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Norway

• Area: 324000 km2

• Population: 4.6 mill.

• Coastline: 

– 2650 km netto,

– with fjords 25000 km, 

– with islands 57000 km
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Contamination History

• Industrial sources

• Urbanisation

• Wastewater treatment

• Traffic
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Oen et al. , Env. Poll., 2006



Contamination History

PAH16 
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Stability of Contaminated Sediments 

Strategic Research Program (2003-2008)
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Sink or Source

• Sequestration

• Activity ratios 

• Fluxes and direction
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Monitoring using passive samplers

POM – 55 mm



Passive sampling

• 3-6 weeks time integrated 

sampling 

• dissolved contaminants 

• at low levels < 0,1 pg/L
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Sink or Source

• Sequestration

• Activity ratios

• Fluxes and direction
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Sink or Source

• Sequestration

• Activity ratios

• Fluxes and direction
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Sink or Source

• Sequestration

• Activity ratios

• Fluxes and direction

Measuring release rate

Eek, PhD thesis UiO, 2008



Finding solutions for contaminated sediments

Natural Recovery

Capping

In situ treatment

Dredging

Disposal

Treatment

Separation

Chemical

Thermal

Biological

On land

Near shore

Shallow water

Deep water



Natural Recovery

• Remove sources

• Resedimentation

• Bioturbation
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Bioturbation depth: 10 cm

Sedimentation rate:



Capping

• Covering with clean 

sediment

• Prevent contact with  

benthic organisms

• Prevent remobilisation

Nilsson, NIVA, 2007



Pilot capping Malmøykalven, bearing capacity
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worm burrows
Foto U. Ghosh

In-situ remediation

Chemical stabilisation

• Amendment with strongly 

sorbing material

• Reduced aqueous 

concentration

• Reduced uptake in benthic 

organisms
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Effectiveness of solutions

• Sediments as part of 

a system 

• Realistic 

expectations

• Source control

Fjord 

system

Urban run-off

, 

Riverine input

Groundwater

Atmospheric deposition

Sediment

Exchange



C
o

n
ta

m
in

a
n

t 
tr

a
n

s
p

o
rt

Time

Without remediation

After remediation

Recovery time

Remediation periode

Contaminant budget



Site-specific solutions

• Based on local conditions

• Support nature’s recovery 

potential

• Understand the fate of the 

contaminants

• Optimal environmental effect

• ”Toolbox” of methods
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