Supplementary Information 
Ozone depletion in the Antarctic region triggers intense changes in sea salt geochemistry

Sérgio J. Gonçalves Jr1,2,*, Heitor Evangelista2, Johannes Weis3,4,5, Tristan H. Harder3,4,5, Swarup China6, Simon Müller3,4, Magdalena M. Marques7, Newton Magalhães2,8, Heber R. Passos9, Marcelo Sampaio9, Jefferson C. Simões7,10, Bruno Ximenes2, Carlos I. Yamamoto11, Alexander Laskin6,12, Mary K. Gilles3, Ricardo H. M. Godoi1

1 Environmental Engineering Department, Federal University of Paraná (UFPR), Curitiba, PR, Brazil
2 LARAMG, Rio de Janeiro State University (UERJ), Rio de Janeiro, RJ, Brazil
3 Chemical Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
4 Department of Chemistry, University of California, Berkeley, California 94720, USA
5 Physikalisches Institut, Universität Würzburg, Am Hubland, 97074 Würzburg, Germany
6 William R. Wiley Environmental and Molecular Sciences Laboratory, Pacific Northwest National Laboratory, Richland, Washington 99352, USA
7Polar and Climatic Center, Institute of Geosciences, Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, RS, Brazil 
8 LAGEPRO, Rio de Janeiro State University (UERJ), Rio de Janeiro, RJ, Brazil
9 Brazilian National Space Institute (INPE), São José dos Campos, SP, Brazil
10Climate Change Institute, University of Maine, ME, USA
11Chemical Engineering Department, Federal University of Paraná (UFPR), Curitiba, PR, Brazil
12 Department of Chemistry, Purdue University, West Lafayette, IN 47907, USA

*Corresponding author: sjrgoncalves@gmail.com


Supplementary Information

CCSEM/EDX rule classification. To assign the analyzed particles into groups based on CCSEM/EDX results a rule-based particle classification was applied based on previous study by Laskin et al. (2012) as following: a) particles containing sodium above the threshold level of 0.5 atomic percent (indicated [Na] > 0.5) are separated from those without sodium ([Na] = 0.5); b) out of the sodium containing particles, those containing more sodium than any other detected metal is subdivided into two classes: Sea Salt if [Na] > [S], and mixed Sea Salt/Sulfate if [Na] < [S]; c) the sodium-free particles are subdivided into two additional classes: carbonaceous if quantitative analysis of their X-ray spectra shows the presence of only C, N, and O elements, and sulfates if sulfur is the only other detectable element in addition to C, N, and O; and d) the remaining particles are assigned to a single, nonspecific class of other particles, which are assumed to be dust. The clusters were categorized by diameters (m) (Supplementary Figure 1).
[image: ]
Supplementary Fig. 1. The size distribution of particles were separated into five major clusters according to the ruled-based description above in Supplementary Note 1.





