l. Introduction

The Saharan Desert is the worlds largest dust source supplying large quantities of dust to the atmosphere over the subtropica

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

increased marine primary productivity . lron is of particular importance since the availability of soluble iron in major ocea
marine productivity. The amount of soluble iron in dust aerosols can be enhanced by atmospheric acidity. SO
proposed to be the primary source of dust particle acidification. We utilize oxygen isotopic measurements of sulfate and nit
collected during three cruises in the subtropical North Atlantic to quantify the importance of different sulfate and nitrate

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

g Reaction Uptake Coefficient The Mass-Independent Effect

gis defined as the number of reactive Most terrestrial, chemical and physical
processes follow mass -dependent

gvalues for SO , oxidation on dust aerosols Isotope effects. Mass -independent

from the literature are g= 10 1 -10-6 (Adams, et fractionation is indicative of
al., 2005; Hanisch and Crowley, 2003; Ullerstam et photochemical processes in the
al.,2002) atmosphere.
Using it is possible to determine the rate Mass -dependent fractionation:
constant for the reaction: d*’0=(0.5)*d'®*0O

Mass -independent fractionation:
d'70i (0.5)* d'80O

[ro. 1o + Dr] = particle radius bin (i.e. 0.1 -1 mm) D70 is the deviation from a mass -
N(r) dr = number concentration [m  -°] of particles of radius [r o, ro + dependent relationship;
Dr

] o N . D70 = di70 & (0.5)* d80
D = gas phase molecular diffusion coefficient of SO »(g) inair °©0.2 _
cm2 sl D= 0 for mass -dependent process
n= mean molecular speed © 3 x 104 cm s 1 D1 O for mass -independent process

Using this k value, it is possible to determine

Conditions that impact DO values:
z pH: Oxidation by O 5 is very sensitive to the solution  pH.
z Cloud density and liquid water content: Alters the ratio of

gas phase to agueous phase chemistry

z Oxidant concentrations: Each oxidant transfers a different
D70 value to the resulting sulfate or nitrate molecule
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V. Results and Discussion
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collection system.

the rate of sulfate is produced via this di A)  Zample /RRndara )-11¥1000 :
reaction: P d17o?[E:15780716d0 D70 values of pH Approximate pH of
' d80: R=180/160 sulfate. fresh dust aerosols
I1l. Laboratory Methods
Sample Preparation and Analysis Method Ee. oepe ) Autosampler
Conductivity Detector
1. Collection of filter samples using a high volume aerosol sampler T‘ e Pyrolysis l
during the COCA and RODA cruises. i - ‘ ‘ ' Cell
. . . . Column | P ) (550°C) AgNO; —  Ag+NO, +1/20,+(NO +N,)
2. Water extraction from the filters, anion analysis bylon [ 7% o gl B e R, = SRR I
chromatography and  cation analysis by inductively couple plasma - l g . Isotope Ratio Mass
spectroscopy -—-‘—T :;%i > - ::;%34 > E:Sg:r NO,,0, o, Spectrometer
: L : L ' lon Bxch
3. Organic Removal via either hydrogen peroxide oxidation or C -18 mmn B &,"umn(ﬁ’;w L s = | Bt
1 1 170160
filtration O jio}
LN, Trap e
4. lon chromatographic separation (  Dionex ICS-2000) and conversion to PRI A s
silver salts via ion exchange column (left figure) Left figure:Diagram of the combined Right FigureDiagram of the continuous
5. Pyrolysis to O, and analysis with a Finnegan MAT  -253 mass separation, ion exchange, and fractio flow pyrolysisreactor and mass

spectrometer analysis system.

The plots below show the observed sulf@O ~:¢ v §Z Sulfate Box Model
concentration (ug/m3) values for the samples from the RODA 0.45 -
cruises. The circle size represents the sample concent(ations and 0.40 - Clear sky conditions dominate, so sulfate
the D70 values are displayed by the color of the circle - All Data formation is dominated by OH oxidation.
035 - Heterogeneous oxidation on dust accounts for
| ' = Cloudless 3 694 and metal catalyzed oxidation, which is
0.30 - = Cloudy also influenced by dust, accounts for 3.9% of
— sulfate production.
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The variations in the observed Sensitivityto g Values Sensitivityto Dust levels clouds on SeaSalt on Dust Catalyzed
s ul f &0 sdoaot appear to : : : : Sensitivity of Sulfate4” i
o : | 7 N 7 | 7~ wn: v y of Sulfate4 'O to changes in
cpgespgnd to zj/arlatlons |In e EI\/IaX D' Oi Min D''O| Range i Max D' OE Min D''O | Range gvalues by 4 orders of magnitude and
elther observed sea -salt or dus ] E E . : E dust amounts bv a factor of 2
aerosol observations. Itis likely | ... . Observations A2l ¢ 044 | 3.76 || Observations 421 : 044 | 3.76 )
that variations in meteorology 0.05 (0.005 if RH50%) ' 574 ! 061 513 High 459 | 054 4.06 | Results of box model analysis and sensitivity studies:
(RH, cloud fraction) are driving 2 gvalues of 0.005 (0.0005 for relative humidity
the observed variations in 0.005 (0.0005 if R&50%) @ 4.17 ¢ 0.51 3.67 Middle : 4.17 : 0,51 3.67 B%OCO)A)) best corresponds to the observed  sulfate
sul f &0.e e i | i | .
0.0005 (0.00005 if REb0%): 3.63 : 0.27 3.37 Low 390 : 0.38 3.92 z  D'"O values are much more sensitiveto  gvalues
: : : : than dust levels.
/.
V. Conclusion
z A gvalue of 0.005 for relative humidity >50% and 0.0005 for relative humidity <50% gave the best agreement between the observed val u e s 7@ &nd tie box model output.
z T h el’Cawalues for cloudy and clear skies are roughly similar, with an average value of about 1.4 t2 . 3 As yncertainty) for all the samples.
z Thesample-t o sampl e v at¥Q aaetlargelycentrdllad byagariations 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 ,
oxidation. The pie charts below display the relative importance of all 6 oxidation pathways separated into cloudy and clear sky conditions.
Clear Sky .\ Cloudy VI. Future Work
O3 Catalyzed We intend to expand this work in many ways:
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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 S@With an average value of 26% (Range: 36% to 19%).

AcknowledgmentsThis work was funded by the National ~JordiDachefor providing the aerosol filter samples
Science foundation; Grant number N&FMV 0607846,; B.

Daniel Gleeson, DeaHagg, RonSletten and AndySchauefor
Alexander P.I.

their assistance in sample analysis

Univ. of Washington, Program on Climate Change Graduate gy,q|e\kunasekand EricSofenfor their insights and general
Fellowship 2002007 to D.JAllman assistance and support

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

z Additional sulfate a’O sensitivity studies investigating how changes in cloud pH, liquid water
content, oxidant concentrations, and SO  , 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.
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