Predicting ecotoxicity of coal tar
asphalt in soils
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How does PAHs spread from coal tar asphalt?

» _eaching from bound subbase is limited
» Limited contact with water
» Small specific surface

u ASphalt partiCU|ateS _ Environmental Pollution
Volume 289, 15 November 2021, 117828
= Spreadable

= Large specific surface

Roads with underlying tar asphalt -
spreading, bioavailability and toxicity of
their polycyclic aromatic hydrocarbons ¢
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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

z Bioavailable concentration of PAH;

PAH,
z i — EC50,
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Toxicity model for risk assessment

Toxic Units (TU)

T Z Concentration;
— Toxic concentration;
l

= Concentration addition
= Suitable for PAHs

o Concentration; o Concentration;
* Flexibility in measure of toxicity B Z EC50; B Z NOEC;
l

» Predictive (EC50)
» Protective (NOEC, EC5)

i

TU = z Modelled bioavailable concentration;

. EC50;
L€ PAH16

= Adjust for bioavailability
= Modelled
= Measured
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Equilibrium model for bioavailability

Assumptions:

= PAH in equilibrium between asphalt, water, and soill I
C Water D
* The equilibrium partitioning is linear I

» The water phase is negligible for the mass balance
= Partitioning to soil follows Kp = fsocKsoc

= Equivalence between freely dissolved and bioavailable PAHs

Massgspnair * Concentration PAH in asphalt;

Modelled bioavailable concentration; =
KCoal tar binder,iMaSSCoal tar binder + KSOC,ifSOCMaSSSOil
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‘ Testing the model

Column leaching followed by three ecotoxicology tests:

1. Seedling germination test
2. Algae reproduction test
3. Bioluminescence test

Glass beads

Glass wool

Soil &
asphalt
mixture

Glass wool

Glass beads
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Soil organic carbon %

‘ Experimental design
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Equilibrium partitioning model vs column leaching

Leaching is overestimated

Negative relationship between:

* Overestimation and Ky,

« Overestimation and soil organic carbon

|.e. less sorption -> greater overestimation
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Modelled equilibrium partitioning compared to column test
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‘ Ecotoxicity results S N
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Results

No correlation between total Strong correlation between Best correlation between modelled
concentration and inhibition leachate concentrations and concentrations and inhibition
inhibition
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R? = 0.06 — R2 = 0.51 R? = 0.55
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EC10 = 85 mg/kg e IE_'EU1D:D.015 TU E;I'ym: 051TU
. 204 —— 1; 1 . 20 1 — T B} 20 —_ B T
:.E )/"}ﬁ: ;§ I E —
- _E_ - /— B /—
n L L]
-20 1 — 2091 - 2091 -
15 Sh 1dU 2%5 U_dU1 U.d10 U_{UU U.%U 0_52 1.&0 3.%5
PAH concentration in soil asphalt mixture Toxic Units of measured leachate PAH concentrations Toxic Units of modelled bioavailable PAHs

Soil © Sand @ Sandand peat mixture @ Peat Toxicant @ 134 ppm PAH16 asphatt #& 1131 ppm PAH16 asphatt B 2155 ppm PAH16 asphalt Endpoint & Bioluminescence Inhibition - Shoat Inhibition

LULEA TEKNISKA UNIVERSITET



Usage

Low tier site specific risk assessments

I

How to do it: CWater >

Define your system, measure the asphalts PAH-content and I
the soil organic carbon content, estimate amount of asphailt,
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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Usage — Excel tool

& Autosave B 9~ < Asphalt:Contamination Toxicity. Calculator.xlsx = Saved v P search ’ = o X
File Home Insert  Draw Page Layout Formulas Data Review View Automate Help PLATINA 3 Comments.
A Cut = AutoS >
i 0S| || = = || Ere ) BB | 5= E 2w O
Bcopy ~ » = Fill
Paste B I U-~|Hi+|d. A- = | B . = . O o oo | Conditional Formatas @ m— Insert Delete Format Sot& Find & Add-ins
~ <F Format Painter =TT - = | Htatas B~ % 9% | g~ Teble~ nput Note = -~ & Clear~ Filter ~ Select~
Clipboard 5 Font [H Alignment [H Number [H Styles Cells Editing Sensitivity | Add-ins ~
A19 ~ i Jx || sum 7
| A \ B c D E F G H J K &
1
pA PAH
E naphthalene naphthalene naphthalene
/8 acenaphthylene acenaphthylene acenaphthylene
B} acenaphthene acenaphthene acenaphthene
[l fluorene 2. fluorene fluorene

Pl phenanthrene phenanthrene phenanthrene

-3l anthracene anthracene anthracene

Ell fluoranthene fluoranthene fluoranthene

0B Dyrene pyrene pyrene

ihM benz[alanthracene benz[a]anthracene benz[a]anthracene
kP4 chrysene chrysene chrysene

ER benzolb]fluoranthene benzo[b]fluoranthene benzo[b]fluoranthene
h¥% henzo[k]fluoranthene benzo[k]fluoranthene benzo[k]fluoranthene

kY benzo[a]pyrene benzo[a]pyrene benzo[a]pyrene

ileY indeno[123cd]pyrene indeno[123cd]pyrene indeno[123cd]pyrene
WA dibenz[a h]anthracene dibenz[a,h]anthracene dibenz[a,h]anthracene
L3 benzo[ghi]perylene benzo[ghi]perylene benzo[ghi]perylene
19 BV Sum PAH-16 Toxic Units

P Material Mass % in the modelled system Organic carbon content (TOC g/g)
PX sphait 0.05
22 B 0.0019

< > (EEALEERTENY | Linear Partitioning Coefficient | ECX_Values + i 4 >

https://www.ltu.se/en/research/research-subjects/waste-science-and-technology/research-projects/research-in-waste-science-and-

Available via: technology/2023-12-06-spread-and-toxicity-of-pah-from-tar-asphalt-roads
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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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