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Toxic Avengers: Ohio State team creates method using sound waves, algae to remove mercury from streams, rivers, and lakes

By Spencer Hunt, The Columbus Dispatch

A method to remove mercury from Ohio's streams and lakes relies on two unlikely partners. 

Ohio State University researchers say combining sound waves and bioengineered algae could clean up our waterways and reduce the threat to human and animal health.

Mercury is a potent neurotoxin that causes brain and kidney damage and serious developmental problems in fetuses and newborns. It's so common in the environment that the state advises people not to eat fish from some streams more than once a month.

But Linda Weavers, an OSU environmental engineer, and Richard Sayre, a plant, cellular and molecular biologist at the university, say a system they're developing could remove the toxin. The process they are testing in the lab uses ultrasound to break mercury free from lake and stream sediment, and then uses bioengineered algae to absorb the neurotoxin. The algae then could be removed from the water and disposed of safely.

Weavers said mercury, which is released into the air by factories and power plants, can remain in lake sediment for 50 years. It is converted into an even more-potent toxin that is eaten by plankton and then fish.

From there, it moves up the food chain.

Current mercury-removal methods use phosphates, chemicals that react with metals and break their bonds with microscopic dirt particles that make up stream and lake sediment.

The problem, Sayre said, is that phosphates pull out all metals, even naturally occurring ones such as iron, calcium and magnesium.

"It will bind with everything, and then you have this huge amount of waste," Sayre said.

But Weavers' high-frequency sound waves create super-hot microscopic bubbles that collapse with enough force to break apart the bond between dirt particles and metals in a few microseconds, without a chemical reaction.

"You get very intense pressures," Weavers said.

"With ultrasound, it's much easier to get (mercury) off."

But there was a problem. Although the mercury was quickly separated from sediment, Weavers found that the metal began to reattach to the dirt particles after 10 minutes.

The greater the number of small, smashed sediment particles, the greater the surface area on which mercury can rebond.

This is where Sayre comes in.

"The technical issue is, once the mercury is released, you need to capture it as efficiently as possible," he said.

The two researchers were put together by Ohio Sea Grant director Jeff Reutter, who noticed their projects could be joined to help remove mercury in Lake Erie.

Reutter said mercury pollution is particularly troublesome in Erie's western basin, where mercury was deposited by chemical plants along the St. Clair River, Detroit factories and coal-fired power plants in Michigan and Toledo.

Sayre had inserted into algae a gene that produces a protein found in rabbit livers. This protein, he said, seeks out and captures toxic, heavy metals.

By combining this protein, metallothionein, with the algae, Chlamydomonas reinhardtii, he created a sponge of sorts that can absorb mercury at levels five times higher than regular algae.

The protein bonds with mercury that passes through the cell walls of the algae.

"And it's selective," he said. "It's able to take up the toxic metals while leaving the others alone."

The algae are also capable of absorbing lead and cadmium, Sayre said.

When Sayre and Weavers joined forces in the lab, things began to click.

A small-scale test on 1 gram of synthetic, mercury-contaminated sediment hit with ultrasound in a solution of algae and water removed about a third of the toxic metal in 30 minutes.

Weavers said it's possible to increase the absorption rate by tweaking the amount of algae used. Sayre said adding a weak acid to the water could increase the algae's ability to absorb mercury by keeping it from rebonding with the sediment.

Mercury is the most common pollutant that states list in fish-consumption warnings, according to the U.S. Environmental Protection Agency.

The nation had more than 2,400 mercury-related warnings for specific streams in 2004. Ohio and 20 other states issue statewide mercury warnings that cover all bodies of water.

The heavy metal is released from a variety of places, including coal-fired power plants, steel mills and cement kilns.

"There are a lot of sources," said David Gay, a University of Illinois research scientist and coordinator of the National Atmospheric Deposition Program, which tracks airborne pollutants.

In Ohio, businesses released more than 8,600 pounds of mercury into the air in 2006, the last year for which statistics are available. That ranked Ohio second in the nation behind Texas.

Airborne mercury falls back to the earth in raindrops and in dry particles that are washed by storms into streams, rivers and lakes, Gay said.

Even high-quality streams rich in fish, mussels and other wildlife, such as Big Darby Creek west of Columbus, have mercury issues, said Mylynda Shaskus, an Ohio EPA specialist who helps update the state's fish-consumption advisories.

"If you have a slow-flowing wetland, you could have fish with much higher levels," Shaskus said. "That's because the wetland areas have more microorganisms that can (take up) mercury."

Any method that could reduce or remove mercury would be an improvement, Gay said. "If you can prevent that, that's a huge step forward," he said.

In the laboratory, Weavers and Sayre use synthetic sediment made up of something called alumina particles.

"Real sediment is very complicated. It's going to have this gunky organic matter," Weavers said. "There are a lot of reactions that will take place that we need to understand."

Another problem the team is working on is how to keep the superalgae from escaping and spreading before being removed from a stream or lake. The last thing the team needs is for its mercury sponge to serve as a floating, breeding food source.

Sayre said freeze-dried algae does the same job as live algae, and the process could work in a self-contained system used directly on lake and stream bottoms or on sediment that has been dredged and brought aboard a specially equipped Lake Erie ship.

He and Weavers said their system probably is best suited to clean hot spots: places in lakes and streams with high mercury concentrations.

