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�  I	
  am	
  a	
  chemist	
  
�  I	
  am	
  an	
  informaAcian	
  
�  I	
  work	
  with	
  data	
  .lots.	
  of	
  it	
  
�  I	
  help	
  to	
  create	
  public	
  interfaces	
  to	
  chemical	
  (biology)	
  informaAon	
  
�  I	
  work	
  with	
  health	
  and	
  safety	
  professionals,	
  authoritaAve	
  sources	
  of	
  H&S	
  
informaAon,	
  (increasingly)	
  those	
  involved	
  in	
  H&S	
  communiAes	
  (including	
  
chemistry	
  librarians	
  

�  I	
  am	
  not	
  a	
  chemical	
  health	
  and	
  safety	
  (H&S)	
  professional	
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�  Primary	
  aim	
  is	
  to	
  provide	
  
informaAon	
  known	
  about	
  chemical	
  
substances	
  
�  Contains	
  authoritaAve	
  resources	
  
�  Contains	
  manually	
  curated	
  resources	
  
�  Includes	
  health	
  and	
  safety	
  
�  There	
  are	
  errors	
  

�  AuthoritaAve	
  doesn’t	
  mean	
  error	
  free	
  
�  Curated	
  doesn’t	
  mean	
  error	
  free	
  

�  We	
  DO	
  NOT	
  curate	
  	
  (known	
  errors	
  reported	
  ,	
  filtered)	
  
�  We	
  can	
  leverage	
  curated	
  content	
  

hbps://pubchem.ncbi.nlm.nih.gov/	
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SDS	
  Search	
  and	
  Product	
  Safety	
  Center	
  

hbp://www.sigmaaldrich.com/	
  

SIRI	
  MSDS	
  Index	
  

Biological	
  Safety	
  Data	
  Sheets	
  

CHEMINDEX	
  FREE	
  on	
  the	
  WEB!	
  

InternaAonal	
  Chemical	
  Safety	
  Cards	
  (ICSC)	
  

Right	
  to	
  Know	
  Hazardous	
  Substance	
  Fact	
  Sheets	
  

Pathogen	
  Safety	
  Data	
  Sheets	
  and	
  Risk	
  Assessment	
  

NIOSH	
  Pocket	
  Guide	
  to	
  Chemical	
  Hazards	
  

TOXLINE:	
  	
  A	
  TOXNET	
  DATABASE	
  

SDS	
  and	
  Chemical	
  InformaAon	
  from	
  Manufacturers	
  

ChemIDplus:	
  A	
  TOXNET	
  DATABASE	
  

hbps://www.dol.gov/	
  

hbp://www.csb.gov/	
  Does	
  each	
  organizaAon	
  (or	
  scienAst)	
  
use	
  their	
  own	
  favorite	
  data	
  source(s)?	
  
	
  
Do	
  these	
  various	
  data	
  sources	
  provide	
  
consistent	
  informaAon	
  (gaps,	
  errors)?	
  
	
  
How	
  does	
  the	
  health	
  and	
  safety	
  
decision	
  change	
  with	
  different	
  
informaAon	
  (or	
  lack	
  of	
  it)?	
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Acetone	
  ..	
  seven	
  sources	
  
CDC	
  NIOSH,	
  NJ	
  HSFS,	
  DOL	
  
OSHA,	
  WHO	
  ICSC,	
  NLM	
  
HSDB,	
  EPA	
  ATSDR,	
  EPA/
NOAA	
  CAMEO	
  

One	
  chemical	
  ..	
  many	
  primary	
  sources	
  
Each	
  resource	
  has	
  some	
  overlaps	
  
Each	
  resource	
  has	
  unique	
  content	
  

What	
  if	
  you	
  have	
  ten	
  chemicals?	
  
What	
  if	
  you	
  have	
  ten	
  sources	
  for	
  each?	
  
How	
  much	
  Ame	
  will	
  one	
  spend	
  reading	
  these?	
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�  Pull	
  in	
  primary	
  chemical	
  health	
  and	
  
safety	
  resources	
  (as-­‐is	
  possible)	
  

�  Organize	
  it	
  
� Make	
  it	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
available	
  
�  InteracAve	
  
�  In	
  bulk	
  

�  On-­‐demand?	
  

hbps://pubchem.ncbi.nlm.nih.gov/lcss/	
  

LCSS	
  consolidates	
  available	
  health	
  and	
  safety	
  
data	
  
•  enables	
  rapid	
  cross	
  examinaAon	
  (agreement?)	
  
•  fills	
  in	
  informaAon	
  gaps	
  between	
  resources	
  
•  provenance	
  clear	
  (with	
  URL	
  to	
  data	
  source)	
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�  Yes,	
  this	
  is	
  obvious	
  ..	
  and	
  they	
  are	
  
great!	
  	
  Succinct	
  write-­‐ups.	
  	
  What	
  
more	
  can	
  one	
  ask	
  for?!	
  

