the reference exposure level of 1 mSv/year 
defined in the EURATOM Directive.  

 If I is greater than 1,the specific use and characteristics of the material(density, thickness,...) 
must be considered when assessing the risk of exposure. 

Table 6 shows the number of samples by product category as well as the minimum, maximum and 
average values of index I. 
 
 
Table 6: Number of samples analysed in 2020 by product category and minimum, maximum and average values of the 
screening index I. 

Category # samples I min I max I medium 
Natural stones - sandstone 2 0,21 0,24 0,23 

Natural stones – quartz sand 1 0,07 0,07 0,07 
Cement 11 0,20 0,62 0,38 

Ceramic tiles 2 0,76 1,04 0,90 

The average values by product category are shown in Figure 38. 
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Figure 38: Average value of the screening index I for the different product categories. 

 

3. External dose assessment 

The results of the measurement campaign (Table 6, I max) show that only a ceramic tile has an activity 
index greater than 1. These slabs and tiles are however superficial materials and the activity index is 
far too conservative to assess their real impact on the external dose of the population. The European 
Committee for Standardization (CEN) has developed a formula7 that considers the density and 
thickness of the material to evaluate the dose:  
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with 
 ρ= the density (in kg/m³), 
 d = thickness (in m), 
 C= the activity concentration (in Bq/kg). 

 
If the building material is a surface material (d ≤ 30 mm), the dose to the public is obtained by adding 
0.19 mSv to the value calculated according to this formula. 
 
For a granite slab of index I = 1.45 (ρ = 2.7, d = 30 mm), the application of this formula gives an external 
dose of 0.73 mSv. For a ceramic tile with an index I = 1.14, the external dose would be 0.36 mSv. These 
estimates are already below 1 mSv/a but remain conservative, since the CEN formula assumes that 
the room is completely covered (walls, floor, ceiling) by the material under consideration.  
 
More realistic calculations can be made by, for example, using the tables in the CEN technical report 
and calculating the contributions of each building material to the total external dose. A similar calculation 
can be performed using a specific calculation code such as RESRAD-BUILD.  
 
Such a calculation makes it possible to evaluate the external exposure of a person living in a standard-
sized room made up of building materials that were analysed in 2019 or during previous measurement 

 
7 Technical Report, CEN/TR 17113:2017 E, Radiation from Construction Products – Dose assessment of emitted 
gamma radiation, European Committee for Standardization (CEN), 2017. 
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campaigns. The standard CEN room is considered to be 4 x 3 x 2.5 m in size. The elements of the part 
are made of the following materials: 

 The walls are brick and are covered with ceramic tiles. 
 The floor is made of concrete and covered with porphyry slabs. 
 The ceiling is also made of a layer of concrete.  

The data used for the calculation are given in Table 7. The values of activity concentrations in building 
materials come from the analysis results of the year 2019 (there is no significant change in 2020) - 
(porphyry slab, concrete, ceramic tiles, bricks and concrete blocks). The maximum activity values 
measured in the corresponding product category were used for each material. 
 
 
Table 7: Parameter values used for external exposure assessment in a standard room. 

  Porphyry 
slab 

Bricks concrete Ceramic tiles 

C (Ra-226) 

Bq/kg 

68 38 29 122 

C (Th-232) 214 51 5 61 

C (K-40) 1500 750 87 874 

Index I - 1,3 0,63 0,15 1 

D Cm 1 20 20 0,9 

R g/cm3 2,7 2 2,35 2,28 

Mass per unit area kg/m2 27 400 470 20,5 

The calculation leads to an external dose8 for the person living in this "standard room" of 0.22 mSv/a 
using the CEN method. If the same calculation is repeated for a room whose floor is not covered with 
porphyry slabs and the walls are not covered with ceramic tiles, the external dose is 0.14 mSv/a by the 
CEN method. The external dose increment caused by the presence of superficial materials with an 
activity index slightly greater than 1 (porphyry floor slabs and ceramic tiles) is therefore 80 μSv/year. 
Figure 39 shows the respective contributions of each element of the "standard room" to the external 
dose.  

 

Figure 39: Respective contributions of the "standard part" elements to the external dose. 
 

 
8 Additional to background. 

bricks walls ceramic tiles on walls floor (concrete)

porphyre tiles on floor ceiling (concrete)
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The external dose in a room made from building materials analysed as part of the territorial surveillance 
is only a fraction of the reference level of 1 mSv/y. 
 
 

Conclusion : 

Of all the building materials analysed in 2020, no "concern" materials were identified. The activity 
index is lower than the screening value I=1 for most samples - with the exception of a ceramic tile. 
The latter materials, however, are only intended for surface applications in construction and the 
resulting external dose therefore remains below the reference level of 1 mSv/y. 

