
The Mass-Independent Effect

Most terrestrial, chemical and physical 

processes follow mass -dependent 

isotope effects.  Mass -independent 

fractionation is indicative of  

photochemical processes in the 

atmosphere.

Mass-dependent fractionation:

d17O=(0.5)*d18O

Mass-independent fractionation:

d17OÍ(0.5)*d18O

D17O is the deviation from a mass -

dependent relationship:

D17O = d17O ð(0.5)*d18O

D= 0 for mass -dependent process

DÍ0 for mass -independent process

Delta notation:

d(Ą) = [(Rsample /Rstandard )-1]*1000

d17O: R=17O/16O

d18O: R=18O/16O
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g: Reaction Uptake Coefficient

gis defined as the number of  reactive 
collisions with the surface divided by the 

total number of  surface collisions.  The range 
of  g-values for SO 2 oxidation on dust aerosols 
from the literature are g= 10 -1 -10 -6 (Adams, et 

al., 2005; Hanisch and Crowley, 2003; Ullerstam et 
al.,2002)

Using it is possible to determine the rate 
constant for the reaction:

[r 0, r 0 + Dr] = particle radius bin (i.e. 0.1 -1 mm)

N(r) dr = number concentration [m -3] of particles of radius [r 0, r 0 + 
Dr] 

D = gas phase molecular diffusion coefficient of SO 2(g) in air º0.2 
cm 2 s-1

n= mean molecular speed º3 x 104 cm s -1

Using this k value, it is possible to determine 
the rate of  sulfate is produced via this 

reaction:                                               .
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I. Introduction
The Saharan Desert is the worlds largest dust source supplying large quantities of  dust to the atmosphere over the subtropica l North Atlantic 

Ocean. This dust supplies important minerals, such as iron, aluminum, calcium, magnesium, and potassium, to the oceans that p rom ote 

increased marine primary productivity . Iron is of  particular importance since the availability of  soluble iron in major ocea n regions can limit 

marine productivity. The amount of  soluble iron in dust aerosols can be enhanced by atmospheric acidity. SO 2 and NO x oxidation has been 

proposed to be the primary source of  dust particle acidification. We utilize oxygen isotopic measurements of  sulfate  and nit rat e aerosol samples 

collected during three cruises in the subtropical North Atlantic to quantify the importance of  different sulfate and nitrate for mation pathways in 

this region and the reactivity of  hydrophobic dust aerosols with acid gases and acid gas precursors. 

Ship tracks for the three campaigns during 
which data was collected:

�z COCA II (Green) May17- June 9, 2003

�z RODA I (Red) August 13-17, 2006

�z RODA II (Blue) February 2-27. 2007   

II. Background

The plots below show the observed sulfate D17O �~�:�•�����v�����š�Z����
concentration (µg/m3) values for the samples from the RODA 

cruises. The circle size represents the sample concentrations and 
the D17O values are displayed by the color of the circle

Left figure: Diagram of the combined 
separation, ion exchange, and fraction 

collection system.

Right Figure: Diagram of the continuous 
flow pyrolysisreactor and mass 
spectrometer  analysis system.

Dust Transport  and Deposition Impacts:
�z RadiativeEnergy Budget 
�z Ocean Biogeochemistry
�z Terrestrial Biogeochemistry 
�z Atmospheric Chemistry

Sample Preparation and Analysis Method

1. Collection of  filter samples using a high volume aerosol sampler 

during the COCA and RODA cruises.

2. Water extraction from the filters, anion analysis  by Ion 

chromatography and  cation analysis by inductively couple plasma -

spectroscopy

3. Organic Removal via either hydrogen peroxide oxidation or C -18 

filtration

4. Ion chromatographic separation ( Dionex ICS-2000) and conversion to 

silver salts via ion exchange column   (left figure)

5. Pyrolysis to O2 and analysis with a Finnegan MAT -253 mass 

spectrometer   (right figure )

V. Conclusion
�z A g-value of  0.005 for relative humidity >50% and 0.0005 for relative humidity <50% gave the best agreement between the observed values of æ17O and the box model output.

�z The æ17O values for cloudy and clear skies are roughly similar, with an average value of  about 1.4 �t2.3Ą (2suncertainty) for all the samples. 

�z The sample -to sample variations in æ17O are largely controlled by variations in heterogeneous oxidation on sea -salt aerosols, but under certain conditions oxidation o n dust can be equally important as 
oxidation on sea -salt aerosols

�z Dust levels influence sulfate formation through heterogeneous oxidation on dust aerosols and metal catalysed oxidation in cloud. Together, these two pathwa ys account for about 8% of  the total SO 2
oxidation. The pie charts below display the relative importance of  all 6 oxidation pathways separated into cloudy and clear  sky conditions.
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Sensitivity of Sulfate �417O to changes in 
g-values by 4 orders of magnitude and 

dust amounts by a factor of 2

VI. Future Work
We intend to expand this work in many ways:

�z Implementation of   full mechanism for heterogeneous oxidation on dust aerosols in the GEOS -
Chem model

�z Additional sulfate æ17O sensitivity studies investigating how changes in cloud pH, liquid water 
content, oxidant concentrations, and SO 2 levels alter the relative importance of  each oxidation 
pathway.

