RESEARCH PRIORITIES ON SAFE(R!!!
NANOTECHNOLOGIES

MARK R. WIESNER

Duke University
wiesner@duke.edu

www.ceint.duke.edu




PRIORITIES

® Make the safest nanotechnologies
possible

® Make them using environmentally
benign procedures

® Produce information on risks and
benefits of emerging technologies that
allows for timely, informed decision
making
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NRC COMMITTEE IDENTIFIED FOUR
PRIORITY AREAS

> Identification, characterization, and quantification of the origins of
nanomaterial releases

Processes that affect both potential hazards and exposure

Nanomaterial interactions in complex systems ranging from subcellular
systems to ecosystems

> Adaptive research and knowledge infrastructure for accelerating research
progress and providing rapid feedback to advance research

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine




RESEARCH PRIORITIES RECOGNIZE

® Need to continue to explore “first generation” issues

® Transformations and measurements of nanomaterials in real, complex systems
® Bioliptake

® Differences between natural, incidental and engineered NPs

® Next generation nanotechnologies

® How nanomaterials are used (value chain considerations)

® Life cycle assessment of nanotechnology

® Likely options for risk management




DEFINING NANOMATERIALS REMAINS A CHALLENGE

® Small

® Novel Properties

Auffan et al., Nature
Nanotechnology 2009




ENVIRONMENTAL CONSIDERATIONS OF
NANOTECHNOLOGY- BEHIND THE CURVE

[ [] [_Systems of nanostuctub

L] Active nanostuctures >
L Nanomaterials >




NEXT (CURRENT!) GENERATION NANOMATERIALS

Elements appearing together in US Nanoparticle patents, 2000-2011




VALUE-CHAIN DRIVEN EVALUATIONS

PRIMARY FORMULATIONS END PRODUCTS

Primary nanomaterials Formulations - Chemical modifications to stabilize nanomaterials
® Graphene Nanoparticle-polymer composites (a continuum)

® Tungsten sulfide

® MosS,

@® Ferrofluids (Fe304)
NANOASSEMBLAGES/ HYBRIDS — COMBINATIONS OF NANOMATERIALS IN VARIOUS CONFIGURATIONS

® Al203 METAL OXIDES ON CARBON
CARBON NANOTUBES/QUANTUM DOTS
® Fe-Cé0 composites ELECTRON DONORS/ELECTRON SHUTTLES

PHOTON HARVESTERS/ELECTRON SHUTTLES
CORE-SHELL STRUCTURES

NANOTUBES FILLED WITH NANOMATERIALS
ORGANIC/INORGANIC HYBRIDS

®©SWCT-quantum dot composites

®Protein-derived NPs




ELUCIDATE PRINCIPLES THAT DETERMINE ENVIRONMENTAL BEHAVIOR OF
NANOMATERIALS AND TRANSLATE THIS KNOWLEDGE INTO THE LANGUAGE OF
RISK
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PARAMETERIZING NANOMATERIAL RISK

INITIAL INTRINSIC PROPERTIES
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NANOMATERIAL PROPERTIES WILL CHANGE AS A FUNCTION OF THE
SYSTEM WHERE THE NANOMATERIALS ARE PRESENT
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ENVIRONMENTAL TRANSFORMATIONS OF

NANOMATERIALS

AGGREGATION
@ Reactivity and toxicity

REDOX REACTIONS

® biomolecules
BIOTRANSFORMATIONS

@ Biodegradation of coatings

DISSOLUTION/SOLUBILITY
@ Effect of NP properties and coatings

ADSORPTION
@ Proteins, humic substances, polysaccharides,...

WEATHERING OF NANOMATERIAL-CONTAINING MATRICES




AGNPS IDENTIFIED IN WASTEWATER, BUT UNCLEAR IF




DISSOLVED SPECIES RAPIDLY CONVERTED
TO NANOPARTICLES




BACTERIAL TRANSFORMATION AND DEGRADATION OF C,,

Data from Wiesner lab, Duke University




HIGHLIGHTS OF PROGRESS TO DATE IN CEINT

® Clear Evidence of nanopatrticle-specific
effects

® /Identification of key parameters controlling
spatial and temporal distribution of
nanomaterials in the environment

® Elaboration of sources and processes
generating nanopatrticles in natural and
engineered systems

® Risk Forecasting




NANOPARTICLE EFFECTS ON ORGANISMS

CEINT has shown:

® Bioiiptake
® Toxicity
® Trophic transfer

® Maternal transfer

Image from Bertsch lab, University of Kentucky




IT WAS NANO ALL ALONG

“IN YOUR TYPICAL PLANT BIOLOGY COURSE, YOU
DON’T LEARN THAT METALS ARE TAKEN UP BY
PLANTS IN THE FORM OF PARTICLES.”

WILLIAM SCHLESINGER,

CARY INSTITUTE OF ECOSYSTEM STUDIES,
CEINT EAB MEMBER

Image from Bertsch lab, University of Kentucky




Mesocosm Results

Mesocosm Toxicity - 24 h post dosing
Fundulus Larval Mortality

M Laboratory
< 60% - '
B Mesocosm -48 h

ity (+

40%

Mortal

20%

0%__ﬁ|+|il | .l

Di Giulio, Matson et al., Duke University
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TRANSPORT & FATE

WHAT NANOMATERIAL PROPERTIES AND ENVIRONMENTAL COND/TIONS
CONTROL THE SPATIAL AND TEMPORAL DISTR/IBUT/ION OF
NANOMATERIALS IN THE ENVIRONMENT?




PARAMETERS FOR PREDICTING NANOPARTICLE FATE:
AFFINITY OF NANOPARTICLES FOR VARIOUS
SURFACES

~

deposition & hetero-aggregation

.
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BAYESNET SIMULATIONS OF NANOSILVER EXPOSURE POTENTIAL




Nanomaterial
Production

ETransporE!

A LIFE CYCLE
PERSPECTIVE ON
MATERIALS FABRICATION

\Materials )




Cumulative EWI Scores

MATERIALS USED TO MAKE NANOMATERIALS

INTRODUCE RISK TO WORKERS AND THE
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Robichaud, Tanzil, Weilenmann, and Wiesner, 2005




ENERGY USE HAS ENVIRONMENTAL CONSEQUENCES

CNTs

Q Injection

molding
Artwork: cityscape | & Il by Grace Grothaus, The

monster footprint of digital technology. Low-tech
Magazine, June 16, 2009




WASTES GENERATED (CNTS)

Desiree Plata and co-workers 2009




PRIORITIES

@® Make the safest nanotechnologies
possible

@® Make them using environmentally
benign procedures

® Produce information on risks and
benefits of emerging technologies that
allows for timely, informed decision
making
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