
The Belgian regulatory framework for NORM industries: test-case of a 
phosphate production plant. 
 
Stéphane Pepin*, Boris Dehandschutter, André Poffijn, Michel Sonck 
 
Federal Agency for Nuclear Control, Ravenstein 36, B-1000 Brussels, Belgium. 

 
Abstract. According to the Belgian radiation protection regulatory framework, some categories of NORM 
industries must register to the competent Belgian radiation protection authority (FANC, Federal Agency for 
Nuclear Control). The facilities must provide a set of information which allows the authority to assess the 
radiological impact of the industrial activity on the workers, the population and the environment. If the dose 
exceeds or is likely to exceed 1 mSv/y, corrective measures have to be implemented. FANC has issued a 
methodology in order to define more precisely the data needed to evaluate the radiological impact. The 
methodology lists also the exposure pathways which have to be taken into account and the relevant parameters 
for the evaluation of the doses. The case of a phosphate production plant is discussed in more details: although 
the exposure of the workers in the production process as such is rather limited, the specific activity of some 
residues (calcium fluoride sludge) reaches around 10 kBq/kg of Ra-226. This sludge is disposed off in a specific 
landfill for which a program of radiological monitoring has been implemented. It includes periodic 
measurements of dose rate and radon concentration on the landfill. 
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1. Introduction 
 
Title VII of the European Basic Safety Standards [1] addresses the issue of significant increase in 
exposure due to natural radiation sources. It recommends the Member states of the EU to identify the 
work activities which are of concern and to request the setting up of appropriate means for monitoring 
exposure. Title VII has been implemented into Belgian regulation with the Royal Decree of July 20, 
2001 setting forth the general regulation for the protection of the population, the workers and the 
environment against the danger of ionizing radiation. The Belgian regulation sets up a positive list of 
work activities involving natural radiation sources and requires the concerned facilities to submit a 
notification to the Federal Agency for Nuclear Control (FANC) - the competent Belgian radiation 
protection authority. One of the difficulties in the assessment of the potential risk of radiation exposure 
in these facilities is to identify the correct parameters: NORM industries cover a large range of 
production processes and the concentration of natural radionuclides may be very dependent on the 
details of the production process. The FANC developed a methodology to help the operators of 
NORM facilities to identify the relevant parameters for the radiological impact assessment.  
 
2. Belgian regulations with respect to NORM industries 
 
2.1 The Royal Decree of July 20, 2001 
 
The EURATOM Directive has been implemented in Belgium with the Royal Decree of July 20, 2001 
[2], setting forth the general regulation for the protection of the population, the workers and the 
environment against the danger of ionizing radiation. Articles 4 and 9 of this Royal Decree address 
specifically the issue of NORM industries. Article 4 lists the work activities which require regulatory 
consideration. In addition to workplaces involving a risk of exposure to radon and to airlines 
companies, its lists the following NORM industrial sectors: 
 

- phosphate production; 
- zirconium industry; 
- tin foundries; 
- rare earths extraction; 
- manufacture of thoriated welding electrodes. 

                                                 
* Presenting author, E-mail: stephane.pepin@fanc.fgov.be 
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The FANC has the possibility to amend this list. An overview of the locations of known NORM 
industries in Belgium is given in Fig. 1. Note that this map includes also categories of NORM 
industries that are not yet submitted to regulatory consideration. 
 
Figure 1: Locations of NORM industries in Belgium 
 

 
 
Article 9 defines the legal obligations of these industries. They must submit to the FANC a 
notification with the following elements: 
 

- the administrative data of  the facility; 
- the type of facility; 
- the type and the characteristics of the natural sources of radiation which are present or 

processed in the facility; 
- the description of the processes which may lead to an enrichment of the radionuclides; 
- the number of concerned workers in the facility; 
- the protection measures which are already installed or foreseen, and, if applicable, the physical 

state of these natural sources, their quantities, their level of radioactivity, their destination & 
the places where they are stored or processed; 

- a description of the measures concerning the characterisation, the treatment, the storage and 
elimination of the produced residues.  
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Based on the elements of the notification, a rough dose assessment is performed by the FANC. The 
reference dose level is the dose limit for public - 1 mSv/y. If this dose level is exceeded or likely to be 
exceeded, the FANC may impose to the facility some corrective measures. If, in spite of these 
corrective measures, the dose level of 1 mSv/y is still exceeded, the NORM facility may become a 
licensed facility.  
 
