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Exceedences of limit values of fine particulate matter are still commonly occurring in large parts of Europe, in particular during winter time (Putaud et al., 2004). Chemical mass closure experiments have shown that an important fraction of the PM2.5 mass is made of secondary aerosol components (sulphate, nitrate, ammonium, carbonaceous matter). Efficient and cost-effective abatement strategies thus require an understanding of how much secondary aerosol is formed from emitted precursors. Nitrate, ammonium and probably many organic species occur in fact as semi-volatile compounds showing a complex gas-aerosol phase partitioning, depending on temperature, humidity and relative concentrations.

In this study we present artefact-free measurements of the SO4-NO3-NH3 gas-aerosol partitioning using a wet annular denuder (WAD) coupled to a Steam Jet Aerosol Collector (SJAC), with simultaneous analysis of inorganic anions and cations in particle and gas phase. Data were obtained during three field campaigns under different smog regimes in terms of meteorology as well as availability of excess nitrate and ammonia (Table 1). 

The dataset allows the validation of an aerosol thermodynamic equilibrium model, in this case ISORROPIA, (Nenes et al., 1998). Measured total (gas + particulate) nitrate and ammonium, with a 30 minute time resolution, are given as input to the model, together with measured sulphate, temperature and relative humidity.  ISORROPIA then calculates the partitioning of nitrate and ammonium between aerosol and gas phase, which appears to reproduce the observed partitioning reasonably well, as illustrated in Figure 1.

We subsequently applied ISORROPIA to explore the effect of reductions in total nitrate, sulphate and ammonia, on the resulting mass of particulate ions, taking into account a possible modification of the gas-aerosol equilibrium. Applied reductions are SO4: 75%, HNO3 : 50% and NH4: 15%, which correspond to averaged targeted  1990 – 2010 reductions in the precursor species (SO2, NOx and NH3) in the EU15 according to the Gothenburg Protocol. This leads to a reduction in inorganic aerosol mass of 70%, 75% and 57% for Ispra, Vinon and Bresso  respectively. Taking into account that the inorganic fraction constitutes around 50% of PM2.5 (Putaud et al., 2004), the effective reduction in PM mass, without additional reduction in organic matter, becomes only half of these fractions. The least efficient reduction in PM mass is observed for the nitrate-rich case of Bresso (winter), where part of the eliminated ammonium sulphate is replaced with ammonium nitrate. 
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Table 1: Description of site characteristics where measurements were obtained. The last two columns represent average molar ratios of  total  (gas + aerosol) ammonium and total nitrate to sulphate respectively
	Location
	Latit.
	Longit.
	Site type
	Period
	NHx/SO4
	(H)NO3/SO4

	Ispra, JRC site, Italy
	45°49’
	8°38’
	Rural backgr.
	July 2000
	9
	0.9

	Vinon-sur-Verdon, France
	43°44’
	5°37’
	Rural backgr.
	July 2001
	3.2
	0.3

	Bresso (Milan), Italy
	45°32’
	9°12’
	Urban backgr.
	January 2002
	16
	2.5


Figure 1. Gas-aerosol partitioning of total nitrate in Vinon-sur-Verdon, as measured and modelled with ISORROPIA








