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Examining the nature of siderophore-
montmorillonite interactions
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Whereas microbial siderophores have been shown to
affect clay mineral dissolution and metal adsorption to clays,
our understanding of the mechanisms of interactions between
siderophores and the clay structure itself, including adsorption,
are more limited.

To better understand the nature of the interaction between
siderophores and montmorillonite clay, we measured sorption
of two hydroxamate desferrioxamine siderophores, DFO-B
and DFO-D;, to Na-saturated montmorillonite in 0.1 M
NaClO, at 22°C. These two siderophores have the same
fundamental structures, but different terminal groups lead to
DFO-B being monovalently charged to pH ~8 (pK, of
deprotonation reaction is 8.4), whereas DFO-D; is uncharged.
Sorption of DFO-B was significant at pH between 4 and 6
(195 umol/g), decreased to 170 umol/g at pH 8, and to < 20
pmol/g at pH 10. DFO-D; followed the same sorption trend
with pH as DFO-B, but was sorbed to a lesser extent. DFO-B
sorption densities were approximately 85 pumol/g, 45 pmol/g,
and 5 umol/g at pH 4-6, 8 and 10, respectively. The observed
adsorption of the neutral molecule DFO-D, to montmorillonite
over a wide pH range suggests that electrostatic interactions
are at most only partly responsible for the sorption of
trihydroxamate siderophores to montmorillonite. Additional
research on sorption kinetics and mechanisms, including
application of spectroscopic and diffraction techniques, is
ongoing.
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BYONG-HUN JEON, JOHN M. ZACHARA,
CHONGXUAN L1U, RAVI KUKKADAPU
AND ALICE DOHNALKOVA

Pacific Northwest National Laboratory P. O. Box 999, MS
K8-96, Richland, WA 99352, USA

The subsurface behavior of 99Tc, a contaminant resulting
from nuclear fuels reprocessing, is strongly dependent on its
valence (e.g., IV or VII). We investigated the abiotic reduction
of soluble Tc(VII) by Fe(Il) in pH 6-8 solutions under strictly
anoxic conditions using an oxygen trap (<7.5 x10”atm O,).
Complete and rapid reduction of Tc(VII) to precipitated
Tc(IV) [Te(IV)O,nH,0p)] was observed when 11pM of
Tc(VI) was reacted with 0.4mM Fe(Il) at pH 7.0 and 8.0,
while no significant reduction was observed over 1 month at
pH 6.0. The reduction kinetics were strongly pH dependent.
Experiments conducted at pH 7.0 with Fe(Il) = 0.05-0.8mM
further revealed that Tc(VII) reduction was a combination of
homogeneous and heterogeneous reaction (Figure 1). The
kinetics of homogeneous reduction correllated with the
concentration of Fe(OH)". Fe(II) loss from solution was higher
than the stoichiometric demand for complete reduction to
Tc(IV) indicating Fe(II) sorption or precipitation. Preliminary
TEM and Méossbauer spectroscopy measurements indicated
that the reaction product was a magnetite/Tc(IV) coprecipitate.

157 o & pH7.0,0.05mM Fe{llf © pH 7.0, 0.ZmM Fefll}
© PH7.0,0.1mM Fe{ll} < pH 7.0,0.4mM Fe(ll}
| 7 pH 7.8, 0.8mM Fellly
£ oBETBLL Tasna,
G2 [sa “z N
= =2 S
b3
e =,
E 5—\? = a
[=] A
A
P SN =
o 5 10 15 20 25 30
Time, day
1.00
=
£ g2
hv4
E n7s v
3
w
= 0.50
o
% o # o
] 0.25
8 0.
6 Ogmog_ o -
kel @(}00
sop t RGlZiX ARERRR & A A4 sansan

4 0 4 8 12 16 20 24 28 32

Time, day
Figure 1. Abiotic reduction of Tc(VII) by Fe(Il) (A) and
recovery of added Fe(Il) (B) from the 10mM PIPES buffer
solutions for different added Fe(Il) concentrations at pH 7.0.
[TC(VII)]added = ll]J.M, and [Fe(H)]added =0.05-0.8mM.



