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This poster compares the nano-region to things we know, such as a pin, insect and cells to provide a visual perspective. )
Nanotechnology is the science and technology of precisely manipulating the structure of matter at the molecular level. mi:‘;’l:;
For Nanomaterial Applications, please visit www.perkinelmer.com/nano Waltham, MA 02451
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Where are ENP’s found? Everywhere

Consumer Biological/

eHealth and Fitness Biomedical

eEnergy

eFoods and Beverages
eFabrics and Textiles * Cancer treatment (Pt)

ePaint ¢ Drug design and delivery
*Semiconductor e Toxicological studies

e Automotive ¢ Anti-Microbial (Ag)
eAppliances
eElectronics and computer

eSunscreen

e Early diagnosis

eNanocomposite materials
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How do Nanoscale Materials Impact the Environment?




“Nanoparticles: Regulating a Tiny Problem with Huge Risks”

(.(_‘,.A[ MBIA ’ul RNAL O

& ENVIRONMENTAL LAW

The continuing advancement of nanotechnology represents a
tremendous opportunity for society because of the unique
traits that nanoscale materials possess.

Unfortunately, the same physical traits that give
nanotechnology its economic and scientific value also make it a

potentially dangerous emerging form of pollution that is
particularly difficult to regulate under current law.

Regulatory regime that could prove to be more successful in
confronting the environmental risk posed by nanoparticles.

http://www.columbiaenvironmentallaw.org/articles/nanoparticles-requlating-
a-tiny-problem-with-huge-risks
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Toxicitx Testing Costs on Nanomaterial Regulation

» Information about the toxicity of nanoparticles is important in determining
how nanoparticles will be regulated. In the U.S., the burden of collecting
this information and conducting risk assessment is placed on regulatory
agencies without the budgetary means to carry out this mandate.

» We show for the United States that costs for testing existing
nanoparticles ranges from $249 million for optimistic assumptions about
nanoparticle hazards (i.e., they are primarily safe and mainly require
simpler screening assays) to $1.18 billion for a more comprehensive
precautionary approach.

» At midlevel estimates of total corporate R&D spending, and assuming
plausible levels of spending on hazard testing, the time taken to
complete testing is likely to be very high (34-53 years) if all existing
nanomaterials are to be thoroughly tested.

Jae-Young Choitf, Gurumurthy Ramachandran* and Milind Kandlikar*$ Division of Health Policy and Management and Division of Environmental Health
University of Minnesota, Minneapolis, Minnesota 55455  Environ. Sci. Technol., 2009, 43 (9), pp 3030-3034 , >
Perkin



Nanoparticles Present Sustainable Way to Grow Food

o Scientists are working diligently to prepare for the expected
increase in global population -- and therefore an increased
need for food production-- in the coming decades. A team of
engineers at Washington University in St. Louis has found a
sustainable way to boost the growth of a protein-rich bean by
improving the way it absorbbs much-needed nutrients.

e Ramesh Raliya, a research scientist, and Pratim Biswas, the
Lucy & Stanley Lopata Professor and chair of the Department
of Energy, Environmental & Chemical Engineering, both in the
School of Engineering & Applied Science, discovered a way
to reduce the use of fertilizer made from rock phosphorus and
still see improvements in the growth of food crops by using
Zinc oxide nanoparticles.

R&D Magazine, 05/02/2016
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PerkinElmer Nanometrology Portfolio
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Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

The quantitative determination of elements
using mass spectrometry of ions
generated in an inductively coupled plasma
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ICP-MS Detection Limits and Isotopes
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NexION ICP-MS




Sample Introduction System

o Continuous Flow
o 0.25 ml/min liquid uptake rate

o Concentric nebulizer with low
dead volume connections
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Mass Specirometry Enhancements allow for new types of
measurements to analyze Nanoparticles in Environmental Samples

New advancements in ICP-MS technology allow the measurement of individual
inorganic nanoparticles .

Technique allows for the differentiation between ionic (M*) and particulate
signal (nanoparticles) in a wide variety of matrices without any prior separation .

