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ABSTRACT

The awareness and concern about the environment have motivated research for new
efficient technologies capable of inexpensively removing metals ions from wastes. The use
of biotechnology to remove heavy metals from wastes has great potential in the treatment
of radioactive wastes. The aim of this work is to evaluate, for the first time, the ability of
bacterial biomasses to remove Am-241 from the aqueous solution as a function of contact
time and radionuclide concentrations. For this study Cupriavidus metallidurans CH34,
Bacillus subtilis 102 and Ochrobactrum sp. MH1000 were chosen because of their different
cell wall structures. C. metallidurans CH34 is a well known Gram-negative bacterium for
its high capacity of removing metals from different types of waste and for its resistance to
solutions with high metals concentrations. Ochrobactrum sp. MH21000 is resistant to high
Am-241 ion concentrations and is also a Gram-negative bacterium. This bacterium was
isolated from leachate samples collected from a lysimeter with Am-241. B. subtilis is a
Gram-positive bacterium and it is described in many reports as an efficient bacterium to
remove metals ions from solutions and soils. The results showed that Ochrobactrum sp.
MHZ1000 removed 95% of Am-241 in just 2 minutes of contact time, Cupriavidus
metallidurans CH34 removed nearly at 100% after 360 minutes of contact time in all
studied concentrations and Bacillus subtilis 102 was less efficient, the maximum removal
percentage was 52% after 720 minutes of contact time in 150 Bg/mL.

INTRODUCTION

The transuranic radionuclide Am-241 can be found in lightning rods, fire alarms and
in nuclear industries. The origin of americium liquid waste from the Radioactive Waste
Management Laboratory comes from a nuclear research area. The conventional techniques,
such as precipitation, ion exchange and electrochemical processes, for removing low
americium ion concentrations in large solution volumes are not effective for economic
reasons [1].

The search for new efficient technologies to remove radionuclides from liquid
wastes has been based on similar techniques employed for removal of heavy metals, such
as biosorption. This technique involves the use of biological materials such as
microorganisms [2], agricultural wastes [3] and polysaccharide materials [4] that form
complexes with metal ions using their ligands or functional groups [5]. On the other hand,
in bioaccumulation, the metals ions are incorporated inside the living biomass [6].



WM2011 Conference, February 27 - March 3, 2011, Phoenix, AZ

Since 1980, many reports have been published about the bacterial capacity to
remove heavy metals [2]. Bacterial cell walls can be distinguished base on their structures
and compositions. The cell wall of Gram-positive bacteria consists of many layers of
peptidoglycan and teichoic acids. Because of the negative charge from its phosphate
groups, teichoic acids may bind and regulate the movement of metal ions in and out of the
cell [7]. On the other hand, Gram-negative bacteria cell walls contain only a thin layer of
peptidoglycan and an outer membrane composed of phospholipids and lipopolysaccharides
[8], which confer the anionic character to the cell wall and its metal binding capacity.

Among the other radionuclides, uranium has so far been the most studied
radionuclide for biosorption/bioaccumulation studies [9-11]. Moreover there are just a few
reports about these technologies for americium removal. Most of the described studies were
related to the absorption of americium using yeasts [12] and biopolymers like alginate [13].

The aim of this work is to evaluate, for the first time, the ability of bacterial
biomasses to remove Am-241 from aqueous solutions. The experiments were performed
using Cupriavidus metallidurans CH34, Bacillus subtilis and Ochrobactrum sp. MH1000
in different experimental conditions, which include different metal concentrations and
contact time.

MATERIAL AND METHODS

Bacterial strains and growth conditions

C. metallidurans CH34 and B. subtilis 102 were obtained from the Biomedical
Sciences Institute at the University of Sao Paulo Culture Collection. Ochrobactrum sp.
MHZ1000 was isolated from leachate samples generated in lysimeters which contained
organic wastes contaminated with americium [14].

B. subtilis 102 and Ochrobactrum sp. MH1000 were cultured aerobically at 37.0 °C
with shaking at a speed of 100 rpm in Brain Heart Infusion at pH 7, and C. metallidurans
CH34 was cultured in the same conditions, but at pH 5.

Interaction of bacteria with Am-241

After being cultivated for 24 hours, the cells were centrifuged at 2,500 g for 15 min
and washed three times with Tris Medium (TSM) [15] at pH 7 for B. subtilis 102 and
Ochrobactrum sp. MH1000, and pH 5 for C. metallidurans CH34. The cells were
resuspended in TSM and the optical density (O.D.) was adjusted to 2.

