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NAN@®MATERIALREGISTRY

N AN @ MATER A R EG I STRY ABOUT THE REGISTRY RESOURCES CONTACT US

: WELCOME TO THE NANOMATERIAL REGIST
CO m p re h e n S I V e I y The Nanomaterial Registry is a one-stop, authoritative, fully curated resource that provides

information on nanomaterials and their biological and environmental implications. This system is

C rat ed V aI i d at ed currently optimized for Firefox, Chrome, Safari, and Internet Explorer 8 and above. Please use
u ] the site’s features and visit the Contact Us page to provide us with your valuable feedback.
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A tool for the nanomaterial community

Presently, there is much research that has resulted in a growing body of
nanomaterial-centric data. However, critical knowledge gaps in
nanotechnology need to be addressed so that the use of nanomaterials is
not outpacing the understanding on the implications of these materials. The
Nanomaterial Registry is a data-driven tool whose purpose is to enable
researchers to close the knowledge gap that currently exists in the
nanotechnology field

The goal of the Registry is to archive a sufficiently large, accessible. and
centralized body of integrated information to enable researchers in gaining
knowledge from accumulated data. As computational tools and researchers
interact with the information in the central data repository, knowledge will be
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LATEST NEWS

March 2013 - Meet the
team! May 13-14, the
Nanomaterial Registry will
have a booth at the
Nanotech 2013 Expo in
Washington, D.C Read

March 2013 - UC CEIN and

Web Address:

www.nanomaterialregistry.org

Funded by:

m) National Institutes of Health
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NANOMATERIAL INFORMATION ERTI

The Scope of the Registry

> Validated both
programmatically and by
a team of scientist and

Property
) Measurements
> Material and system

Reference properties including Eco|ogica|

. techniques and .
Materials B Environmental
Research focused on

Provide benchmark
data for nanomaterial the impact of
assessment. nanomaterials in the
natural

environment.

Meta Data Medical
Data about data. The Research focused on
who, what, where, drug delivery and other

when, and why that nanomedicine
supports data Toxicology applications.

rovenance and
retrieval.

» Integrated through
controlled vocabulary and

data format

» Relevant a growing body
of up-to-date data is
available to the public

Research focused on
potential toxicity of
nanomaterials.




PROPERTIES

Can be reported as various
“measurement types”.

Can be measured by different
techniques and instruments.

Measurements are impacted
by technique/instrument
parameters.

PROPERTY MEASUREMENTS

Trends in Data
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» 20+ Measurement types

are curated in the
Registry for Particle Size

Measurements are
reported without
technique

Tracking the parameters
validates research data
and enables analysis



PROPERTY MEASUREMENTS FRTI

INTERNATIONAL

Minimal Information About Nanomaterials for Physico-Chemical Characteristics

C C - Size Surface . o :
P - o
Mean o Avg. Weight Avg. Volume Avg. :
M e aS u re m e nt Typ e Size Diameter Aerodynamic \ Hyd rOdyna mic IETS Molecular Molecular Nangg?;enal
Diameter = it Weight Weight
Diameter ¢ ¢

| | | I N R - I . e .
Dynamic nght Scattering | Ve Sample | Dispersing pH of «  ..+9more
Measurement Parameters [ e agent "| suspension "' Parameters
Measurement Best  Raw data provided? * Replicates used?
. .  Controls used? *  Experimental protocol reported?
Practice QUEStIOﬂS e Instrument within calibration?
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PROPERTY MEASUREMENTS

Minimal Information About Nanomaterials for Physico-Chemical Characteristics

Current Characterization Profile for NR Records

Surface Reactivity
Surface Chemistry

Surface Charge

Surface Area
Stability
Solubility

Size Distribution

v" Nanomaterial
Size is usually

characterized
|

Size 79%

Shape

Purity 100%

Composition
Aggregation/Agglomeration State _ 24%

M Percent of Total Entries 0% 20% 40% 60% 80% 100%

NAN@OMATERIALREGISTRY BRI ;




PROPERTY MEASUREMENTS FIRT]

- o - INTERNATIONAL
Particle Size Techniques

Count of Measurement Value

{blank) 318 » Particle size is frequently
X-ray Diffraction [ 13 reported without
technique