It is element specific, and provides composition, ionic and particle
concentration, size and size distribution.

Allows the analysis of nanoparticles at low concentrations (as low as 50
particles/mL).

Time Studies: Tracks nanoparticles’ fates in the environment.

Requires operating the instrument in a different manner than when analyzing
dissolved elements.

13 NexION 350D with Syngistix SP Nano Application Module P>



Concept of Single Particle-ICP-MS
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ICP-MS Schematic of General Analysis for Nano Metals
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Fast Continuous Data Acquisition

ICP-MS Counts

Time
Fast Continuous Data Acquisition = Ne-Settling Time

Dwell Time Shorter than the Particle Transient Time

1 NexION 350 Single Particle Mode e
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Hardware Meets Software

Three quadrupoles to maximize sensitivity for every elementin a run.

= Positively

> ch‘r scanning ICP-MS S Chaged lons
Min. Dwell: 10 us -y

= Max. é million data points/ fﬁ
ir Standard Mode | m’\

= Confinuous data acquisition Reaction/DRC

= Integrated software:
Syngistix Nano Application » Universal Cell
Module Technology

= Real-tfime particles = Axial Field
visualization Technology avoids

= Particles composition, dompinggy g Sufcljdr?pole iele
concenftration, size, size = High interference eriector :
distribution and dissolved reduction ) M|p|m|zes paniicie
concentration - No loss in sensitivity spikes

17 The faster the better! Ll



Acquiring SP Data: Syngistix Nano Application Modt
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20 nm PELCO Citrate NanoXact Silver Nanoparticles
www.TedPella.com Lot#: DAC1212

20 nm PELCO® Citrate NanoXact™ Silver

Lot Number: DAC1212

Diameter (TEM): 19.9 nm Hydrodynamic Diameter: N/A

First Standard Deviation: 2.4 nm Zeta Potential: N/A
Coefficient of Variation: 123 % pH of Solution: 8.0

Mass Concentration (Ag) 0.020 mg/mL Particle Surface Sodium Citrate
Particle Concentration 4.7E+11 particles/mL Solvent: Aqueous 2mM Citrate
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Syngistix Nano Application Module - Results Tab
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Syngistix Nano Application Module - Results Tab
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Nanoparticle Characterization by Single Particle ICP-MS
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Goal: Characterize Silver Nanoparticles
in Dietary Supplements

» Silver NPs are most commonly used in

consumer products o
o Large surface area enhances reactivity e \DJ!
and efficiency of Ag’s microbial NN arara savem someset
properties ’:}?E-i;‘.:: ULTIMATE IMMUNE |
© Label claim “Ag NPs fortify the immune ,.}*:*Q SysTem SUPPORT
system’”. .

» Measure and characterize Ag NPs in three
dietary supplements

o lonic and particulate Ag

o Particle size and size distribution
o Particle concentration

o Dissolved Ag concentration

0.08mg Ag/day



SP-ICP-MS Experimental

o Samples
o Purchased in local health food store
o Sample Preparation

o Dilute in deionized water

- Dilution factor depends on particle concentration in sample
o Sonicate

Parameter Values
* NexION 350 Instrumental Parameters sp.ce.us instrument perkinEimer Nexton 350 ice-us
Nebulizer Meinhard
Spay Chamber Baffled Cyclonic, Glass
Injector 2.0 mm id Quartz
Plasma Power 1600 W
Aux Flow 1.1 L/min
Neb Gas Flow 1.05 L/min
Sample Uptake Rate 0.4 mL/min
Silver Isotope 107 amu
Dwell Time 50 us
Quad Settling Time Zero
Sample analysis time 60 s .




