
CCN observations over McMurdo (Saxena and Ruggiero
1990), we were unable to detect any CCN enhancement in
and around the stratus layers. Because of its significance in
climate studies and the station air quality, the phenomenon
deserves further rigorous investigations.

The work was supported by National Science Foundation
grant OPP 92-18538. Comments on the work to the news
media by Bernhard Lettau and Dean Hegg are greatly appre-
ciated and so is the encouragement received from Polly A.
Penhale and Gail Ashley and technical support from John
Booth and Rich Skane.
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Atmospheric sulfur and hydroxyl radical measurements
at Palmer Station
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T
he emission of dimethylsulfide (DMS) by marine algae
represents the dominant natural contribution to reactive

sulfur in the lower atmosphere (Berresheim et al. in press).
On a global scale, antarctic coastal waters are among the
most productive oceanic regions and show extremely high
DMS emission rates during austral summer (Gibson et al.
1988). Following its release into the atmosphere, DMS is
rapidly oxidized by the hydroxyl radical (OH), which itself is
produced via photolysis of ozone and subsequent reaction of
excited singlet oxygen M I D)] with water vapor. The most
important stable products of the DMS+OH reaction are
believed to be sulfur dioxide (SO 2), sulfuric acid (H2SO4),
methanesulfonic acid (MSA), dimethylsulfoxide (DMSO), and
dimethylsulfone (DMS0 2). Under atmospheric conditions,

both H2SO4 and MSA, due to their low vapor pressures,
rapidly condense onto existing aerosol particles, thus con-
tributing to the growth of these particles and their potential
activation as cloud condensation nuclei. In addition, gas
phase H 2 SO4 (and, to a lesser extent, MSA) may also be
responsible for new particle production via the poorly under-
stood gas-to-particle conversion process (Kreidenweis and
Seinfeld 1988). This potential for new particle formation is
maximized (and can be most easily studied) in remote
regions such as Antarctica where background levels of exist-
ing particles and rates of H2SO4 loss onto particles are very
low.

Recent model studies (Charlson et al. 1987), supported
by records of sulfate and MSA deposits in antarctic ice cores
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(Legrand et al. 1991), suggest that the DMS-derived sulfur	productive inshore waters and open ocean) and high wind
aerosol may be strongly linked to global climate and, in par-	speeds enhancing the sea-to-air flux of DMS (e.g., 30 and 31
ticular, the climate of Antarctica. There are at least two rea-	January). Maximum levels observed on 14 January indicated
Sons for such a possibility. First, kinetic studies have shown	the final stage of a major phytoplankton bloom offshore
that ambient temperatures play a major
role in determining the relative yield of
H2SO4 from DMS oxidation (for a recent
review, see Berresheim et al. in press). Thus,
a link between the past temperature record
and sulfate/MSA ratios in ice cores may be
expected. Second, increased light scattering
by newly formed sulfate particles and, indi-
rectly, by cloud droplets formed from cloud
condensation nuclei may, in turn, affect
ambient temperatures. However, using ice-
core records of biogenic sulfur levels to
quantify past (and present) changes in tem-
perature, oceanic DMS emission rates,
and/or primary productivity is still very
problematic. To a large extent this difficulty
is due to the complexity of atmospheric
DMS chemistry and major uncertainties
that still exist, in particular with respect to
the sulfate/MSA ratio resulting from DMS
oxidation in the antarctic troposphere. This
ratio may become useful as an indicator for
climate change only if the production and
transport of H2SO4 and MSA over Antarcti-
ca are more fully understood.

In January and February 1994, project
SCATE (sulfur chemistry in the antarctic
troposphere experiment) was conducted at
Palmer Station with the goal of obtaining a
comprehensive database for modeling
atmospheric sulfur chemistry in high lati-
tudes. Most of the equipment was set up in
the T-5 building, that is, as far away as pos-
sible (200 meters) from the station's local
pollution sources. An overview of the most
important parameters measured is given in
the table. The SCATE study uniquely com-
bined for the first time measurements of all
of the indicated sulfur compounds in
Antarctica, including real-time measure-
ments of OH, H 2 SO 41 MSA (gas), and
DMSOX (=DMSO, DMS0 2). Due to the early
stage of data evaluation, only some selected
preliminary results will be discussed here.