UV-Visible Spectroscopy B 10

Transmission Electron Microscopy R 274

4 LOW DATA QUALITY
Spectrophotometry | 4

RATING
Small Angle X-Ray Scattering | 3

Scanning Electron Microscopy N 86
Raman Spectroscopy | 1
Nanoparticle Tracking Analysis § §
Technique - Matrix-assisted Laser Desorption/lonization -...rn 4
Laser Diffraction Spectrometry || 7
Field Flow Fractionation | 1
Electrophoretic Light Scattering 71 1

Dynamic Light Scattering R e 2a0 > Dynamic Iight scattering

Differential Mobility Analysis B 10 IS the_mOSt curated
technique
Chromatography | 3

Brunauer | 4

Atomic Force Microscopy B 31

0 50 100 150 200 250 300 350 400
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PROPERTY MEASUREMENTS FIRT]

Parameters for Dynamic Light Scattering

Count of Protocol Value

Viscos | » Other DLS parameters
eosty i v that are collected, but not
shown here, include

Temperature of Suspension 136 .
_I— scattering angle, wave
length, and index of

Sonication/Milling Time 53 )
! ¢ T refraction
Sonication/Milling Power P 49
I

I | | | » Solvent Type is the most

336
| frequently reported

, Sample Concentration 107
Protocol Type
Purity of Dispersing Agent | 1
pH of Suspension f 52

Dispersing Agent # 79
Concentration of Dispersing Agent |_r 57

Algorithm Used H 111

0 50 100 150 200 250 300 350 400

Solvent/Medium Type

parameter for DLS
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PROPERTY MEASUREMENTS FIRT]

Parameters for Dynamic Light Scattering INTERNATIONAL

water # ol \Types of Water that are used
0.5%_2.0% QI

tris buffer

serum

saline solution

respiratory buffer Protocol Value
rBMEC M aqueous
methanol B deionized distilled water
KGM ® deionized water
glucose M Filtered Lake Superior water
DMEM ® MHRW
citrate (Aq) B water
cell media M ultrapure water (type 1)
BSA
BMEC

acetonitrile:water

» Water is the most
commonly used solvent in
DLS

100 150 200

NANOMATERIALREGISTRY :



DATA IN THE REGISTRY BRI

INTERNATIONAL
Examples of curated records

In the Registry

Endpoints

Natural Organic Matter
. . Alters Biofilm Tolerance to -
Environmental/Ecological NR1474, 1475 o R Cytotoxicity
Dissolved Silver

Dendrimer-Functionalized
) : . Iron Oxide Nanoparticles -
NR951, NR
Medical Applications 951, NRS66 for Specific Targeting and Viability
Imaging of Cancer Cells

Assessment of the toxicity
Toxicology NR1010, NR1011 of silver nanoparticles in

vitro: A mitochondrial
perspective

Pharmacodynamics

Characterization of silver and Cytotoxicity; gene, protein

_ _ effects on gene expression = and enzyme expression,
BIOlOQIC&| Im pact NR1126, NR1129 using an in-vitro intestinal cellular uptake,

epithelium co-culture model biotransformation....

NAN@®MATERIALREGISTRY
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NANOMATERIAL STUDY ERTI

Linking Measurements and Impacts

STUDY INFORMATION STUDY TYPE
Long-Term Transformation and
MEASURED PROPERTIES Fate of Manufactured Ag

Nanoparticles in a Simulated
Large Scale Freshwater Emergent

Particle Wetland
Size RECORD 1038

JOURNAL
Link to One out of a set of . .
records that were Environmental
Study Type paper Curatesdt:::;m this General Sefieee
Study Technology
. N Details
Size Composition
Distribution Test Subject
AN LABORATORY
Center for Environmental Implications
Exposu.re Endpoints about Nanotechnology (CEINT) at Duke
Biological: In Vivo Details University.

Environmental: Soil, Water

SILVER nanomaterial study (data record NR1038)
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NANOMATERIAL STUDIES FRTI

Linking Measurements and Impacts

STUDY INFORMATION

SILVER NANOMATERIAL
Particle Size (diameter) = 10nm
Size Range = 30nm-80nm

Size Distribution = monomodal
Aggregation Size = 200nm
Coating = PVP

Impurities = Ag,0; Ag,S

Biodistribution
Root System,

Shoot Leaves .
Transformations

Mechanistic
Organism Mobility

INTERNATIONAL

STUDY TYPE
* Biological: In Vivo
e Environmental: Soil, Water

STUDY CONDITIONS

¢ Media: Water, Soil

* Media Properties 1: Natural soil, 63%
sand 10% clay 26% silt

* Media Properties 2: Natural water

* Subjects: Mosquitofish; Plants

* Location: Simulated Field

e Exposure Summary: Acute/Chronic;
absorption/dermal inhalation/oral;

e 0.025 mg/mL; 18 months

ASSAYS

* Laboratory:

e graphite furnace AA; ICP-MS;

e Acid leaching; Cline method; XAS
* Field: YSI probe; sediment coring;
e dialysis