Characterization Cycle by SP-ICP-MS

Size distribution Dilution

Time Resolved SP-ICP-MS
Data Analysis

b -

Dilute down to about 100,000 Particles/mL
,>
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Data Analysis: Syngistix Nano Application Module

o Dissolved and particle concentrations
o Particle size and size distribution
© Nanoparticle composition

File Information Method Paramete

Dissolved Calibration Particle Calibration
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Method Validation Analyze 60 nm Ag NP standard as Unknown

N\
‘/m “Ml.llll-.m ol

13.72 63.89 80.36 9194

Diameter (nm)

Size distribution centered on 60 nm
I

Perkintimer”



Results: Sample 1

ate e ne

(o pwr s

e e B

Size distribution centered around 15 nm

Log-normal fitting algorithm selected



Results: Sample 2

Size distribution centered around 33 nm

Log-normal fitting algorithm selected
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Results Summary

Sample ID Mean Size Most Frequent Size Particle C:oncentration Dissolved Concentration
(nm) (nm) (particles/mL) (mgl/L)
Sample #1 14 14 3.0E+10 9.5
Sample #2 39 33 2.1E+9 21.9
Sample #3 53 59 2.7E+10 48.1
50 nm Standard 43 48 2.4E+10 -

o Samples are distinctly different
o Particle size, particle concentration, & dissolved concentration

* 50 nm Ag Standard run as a control check

o Most frequent size agrees well with the known value
o Measured particle concentration agrees well with certificate value
— Certificate: 2.5E+10 particles/mL

')
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APPLICATION NOTE

Authors:
Lee Davidowski, Ph.D.
Chady Stephan, Ph.D.

PerkinElmer, Inc.
Shelton, CT

Characterization of Silver
Nanoparticles in Dietary Introduction

Supplements by Single Particle  ansnoparcieis geined s a
small object, between 1 and 100
ICP-Mass Spectrometry nanometers in size, that behaves
as a whole unit with respect to
its transport and properties. Because of ther small size and large surface area,
nanopartides can exhibit different chemical and physical properties from the bulk
material. Nanoparticles have found their way into a large number of consumer
products. As of 2013, it & estimated that there are over 1300 different consumer
products which feature nanoparticles. Silver nanoparticles (AgNPs) are the mast
frequently found element n all varieties of consumer products (>23%)".
Manufacturers of consumer products use AgNPs due primarily to ther known
antimicrobial properties. Because of their very small size, AgNPs have high surface
areas yielding high reaction rates, increasing the efficacy of siver as an antimicrobial.
The use of colloidal and nano silver is directly marketed to the public i such forms as
odorless dothing, mildew-resistant shower curtains, food containers and food cutting
boards and are even being promoted for direct human consumption as dietary
supplements to fortify one’s immune system.

More Information

[ Rg
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Environmental Samples

32

Wastewater
Treatment

G. Batley, SETAC Berlin 2012

lncorporauon
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Environmental Transformation of ENP’s

i Degradation and transformation  § Physical attenuation Surface modification  : i Persistent
i mechanisms i § mechanisms oy :§ nanomaterials

. ICesorptim

. Chemical -
Dissolution Reaction v IACSC'pt;cn

Nanoparticles

Microbial | NOM
activity ;1  :

» ‘
interactions

AlvarezP.J.J.,V. Colvin, J. Lead and V. Stone (2009). Research Priorities to Advance Eco-Responsible Nanotechnology. ACS Nano 3(7): 1616-1619

33




Tracking Nanoparticles in Waste Water

{’V APPLICATION NOTE E 2000
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ICP'— Mass Spectrometry £ 1600
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Figure 2. Measured Ag particle size distribution in effluent wastewater diluted 1000 times.

Measurement and Analysis e —— nAg-PVP Mixed Liquor WW
of Silver Nanoparticles in Introduction 1600 4 <
Wastewaters with Single i pomsai-songd v aan)
Particle ICP-MS B ! et e 1200 -
release into the environment and

potential harm to aquatic and terrestrial species. The characteristic properties
of nancparticles, such as small size and high specific surface area and reactivity,
make them desirable for their use in various products.

