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Abstract

Human activities profoundly alter the composition of the atmosphere, leading to a cascade of 
effects on climate, ecosystems and human health. Atmospheric particulate matter, or aerosols, 
play a central role in all these changes; they affect climate by modulating the Earth’s energy 
balance, clouds and precipitation; they contain toxic compounds which upon inhalation cause 
millions of premature deaths every year. The same particles also contain substances that act as 
nutrients when deposited in ecosystems, which in turn can affect primary productivity. Much 
of the predictive uncertainty surrounding human impacts on the Earth System are related to 
poorly understood processes involving the emission, transformation and related impacts of 
atmospheric aerosol. 

Knowledge of the levels and drivers of aerosol acidity (pH) is critical for understanding many 
aerosol processes that determine aerosol concentrations, chemical composition, toxicity and 
nutrient bioavailability. Despite its importance, aerosol pH remains poorly constrained because 
its direct measurement is currently not possible. This talk will focus on recent advances in 
constraining in-situ particle pH from the thermodynamic analysis of aerosol and gas-phase 
composition, and show that strong acidity (pH of 0 to 3) is ubiquitous in global aerosol. The 
strong acidity is caused by the large difference in volatility between sulfate (the main acidic 
compound, which resides completely in the aerosol phase), and ammonia (the main 
neutralizing agent, which partitions between aerosol and gas-phase). This counterintuitive, but 
thermodynamically consistent result, explains why for example aerosol acidity in the 
southeastern United States or in South Europe has not decreased over the past few decades, 
despite a 70% reduction in sulfates and a constant ammonia background. Strong acidity, 
however, can be reduced from the presence of non-volatile cations (e.g., Na, K, Ca, Mg from 
seasalt and mineral dust) to the point where nitrate aerosol formation is readily promoted, and, 
the solubility of highly toxic trace metals (e.g., Fe, Cu) can be highly affected. Because of this, 
errors in the representation of NVC in models can bias pH to yield completely incorrect model 
predictions. We conclude by emphasizing the need to evaluate models for their predicted pH, 
and, to revisit the conceptual model used by the aerosol community and policymakers to 
rationalize the drivers of aerosol acidity.  
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