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2011 Clarke Prize Lecture Focuses on Water Treatment Innovations and
Challenges from the Use of Nanotechnology

FOUNTAIN VALLEY, Calif. — The benefits and potential risks of using nanotechnology to
revolutionize water treatment processes were highlighted at the Eighteenth Annual NWRI Clarke
Prize Lecture and Award Ceremony, held by the National Water Research Institute (NWRI) of
Fountain Valley, California, on Thursday, July 14, 2011, in Newport Beach, California.

The Clarke Prize Lecture was given by environmental engineer Mark R. Wiesner, Ph.D., P.E., the
James L. Meriam Professor of Civil and Environmental Engineering at Duke University, who was
selected as the 2011 NWRI Athalie Richardson Irvine Clarke Prize recipient because of his
groundbreaking efforts and leadership in improving water quality through advancements in
membrane and nanotechnology research.

Consisting of a medallion and $50,000 award, the Clarke Prize is given out each year to recognize
research accomplishments that solve real-world water problems and to highlight the importance of
and need to continue funding this type of research.

During Wiesner’s Lecture, which was entitled Nanomaterials, Water, and the Directed Self-
Assembly of Environmentally Responsible Industries, nanomaterials were defined as having “a
characteristic dimension from 1 to 100 nanometers and having ‘unique’ or ‘novel’ properties.” One
nanometer is 40,000 times smaller than the thickness of a human hair.

An example of a nanomaterial is a carbon nanotube, which is 100 times stronger than steel and 10
times more electrically conductive that copper, yet is very light. Carbon nanotubes have been used
to enhance the performance of membrane technologies, which are used to separate contaminants
from water and wastewater. In fact, according to Wiesner, it has been shown that membranes
incorporating small amounts of carbon nanotubes resist breakage to a much greater extent than
membranes without carbon nanotubes. It has also been shown that water flows thousands of times
faster than predicted by theory through membranes made from carbon nanotubes. The result of
using nanotechnology in this instance is more efficient and effective membranes.

Other examples of areas where nanotechnology can be used to significantly improve and enhance
water treatment technologies are as follows:

e Desalination is used to remove salts from water, such as seawater. Nanotechnology can
enable new desalination processes, such as forward osmosis and membrane distillation,
which use differences in concentration or temperature to transport waster across membranes,
rather than the current process of pressure. These nanotechnology-enabled desalination
processes have the potential to operate with considerably less energy requirements.
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e Pumping contaminated groundwater to the surface to remove contaminants and then
injecting the treated water back into the ground is both cost-prohibitive and incapable of
meeting clean-up goals. Nanomaterials have been developed to help improve the ability to
degrade contaminants underground. The next stage of evolution would be tailoring
nanomaterials to react to specific contaminants or to actively accumulate at contaminated
“hot spots” to degrade contaminants of interest.

e Conventional disinfection processes involve surrounding microbes in a “bath” of
disinfectants, such as chlorine or ozone, to inactivate them; however, these disinfectants may
react with other compounds in water to form harmful disinfection byproducts. As an
alternative, investigations are underway to evaluate the possibility of introducing
nanomaterials to seek out microbes, attach to them, and then release a disinfectant that is
directly delivered to the microbe, thereby reducing the formation of disinfection byproducts.

“The potential for environmental nanotechnology is great,” said Wiesner, who has been a leader in
the field since the late 1990s. “The challenge is to ensure that nanotechnology evolves as a tool for
sustainability, rather than as an environmental liability.”

Wiesner pointed out that we need to ensure that the production, use, and disposal of
nanotechnologies do not degrade our water resources or present a threat to human health or the
environment. After a decade of research, scientists have determined that nanoparticles can be taken
up by plants, may bio-magnify in food webs, and may produce toxic or developmental effects in the
laboratory. However, to date, there have been no documented cases of a specific human disease or
environmental damage caused by engineered nanomaterials. Wiesner attributed this both good luck
and the early intervention of the scientific community to investigate possible risks of
nanotechnology. As he described proactive research on the risks of emerging technologies, such as
nanotechnologies, as a public good that is not readily provided by the private sector, he underscored
the need for governments to create the conditions that allow these technologies to be
commercialized in an environmentally responsible manner.

The economics and broader environmental impacts of applying nanotechnologies also remain a
challenge, said Wiesner. Take, for example, the carbon nanotubes — making one gram of carbon
nanotubes requires over a thousand times more energy than a gram of material made using
conventional production methods. Nanotechnology production can also be costly; for instance, the
proposed use of “nano-rust” to remove arsenic from water is thousands of times more expensive
than currently available technologies. In addition, some nanotechnologies are made from precious
metals and rare earth elements, which raises questions regarding the sustainability, security, and
environmental damages associated with obtaining these elements.

“I am optimistic,” concluded Wiesner, “that technological innovations, such as those inspired by
nanotechnology, will ultimately provide us with cleaner sources of energy, greater access to potable
water, and improved sanitation services.” He cautioned that “technological advances can only serve
to treat the symptoms of the more fundamental problems of overconsumption, waste, and market
incentives that favor short-term gain over the interests of our planet’s current and future
generations.”
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Wiesner is the eighteenth recipient of the NWRI Clarke Prize. Since the late 1990s, he has taken
the lead in studying the fabrication, transport, fate, toxicity, and risk of nanomaterials in the
environment. He co-edited the textbook, Environmental Nanotechnology, in 2007, and currently
serves on a National Research Council committee to develop a research strategy for environmental,
health, and safety aspects of engineered nanomaterials. One of his major accomplishments was the
creation of the Center for the Environmental Implications of NanoTechnology (CEINT) at Duke
University, where he serves as Director. A multidisciplinary research effort supported by the
National Science Foundation and U.S. Environmental Protection Agency, CEINT is focused on
understanding nanomaterial behavior from the nano-scale to the ecosystem-scale and identifying
possible risks to human health and the environment.

Copies of the 2011 Clarke Lecture may be downloaded at www.nwri-usa.org/laureates.htm.

A 501c3 nonprofit, the National Water Research Institute (NWRI) was founded in 1991 by a group
of California water and wastewater agencies in partnership with the Joan Irvine Smith and Athalie
R. Clarke Foundation to promote the protection, maintenance, and restoration of water supplies
and to protect the freshwater and marine environments through the development of cooperative
research work. NWRI’s member agencies include Inland Empire Utilities Agency, Irvine Ranch
Water District, Los Angeles Department of Water and Power, Orange County Sanitation District,
Orange County Water District, and West Basin Municipal Water District.

HEE



