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MILWAUKEE-A microbiologist and a physicist at the University of Wisconsin-Milwaukee are teaming up to bring a force nature to bear on the problem of radioactive waste disposal. 


With a $1 million grant from the Department of Energy’s Natural and Accelerated Bioremediation (NABIR) program, UWM microbiologist Kenneth Nealson and physicist Brian Tonner are teaming up to learn in exquisite detail the way a bacterium uses metal for anaerobic respiration.


The UWM team believes the work could lead to a breakthrough method for radioactive waste removal - letting millions of bacteria do the tedious chore of extracting nuclear waste from the water. 


“It absolutely ought to work, according to everything Brian and I know,” Nealson says. “But now we’re going to prove it.”


Tonner will use an advanced x-ray microscope to identify the precise chemical composition of uranium and the minerals that bind to it, and the precise location of bacteria that can be used to extract the uranium for disposal. Nealson, an expert in bioremediation (the use of microorganisms in toxic waste cleanup), will use the information to determine how the bacteria do their work.


According to Nealson, a scientist at the Center for Great Lakes Studies, uranium naturally binds to manganese oxides in water. The shewanella putrefaciens bacterium, discovered by Nealson, “breathes” metals, and can thereby release the uranium from the manganese oxide. If the electrons in the uranium atoms have the correct number of electrons (that is, in the correct oxidation state), the radioactive material settles out of the water, making it easy to collect and dispose of.


“The key is to identify the oxidation state of the uranium, which is what Brian can now do,” Nealson says.


In the mid-1980s, Nealson met with Tonner, a member of UWM’s surface studies group, to ask for help in viewing microorganisms. “You’re describing exactly what we want to do,” Tonner replied, “but you’re 10 years ahead of us.”


As important as the NABIR work is, Tonner considers it the tip of the iceberg.


Tonner, an internationally recognized leader in X-ray microscopy, says that years of work are starting to pay off in rapid advances in the field. 


“Back in the ‘80s we had good ideas of what we wanted to do, but the tools were inadequate,” Tonner says. 


Tonner, who has designed and built several kinds of X-ray microscopes over the past 10 years, will use an instrument that can reveal structures as small as two-tenths of a micron. A micron is one millionth of a meter (39 millionths of an inch). The microscope also gives detailed chemical information, which is vital to Nealson’s work. 


“Most importantly for Ken’s problem, we can work with ‘wet’ samples, which makes it possible for us to examine living organisms at work,” Tonner says.


Tonner notes that most X-ray microscopes require bulky and expensive vacuum chambers to pump air - and water - from the chamber where the sample is held. The NABIR microscope eliminates this requirement.


“Getting this funding will help get us off to a roaring start in this business, which we are helping to define,” he says.


“This is very exciting to me, since it means the beginning of a new, highly interdisciplinary and very challenging research field.”


Tonner notes that the project’s results should be applicable to other types of pollutants, such as toxic heavy metals and organic solvents.


Nealson says that some of the practical implications of the work will show up in the first year of the three-year project, since NABIR should lead to greater efficiencies in disposal of radioactive waste.


Nealson says different kinds of uranium waste require different cleanup methods, but determining which to use is a slow process with current techniques. 


“We can take a sample, put in the bacteria, and take measurements over several weeks to see if it’s working,” he says.


“With the new method, we’ll get results in a day or so.” 


In its second and third years, the project will aim at a more refined understanding of the mechanisms by which microorganisms do their cleanup work. 


“Right now, it’s like a black box,” Nealson says of bioremediation. “I think I know what’s going on with these bacteria, but I can’t really say I know. Now we’re going to see exactly what’s going on.”