[bookmark: _Hlk506822056]STMX/NEXAFS spectra, standards and measurements. NEXAFS spectra from the Criosfera 1 samples (collected on Silicon Nitride windows) and standard materials (NH4NO3, KNO3, NH4Cl, (NH4)2SO4) were acquired over the C (278 eV-320 eV), N (395 eV-420 eV) and O (525 eV-550 eV) K-edges as well as the S (160 eV-190 eV), Cl (195 eV-205 eV) and Ca (340 eV-360 eV) L-edges by means of synchrotron based STXM. The spectra, presented in Supplementary Figure 1, were used to identify characteristic spectral features of the individual components contained in the aerosol particles. In subsequent measurements, just a few images at the energies of these features were acquired for each atomic species. Using this method, the data acquisition time was significantly reduced allowing inspection of a greater number of particles.
For carbon, nitrogen, and oxygen, the absorption difference between post-edge and pre-edge energies was used to determine quantitative mass information of these elements. Here, images at the carbon pre-edge (278 eV, 280 eV, and 282 eV), the carbon post-edge (316 eV, 318 eV, and 320 eV), the nitrogen pre-edge (395 eV, 396 eV, and 397 eV), the nitrogen post-edge (430 eV, 432 eV, and 434 eV), the oxygen pre-edge (524 eV, 526 eV, and 528 eV), and the oxygen post-edge (546 eV, 548 eV, and 550 eV) were used. The nitrogen spectrum of NO3 (in NH4NO3, KNO3) is characterized by the presence of a broad peak at 413.0 eV, whereas NH4 in NH4NO3 was identified by an absorption peak at 405.2 eV with a shoulder at 407.0 eV. The presence of Calcium was determined by absorption at a Ca L-edge peak at 349.2 eV. Due to the high presence of sulfur (rather than carbon) in areas with high Calcium content, these pixels were identified as CaSO4. The ratio between an absorption peak at 201.9 eV and a subsequent dip at 202.5 eV in the Cl-spectrum was used to identify NaCl. To map ClxOy, the presence of Cl without this spectral feature was correlated to the quantitative mass information of oxygen. To account for contributions from the oxygen containing species (NH4)2SO4 and NO3 to the absorption, the total oxygen mass was corrected using the N:O mass ratio. The aerosol particles that could not be identified as any of the above components were mapped as unidentified inorganics.
Component detection thresholds for binary mixing state determination and subsequent automated principal component analysis have been applied. Additional scripts were written specifically for this manuscript and allowed a quantitative (in C, N, and O) automated mapping technique to identify multiple chemical components of single particle aerosols. Utilizing images at just a few well-selected energies (in detail above), this mapping technique identifies NaCl, NO3, NH4, CaSO4, ClxOy and other inorganics. 

[image: SI%20FIG.pdf]
Supplementary Fig. 2. The STXM spectra and standards used to analyze the samples.

In addition, a means-clustering algorithm was used to group (cluster) particles collected at Criosfera 1 by elemental composition using the K-edge and L-edge spectra. Thus, different groups of similar composition were obtained, resulting in the corresponding average abundance for each of these particle types. The STXM cluster particles and their mixing states were classified as six groups: NaCl with mainly NO3, NaCl with mainly ClxOy, mainly ClxOy with NO3 and no NaCl, Containing Ammonium Sulfate ((NH4)2SO4), ClxOy with no NO3 and no NaCl, and dust.  The cluster classification is shown in Figure 1 and Supplementary Table 1. From this table one observes that ClxOy dominated particles add up to 45 % of the total particles.




Supplementary Table 1. Particles per cluster divided by an area equivalent diameter (AED).
	AED (m)
	[0, 0.5]
	[0.5, 1]
	[1, 1.5]
	[1.5, 2]
	[2, 2.5]
	[2.5, 3]
	[3, 3.5] 
	[3.5,4]
	[4, 4.5]
	[4.5, 5]
	Cluster
	Total

	NaCl, NO3, CaSO4
	0
	0
	0
	9
	13
	5
	1
	1
	0
	0
	NaCl with mainly NO3
	31

	NaCl, NO3
	0
	0
	0
	2
	0
	0
	0
	0
	0
	0
	
	

	NaCl, ClxOy, CaSO4
	0
	0
	0
	5
	10
	4
	4
	1
	1
	0
	NaCl with mainly ClxOy
	26

	NaCl, ClxOy
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	
	

	mainly ClxOy,CaSO4
	0
	0
	0
	2
	0
	5
	1
	3
	0
	0
	mainly ClxOy, with NO3, no NaCl
	14

	mainly ClxOy
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	
	

	pure ClxOy, CaSO4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	ClxOy, no NO3, no NaCl
	6

	pure ClxOy
	0
	1
	0
	1
	1
	1
	1
	1
	0
	0
	
	

	(NH4)2SO4, ClxOy, CaSO4
	0
	0
	0
	3
	0
	0
	0
	0
	0
	0
	containing ammonium sulfate
	8

	(NH4)2SO4, ClxOy
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	
	

	(NH4)2SO4, CaSO4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	

	(NH4)2SO4
	0
	0
	1
	2
	1
	0
	0
	0
	0
	0
	
	

	Unidentified / dust
	15
	2
	0
	0
	0
	0
	0
	0
	0
	0
	dust
	17
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