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II. PROJECT SUMMARY

Three major objectives were pursued during this project. These objectives (A, B, and
C) are identified and progress is summarized below.

A. Studies of the Link Between DMS Oxidation and CCN Formation

Data obtained during the April 1991 Pacific Stratus Investigation (PSI-3) provided a
major improvement in our understanding of the atmospheric oxidation of dimethylsulfide
(DMS) and its relation to the formation of cloud condensation nuclei (CCN). Major
conclusions included the following: (1) the lifetimes of the major oxidation products
dimethylsulfoxide (DMSO), sulfuric acid (H,SO,), and methanesulfonic acid (MSA) were
estimated to be 1 - 3 hours under the measurement conditions encountered; (2) a clear
correlation between CCN concentrations at 0.3% supersaturation and both H,SO,4 and
non-sea-salt sulfate aerosol in marine air was observed suggesting a link with DMS
oxidation; (3) at higher supersaturation levels (0.9%) the above-mentioned correlation was
not observed, thus indicating the importance of other aerosol types with respect to CCN
activation under these conditions.

B. Method development for Measurement of DMS Oxidation Products

In collaboration with Dr. Fred Eisele of GTRI and NCAR, a previously developed
mass spectrometric technique for measurement of atmospheric DMSO was extended to
allow measurements of DMSQO, as well. Hence, DMSO and DMSO,; can now be
measured quasi-simultaneously at pptv levels and with fast time resolution. As in the
previously developed technique for DMSO analysis, gaseous ammonium ions are
prepared and used for reaction with the target molecule. In contrast to DMSO, the
ammonium ion does not transfer a proton to DMSO, but instead forms a NH," - DMSO,
adduct which is measured as a signal at 112 amu; DMSO is measured via the DMSO - H”
species at 79 amu.

C. Sources and Sinks of Atmospheric OCS and CS,

We have discovered a new and potentially important anthropogenic source of
carbonyl sulfide (OCS) and carbon disulfide (CS,): tire wear, i.e., abrasion of particles
from automobile tires on pavements and other surfaces. Vulcanized rubber contains
disulfide polymer linkages which are continuously broken up, forming CS, as a major
sulfur-containing gaseous product. The emission is a function of ambient pressure and
ozone levels. This source may contribute as much as 10% to the atmospheric OCS
budget (via CS, oxidation).



An extensive field experiment focusing on the biosphere-atmosphere exchange of
OCS and CS; was conducted during the spring and summer of 1992 in a corn field in
Southern Georgia. These measurements were jointly conducted with Drs. L. Harper and
R. Sharpe of the USDA Southern Piedmont Conservation Research Center in
Watkinsville, Georgia; these investigators continuously measured CO,, water vapor,
ammonia, and heat flux employing eddy correlation techniques. Based on measured
vertical profiles, we have concluded that both sulfur gases were significantly emitted from
the soil, with emission rates depending on temperature and soil moisture. However,
profiles measured in and above the corn canopy frequently showed a net deposition of
OCS to the corn which most strongly developed in the midday to late afternoon hours.

In collaboration with H. Bingemer of the University of Frankfurt and G. Gravenhorst
of the University of Gottingen, vertical profiles of OCS and CS, were measured in a 40
meter tower in the Solling Forest (Germany) during the summer of 1993. The results
showed a strong increase in OCS levels above the canopy. Unfortunately, it was found
that this was caused in large part by emissions from a charcoal factory located about 20
km upwind from the measurement site; the amount of bias in the data set resulting from
this undesirable extra source is still being evaluated.
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