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The magnitude of the problem? 

Metals

Other

Halogenated HC

Petroleum HC

PAHs

Swedish-EPA, 2006

Sweden: 
80.000 
sites!

1.500 
High Risk

Typical contaminants

PCB
Dioxin

PCB

Hg

PAH & CCA

- Petroleum hydrocarbons

- BTEX

- Chlorinated solvents

- Dioxins & PCBs

- Hg

- Cu, Cr, As, Zn, Pb 

- PAH

- Pesticides

- ”Known unknowns”

- ”Unknowns”

Example: ”Known unknown” -
Chloraromatics at Saw Mill sites

PCDDs: Dioxins - PCDFs: Dibenzofurans – PCDEs: Diphenyl
Ethers – PCPPs: Phenoxy Phenols – CPs: Chlorophenols
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Concentrations and composition (5 Sites)

9,8 – 52 000 µg/kg dwPCDDs
7,4 – 18 000 µg/kg dwPCDFs
<38 – 6 800 µg/kg dwPCDEs
<0.01 – 940 mg/kg dwPCPPs
0,3 – 4 800 mg/kg dwCPs

”Typical” Range mg/kg dwConc. Range
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Soil profiles PCDFs & PCDDs at Sawmill

TEQs:

-100 – 1000 ng TEQ/ kg dw

Hot spots:

100 000 – 200 000 ng 
TEQ/kg dw

Persson et al, Chemosphere 2006

Risk Based Actions?

Hazard identification

Risk characterization

Effect assessmentExposure assessment

Risk classification

Risk benefit analysis

Risk reduction

Monitoring

1960 1970 1980 1990 2000

Milligram (10-3 g) Nanogram (10-9 g)Microgram (10-6 g) Picogram (10-12 g) Femtogram (10-15 g)

Analytical
Chemistry

Toxicology

Attogram (10-18 g)

LO(A)ELs
NO(A)ELs

Progress Analytical Chemistry versus Toxicology

M. Van den Berg, 2005

Transport & Exposure Pathways?

Sediment Water Soil Air

Fish Plants Beef/milk
Poultry/egg

Indirect
exposure
pathways

Direct
exposure
pathways
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Anthropogenic contaminants in the soil system

Organic Matter/Carbon ?

Complex Real 
World 
Situation

Mineral 
Surface

Me

Me

Speciation
Metals & Organic
Substances
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Microbes

Physicochemical Properties
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PCDD

TOOLS?

RISK?

Composition of PCDD/Fs & CPs in particulate
& ”dissolved” fractions in ground water
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Persson et al, 2006

Speciation of metals

Hg2+ → MeHg+

MeHg+BIOACCUMULATION

METHYLATION

hydrologic cycle

Binding strength (to
soil organic matter) 
CH3Hg+< Hg2+

Substances of concern?

- Scientific concern (e.g. New toxicological 
data, trends in environmental matrices)

- Political decisions (e.g. Stockholm 
convention, EU directives etc)

- Public concern (e.g. New compound reported 
in the environment)
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Soil contaminants in the future?

