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Abstract. An overview of the NORM issue in the Belgium industry is given, mainly based on a study on behalf 
of ONDRAF/NIRAS, the Belgian agency for radioactive waste. The phosphate industry, which was identified as 
the main source of enhanced natural radioactivity, is mainly located in Flanders, the northern part of Belgium. The 
five Flemish phosphate plants handled, from 1920 to 2006, 60 Mton of phosphate ore containing 72 TBq of 
uranium-238 (radium-226) and 3.5 TBq of thorium-232. This resulted in a vast legacy of 500 ha of contaminated 
sites. In the non-ferro industry high activity-concentrations of the thorium decay series were identified with 
cassiterite (tin ore). Zircon sands with high uranium concentrations are applied for the production of precision 
casting molds. Almost every industry with a large turnover of materials has some problems with NORM, because 
of the selective concentration of certain radionuclides in by-products, residues or product streams. Examples of a 
blast furnace and a coal-fired power plant are given. In these cases the natural radioactivity is concentrated in blast 
furnace slag or fly ash, both of which are used as input material in the cement industry. The extraction and 
purification of ground water was also identified as a potential source for generating NORM sludges. Finally, 
ample remains from past NORM practices exist. A number of historical sites, including a former mining area of 
alum shale in the valley of the Meuse, several coal mining sites, a coltan processing site in Ghent and a radium 
facility in Olen were contaminated before present standards of radiological protection were developed. 
 
NORM, enhanced natural radioactivity, Belgium, non-nuclear industry, phosphate industry, steel 
industry, coal-fired power plant, radium 
 
1. Overview of NORM in the Belgian industry 
 
Problems with naturally occurring radioactive materials (NORM) are not limited to the processing of 
raw materials containing high specific activities of the uranium or thorium decay series. In fact, almost 
every industry with a large turnover of materials has some problems with NORM, because of the 
selective concentration of certain radionuclides in by-products, residues or product streams. A recent 
study, on behalf of ONDRAF/NIRAS, the Belgian agency for radioactive waste, identified ten 
industries within Belgium where processing of NORM can cause environmental contamination, waste 
problems or an increased exposure of workers and members of the public [1]: 
• phosphate industry; 
• iron and steel industry; 
• coal-fired power plants; 
• non-ferro industry; 
• zircon sand and refractory materials; 
• cement production; 
• use of thorium compounds; 
• extraction and purification of drinking water; 
• former mining area of alum shale; 
• slag heaps from coal mining;  
 
                                                 
* Presenting author, E-mail: hvanmarc@sckcen.be 

1 



Also other industrial activities in Belgium, like the titanium dioxide pigment production and the oil 
and gas industry were identified and there relevance for generating by-products or residues with 
enhanced natural radioactivity was checked. 
 
A wide range of exposure scenarios apply to the different NORM industries. Even within the same 
industry, the exposure of workers and the local population is very diverse. The phosphate industry, 
which is the main source of enhanced natural radioactivity in Belgium, is an excellent example to 
illustrate this point [2]. The nature of the NORM problems differs widely from one phosphate plant to 
another and simple protective measures are in most cases sufficient to reduce the occupational and 
public exposures. That's why the European Legislation on work activities is kept deliberately flexible 
[3]. Furthermore there is a vast legacy from past NORM practices. Most of the historical sites were 
contaminated before present standards of radiological protection were developed. An overview of the 
NORM legacy and the most important NORM industries in Belgium will be given hereafter. Despite 
the inquiry, the survey is far from being complete and has to be seen as a start for carrying out more 
detailed studies. 
 
2. Phosphate industry 
 
2.1 Introduction 
 
The amount and the composition of the natural radioactivity in phosphate ores depend on their origin. 
Marine (or sedimentary) phosphate ores show radionuclide concentrations from the uranium decay 
series that are 10 to 100 times higher than the typical values of the Belgian soil. Ores of magmatic 
origin contain less of the uranium and more of the thorium decay series. The natural radioactivity of 
phosphate ores used in Belgium is shown in table 1. Most of the information was collected on the 
request of the Flemish Environment Agency (VMM) [4]. 
 
