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Bridging NanoEHS Research Efforts: A Joint
US-EU Workshop



Growth of Nano-Related Publications

(3-year doubling time)
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Microbial-nanoparticle Interactions
to Inform Risk Assessment

e Bacteria are at the foundation of all
SOLAR ENERGY | ecosystemes, an_d carry out many
/ ecosystem services

K/—:R{JDUCERS . Di_sposaI/discharge can disrupt

cnusumsns A primary productivity, nutrient
W ?ﬂf‘ I ‘/) cycles, biodegradation, agriculture,
etc.
DEEDMPDSEHS
e Antibacterial activity may be fast-
screening indicator of toxicity to

higher level organisms (microbial
sentinels?)



Bacterial Toxicity Mechanisms
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Nanoparticle Modifications in the Environment
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i { NOM = natural organic matter : }

AlvarezP.J.J., V. Colvin, J. Lead and V. Stone (2009). Research Priorities to Advance Eco-Responsible Nanotechnology. ACS Nano 3(7): 1616-1619.




NOM reduces bioavailability & toxicity of nCg,

Cumulative CO, production (umole)

| —— nCq,-free control 100 mg soil+nCq,
| w—nCy, ONly —— 92 mg sand+nCg, nC60 trapp9d_ by
——0.27 mg humic acid+nCyg, — humic colloids
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Humic acid concentrations as low as 0.1 mg/L eliminated toxicity
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Li, D., Lyon D.Y,, Q. Li, and P.J.J. Alvarez (2008). Environ. Toxicol. Chem. 27(9):1888-1894




Dissolved NOM Enhances C,,
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Dissolved NOM Decreases nCg, Deposition onto
a Quartz Surface, Increases Mobility in Water
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Bioavailability and Toxicity: nAg Example

Ag*is released only if nAg(0) is oxidized: 4Ag°+ 0, +4H* <> 4Ag* + 2H,0
(Solubility of Ag® = 0)

O, Bacteria
NAG(0) ) E— acteri
Bioavailable?
I Toxic?
Ligands

N e
Nanomaterials: Bioavailability Cl, $*, Cysteine,  Complexation?
and Environmental Exposure CO4%, HCOy, Precipitation?

(funded by USEPA & NERC) SO,%, PO*



Risk = Hazard x Exposure

Hazard, but no
exposure

Exposure but no
hazard

Hazard as well as
exposure

Upcoming ES&T Special Issue: Nanoscale Metal-Organic Matter Interactions — Apr 15, 2011







International Workshop on Priorities to Advance the Eco-
Responsible Design and Disposal of ENMs  (Rice University,
March 9-10, 2009)

What critical knowledge gaps and
opportunities exist to inform and advance the
design of environmentally benign ENMs and
the management of wastes containing them?



Towards Ecoresponsible Nanotechnology

(high) Most urgent priorities Important issues to tackle
Metrology & analytical methods
To track ENMs and validate models Predictive models of
o _ release & exposure scenarios
Structure-activity relations
Q To predict toxicity &fate
C O Dose - response (sublethal)
g O Bioavailability & bioaccumulation
S Identification of relevant
c Q Trophic transfer & biomagnification sentinel organisms
© — —
% Issues that may gain |mportance Lower research pI’IOI’ItIeS
© . Impact on environmental protection
o @ Inventory and qu_antlﬁcatlon @ infrastructure (landfills, water and
of sources & environmental fluxes
) ; wastewater treatment plants, etc.)
(e.g., rate of leaching from material)
. Assessing regulatory framework &

O Uptake mechanisms classification of NM for disposal
Intra-organism NP distribution, Assessing regulatory framework for
bioconcentration, and fate waste minimization & recycling

(low) -
(low) Relative State of Knowledge (high)

AlvarezP.J.J., V. Colvin, J. Lead and V. Stone (2009). Research Priorities to Advance Eco-Responsible Nanotechnology. ACS Nano 3(7): 1616-1619.
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