2.2 Methodology 
 
Many operators of NORM facilities are not familiar with radiation protection issues. Hence, it is not 
always easy for the operators to apprehend correctly the legislation. Moreover, the production 
processes in NORM industries may be very complex, making identification of the critical points with 
respect to radiation exposure in the processes a challenging task. In order to help the operators in 
filling their notification, the FANC developed a technical guide [3] giving more details about the 
content of the notification and the relevant parameters for radiological impact assessment and 
providing a standardized format for these notifications. The standardization of the format allows a 
swifter identification of the critical points of exposure. This guide can be downloaded from the 
website of the FANC along with a fact-sheet about NORM1.   
 
The notification is based on two main elements: a flowchart of the production process and a table 
summarizing all the relevant parameters for the impact assessment.  
 
Fig. 2 gives a generic example of a flowchart; the process is divided into blocks and a clear distinction 
is being made between the input, the output and the production operations as such.  
 
The operator must briefly describe each of the blocks including all maintenance operations.  
 
 
Figure 2: Generic example of a production flowchart  
 

 
 
 
For each of the blocks, the operator must fill in a table with a set of data: the table lists the different 
work premises and the name of the products, the physical data about the products (physical state, 
quantities, granulometry, dust concentration in the premises), radiological data (specific activity of the 
radionuclides, exposure time, number of exposed persons, dose rate and radon concentration), 
protection and surveillance measures (collective and individual protection measures, impact outside 
the site, surveillance measures, accessibility of the premises).  

                                                 
1 http://www.fanc.fgov.be/fr/page/problematique-«-norm-»-dossier-d-information/363.aspx 
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Based on these parameters, a rough estimation of the dose to the workers may be calculated. This 
estimation takes into account all relevant exposure pathways: external irradiation, inhalation of dust 
and – if relevant – of radon gas and, to a lesser extent, ingestion of dust.  
 
2.3 Response from the facilities 
 
Following the development of the methodology in 2007, the FANC has treated seven notifications 
from NORM facilities: three from the phosphate production sector, three from the zirconium industry 
and one tin foundry. Of course, this represents only a tiny amount of the total number of NORM 
facilities in Belgium (see Fig. 1). This shows the necessity for better informing and sensibilising the 
NORM industries about radioprotection issues and to overcome the reluctance of some operators to 
face their legal obligations.  
 
None of the seven facilities which have been assessed needed to be licensed. In many cases, it was 
highly unlikely that the dose level of 1 mSv/y was exceeded. Maintenance operations are generally the 
most critical. However, the protection measures against non radioactive hazards (ventilation, 
respiratory protective equipment …) are generally sufficient to efficiently protect against significant 
exposures. 
 
In the next section, we will focus on a phosphate industry where more detailed monitoring measures 
were imposed.  
 
3. Test-case of a phosphate production plant  
 
3.1 Short description of the production process 
 
The facility processes sedimentary phosphate ores into dicalciumphosphate, which is used for cattle 
food. The phosphate ores arrive by boat and are stored into a vast hall. The ores are grinded and 
dissolved with hydrochloric acid in dissolution tanks. The washing of the solution gives rise to vast 
amounts of calcium fluoride sludges, which are pomped and then treated as waste and disposed on a 
landfill located on the site of the facility (see section 3.3).  
 
After washing, the solution goes to a process of decantation and filtration to result into 
dicalciumphosphate.    
 
3.2 Radiological data in production and maintenance operations.  
 
The specific activity of uranium in the phosphate ores amounts to ~ 1.5 kBq/kg. Uranium is in secular 
equilibrium in the ores, but the equilibrium will be broken as a result of the production process, with 
uranium going into the final products and radium into the residues.  
 
In the hall where the ores are stored, radon concentration levels up to 250 Bq/m3 have been measured 
(the radon background level in the area is around 10 Bq/m3 in open air). Almost all the operations of 
the daily production process occur in closed phase, so that exposure of workers in routine production 
process is almost negligible.  
 
In maintenance, the most critical operation is the cleaning of the dissolution tanks. Due to an important 
scaling of radium on the walls of the dissolution tanks, the dose rate in contact with these walls 
reaches ~ 10 µSv/h. Maintenance workers have to wear individual protection equipments (respiratory 
protective equipement, safety gloves and overall) during this operation. 
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3.3 Treatment of residues 
 
The calcium fluoride sludges are pomped into the so-called filter-press building where mechanical 
dewatering occurs by action of the filter-press. This results into dried filter-cakes which are disposed 
off on the landfill. These filter-cakes contain almost all the radium of the process. The specific activity 
of radium-226 in the filter-cakes amounts ~ 10 kBq/kg.  
 