Part	
  of	
  a	
  CAMEO	
  record	
  for	
  Acetone	
  	
  



9	
  

�  As	
  a	
  chemist,	
  you	
  can	
  understand	
  
and	
  recognize	
  that	
  this	
  picture	
  is	
  the	
  
chemical	
  acetone	
  

�  You	
  can	
  put	
  a	
  name	
  or	
  registry	
  
number	
  next	
  to	
  it	
  

�  Is	
  this	
  not	
  good	
  enough?	
  

�  The	
  picture	
  has	
  no	
  associaAon	
  with	
  
the	
  name	
  or	
  registry	
  number	
  

�  The	
  computer	
  ‘sees’	
  a	
  binary	
  image	
  

Acetone	
  
67-­‐64-­‐1	
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�  Give	
  a	
  computer	
  a	
  chemical	
  
structure	
  a	
  (normal)	
  human	
  cannot	
  
understand	
  it	
  

�  Computer	
  can	
  make	
  the	
  image	
  from	
  
the	
  structure	
  

�  Computer	
  can	
  associate	
  informaAon	
  
to	
  the	
  structure	
  

�  Computer	
  can	
  generate	
  other	
  key	
  
informaAon	
  from	
  structure	
  

CC(=O)C	
  

Acetone	
  
67-­‐64-­‐1	
  

propan-­‐2-­‐one	
  
58.07914	
  g/mol	
  

Computer	
  understanding	
  can	
  help	
  
provide	
  human	
  understanding	
  
	
  
If	
  the	
  computer	
  understands,	
  we	
  
can	
  leverage	
  it	
  for	
  search,	
  analysis,	
  
and	
  more	
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�  Can	
  human	
  readable	
  summaries	
  be	
  
made	
  computer	
  understandable?	
  

Part	
  of	
  a	
  CAMEO	
  record	
  for	
  Acetone	
  	
  

Sounds	
  good	
  but	
  how?	
  
Computers	
  are	
  not	
  very	
  good	
  at	
  this	
  (yet)	
  
BUT	
  computers	
  combined	
  with	
  humans	
  might	
  	
  

	
  be	
  able	
  to	
  do	
  something	
  useful	
  

PotenAal	
  workflow	
  involving	
  Computers	
  and	
  Humans	
  
•  Humans	
  need	
  to	
  provide	
  the	
  terms	
  and	
  organize	
  them	
  
•  Computer	
  can	
  recognize	
  these	
  terms	
  	
  (NER)	
  
•  IdenAfy	
  relaAonships	
  between	
  terms	
  	
  (Human/NLP)	
  
•  RelaAonships	
  fed	
  back	
  to	
  computer	
  
•  Harmony	
  ensues	
  	
  ..	
  	
  beber	
  navigaAon,	
  search,	
  analysis	
  



�  Chemical	
  informaAon	
  is	
  a	
  bit	
  of	
  a	
  mess	
  and	
  can	
  be	
  rather	
  nuanced	
  
�  Names,	
  names,	
  and	
  more	
  names	
  	
  (210M	
  in	
  PubChem)	
  

�  Some	
  standard	
  names	
  are	
  not	
  open	
  and	
  cannot	
  be	
  used/verified	
  without	
  $$$	
  
�  Name/structure	
  associaAons	
  vary	
  by	
  use	
  case	
  	
  (many	
  overlapping)	
  

�  AceAc	
  acid	
  vs.	
  AceAc	
  acid	
  tri-­‐hydrate	
  
�  Formaldehyde:	
  (gas)	
  vs.	
  Formalin	
  (liquid	
  ,	
  40%	
  formaldehyde	
  w/	
  water)	
  
�  Sulfuric	
  acid:	
  	
  SO3	
  (gas)	
  vs.	
  H2SO4	
  (liquid)	
  
�  Glucose:	
  L/D,	
  ring	
  open/closed,	
  alpha/beta/both	
  vs.	
  Glucose	
  monohydrate	
  
�  Large	
  corpus	
  in	
  the	
  ‘wild’	
  ..	
  	
  data	
  source	
  dependent	
  nuances	
  

�  Verify	
  with	
  primary	
  source(s)	
  prior	
  to	
  informaAon	
  use	
  
�  i.e.,	
  is	
  this	
  the	
  form	
  of	
  the	
  chemical	
  I	
  care	
  about?	
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�  Chemical	
  annotaAon	
  in	
  PubChem	
  is	
  text	
  locked	
  	
  (i.e.,	
  meant	
  for	
  humans)	
  
�  Benzaldehyde	
  

�  Color	
  
�  Stongly	
  refracAve	
  liquid,	
  becoming	
  yellowish	
  on	
  keeping	
  
�  Colorless	
  or	
  yellowish,	
  strongly	
  refracAve	
  volaAle	
  oil	
  

�  Boiling	
  point	
  
�  179	
  deg	
  C	
  
�  179	
  °C	
  
�  354	
  °F	
  (at	
  760	
  mmHg)	
  

�  Flash	
  point	
  
�  145	
  deg	
  F,	
  63	
  deg	
  C	
  (Closed	
  cup)	
  
�  73.9	
  deg	
  C	
  (Open	
  cup)	
  
