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Section S1: additional figures 

 

Figure S1.1: DMPS size-resolved number concentration data against electrical mobility diameter 

(Dm), with the candidate events in Figure 1 highlighted. Two examples of ‘open’ distributions are also 

shown. White areas on the plot denote instrument downtime or when it was otherwise not sampling 

ambient air. 

  



 

Figure S1.2: AMS-derived organic and sulphate mass concentrations, as calculated using the standard 

fragmentation tables (see section S2). Other commonly-reported species (nitrate and ammonium) 

were below detection limit outside of areas in close proximity to ports in the UK or Svalbard and thus 

considered irrelevant. The period of the main case study is highlighted in orange. 
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Figure S1.3: Detail of the AMS ‘V’ mode peak at m/z=127 during the high-iodine event, showing a 

peak at 126.90, consistent with I
+
. The second peak could be a combination of C10H7

+
 (127.05), 

C6O3H7
+
 (127.04) and C7O2H11

+
 (127.08).   
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Figure S1.4: HTDMA-derived growth factor probability distribution functions for 50 nm dry particles 

at 90 % relative humidity, with associated mean growth factors. The low growth factors associated 

with the case study time period in figure S1.3 (26 July 22:50-23:45) are highlighted. 

Section 2: AMS Data Processing 

Data were processed using SQUIRREL V1.5E, with the default fragmentation tables (Allan et al., 

2004; Aiken et al., 2008), adjusted to remove gas phase interferences at m/z=16 (O
+
) and 44 (CO2

+
). 

Positive Matrix Factorisation (PMF) (Paatero and Tapper, 1994) was performed using PMF2 V4.2 in 

robust mode and the PET V2.06 toolkit (Ulbrich et al., 2009). The Unit Mass Resolution (UMR) data 

were used for this, as the High Resolution (HR) data was not reliable at the high m/z values of interest 

here. The data pretreatment steps recommended by Ulbrich et al. (2009) were followed, using the 

error model of Allan et al. (2003). 

PMF converged successfully for a large number of factors, however the 5-factor solution was deemed 

the most physically meaningful. The results of this factorisation are shown in figures S2.1 and S2.2. 

Rotational ambiguity was explored using the FPEAK parameter (Paatero et al., 2002), however 

nonzero values either yielded unphysical results or failed to converge. While larger numbers of factors 

(up to 8) converged successfully, these showed evidence of factor ‘splitting’ and ‘mixing’ (Ulbrich et 

al., 2009; Allan et al., 2010), meaning the results were probably not physically meaningful. 

Regardless, no factor was found that explained the signal at m/z=127. 

Within the 5-factor solution, factor 1 is sea salt misattributed as organic matter, evidenced by the 

peaks at m/z=58 and 60 corresponding to NaCl
+
. While the AMS is not optimised to study sea salt, it 

can be present in the mass spectra in marine environments (Ovadnevaite et al., 2012). The peaks at the 

high m/z are fragments of tungsten compounds containing various combinations of O, H and Cl 

atoms, caused by the corrosion of the vaporiser surface. Factors 2 and 3, which are designated 

aromatics (containing characteristic peaks at m/z=91 and 77) and hydrocarbon-like organic aerosol 

(containing aliphatic hydrocarbon series) respectively, can be associated with combustion sources 

(Canagaratna et al., 2004), specifically the ship’s own stack emissions and sources around ports. 

Factor 4 is methyl sulphonic acid (MSA), evidenced by characteristic peaks such as m/z=79 (Phinney 

et al., 2006). Factor 5 has a characteristic peak at m/z=44 (CO2
+
), so is probably a highly oxygenated 



organic aerosol (McFiggans et al., 2005; Jimenez et al., 2009). While this factor does appear to show 

a degree of covariance with MSA, the exact chemical nature and source of this can only be speculated 

at. 

In all of the convergent solutions up to 8 factors, no factor showed a significant contribution from 

m/z=127 (I
+
). Upon inspection of the residuals, a clear signal can be seen associated with the 25-27 

July case study. The residual diagnostic data from the 5-factor solution is presented in Figure S2.3. 

This implies that the I
+
 signal is not covariant with any of the other factors identified using PMF. The 

reason it does not form the basis of its own factor is because it does not account for enough overall 

weighted variance compared to the other factors. While I2O5 is also known to produce other peaks 

(e.g. IO
+
, IO2

+
), these are expected to be much smaller (McFiggans et al., 2004) and no signals were 

found in their residuals over the noise. Note that while no significant I
+
 signal was found in 

association with the other candidate nucleation events, this does not mean that there was no iodine 

present; during these other events, not enough particulate mass existed above the sizes detectable by 

the AMS (>30 nm approx.) (Liu et al., 2007). 

Section 2 figures 

 

Figure S2.1: Time series of derived factors from the 5-factor PMF solution. 
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Figure S2.2: Mass spectral profiles of the 5-factor PMF solution. 

 

Figure S2.3: Residual diagnostics for m/z=127 (I
+
) from PMF analysis. The scaled residual is scaled 

by the modelled error (i.e. the contribution of each datum to the Q statistic). 
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