A proposal for the derivatization of characterization factors for CdTe Quantum dots that

integrates changing particle sizes throughout their life cycle
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« Even if it has been claimed that Life Cycle Assessment (LCA) is an essential tool to analyze, evaluate, understand and manage the environmental and health impacts of nanotechnology,
few studies incorporate characterization factors (CFs) for human toxicity and freshwater ecotoxicity accounting for the impacts of engineered nanomaterials (ENMs) beyond their

manufacturing stage.

 The USEtox® mode
(LCIA), estimates CF
specific chemical.
accounts for nanos

|, which is the UNEP-SETAC consensus methodology for freshwater ecotoxicity and human toxicity CFs calculation to be used in Life Cycle Impact Assessment
s by multiplying three other aggregated parameters related to fate (fate factor, FF), exposure (exposure factor, XF), and toxicity (effect factor EF), respectively, of a
The aim of the present work was to compare and combine the USEtox® model (which is not nanospecific) and the SimpleBox4Nano (SB4N) model (which
pecific processes, e.g. aggregation, attachment and dissolution for FF derivatization) taking into consideration their specific features.

« The suitability of the proposed approach has been assessed in an ENM case study consisting of polyethyleneglycol-coated cadmium telluride (PEG-CdTe) quantum dots (QDs). To
such purpose, existing information on the (eco)toxicological impact of this ENM has been evaluated and selected to be used for Human Health and Freshwater Ecotoxicty EF
derivatization. Additionally, sizes representative of pristine PEG-CdTe QDs and emissions during inkjet printing of a water based ink incorporating them have been experimentally

derived under controlled conditions.
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Table 1: Human Health EF (HEF) for LCA, chronic inhalation exposure, for various nanoparticles derived by (Buist et
al., 2017). Disability-adjusted life-years (DALYs) have been calculated based on a specific surface area (SSA) of 286

m?/g for CdTe QDs. Cases have been calculated based on 0.23 DALYs/case for chronic obstructive pulmonary
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Figure 1: Particle size of emissions measured at the start of the printing process (t=0); at the end of the printing process (t=60), and 60’ starting from the end of the

printing process (t=120). Mean particle size at the end of the printing process corresponds to 59.5192 nm. SMPS Model 3936125, TSI Inc.
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« The possibility to combine and integrate the two selected models (USEtox®, SB4N) appeared to be limited since there was no absolute correspondence between parameters and
compartments defined by each model. Despite this fact, an approach has been proposed and CFs are available per two different size classes, representative of the manufacturing and
usage stages, that integrate the formerly developed EF both for freshwater ecotoxicity and human health impact (high toxicity potential and air compartment data shown only).

« The approach hereby proposed, despite limitations referred, allows taking into account specific data on ENMs for LCIA beyond the manufacturing stage. Its relevance relies on the
fact that CFs can be calculated accounting for the mean size of emitted particles throughout the life cycle of CdTe QDs incorporating products in combination with (eco)toxicological

information.
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