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What are engineered nanomaterials?

A Materials manufactured to ~1-100 nm in size

A Exhibit unique properties due to their small size
(relative to larger materials)
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Breaking the Cycle of Unintended Conseguences

Mercury amalgamation for precious metals mining

Warning:
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Pesticides for control of disease
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Environmental health and safety of nanomaterials

Life cycle of a material:

Raw materials, Fabrication
Products use, Disposal

Exposures
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Environmental exposure to nanomaterials:

Key Questions:

What are the main processes
controlling exposures of
nanomaterials to ecosystems?

How do other water constituents
alter nanomaterial surfaces,
speciation, and persistence?

Do nanomaterials naturally occur
In these settings?
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Ag® NPs in commercial products

Purpose: antimicrobial coating in household goods

1. Exposure and Fate

2. Transformations

3. Naturally-occurring analogues

Ref: Project on Emerging
Nanotechnologies



Release of silver nanomaterials into
domestic wastewater
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Geochemistry and Toxicity of
Trace Metal Pollutants

The Conventional View: Biotic Ligand Model
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AQ® persistence and bioavailability

Stable NP % % sy
suspension O'
<® SSO/
u,o
/7
dissolved
silver
Aggregated oW \\\0“
NPs 3sS°

What is the influence of other water constituents
for nanoparticle reactivity?
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ner constituents in natural waters

Meters 1010 10° 108 107 106 10

104

1nm 450 nm

Dissolved organic matter
Dissolved metal cc:)mplexes
Polynuclear cluster

| Nanoparticles

: Colloids i
. I
' ' Bacteria
) ]
Viruses |
' |

10kDa 0.45um
filter filter

Dissolved Colloidal Particulate
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Other constituents in environmental media

Dissolved Organic Matter
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Potential to bind Ag* ions

2. Transformations




AQ® persistence and bioavailability
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Nanomaterial reactivity in wastewater

PVP-coated Ag nanoparticles
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Nanomaterial reactivity in wastewater

Transformatigns after exposure to cysteine
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Nanomaterial reactivity in wastewater

Transformations induced by cysteine
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Nanomaterial reactivity in wastewater

Reaction with sulfide

Before reaction with HS-  After reaction with HS-

100 nm

&

Ag* released: ~ 2%

__atk

Survival of E. coli

& k
Initial Ag-NPs S/Ag=0.055 (

AgoS —

v X

<0.3%

2. Transformations

Levard et al. 2011
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