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Life Cycle Assessment (LCA) of Materials and Prc
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Components of LC Impact Assessment
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Multiple Categories of Environmental & Health Impac
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Life Cycle Assessment (LCA) of Materials and Prc
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Reveals Differences Among Synthesis Techniq
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Reveals Differences Among Reaction Chemistr

" Energy 'Footprint’ of Gold NP Synthesis Processes
(Functional unit 1. mg of Gold NP)
6 W Reported yields

Wine: 80%

Cypress leaf extract: 94%
(Citrate: assumed to be 100%)
Assumed Yield = 10%
Assumed Yield = 50%

Assumed Yield = 100%

Cumulative Energy Demand (miJ)
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Challenges and Opportunities in Nano LCA

A Linking Production, Fate, Exposure, and Effect data
together to create full cradigo-grave LCA

A Impacts of ENMa relation t;mancenabled products

A Including impactendbenefits of ENM use in LCA mod
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Linking Production, Fate, Exposure and Effect:
Life Cycle Ecotoxicity of SWNTs

materials + energy
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CNT Nano Nano
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Direct relegsesf carbon nangtubes leado envirgnmental impacts

Life cycle releasesf non-CNT substancelead to environmental impacts

Ve

A Adapt consensusSEtoxmpact
assessmentodel for SWNTSs to include;
colloidal processes |

A Only consider freshwatescotoxicity
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Fate and Transport (FF) and Exposure (XF)

Worst Case Scenario
» 100% release;

All CNTs stable in

water column

Realistic Scenario
Modeled concentration:
based on fate and
transport parameter
estimates
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Effect Factor (EF)

Ecotoxicityof CNT Production Emissions

A Toxicity factorbave already been calculated fo
many organi@nd inorganic chemicals (~3200)

A Some chemicals have group toxicity factord,
required disaggregation (suals PAHS)

Rosenbaum et alntJLCA2008
USEtok User Manu&dlOv1. 0

Ecotoxicityof CNTsthemselves
A Adapt USETorodel for CNTs A Singlespecies toxicologicdhta

A Incorporate Aggregation and (priorityon chronic EC50 measurements)

settlina processes A Bacteria, Protozoa, Copepods, Algae,
Jp Hydra, Daphnia, Fish
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Bayesian Modeling of ENM Fate and Effect
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CNT Ecotoxicity ProductusReleases

Majority of production impacts are fron

L releases of metals in upstream process
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Moving Toward Produtievel LCA of Impacts
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