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Abstract 

Bioreduction of U(VI) to U(IV) is considered a promising 
strategy for immobilizing U in the subsurface. Until recently, the 
product of U(VI) reduction was considered to be crystalline 
uraninite (UO2). Recent studies have shown that other non-UO2 
phases may also exist including monomeric U(IV) which is 
presumed to be more labile relative to UO2 [1]. Manganese oxides 
(MnO2) which can be formed microbially even under low oxygen 
concentrations, can oxidize U(IV) to U(VI), and thereby jeopardize 
the stability of U(IV) [2]. Once oxidized by biogenic MnO2, the 
resulting U(VI) can sorb to the MnO2 surface. As the presence of 
MnO2 can greatly impact the fate and transport of U in the 
subsurface, it is imperative to understand the effect a variety of 
common groundwater constituents may have on microbial Mn(II)-
oxidation rates and the structure of the biogenic manganese oxides 
which in turn potentially affect the stability of U(IV).  

In this study, the effects of common groundwater constituents, 
O2 (0-5 %), Ca2+ (5 mM), Mg2+ (5 mM), and HCO3

- (1 mM), on the 
coupled Mn/U processes  were investigated. A model Mn(II)-
oxidizing microorganism, Bacillus sp. SG-1 spores, was incubated 
with Mn(II) in the presence and absence of the above solutes and 
U(IV) as either biogenic UO2 or monomeric U(IV). It is 
hypothesized that conditions that stimulate microbial Mn(II)-
oxidation or lead to the formation of U(VI) complexes will lead to 
faster Mn(II) and U(IV) oxidation rates. In contrast, constituents that 
provide more stability for U(IV) species or sorb strongly to the 
MnO2 surface and reduce its ability to oxidize U(IV) will decrease 
or have little impact on the rate of U(IV) oxidation. As expected, 
increasing O2 concentration led to increased Mn(II)-oxidation rates. 
Addition of Ca2+ stimulated Mn(II)-oxidation while Mg2+ inhibited 
Mn(II)-oxidation in the presence of U(IV). Specific experiments 
probed the biological and chemical basis for the stimulatory and 
inhibitory effects of individual groundwater constituents on Mn(II)-
oxidation in the presence of U(IV).  
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Cyanide (CN) has been the subject of interest due to its heavy 

toxicity on humans and ecosystems. Carbons such as charcoal and 
granular activated carbon (GAC) are commonly used to remove 
contaminants in environments. Despite the popular usage of carbon, 
cyanide uptake by GAC has not been systematically adressed yet. In 
addition, effects of UV-light on cyanide attenuation are barely 
studied over a wide range of physicochemical conditions. Thus, in 
this study, we investigate cyanide sorption on GAC and its 
attenuation by UV-light over a wide range of conditions such as 
different pHs and concentrations through batch experiments. 

Cyanide uptake by GAC is effective at [CN]initial < 2 mg/L. At pH 
7.0, the sorption of cyanide on GAC is greater than that of pH 9.0. It 
is also found that the ratio of CN uptake by GAC increases at pH 9.0 
whereas the ratio decreases at pH 7.0, suggesting that reactivity of 
GAC would increase as a function of pH. The cyanide uptake by 
GAC rapidly increases during the first 30 min, followed by sharp 
desorption until 3 hr, and then the sorption increases and reaches the 
maximum sorption during the duration of experiments, implying that 
the sorption mode could be changed. Total amount of cyanide 
desorbed from the GAC during the duration of the desorption is less 
than 1.5% of total sorbed cyanide, indicative of strong and stable 
sorption of cyanide on the GAC. It is noted that UV-light is much 
effective on the attenuation of cyanide but also the attenuation is 
achieved until [CN]total is up to 10 mg/L. Our findings demonstrate 
that both GAC and UV-light are very effective on the attenuation of 
cyanide over a wide range of environmental conditions. 


