Nanoparticles in the
Environment

e W. Ball: Very (!) brief introduction to Engineered
Nanoparticles (ENPs)

e W. Ball presentation of M. Wiesner* slides on
“Nanoparticle Behavior in Complex Environments”

* (i%n’mr 1;or the Environmental Implications of NanoTechnology
EINT
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Containing Nanomaterials




Thousands of manufacturer-identified nanotechnology-based
consumer products currently on the market
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Engineered Nanoparticles

Inorganic ENPs
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Rational development of “safe-by-design” nanomaterials will require
knowledge of how intrinsic nanoparticles properties (size, shape, surface
chemistry) impact environmentally relevant properties (colloidal
stability, sorption properties)
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Probing the Influence of Surface Chemistry
on Engineered Nanoparticle Behavior, Fate
and Effects in Aquatic Environments
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Some take home points:
(WPB addition, based on summary comments from MRW)

* Nanoparticles (whether engineered [“ENPs”] or natural):
can be taken up by plants and animals;

* NPs are subject to trophic transfer- in some cases with biomagnification,
in some with dilution;

e Attachment efficiencies appear to be a promising way of predicting NP
behavior.

e The toxicity issue is secondary.
Most important -- growing awareness of:
 Complexity of nanometric phases in their interactions with living systems; and

e Potentially important roles of NPs in uptake of chemicals, nutrient cycling,
transport of other species, etc.
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* Product life cycles
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* Measurement in

) — __ prescribed system

e Quantifies a
meaningful process
for exposure, hazard

or both
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TRANSLOCATION OF AU NPsS IN NICOTIANA XANTHI
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EFFECT OF PARTICLE SI1ZE AND SHAPE ON REACTIVITY

20 40 610 80 100 1é0 140 1(;0
Height (nm)
FIGURE 1. A) SEM AND B) AFM IMAGES OF
UNSULFIDIZED AGNP ARRAYS PRODUCED BY NSL. C)
AFM IMAGE OF AN AGNP ARRAY AFTER A 2-D
EXPOSURE TO 10 uM NA,S. D) AGNP HEIGHT
DISTRIBUTIONS BEFORE (BLACK) AND AFTER (RED) THE
EXPOSURE.
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Figure 3. AgNP dissolution in 1 mg/L NaOCI at pH 6.5. Error
bars are standard deviations of triplicate samples.
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SULFIDATION OF AG, ZNO, AND CuO NPs

Du Ma et al., 2013 ES&T 47 (6), pp 2527-2534; Levard et al., ES&T 2011 45 (12), 5260. V'
vwiversity Maetal., 2014 ES Nano CE@NT



MODE OF UPTAKE OF Ag BY
DUCKWEED

Duckweed 18 h
Landoltia punctata




Sulfidation Decreases Toxicity

Zebrafish Killifish C. E|egans Duckweed

Increasing Sulfidation

Zebra fish embryos low ionic strength media Killi fish low ionic strength media C. elegans low ionic strength media Duckweed low ionic strength media
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“REAL WORLD” TRANSFORMATIONS

Wastewater Treatment Plant
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ZnO Fate in the Wastewater System?
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Mesocosms:
Controlled Release Field Sites

® 30 mesocosms

® year-long
experiments

® pulse & chronic
inputs

® Nano- Ag, CeOz2,
Cu, Au, TiO2,
SWCNTs

® NPs+conventional
contaminants

®Release form
commercial
productions
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Mesocosm Results

Mesocosm Toxicity - 24 h post dosing
Fundulus Larval Mortality
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Evidence for Biomagnification of
Gold Nanoparticles within a

Terrestrial Food Chain

JONATHAN D.
AND PAUL M.

JUDY, JASON M. UNRINE,
BERTSCH*
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mg Au/kg wet mass

H Eisenia fetida

~100 mg kg-1

BAF = 0.02

TTF* < 0.01
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WHAT PARAMETERS ARE NEEDED TO
PREDICT TRANSPORT AND FATE OF
NANOPARTICLES/

SoLUTES NANOMATERIALS

DISTRIBUTION COEFFICIENT
KOW

SOLUBILITY
HENRY’S CONSTANT
VAPOR PRESSURE
BIOACCUMULATION FACTOR
BIODEGRADATION RATE
REACTION RATES

DISTRIBUTION COEFFICIENT
SURFACE AFFINITY

HYDROPHOBICITY, SURFACE
CHARGE...

