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Volcanic Eruptions as a Major Source of Perchlorate
in the Environment

Content
Perchlorate (ClO4�) is ubiquitous in the environment. Scientific and societal interest in environmental per-
chlorate is strong owing in part to the significant risk perchlorate exposure poses to human health. Ultimate
sources of environmental perchlorate include the release from industrial production and usage of perchlorate
salts in a variety of applications and natural formation. Recently constructed ice core records of environ-
mental perchlorate have shown that perchlorate levels have increased significantly since 1980, probably as a
result of significant anthropogenic emissions of chlorine compounds. Prior to 1980, natural chemical forma-
tion from commonplace chlorine species in the environment is considered to be the only significant origin of
environmental perchlorate. Careful examination of a 300-year perchlorate record from a Greenland ice core
indicates that episodic explosive volcanic eruptions are a significant source of natural perchlorate, compris-
ing on average about 40% (0.16 �g m�2 yr�1) of the total yearly natural perchlorate flux (0.39 �g m�2 yr�1).
Currently prevailing understanding of natural perchlorate formation is probably via oxidation or chemical
transformation of chloride in the atmosphere, the most common and stable chlorine species in the environ-
ment. Available ice core data suggest that (1) perchlorate is formed in the atmosphere, rather than directly
emitted by volcanic eruptions, (2) at least some of the perchlorate is formed in the stratosphere, and (3) only
chemical processes unique in the stratosphere, rather than the processes in the troposphere or the type of
perchlorate precursors from eruptions, are affected by eruptions directly injecting aerosols and gases into
the stratosphere. As ozone is an important hypothesized precursor of perchlorate, the ice core data suggests
that variations of perchlorate levels in polar snow, accessible with ice cores, are probably related to ozone
variations and therefore hold the potential for the reconstruction of ozone records on decadal, centennial, and
millennial time scales.
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