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Abstract 

This PhD project proposes, for the first time, the realization of a spatio-temporal study of urban atmospheric nanoparticles (NPs) or ultrafine particles (PUFs) by associating innovative and complementary analytical techniques: magnetic mineralogy, single-particle ICPMS, microscopic and geochemical analyses. This combined and multidisciplinary approach is essential for the successful completion of this project. Indeed, in addition to the so-called “classical”; microphysical and geochemical characterization techniques (MET-EDX, DLS, ICP-MS), innovative techniques that are currently being developed will be applied to the NPs issue, as they can help to overcome the analytical obstacles that have hitherto limited their systematic detection and characterization..
This study will focus on the Paris conurbation, the only megalopolis in Western Europe (10M inhab.) and, as such, the results of the study will have a global reach. The thousands of urban trees will be considered as passive sensors, which will allow the collection of PUFs close to roads as well as in more remote areas such as parks and schools. Enzymatic digestion of wood, inspired by a protocol developed for wood-boring fungi and insects, will be used to dissolve NPs/PUFs, prior to their analysis by spICPMS. A distinction is made between the digestion of sugars (cellulose and hemicellulose), which is facilitated by cellulases (endo-1,4-beta-D-glucanase) or glucosidase hydrolases (Beta-glucosidase), and the digestion of lignin. Magnetic analyses, perfectly adapted to the study of metal oxides (iron oxides, fine magnetic characterization and size distribution), combined with spICPMS (chemical compositions of PUFs, in particular Fe, Cu, Sn, Sb, Zn, Cd, Co, Cr, Mn, Pb and Al) and µphysical and µscopic characterizations (size, shape, structure) will make it possible to obtain a multi-parameter signature of anthropogenic PUFs of unequalled precision today for the study of their fate and distribution within the environmental compartment in direct contact with the population.
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Introduction to the PhD Rationale
In October 2018, the World Health Organization (WHO) and the European Environment Agency (EEA) simultaneously alerted the international community to the devastating impact of air pollution, which kills 600,000 children worldwide and 391,000 people in the European Union every year, in particular due to high concentrations of fine particles (PM2. 5, less than 2. 5µm in diameter). The EEA estimates that 74% of the EU population is exposed to concentrations above WHO standards (10 µg/m3 as an annual average). However, no standards currently exist for exposure to UltraFine Particles (PUFs, or PM0. 1 or nanoparticles, NPs, with a size less than 100 nm). This is why the French National Health Security Agency (ANSES) has been advocating since June 2018 the implementation of national regulatory monitoring for thirteen new unregulated substances present in ambient air and recommends increased monitoring […] for atmospheric NPs". 
Indeed, many obstacles currently limit the understanding of the health effects of NPs, such as the lack of data on their chemical composition or the spatial and temporal variability of their concentrations in number and size distribution (Integr report. Sci. Assess. of the US EPA, 2009). However, there are currently no instruments available to measure all of these parameters for NPs in air (Baldauf et al, Int. J. About. Res. Public Health, 2016). National efforts for air quality monitoring, notably through the creation of the LCSQA, cover a wide range of pollutants but are limited for airborne particles to counting PM10 and PM2. 5, due to the lack of analytical tools for the detection and characterization of PUFs. 
At the same time, the majority of urban centers have thousands of trees in streets, parks and schools (about 200,000 in Paris intramuros), most of which are plane trees with the particularity of periodically losing their bark. However, recent studies have shown that tree bark can be used as atmospheric passive biosensors, particularly for heavy metals (Birke et al, 2017). Thus, bark would have the capacity to accumulate pollutants from different atmospheric events on their surfaces and could therefore serve as a tool for measuring air quality.
Working Assumptions and Objective
In this context, the objective of this research project is to detect, trace and study of the distribution of atmospheric anthropogenic PUFs (or NPs) in urban areas, through the combination of i) the use of tree bark as passive biosensors of PUFs, ii) innovative analytical techniques such as single particle mode mass spectrometry (SPICP-MS) coupled with magnetic mineralogy techniques used in environmental magnetism, and iii) a spatio-temporal approach. We will focus in particular on metallic particles emitted in urban areas by road transport. 
The PhD project will be structured in 3 interconnected steps: 
Step 1: Synthesis of reference nanoparticles and characterization of anthropogenic NPs/PUFs 
Step 2: Detection of NPs/PUFs on passive biosensors 
Step 3: Mapping and spatio-temporal tracing of atmospheric NPs in urban areas.
Financial support of the PhD Project 
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