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Better wastewater treatment? It's a wrap

Graphene-wrapping innovation increases effectiveness of fighting superbugs in wastewater treatment

August 10, 2020

A shield of graphene helps particles destroy antibiotic-resistant bacteria and free-floating antibiotic resistance genes in wastewater treatment plants. Think of the
new strategy developed at Rice University (/cgi-bin/good-bye?https://news.rice.edu/2020/07/20/better-wastewater-treatment-its-a-wrap-2/) as "wrap, trap and zap."

Rice environmental scientist Pedro Alvarez and team introduced microspheres wrapped in graphene oxide in the journal Water Research (/cgi-bin/good-bye?
https://www.sciencedirect.com/science/article/pii/S0043135420306941?via%3Dihub).

Alvarez and his partners in the Rice-based Nanosystems Engineering Research Center for Nanotechnology-Enabled Water Treatment (/cgi-bin/good-bye?
https://www.newtcenter.org/) have worked toward quenching antibiotic-resistant "superbugs" since first finding them in wastewater treatment plants in 2013. The
U.S. National Science Foundation has provided funding for the center <https://www.nsf.gov/awardsearch/showAward?AWD_ID=1449500&HistoricalAwards=false>
and for related research <https://www.nsf.gov/awardsearch/showAward?AWD_ID=1545756&HistoricalAwards=false> .

"Superbugs are known to breed in wastewater treatment plants and release extracellular antibiotic resistance genes (ARGs) when they are killed as the effluent is
disinfected," Alvarez said.

"Our innovation would minimize the discharge of extracellular ARGs, and thus mitigate dissemination of antibiotic resistance from wastewater treatment plants," he
said.

The Rice lab showed that graphene-wrapped spheres inactivated multidrug-resistant Escherichia coli bacteria and degraded plasmid-encoded antibiotic-resistant
genes in secondary wastewater effluent.
The graphene-wrapped spheres produced three times the amount of reactive oxygen species (ROS) as did the spheres alone.

The spheres themselves are photocatalysts that produce ROS when exposed to light. Lab tests showed that wrapping the spheres minimized the ability of ROS
scavengers to curtail their ability to disinfect the solution.

The researchers said nitrogen-doping the shells increases their ability to capture bacteria, giving the catalytic spheres more time to kill them. The enhanced
particles then immediately capture and degrade the resistant genes released by the dead bacteria before they contaminate the effluent.

Because the wrapped spheres are large enough to be filtered out of the disinfected effluent, they can be reused. Tests showed the photocatalytic activity of the
spheres was relatively stable, with no significant decrease in activity after 10 cycles. That was significantly better than the cycle lifetime of the same spheres minus
the wrap.

Said Dana Denick, a program director in NSF's Directorate for Engineering, "The nanomaterials developed by this research collaboration show great promise for
removing harmful contaminants from wastewater. Finding new engineering solutions to water treatment problems is critical to ensuring clean water for all."

--  NSF Public Affairs, researchnews@nsf.gov (mailto:researchnews@nsf.gov) 
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