First In situ detection of molecular iodine
emission bursts from Laminaria Digitata
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Iodine release in the (MBL): impact of biogenic emission on air quality and climate

e the ozone concentration in the MBL e the formation of new particles
Back ing: I : .. : : : :
ack scattering: cooling e the capacity of the atmosphere to process emissions e the production of potential cloud condensation nuclei
\ Absorption: / of greenhouse gases such as methane e human health (iodine deficiency — thyroid disorders,
cretinism)
: Cloud Condensation
Regional aerosols Nuclei (CCN) _ _ )
Particles detection | ODowd et al 2002] Gaseous phase (DOAS) [ Saiz-Lopez et al 2004
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\\ ', :' e Sporophyte: macroscopic stage up to 2 meters long
\ e Strong iodine accumulator (I, I057): about 1.0% of its dry weight
e Habitat: Rocky shores, subtidal zone up to 20m
Imicro-algae ® emission process, parameters?
(plankton, bacteria)
Bio-film on the surface ® emission flux? Holdfast
® gas to particles conversion process? ...
Coastal area Open ocean
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Figure 1 Typical absorption spectrum of the gas mixture above a Laminaria

o _1}-?&1\_-*’31111111’[)61_‘ {"' cm'_l_ B
18800 18600 18400 18200 thallus out of water in the dark — range 530-553 nm. Dots and thin line:

measured extinction, ¢ (1). Solid line: fit using eq. (2) with a = —2.84x10™>

Setu p Monochromator

cm™, b = 1.03x108 cm™ nm™ and ¢ = -9.462 x10° cm-1 nm=2, n,, =

{

e/ecm

7.07x101% molecules cm=3. The period peak structure in the spectrum is the

absorption spectrum due to molecular iodine released from the plant. The

10°

lower panel shows the unweighted absolute fit residuals.
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Figure 2 Time-dependences of the |, mixing ratio [nmol mol~] in
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% Eth nCt|On mneasu rement d nd anad IYS|S the probe volume inside the sample chamber containing a fresh 1538 time / hr
E thallus of Laminaria digitata. The inserts show the first 30 min of the 1000
Q - For small absorption (low concentrations or small cross-sections), « Analysis for molecular iodine by Singular Value Decomposition (SVD) measurements. The traces left and right of the vertical dashed lines 1000
(@) the extinction coefficient is given by: refer to the scales on the left and right axes respectively. The traces - 500
C _ — 2 ) are connected at the dashed line. (a) Blade length 87cm, stipe length = _
0, 1-R(4) g (1) i (ﬂ/) a+bi+ch+ n,20,2 (l) & : E Y00 time /r
') g(A) = — 5 -1 (1) 30 cm (no holdfast), 25g dry weight (DW). (b) Blade length 90 cm, = |
O where  o;,(4): absorption cross-section spectrum of molecular iodine stipe length 40 cm (including holdfast), 33 g DW. The temperature e
L0  where IJ2): intensity transmitted without the gaseous sample a, b, cand n,:  unknown parameters inside the chamber during the experiment was ~6.5-8.5°C and the
S (without the seaweed) N iodine number density plant was in complete darkness. The arrow in (a) indicates the time )4 - 1500
-':5; I(A): intensity transmitted with the gaseous sample (with { a+ bl+ ci% background caused by additional when the spectrum shown in Figure 1 was recorded. time / hr H 7;)7(7)\
the seaweed) unspecified losses
. o : : [ Fiedler et al 2003]: S. E. Fiedler, A. Hese, A. A. Ruth, Chem. Phys. Lett. 371, 284—-294 (2003)
'S| R(A): reflectivity of the cavity mirrors

