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Is this Engineered Nanomaterial Environmentally Safe? |
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Overall Goal

Develop the means to perform a comprehensive
environmental impact assessment for
Engineered Nanomaterials (ENMS)

IIIIIIIIIIIIIIIIIIIIIIIII
lllllllllllllllllllllllll
CHEEEEEEEEEEEEEEEEEEEEEEDn
lllllllllllllllllllllllll
lllllllllllllllllllllllll
IIIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIIIIIIII
lllllllllllllllllllllllll

IIIIIIIIIIIIIIIIIIIIIIIII
lllllllllllllllllllllllll

\"’
e Physicochemical properties \

e Toxicity ' N ‘ ‘
* Potential release to environment = - _- - .Z
e Fate and transport E-Z::.;E';'-.-:'.

Requires data on:




Data Integration Challenges .
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EXPOSURE & RISK Quantitative and Fuzzy information
PERCEPTION (categorical, qualitative)

* Interoperability of data repositories containing heterogeneous
datasets (structured and unstructured)

e Common vocabulary (i.e., ontology) to unambiguously describe NPs
e Standard formats for data exchange



Nanolnfo.org Approach

Infrastructure

e Nanolnfo.org is a cloud
based platform that is
physically hosted in a
server cluster behind
CEIN’s network
platform.

e Storage and processing
capacity is scalable as
demand increases.
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. . | Developed for environmental
AchlelllelgnEle R elelCNy i\noct analysis of ENMs
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Estimate release of ENM via life cycle Predict environmental distribution of ENMs via Toxicity Screening for Nanomaterials
assessment multimedia compartmental modeling
NanoDziabank NanoEt/A




Lifecycle environmental assessment for the release
of nanomaterials (LearNano)
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Based on data and LCA
transfer coefficients compiled
from:

| : | | * Public databases

\ Waste Water ... Disposal . Published studies

* Market research
Keller, et al., Predicted releases of engineered nanomaterials: From  Economic indicators

global to regional to local, Environ. Sci. Tech. Letters. 2013.



MendNano is a first-tier model for analysis of the potential

environmental distribution and “chronic” exposure

concentrations associated with engineered nanomaterial
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Input Parameters

+ Nanoparticle Information

*» Geographical Parameters

* Meteorological Parameters
* Transport Parameters

* Source Release
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Liu, et al., Multimedia Environmental Distribution of Engineered Nanomaterials. Environ.
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Plate Configuration

Plate Data

Replicates of sample A Replicates of sample B

Configuration starts

El Sample well
- Negative control
- Positive control

m Ignored well

Configuration ends

a
23 1.9 3.0 1.6 17 31 4.8 24 25 21 35 31
1.8 0.7 2.7 2.6 7.5 4.4 4.1 1.9 2.8 2.1 2.2 2.8
2.2 38 2.2 11.6 6.9 43 7.4 6.3 3.5 33 6.1 1.7
4.1 9.2 23 29 8.1 0.2 7.7 43 87 83 6.7 38
39 1.1 1.7 20 1.7 2.0 1.1 1.2 0.9 1.1 1.4 1.9
0.5 0.2 1.5 1.2 2.2 1.2 09 1.3 1.8 09 1.3 1.4
09 6.1 5.2 57 1.0 76 49 183 5.6 8.7 9.4 5.4
39 6.2 5.6 8.4 5.9 4.8 23 5.7 5.2 9.5 7.0 9.7

Fo e R

b

Standardized

data format for

flexible plate
configuration

Configuration 1

ToxNano provides tools for
analysis and visualization (e.g.,
heat maps and self-organizing
maps) of HTS data. It also
provides QSAR s for predicting
toxicity of ENMs
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Configuration n




NanoEIA utilizes ENMs toxicity information to define
suitable environmental/toxicity metrics for assessing
environmental impacts

----------------------------------------------------------

Hazards Analysis
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NanoDatabank

e Full integration of all the Nanolnfo.org tools and data

e Essential for systematic identification and consistent retrieval
of data

e Storage of files that are compatible with the Nanolnfo.org tools

Provide data input for models/tools

NanoDatabank
Assessment of data completeness
Organization of large amounts of ENMs
S = related data
g - Archive/retrieve documents and
ol publications

o Storage of experimental data and simulation
results



Contents of NanoDatabank
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Nanomaterials Characterizations
e >200 nanomaterial types
‘ 325 2 | 525 Za) | e Physicochemical
Publications Contributions characterization

e Toxicity data for various
cell lines, zebrafish and

Amorphous Crystalline bacterial strains
27% P 68% 59 . ..
56 \ ) 139 \ ) e Various toxicity assays

External Data
'A_.

