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IntroductionIntroduction

• Geochemical mapping
• Ore exploration
• Reconstruction of pollution history and 

deduction of background values

® Secondary (chemical) mobilisation
Pollution history ?
Secondary source of pollution ?
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•River in central Belgium (15 km long)
•Pollution of alluvial soils by 

– overbank flooding 
– and dredging 

•Source of pollution : processing of phosphate ores
– heavy metals: Cd, As, Zn, Ni, Cu
– high chloride concentrations (CaCl2 salts)
– Ra

Methodology

• Fine-scale sampling of overbank sediments
• 137Cs dating and reconstruction pollution 

history
• Leaching tests

– column test (NEN7343)
– cascade test
– pHstat leaching test
– extractions (SMT-program)
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Fine-scale sampling of 
overbank sediments

Methodology

• Fine-scale sampling of overbank sediments
• 137Cs dating and reconstruction pollution 

history
• Leaching tests

– column test (NEN7343)
– cascade test
– pHstat leaching test
– extractions (SMT-program)
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3 m from river

Distribution of heavy metals

Distribution of heavy metals

20 m from river
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Data normalisation

Reconstruction of pollution 
history

1986
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Reconstruction of pollution 
history

1986

Secondary mobililisation ?

Single extractions: potential 
availability

Cd
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Zn

‘potential availability’ 
depends on

total concentration

(also for Cu, Ni 
and Pb)

Cd

different
‘potential availability’ 
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different 

composition
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pHstat leaching
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Single extractions: actual 
availability

Cd

porewater
CaCl2 in 

riverwater

Different actual availability
in upper and lower part 
of the profile
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= 
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Column test: actual availability
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L/S = 10 in ± 48 years

Conclusion (1)
• Contaminated part of the overbank profile:  

2 zoneswith different composition
– I: upper 14 cm: clay-rich sediments

– II: 14-28 cm: Fe- and organic matter ®
diagenetic Fe-enrichment (seepage of Fe-rich 
water)

• Lower Cd-mobilityin zone II:
– secondary mobilisation of Cd from zone I

– ± immobilization in zone II
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Sequential extraction (SMT)

® Similar fractionation of Zn, Cd in different 
sediment layers

CH3COOH      NH2OH.HCl H2O2 Residue

Cascade leaching: Actual availability 
and influence of CaCl2

- formation of chlorocomplexes
- competition with Ca2+

- influence of pH

Cd
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Geochemical modelling

pH 6.5

Cd2+

Fe-O-Cd

CdCl+ CdCl2Fe-O-Cd

Fe-O-Ca

Cu

higher salinity and lower pH:
® DOC ̄
® Cu ̄
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As

lower pH ® readsorption of HAsO42-

DOC ̄ ® less competition with HAsO42-

Conclusion (2)

• Remobilisation of heavy metals, especially
Cd
– because of elevated total conc. ® little 

influence on pollution history
– leaching of Cd is of concern from an 

environmental point of view !

• Influence of CaCl2: 
– higher mobility of Zn, Cd, Ni
– lower mobility of Cu, As


