








may also moderately enhance binary nucleation rates over
predictions based on average conditions [Nilsson and Kulmala,
1998). Thus, we conclude that at least for higher elevations in
remote marine regions, particles may be formed along cloud
perimeters through H,SO +-H,O nucleation. However, uncertain-
ties in binary nucleation models limit our certainty of the
nucleation mechanism.

The disparity with the binary models is much larger for all
other measurements. Given the magnitude of the discrepancy,
in these regions, there is little doubt that nucleation was via a
different mechanism. Further evidence for this is provided by
comparison with the Macquarie Island study [Weber et al.,
1998] where nucleation involved biogenic species, possibly
ammonia (NH3) through a temary mechanism of H,SO s-NH;-
H,0. Comparisons of nucleation events at Mauna Loa, Idaho
Hill, and Pem-Tropics, to the Macquarie Island measurements,
qualitatively suggest that nucleation in these regions may have
also been by this mechanism. Note, we cannot rule out the
possibility that H,SO, did not participate in these nucleation
events. For example, nucleation may have involved low volatile
organic species. Furthermore, although observations of high
[H2SO4g]: in regions of nucleation support the hypothesis that
H;SOug participated, it does not necessarily prove it; HaSO 4
could be a surrogate for other photochemical generated
nucleation precursor species. = However, based on our
observations, and measurements of exceedingly low H,SO,
vapor pressures over HSO4-NH3-H,O mixtures [Marti et al.,
1997], we believe a ternary mechanism is a viable explanation.

Our data suggest a trend in nucleation mechanism with
elevation. Despite roughly similar [H>SO4g]; (Table 1), colder
temperatures produce higher RA. at higher altitudes. This
results in closer agreement between observations and H,SO,-
HO nucleation predictions in these regions. At lower altitudes,
the measurements substantially differ from H;SO +H,O
predictions, possibly due to the closer proximity of these sites to
surface sources of potential precursor species like NHs. This is
consistent with observations that ammonia concentrations are
generally highest at low elevations and decrease with altitude
[Georgii and Miiller, 1974]. The result is that in these regions,
alternative nucleation mechanisms which involve H;SO4g, could
permit particle production at much lower [HSO 4} than
required for binary nucleation.

Finally, a curious feature of our data is that although loca-
tions, ambient conditions, and nucleation mechanisms vary, we
consistently observed average nucleation rates of the order of
1cm?3s?. This is due to our observations that large nucleation
events tend to increase particle concentrations by 10° up to
10° particles cm™. This may result from the self-limiting nature
of nucleation, whereby precursor vapors are depleted by forming
new particles and the generation of aerosol surface [McGraw
and Saunders, 1984]. Thus, the nucleation mechanism may not
greatly influence the number of particles formed, however, it
will dictate the ambient conditions necessary for it's occurrence
through the nucleation mechanism’s sensitivity to precursor
species concentrations (e.g., RH, RA, [NH], etc.). In this way
the mechanism determines both the frequency and locations of
large atmospheric nucleation events.
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