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Mirroring societal needs

Climate change 

Circular economy

Fight against cancer
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Site Remediation activities at SCK CEN
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Ra-226 at the Grote Nete riverbank
“Sigma plan” aims to create inundation zones 
along the Grote Nete to prevent Antwerp from 
flooding in case of extreme weather conditions

The riverbanks of the Grote Nete are at some 
hotspots historically contaminated by the 
phosphate industry (TE-NORM), the nuclear 
industry (artificial radionuclides), and others 
(heavy metals and (poly)aromatic hydrocarbons)

Ra-226 is one of the most important 
radionuclides present due to its radiotoxicity, half-
life and concentrations. 

Assess transport or immobilisation of Ra-226 
if the Sigma plan is implemented.
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Quick Ra analysis down to drinking water limits 
by QQQ ICPMS
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Ra analysis down to drinking water limits by 
QQQ ICPMS
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Ra-226 and γ-heatmap in potential inundation zone
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Heat map of γ radiation; Sampling positions

Sample

N°

Ra-226 in soil 

(Bq/kg)

1 368

2 665

3 1130

4 2500

5 3630

6 960

7 142

8 73

9 19

10 2349
Ra-226 exemption limits in Belgian legislation = 500 Bq/kg

Half-life 1600 years, α-γ radiation
Heatmap reference: Paridaens, J., Olyslaegers, G., and Gueibe, C. (2016) 
Results of the Belgian Aerial Gamma Survay (AGS) Campaign
Organized During the Spring of 2016. SCK•CEN-ER-0343
Sample location 1-9: Rogiers et al. 2021

*Bartstraat 27 Nijlen

• 10

nSv/h
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Experimental setup: batch and kinetic experiments

Soil
Soil + water

Soil dried at 40°C  Add H2O to FC150% 

or FC1000%

22 or 67 days

1. Filtration Whatmann °42

2. Centrifugation 5422 x g 

(30 minutes)

1 kDa filtration, Microsep™ Advance 1 kDa filters 

7500 x g (30 minutes)

Stir once per day

Adjust water weight

Sample 10 gram H2O/100g
soil

FC 150% 82

FC 1000% 547

Leachate

Filtrate <1kDaResidue >1kDa

Sample No gram H2O
/100g soil 

@150% FC

1 38

2 34

3 34

4 42

5 56

6 46

7 28

8 31
https://doi.org/10.1016/j.scitotenv.2022.153703 

https://doi.org/10.1016/j.scitotenv.2022.153703
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Soil sample analysis
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Sample 
226Ra  
in soil  

CEC clay 
minerals 

[Ca]liq [SO4]liq [Ca]liq*[SO4]liq [Ca]liq:[SO4]liq [Ra]liq [Ra]liq 

N° 
Bq/kg cmol e-

/kg DW* 
M M M² Dimensionless pg/L pg/L 

DW* 

  Soil Soil solution FC150 22d pre-filtration 

Post 
filtration 

<1kDa 

1 368 14 1.2E-02 1.3E-03 1.5E-05 9.2 10.3 10.7 

2 665 14 8.9E-03 6.5E-04 5.8E-06 13.6 14.3 14.3 

3 1130 19 7.8E-03 6.8E-04 5.3E-06 11.5 20.2 20.8 

4 2500 14 1.5E-02 1.9E-03 2.8E-05 8.2 10.4 10.5 

5 3630 13 1.7E-02 3.0E-03 5.2E-05 5.7 9.4 9.2 

6 960 14 1.3E-02 4.7E-03 5.9E-05 2.7 8.5 9.9 

7 142 10 9.0E-03 1.4E-03 1.3E-05 6.4 6.4 7.1 

8 73 8 3.0E-03 1.8E-03 5.3E-06 1.7 NA* NA* 
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Role of saturation of CaSO4.2H2O

https://doi.org/10.1016/j.scitotenv.2022.153703 

(a) 
 

 

(b)

 
(c) 

 

 

High correlation if CaSO4 present Constant ratio if CaSO4 present

Linear increase of Kd if CaSO4 present

https://doi.org/10.1016/j.scitotenv.2022.153703
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Role of Cation Exchange Capacity of Clay Minerals
(omitting samples with CaSO4.2H2O saturation)

https://doi.org/10.1016/j.scitotenv.2022.153703 

Highest correlation if Ra< 400 Bq/g
→ Clay minerals may have carried fractrion of Ra to the river bank

CEC Clay minerals govern Kd if Ra<400 Bq/g

https://doi.org/10.1016/j.scitotenv.2022.153703
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Role of Humic/ fulvic acids
(omitting samples with CaSO4.2H2O saturation)

400 nm: inter-intra donor acceptor between HA/FA

600 nm: donor-acceptor of metal-HA/FA
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Humic / fulvic acids strongly correlate with Kd Ra

Orange: 400 nm: inter-intra donor acceptor between HA/FA

Black: 600 nm: donor-acceptor of metal-HA/FA
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Ca, Ra and SO4 release
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At FC=1000, Ca and Ra behave differently , leaching of 

Ca and SO4 in same range, 
but Ca<SO4

At FC=150, Ca and Ra behave similarly but much more 

Ca release than SO4

FC experiments 150% FC, 22d + 67d

FC experiments 1000% FC, 22d + 67d

Ra

Ca

Which mechanisms induce 

different behaviour of Ra vs 

Ca?
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Ra and 400 nm 

in >1 kDa fraction 

behave similarly!

FC150: 

Ca and Ra: similar behaviour, no 
equilibrium 

FC1000:
Radium: no equilibrium at 22d 

Raliq↑
400nm absorbance↑ 
Also 270, 300 nm ↑ (not shown for clarity)

1 kDa fraction weight↓

→ Ra2+ chelates with HA/FA 270-400nm

Calcium: apparent equilibrium at 22d

1kDa 600 nm conc constant but total 

mass↓ (= condensation of structures ?)
→migration of of largest molecules to 
solid phase?

→ Ca2+ induces aggregation

Supported by Durce 2016: “Ca2+ is a 
“hard” ion compared to Ra and tends to 

promote aggregation”

Hydrophilic groups directed to Ca, 
hydrophobic at outer phase → induce 
precipitation
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Summary behaviour of Radium in river bank

https://doi.org/10.1016/j.scitotenv.2022.153703 

https://doi.org/10.1016/j.scitotenv.2022.153703
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Calcium as a potential key in 
Radium immobilisation / site remediation

1. CaSO4 : if liquid phase is saturated with CaSO4

• Predict [Raliq] from [Caliq] if [Ca][SO4]≥ Ksp

• If we can increase the Ca content at the solid solution, less Ra will be released 

2. Clay minerals: only weak interactions / low selectivity for Ra; but Ca may 
induce “cementation” between clay minerals and humic/fulvic acids

3. Humic /fulvic acids: 

1. Stronger correlation with variation of Kd Ra than clay minerals, 

2. Ra-chelation with 400 nm species >1kDa

3. Dilution results in aggregation/flocculation of 600 nm species by Ca

4. Addition of extra Ca might result in immobilisation of the Ra-chelates

1919https://doi.org/10.1016/j.scitotenv.2022.153703 

https://doi.org/10.1016/j.scitotenv.2022.153703
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Summary Kd Ra and other pollutants in river bank

https://doi.org/10.1016/j.scitotenv.2022.153703
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Nathalie Impens

nimpens@sckcen.be

Thank you
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