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Context  

Despite an improvement in recent decades, particle pollution remains significant in the Paris region. It is necessary 

to quantify its sources, whether local or remote, to improve our capacity to control local air quality. This requires, in 

particular, a better characterization of the health impacts of particles according to their sources (e.g. traffic, 

agriculture …). 

 

Objectives / scientific questions 

We proposed to study the situations of pollution peaks by implementing a multi-site and multi-parameter 

measurement approach, including chemical composition and boundary layer dynamic measurements. In parallel, 

we have systematically estimated the oxidizing potential of these particles. 

 

Main results 

At the end, around sixty days were sampled for which multi-site observations could be carried out. It was thus 

possible to gather, for each day, observations of boundary layer dynamics, particle compositions and oxidising 

potential (OP) on several sites representative of different environments (sub-urban, urban background, mixed 

urban/traffic).  

The first analysis of these observations was carried out on a specific event covering the period of December 2016. 

This episode was exceptional both in terms of intensity and length (Foret et al, in prep). The high concentrations of 

PM10 observed were among the highest observed since 2007 in the Ile-de-France (IDF) region. This is a local 

pollution episode dominated by primary organic matter and modulated by meteorological conditions (Figure 1). In 

particular, we have shown that the first part of this episode was characterized by an extremely stable situation (high 

pressure, weak winds, low mixing layer height) resulting in ventilation indices among the lowest ever observed in 

IDF and concentrations of PM10 but also of organic matter and "black carbon" among the highest ever observed at 

some stations of the AIRPARIF network (Figure 2). Moreover, we observed that the inorganic fraction (and in 

particular nitrate) of PM was significant and that it was largely associated with non-agricultural NH3 emissions, 

especially traffic in the Paris conurbation. The analysis of this type of event is also interesting since this type of 

"stagnant" situation, which favours local pollution, is likely to be reproduced more frequently in the context of 

climate change (Horton et al, 2014). The evolution of oxidative potential values during this pollution episode are 

consistent with the evolution of concentrations, but we now need to carry out an analysis of the entire dataset to 

compare the OPs according to the nature of the episodes (local or regional). 

A key achievement of this project is the methodological aspect since it illustrates the implementation of a network 

of research stations, complementary to the operational networks, for the study of particles. It is indeed essential to 

be able to evaluate the spatial gradients of pollutants.  For example, we have shown, by putting observation and 

modelling in synergy, that local sources of ammonia (e.g. traffic) and consequently of nitrate were high in December 

2016, which goes against is the commonly admitted of agricultural "regional" sources (Petit et al, 2015). It is also 

important to be able to combine observations of the composition with those of the boundary layer dynamics which 

are rarely combined and which are essential for analysing the dynamics of pollution events, an aspect which is also 

important for longer term analyses. 

Finally, we were able to focus on the precursors of the secondary organic aerosol (SOA), volatile organic compounds 

(VOCs). Indeed, during the project, simultaneous measurements of VOCs were carried out at SIRTA site (3 months 
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and a half) and at LISA site (1 month) using two PTR-MS (Languille et al, 2019). Several VOC have been identified as 

strongly wood burning influenced (e.g., acetic acid, furfural), or traffic influenced (e.g., toluene, C8-aromatics). 

Methybutenone, 5 benzendiol and butandione were identified for the first time in ambient air, as being related to 

wood burning. A Positive Matrix Factorization (PMF) investigation has attributed 47 % of the measured VOC to wood 

burning, 22 % to traffic and the rest (31 %) to solvent use and background. A comparison with the local emission 

inventory was conducted, which showed a good consistency for benzene and xylenes but revised values are needed 

for several VOC such as acetic acid, C9-aromatics and methanol.  

Figure 1. Time series of the major non-refractory PM1 
chemical components (Sulfate, red; ammonium, yellow; 
nitrate, blue; organic, green; black carbon, black) at SIRTA 
(https://sirta.ipsl.fr) between 29th November 2016 and 17th 
December 2016 using an ACSM and an AE33. 

 

 
Figure 2. BC concentrations measured at 4 AIRPARIF Paris sites 
A1 (trafic), BP Est (Trafic), Haussmann (Trafic) and Paris13 
(Urban) with AE33 and particle’s organic matter measured at 
Gennevilliers (Urban) with an ACSM. Boxplot are data for the 
2016-2020 period while the red rectangle corresponds to data 
of the 2016/11/30-2016/12/02 subperiod of the event. 

Future of the project : 

Analysis of the whole dataset acquired during the project is still in progress. Almost all chemical analysis are now 

done. More specifically, we are currently classifying pollution peaks by their origin (using dynamical and chemical 

information) to determine the weight of local against regional or continental origin of pollutants. This analysis will 

be further used along with PO measurements to determine if local or remote pollution have different PO and 

therefore different impacts on health, which is of importance for mitigation policies. Also in parallel, a PMF analysis 

will be developed to determine main sources associated with PO over the whole measurement period. In the 

future, we will also set-up more regular and perennial PO measurement over IDF (from 2020) that will serve (with 

other French measurements) developing a PO modelling tool. 
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