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Laboratory experiments (Facchini et al., 2008; Prather et al., 2013) 

Field observations (Cavalli et al., 2004; Russell et al., 2010) 

 

Submicron aerosol particles have distinct chemical 
composition – large fraction of organics 

Potential impacts 
on: 
- water uptake 

and growth 
- activity as cloud 

condensation 
nuclei (CCN) 

- heterogeneous 
chemistry 

Prather et al., 2013 



State-of-the-art in sea spray OM modelling 

Empirical parameterizations of 
OM fraction as a function of… 

Chl-a  (e.g., Vignati et al., 2010) 

Chl-a, wind speed and size 
(e.g., Gantt et al., 2011; Meskhidze et al., 
2011) 

Extrapolate from bloom regions 
 

CCN0.2% changes up to 20% 
regionally depending on aerosol 
mixing state (Meskhidze et al., 2011) 
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Top: Gantt et al., 2011 
Bottom: Meskhidze et al., 2011 



Blanchard 
(1982) 

S. Burrows, S. Elliott 
et al., 2013, in prep. 



Langmuir adsorption isotherm 
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Fraction of 
surface area 
covered Concentration 

Langmuir 
adsorption 
constant 

Example surface coverage 
calculations using values 
from Fuentes et al. (2010) 

1. Surface saturation 
2. Competition 



Macromolecule distributions – mapping from 
BEC model output 
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S. Elliott, S. Burrows, et al., 2013, in prep. 

μM C 

μM C 



Model compounds for marine organic matter 
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S. Elliott, S. Burrows, et al., 2013, in prep. 



Chemically-resolved submicron sea spray 
aerosol organic mass fraction – February 

Polysaccharides 

Lipids Proteins 
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Humics, processed geopolymers 

S. Burrows, S. Elliott et al., 2013, in prep. 



OM fraction vs chlorophyll 
with marine biogeochemistry 
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Langmuir model -- February 

0.2 

0.0 

Empirical fit (Gantt et al., 2011) 

0 6 1 

Chl-a concentration (mg m-3) 

S. Burrows, S. Elliott, 
et al., 2013, in prep. 
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OM fraction vs chlorophyll 
no chemical distinctions 
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0.001 

0.0 

Langmuir model -- February Empirical fit (Gantt et al., 2011) 

S. Burrows, S. Elliott, 
et al., 2013, in prep. 
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Enrichment from bulk to SML 
+ additional enrichment from SML to MBL 

Russell et al. (2010) 
Chl-a correlation in 
N. Atlantic, but not 
in Arctic 
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SE Pacific 

Barrow 
winter 

North Atlantic Arctic  



Regional differences in OM 
fraction dependence on Chl 
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February 

August 

May 

Nov 



Moving sea spray chemistry forward 
Empirical parameterizations  semi-mechanistic 

 
 

Chl-a (correlated)  surfactants (causal) 
 

Extrapolate from blooms  Account for different 
chemistry in gyres 
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Coast of southeastern Australia, July 2011 (S. Burrows) 



Additional slides 



Ocean biogeochemistry mapping 
Ocean general circulation from POP/BEC (Maltrud et al., 
1998; Moore et al., 2004) 
Regions of primary production – cellular breakdown 
provides organic mass. 
Partitioning (Parsons et al. 1984; Benner, 2002): 

60% polysaccharides 
20% proteins 
20% lipids 

Lipids – short lifetime  phytoplankton 
Polysaccharides & proteins  semi-labile dissolved 
organic compounds (DOC) (lifetime 100 days)  
Convective turnover  humics 
Remaining DOC  “processed” 
 

16 S. Elliott, S. Burrows, et al., 2013, in prep. 



17 M. Long et al. (2011) 

“eutrophic” case 
Facchini et al., 2008 

Uncertainty in 
chl-a data 

Reported variability 
in OM:salt ratios 

Global emissions estimate 
From Spracklen et al. (2011) 
-- based on Mace head data 

Global mean chl-a concentration 
0.22 μg L-1 

“oligotrophic” case 
Keene et al., 2007 



Size distribution 
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SML: 20 – 200 μm Bubble film: 0.01 – 1 μm 

Gantt et al. (2011); 
Facchini et al. (2008) 

Blanchard 
(1982) 



Enrichment from bulk to SML 
+ additional enrichment from SML to MBL 

Russell et al. (2010) 
Chl-a correlation in 
N. Atlantic, but not 
in Arctic 
Attributed to POC 
influence vs. DOC 
influence 
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SE Pacific 

Barrow 
winter 

North Atlantic Arctic  



Chemically distinct particle classes 
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Field observations – NEXAFS single particle 
spectromicroscopy (Hawkins and Russell, 2010) 

Southeast 
Pacific 

Southeast Pacific 
marine poly Arctic marine poly 

Calcareous 
phytoplankton 
(SE pac. Only) 

Marine protein 
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