NoNoMdMdFmFmEsEsCfCfBkBkCmCmAmAmPuPuNpNpUUPaPaThThAcAc****

YbYbTmTmErErHoHoDyDyTbTbGdGdEuEuSmSmPmPmNdNdPrPrCeCeLaLa**

UubUubUuuUuuUunUunMtMtHsHsBhBhSgSgDbDbRfRf** ** LrLrRaRaFrFr

RnRnAtAtPoPoBiBiPbPbTlTlHgHgAuAuPtPtIrIrOsOsReReWWTaTaHfHf* Lu* LuBaBaCsCs

XeXeIITeTeSbSbSnSnInInCdCdAgAgPdPdRhRhRuRuTcTcMoMoNbNbZrZrYYSrSrRbRb

KrKrBrBrSeSeAsAsGeGeGaGaZnZnCuCuNiNiCoCoFeFeMnMnCrCrVVTiTiScScCaCaKK

ArArClClSSPPSiSiAlAlMgMgNaNa

NeNeFFOONNCCBBBeBeLiLi

HeHeHH

NoNoMdMdFmFmEsEsCfCfBkBkCmCmAmAmPuPuNpNpUUPaPaThThAcAc****

YbYbTmTmErErHoHoDyDyTbTbGdGdEuEuSmSmPmPmNdNdPrPrCeCeLaLa**

UubUubUuuUuuUunUunMtMtHsHsBhBhSgSgDbDbRfRf** ** LrLrRaRaFrFr

RnRnAtAtPoPoBiBiPbPbTlTlHgHgAuAuPtPtIrIrOsOsReReWWTaTaHfHf* Lu* LuBaBaCsCs

XeXeIITeTeSbSbSnSnInInCdCdAgAgPdPdRhRhRuRuTcTcMoMoNbNbZrZrYYSrSrRbRb

KrKrBrBrSeSeAsAsGeGeGaGaZnZnCuCuNiNiCoCoFeFeMnMnCrCrVVTiTiScScCaCaKK

ArArClClSSPPSiSiAlAlMgMgNaNa

NeNeFFOONNCCBBBeBeLiLi

HeHeHH

Metals?         Organometals?   Organic compounds?

REACH

- The Chemical 
European Inventory of 
Existing Commercial
Substances (EINECS)
100 106 Substances

- 30.000 Substances 
>1 tonne/yr 

- PBT criteria (vPvB)

Biogeochemical cycle of Hg

Sediment

Vatten

Atmosfär

Antropogena Hg emissioner

Naturliga Hg emissioner

Naturlig avrinning av Hg

Antropogen avrinning av Hg

Hg0 (part)

Hg0 (aq) Hg2+ (aq)

Hg2+ (part)

Hg0 (g) Hg2+ (g)

Hg0 (part)

Hg0 (aq) Hg2+ (aq)

Hg2+ (part)

Hg0 (g) Hg2+ (g)

Deposition

Hg2+Hg0

Hg2+

CH3Hg+

Hg0

HgS

(CH3)2Hg

(CH3)2HgCH3Hg+

Hg0 Hg2+

(CH3)2HgCH3Hg+Emission

From Lambertsson, 2005

Persistens (P) – Bioackumulation (B)

P 
(t½)

B (BCF, log Kow)

e.g. PCBs
??

?

PBT-criteria       (vPvB)
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Existing chemicals (EINECS) – selection
of 55 848 Chemicals
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Critical property window?

Application of Sewage Sludge to Arable Land

Sweden1 Conc.
(µg/kg d.w.)

PentaBDE 100-240*
DecaBDE 150-350
TBBPA 3-80
HBCDD 10-120

U.S.A.2 Conc.
(µg/kg d.w.)

PentaBDE 1100-2300
DecaBDE 85-4900
TBBPA -
HBCDD -

From 1: Stockholm Water, Report 41, 1999
2:Hale et al., Nature 412 (2001) 140

DecaBDE

Future: E-waste?

Climate Change?

- Increased run off water (Land to Sea 
Transport – Soil to Sediment)

- Flooding agricutural land

- Temperature changes 10 µm

Pollution - in which perspective?

Micro-scale?

Local?

Regional?

Global?
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Aspects for the future 

- Increased knowledge of transport and fate processes 
in the soil system

- Improved knowledge of exposure pathways (availibilty, 
bioavailable fractions etc.)

- New methodology for estimation of risk (inkl. Mixture 
toxicity, validation of test systems etc)

- Priority tools (between compounds, between sites)

- Soil polution in a broader perspective (relation other 
sources & exposure)

- Remediation alternatives for low and moderately 
contaminated soils

- Shorter delay times between new scientific knowledge 
and implementation   

Risk Assessment – Remedial Actions -
Costs?

?

Example Remediation Costs one site: 
2,4 g TEQ ≈ 1 Million EURO

Total Sweden 5-50 kg TEQ            
Costs 400 – 500 sites?
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