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QuestionQuestion of of concernconcern::

MayMay a a contaminatedcontaminated sitesite leadlead to to 
elevatedelevated exposureexposure to humans to humans 

comparedcompared to the overall to the overall backgroundbackground
exposureexposure??



Surface and daywater
Soil erosion
Sewage and waste water 
Atmospheric deposition
Contaminated sediments
Leakage from contaminated sites?

Atmospheric
deposition

Industrial emissions
Traffic
Incineration
Long-range transport

Volatilisation/particle resuspension
from contaminated sites?

Background levels
• Air: pg/m3

• Water: fg/L (pg/L)
• Soil: ng/kg
• Sediment: ng/kg
• Biota: ng/kg



ConceptualConceptual ModelModel of Transport & of Transport & 
Human Human ExposureExposure to Dioxinsto Dioxins

Sediment Water Soil Air

Fish Plants Beef/milk
Poultry/egg

Indirect exposure
pathways

Direct
exposure
pathways



CombinedCombined FateFate & & ExposureExposure ModelsModels
–– toolstools to to evaluateevaluate the the impactimpact of of 
different different contaminationcontamination sourcessources onon

the the environmentenvironment
the human the human exposureexposure



Dioxins?Dioxins?
PolychlorinatedPolychlorinated
dibenzodibenzo--pp--dioxinsdioxins

((PCDDsPCDDs))
PolychlorinatedPolychlorinated

dibenzofuransdibenzofurans
((PCDFsPCDFs))

Vapour pressure vs MW

1,00E-06

1,00E-05

1,00E-04

1,00E-03

1,00E-02

1,00E-01

1,00E+00
0 100 200 300 400 500

g/mol

Pa

log Kow vs MW

0.00

2.00

4.00

6.00

8.00

10.00

0 100 200 300 400 500

g/mol

Water solubility vs MW

1,00E-06

1,00E-05

1,00E-04

1,00E-03

1,00E-02

1,00E-01

1,00E+00
0 100 200 300 400 500

g/mol

m
ol

/m
3



xxxxXXInhalation of Inhalation of 
vapoursvapours indoorsindoors

xxXXXXxxxxInhalation of Inhalation of 
vapoursvapours
outdoorsoutdoors

xxXXXXXXInhalation of Inhalation of 
particlesparticles indoorsindoors

xxXXXXXXInhalation of Inhalation of 
particlesparticles
outdoorsoutdoors

XXXXDermalDermal contactcontact
indoorsindoors

xxXXXXXXDermalDermal contactcontact
outdoorsoutdoors

XXXXIngestionIngestion of of soilsoil
/dust /dust indoorsindoors

xxXXXXXXIngestionIngestion of of soilsoil
outdoorsoutdoors

CalTOXCalTOXCLEACLEACSOILCSOILNVNVEUSESEUSESExposureExposure
pathwaypathway

Modified from Rikken & Lijzen, 2004)



XXxxDermalDermal contactcontact
duringduring showeringshowering

XXDermalDermal contactcontact
duringduring bathingbathing

XXIngestionIngestion of of bathingbathing
waterwater

XXXXxxxxIngestionIngestion of of drinkingdrinking
waterwater

XXxxInhalation of Inhalation of 
vapoursvapours duringduring
bathbath/shower/shower

XXIngestionIngestion of of breastbreast
milkmilk

XXIngestionIngestion of eggof egg

XXXXIngestionIngestion of of milkmilk

XXxxIngestionIngestion of of meatmeat

XXxxXXIngestionIngestion of of fishfish

XXxxIngestionIngestion of of soilsoil on on 
plantsplants

XXxxXXxxxxIngestionIngestion of plantsof plants

CalTOXCalTOXCLEACLEACSOILCSOILNVNVEUSESEUSESExposureExposure
pathwaypathway





ModellingModelling Scenarios ...Scenarios ...

Background levels 

High risk 
population:
-spends more time out 
doors
- consumes locally
produced food.