B oxide e HTS toxicity for Iron oxide/
surface modified NPs

e Quantum Dots — Literature
mined data from Over 400
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Experimental Data

Nanoparticle size
characterization:

e DLS

® imaging

e zeta potential

e temporal variability
* etc...

[ Nanoparticle toxicity screening:

_—

e Different particle types and

properties
e Multiple Assays (e.g.,

cytotoxicity, cell signaling

pathways)
e Multiple cell lines

e \/arious environmental
conditions; temporal variability)
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Processed Data

Turbidity measurements
System: Kaolinite Al2Si205(OH)4 0.005g and with ZnO 30nm, in 10g Nanopure water in a vial

Intoa20 Record Type Sample Name Measurement Date and Time T (°C) Z-Ave (d.nm) Numn-
Kaolinite Pk 1 Area Int (%) Pk 2 Area Int (%) Peak 3 Area Intensity (%) Attenuation
Asmallp 3845 Size Ti02 - pH8 NaHC03 Friday, August 27, 2010 1:12:45 PM 23.0 157
3846 Size Ti02 - pH8 NaHCO3 Fridav. August 27. 201Q 1:13:48 PM 23.0 171
3847 |P2 SWNT 1ImMK pH7 10mg/L "08/25/11" "15:30:20" 0 183.5 0.318
soao |P2SWNT ImMKDH710me/L  "08/25/11" "15:29:50" 0 184.2 0.388
PH:891 Sgso |P2SWN' > Ji || siospec1s01 :29:19" 0 164.6 0.299
_ . A | B | C D . . n
Zn0O30nn 2222 P2SWN 1 |Experimer Differing Concentrations of TiO2 in Seawater With Cou'28'48 0 162.5 0.334
. . ' 2 Dat 6/9/11-6/14/11 =292-13" - . T . -7 ) )
Settling ti 3353 P2 SWN‘ > [Notes  Bokiies put on shakeriabie undes UV light. Samples m'28'18 : Table S1. Agronomic parameters in radish plants 12 days after planting in
3854 |P2SWN 4 [equipmen{siospec-ibo1 :27:47 ) ] . )
3855 P2 SWN | [ ——— soil treated with nCeO; at different concentrations. Data are means of four
6 |Sample |Time (hr)|A —-: . ..
3856  |po oy 7 lOmet — g TI02F_10_pH7_100mM CaCl2_1 repjicates + standard deviation.
3857 8 02s| |Runs Mobility Zet
3858 PLSWN 1 1 -0.83
- -10
1 2 2 0.16
12 118
13 119 3 g : 33 mg nCeO; kg soil
]‘;’ 1me/t 022 : Parameter 0 625 125 250 500
% 3 5 -0.44 Plant length (cm) 11682090 13032095 11542217 10932151 11292090
6 0.31
]; zi 2 0.64 Root length (cm) 2212035 3022044 2472021 240021 23522016
;i ﬂz 8 -0.15 Leaf length (cm) 672100 7.8820.16 63582028  6.16:0.18  6.790.13
21 3me/t 0 9 -0.19 Shoot fength (cm) 2752095 2132016 2350028 2372018 1.98=
10 1.4
Number of true leaves 2,000 20020 2000 20020 20020
average 0.165 Rootsdry weight (Mg) 1052014 1442048 1212019 0962048 1172025
stdev 0.618371517 7.t Shootsdry weight (M8) 3192042 3342088 2942094 298069 3102045

