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Estimating Exposure to Nanomaterials

A What do you measure?
A System inputs (Bernd Nowack/Westerhoff talks)
A Key processes/factors affecting exposure
A How do you measure it?
A New methods vs. adapting old methods
A Transformations
A How do you get measurements into exposure
models?
A What models do you use?
A How do you parameterize those models?




Increasing Scale

Ag, Au, CuO, Ni, Zn0O, TiO,, and CeO,, CNT/C,, 2-D materials
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__Analogous Approach for Exposures
o from Consumer Products
Simple systems




Exposure Model for Diethyl phthalate in
Personal Care Products
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D=dose per day
n=number of products used containing diethyl phthalate

A=amount used
w=concentration of diethyl phthalate in each product

e=exposure fraction

Delmaar et al., 2015 J. Exposure Sci. Environ. Epidimiol. 25 p317 CE



Lessons Learned from CEINT

A Mapping NM properties directly to exposure is a long term
goal

A The system matters (perhaps more than the NM itself!)
A Consideration of value chain and exposure route
A Transformations

A Natural and incidental NMs are ubiquitous
A Can affect measurements and detection

A Measurement will need established and novel methods
A Spatial and chemical information

A Common experimental facilities, models, and data
management are needed to focus efforts
A Ask the right questions!!
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The System Matters!!
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Sulfidation of Ag, ZnO, and CuO NPs

Ma et al., 2013 ES&T 47 (6), pp 2527i 2534; Levard et al., ES&T 2011 45 (12), 5260.
Ma et al., 2014 ES Nano 1, 347-357 CE



Sulfidation Affects Dissolution Rate
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Sulfidation Decreases Toxicity
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Consumer Exposure Potential Across the Value Chain

Finished Procts

12

individual risk?

10

Risk

_ acceptable risk?

4 HM/,/ \
population risk?

Position Along Value Chain \L




System Complexity Complicates
Exposure Assessment
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Complexity can be Managed (Modeled)
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Natural, Incidental, and
Manufactured Nanoparticles
are ubiquitous
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Nanomaterials are Ubiquitous in Plants

Control AgNO;  Ag°NP  Ag S NP

Cytoplasm

Cell Wall

Stegemeier et al. 2015 ES&T (in press) CEBNT



Measurement of NMs in Consumer Products and
the Environme

A Need to measure distribution and chemical speciation of
NMs

A In situ measurements

A Distinguish between individual NPs and populations of NPs
A NM property vs. average properties
A Understand effects of heterogeneity

A Distinguishing between NMs and background

A fiBi g -SiDg 0, 6. .




X- ray Characterization Methods
‘ Solids/Tissue

Ch aracterlzatlon

Expose NPs
to various
conditions
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How does Ag release from textiles vary with

aging and transformation of NPs?
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Mode of Uptake of Ag by
Duckweed

Duckweed 18 h

Landoltia punctata AGNO, AgNPs Ag;S-NPs

Stegemeier et al., ES&T (in preparation)  cggNT



Visualization Methods for ENM
Uptake by plants

Dark-field microscopy TEM/EDS

Hyperspectral Imaging

Accumulation of Au NPs in the cyanobacteria Anabaena flos-aquae.
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Metal NP Exposures to Egeria densa

Laser Ablation-ICPMS Maps of Ag




Single-particle measurements

A Can analyze particles with:
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Heterogeneity of Materials Released
from CNT Polymer Nanocomposites

lysis /| chemical degradation
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UV/Vis Spectroscopy of AgNP-Polypropylene PNCs
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= Distinguishing NPs from Background
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Common Systems and Models as

an Integrator

%, 30 mesocosms

¥, year-long
experiments

¥Release form
commercial
productions

%1 Nano- Ag, CeQ2,
Cu, Au, TiO2,
SWCNTs




Provides the ability to study many
aspects of the system In unity

CuS CuO

A Does initial dosed form
of NP affect fate,
biouptake and effects?

A How quickly do they
transform?

A What do they transform
into?

A Are organism effects
dependent on form of
the metal dosed?

Cu(ll)

Stegemeier et al., ES&T (in prep) \
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Metal Releases from Cu NP-
containing Products
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A Cu release occur rapidly
A Cu released is ~3% of total Cu added
A Still working to determine form of Cu released




Common Models as an Integrator

Key functional Assays:
. Asurface affinity
~ MDissolution rate
Alransformation rates
MBioliptake/ depuration

L
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Functional Assay Approach

A Measurement in
prescribed system
— A Quantifies a
meaningful process
for exposure, hazard
or both
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Developing functional assays for
parameterizing models

ominant

Dissolution rate, kg, to predict
bioavailability to plants and
toxicity

a for biosolids to
predict behavior
iIn WWTPs

Barton et al., 2014 Env. Eng. Sci 31 p421




Data Management and Modeling Tools

A Nanolnformatics Knowledge Commons
(NIKC) database to support data analyses
and modeling

A Nano Product Hazard and Exposure
Assessment Tool (NanoPHEAT)

Nanolnformatics -

Knowledge Commons



Database

Quer;l

Database infrastructure design
Data curation from toxicity studies in the literature
Data quality control

Database query to extract dataset for
nanomaterial type and dose, tested organism,
measured endpoint, and biological response
Queried dataset as data input for dose-response
modeling

( )
Dataset A Estimate the effective dose of nanomaterial
released from product
A Predict responses based on existing toxicity data
A Smart user interactive interface for data handling
: and modeling
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Dose-response model for NMs

Parameter
manipulation

Model
selection

Fitting method

logistic

Logistic model is described by a
common S-shape curve. The initial
stage of response is approximately

exponential; then, as dose increases,
the response slows and finally reaches
the maximum.

Formula

k
1 + e-aG—H

Fit this model

fx) =

Plot and fit

Statistics

Parameter initial value
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Dose-response curve

The value of dose for the
midpoint in the sigmoid
curve

Response
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Framework for Assessing

Exposures to Consumer Products
Exposure Route

Process/system -
e.g. UV, weathering, chewing, sandin &
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Thank You for your attention!
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