The stock solution of Am-241 was prepared by dissolving AmCl; in TSM Medium
to obtain a final concentration of 23.3 kBg/mL. The final concentrations used in the
experiments were 150, 300 and 600 Bg/mL, which were obtained by diluting the stock
solution as described below.

The Minimum Inhibitory Concentrations for each bacterium was determined by agar
dilution method. Briefly, 1 mL of bacterial culture was added to 1 mL of TSM solution
containing increasing amounts of Am-241 (20-4000 Bg/mL). These bacterial culture were
maintained for 24 hours at 37 °C and then plated on Plate Count Agar.

The uptake of Am-241 was performed by the batch culture method. Briefly, 1.5 mL of
bacterial culture (O.D. 2.0) was mixed to 1.5 mL of TSM solution with Am-241 in a sterile
vial to the final concentrations of 75, 150 and 300 Bg/mL. The vials were shaken on an
orbital shaker (100 rpm) at room temperature. After the contact time, the solutions were
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centrifuged at 2,500g for 15 minutes and 1 mL of the supernatant was removed to assay the
residual Am-241 in solution using a scintillator (Tri-carb 2100 TR- Liquid Scintillation
Analyzer — Packard-Canberra). All experiments were conducted in duplicate.

RESULTS AND DISCUSSION
The resistance of the bacterial strains to Am -241 was evaluated as shown in Table
1. The Ochrobactrum sp. MH1000 strain, when compared to C.metallidurans CH34 and B.

subtilis 102, showed the highest resistance to americium (Table 1). The resistance was
between 1.5 to 3 times higher for Ochrobactrum sp.

Table 1- Minimum Inhibitory Concentration (M.1.C)

Bacteria M.1.C. of Am-241 (Bg/mL)
Ochrobactrum sp MH1000 1200
Bacillus subtilis 102 700
Cupriavidus metallidurans CH34 400

In order to evaluate the potential of these bacteria to remove Am-241 from
radioactive liquid waste, the assays were performed in different americium ion
concentrations and contact times for Ochrobactrum sp. MH1000, C. metallidurans CH34
and B. subtilis 102. Figures 1 to 3 show the results obtained. Each point represents the
average + standard error.
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Figure 1 — Bioremoval of Am-241 by Ochrobactrum sp MH1000.




WM2011 Conference, February 27 - March 3, 2011, Phoenix, AZ

Ochrobactrum sp. MH1000 removes on average 95% of Am-241 in just 2 minutes
of contact time in all studied concentrations.

C. metallidurans CH34 is a well known model microorganism for heavy metal
detoxification. This microorganism has two megaplasmids that encode several genes for
heavy metal resistance. The presence of these genes allows it to successfully grow in heavy
metal contaminated environments [4].

In this study, we demonstrated for the first time that Cupriavidus metallidurans
CH34 has the potential to remove Am-241 (Figure 2). The metal concentration decreased

rapidly in the first 60 minutes, and remained nearly at 100% after 360 minutes of contact
time.
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Figure 2 - Bioremoval of Am-241 by Cupriavidus metallidurans CH34.

The ability of a Gram-positive bacterium to remove Am-241 was performed by B.
subtilis 102 (Figure 3).
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Figure 3 - Bioremoval of Am-241 by Bacillus subtilis102.

Despite the fact that lipoteichoic acids in Gram-positive bacteria give an overall
negative charge to the microorganisms’ cell wall and therefore should have a better affinity
to metal ions, the Gram-positive B. subtilis 102 was less efficient in removing americium
than the other studied bacteria. B. subtilis 102 had a maximal percentage removal of only
52% after 720 minutes, as shown in Figure 3.

CONCLUSION

It is noteworthy that Ochrobactrum sp. MH1000 showed great tolerance to higher
concentrations of americium compared to the other microorganisms. Furthermore,
Ochrobactrum sp. MH1000 and Cupriavidus metallidurans CH34 were more effective in
removing different concentrations of americium in aqueous solutions than Bacillus subtilis
102. Moreover, Ochrobactrum sp. showed faster removal than Cupriavidus metallidurans
CH34. Hence, Ochrobactrum sp. has a great potential for americium removal from
radioactive liquid wastes.
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