Silver (Ag) nanopartides are among the most commonly used nanoparticies

in consumer products due to their antimicrobial properties. Therefore, it is
expected that Ag ENPs will find their way into the environment, necessitating
a way to accurately and rapidly detect and characterize them in a variety of
emvironmental matrices. Work has already been performed demonstrating the
abilty to successfully characterize Ag ENPs in a variety of water samples's and
biological media which may be exposed to Ag ENPs in the environment!, 0 20 40 60 80 100 120
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Figure 3. Measured Ag particle size distribution in mixed liquor wastewater diluted
1000 times.



Nanoparticles in Wastewater Treatment Plants
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Tracking Transformation of Silver Nanoparticles in Surface Water

90

APPLICATION NOTE _ @
E s0- g
;. ICP- Mass Spectrometry 8 o 8 8 [*] -
n
274 B
Authors: L
Madjid Had Ph.D §
Madii adioui, Ph.D.
Université de Montréal ® 60 1
Kevin Wilkinson, Ph.D. E’
Université de Montréal g 50 A
Chady Stephan, Ph.D. <
Perkin Elmer, Inc.
40 Ll L] L] Ll Ll L)
0 1 2 3 4 5 6
Time (days)
100 { (b)
g ° °
. . o 80 .
Assessing the Fate of Silver £ % . %
. . a
Nanoparticles in Surface Water  Introduction S 60 - :
. . . . . -]
using Single Particle ICP-MS 28 = o = e <
(ENMS) have experiencad 3 drastic & 40 -
increase, resufting in a potential risk of their release into the environment. Therefore, the ‘6
study of their impact on the environment becomes crucd. The appropriate ecological o
risk assessment and management of ENMS in the emironment requires quantitative ° 20 -+
measurements of both exposure and effects’ that should, ideally. be performed by in
situ analysis and give physicochemical characterization. However, most analytical
techniques are not suitable for environmental matrices since nanopartice concentrations 1 bl T T ) 1
are typically very lows. 0 1 2 3 4 5 6
Some studies on the persistence, aggregation and dissolution of metal nancparticles Time ( da ys)

in natural freshwaters and synthetic complex waters were recently publishad®?.
Historically, particle size has been measured by dispersive light scatter (DLS) and
tunneling electron microscopy (TEM), while dissolved content has been measured
by utrafiltration. These common techniques have known limitations for measuring
low concentrations in the presence of colloidal spacies in complex waters.

University of Montreal Collaboration >
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Tracking Nanoparticles Dissolution

APPLICATION NOTE

1CP - Mass Spectrome try

Authorn
Denise Mitraso

DI WATER

Janes B Raavile

Department of Chemistry and Geochemistry
Colorado School of Mises

Gobden, OO UISA

Chaty Stephaa

Perkinlimer .
Shwelbon, CT

TAP WATER

Quantitative Evaluation of
Nanoparticle Dissolution Kinetics

using .\IIIS]C Particle [CP-MS: A Case ntroduction
. v. Y . Accurate dets on engreersd

Study with Silver Nanoparticles nemcpmticle $50) exiorerarisd

Bebavicr and the riwrplay

Letae ENP soe, dasciution ste, aggiomention, and risracon with the sirrgle matrs o
ofcl 0 approprately charactee the rids these nowe' materials may pose %0 envionmentsl
heatth. The advancemment of the single partide ICPNVE (SPICP MS) fechvigue & 2 great berefit
for the study of TNM in ratural syrterrs ot emvionmentally sleant (ngl) concentrators. Previous
studes =y have ctacured erveorrmenialyy-rwlevert tassformetions becase of etiodly hoh
ENP concartrations ued r e operrrent’' Therelons, the SPICPAE =etod o & the forefort
12 gamer the type of indormation most relevant or envieonmental rsk amessments. ramely the
precise Yacking of changes in ENP s2e. assodaned dascheed metal concentyation. and determrineng
polydapensty of an BN sample. & ot diute concentrations In compies sohtions. Because
dmoksson rate is suface-ares controlied, the time 15 complete dmoksson i highly dependent
on the retel ard (potertally stabiel misemedate pertce s3om. By mamurng e change =
partcie 32m, a3 well 22 $e evohuton of Agiag) n schution, uang SHCAME, sotertal ptfalls
selated 10 loms of Agr 10 experimental materals and 10 other enveonmental sufaces, such &
sapended sedments or bicta in the cane of complex matioes. may be avoided