SILVER nanomaterial study (data record NR1038)
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CURATION TOOL



Systematic Data Archiving FRTI

INTERNATIONAL

A DATA CURATION TOOL facilitates the progression of nanomaterial entries
through the curation process to the Nanomaterial Registry website

Nanomaterial Curation DATA ENTRY

v identifies,
Welcome to the Nanomaterial Curation Portal evaluates’ and
Home o o enters data

Nanomaterial Curation 2

i Curation Queues

e Y | ] QUALITY

j | ¥ || ASSURANCE
. v" check for

transcription

errors

QUALITY

CONTROL

v’ correct any errors
or
inconsistencies in

the scientific

interpretation
14

B In QC Quews: 0 iy In QA Queus: 44 In Curation Queue: 484

Curation tool workflow starts
with the creation of a
nanomaterial record



Systematic Data Archiving: FIRTI
DATA CURATION TOOL

Data records are promoted through QUEUES

MNanomaterials In Curation Queue Queue: m
| In Queue
NRID ‘ DB Entry Name ‘ Status ‘ AssignedTo ‘ Date Created ‘ Date Updat 2| Assigned to Me
[ [ I I ]| Jewaion |
NR1002 NEU-LWangINBT2008-01 InCoalion | ham 1/3/2013 sz | 2
Queue QC
NR1036 Muti-Wal CNT e ehid 1/31/2013 1/31/2013 |Curated and Released
NRCWE_UCFV_HC_UC_SST- In Curation . S
NR1246 N D Queue jchid 4/29/2013 4/30/2013 >»
In Curation p ™~
NR1250 JHU_KSU-JGallowayNNBM2012-01 T pdurham 4/30/2013 4/30/2013 >
NRCWE_UCFV_HC_UC_SST- In Curation .. S
NR1251 N e o5 Queue jchid 4/30/2013 4/30/2013 2
In Curation 4 ™~
NR1253 JHU_KSU-JGallowayNNBM2012-03 o pdurham 4/30/2013 4/30/2013 2
\ 4
SEARCH and SORT options
for data in queues Edt  Assign Delete

NANOMATERIALREGISTRY
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Systematic Data Archiving: FRTI
DATA CURATION TOOL

v STEP 1: PCC “Particle Size” is selected An example of SMART

from a list of the 12 MIAN PCCs CURATION:

T v' Drop downs in data entry
fields are populated with
pml , selection lists that are

. valid according to the
= S - fields already entered
sne PCC /’\ '
:x ‘: Measurement Typ: :vfg:.&ie.; i
0 oy Add Measurement
1 :(”1\ : : s PCC Particle Size
Protoco !-‘-r:\:-'t:c Not Reported Measurement Type |D ameter ’
Coating Thickness a
= Core Diameter |
Core Length
Core MW
v' STEP 2. Measurement Type —
drop down is populated with Length .
options relevant to “Particle
Size”

NAN@®MATERIALREGISTRY "



Systematic Data Archiving: DATA CURATION TOOL

An example of SMART CURATION:

v STEP 1: MEASUREMENT technique
IS selected from a list of options
relevant to “particle size”

v STEP 2: PROTOCOL tab is
populated with options relevant to

“Dynamic Light Scattering” v ST

EP 2

PCC Measurements

/

General Protocol Parameter Type Values

PCC: Particle Size

SubType 1:

*Meas. Value:

Meas. Unit:
Uncertainty Value:
Core:

Shel:

Coating:

*Raw Data Provided:
*Proper Controls Used:

#*Instrument Within Cal:

8.5
nm

0.3

Mot Reported
Mot Reported

Yes

]