Table 1: Range of activity concentrations of the natural uranium and thorium decay series in 
phosphate ores used in Belgium. The typical range for Belgian soil is also indicated. 
 

Origin U-238 (Ra-226) 
Bq/kg 

Th-232 
Bq/kg 

Marine phosphate ore 500 - 5000 10 - 100 
     Morocco 1200 - 1600 10 - 30 
     Florida (USA) 1500 - 2000 20 - 60 
Magmatic phosphate ore 30 - 150 20 - 500 
     Kola (Russia) 30 - 60 60 - 100 
     Palfos (South Africa) 150 500 
Belgian soil 10 - 50 10 - 50 

 
The natural radioactivity of phosphate rock is only an ‘annoying’ property that is mostly combined 
with the presence of heavy metals. The production process determines where the radioactivity of the 
ores turns up. The acidulation of phosphate rock with sulfuric acid (H2SO4) is worldwide the most 
used method. The bulk of the radium-226 activity turns up in the insoluble by-product calciumsulphate 
or (phospho)gypsum (CaSO4). Five plants in Belgium are using, or have used, this production process: 
• UCB, Ostend (from 1953 till 1987); 
• Prayon Rupel, Puurs (from 1963 till 1992 when the basic phosphoric acid production facility 

moved to Morocco); 
• Nilefos (former Rhodia Chemie), Zelzate (from 1925 till now); 
• BASF, Antwerp (from 1967 till 1993); 
• Prayon, Engis (from 1973 till now). 
 
Tessenderlo Chemie produces dicalciumphosphate through acidulation with hydrochloric acid (HCl). 
The main by-product is sludge of calciumfluoride (CaF2). Two thirds of the radium went into the 

2 



solution and was evacuated with the effluent waters in two small rivers: the Grote Laak and the 
Winterbeek. In 1991 a decontamination stage, based on dissolved barium salts, was put into operation, 
decreasing the radium contents of the effluent waters by an order of magnitude, at the expense of 
increasing the radium contents of the sludge to about 10 kBq/kg. The two production units of 
Tessenderlo Chemie are located in the neighboring villages of Tessenderlo (from 1920 till 1995) and 
Ham (from 1931 till now). 
 
BASF Antwerp uses since 1980 also nitric acid (HNO3) as dissolution agent. Here no substantial waste 
flows are being produced. This implies that the radioactivity is transferred from the ore towards the 
end products, which are in this case fertilizers (from 1980 till now). 
 
2.2 The phosphate industry in Flanders 
 
The five Flemish  phosphate plants were visited and studied in detail. Figure 1 gives an overview of 
the quantities of ore that the phosphate industry in Flanders has processed between 1950 and 2006. 
The annual use of ore has been halved since the eighties down to 900 kton. This was due mainly to the 
closing of UCB in Ostend in 1987 and the moving of the basic phosphoric acid production facility of 
Prayon Rupel to Morocco in 1992 [5]. 
 
Figure 1: Yearly and cumulative use of phosphate ores in Flanders. 
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The five Flemish phosphate plants, from 1920 to 2006, handled 60 Mton of phosphate ore containing 
72 TBq of uranium-238 (radium-226) and 3.5 TBq of thorium-232 in radioactive equilibrium with 
their decay products. In which by-products, residues or product streams this radioactivity turns up, is 
dependent on the processing method. The radioactive mass balance of the Flemish phosphate industry 
is given in figure 2. The total surface area of the phosphogypsum and calcium fluoride sludge deposits 
amounts to almost 300 ha. There is also environmental contamination in the valleys of the two small 
rivers receiving the waste waters of the hydrochloric production process: the Winterbeek (> 200 ha, 
banks and flooding zones) and the Grote Laak (20 ha, mainly banks). 
 