The external dose for a person living in a "standard" room made from materials analysed in 2019 as 
part of the surveillance of the territory does not exceed 0.22 mSv/y. 
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10. Glossary 
 
Activity: number of radioactive transformations observed each second in a given sample 
 
Radioactive aerosol: solid or liquid particle in suspension in the air, consisting of radioactive material(s) 
or to which radioactive materials can adhere 
 
Becquerel (Bq): radiological unit characterising the activity of a given sample, often expressed in 
multiples of Bq 

1 kBq (kilobecquerel) = 103 Bq = 1 000 Bq 
1 MBq (megabecquerel) = 106 Bq = 1 million Bq 
1 GBq (gigabecquerel) = 109 Bq = 1 billion Bq 
1 TBq (terabecquerel) = 1012 Bq = 1 000 billion Bq 

 
Background: average level of ambient radioactivity in a given place 
 
Radioactive decay: gradual disappearance of a radioactive substance over time, because of its 
successive radioactive transformations 
 
Dose: size (expressed in sieverts) characterising the effects on health of exposure to ionising radiation, 
depending on the quantity of radiation received by the body and the type of radiation concerned (α, β, 
γ, X, etc.) 
 
α emitter: radioactive atom which transforms itself spontaneously emitting alpha radiation (particle 
presenting a risk of internal exposure) 
 
β emitter: radioactive atom which transforms itself spontaneously emitting beta radiation (particle 
presenting risks of external and internal exposure) 
 
γ emitter: radioactive atom which transforms itself spontaneously emitting one or more gamma 
radiation particles (electromagnetic radiation presenting risks of external and internal exposure) 
 
β-γ emitter: radioactive atom which transforms itself spontaneously emitting one or more gamma 
and/or beta radiation particles  
 
Rare gas (or noble gas): family of gaseous elements consisting of helium, neon, argon, krypton, xenon 
and radon 
 
Radioactive half-life: period at the end of which the radioactivity of a given radioelement has halved  

By convention: 
short radioactive half-life = 30 years or less 
long radioactive half-life = more than 30 years 

 
Radioactive: property of an atom transforming itself spontaneously into another atom with emission of 
one or more ionising radiation particles 
 
Ionising radiation: radiation with sufficient energy to ionise the material encountered as it proceeds 
(examples: X-rays, α, β, γ radiation, etc.) 
 
Sievert (Sv): health unit showing the effects on the body of ionising radiation, often expressed as 
fractions of Sv 

1 mSv (millisievert) = 10-3 Sv = 1 thousandth of a Sv 
1 µSv (microsievert) = 10-6 Sv = 1 millionth of a Sv 
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11. Questions / answers 
 
Are radioactive effluents radioactive waste? 
 
Radioactive effluents and radioactive waste are both the result of the operation of nuclear installations 
but there is a fundamental difference: from a radiological point of view, effluents are far less 
concentrated in radioactive materials than waste. This distinction is essential because it determines the 
way in which waste is managed and eliminated on the one hand and effluent on the other. 
 
The strategy used to treat radioactive waste, when possible, is to concentrate its radioactivity more 
while reducing its geometric volume (by compacting for example). Therefore a given quantity of 
radioactivity can be stored in a very small volume. This limits the size of the storage facilities for 
radioactive waste, for the same quantity of radioactivity disposed of. 
 
On the other hand, radioactive effluents have too weak a concentration to be able to be concentrated 
effectively and be reduced in volume to a significant extent, for final storage. The elimination strategy 
therefore favours controlled dispersion in the receiving environment (the atmosphere for gaseous 
effluents, and a watercourse for liquid effluents). 
 
 
Are the discharges of radioactive effluents indispensable for nuclear installations to operate? 
 
The normal operation of any industrial process results in the production of liquid and gaseous effluents 
in variable quantities, with particular characteristics according to the sector of activity concerned. The 
chemical or petroleum industries generate effluents containing mineral chemical substances (ammonia, 
chlorine, etc.) or organic substances (hydrocarbons, solvents, etc.), according to the types of products 
handled and the procedures used. 
The nuclear facilities themselves have the characteristic of generating effluents containing radioactive 
substances. The radiological composition, concentration and quantities of effluents produced depend 
on the type of installation and the operations that are being carried out there. 
 
From a technical point of view, the production of liquid and gaseous effluents (radioactive or not), form 
part of the normal functioning of any installation and cannot be completely eliminated. However, the 
choices of design, construction and operation should focus on the reduction of these effluents in order 
to limit the quantities discharged into the environment and minimise their impact on the environment as 
much as reasonably possible. The FANC and Bel V ensure that these principles are applied properly 
by the operator. 
 
 
What is the difference between a discharge of  radioactive effluents in normal operation and an 
accidental discharge of radioactive effluents? 
 
