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Environmental Fate Modeling
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In the Beginning......
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Material and System
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® What models, systems, and model frameworks
do we need?

m What are the key parameters and inputs needed
In those models?

® How do we measure those parameters for
nanomaterials in complex systems?

m How can we validate our models?
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Some Key Models are Required
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What Model Parameters Best Describe Fate?

Conventional chemicals
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Most Fate Work Can Inform Models, but
cannot Parameterize the Models
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“Functional Assay” Approach to
Parameterize Models

* Aggregation rate

» Attachment efficiency
 Distribution coefficient
» Dissolution rate
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This becomes more important as
nanomaterial complexity increases

EVER-EXPANDING SPACE OF
MATERIAL CONJUGATION

Fullerene

Nanomaterial

Single-Element d Multi-Element varl‘t"’]”':;tj‘ﬁ?a' with Complex
Nanomaterials Nanomaterials iy Chemically-

Bound Coatings

Fig. 3 Schematic showing the ever-expanding space of nanomaterial conjugation and the resulting permutations of nanomaterials.

CEINT  Niegas Saleh et al., 2015 ES Nano 2 11-18 EMPAQ

. .
Center for the Environmental e . -
implications of NanoTechnology UmVCI blt y Materials Science & Technology



Modeling environmental exposure

m Material-flow modeling
m Sources: Production, use
m Fate in technical systems: wastewater, solid waste,
recycling
m Provides flows to the environment
® Environmental fate modeling
m Provides predicted environmental concentrations
m First tier: Simple box models
m Second tier: Mechanistic models
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Information needs for release modeling

- Environment

- Total amount - Relative share - Potentialfor - Amount released
- Geographic of product release - Transformations
distribution categories - Form released

- Life cycle as - Real-world release

determinant
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Production and use
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Modeling flows to the environment

soil
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Material-flow model for nano-TiO, in the EU
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Environmental concentrations

EU
Mode Qg.; Qqss
Nano-TiO,
STP Effluent 16 13 110 pg/L
Surface water 0.53 0.40 1.4 g/l
Sediment 1.9 1.4 4.8 mg/kgy

STP sludge 170 150 540 mg/kg
Natural and urban soil 0.13 0.09 0.24 ug/kgy
Sludge treated soil 1200 940 3600 ug/kgy
Air 0.001 0.000 0.001 pg/m?®
Solid waste 12 8.3 20  mg/kg
WIP bottom ash 120 82 230  mg/kg
WIP fly ash 150 110 310  mgl/kg
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Fate models for nanomaterials

[ e— Process affecting free TiO, NPs only o> Process affecting SPM-bound TiO, NPs only
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Conclusions

m Life-cycle based material flow models are well
established

m Able to provide flows to the environment and estimates of
concentrations

m More production and use data needed
m Transformations during use and release needs to be included
m Next level of complexity involves dynamic processes

m First versions of environmental fate models available
m Rely on flow models for input

Average region vs. spatially-resolved

Heteroagglomeration as main unknown input

Experimental data on heteroagglomeration needed

Transformations only marginally covered
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