') DA, tap, and creck wate er 24 b Evadence of devreasing particke dusmcter wath

For the Belter

37 Quantitative dissolution of Nanoparticles — App note >

Perkintimer



Bioaccumulation/Bioavailability of Ag Nanoparticles
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Meawrements

Analysis of Nanoparticles e L. variegatus was digested using
in Biological Tissues the TMAH procedure, allowing for

USillQ SP-ICP-MS The use of engineered nanoparticles (ENPs) C“’]O Sis O issues
- in consumer products is well documented SP—lCP—MS |y f -I-

and has raised concern of the eventua fate and potential tovicity of these matenas °
at the end of their consumer-preduct life?. It is likely that these materials wil
eventually find their way into emwironmental systems through food packaging and
manufacturing, food products or waste disposal?. The anaysis of ENPs is focused
on three metrics: particle sze, particke number, and partide mass distibutions. Each
of these metrics is very important for assessing emironmental effects, and e Ses O Ser\/e in i re
uitimately the risk associated with the use of these materials in corsumer products. ) Th p I b d F g 2 A
While established methods exist for the determination of mass distributions of U U ’/
metalsin tissue samples, few robust methods have been developed to detect and

s i, i g G can clearly be observed above a
very low Ag+ background.
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Bioavailability of Gold Nanoparticles in Tomato Plants

APPLICATION NOTE
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Table 1. NexION 300/350D Instrumental and Analytical Parameters.
Parameter Value
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Gold Nanoparticle
Uptake by Tomato Plants ~ 'ntroduction Spray Chamber Baffled Cyclonic (glass)
. ‘ . Weh the nosasng wse of enginesned
Characterized by Single nancpartcies (ENPY) n 3 vavety of ICP RF Power 1600 W
. - - - product and processes, there o
lw‘lrtlclc I(,p-hls concern about e swisase of IN% Analyte AU
L0 and Impact on the environment.
One aspect of he evironmental Mass 197 amu
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cogs, $a 0 4 potertsl pathrvay o huren egcoue

The challenge arises i how 10 measuse ENPS in plant matesals and. more Setﬂlng Time Oms
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tachrcpuen have bmited capabl £ 10 cormeree the comCRTTAIOr AN ChansC TiaY Sal'rpllnngme 100 sec

of rancpartices NP once they erter plart tasces, a1 ey mainly depend on acd 5 5 ==
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corcertraton, and xoe datrbuton
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Rapid Analysis of Nanoparticles in Drinking Water

APPLICATION NOTE
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Effectiveness of Three Water Treatment Plants at
Removing TiO, Particles and Dissolved Titanium

Treatment Most Frequent | Particle Dissolved
Pre vs. Post Size (nm) Concentration | Concentration
(Particles/mL) | (ug/L)
| Pre 170 18

432.000
Post < 65 < |
2 Pre 150 451,000 12
Post <65 < 1
3 Pre 160 425,000 11
Post <65 <0.5
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Toxic Substances Control Act (TSCA) Section 8(a)
TSCA Modernization Act, December 17, 2015

» Gives EPA broad authority to require manufacturers and processors of
chemical substances to maintain records or report data to carry out
TSCA mandates.

o Regulations can be tailored to meet needs via chemical-specific
rules or information can be obtained via use of standardized
reporting rules.

o Examples of Section 8(a) reporting rules are a Preliminary
Assessment Information Rule (PAIR)(40 CFR part 712) and the
Chemical Data Reporting Rule (CDR)(40 CFR part 711).

https://www.epa.gov/laws-regulations/summary-toxic-substances-control-act

42

Office of Pollution Prevention and Toxics ,) _



Control of Nanoscale Materials under the Toxic Substances
Control Act

Regulatory Approach

To ensure that nanoscale materials are manufactured and used in a manner that
protects against unreasonable risks to human health and the environment, EPA is
pursuing a comprehensive regulatory approach under TSCA including:

Premanufacture notifications (PMN’s) for new nanomaterials
An information gathering rule on new and existing nanomaterials

Mandated by section 5 of the Toxic Substances Control Act (TSCA), EPA's
New Chemicals program helps manage the potential risk to human health and
the environment from chemicals new to the marketplace. The program
functions as a "gatekeeper" that can identify conditions, up to and including a
ban on production, to be placed on the use of a new chemical before it is
entered into commerce.

https://www.epa.gov/reviewing-new-chemicals-under-toxic-substances-control-act-tsca/control-
43 hanoscale-materials-under I
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Goals of Issuing this TSCA Section 8(a) Proposed Rule

Ensure that EPA has basic information on nanoscale materials
currently in commerce to:

Increase understanding of what nanoscale materials are in
commerce;
Inform EPA efforts to characterize risk; and

Enhance the ability to assess risks and make appropriate risk
management decisions.

EPA would review the data submitted for all nanoscale materials
subject to the rule.

EPA would consider whether further actions or additional data are
needed.

44 Office of Pollution Prevention and Toxics P>



A Major Issue in Utilizing TSCA to Regulate ENP’s are the Exceptions:

e Any Food and Food Additive
o Drugs

o Cosmetics

o “Devices”

The above are beyond EPA's reach and most fall under the authority of the FDA,
but so far FDA has ruled nanoparticles to be identical to the bulk material.

Guidance documents issued

On June 24, 2014, FDA issued three final guidance documents
related to the use of nanotechnology in regulated products,
iIncuding cosmetics and food substances. c. Toxicity Testing Section

On August 5, 2015, FDA issued one final guidance document
related to the use of nanotechnology in food for animals.

45 http://lwww.fda.gov/Cosmetics/GuidanceRegulation/GuidanceDocuments/ucm300886.htm P
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ISO TC229 Nanotechnologies

Technical Working Groups: Other Groups:
JWGH1 - Terminology and Nomenclature CAG - Chairman’s Advisory Group
JWG2 - Measurement and Characterization TG2 - Consumer and Societal Dimensions
WG3 - Health, Safety and Environment TG3 - Sustainability

WG4 - Material Specifications

Selected Published Standards:

« ISO/TS 13830:2013: Nanotechnologies — Guidance on Voluntary Labelling for
Consumer Products Containing Manufactured Nano-Objects

« ISO/TS 80004-8:2013: Nanotechnologies — Vocabulary — Part 8: Nanomanufacturing

+ 1S0O/29701:2010: Nanotechnologies — Endotoxin Test on Nanomaterial Samples for In
Vitro Systems — LAL Assay

« ISO/TS 11308:2011: Nanotechnologies — Characterization of Single-Wall Carbon
Nanotubes Using Thermogravimetric Analysis
Selected Work Items Currently Under Development:
« ISO/DTR 18196: Nanotechnologies — Measurement Technique Matrix for Nano-Objects

* ISO/DTS 19590: Nanotechnologies — Nano-Objects — Detection and Characterization
Using Single-Particle ICP-MS

* ISO/DTR 19601: Nanotechnologies — Nano-Object Aerosol Generators for Inhalation
Toxicity Studies
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SP-ICP-MS for Nanomaterials

Environmental

eFate studies

eDrinking water

eSurface water

e\Water treatment
eRemediation studies
eBioavailability studies
eBioaccumulation studies
eDistribution in the ecosystem

47

Single Particle ICP-MS

Syngistix™ Nano
Application Module

Consumer Biological/Biomedical

eHealth and Fitness
*Energy

*Food and Beverage
eTextiles

ePaint
eSemiconductor

e Automotive P - S -= o
eElectronics and computesr —
eSunscreen

eEarly diagnosis

eCancer treatment

eDrug design and delivery
eToxicological studies

eNanocomposite materials
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