During normal operation, the discharges of effluents are kept under control: these are managed 
discharges, which comply with the methods defined in the licences issued by the Federal Authority 
(quantities of radioactivity discharged, concentration of radioactive material, duration of the discharges, 
etc.). The quantities of radioactive material discharged are limited and spread throughout a year. This 
category of discharges forms part of the current operation of the installations. 
 
Accidental discharges are involuntary or poorly managed discharges, following technical failures or 
human error. The quantities of radioactivity may be greater and released over a shorter period of time 
than planned in the discharge licences.  
This category of discharges, which is very exceptional, corresponds to degraded operation of the 
installations and must be declared immediately to the FANC and to Bel V. In these situations, the FANC 
can impose a temporary or permanent halt on the installation, demand corrective actions (technical, 
organisation, human), apply administrative fines, and start judicial proceedings (penal, civil) against the 
operators concerned. 
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Do discharges of radioactive effluents from nuclear installations pose a risk to the health of the 
population? 
 
The effects of ionising radiation on living organisms are well-known. At high doses, this radiation causes 
systemic biological effects which occur as soon as exposure thresholds are exceeded. At low doses, 
the biological effects are random, with a probability of appearing which increases with the dose. 
 
During normal operation, discharges of radioactive effluents from nuclear installations over a year can 
only cause very low doses of radiation. By way of comparison, these doses only represent a small 
fraction of the average exposure of the public to natural radioactivity. The probability of an effect 
appearing on health induced by discharges of radioactive effluents from nuclear installations is therefore 
very small. 
 
In the case of accidental discharge, exposure of the population to radiation could be greater, and this 
is why the authorities could require people to shelter, or even evacuate, as well as putting restrictions 
on consuming certain foodstuffs as part of emergency plans. 
 
 
I live near a nuclear facility, can I eat vegetables from my garden without risk to my health? 
 
During normal operation, discharges of radioactive effluents from nuclear facilities are sufficiently low 
to allow free use of produce from your vegetable garden. 
If an accidental discharge were to occur, the authorities may, on a case-by-case basis, temporarily 
advise against eating garden vegetables grown in the areas concerned, depending on the local 
radiological conditions. These restrictions would be the subject of an official information campaign 
among the inhabitants. 
 
 
My farm is close to a nuclear facility, can the sale of my produce be prohibited? 
 
During normal operation, the discharges of radioactive effluents from nuclear facilities are sufficiently 
low to dispense with any restrictions on the sale or consumption of agricultural products. 
 
In the case of an accidental discharge, the authorities could be forced, on a case-by-case basis, to limit 
or temporarily prohibit the marketing and consumption of certain agricultural products coming from the 
areas concerned, depending on the local radiological conditions. These restrictions would be the subject 
of an official information campaign among producers and consumers. 
 
 
I fish in the river downstream of a nuclear facility, can I eat fish without risk to my health? 
 
During normal operation, discharges of radioactive effluents from nuclear facilities are sufficiently low 
to allow free consumption of fishing products. 
 
In the case of an accidental discharge, the authorities could be forced, on a case-by-case basis, to limit 
or temporarily prohibit fishing in the areas concerned, depending on the local radiological conditions. 
These restrictions would be the subject of an official information campaign among populations. 
 
Caution: In some watercourses, the products of fishing could be prohibited from consumption for other 
reasons (examples: old chemical pollution, contamination by micro-organisms, etc.). In case of doubt, 
the regional authorities should be contacted to find out if there are any restrictions. 
 
 
I hunt on an estate close to a nuclear facility, can I consume the game without risk to my health? 
 
During normal operation, discharges of radioactive effluents from nuclear facilities are sufficiently low 
to allow free consumption of the products of hunting. 
In the case of an accidental discharge, the authorities could be forced, on a case-by-case basis, to limit 
or temporarily prohibit hunting in the areas concerned, depending on the local radiological conditions. 
These restrictions would be the subject of an official information campaign among populations. 



88 
 

Caution: In some areas, hunting could be prohibited for other reasons (e.g. avian flu). In case of doubt, 
the regional authorities should be contacted to find out if there are any restrictions. 
 
 
Is it possible to obtain additional information on discharges of radioactive effluents from nuclear 
facilities? 
 
The FANC has a point of contact on its website for any questions relating to discharges of radioactive 
effluents, and, more generally, for anything concerning nuclear safety and radiological protection. The 
public can contact the Agency by telephone, fax, post, email or via the contact form available on the 
website. 
 
As far as discharges in an accidental situation are concerned, there is more information for the public 
and there are measures to protect the food chain available on the “Nuclear risk” website. 
 
Information can also be obtained directly from the nuclear operators concerned. 
 
 
For more information... 
 
Website of FANC (point of contact) 
Website "Nuclear Risk"  