Low risk 
population:
-spends less time 
outdoors
-No consumption of 
locally produced
food

Scenario I

Scenario IVScenario II

Scenario III
Contaminated land



DirectDirect exposureexposure pathwayspathways to humansto humans

Inhalation

Ingestion
of soil

Ingestion of 
drinking water

Dermal
contact



IndirectIndirect exposureexposure pathwayspathways

Fish

Egg

Meat

Poultry

Vegetables

Milk

Ingestion of:



SelectedSelected ModelModel CompoundsCompounds

2,3,7,82,3,7,8--TCDDTCDD
1,2,3,6,7,81,2,3,6,7,8--HxCDDHxCDD
1,2,3,4,6,7,81,2,3,4,6,7,8--HpCDDHpCDD
OCDDOCDD
2,3,4,7,82,3,4,7,8--PeCDFPeCDF
1,2,3,4,6,7,81,2,3,4,6,7,8--HpCDFHpCDF



Data Data usedused in in modelmodel

TemperatureTemperature adjustmentadjustment of of partitioningpartitioning
coefficientscoefficients
Swedish Swedish climateclimate data data 
Food Food consumptionconsumption data from data from SLVsSLVs foodfood
consumptionconsumption surveysurvey of of organicorganic
contaminantscontaminants (Lind et al. 2002)(Lind et al. 2002)
The The exposureexposure factorsfactors handbookhandbook ((USEPA, 1997USEPA, 1997))
Swedish Swedish contaminatedcontaminated sitesite investigationsinvestigations
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Continous air emissions were used to model
background concentrations in all 
environmental media

-Air: slightly
overestimated

- Soil:slightly
underestimated

- Groundwater: no 
measured data to 
compare with

- Surface water:slightly
underestimated
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Initial concentrations in soil were used to 
model contaminated site concentrations in all 
environmental media

-Air: up to 10 x 
background scenario

- Soil:up to 100 000 X 
background scenario

- Groundwater: up to 
100 000 X background
scenario

- Surface water:100-
1000 X background
scenario

20-200 000 ng/kg 
(TCDD-OCDD)

Totally 6 140 ng
WHO-TEQ2006/kg



0.05-12.3 0.05-12.3-
Swedish food
consumption
surveya

2,7E-3-2,7E-3Low risk child
1,6E-3-1,6E-3Low risk adult

5105103,0E-3High risk child
3803802,8E-3High risk adult

Total
Indirect exposure
(pg WHO-TEQ/kg 
bw/day)

Direct exposure
(pg WHO-TEQ/kg 
bw/day)

Modelling results of background scenario exposure
show that CalTOX overestimates uptake in biota!!

A Lind et al., 2002



15-15       (5 500)Low risk child
0,9-0,9 (540)Low risk adult
??180 (60 000)High risk child
??8,3        (2 900)High risk adult

TotalIndirect exposure
(pg WHO-TEQ/kg 
bw/day)

Direct exposure
(pg WHO-TEQ/kg 
bw/day)

Modelling results of the contaminated site exposure
show that direct exposure might exceed TDI (1-4 pg 

WHO-TEQ/kg bw/day).

-However, the magnitude of exposure is very
dependant on both population behaviour and age!



SomeSome ongoingongoing improvementsimprovements of the of the modelmodel::

Sediments Sediments nomrallynomrally defineddefined as a sink, as a sink, 
modelmodel modifiedmodified sediments sediments alsoalso as as sourcesource
BioaccumulationBioaccumulation in in fishfish is is moremore importantimportant
thanthan bioconcentrationbioconcentration for for hydrophobichydrophobic
compoundscompounds
PCDD/PCDD/FsFs are are foundfound in the in the colloidalcolloidal fractionfraction
in in groundwatergroundwater (Persson et al., (Persson et al., 
submittedsubmitted), ), modelmodel modifiedmodified for for colloidalcolloidal
transport in transport in groundwatergroundwater
ImprovedImproved sensitivitysensitivity analysisanalysis



ThankThank you!you!

The The resultsresults of the of the projectproject willwill be be 
reportedreported to Sto S--EPA in November 2006EPA in November 2006
A A thirdthird phasephase of the of the projectproject
August 2006 August 2006 –– MayMay 2007:2007:
–– SiteSite evaluationevaluation of the of the modelmodel includingincluding

new new fieldfield measurementsmeasurements from a from a sawmillsawmill
sitesite (Marieberg)(Marieberg)