Note that before the 1990’s a large amount of CaF2 stayed in suspension in the waste-water, which led 
to a significant radium concentration in the discharged water, 20 – 25 Bq/l. The waste water is 
discharged into two small rivers and the relatively high radium concentration of the past led to a 
contamination of the river bed and banks (where radium concentrations up to ~ 8 kBq/kg have been 
measured). Since the 1990’s, an appropriate treatment of waste-water allowed the precipitation of 
most of the radium, so that the radium concentration in the discharged water decreased to ~ 2 Bq/l. But 
the result obviously was an increase of radium concentration in solid waste, which led to the above 
mentioned activity. 
 
Around 100,000 tons of CaF2 are produced yearly: several landfills have already been filled up. On the 
active landfill, a few workers are occupied full-time. The dose rate measured at the surface of the 
landfill is significant: up to 2.6 µSv/h (the background level in the area is around 0.1 µSv/h). Inside the 
cabin of the bulldozer used by the workers, a dose rate of 0.7 µSv/h has been measured. Consequently 
the yearly exposure due to external radiation for a worker who is full-time2 occupied in the bulldozer 
on the landfill should amount to ~ 1 mSv/y - just around the dose limit for the public. In order to check 
that number, these workers have been requested to wear dosimeters. Surprisingly, the dose measured 
by the dosimeters doesn’t seem to be significant. However, it has yet to be investigated if this low 
value of the dose is due to an improper use of the dosimeters or to the fact that the effective time of 
presence of the workers on the landfill is much lower than 1600 hours.  
 
In addition to the external dose rate, significant radon concentrations have been measured in open air 
at the surface of the landfill. A network of a dozen of measurement points has been established; some 
of the measurement points are situated on the active part of the landfill, some on the inactive part (part 
already filled up) and some in the direct environment. Table 1 gives the average value of radon 
concentration on the active and inactive part of the landfill for the years 2005 and 2006. As already 
mentioned, the radon background level in open air in the area is around 10 Bq/m3. 
 
Table 1: radon concentration measurements (Bq/m3) on the active and inactive part of the landfill 
 

Year Active part of landfill Inactive part of landfill 
2005 69 255 
2006 70 265 

 
 
The filter-press building, where the mechanical dewatering of the waste occurs, is located just next to 
the landfill. Significant radon concentrations are measured inside the building. As a few workers work 
full-time in this building, the radon concentration needs to be verified systematically. The table below 
gives the figures of radon concentrations at several measurement points inside the building.   
 
The measurement points 5 and 6, where the highest concentrations have been measured, are located on 
the ground floor of the building (room with the pumps). Several measures to improve the efficiency of 
the ventilation of the building have been taken in the last few years, which led to a decrease of the 
radon concentration to the current level.  
 

                                                 
2 Around 1600 hours of occupancy.  
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Table 2: Radon concentration measurements (Bq/m3) in the filter-press building at six measurement 
points 
 

Year 1 2 3 4 5 6 
2000 338 203 319 215 829 1074 
2001 336 248 233 209 350 462 
2002 241 151 186 135 239 346 
2003 208 156 164 154 200 263 
2004 244 155 134 121 220 298 
2005 135 111 144 68 180 242 
2006 126 81 180 78 188 218 

 
3.4 Evaluation by the FANC 
 
Workers employed in routine production operations are not at risk of significant exposure. For 
maintenance operations, some precaution measures have to be taken to keep the dose as low as 
reasonably possible. Workers involved in the treatment of the residues may be exposed to a dose 
which is slightly higher than 1 mSv/y due to external radiation; moreover, they are also exposed to an 
increased radon concentration. As part of the graded approach to regulation commonly applied for 
NORM facilities, the FANC decided not to impose a system of licensing to this facility; consequently, 
the workers are not considered as professionally exposed. But, in order to be able to follow-up the 
radiological impact of the activities of the facility, a program of measurements has been enforced 
which includes: 

- periodic measurements of dose rate at the surface of the landfill; 
- monitoring of the dose received by the workers employed on the landfill; 
- periodic measurements of radon concentration on and around the landfill and inside the filter-

press building.  
 
4. Conclusion 
 
The regulatory approach for NORM industries in Belgium is based on a positive list of industrial 
sectors and on a graded approach to regulation. NORM industries have to submit a notification to the 
FANC and the latter decides case-by-case on the appropriate response based on a radiological impact 
evaluation. The regulatory response may range from doing nothing to licensing or to the enforcement 
of a radiological monitoring program. FANC developed a methodology to quickly identify the critical 
points for radiation exposure.  
 
In the example from the phosphate industry, which has been presented in section 3, the critical points 
were some maintenance operations and the treatment of the residues, which seems to be a generic 
characteristic of NORM industries. Although the dose in this particular case could be higher than 1 
mSv/y, no licensing was imposed but a program of follow-up of dose rate and radon concentration was 
enforced.  
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