DISSOLUTION RATE
N/A
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BIOACCUMULATION FACTOR
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AFFINITY OF NANOPARTICLES FOR
VARIOUS SURFACES

~

deposition & heteroaggregation
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AGGREGATION, TRANSPORT AND SURFACE

/ AFFINITY

dn" 2/3 )nin, —Oﬁzﬁlk
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+/- breakup —settling — dissolution...

AGGREGATION:
DISSOLUTION
REACTIVITY
PHOTO-CATALYSIS
MOLECULAR ADSORPTION
TRANSPORT
DEPOSITION:
ENVIRONMENTAL DISPERSAL
BIOUPTAKE
TRANSLOCATION IN ORGANISMS
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NANOSILVER CONCENTRATION IN WATER COLUMN OF
MESOCOSM FOLLOWING PULSE INPUT
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SIMULATIONS OF HETEROAGGREGATION
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Iso-purity half-life lines
— 0 —
dP =10nm -- ':3P =0.025mgA -- o0 =0.01
2000 / I T T T T T T T I
1 month 1 week
1600 — —

1400

1200

1000

ga0

600
1 hour

Background particle diameter dB {(nm)

400

—+0 mimr—

| 1 | | | | | | |
10 20 30 40 50 60 . 70 80 a0 100
Initial background particle concentration CB (mgd)

VA
Duke CEENT

UNIVERSITY



MEASURING SURFACE AFFINITY (ALPHA) IN
MODEL SYSTEMS
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MEASURING SURFACE AFFINITY IN
COMPLEX SYSTEMS

E A(i,j)nn. —an E/B I, k)n - breakup
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TRANSFORMED DISTRIBUTION COEFFICIENT
AGGREGATION TIME

In(yB+1)=af(n,B)Bt

0 500 1000 1500 2000 2500 3000 3500 4000

Time of Mixing (seconds)

k Barton et al., ENVIRONMENTAL ENGINEERING SCIENCE \
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CONCEPTUAL MODEL FOR NANOPARTICLE REACTIVITY

reaction / effect

k

transport . attachment
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IMPORTANCE OF SURFACE AFFINITY FOR
TRANSFORMTION: CEO2

— — — Bare CeO2 Reference
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Ag NP Embryotoxicity across a Salinity Gradient —
The Role of Coatings and Dissolved Silver

Toxicity

Mortality (+/- SE)
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*Ag NP coatings significantly affect particle behavior
Stability/Aggregation (Ag-gum arabic most stable)
*Toxicity (Ag-gum arabic most toxic)

*Dissolved silver and silver speciation play a significant

role in toxicity

*Toxicity curve shape related to silver speciation

(total dissolved Ag, not Ag*)
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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
heteroaggregation reaction
*
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IMPORTANCE OF SURFACE AFFINITY FOR

TRANSFORMTION: CEO2
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PARTICLE DEPOSITION AND TRANSLOCATION IN ORGANISMS

mechanical sieving
through seve
plates in vascular
system

lammimar flow
through cylindrical
sant vessel

passive diffusion
through porous
apical menistem
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SUMMARY

1. NEED FOR FUNCTIONAL ASSAYS (LIKE SURFACE AFFINITY) FOR KEY
PROCESSES (TRANSPORT, TRANSFORMATION, BIOUPTAKE...)

2. MANY INTERACTIONS BETWEEN NANO-SCALE MATERIALS, ORGANISMS AND
ECOSYSTEMS- RICH SCIENTIFIC TERRAIN
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Some take home points:
(WPB addition, based on summary comments from MRW)

* Nanoparticles (whether engineered [“ENPs”] or natural):
can be taken up by plants and animals;

* NPs are subject to trophic transfer- in some cases with biomagnification,
in some with dilution;

e Attachment efficiencies appear to be a promising way of predicting NP
behavior.

e The toxicity issue is secondary.
Most important -- growing awareness of:
 Complexity of nanometric phases in their interactions with living systems; and

e Potentially important roles of NPs in uptake of chemicals, nutrient cycling,
transport of other species, etc.
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