2.3 The phosphate industry in the Walloon provinces 
 
The data on the impact of the phosphate industry in the Walloon provinces in Belgium is less 
complete. Prayon Engis produced in 2004 0.8 Mton of phosphogypsum, valorizing about 70 % of the 
gypsum in building materials (plaster, cement), in fertilizers, and in other products such as paper. The 
remainder was stored on a local disposal site with a capacity of 9 Mton of which 3.75 Mton was used 
in the middle of 2002. Most of the current phosphate ores are of magmatic origin, mostly originating 
from Russia (Kola) with low specific radium-226 and thorium-232 concentrations. 
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Knauf Engis is the largest buyer of the phosphogypsum of Prayon Engis. In 2004 they valorized 
0.4 Mton of phosphogypsum for the production of plaster. The activity concentration of the plaster 
was fairly low, about 30 Bq/kg for radium-226 and 50 Bq/kg for thorium-232 [2]. 
 
Figure 2: Overview of the impact of the phosphate industry in Flanders. 
 

5 phosphate plants processed 60 Mton ore from 1920 till 2006 
containing 72 TBq radium-226 and 3.5 TBq thorium-232

 
3. Other important NORM industries in Belgium 
 
3.1 Iron and steel industry  
 
The production of steel involves several stages clustered round a blast furnace whose purpose is to 
transform iron ore (on average 60 % Fe) into pig iron containing about 95 % Fe. During a visit at the 
blast furnace B of Mittal in Ougrée near Liège samples of products, by-products and waste materials 
were taken for analysis afterwards at SCK by high resolution gamma spectroscopy [1]. The activity 
concentrations of the natural decay series in the raw materials, iron ore and coal, are quite low, 
typically between 5 to 50 Bq/kg. During the iron and steel making process, selective concentration of 
specific radionuclides in by-products and waste materials takes place. The volatile lead-210 and 
polonium-210 are concentrated in the dust of the blast furnace. The dust is removed from the flue gas 
and recovered as sludge containing 25 to 60 kBq/kg of polonium-210. Most of the non-volatile 
radionuclides turn up in the blast furnace slag where activity concentrations for radium-226 of 160 to 
165 Bq/kg were measured. 0.25 ton of slag is produced for each ton of pig iron. The totality of blast 
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furnace slag in the Belgian steel industry, about 2 Mton per year, is sold to the Belgian cement 
industry for the production of blast furnace cement. 
 
3.2 Coal-fired power plants  
 
The radiological impact of a coal-fired power plant, located in Langerlo in the north of Belgium, was 
evaluated [6]. The power station under investigation had two separate combustion units, producing 
250 MW electrical power each. The finely pulverized coal fueling the power plant contains about 
15 % of non-combustible material. This material turns up for more than 90 % in the flue gasses as fly 
ash, while the rest falls to the bottom of the combustion units as bottom ash. Electrostatic precipitators 
are in operation to remove the fly ash from the flue gasses. In 1999, flue gas purification systems for 
desulphurization and nitrification were installed, the so called DESOX and DENOX installations using 
limestone and NH3 additives. Limestone (CaCO3) binds to sulphur dioxide (SO2) in the flue gases to 
form gypsum (CaSO4.2H2O), which is subsequently dehydrated and sold to the building industry for 
the production of plasterboards. 
 
The radioactivity concentrations in the coal, fly ash, bottom ash and desulphurization gypsum were 
assessed. A summary of the gamma spectroscopy measurements is given in table 2. The natural 
radioactivity concentrates in the fly ash with a factor 7 to 9, and in the bottom ash with a factor 4 to 5, 
as could be expected, but due to the low radioactivity content of the utilized coal, this does not present 
considerable problems from a radiological protection point of view. The flue gas desulphurization 
gypsum contains hardly any natural radioactivity. The fly ash, the bottom ash and the gypsum are 
being used as raw materials in the building industry, so no waste problem exists. In today's practice, a  
maximum of 18 % (volume) of fly ash is added to cement. This leads to a 3 % (weight) fraction of fly 
ash in concrete, increasing the activity concentrations of the concrete by a few Bq/kg. 
 
Table 2: Activity concentration ranges of the natural uranium and thorium decay series in coal and in 
by-products of a coal-fired power plant in Belgium. 
 

