
Predicting ecotoxicity of coal tar 
asphalt in soils

Toxic Units of modelled bioavailable concentrations of 

Polycyclic Aromatic Hydrocarbons
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How does PAHs spread from coal tar asphalt?

▪Leaching from bound subbase is limited

▪ Limited contact with water

▪ Small specific surface

▪ Asphalt particulates

▪ Spreadable

▪ Large specific surface
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Spread of particulate coal tar asphalt

▪Road works

▪ Intermediate storage

▪Heavy traffic induced road breakage

▪Exposed coal tar asphalt in the surface course
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Basis for risk assessment
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Toxicity model for risk assessment

Toxic Units (TU)

▪Concentration addition

▪ Suitable for PAHs

▪Flexibility in measure of toxicity

▪ Predictive (EC50)

▪ Protective (NOEC, EC5)

▪Adjust for bioavailability

▪ Modelled

▪ Measured
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Equilibrium model for bioavailability

Assumptions:

▪ PAH in equilibrium between asphalt, water, and soil

▪ The equilibrium partitioning is linear

▪ The water phase is negligible for the mass balance

▪ Partitioning to soil follows KD = fSOCKSOC

▪ Equivalence between freely dissolved and bioavailable PAHs
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𝑀𝑜𝑑𝑒𝑙𝑙𝑒𝑑 𝑏𝑖𝑜𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑖 =
𝑀𝑎𝑠𝑠𝐴𝑠𝑝ℎ𝑎𝑙𝑡 ∗ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑃𝐴𝐻 𝑖𝑛 𝑎𝑠𝑝ℎ𝑎𝑙𝑡𝑖

𝐾Coal tar binder,i𝑀𝑎𝑠𝑠𝐶𝑜𝑎𝑙 𝑡𝑎𝑟 𝑏𝑖𝑛𝑑𝑒𝑟 + 𝐾SOC,i𝑓𝑆𝑂𝐶𝑀𝑎𝑠𝑠𝑆𝑜𝑖𝑙

Water

Asphalt

Soil
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Testing the model
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Glass wool

Glass beads

Glass beads

Glass wool

Soil & 

asphalt 

mixture

Column leaching followed by three ecotoxicology tests:

1. Seedling germination test

2. Algae reproduction test

3. Bioluminescence test
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Experimental design
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Equilibrium partitioning model vs column leaching
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Modelled equilibrium partitioning compared to column test

Leaching is overestimated

Negative relationship between: 

• Overestimation and 𝐾𝑂𝑊

• Overestimation and soil organic carbon
 

I.e. less sorption -> greater overestimation
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Ecotoxicity results
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Soil type had bigger impact than asphalt

The algae were stimulated by PAH16

The shoots were inhibited PAH16

Bioluminescence was inhibited by  PAH16

The inhibition was ameliorated by peat
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Results

No correlation between total 

concentration and inhibition
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Strong correlation between 

leachate concentrations and 

inhibition

Best correlation between modelled 

concentrations and inhibition
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Usage

Low tier site specific risk assessments

How to do it:

Define your system, measure the asphalts PAH-content and 

the soil organic carbon content, estimate amount of asphalt, 

plop it into excel.

Use case examples:

Risk assessments of actual or potential spread of particulate 

coal tar asphalt 

Assessment of risk reduction measures
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Water
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Usage  ̶  Excel tool
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https://www.ltu.se/en/research/research-subjects/waste-science-and-technology/research-projects/research-in-waste-science-and-

technology/2023-12-06-spread-and-toxicity-of-pah-from-tar-asphalt-roadsAvailable via:
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In conclusion

Equilibrium models of bioavailability of PAHs are conservative

and

Toxic Units are suitable for modelling ecotoxic effects of complex mixtures of PAHs

thus

Toxic Units of equilibrium modelled bioavailable PAH:s are conservative, flexible, and 

predictive 

Finally:

Whilst conservative, the equilibrium assumption greatly reduces expected toxicity

Only amount of asphalt, it’s PAH-content and the SOC% is necessary for the modelling
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Kontakt

Martin Oscar Larsson

Martin.Larsson@ltu.se

+46737053435
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