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fluid flows. This mobility is further influenced by metal adsorption onto threatening water systems used for a wide variety of human activities. S - bacterial concentration % |
bacteria and other biomass in the subsurface. To better understand the Accurate prediction of the fate and transport of U and other waste metals = INn a closed system (no £ 0
. . . : ) through complex, heterogeneous subsurface systems is essential. 20 - CO_). The curve is the 0 |
mechanism of this adsorption as well as its dependence on the chemical eat-Fit SUMface
composition of the fluid, we have performed a series of metal adsorption The cell walls of the microbial communities present in well-populated, . 1 3 « i ¢« - s o Ccomplexationmodel, " X
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suptilis in the presence and absence of carbonate along with X-ray onto bacteria, particularly at circumneutral pH conditions where U speciation is L
Absorption Spectroscopy (XAS) to determine the binding structures at the highly complex, is ongoing. : ; 3 "
cell surface. In this paper we demonstrate an approach to the XAS data E 1 ¢ F o 1
analUSIS which allows us to measure the partltlonlng of the adSOl’pthn Of This study involves B. subtilis, a common groundwater bacterium. B. subtilis was < " = ", ) q
: . : cultured and prepared following the procedure of Fein et al. and involved a ¥ S '
uranium to hydroxyl, carboxyl (or carpbonato), and phosphoryl active sites sequence of growth, rinsing, and centrifugation. From this wet mass, known 20- ) 0 p
at the cell surface. pbacterial concentrations were reacted with a U-bearing electrolyte solution. 0 I ,0'25, 8/ ~ “ 0.25 g/L. e
One series was exposed to the atmosphere (and thus in equilibrium with T ST I T B desgalsvisliive Sﬁfﬁ’i L1 s 1 s e T a
carbon dioxide), another was maintained in a closed atmosphere with carbon pH bacterial concentration pl
-~ -~ dioxide excluded. A final series was open to atmosphere and reacted with a " Te in an open system (with 10
/ \ Five samples were measured: Ca-bearing electrolyte solution. From these, Lfi\_/e_re_pre_a/se_angayve_a samples'were 5 - ,“m CO_). The solid curve is o ¢ oo . ]
1. closed system, no CO2, pH=8.61 chosen for XAS measurement. - : the best-fit surface . : -
CONSTRAINTS AND 2.closed system,noCO2,pH=458 =~~~ T T T T T T T T T T T T T T complexation. The ;o '
3. open to atmosphere, pH=8.52 Adsorbed U absorption was measured by ICP-OES. These absorption data were ~ ? dashedcurvesthe @ 1
RLESTRAINTS IN IFEFFIT 4. open to atmosphere, pH=4.60 modeled as electrostatic interactions between the charged bacterial surface — # preairted sbeorptionin )
5.o0pen to atmosphere, pH=7.78, and the aqueous ion using FITEQL. This model identifies multiple binding sites 20 - inorganic uranyl 20 )
1I0mMM Ca added to bacterial tentatively associated with phosphoryl and carboxyl active sites on the cell 0.58/L |  arbonate surface 0.5 g/L '
suspension wall and, for samples exposed to atmosphere, a surface carbonato complex. : . 2 3 4 s ¢ 1 s o CoOmplex. ’ o, 3 4 s n ',;" )
Ifeffit has two ways of incorporating prior knowiedge " ol
INto a fitting model: 0.5 g/L non-acid washed B. Subtilis in
0.1M NaClo4 with 1 ppm U. Samples
Constraint: An assertion about the value of a fitting were centrifuged and the paste
parameter or a fixed relation between two or more placed in sample containers. All
parameters used in the fit. samples have approximately 400
\ppm U on the solid. y / \

Restraint: An expression placing a soft Iimit on the

range of values available to one or more fitting pH=4.60, open pH=7.78, open, w/Ca PH=8.61, no CO,

all marked groups
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parameters. The restraint Is added in quadrature to - R Fits were performed using theoretical standards from
the fitling metric X, . — 480 open atmos - FEFF6 and the Artemis program (which uses Ifeffit as its
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