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Selenate, a selenium oxyanion, is a common 

environmental contaminant resulting from 

agricultural irrigation. This compound 

eventually travels to water sources, posing a 

threat to both wildlife and humans. Certain 

bacteria have the ability to process these 

compounds and reduce selenate to its 

elemental state, removing the contaminant 

and replacing it with Se0 nanoparticles. The 

nanoparticles formed can then be used for 

industrial purposes. However, nanoparticle 

recovery faces several challenges that 

prevent this biological selenium reduction 

process from being implemented on a large 

scale. Recovering nanoparticles from 

conventional bioreactors is difficult because 

of mixing with biomass (Figure 1) and co-

contaminants. Our reactor alleviates this 

difficulty as selenate reduction, nanoparticle 

formation, and nanoparticle recovery occur 

simultaneously in the same reactor system.

Selenium nanoparticles can be recovered for reuse in many fields, 

including those in technology, manufacturing, and medicine.  Notable 

examples include use in solar cells, photocopiers, and rectifiers.5 In 

addition, selenium is an important molecule to living organisms, including 

humans.4 Many diseases are linked to selenium deficiencies, making it a 

necessary nutrient to be included, in small amounts, in foods and 

vitamins.6

The novel reactor system (Figure 2) was designed to allow nanoparticle production to occur simultaneously with nanoparticle recovery. A tangential flow filter (Figure 3) 

was implemented to filter the nanoparticles from biomass and other contaminants. This filter system uses a semi-permeable membrane that allows nanoparticles to pass 

through while separating them from larger molecules and biomass.2 This filter uses cross flow to push the nanoparticles over the membrane as gravity allows them to settle.

We began preparing for the experiment by preparing several media solutions varying in chemical content and concentration. Electron donors necessary for selenate 

reduction were added to solutions. Solutions also varied in content and concentration of electron accepters. Varying solutions were then prepared with bacterial specimens 

and inoculated. The most successful solution was prepared for the reactor. Bacterial specimens were added to the reactor and left to reduce selenium oxyanions to elemental 

nanoparticles. 

We propose a novel reactor system (Figure 2) in which 

tangential flow filtration is used to separate selenium 

nanoparticles from the biomass. A pump will circulate 

solution throughout the system, allowing reduced 

nanoparticles to travel through the filter and 

congregate for simple removal. In this way, 

nanoparticle filtration and continuous reduction can 

occur simultaneously.

Using ion chromatography, concentrations of 

chemicals in samples from the existing reactor 

systems were tested to determine the changes over 

time that occurred as a result of bacterial processes, 

especially selenate reduction. We plan on taking 

additional samples to examine with the SEM and TEM 

to determine the biomass structure, morphology of the 

nanoparticles, and whether they result in intracellular 

or extracellular deposits.

In high quantities, selenium can be toxic to biological systems. In humans, 

this includes disruption of endocrine function, immune system impairment, 

and neurotoxicity, amongst others.3 It is important that there is an efficient 

system to remove and recover selenium from the environment. 

Furthermore, selenium nanoparticles produced by biological processes such 

as ours are significantly less toxic than those produced by chemical 

methods.4

Our proposed reactor design will be the first to both reduce toxic selenium 

oxyanions to less toxic elemental nanoparticles while simultaneously 

filtering them from the system. This will streamline the selenium 

nanoparticle recovery process as nanoparticles can be  collected without 

disrupting the reactor system.
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Figure 1. Extracellular Se0 (TEM (whole

mount) of Bacillus selenitireducens) 1

Figure 2. Novel Reactor System Including Tangential Flow Filter Figure 3. Tangential Flow Filter with Nanoparticle Effluent Container


