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The first events of coastal new particle formation have already
been observed by Aitken in the late 19th century. Only a few
years ago, however, a large field campaign at Mace Head,
Ireland was dedicated to the investigation of bursts of new
tiny atmospheric particles occurring at low tide. During the
same campaign, iodine oxide was detected for the first time
in the troposphere. A link between these two properties was
rapidly established and since then an increasing number of
studies tried to elucidate the exact processes behind this. This
research involves scientists from very different fields, such
as physics, chemistry, meteorology, climatology and biology,
and researchers working in the field, laboratory and with
numerical models, and has shown the potential relevance of
inorganic iodine in the atmosphere for ozone and climate
forcing. This Research Front collects a variety of papers that
aim to answer questions about the processes and relevance of
iodine for the atmosphere in general and foremost for coastal
particle formation.

In addition to Mace Head, iodine oxides have also been
detected at the Cape Verde Islands, at Cape Grim (Tasmania,
Australia), Kerguelen Islands, Antarctica, Brittany and on
the Isles of Shoale off the coast of New England. Even
more so than chlorine and bromine, iodine can very effec-
tively destroy ozone, one of the most important substances
in atmospheric chemistry. Unlike ozone destruction in the
stratosphere, which is caused by anthropogenic halogens,
the coastal events are entirely natural. Apart from the effect
of iodine on photochemistry, the studies at Mace Head and
in several laboratories have shown that very strong bursts
of new aerosol particles with diameters of a few nanome-
ters are produced by high concentrations of iodine oxides.

Roland von Glasow studied atmospheric physics in Mainz, Germany and received his Ph.D. in 2001 for modelling studies of
the chemistry of the marine boundary layer. His Ph.D. thesis, which he worked on at the Max-Planck-Institute for Chemistry
in Mainz, Germany, focussed on the chemistry of reactive halogens and sea salt aerosols. After two years as a postdoc at the
Scripps Institution of Oceanography, San Diego, USA, he was awarded an Emmy Noether stipend by the German Deutsche
Forschungsgemeinschaft, which enabled him to start an independent Junior Research Group at the Institute of Environmental
Physics at the University of Heidelberg, Germany. The work of his group focusses on tropospheric halogen chemistry (marine
boundary layer, polar regions, volcanoes, salt lakes, free troposphere), links between halogen and sulfur chemistry, the background
chemistry of the marine boundary layer, and the microphysics of aerosols and clouds in the marine boundary layer.

Aerosol particles scatter sunlight and are therefore important
for radiative forcing of climate. Cloud condensation nuclei
(CCN) are necessary for cloud droplets to form, but aerosol
particles can only act as CCN if they grow to several hun-
dred nanometers and are hydrophilic. If iodine oxide particles
grow to become CCN they could influence cloud properties
and therefore radiative forcing of climate. This question is
key in assessing the importance of these iodine-related parti-
cle bursts and even though first measurements at Mace Head
and model calculations indicate that this might be the case
this has to be investigated more thoroughly.

The Research Front starts with a review paper by O’Dowd
and Hoffmann,[1] who summarize the history of the discovery
of coastal new particle formation at Mace Head, recent devel-
opments from the field, laboratory and modelling. They also
discuss the possibilities for the actual mechanism of particle
formation, which still is an open question. Particle fluxes in
the coastal region around Mace Head have been measured
by Flanagan et al.,[2] whereas fluxes of organic halogens
and other biogenic organics have been quantified by Green-
berg et al.[3] Several papers in this article series address the
processes of particle formation and the nature of the precur-
sors with laboratory experiments, field experiments, kinetic,
RRKM, and regional modelling (Palmer et al.,[4] Pirjola
et al.,[5] Saunders and Plane,[6] Sellegri et al.[7]), providing
first quantitative information about the number of particles
produced under various conditions and evaluating the differ-
ent possible source gases for iodine. These papers confirm
the idea of McFiggans et al. (2004)[8] who suggested that I2

and not organic halogens like CH2I2 is the main precursor
for new particle formation at Mace Head.
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The aqueous phase chemistry of iodine still presents major
questions as well, especially the enrichment of iodine in
marine aerosol collected over the open ocean compared to
the sea water ratio. Baker[9] shows new results of composi-
tion measurements of small aerosols over the Atlantic that
have large fractions of I−, IO−

3 and organic iodine, which he
suggests to be formed by reaction of HOI with organic matter
in the particles. So far, numerical models are not able to prop-
erly reproduce the speciation of particulate iodine, which,
at least to some extent, is caused by limited knowledge of
the uptake and transformation of iodine to and in aerosols.
Iodine enrichment over the open ocean cannot be explained
by coastal new particle formation as only the initial particles
are thought to be composed entirely of iodine oxides. Once
the particle grows beyond a certain size, this is not mainly by
iodine oxides, especially not over the open ocean.

The relevance of iodine processes in the atmosphere over
the open ocean might be even greater than that of coastal
new particle formation because 70% of the Earth’s surface is
covered by ocean. Over the open ocean, the expected concen-
trations, however, are very small making measurements very
hard.As shown byVogt et al. (1999),[10] the presence of about
1 pmol mol−1 of IO would make a large difference for ozone,
these mixing ratios, however, would be too small for the for-
mation of iodine oxide clusters. As pointed out by O’Dowd
et al. (2002),[11] the growth of so-called thermodynamically
stable clusters could be sped up by the condensation of iodine
oxides thereby removing thermodynamic constraints for new
particle formation in the marine boundary layer.

So far, most of the campaigns focusing on iodine-related
new particle formation have been made at Mace Head. This
is an advantage as one gets a better picture of the spa-
tial, seasonal, and inter-annual variations but has the great
danger that features that might be unique for Mace Head
are extrapolated to other regions or the ‘global coast line’,
therefore I think that the recent move to conduct measure-
ment campaigns at other locations is very important. These
measurements should not only take place at locations with

large intertidal regions that expose big amounts of seaweed
but—maybe even more importantly, if harder to achieve
experimentally—at less-productive coasts without emission
hot spots. We especially have to investigate the fate of the
plumes of newly formed particles. If they are mixed with air
masses that contain high continental particle loadings they
might be of little importance, if they, however, are released
into clean air with little additional particle sources downwind,
they will definitely change the aerosol population that can
act as CCN and therefore have an impact for climate forcing
through clouds. This and especially studies on the open ocean
would help us to address the regional and global importance
of this topic. So far, the combination of measurements and
modelling has greatly helped to advance our knowledge in
this field. The role of the models will increase when we want
to understand the global significance. In order to be able to
do this, high quality measurements are indispensable.
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