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Reconstruction 500 BC

Vos & De Vries 2010



Reconstruction 800 AD

Vos & De Vries 2010



Reconstruction 2000 AD

Vos & De Vries 2010
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Changing the Dutch landscape
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Berendsen 2005

Peat reclamation

Drainage



Former peat reclamation site as dump site

Contamination at the Volgermeerpolder

• Landfill: 100 ha, ~6 m deep
• Domestic and chemical waste
• mixture of contaminants:

– Benzene
– Monochlorobenzene
– Agent Orange
– Dioxines
– Pesticides
– ?…
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Some properties of peat

• Different types of organic matter, partially decayed

• Very wet!!

• Useful:
fuel, isulator, improve scotch whisky!, improving soils structure, water 
filtration, medical treatment, improving water quality in freshwater aquaria, 
source of salt & iron (past), conservation of “organic matter”

• Poor consolidation properties:
– Soft and easily compressed.
– Oxidizes when in contact with the air

(10-15 mm/year/m peat)
– Structure loss when dried
– Subsides!



Peat and its layers

Bozkurt et al.



Processes in peat layers

Processes that influence benzene and monochlorobenzene:

• Adsorption (nr 1 at VMP)

• Transport (hydrology, diffusion, number 3 at VMP)

• Sedimentation/resuspension

• Facilitated transport by Dissolved Organic Matter (DOM)

• Volatilisation

• Bioturbation/Biodegradation of contaminants (nr 2 at VMP)



Microbial degradation



Biodegradation trends
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Biodegradation of lindane ( gggg-HCH)

Anaerobic degradat ion
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Biodegradation at groundwater/surfacewater interfac e

aerobicaerobic
surface water

anaerobic
groundwater

influx of compounds, which are recalcitrant under anaerobic conditions
(including anaerobic biodegradation products of highly chlorinated compounds)

H+ , Cl- , CO2 , H2O

aerobic biodegradation interface

interface

m
icro-

anaerobic
groundwater

HO ClCl

(monochloro-
benzene)

(benzene)
(chlorophenol)

Cl

(vinylchloride)

(mobile
aliphatics)

aerobicaerobic
surface water

anaerobic
groundwater

influx of compounds, which are recalcitrant under anaerobic conditions
(including anaerobic biodegradation products of highly chlorinated compounds)

H+ , Cl- , CO2 , H2O

aerobic biodegradation interface

interface

m
icro-

anaerobic
groundwater

HO ClCl

(monochloro-
benzene)

(benzene)
(chlorophenol)

Cl

(vinylchloride)

(mobile
aliphatics)



Dominant processes at VMP

Adsorption to 
sediment

Desorption to 
water phase:
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Natural Capping; Validation

Involved processes:

Recovery of peat (Centre for Wetland Ecology)
• study optimal circumstances
• practical experiment

Validation of ‘natural cap’ concept (Deltares & ACV)
• geohydrology
• mass transport

• adsorption
• diffusion
• microbiological decay
• processes at surface water/groundwater interface

• ecological risks
• monitoring system



Natural Cap validation project 2011

1. Laboratory research: study processes of different 
natural cap designs in batch and column 
experiments (transport, adsorption, 
biodegradation).

2. Field research: validation of laboratory results

3. Modelling of the results: design parameters voor 
Natural Cap

4. Sustainability and functionality of Natural Cap: new 
applications, cost-benefit analysis, added value.



Set-up of column experiments
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Summary

Peat reclamation and landfills:

• We have changed the Dutch landscape very efficiently!

Processes in peat layers:

• Anaerobic conditions dominate due to decay of organic material
• Most important processes influencing Benzene and Monochlorobenzene 

are: Adsorption, Aerobic biodegradation

Principle of Natural Capping � Green rehabilitation:

• Validation of the concept of Natural Cap is necessary in order to better 
understand the processes and possibly improve the technology.



Reconstruction 2050??

before after

the future?



Peat and landfills unraveled?

Thank you for your attention!

Any…