Trueleavesdry wt(mg) 13 08.604 20532479 1725:8.10 134825.16 15642096

Cotyledon leaves d wt
(mg) 1479245 17482233 15512518 14792312 1550=132



NanoDatabank Features

Standard Features

Q o

Search Register Contribute Manage

Search for a Register a Upload,
particular unique classify and

Manage files
and records
nanomaterial nanomaterial link files




What makes it unique?

e You can customize settings for
your organization, manage/
create own metadata dictionary,
define own configuration

e Export nanomaterial data into
ISA-TAB-Nano format

e Integrate additional tools via
Nanolnfo APl and automatically
trigger files that are compatible




Our Configuration

Similarity Threshold = 75%

Similarity Score = IF(a_formula==b_formula) { .50 + IF (a_shape==b_shape) {return .20;} +
IF (a_crystalstructure=b_crystalstructure) {return .10;} + (1-(ABS(a_size-b_size)/
MAX(a size,b size)) *.10; + IF (a source=b source) {return .10;} } ELSE {return 0};

) eromaerbets |

Name Titanium Dioxide P25
Formula TiO2
Shape sresular Our score weight for

_ nanomaterial size is 0.0
Primary Size 21

Titanium Dioxide P25

Crystal Structure rutile; anatase .
from our view

Phase mix
Source Dorsett & Jackson Inc.

Registered By Taimur Hassan on 6/28/2010 14:36

p Smy ]

None



Your Configuration

Similarity Threshold = 75%

Similarity Score = IF(a_formula==b_formula) {.50 + IF (a_shape==b_shape) {return .20;} +
IF (a_crystalstructure=b_crystalstructure) {return .10;} + (1-(ABS(a_size-b_size)/
MAX(a_size,b_size)) * 0.0; + IF (a_source=b_source) {return .10;} } ELSE {return 0};

- eromweteomats

Name Titanium Dioxide P25
Formula TiO2

Shape irregular

Primary Size 21

Crystal Structure rutile; anatase

Phase mix
Source Dorsett & Jackson Inc.
Your score Welght for Registered By Taimur Hassan on 6/28/2010 14:36

nanomaterial size is 0.0 T ——

P25 with anionic coating, 50 mg/mL in water l‘?| S

02pP2
Titanium Dioxide P25 TiO2 P25 with cationic coating, 50 mg/mL in water  (2]12

f ) AML Anatase 021710 #17, 0.40 wt.% in water (23
rom your view AML TiO2 Rutile 021710 #1, 3.02 wt.% in water (2121

AMLTIO2718#4, 24wt% inwater (230
HOMBIKAT UV 100, Uncoated TiO2 11



Custom Settings

Lzo Administration » Manage laboratory specific settings

Formula | Inventory | Material Type | Shapes Settings Metadata

l';“"’"" MetaKey Name Display Text File Classification :';: Options
QL E 10 processdescription Process processed data 1
Description
QL E 1 processingdate Processing Date processed data 4
QLE 12 contents Contents processed data 1
QL a 13 concentration Concentration raw data 3
[ T 14 medium Medium raw data 1
QL a5 duration Duration raw data 3
QL a6 ph pH raw data 3
QsLa 17 sampletemperature Sample raw data 3
Temperature
QL a8 target Target raw data 1
QL a 19 analysistype Analysis Type raw data 3 ,quantitative,qualitative
Qs E instrument Instrument raw data 3 JEM 1200-EX.CM 120,712 TF20,Titan
Krios,Mervyn,Other




Expandable System

LearNano MencNano ToxNano
Currently useable on ’ h'
mobile platforms, ‘_ S | HEnE

but support is being
expanded for
increased usability NanoDatabar! NanoE!A

3 L L
— e
Nanolnfo APl as a L ;
connector for other N 5
ENMs tools external
to Nanolnfo.org -
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Conclusion

An integrated nanoinformatics platform addresses the
challenges of managing complex data for ENMs research

Using the fully integrated Nanolnfo.org platform leads to flexible
and more effective utilization of information, data analysis, and
interfacing with decision analysis tools aimed at assessing the
environmental impacts of engineered nhanomaterials

It is envisioned that Nanolnfo.org will emerge as a support
system that could potentially be useful in various applications
related to the production, use and disposal of engineered
nanomaterials
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