
1. INTRODUCTION 
•Organic matter (OM) is a major component of atmospheric aerosols 

comprising up to 90% of the fine particle load in some areas.  

•Aerosol OM impacts climate (e.g., atmospheric light 

absorption/scattering, CCN formation) and depositional environments 

(e.g., nutrient/pollution translocation, trace metal complexation, etc.).  

• Partitioning the impacts of aerosol OM among emission sources (i.e., 

natural vs. anthropogenic, marine vs. continental) will be aided by an 

understanding of source-specific differences in composition.  

• This work characterizes water soluble OM (WSOM) in marine aerosols 

collected over the N. Atlantic Ocean influenced by continental and 

marine sources; to establish source-specific WSOM characteristics 

that can be related to their impacts in the environment.    

• The transatlantic dataset and approach used here identified source-

specific aerosol WSOM characteristics that increase our knowledge of 

marine aerosol WSOM composition. This information assists us in 

parsing out the impacts from aerosol OM in the environment.  

• Three different types of marine aerosol WSOM samples were identified 

having different degrees of aging and continental influence.  

• Marine WSOM groups all have lower O/C and higher H/C ratios than 

the continentally-influenced sample groups and marine DOM (Schmitt-

Kopplin et al., 2012). These elemental ratio differences are consistent 

with WSOM formed from the bubble bursting process.  

• Light absorption is attributed to electron transitions, mainly π→ π* and 

n→ π* associated with C=C, C=O, C-O and aromatic rings. The higher 

average H/C ratios for the three marine aerosol WSOM sample groups 

suggest them to have fewer of these and a lesser radiative impact on a 

per carbon basis than aerosol WSOM from continental environments.  

• Lower O/C ratios are indicative of lower aerosol OM hygroscopicity, a 

property associated with cloud condensation nuclei formation ability, 

and therefore, a lesser indirect effect on climate.  

• Future work must examine these molecular characteristics at the same 

time as climate relevant physical properties to confirm these results.  

2. APPROACH 
• Aerosol particulate 

samples (n=24) were 

collected during the 

GEOTRACES Nov-Dec 

2011 cruise  aboard the 

R/V Knorr (Figure 1). 

• Aerosol air masses 

characterized as 

influenced by N. 

American, N. African 

(Saharan), or marine 

based on 5 day 

ensemble back 

trajectory analyses 

(Figure 2).  
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Figure 2. Representative air mass back trajectory analyses for samples characterized as a) North American-

influenced continental, b) North African-influenced continental, and c) marine. Back trajectories were 

calculated using the NOAA ARL HYSPLIT model (Draxler and Rolph, 2012). 

3. RESULTS 

Marine Sample Groups 

CONTINENTAL SAMPLE GROUPS 
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4. SUMMARY AND IMPLICATIONS 
Figure 1. Aerosol particulate collection locations and air mass 

designations during the 2011 US GEOTRACES cruise. Arrows 

pointing to a dot or the line were collected on station or in transit, 

respectively. 

• Samples were water- then solid phase- extracted (PPL, Varian) to 

isolate and concentrate salt-free WSOM into MeOH. 

• WSOM (in MeOH) was run on a 12 T Fourier Transform Ion Cyclotron 

Resonance Mass Spectrometer (FTICR-MS) in the negative ion mode. 

• More than 10,000 formulas with C, H, O, N, S, and P as possible 

constituents were assigned to blank subtracted mass spectral peaks 

(after e.g., Wozniak et al., 2008). 

• The 500 assigned formulas with the highest spectral magnitude in each 

sample were used as input for a Principal Component Analysis (PCA) 

excluding infrequently occurring (<3 of the 24 samples) formulas 

(Sleighter et al., 2010) for a total of 2408 PCA input variables. 

• The first 3 PC scores separated the 24 samples into 5 groups (Figure 3a). 

• The PCA variables (molecular formulas) thought to define each group 

were determined from the PCA loadings (Figure 3b). 

• Using these defining OM formulas, the average characteristics of the 

sample groups, and air mass trajectories, the groups were defined as: 
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• Primary Marine (N. Am 6, 7; green 

points in Figure 3). 

• Mixed Marine (Mar 4,8,10,11, N. Am 8; 

royal blue points in Figure 3). 

• Aged Marine (Mar 5,6,7,9,12; light blue 

points in Figure 3). 

• Continental Combustion (N. Am 

1,2,3,4,5; red points in Figure 3). 

• Continental Desert Dust (N Afr 

9,10,11,12, 13,14,15; black points in 

Figure 3). 
Figure 3. PCA a) scores for the 24 aerosols and b) loadings for the 

2408  input variables (formulas) separated into groups defined as 

Primary Marine (green), Mixed Marine (royal blue), Aged Marine 

(light blue), Continental Combustion (red), and Continental Desert 

Dust (black).  

Primary Marine samples: 

• High mean H/C (1.66), low 

O/C (0.32) ratios. 

• 59% of spectral magnitude are 

CHON and CHONP formulas 

including peptide- and 

phospholipid-like indicating 

these 2 samples are influenced 

by primary biological marine 

emissions (despite trajectory). 

• Possibly influenced by tropical 

storm Sean 
Aged Marine samples: 

• High mean H/C (1.57), low  

O/C (0.36) ratios. 

• 38% of spectral magnitude  

made up by CHOS formulas 

indicative of organosulfates 

produced via secondary aging 

reactions. 
Mixed Marine samples: 

• Intermediate mean H/C 

(1.52), low O/C (0.37) ratios. 

• 24% of spectral magnitude 

are CHOS, 8% are CHOP 

(including phospholipid-like 

formulas), 54% are CHO.  

• Characteristics indicate mix   

of primary and aged marine   

as well as continental WSOM. 

Figure 4. van Krevelen diagrams showing the O/C and H/C 

ratios for the formulas defining the a) Primary Marine, b) Aged 

Marine, and c) Mixed Marine groups, colored by composition. 

Continental Combustion 

samples: 

• Intermediate H/C (1.46), high 

O/C (0.50) ratios. 

• PCA loadings indicate high 

importance from organosulfates 

and nitrooxyorganosulfates with 

high O/C consistent with a 

continental combustion-

influenced WSOM. 

• 50%, 26%, 14%, and 5% of 

spectral magnitude are CHO, 

CHOS, CHON, and CHONS, 

respectively. 
Continental Desert Dust 

samples: 

• Low H/C (1.40), intermediate  

O/C (0.45) ratios. 

• 76% of spectral magnitude are 

CHO formulas. 

• Lack of hetero-atoms indicative 

of low biological and 

combustion influence in desert 

dust influenced WSOM. 

Figure 5. van Krevelen diagrams showing the O/C and H/C 

ratios for the formulas defining the a) Continental 

Combustion-influenced and b) Continental Desert Dust 

sample groups broken down by elemental composition. 
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