 U-238 (Ra-226) 
Bq/kg 

Th-232 
Bq/kg 

Coal 5 - 30 4 - 30 
Fly ash 160 - 180 165 - 195 
Bottom ash 90 - 100 85 - 100 
Desulphurization gypsum 4 - 9 4 - 9 

 
 
3.3 Non-ferro industry 
 
The non-ferro industry is a widespread industry in Belgium with a large turn over of raw materials 
with normal concentrations of natural radioactivity. Exceptions are small amounts of the mineral 
cassiterite for the production of tin and coltan for the production of niobium and tantalum. The coltan 
mainly due to transit handling in the Antwerp harbor of the ores. The coltan slag on factory grounds 
from Sadaci near Ghent is dealt with in point 4 on the legacy from past NORM practices. 
 
The non-ferro company Metallo-Chimique is located in Beerse in the north of Belgium. The company 
produces copper, lead and to a lesser degree tin, from various kinds of scrap, slag, crystal glass, tin and 
copper ashes. Sometimes, depending on the market supply, small amounts of raw materials, such as 
cassiterite (tin ore), are added. The production process is complicated with several meltings and 
reductions. There are no waste streams as all the by-products have a commercial value. The tin 
production in the period 1997 to 2001 was around 8000 ton per year, less than 5 % of the total output. 
Cassiterite generally shows high concentrations of the natural decay series. The ore is in Metallo-
Chimique rarely if ever processed alone, but in combination with tin- or lead-containing minerals. As 
such, it forms only a small fraction of the total amount of raw materials. In the period 1997 to 2001 the 
yearly use of cassiterite was limited, varying between 147 and 623 ton. The cassiterite originated from 
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the area of the Great Lakes in Africa where it is extracted from river beds in a similar way as gold. The 
average activity concentrations of the cassiterite used by Metallo-Chimique were 16500 Bq/kg for the 
thorium and 1310 Bq/kg for the uranium decay series. The activity mass balance of the complicated 
production process was looked at by taking samples of the different input and output materials [1]. 
The results showed that most of the activity of the cassiterite ore turns up in the by products; the non-
volatile radionuclides in the metamix slag and the volatile polonium-210 in the filter dust, both sold on 
the market. The pure metals contain very little radioactivity with the exception of some lead-210 in 
lead. 
 
3.4 Zircon sand in lost wax casting 
 
Zircon sand consists mainly of zirconium silicate (ZrSiO4). It is used in Belgian workshops to make a 
refractory shell mold of a wax replica. Liquid metal is poured into the mold replacing the wax to 
produce a metal piece with the same dimensions of the wax model. After the metal is cooled, the shell 
is carefully broken away. The use of zircon for the first layer in a refractory mold produces a smooth 
surface on the metal. 
 
The radiological impact of two companies using the lost wax production process was evaluated. The 
companies were visited and samples of the input and output materials were taken [1]. The activity 
concentration of the zircon sand used for the first layer of the molds was between 1500 to 3000 Bq/kg 
for the uranium series and between 200 to 300 Bq/kg for the thorium series. The bags of zircon sand 
were placed on pallets of 1740 kg. The dose rate in close contact with 4 of these pallets was 2 µSv/h. 
After casting the alloy, the shell is broken in a closed and well ventilated room without the presence of 
personnel in the room. Only a small fraction of the total amount of waste is zircon sand. The dilution 
factor was 9 in one of the companies and 35 to 50 in the other.  
 
3.5 Extraction and purification of drinking water 
 
As water is treated to remove impurities, radionuclides and in particular radium-226 present in the 
source water may concentrate in sediment or sludges. Most drinking water treatment sludges contain 
radium-226 levels comparable to typical concentrations in soils. However some water supply systems 
relying on groundwater sources may generate sludges with much higher radium-226 levels. Samples 
from a dozen randomly chosen drinking water wells in Belgium were analyzed [1]. Radium-226 
concentrations up to a few kBq/kg (dry weight) were found in the sludge. The higher values were 
related to wells with a low sludge production of typically a few hundreds of cubic meter per year. The 
results indicate that this could be a frequent problem for groundwater sources. A survey over the entire 
country would give a clearer idea of the significance of this NORM issue in Belgium. 
 