Potential processes leading to the

It is known that oxidative stress can activate a massive efflux of iodine from Laminaria species resulting in the elution of molecular Figure 3 Time-dependence of the |, mixing ratio [nmol mol-1]

iodine and volatile halogenated compounds (so-called "iodovolatilisation"). However, the exact time-dependence of this process has in the probe volume inside the chamber containing 200 ml of

never been observed previously. The fact that molecular iodine is released in distinct bursts (irrespective of their exact time "old" seawater from the storage tank. Laminaria digitata had
been kept in this water for 19 days. At 4hr45min, 15 ml of H,0,

solution (30%) were added to the seawater, triggering the

signature) is an indication for a particular biochemical activity in the Laminaria organism and environment. Whether the
inhomogeneous distribution of | in Laminaria species could lead to spatial disparities in the | release and hence possibly to the

occurrence of bursts cannot be determined from these first measurements. Since our approach integrates over the entire specimen,

n / nmol mol

H O, immediate emission burst of [, (solid line: number density)

even strong spatial differences in the physiological and chemical effectiveness of | release cannot be detected. It is likely that the added resembling the initial bursts shown in the inserts of Fig. 2. The

observed bursts are a consequence of the known stress-induced production of H,O, in Laminaria digitata, whether spatially- 0 _ pH (solid circles) was monitored simultaneously. The experiment
.. : : : ’ ' 5 2(
dependent effects do play a role or not [ Kiupper et al 2005]. The key (aqueous phase) reactions in this system are suggested to be: 13%() timé(} hr 13 9:0% was performed in the dark at ~6.5-8.5°C .
. : 18/3/08 | 19/3/08
Oxidative burst in humans and plants
senesence T bathogens As already known from previous studies, the iodine species distribution in aqueous solutions is strongly influenced by several
+T o HOL + OH- (3) wum,.ln,’,p,\ R[b/ = .:{ “I parameters such as pH, total iodine concentration, temperature, and the redox state of the solution. Generally, many chemical
R N _)"_ reactions involving H,0, and | in aqueous solutions show oscillatory behaviour leading to quasi-periodic emissions of gaseous
— +

WO =2 1752 [ & 1 &2 ke (4) . In particular, strong oscillatory behaviour is found in the "iodine-clock" Briggs-Rauscher and Bray-Liebhafsky reactions.
And at higher acidity: H,0, + HOI < O, + H,O0 + H* + I~ ©) Although the general theory of these "clock" reactions is well established, the detailed understanding of the individual

reactions is still far from complete. It is plausible that the | bursts observed in the present study are initiated by the stress-

induced H,O, production of Laminaria digitata. These bursts are part of the previously proposed iodovolatilisation processes

and several other reactions including production of I~ and 105 ions. Hence the production of H,O, and the release of |, may be and probably occur also in other seaweeds and macroalgae. It is therefore reasonable to suppose that such oscillation-like

strongly correlated. In order to test whether H,0, production may trigger the (quasi-periodic) release of molecular iodine, an emissions of |, can be observed in coastal areas, corresponding to chemical "iodine clocks" initiated by biological systems. The
experiment was performed in which "old" water from the seaweed tank was placed in the sample chamber. The result is shown in

Conclusions and outlooks

physiological significance of the bursts is unclear at present. Probably, when washed up on the shore the plant activates

Fig. 3. It is important to note the similarity of the qualitative behaviour of the |, emissions in our experiments to the H,O, release in defense mechanisms that protect it against the attack of "microorganisms" and drying out. In this context an autocatalytic

Laminaria digitata as shown in Ref. [Kipper et al 2001] and [Kdpper et al 2001]. This experiment demonstrates the importance of reaction scheme could be an appropriate way to control the iodine emission of the plant.

the presence of H,O, for the elusion of |,. No additional bursts were observed in this experiment after the initial emission maximum,
[ Kipper et al 2003]: F. C. Kupper, N. Schweigert, E. Ar Gall, J.-M. Legendre, H. Vilter and B. Kloareg, Planta 207, 163—-171 (1998).

[Ktpper et al 2001]: F. C. Kupper, B. Kloareg, J. Guern and P. Potin, Plant Physiol. 125, 278-291 (2001).
OutIOOk Study of external parameters: UV light, temperature, moisture, oxygenation, ozone level, emission flux.... [Kiipper et al 2002]: F. C. Kipper, D. G. Miller, A. F. Peters, B. Kloareg and P. Potin, J. Chem. Ecol. 28, 2057-2081 (2002).

showing the role of the living seaweed in the emission behaviour observed on Fig. 2.
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