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Goal

1. Investigate and quantify the mechanisms and kinetics associated 
with redox transitions in soils and sediments

2. Evaluate the (large-scale) practice of dumping, storage or long term 
inundation in river restoration works 



Redevelopment along rivers

?

Increase river discharge

Nature development

Sanitation
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For analytical purposes, we need instruments to 
measure in pore water…

.. metal speciation AND nutrients..

.. over redox gradients..

.. in undisturbed sediment..

.. repeatedly..

.. over small depth intervals and water-sediment interfaces..

.. that remain geochemical integrity..

.. and integrate exposure tests with biota..

.. that don’t cost an arm and a leg.

Analytical instruments?



SOFIE ®

Sediment Or Fauna 
Incubation Experiment
EU-patent 02077121.8

www.sofie.nl

Methods

cross section

2-compartment 
cell



28 april 2011

Methods (2)

Reduction in depthReduction in time
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Reduction kinetics (2)
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Sequence of processes

START OF
INUNDATION

Microbial metabolic boost
Increased  fermentation

REDUCTION TIME

Reduction
Mn(IV) → Mn(II)

Fen(OH)m 
dissolution

Mn2+  → DOM

Release of 
Fe-associated metals

SULFIDE
FORMATION

Slow and incomplete
dissociation

M - S 
FIXATION

M ↔ DOM

HPO4
2-

↓↑

Increased Mn-solubility by P-release

← Loss of sorption phases                             → ← Lag-time          →

1 year

Aqueous 
phase

Metal-DOM complexes

Incomplete degradation

P-release
Solid 
phase

Organic matter

M - DOM

aerobe anaerobe
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Long term reduction (5 yr)

DOC (mg/l)
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pH 8.1  • 6.9

Methanogenesis (>1 yr)
DOC mobilization

Dissociation > sulfide complexation

Diffusion > mobilization

Pore water

Surface water

EQS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



28 april 2011

Enhanced sulfide precipitation by CaSO4

Can sulfide-pool be increased by adding 
an alternative source of SO4

2- (gypsum)?

SO4
2- •  sulfide •  MetalSulfide precipitates

50
500  mmole SO4

DOC co-precipitationSulfide formationCa competition + S binding
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Storage in depots

IJsseloog Slufter

}
}

Aquatic origin (“sediments”)

Terrestrial origin (“soils”)

6 Depots:
Slufter
Amerikahaven
IJsseloog
Moorlag
Asselt
Meers



28 april 2011

Measurements in storage sites

sediments

soils
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Conclusions

Reduction of aerobic soils releases essential nutrients Mn 
and P which facilitate microbial boost > production of DOC

DOC retains heavy metals in pore water for prolonged 
periods of time (>1yr)

Thermodynamic modelling seriously underestimes emission 
risks of heavy metals

Addition of gypsum stimulates 1) coagulation of DOC 
2) formation of sulfides
3) Ca2+ binding competition

When storage or permanent inundation is considered, a 
distinction should be made between sediments of aquatic 
and terrestrial origin
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