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Life Cycle Assessment (LCA) of Materials and Products 

Days 1-2 

Day 3 
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Components of LC Impact Assessment 

http://www.sciencedirect.com/science/article/pii/S0160412007000098 

USEtox Model 

http://www.sciencedirect.com/science/article/pii/S0160412007000098


NSE NSF 

Nano Environ. 

Dec 4-6, 2013 

4 

Multiple Categories of Environmental & Health Impacts 

Human toxicity 

Photochemical oxidant formation 

Ozone depletion 

Climate change 

Acidification 

Eutrophication 

Ecotoxicity 

Land use impacts 

Species & organism dispersal 

Abiotic resources depletion 

Biotic resources depletion 

Emissions & 

Resource Use 

Human Health 

Biotic & abiotic 

natural environment 

Biotic & abiotic 

natural resources 

Biotic & abiotic 

manmade resources 

Midpoint categories 

(environmental changes) 

Endpoint categories 

(environmental damages) 

Int J of LCA 9(6) 2004 
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Life Cycle Assessment (LCA) of Materials and Products 

Days 1-2 

Day 3 ôCradle-to-gateõ LCA 
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Reveals Differences Among Synthesis Techniques 

Healy et al. (2008). Journal of Industrial Ecology 
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Reveals Differences Among Reaction Chemistries 

Pati et al. (2013). Sustainable Nanotechnology Organization Meeting; San Diego, CA 
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Challenges and Opportunities in Nano LCA 

ÅLinking Production, Fate, Exposure, and Effect data 
together to create full cradle-to-grave LCA 

 

 

ÅImpacts of ENMs in relation to nano-enabled products 

 

 

ÅIncluding impacts and benefits of ENM use in LCA models 



NSE NSF 

Nano Environ. 

Dec 4-6, 2013 

9 

Linking Production, Fate, Exposure and Effect: 

Life Cycle Ecotoxicity of SWNTs 

CNT 

production 

Nano-

product 

assembly 

Use 
Nano-

product EoL 

materials + energy 

Direct releases of carbon nanotubes lead to environmental impacts 

Life cycle releases of non-CNT substances lead to environmental impacts  

Á Adapt consensus USEtox impact 
assessment model for SWNTs to include 
colloidal processes 

Á Only consider freshwater ecotoxicity 

SWNT 
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Fate and Transport (FF) and Exposure (XF)  

Gottschalk et al. (2009). Environ. Sci. Technol. 43, 9216-9222 

Worst Case Scenario 

100% release; 

All CNTs stable in 

water column 

 

Realistic Scenario 

Modeled concentrations 

based on fate and 

transport parameter 

estimates 
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Effect Factor (EF) 

Ecotoxicity of CNT Production Emissions 

Á Toxicity factors have already been calculated for 
many organic and inorganic chemicals (~3200) 

Á Some chemicals have group toxicity factors, and 
required disaggregation (such as PAHs) 

Rosenbaum et al., IntJLCA  2008 

USEtoxÊ User Manual v1.01, Feb 2010 

Ecotoxicity of CNTs themselves 

Á Adapt USETox model for CNTs 

Á Incorporate Aggregation and 
settling processes 

 

Á Single-species toxicological data 
(priority on chronic EC50 measurements) 

Á Bacteria, Protozoa, Copepods, Algae, 
Hydra, Daphnia, Fish 
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Bayesian Modeling of ENM Fate and Effect 

Money et al. (2012). Sci Total Environ 426, 436-445 
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CNT Ecotoxicity Production vs Releases 

Eckelman et al. (2012). Environ Sci Technol 46, 2902-2910 

Majority of production impacts are from 

releases of metals in upstream processes 
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Moving Toward Product-Level LCA of Impacts 