�z Investigate the connection between heterogeneous oxidation on dust aerosols, aerosol 
acidification, iron solubility , and marine productivity using measurements of  total and soluble iron 
and phytoplankton amounts from the RODA cruises.

Conditions that impact D17O values:

�z pH: Oxidation by O 3 is very sensitive to the solution pH.

�z Cloud density and liquid water content: Alters the ratio of  
gas phase to aqueous phase chemistry

�z Oxidant concentrations: Each oxidant transfers a different 
D17O value to the resulting sulfate or nitrate molecule

The plot to the 
right shows the 

rates of SO2
oxidation in-

clouds (aqueous 
phase) by O3

(red) and H2O2

(blue) as a 
function of pH.
The Black line is 

the resulting 
D17O values of 

sulfate.  
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Abstract:
We utilize oxygen isotopic measurements of  sulfate  in aerosol samples collected during three cruises in the subtropical Nort h Atlantic to 

quantify the importance of  different sulfate formation pathways in this region and the reactivity of  hydrophobic dust aerosol s with acid 

gases and acid gas precursors. 

�z A g-value of  0.005 for relative humidity >50% and 0.0005 for relative humidity <50% gave the best agreement between the observed 
values of æ17O and the box model output.

�z The æ17O values for cloudy and clear skies are roughly similar, with an average value of  about 1.4 �t2.3Ą (2suncertainty) for all the 
samples. 

�z Dust levels influence both heterogeneous oxidation on dust aerosols and metal catalysed oxidation in cloud. Our modelling  st udy
shows these two pathways account for about 8% of  the total SO 2 oxidation over the subtropical North Atlantic.
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This box model considers the oxidation of SO2 to SO4
2- via six 

�‰���š�Z�Á���Ç�•�X���d�Z�����u�}�����o���š�Z���v�������o���µ�o���š���•���š�Z�����417O of total 
sulfate from the relative contribution of each pathway. A 

well-mixed atmospheric boundary layer is assumed for the 
box model and boundary conditions (e.g. temperature, 
pressure, oxidant  and SO2 concentrations) are retrieved 

from GEOS-Chemglobal chemistry-transport model 
(http://www.as.harvard.edu/ctm/geos/).

Sulfate Box Model

Clear sky conditions dominate, so sulfate 

formation is dominated by OH oxidation. 

Heterogeneous oxidation on dust accounts for 

3.6% and metal catalyzed oxidation, which is 

also influenced by dust, accounts for 3.9% of  

sulfate production.

The variations in the observed 

sulfate æ17O s do not appear to 

correspond to variations in 

either observed sea -salt or dust 

aerosol observations.  It is likely 

that variations in meteorology 

(RH, cloud fraction) are driving 

the observed variations in 

sulfate æ17O.

III. Laboratory Methods
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The pie charts above display the fraction of sulfate produced through each of the six pathways  for both 
cloudy and cloudless conditions as calculated by the box model.  In both cloudy and cloudless conditions 
the relative importance of heterogeneous sulfate formation on dust is similar, with an average value of 
3.6%  (Range:13.6% to 0.01%). In the presence of  a cloud,  dust also contributes to sulfate formation 

through metal catalyzed oxidation of SO2, with an average value of 26%  (Range: 36% to 19%). 

Clear Sky Cloudy

Results of  box model analysis and sensitivity studies:

�z g-values of  0.005 (0.0005 for relative humidity 
<50%) best corresponds to the observed sulfate
D17O

�z D17O values are much more sensitive to g-values 
than dust levels.

Sensitivity to g-Values Sensitivity to Dust levels

Max D17O Min D17O Range Max D17O Min D17O Range

Observations 4.21 0.44 3.76 Observations 4.21 0.44 3.76

0.05 (0.005 if RH<50%) 5.74 0.61 5.13 High 4.59 0.54 4.06

0.005 (0.0005 if RH<50%) 4.17 0.51 3.67 Middle 4.17 0.51 3.67

0.0005 (0.00005 if RH<50%) 3.63 0.27 3.37 Low 3.90 0.38 3.52

IV. Results and Discussion

This bar chart displays the amount of sulfate (µg/m3) 
produced by the box model through each of the six 
pathways for  all conditions,  cloudy conditions,  and 

clear sky conditions.  
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