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Photoreductive dissolution of ferrihydrite by methanesulfinic acid:
Evidence of a direct link between dimethylsulfide and
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[1] Within open-ocean regions where excess macronutrients
are present, phytoplankton growth is limited by the
bioavailability of iron supplied to these areas primarily
within atmospheric aerosols of crustal origin. However,
processes that control the abundance of biologically
accessible iron in these aerosols are largely unknown.
Here we show that dissolution of ferrihydrite, a surrogate
iron(oxy)hydroxide phase found in atmospheric waters, is
enhanced in the presence of methanesulfinic acid (MSIA,
CH;3SO,H, a dimethylsulfide (DMS) oxidation interme-
diate) in laboratory irradiation experiments with aqueous
suspensions that simulate marine aerosol particles. The
increased release of soluble Fe(I) is attributed to a species
specific and direct photochemical reduction rather than a
proton-promoted effect, and suggests an efficient mechanism
by which iron-starved phytoplankton can actively increase
aerosol iron-bioavailability by increasing DMS emissions.
Citation: Johansen, A. M., and J. M. Key (2006), Photoreductive
dissolution of ferrihydrite by methanesulfinic acid: Evidence of a
direct link between dimethylsulfide and iron-bioavailability,
Geophys. Res. Lett., 33, L14818, doi:10.1029/2006GL026010.

1. Introduction

[2] In large regions of the open ocean iron is a limiting
growth nutrient to phytoplankton, which produce half of
Earth’s photosynthesis and constitute one of its largest
carbon sinks [Field et al., 1998; Martin and Fitzwater,
1988]. The main delivery pathway for iron in these regions
is the deposition of atmospheric Fe(Ill)-bearing mineral
aerosols originating from continental landmasses [Coale et
al., 1996; Duce and Tindale, 1991]. Its in-situ availability to
phytoplankton is further limited to only the sub-nanomolar
concentration of iron that is soluble, comprised of varying
fractions of organically complexed Fe(Ill), dissolved inor-
ganic Fe(Ill) hydrolysis species, and Fe(Il) [Shaked et al.,
2005; Sunda, 2001]. Although thermodynamically unstable
against oxidation in oxygen-containing waters [Stumm and
Morgan, 1996], the more soluble Fe(I) can reach steady-
state concentrations of 30—75% of the total dissolved iron
pool in irradiated seawater samples in the absence of
organic complexation [Voelker and Sedlak, 1995] and up
to 58% of total iron in marine aerosol particles [Chen and
Siefert, 2004]. An important source of this Fe(I) is from
photochemical reduction of Fe(Ill) in ligand-to-metal-
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charge-transfer (LMCT) reactions such as by organic
ligands with carboxylic acid moieties [Barbeau and Moffett,
2000; Moffett, 2001; Pehkonen et al., 1993]. In the atmo-
sphere, oxalate is particularly effective in enhancing Fe(II)
production [Pehkonen et al., 1993], but it is geographically
limited to its continental source regions. The mechanisms
that control iron speciation in aerosol particles over remote
open-oceans have remained largely unidentified [Chen and
Siefert, 2004; Hand et al., 2004]. Here we describe an
efficient and specific chemical mechanism by which con-
centrations of Fe(I) in aerosols can be substantially in-
creased by DMS oxidation prior to deposition into the
ocean. Although the acidification of aerosol particles asso-
ciated with DMS oxidation may enhance iron dissolution
[Zhuang et al., 1992], the mechanism presented here does
not depend on such a hypothetical pH decrease and may
therefore directly link DMS emission by iron deficient
phytoplankton [Sunda et al., 2002] to aerosol iron bioavail-
ability [Sunda, 2001; Zhuang et al., 1992]. This iron-sulfur
reaction also constitutes a new process for aqueous phase
oxidation of DMS-derived species that may affect the
formation of cloud condensation nuclei (CCN) and there-
fore the earth’s albedo and global climate.

2. Methods

[3] Environmental conditions in aerosol particles were
simulated by irradiating aqueous suspensions of synthesized
ferrihydrite, an amorphous iron(oxy)hydroxide that is a
likely component in processed crustal aerosol particles
[Pehkonen et al., 1993; Schwertmann and Cornell, 1991],
to which methanesulfinic acid (MSIA, CH3SO,H) or dime-
thylsulfoxide (DMSO, CH3;SOCH;) were added. Experi-
ments were carried out in 0.100 L of 18 M) water in a
temperature controlled (293 K) water jacketed batch reactor
vessel to which the reactants were added immediately
before irradiation. Solar irradiation at noon at the equator
(1.2 kW m~?) was simulated with an IR and Air Mass (0
and 1) filtered light beam from a 1000 W Xenon lamp.
Throughout each 10-hour experiment (6 hours with and
4 hours without irradiation) aliquots were removed at set
time intervals and filtered through a 0.45 um pore-size
Acrodisc™ syringe filter prior to the following analyses:
(1) Fe(I) by complexation with ferrozine and absorbance at
562 nmin a 1 cm Z-cell (FIAlab Instruments, Inc.) [Stookey,
1970], (ii) MSIA, MSA (methanesulfonic acid, CH;SOs;H)
and SO~ by ion chromatography with columns AG/AS11-
HC (Dionex Corp.) in a gradient elution from 15 to 20 mM
NaOH (11 minutes, 1.5 ml min~"), and (iii) H,O, with an
Apollo 400-4 Channel Fee Radical Analyzer using a 100 pm
H,0, microprobe sensor (WPI, Inc.). The pH was deter-
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