*Protocol *Value | Unit
*Protocol I emperat Spension) I
Unit Algorithm Used

Viscosity
pH of Suspension
L EERTR | Temperature of Suspensio

Sonicatiofl/i Dispersing Agent

Purity of Dispersing Agent

PCC Measurements

General

PCC Measure Concentration of Dispersing Agent

*Value

Protocol Parameter Type Values

I

*Protocol

*Value | Unit

Temperature of Suspension 20 &

Sonication/Miling Time 0

minutes

4t

Update Cancel

Edit New Delete

v STEP 1

#Standard Pub. Citation:

Meas. Type:

SubType 2:
Upper Meas. Value:
Value Type:

Mean Diameter

Free Text

Technigue:

Instrument:

Uncertainty Unit: |nm

ComponentID:

*# of Replicates: 400

*Modification Desc:

Mot Reported

Mot Reported

Dynamic Light Scattering
Dynamic Light Scattering In:
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Evaluating the Information  BIRII

Compliance Level

The Nanomaterial Registry’s COMPLIANCE LEVEL FEATURE provides a
METRIC on the QUALITY of characterization of a nanomaterial entry

LEVELS are broken into

| |
Gold | 76100 W MERIT, BRONZE,
Silver . 5175 9 SILVER, and GOLD
Bronze i 26-50 i f'"”d represent .

. . Increasing quality of
Merit . 025 | characterization based

Eiaiiel el | on our evaluation

[ criteria

A COMPLIANCE LEVEL SCORE is a

M W.
CL IPCC :Z ! quantitative value calculated by

assigning a weight (W) to each value
reported in the curated entry (M)

NAN@®MATERIALREGISTRY



Evaluating the Information **

Compliance Level

Example: Particle Size reported as

COMPLIANCE LEVEL WEIGHTING * Diameter

FACTOR IS HIGHER WHEN: / Mean aerodynamic diameter

« Terms with greater specificity
are used

 Well-established techniques are used

M
 Protocols are adequately described CL IPCC :Z Wi
= (M=*N)

« Standard protocols are used
» Values are measured with multiple

techniques Example:

e Good laboratory practices * Instruments within calibration
are reported \ and proper controls were used
* replicate measurements were
taken

NAN@®MATERIALREGISTRY 5



Evaluating the Information "

Compliance Level

T T
MERIT BRONZE SILVER GOLD
Particle Size N :
37.5 m O O O O
Reported as ; :
Mean Hydrodynamic o

Diameter

COMPLIANCE LEVEL
IS higher when more
> Meta-data about a

O
@
0 characterization are
o
o

Technique
Dynamic Light Scattering

Instrument
Malvern Zeta Sizer Nano ZS

< NI BN

reported

Measurement parameters
11 out of 12 reported

Protocol
ASTM E2490-09

NANOMATERIALREGISTRY 0

S




Evaluating the Information “*"

Compliance Level on the Registry

COMPLIANCE LEVEL for individual characterizations are displayed

w w
NR1 w Ly
i-‘ 3 = " W W w W ™ w N | S EAI QC H
o] ™ » A » A A N RESU LTS
NR Descriptor: Au NP
N R 9 6 5 Information for this. nanomatenal was curated from
Original Publication{s): Not reporied
/ O n th e Overall PCC Compliance Level: &
D E I AI L E ; Particle Size % Size Distribution W Aggregation/Agglomeration State %%
Shape w Composition w Purit Surface Chemlst
PAG E Surface Charge L Surface Reactivit Solubllit Stability w

21



Evaluating the Information “*

Compliance Level - work is ongoing

The COMPLIANCE LEVEL was designed as a FLEXIBLE tool

Maintain CLR Analytics
As terminology,
StandardS, and Maintain CLR Data & Search CLR Instrument Points
teCh n Iq ues become CLR Categories Instrument Categorv:l n;:r:::m Model v
relevant and/or ¥ Tediue bons =
obsolete, the terms [
and Welghtlng factors | o ‘ [ Delete |[ Upaste |[ New | .
5 - Instrument Name Mode! Or Manuf. PCCID PCC Name Mukiplier Weight : e
behind the ede Rl )
I. | I 0 g;f:,i,'fhtsamng ZetaPALS 1 Partice Size |3 ] 1 |[3 H '
. p cat CE o - :L:'s?g:e:fh! S Zuta Phs 1 Partick Size EX O ] X |
SCOore can ne
updated.

algorithms can be tested on actual data sets

NANOMATERIALREGISTRY 2
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THANK YOU!

www.nanomaterialregistry.org
nanoregistry@rti.org
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