Airborne PAH transfer into soils – A comparison study in karstic mountain forests
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Among the Persistent Organic Pollutants (POP), Polycyclic Aromatic Hydrocarbons (PAH) are of great interest because of their widespread occurrence and mutagenic and carcinogenic effects for some of them. Previous studies have highlighted the role of mountain cold-trapping (Wania et al., 2008; Kallenborn et al., 2006) and forest filter effect (FFE) in the fate of POP (Kukucka et al., 2009; Wang et al., 2009). Airborne PAH could thus significantly be transferred to soil in mountainous forests, via throughfall and litterfall. The resulting enrichment of these compounds can lead to a potential groundwater contamination, especially in karstic mountain (Horstmann and McLachlan, 1996; Schwarz et al., 2011). Few comparative studies were conducted in mountain forest environments and have identified a variability of PAH accumulation by FFE according to tree species (Nizzetto et al., 2006; Schrijver et al., 2007). However, the flux of PAH deposition on forest soil by litterfall of specific tree species are not available. 

[bookmark: _GoBack]In this study, we compare atmospheric PAH bulk deposition in the French Alps under Pinus Sylestris, Picea Abies and in a grass meadow, to quantify the FFE of airborne PAH. We took throughfall, litterfall and litter degradation into account, depending on seasonal variability, to better understand the PAH concentration and distribution in two types of forest soil characterized respectively by a low and a high content of organic carbone in Cambisol eutric and folic Leptosol and in an open-field soil (Cambisol eutric). The final aim of this study is to determine the role of forest (canopy and soil) in the transfer of airborne PAH to the karstic groundwater, which is in this case, as very often, a natural ressource for drinking water production.

Temporal accumulation of PAH by needles was pointed out, which is consistent with the study conducted by Lehndorff et al. (2009). A seasonal variability of PAH concentration is also observed, with the highest values measured during the cold season. This can be linked both to higher PAH emissions by wood or fuel burning, and to colder temperatures, which enhance adsorption of gaseous PAH onto needles' cuticle (Barber et al., 2004). Our results confirmed the FFE with a higher total PAH deposition flux under canopy than in open-field (about 1.3 times higher under spruce canopy and 2.5 under beech canopy), with Phenanthrene as the main PAH (35% of 14PAH) under spruce, whereas Fluoranthene and Pyrene account for 40% and 30% respectively both under beech and in the grass meadow. The spruce litterfall contributed for 70% of the total PAH flux to the soil as it was only 30% for beech litterfall. Soil analysis pointed out a major contamination at 2-4 or 6-8 cm depth for Cambisol eutric, and a different distribution in folic Leptosol leading to a possible transfer of PAH to groundwater. Soil characteristics lead to different quantity of stored PAH. 

Thus, the PAH transfer to groundwater depends both of soil-type and forest tree-species. The monitoring of PAH concentration in seepage and groundwater is ongoing. Results would be of great interest to evaluate the karstic aquifer vulnerability to such toxic pollutants.
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