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As increasing use of nanoproducts including engineered nanomaterials, it is expected that the exposure of
nanomaterials to the ecosystem increases. However, few methodology has been reported to evaluate impacts
of nanoparticles on human health and environment. The potential impacts of nanoproducts can be assessed in
terms of life cycle assessment (LCA). LCA is the systematic analysis of the resource usages and emissions over
the life time from the primary resources to the moment of disposal. In this study, LCA methodology of nano-
materials and nanoproduct was proposed based on international standards (ISO14040-14044). Results of this
study suggested that data on ecotoxicology and environmental fate and physicochemical characteristic of nano-
materials should be identified. In addition, database should be established on these preliminary data. Sus-
tainable development of nanotechnology will be accomplished after the evaluation of environmental impact via

LCA of nanomaterials.
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INPUTS LIFE CYCLE STAGES OUTPUTS
SSr\c/)i?:gz — TLLiEEe —_— ggr?/?cses
Economic Fradacts Materials acquisition Materials Products Economic
flows Energy l Energy flows
Waste (fortreatment) ——» Manufacturing —— Waste (for treatment)
Abiofi l —— Chemicals to the air
IoliC resources = —— Chemicals to water
Environmental Biotic resources —— hl/_ljz:f]/tzr?:§§; —— Chemicals to the soil
interventions Landtransformat!on —_— ——= Radionuclide Environmental
Land occupation — l, — Sound interventions
Recycle/ — Waste heat
Waste management (E:asualt'es
— tc. .

Fig. 1. Basic structure of a unit process (or product system) in terms of its inputs and outputs.”
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Fig. 2. Choices associated with a nanotechnology throughout its life cycle make application of life cycle assessment.'V
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Table 1. EDIP03 normalization and weighting factors: global and regional impact categories

Normalization reference Weighting  Reference  Reference
Impact category - .
Unit factor year region

Environmental impacts
Global
Global warming Kg CO,-eq/pers/yr 8.70E+03 1.1 1994 World
Ozone depletion Kg CFC-11-eq/pers/yr 0.103 63 1994 World
Regional and local
Photochemical ozone
Formation-vegetation m2.ppm.hr/pers/yr 1.40E+05 1995 EU-15
Photochemical ozone
Formation-human health pers.ppm.hr/pers/yr 10 1995 EU-15
Acidification m2/pers/yr 2.20e+03 1990 EU-15
Terrestrial eutrophication 2.10E+03
Aquatic eutrophication kg NOs™-eq/pers/yr 58 1995 EU-15
- N-equivalents kg N-eq/pers/yr 12 1995 EU-15
- P-equivalents kg P-eq/pers/yr 0.41 1995 EU-15
Ecotoxicity
- water acute m® water/pers/yr 291E+04 1.1 1994 EU-15
- water chronic m® water/pers/yr 3.52E+05 1.2 1994 EU-15
- Soil chronic m® soil/pers/yr 9.64E+05 1 1994 EU-15
Human toxicity
- via air m?® air/pers/yr 3.06E+09 1.1 1994 EU-15
- via water m® water/pers/yr 5.22E+04 13 1994 EU-15
- via soil m® soil/pers/yr 1.27E+02 1.2 1994 EU-15
Waste
- Bulk waste kg/pers/yr 1350 1.1 1991 Denmark
- Hazadous waste kg/pers/yr 20.7 1.1 1991 Denmark
- Slag and ashes kg/pers/yr 350 1.1 1991 Denmark
- Nuclear waste kg/pers/yr 0.035 1.1 1989 Sweden
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Table 2. Summary of conducted life cycle assessments of nanotechnology'?

Reference Nanomaterial/ Nanoproduct Assessed Stage Results
Lioyd et al. Clay-Polypropylene Manufacturing, Although. the mapufactunng cost is hlghe.zr, potential
14) : benefits in reducing energy use and environment
2003 Nanocomposites Use . : .
discharges by nanocomposite design.
Lioyd et al. Platinum-group r.netal. Manufacturing, Nano-scale RGM would dec1tease energy .consumptmn,
15 (PGM) nanoparticles in improve environmental quality, and contribute to
2005 . Use .
automotive catalysts sustainable resource usage.
Osterwalder et al. Titania(TiOy), Manufacturing  reqube bigger eney consmmpion han 0t by wet
200616 Zirconia(ZrO,) g g £8 &y P v
processes
Roes et al. Polypropylene/layered Manufacturin The use of nanocomposite polypropylene can have
200717 Silicate Nanocomposite € environmental advantages over conventional material.
Krishnan et al Upstream energy requirements associated with
200820 " Nano-scale semiconductor Manufacturing chemicals and materials was evaluated using hybrid life
cycle assessment
Healy et al. Sing walled Carbon Manufacturin Under base case yield conditions, HiPco process shows
20087 Nanotube € the lowest environmental impact.
Hassan Ultrafine/nano Titanium Manufacturing, The use of TiO, coating reduced the environmental
20099 Dioxide (TiO2) Coatings  Use impacts due to photocatalytic process.

Carbon nanofiber(CNF)

Khanna et al. reinforced Dolvmer Manufacturing, CNF reinforced PNCs are 1.6-12 times more energy
2009%0 POy Use intensive than steel.
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