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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)	
  

Requires	
  data	
  on:	
  
• Physicochemical	
  proper1es	
  
• Toxicity	
  
• Poten1al	
  release	
  to	
  environment	
  
• Fate	
  and	
  transport	
  



Data Integration Challenges 
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•  Interoperability	
  of	
  data	
  repositories	
  containing	
  heterogeneous	
  
datasets	
  (structured	
  and	
  unstructured)	
  

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

Infrastructure	
  

• NanoInfo.org	
  is	
  a	
  cloud	
  
based	
  plaTorm	
  that	
  is	
  
physically	
  hosted	
  in	
  a	
  
server	
  cluster	
  behind	
  
CEIN’s	
  network	
  
plaTorm.	
  	
  	
  

•  Storage	
  and	
  processing	
  
capacity	
  is	
  scalable	
  as	
  
demand	
  increases.	
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Nanoinforma1cs	
  Tools	
   Developed for environmental 
impact analysis of ENMs 



Lifecycle	
  environmental	
  assessment	
  for	
  the	
  release	
  
of	
  nanomaterials	
  (LearNano)	
  

Production Use
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Keller,	
  et	
  al.,	
  Predicted	
  releases	
  of	
  engineered	
  nanomaterials:	
  From	
  
global	
  to	
  regional	
  to	
  local,	
  Environ.	
  Sci.	
  Tech.	
  LeYers.	
  2013.	
  

Based on data and LCA 
transfer coefficients compiled 
from: 
•  Public databases 
•  Published studies 
•  Market research 
•  Economic indicators 



Liu, et al., Multimedia Environmental Distribution of Engineered Nanomaterials. Environ. Sci. Tech. 2014.


MendNano is a first-tier model for analysis of the potential 
environmental distribution and “chronic” exposure 
concentrations associated with engineered nanomaterial 



Standardized	
  
data	
  format	
  for	
  	
  
flexible	
  plate	
  
configura1on	
  

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 



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



NanoDatabank	
  
• Full	
  integra1on	
  of	
  all	
  the	
  NanoInfo.org	
  tools	
  and	
  data	
  
• Essen1al	
  for	
  systema1c	
  iden1fica1on	
  and	
  consistent	
  retrieval	
  
of	
  data	
  

• Storage	
  of	
  files	
  that	
  are	
  compa1ble	
  with	
  the	
  NanoInfo.org	
  tools	
  

Provide	
  data	
  input	
  for	
  models/tools	
  

Assessment	
  of	
  data	
  completeness	
  

Organiza1on	
  of	
  large	
  amounts	
  of	
  ENMs	
  
related	
  data	
  
Archive/retrieve	
  documents	
  and	
  
publica1ons	
  
Storage	
  of	
  experimental	
  data	
  and	
  simula1on	
  
results	
  



Contents of NanoDatabank 
CEIN	
  Data	
  	
  
•  >200	
  nanomaterial	
  types	
  
•  Physicochemical	
  
characteriza1on	
  

•  Toxicity	
  data	
  for	
  various	
  
cell	
  lines,	
  zebrafish	
  and	
  
bacterial	
  strains	
  

•  Various	
  toxicity	
  assays	
  

External	
  Data	
  
•  HTS	
  toxicity	
  for	
  Iron	
  oxide/
surface	
  modified	
  NPs	
  

•  Quantum	
  Dots	
  –	
  Literature	
  
mined	
  data	
  from	
  0ver	
  400	
  
publica1on/sources	
  

•  Cell	
  associa1on	
  with	
  gold/
surface-­‐modified	
  	
  NPs	
  



Experimental	
  Data	
  

Nanopar1cle	
  toxicity	
  screening:	
  
• Different	
  par1cle	
  types	
  and	
  
proper1es	
  

• Mul1ple	
  Assays	
  (e.g.,	
  
cytotoxicity,	
  cell	
  signaling	
  
pathways)	
  

• Mul1ple	
  cell	
  lines	
  
• Various	
  environmental	
  
condi1ons;	
  temporal	
  variability)	
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• zeta	
  poten1al	
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• etc…	
  



Processed	
  Data	
  



NanoDatabank Features 

Standard	
  Features	
  

Search	
  for	
  a	
  
par1cular	
  

nanomaterial	
  

Register	
  a	
  
unique	
  

nanomaterial	
  

Upload,	
  
classify	
  and	
  
link	
  files	
  

Manage	
  files	
  
and	
  records	
  



What	
  makes	
  it	
  unique?	
  

• You	
  can	
  customize	
  sekngs	
  for	
  
your	
  	
  organiza1on,	
  manage/
create	
  own	
  metadata	
  dic1onary,	
  
define	
  own	
  configura1on	
  

• Export	
  nanomaterial	
  data	
  into	
  
ISA-­‐TAB-­‐Nano	
  format	
  

•  Integrate	
  addi1onal	
  tools	
  via	
  
NanoInfo	
  API	
  and	
  automa1cally	
  
trigger	
  files	
  that	
  are	
  compa1ble	
  



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};	
  
 

Our score weight for 
nanomaterial size is 0.0  

Titanium Dioxide P25 
from our view 



Your Configuration 

Your score weight for 
nanomaterial size is 0.0  

Titanium Dioxide P25 
from your view 

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};	
  
 



Custom Settings 



Expandable System 

Currently	
  useable	
  on	
  
mobile	
  plaTorms,	
  
but	
  support	
  is	
  being	
  
expanded	
  for	
  
increased	
  usability	
  

NanoInfo	
  API	
  as	
  a	
  
connector	
  for	
  other	
  
ENMs	
  tools	
  external	
  
to	
  NanoInfo.org	
  



Conclusion 

An	
  integrated	
  nanoinforma1cs	
  plaTorm	
  addresses	
  the	
  
challenges	
  of	
  managing	
  complex	
  data	
  for	
  ENMs	
  research	
  

Using	
  the	
  fully	
  integrated	
  NanoInfo.org	
  plaTorm	
  leads	
  to	
  flexible	
  
and	
  more	
  effec1ve	
  u1liza1on	
  of	
  informa1on,	
  data	
  analysis,	
  and	
  
interfacing	
  with	
  decision	
  analysis	
  tools	
  aimed	
  at	
  assessing	
  the	
  
environmental	
  impacts	
  of	
  engineered	
  nanomaterials	
  

It	
  is	
  envisioned	
  that	
  NanoInfo.org	
  will	
  emerge	
  as	
  a	
  support	
  
system	
  that	
  could	
  poten1ally	
  be	
  useful	
  in	
  various	
  applica1ons	
  
related	
  to	
  the	
  produc1on,	
  use	
  and	
  disposal	
  of	
  engineered	
  
nanomaterials	
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