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Introduction

Emissions of nitrogen and sulphur oxides, ammonia and mineral dust contribute to the acidity balance of
the atmosphere, and together with liquid water content, set the pH of aerosol, cloud water and

precipitation.

Anthropogenic emissions of nitrogen and sulphur oxides and ammonia have significantly increased since
the Industrial Revolution and lowered the pH of aerosol, cloud water and precipitation, especially in the

marine atmosphere in the northern hemisphere.

Increases in nitrogen deposition to the ocean due to these emission changes are well documented. This
presentation examines the past and future changes induced in atmospheric nutrient supply to the ocean
as a result of the influence of atmospheric acidity on oxidized and reduced nitrogen, iron, phosphorus and

trace metals (TM).

The consequences of the induced changes in nutrient supply for marine microbial ecology are also

discussed.



Overview of the Interactions Between Atmospheric Acidity and Nutrient Cycles
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Aerosol Acidity and its Changes

Fine mode Coarse mode

2010 emissions

1850 - 2010 ¢ TR 1850 - 2010 ’
em|SS|OnS . \ 4 S em|SS|Ons . \ : T

2100 - 2010
emissions

2100 - 2010
emissions

90°N

60°N [

30°N

pH change relative to 2010

Simulations are from Kanakidou et al., Deep Sea Res. I, 171, 104606, 10.1016/j.dsr2.2019.06.014, (2020).



Nitrogen Wet to Total Deposition Ratio Changes
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Simulations are from Kanakidou et al., Deep Sea Res. I, 171, 104606, 10.1016/j.dsr2.2019.06.014, (2020).



Labile Iron and Phosphorus Wet to Total Deposition Ratio Changes
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Simulations are from Kanakidou et al., Deep Sea Res. I, 171, 104606, 10.1016/j.dsr2.2019.06.014, (2020).



Implications of Acidity-Driven Changes in Oceanic Nutrient Supply

Decreases in pH, mainly over the northern hemisphere oceans:

» alter the distribution of nitrogen deposition (e.g. decreasing long-range transport of oxidised N),
* increase the labile fractions of Fe and P in deposition and

* increase the proportion of wet deposition of reduced N (ammonium) and labile Fe.

In combination, these changes in deposition magnitude, distribution and deposition mode:
* alter the relative abundance of nutrients (i.e. N:P, N:Fe, P:Fe) in atmospheric deposition,
» affect the passage of deposited nutrients through the sea surface microlayer (SML) and into bulk

seawater.

The impacts of changing nutrient ratios in deposition and modified interactions of nutrients with the
unique environment of the SML are uncertain, but could include shifts in marine microbial community

structure and nutrient (co-)limitation regimes.



Conclusions

The acidity (and liquid water content) of atmospheric aerosol are key state parameters that profoundly
influence the patterns, fluxes and impacts of atmospheric nutrient deposition to the oceans.

These effects are brought about by changes in the gas-aerosol partitioning of nitrogen species and the

solubility of iron, phosphorus and trace metals.
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