4. Legacy from past NORM practices 
 
4.1 Former mining area of alum shale 
 
Extraction of alum shale took place in the valley of the Meuse from the Middle Ages up to the second 
half of the nineteenth century. The mining area is extended and the sites are uncharted and hardly 
visible. A visit of two of these sites showed slightly enhanced dose rates up to 140 nSv/h. Four 
samples of the residues were taken presenting radium-226 concentrations between 115 to 145 Bq/kg 
[1]. 
 
4.2 Slag heaps from coal mining 
 
Coal mining has been an important industry in Belgium from the eighteenth until the second half of 
the twentieth century. Impressive slag heaps still dominate the landscape in the former coal mining 
regions. Six waste coal piles in the Walloon provinces and two mining sites in Flanders were visited. 
Gamma dose rates were measured on site and samples were analyzed at SCK. The results were hardly 
enhanced compared to the natural radiation environment. The highest dose rate of 220 nSv/h was 
found in Heusden-Zolder, the last Belgian mine, which closed down in 1992 [1].  
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4.3 Coltan slag 
 
Sadaci, a company located along the canal Ghent-Terneuzen, from 1960 to 1985 produced 
ferroniobium from columbite-tantalite ore (coltan). Coltan ore is generally rich in thorium and 
uranium. The radioactivity of the processed ore showed up in the slags with typical concentrations of 
70 kBq/kg for thorium-232 and 5 kBq/kg for radium-226. The slags were used in the seventies for 
raising and leveling a factory ground of 4 to 5 ha. This ground is now partly covered with asphalt and 
partly fallow covered with grass. The slags were spread out and mixed with a large amount of 
materials with normal background. The dose rate in contact with the slag is 10 to 20 µSv/h, but 
because of the shielding by the surrounding material the dose rates measured 0.5 m above the surface 
were generally between 0.1 and 1 µSv/h [4]. 
 
4.4 Olen radium facility 
 
The former radium facility at Sint-Jozef-Olen (1922-1969), located in the north of Belgium, was an 
economical success story. In a few decades, mainly before World War Two, Union Minière (now 
Umicore) produced about half of the total amount of radium in the world (4.5 kg). Radium was 
particularly used in medicine for radiotherapy and in the luminizing industry until cheaper and more 
efficient radionuclides became available. The decommissioning and dismantling of the industrial 
installations was finished in 1983 with the construction on factory grounds of a heavily engineered 
storage facility for the confinement and isolation of the dead stock and the radioactive waste. 
 
Several areas in the vicinity of the radium facility were contaminated with radium. The major 
contaminated sites are shown in figure 3: the banks of a small river (Bankloop) receiving the liquid 
effluents, the former flooding zones (now an agricultural area) where the Bankloop flows into the 
Kleine Nete, a waste deposit of 9 ha with mixed radium and chemical waste (D1) at the surface and a 
few streets with contaminated material underneath (Kapellekensstraat and Grensstraat) [7]. 
 
 

 
 
Figure 3: Presence of radium at Sint-Jozef-Olen. Areas with enhanced radium concentrations from 
past disposal activities or caused by liquid discharges into the Bankloop are indicated in grey. 
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Recurring media coverage since 1989 of some high contaminations in Sint-Jozef-Olen resulted in a 
detailed radiological characterization of the contaminated sites and an evaluation of their population 
impact. The population exposure from the contaminated river banks and streets is a few hundreds of 
µSv/year depending largely on the selected residence times and exposure levels. External exposure 
from the waste deposit (D1) is at the moment prevented by a fence. The internal contamination from 
local foodstuffs is limited to a few tens of µSv/year because there are at present no crops for direct 
human consumption on the contaminated farmland at the mouth of the Bankloop. 
 
5. Conclusions 
 
The EU Basic Safety Standards directive (BSS) of 1996 [3] deals with occupational exposure from 
natural radiation sources in a different way than ICRP 60 [8]. The EU BSS makes distinction between 
practices, which are functional applications of ionizing radiation, such as the use of radionuclides in 
view of their radioactive, fissile or fertile properties, and work activities where the unintentional 
presence of natural radioactivity lead to a significant increase in the exposure of workers or members 
of the public. The reason for the separate treatment of work activities in the EU BSS is the awareness 
that the strict regulation of artificial sources cannot be applied to the vast non-nuclear industry in the 
presence of a considerable and variable natural background.  
 
