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Ultra—violet radiation as a possible driver of methyl halide
emissions from plant materials
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Ultra—violet radiation as a possible driver of methyl halide emissions from

plant materials

Emanuel Blei (National Institute for Environmental Studies)

| conducted my PhD studies on the subject of CH,Cl and CH,Br
emissions from various terrestrial sources under the supervision of Dr.
Mathew R. Heal at the University of Edinburgh. After the successful
completion of my studies | joined Dr. Yoko Yokouchi at the National
Institute for Environmental Studies in Tsukuba where | continue with my
previous work. In this article a short review of the current state of
knowledge on the subject of terrestrial methyl halide sources is given.
Special emphasis is placed on the possible role of ultra-violet radiation
as a driver of methyl halide emission from plant materials.

At 7.3-7.5 ppt and 545-547 ppt CH,Br and CH;Cl respectively are
the most abundant bromine and chlorine containing compounds in the
atmosphere and important vectors of these two elements to the
stratosphere (Montzka et al, 2011). Both gases have anthropogenic
as wel as natural sources with the latter being the major
contributors. Due to the success of the Montreal Protocol and the
subsequent decline of CFCs (chloro—fluoro—carbons) and halons both
compounds are forecasted to become relatively more important in the
total atmospheric bromine and chlorine budgets. This is true even
though the absolute concentration of CH;Br in the atmosphere is
declining (Montzka et al, 2011).

During the last decade many field-based measurements in various
ecosystems, such as tropical rainforests (Blei et al, 2010; Yokouchi et
al, 2007), temperate forests (Drewer et al, 2008), salt marshes and
mangroves (Blei et al, 2010; Manley et al, 2007; Rhew et al, 2002),
grass and shrublands (Cox et al, 2004; Rhew, 2011), tundra
(Hardacre et al, 2009), rice paddies (Lee-Taylor and Redeker, 2005)
and wet-lands (Dimmer et al, 2001) as wel as laboratory based
studies on soils (Keppler et al, 2000, 2001; Rhew et al, 2003) and
fungi (Redeker et al, 2004) were conducted and greatly contributed
towards a better understanding of the scale of CH;Br and CH,CI
emissions from terrestrial sources. However, the gap between known
sinks and sources which these studies helped to fill still partially remains.
Currently known sources for CHBr (111.5 Gg yr™") and CH,CI (4,100
Gg yr™") are stil 24% and 7% below their respective sink terms of 147.6
Gg yr' and 4,399 Gg yr™' (Clerbaux et al, 2007; Montzka et al, 2011).
Although these gaps in our understanding seem small they potentially
understate the budget gap since these are best estimates from fluxes
with wide margins of error.

The reasons for this are manifold. Most of the above mentioned
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ecosystems are net sources, acting as gross sources and sinks at the
same time (Rhew et al, 2003). Furthermore landscapes such as salt
marshes or tundras have several modes of production or uptake. This,
together with the inherent variability of weather, season, time of day and
spatial heterogeneity make one-off spot-measurements subject to
large uncertainties. To improve this situation field—based measurement
campaigns over long time periods with short sampling intervals and over
large enough areas (or ranges of species) to cover spatial variability
would be needed. However, this is prohbitively costly and time
consuming and therefore this gap in our knowledge of terrestrial
source magnitudes is likely to remain.

The above mentioned measurement campaigns mainly provided data
on flux magnitudes but also attempted to bring more certainty about
the role of possible drivers on variations in these emissions in particular
ecosystems. This information is particularly valuable in the light of future
anthropogenic climate change. Some of the possible drivers identified
are temperature, incident solar radiation, halogen content, soil water
content or plant species. However, these findings were often not
conclusive. Particularly the question of whether incident solar radiation
or ambient temperatures are the main driver of short term flux
variations from plants remains unanswered. As secondary metabolites
methyl halide production is expected to be independent of incident
solar radiation. However, this could not be conclusively proven in field
experiments.

Coincidentally work by Keppler, McLeod and others has shown that
emissions of CH, chemically closely related to methyl halides can be
introduced by stresses such as UV-radiation or pathogen attack (see
Bloom et al. (2010) and references therein for a comprehensive
overview). At least two modes of CH,~production have been proposed.
The first one being abiotic, employing the photochemical breakage of
methyl groups from pectin macro-molecules within the leaf structure.
The second mechanism involves enzymatic responses of the plant to
stresses such as UV-radiation, drought, injury or pathogen attack. It is
suggested that these stresses stimulate the production of reactive
oxygen species (ROS) that in turn oxidise biological material thereby
producing CH,. Although the global importance of the UV-driven
emissions is in dispute the discussed mechanisms are theoretically
applicable to both CH;Br and CH,Cl as well. Furthermore average
atmospheric methane concentrations are approximately 1.8 ppm, ie.
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ten—thousand to five—hundred—thousand times higher than that of the
two methyl halides discussed here and so a potentially insignificant
production mechanism for CH, might well cause considerable variations
in CHBr and CH,Cl production in the field. Interestingly these fluxes
might not have been observed yet since most chambers used in field
campaigns are made of UV-absorbing materials.

Currently we are studying the influence of ultra—violet radiation sources
on CH, CHBr and CH,Cl production under controlled temperature
conditions in a laboratory setting. Work is carried out on single
detached leaves which are subjected to different temperature and

Figure 1: Photo showing sample chamber (center) with Peltier—cooler
during irradiation by UV lamp (top). To the left the
photo—spectrometer is visible.

radiation regimes for an hour (see Figure 1). We also record dry mass,
leaf area and total chlorine and bromine content. Preliminary results
suggest that emissions of the twolatter gases species are significantly
increased under irradiation from a UV-A radiation source. Furthermore
efforts are under way to conduct field experiments with
UV-transparent temperature controlled chambers.
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