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Environmental Fate, Transport, and
Bioavailablility of Nanomaterials

A> 1,000 commercial products with nanomaterials, ranging from
to cleaners to cosmetics to sporting equipment; up ~ 400% sinc

Alncreased manufacturing and use of nanomaterials will inevitabl
their release into the environment

AWhat 6s the impact on the envi
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Effect of Nanomaterial Properties on Bioavailabl
ANanomaterial surface properties will control fate, transport,
bioavailability

% Surface area

To understand how surface properties influence bioavailabili
A Synthesize stable and wedifined nanomaterials
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Gold Nanoparticle Models

AEasy to synthesize
ATunable core sizes .
ACoreshell design NasHg i

AWell defined surface properties
Alnherently ndaxic A

q

Surface Properties

AMonolayer band®nAuNP R
AHydrophobic layer to stabilize gold M
A_TEG layer for solubility and - —WR

biocompatibility
AVariable end groups define interact W
3 R
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Characterization of Model AuNPs

Numbers of AuNPs
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AuNP 1: R= ---N

AuUNP 2: R= --

AuNP 3: R= --

Characterization of Model AUNPs
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Stable over 5 days In solution

AUNPs: 820 nm corshell diameters (by




Characterization of Model AUNPs
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Influence of Surface Properties on
Nanoparticle Bioavailability to Fish

Japanese medakaryzias latipesyVhy Medaka?
Athrive in a variety of environments

pH, dissolved,@emperature, dissolv
organic carbon) and these factors n
Influence bioavailability of NPs
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Influence of Surface Properties on
Nanoparticle Bioavailabllity to Fish

R S - 20 nM AuNP exposed 24 h
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Influence of Surface Properties on
Nanoparticle BiDistribution
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as,cHM  Statistically significant; oneay ANOVA: p < 0.01 (§)

ng[Au]/mg[organ ]
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Clearance of AUNPsS3Xrom Intestines

variable
72 h Move fish to time
—> AuNPFfree water > -_>®_> ICP/MS
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Tentative conclusion: NPs with hydrophilic surfaceg,

S%CHM _ are less toxic and more sustainable nanomaterid(§)




Influence of Surface Properties on
Nanoparticle Bioavailability to Plants

rice radish pumpkiﬁ regrass
Afood staple Aedible roots Apopular crop Aimportant

pasture crop

] _‘\f' harvest roots
M * and leaves/shoots
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AU s B ot ~r ~+ ‘\;’ after 5 days s % ICP/MS
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Influence of Surface Properties on
Nanoparticle Bioavailability to Plants
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5000 1 g contro P<0.001 _ _
e AAUNPs 1 associates with roots
10007 [RERANE S most significantly
3000 ARadish has most NPs in roots

APumpkin has least NPs in roots

2000 4 P<0.01

1 P<0.001

ol Hlm

ASeparate studies show 90% of
NPs in radish roots are on surfac

P>0.01
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Influence of Surface Properties on
Nanoparticle Bioavailabllity to Plants
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New Measurement Methods

New Method hmass bar.
measure omass bagyli-~-~-7° a1
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Cellular Uptake of AUNPs Studied byM®I
A\

Cell incubated
W|th AuNPs

MS
analyzer

Laser beam

AUNP wnh cell Iysate

Cell lysis and
centrifugation
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Cellular Uptake of AUNP 1 Studied iy
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Multiplexed Tracking of AUNP Cellular Uptake By %
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Summary
AFunctionalized AuNPs are good models for investigating the effect of s
chemistry on NP bioavailability.

ANP bioavailability experiments with fish and cells indicate that NPs-with
charged surfaces are accumulated about 10x more than neutral or nega

AHydrophilic NPs are less toxic to fish than hydrophobic NPs, and nanot
with such surfaces may lead to more sustainable nanomaterials

ANP bioavailability to plants is species dependent and uptake into leave:
surface charge dependency that differs from fish and cells.

AFuture work will seek to image NPs in tissues and understand possible
transformation viva
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