Figure 1 shows the temporal variation
of atmospheric DMS mixing ratios. Values
ranged between 6 and 595 pptv (parts per
trillion by volume) with a median of 99
pptv. Lowest levels correlated with norther-
ly winds (air advected from the Antarctica
Peninsula) and low wind speeds. Highest
levels were observed with easterly and
southerly wind directions (advection from

Main parameters measured during SCATE

DMS (in air and sea water)
DMSO, DMSO2

OH, MSA (gas), H2SO4

03 , CO, H20

Aerosol number
and size distribution
Cl-, NO3-, SO4 , MSA
(in aerosol)
NO

SO2

Cloud condensation nuclei

Boundary layer height

UV-B and visible radiation
spectra
Meteorological parameters
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>
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Figure 1. Atmospheric OMS mixing ratios measured on a 1-2 hourly basis.
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which presumably had preceded the beginning of the mea-
surements. During most of the measurement period, DMS
sea-water levels in Arthur Harbor (approximately 2 nanomo-
lar) showed no sign of a major blooming event. Samples col-
lected at productive open-ocean stations, however, showed a
factor of 2-4 higher DMS levels.

The gaseous DMS oxidation products DMSO and
DMS02 were measured in real time between 18 and 24 Janu-
ary. Maximum levels of roughly 40 pptv and 20 pptv were
observed, respectively. Preliminary results of the MSA (gas)
and H2SO4 gas measurements show that daytime MSA (gas)
levels were at times higher than H2SO4 levels (figure 2). This
is in sharp contrast to previous observations made in lower
latitudes where gas-phase MSA/H 2504 concentration ratios
were found to be substantially lower than 1 (Berresheim et al.
1993; Eisele and Tanner 1993). Continuous aerosol filter
measurements (8-hour integration time) also suggested a rel-
atively high yield of aerosol MSA from DMS oxidation in the
antarctic troposphere. On a molar basis, the ratio of MSA to
biogenic non-sea salt sulfate (NSS) in the aerosol samples
was 0.58 (median), ranging between 0.06 and 1.33. These
results agree with previously reported values obtained in
high latitudes (Berresheim 1987; Bates et al. 1992). Most of
the MSA mass (75 percent) was found on fine particles with
less than 1.5 micrometer (tm) diameter. With respect to
aerosol sulfate, approximately 27 percent of the total sulfate
mass consisted of NSS which was almost entirely present (96
percent) in the fine-particle mode. (These data have not yet
been filtered for possible contamination from local pollution
sources.)

As shown in figure 2, both MSA (gas) and H2SO4 gas lev-
els decrease to minimum values during nighttime hours
when OH (a short-lived photolysis product) is virtually
absent but aerosol loss of both compounds continues. To
determine more accurately the daytime production rates of
both gases from the DMS+OH reaction also measured [such
measurements have recently become feasible (Eisele and
Tanner 1991; Mount and Eisele (1992); Eisele et al. (1994)].
Figure 3 shows the diurnal variation of OH observed on one
of the sunnier days of the SCATE study. To our knowledge,
this is the first time that the hydroxyl radical has been direct-
ly measured in Antarctica. All of the measurements listed in
the table are required as a minimum, if a serious attempt to
understand the atmospheric effect of DMS emissions is to be
undertaken. Although analysis of the present, fairly extensive
data set is still in the early stages, it is already evident that the
results from SCATE will significantly enhance our under-
standing of atmospheric DMS chemistry and particle pro-
duction in the antarctic troposphere.
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tance and understanding, especially M. Moher. We also
thank V. Saxena, T. DeFelice, A. Torres, E. Saltzman, S. Yvon,
M. Gallagher, C. Stearns, W. Neff, and R. Booth for their col-
laboration. This research was supported by National Science
Foundation grant OPP 92-18952.
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Figure 2. Gas phase H2SO4 and MSA concentrations measured on 20
February 1994 (preliminary data). (cm 3 denotes cubic centimeters.)
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Figure 3. OH concentrations measured on 21 February 1994 (prelimi-
nary data). (cm3 denotes cubic centimeters.)
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