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The oxidation of dissolved Fe(II) in natural waters leads to the
precipitation of amorphous to poorly-crystalline Fe(III)-solids
that can sequester dissolved phosphate (PO4). Dissolved organic
matter (DOM) may affect the structure, colloidal mobility, and
PO4 binding of the Fe(III)-precipitates. However, to date,
mechanistic studies on the effects of DOM on the formation,
properties, and PO4 uptake of Fe(III)-precipitates formed by
Fe(II) oxidation in natural waters in the presence of other solutes
(Ca, PO4) are still scarce.

We studied the effects of organic ligands (citrate, 2,4-
dihydroxybenzoate, 3,4-dihydroxybenzoate, galacturonate,
humate) on the structure and colloidal stability of Fe oxidation
products and on the co-precipitation of PO4 and organic carbon
(OC). Laboratory experiments were performed in bicarbonate-
buffered (pH 7.0) aqueous solutions, with Na or Ca as
electrolyte. Fe(III)-precipitate formation was initiated by spiking
0.5 mM Fe(II) to aerated solutions, at initial molar ratios PO4/Fe
of 0.05 or 0.25 and OC/Fe ratios of 0.1–9.6. Dissolved Fe, P, Ca,
and organic C were measured in filtered samples. Fresh
suspensions were analyzed for particle sizes and zeta potentials
by dynamic and electrophoretic light scattering. The local
coordination of Fe in the solids was probed by extended X-ray
absorption fine structure spectroscopy, the bonding of Fe, PO4,
and OC by Fourier-transform infrared spectroscopy, and particle
morphology and element distribution by scanning transmission
electron microscopy with energy dispersive X-ray detection.

The Fe(III)-precipitates formed in the OC-free control
experiments were mixtures of amorphous Fe(III)-phosphate and
poorly-crystalline lepidocrocite. Increasing OC concetrations led
to decreasing lepidocrocite crystallinity and to increased
formation of ferrihydrite instead of lepidocrocite, resulting in
more effective PO4 and OC binding. Higher PO4 concentrations
resulted in decreased OC coprecipitation with Fe(III).
Furthermore, higher OC concentrations resulted in smaller
aggregate sizes and more negative zeta potentials, which
increased colloidal stability of the precipitates. These effects
decreased in the order citrate>3,4-
dihydroxybenzoate>galacturonate>2,4-
dihydroxybenzoate≥humate; with decreasing strenght of Fe(III)-
OC complexation.

In conclusion, the studied organic ligands can enhance co-
precipitation of PO4 with Fe(III) via their effect on the structure

of the Fe(III)-solids, but may also lead to more effective colloidal
transport of PO4 with smaller and more negatively charged
Fe(III)-particles in environmental systems.
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