The new ICRP recommendations, publication 103, are facing the same problem [9]. Unresolved in all 
of the draft documents, ICRP decided in March 2007 to consider exposure to NORM and exposure to 
radon always as an existing exposure situation. However, according their own definitions, exposure to 
NORM in a new installation and exposure to radon in a new dwelling or workplace, should fall into 
the category of planned exposure situations. 
 
This “misclassification” as an existing exposure situation may be understandable in the case of indoor 
radon as the average radon exposure is already comparable to the dose limit for members of the public 
of 1 mSv/y. This “misclassification” is not so understandable in the case of exposure of workers to 
NORM in a newly built installation of the non-nuclear industry. 
 
The EU BSS directive of 1996 sets up a stepwise system in which the Member States are required [3]: 
• to make by means of surveys or by any other appropriate means a national inventory of NORM 

activities; 
• to monitor exposures and to evaluate the related doses for each work activity identified; 
• to implement, if necessary, corrective measures to reduce exposure; 
• to apply, if necessary, all or part of the system of radiological protection for practices or 

interventions. 
 
The mission of the Belgian agency for radioactive waste (ONDRAF/NIRAS) was extended in 1997 
with the task of drawing up an inventory of all nuclear facilities and sites containing radioactive 
substances on Belgian territory [10]. Work activities, as defined by the EU BSS, were introduced in 
Belgian legislation in 2001 [11]. The sites of the non-nuclear industry on which natural radionuclides 
are found as a result of work activities are thus part of the scope of the inventory of nuclear liabilities. 
Since non-nuclear sites do not need nuclear licenses, their identification is a difficult task that 
ONDRAF/NIRAS entrusted to a task group consisting of SCK•CEN, Controlatom and the Dutch 
NRG. The results of this work program were presented in a report that gives an overview of the 
NORM industries in Belgium [1], on which this paper is largely based on.  
 
The most relevant results are summarized in table 3 depending on the branch of industry. The table 
gives an overview of the measured range of activity concentrations and a rough estimate of the flow of 
materials in Belgian.  
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Table 3: Overview of the activity concentrations for the uranium series (uranium-238, radium-226, 
polonium-210, lead-210) and thorium-232 in de Belgian non-nuclear industry. Blanks indicate the 
absence of samples or measurements. The results are measured values and do not necessary represent 
the entire range. The production figures in the last column are only a rough estimate. 
 
Industry U-238 

 
Bq/kg 

Ra-226 
 

Bq/kg 

Po-210 or 
Pb-210 
Bq/kg 

Th-232 
 

Bq/kg 

Production or 
consumption 

kton/year 
Phosphate industry      
  Phosphate ore 55 - 1500 55 - 1500  20 - 800 1500 
  Phosphogypsum  50 - 1000  20 - 500 1500 
  CaF2 sludge  2000-10000   50 
  Deposition in river 

valleys 
 - 10000   > 220 ha  

  Phosphoric acid 5 - 650    500 
  NPK fertilizer  - 150  - 20 2000 
Iron and steel industry      
  Blast furnace sludge  60 - 65 30 000 - 

65 000 
20 - 25 15 

  Blast furnace slag  160 - 165  35 - 40 2000 
Coal-fired power plants      
  Fly ash  160 - 180  165 - 195 500 
  Bottom ash  90 - 100  85 - 100 65 
Non-ferro       
  Cassiterite (tin ore) 1500 - 3000 1500 - 3000  8000-25000 0.5 
Zircon sand 1500 - 3000 1500 - 3000  200 - 300  
Ground water collection 

sludge 
 5 - 1200  5 - 50  

Alum shale mining 
legacy 

 115 - 145  55 - 60  

Coal mining legacy      
  Coal piles in the 

Walloon provinces 
35 - 40 35 - 40  55 - 65 100 000 (tot.) 

  Mining sites in 
Flanders 

55 - 100 55 - 100  65 - 200  

Coltan slag legacy  4600 - 5200  66 000 - 
71 000 

4 à 5 ha  
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