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> Context

Persistent Organic Pollutants (forever chemicals) :

_ _ - Persistents
* Polycyclic Aromatic Hydrocarbons (PAH) - Bioaccumulative

* More than 2000 molecules from 2 to 8 rings - Toxic ,
- Mobiles in the environment (long range transport)

* 16 identified as persistant organic pollutants

N L
O I 2 gay
MNaphthalene Acenaphthylene Acenaphthene Flucrene
* Origin : incomplete combustion of organic material ) ) e
* Natural : volcanic eruption, wild fires... e
Phenanthrene Anthracene Fluoranthena Pyrene

* Anthropogenic : coal and wood combustion, fossil

fuel combustion and crude oil | | e ,
Main source @e“ G% O@ﬁ

* Well documented in atmosphere and water Bonz{ajanthracene Chrysene  Benzoftifiuoranthens  Benzofifluoranthens

—> Scarce knowledge of soil contamination
: :: ‘#- I:_ h ‘--.I ’ |

C a rci no ge n | C / : Benzola)pyrene | Indenoll1,2,3-c.d]pyrene Benzo[g,h,ipervlene  Dibenz[a, hlanth-acens
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> Objectives

Levels of soil contamination by PAH in France, spatial distribution and sources
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Land use

¢ Waste lands
Natural vegetation
Green urban areas
Arable lands

e Forests
Permanent pastures

e Vineyards and orchards
Unsampled sites
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* National Soil Quality Monitoring
Network

Based on a systematic grid (16 km x
16 km)

Around 2200 sampling sites
First campaign: 2000 — 2008

Analysis of 15PAH from 2008 to 2012
on surface soil samples
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> Levels of PAH contamination

N > LOQ (%) Q50 Max Mean

215PAHs (pg/kg) 70 32.6 31193 161.0
2-3-ring PAHs (%) 10.3 100 18.5
4-ring PAHs (%) 36.3 100 28.9
5-6-ring PAHs (%) 22.8 100 22.7

* Mostly 4 to 6 rings (heavy PAH)

e Same order of magnitude found in soil in Europe
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Spatial variations, origins, and risk assessments of
polycyclic aromatic hydrocarbons in French soils
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Proportion of French soils

Soil classification PAH ranges (ug-kg?)
(in %)

Non-contaminated <200
Weakly contaminated 200-600 12
Contaminated 600-1000 2.1

Heavily contaminated > 1000 | 2.9 |

Based on Maliszewka-Kordybach (1996)

Maliszewska-Kordybach, B.: Polycyclic aromatic hydrocarbons in agricultural soils in Poland: preliminary proposals for criteria to
evaluate the level of soil contamination, Appl. Geochemistry, 11(1-2), 121-127, doi:10.1016/0883-2927(95)00076-3, 1996.



> Spatial distribution of PAH in French soils
Sum of 15 PAH

5
Y PAH,; in pg.kg'

9to 22
I:36 * Disparities between regions
46 to 53

o 172 * North-East and rhodanian corridor (S-E):

72 to 87
10810 138 * industrial regions (coal, metallurgy)
138to 175
iéggggg * Around the main cities
559 to 1,741

1 Lyon
2 Nantes

3 Paris * Threshold value of 100 pg.kg* in the

5 Strasbourg .

: Marsill literature
7 Bordeaux

8 Brest

el * North-East with a high probability of

10 La Rochelle

3 : N .
o Hcripaler exceeding this value (> 50%)
13 Toulouse

14 Grenoble

15 Rennes

16 Dijon

i 17 Orleans

L 18 Tours
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> Origin of PAH in French soils

Comparaison of molecular ratios of PAH and literature values

Fih/(Fih + Pyr) Ant/(Ant + Phe) * Signature information

* Pyrogenic origin : coal/wood combustion
! oA e Large pattern with same signature : suggesting
o j atmospheric deposition
LE NS} l=
Ty [ae R BRS | [Tmey X o ARl
o R Gl Wy [ &
5 b 5 s 2
_ g | =PAH o .
IndP/(IndP + BghiP) = Peak of emissions in Europe in
% 15 , 1960’s :
-12 .
g 10 - Main producers: Germany, UK and
5 [ France
0 & § > Emissions 10 to 100 times current
-6 §; depositions
V)
" L 2
S PAH :
Ratio_BaA_Chry (Fadi HIILEEESHI et Froe Ratio_IdP_BghiP 2 é\r
=0.00100.20 - = e -, =001002
omoie | e : | [*oseio Lo
~ o Missing l
& & & & & & m@c
From Gabrieli et al, 2010  Calendar year
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Spatial variations of organic contaminants in French soils Gabrieli, J., Vallelonga, P., Cozzi, G., Gabrielli, P., Gambaro, A., Sigl, M., Decet, F., Schwikowski, M., Gaggeler, H., Boutron, C., Cescon, P. and Barbante, C.: P. 6
22" Word Congress of Soil Science / Glasgow 2022 / Froger Post 17th-century changes of european pah emissions recorded in high-altitude alpine snow and ice, Environ. Sci. Technol., 44(9), 3260-3266,

doi:10.1021/es903365s, 2010.



> Origin of PAH in French soils

FIh/(Flh + Pyr)

PAH and literature values

T . . .
W*’ «1 Z; e Signature information
et » Signature of FIh/Pyr = matching the signature of
< U8 & & pAH origin in French soils:
oor b Bt e Heritage from industrial era (European + local emissions)
“o ot == = e Emissions from cities (heating + industry)
S 0L | How can we explain this persistence ?
LS oo * Adsorption to OM | |
e |+ «Ageing » of soils (increasing PAH interactions in soils)
S S - long-term sequestration in soils
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Gabrieli et al, 2010

Calendar year P-7



> Risk assessment

Chronic risk : Total Lifetime Cancer Risk for residents

e Risk for PAH in soil Risk for residents
* Calculated for residents W
* Pathways : ingestion, inhalation, dermal e
al

Low risk directly induced by soil contamination but :

e Lifetif+ Non-negligible risk = need to be assessed
« pl° What about their transfer to plants/food? " oo 8w
i Cocktail effect of multi-contamination ? L m 10 10°

u W 10°t 107
O Missing

]
L Total Lifetime Cancer Risk
| |

i/—' I Lyon
- Need to integrate soil contamination into risk assessment models (One Health) i Lwﬂ 2 Nantes

i Paris

* Risk trresmroroorTo——Tover T o ’\J "% foee” e — e

va
=\ 7 Bordeaux
7

- N 6 Marseille
* Most of the sites < 10”7 i Dy Bl 1 I
(.| [ ] - L Clermont Ferrand
* Highest risk in northern France /n iR iy /|  Montpaller

]
= " 1,2" 12 Nice
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> Conclusion and perspectives

* Widespread contamination * Perspectives Spatal it of ot PR (CE)
* PAH detected in most of French soil * Ongoing... Similar work on PCB

Spatial _ h d mai * Spatial variation & origin
pgtla patterr\ : North-East and main . Risk assessment
cities contaminated

* Origins :
* Historical heritage for PAH (1960’s)
* European emissions

* Indicator of multi-contamination
(organic and TE)

* Local industries and cities i
* Emerging pollutants :

* Risk assessment : * Pesticides
* non-negligible, North of France with * Drugs
highest risk e Microplastics...
* Need to be considered in risk
assessments * Integration of soil contamination in the

risk assessment models and exposome
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