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Heteroaggregation and importance

In aquatic systems

Removal of viruses

Fate of abrasion and weathering products
Fate trace particulate contaminants
Micro/nano plastics

Colloids in wastewater discharge

Bacterial inactivation using bacteriophages

Fate of adsorbed contaminants
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Transport: Particle collision

mechanisms
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(Hetero)aggregation and deposition
both depend on surface affinity

Chemistry Physics

Aggregation o B
Deposition « M

Aggregation rate proportional to (Xﬁ

> Surface affinity

Deposition rate proportional to (Xn

Settling rate dependent on (hetero)aggregation rate
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Surface affinity includes effects
from:

Nanoparticle composition, composition of surface, intervening fluid
Adsorbed macromolecules

° Proteins
o Engineered surface treatments/ stabilizers
o Humic materials, polysaccharides...

lonic composition

° Ionic strength, charge screening

° Specific adsorption of ions (e.g., Ca, PO4...)
[ ) PH
« Surface modifications due to redox transformations, dissolution...

« Electro-steric interactions (interface between macromolecules and
lonic environment)

« Surface reactions/ electron sharing / protein binding
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Challenges in calculating surface affinity from
theory (and intrinsic nanoparticle properties)

1. DLVO- role of ionic strength,
lonic composition...

gualitatively
2. Role of macromolecules useful but, not
electro-steric stabilizatioﬁ, and L quan_tltgtlv_ely
hydrophobicity predictive in real
systems

3. Complex geometry of
aggregates and surfaces
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Measuring surface affinity in
complex systems
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Predicted trend for
heteroaggregation

heteroaggregation > Break-up increasingly
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Time dependent distribution
coefficient vs. aggregation time
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Comparison of column and
suspension surface affinities

Matrix Conditions

pH3: X assumed to be close to 1, homoaggregation minimized
¥"Si0, ZP = -20 mV; CeO, ZP = +28 mV
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Column vs. mixing
Effect of humic acid
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Conceptual model for nanoparticle reactivity
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transport attachment reaction / effect
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Examples of nanoparticle reactivity

Effect Underlying reaction
Toxicity to plants and fish by nano Ag | Nano silver dissolution
Viral inactivation by fullerol Singlet oxygen generation
Bacterial inactivation by CeO2 Ce reduction
Toxicity of herbicide on NP Herbicide desorption

heteroaggregation reaction
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Observations of trophic transfer Trophic dilution
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Phytoplankton/
Algae
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Positively charged NPs have much

greater potential for association with algae
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Particulate Algae Daph?ia Fish Su rfaCe affl n Ity p red I CtS
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Conclusions

1. Heteroaggregation/ deposition is a key fate process

1. Surface Affinity in complex media can be measured using
programmed mixing procedure

2. Applications to predicting biolptake and trophic transfer

3. Surface affinity also plays a role in determining nanoparticle effects
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