�  63	
  °C	
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PubChem Compound TOC - Safety and Hazards 
1. Hazards Identification   
  Carcinogen 
  Safety Caution 
  Exposure Routes 
  Symptoms 
  Target Organs 
  Cancer Sites 
  Fire Hazard 
  Explosion Hazard 
  Exposure Hazard 
  Skin Hazard 
  Inhalation Hazard 
  Eye Hazard 
  Ingestion Hazard 
  Hazards Summary 
  Fire Potential 
  Skin, Eye, and Respiratory Irritations 
2. Safety and Hazard Properties   
  LEL 
  UEL 
  IDLH 
  REL 
  PEL 
  PEL-TWA 
  PEL-STEL 
  PEL-C 
  REL-TWA 
  REL-STEL 
  REL-C 
  Conversion 
  Flammability 
  Critical Temperature 

  Critical Pressure 
  Danger of Explosion 
  NFPA Hazard Classification 
  NFPA Fire Rating 
  NFPA Reactivity Rating 
  NFPA Health Rating 
  NFPA Other 
  Physical Danger 
  Chemical Danger 
  Occupational Exposure Limits 
  Inhalation Risk 
  Effects of Short Term Exposure 
  Effects of Long Term Exposure 
  Explosive Limits and Potential 
  Radiation Limits and Potential 
  Acceptable Daily Intakes 
  Allowable Tolerances 
  OSHA Standards 
  NIOSH Recommendations 
  Threshold Limit Values 
  Other Occupational Permissible 
     Levels 
  Other Safety and Hazard Data 
3. First Aid Measures   
  First Aid 
  Fire First Aid 
  Explosion First Aid 
  Exposure First Aid 
  Inhalation First Aid 
  Skin First Aid 
  Eye First Aid 
  Ingestion First Aid 

4. Fire Fighting Measures   
  Fire Fighting 
  Other Fire Fighting Hazards 
5. Accidental Release Measures   
  TIHGas 
  Spillage Disposal 
  Cleanup Methods 
  Disposal Methods 
  Other Preventative Measures 
6. Handling and Storage   
  Nonfire Spill Response 
  Safety Storage 
  Storage Conditions 
7. Exposure Control and Personal 
       Protection   
  Personal Protection 
  Respirator Recommendations 
  Fire Prevention 
  Explosion Prevention 
  Exposure Prevention 
  Inhalation Prevention 
  Skin Prevention 
  Eye Prevention 
  Ingestion Prevention 
  Protective Equipment and Clothing 
8. Stability and Reactivity   
  Reactivities and Incompatibilities 
9. Disposal Considerations 
10.Transport Information 
   DOT Emergency Guidelines   
  Shipment Methods and Regulations 
  DOT ID and Guide 

  Packaging and Labelling 
  EC Classification 
  UN Classification 
  GHS Classification 
  Emergency Response 
11. Regulatory Information   
  DOT Emergency Response Guide 
  Isolation Name 
  Isolation Distance 
  Atmospheric Standards 
  Soil Standards 
  Federal Drinking Water Standards 
  Federal Drinking Water Guidelines 
  State Drinking Water Standards 
  State Drinking Water Guidelines 
  Clean Water Act Requirements 
  CERCLA Reportable Quantities 
  TSCA Requirements 
  RCRA Requirements 
  FIFRA Requirements 
  FDA Requirements 
12. Other Safety Information   
  Safety References 
  Safety Notes 
  Toxic Combustion Products 
  Other Hazardous Reactions 
  Material Safety Data Sheet 
 

Well .. we have lots of data 

This text can be a useful source of 
annotation to create a chemical safety 
ontology.  

Can the ontology describe, e.g., all exposure routes 
described across all chemicals in PubChem? 

PubChem chemical safety data is mostly 
text based. Can one benefit the community 
by annotating the text using a chemical 
safety ontology? 

What if this annotation is provided back to 
PubChem?  It could be used to power more 
intelligent data integration, access and 
analysis… for all to use. 

Eureka!!!	
  
Let’s	
  Make	
  a	
  connected	
  
graph	
  of	
  knowledge	
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hbps://blog.semanAc-­‐web.at/2014/07/15/from-­‐taxonomies-­‐over-­‐ontologies-­‐to-­‐knowledge-­‐graphs/	
  

Knowledge	
  graphs	
  could	
  be	
  envisaged	
  as	
  a	
  network	
  of	
  all	
  
kind	
  things	
  which	
  are	
  relevant	
  to	
  a	
  specific	
  domain	
  or	
  to	
  
an	
  organizaAon.	
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hbps://blog.semanAc-­‐web.at/2014/07/15/from-­‐taxonomies-­‐over-­‐ontologies-­‐to-­‐knowledge-­‐graphs/	
  

(To	
  be)	
  able	
  to	
  make	
  complex	
  queries	
  over	
  the	
  enArety	
  
of	
  all	
  kind	
  of	
  informaAon.	
  By	
  breaking	
  up	
  the	
  data	
  silos	
  
there	
  is	
  a	
  high	
  probability	
  that	
  query	
  results	
  become	
  
more	
  valid.	
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�  “Chemical Safety Ontology” (CSO) participants request and examine a 
provided table of contents of chemical safety information in PubChem to 
identify areas of interest 

�  PubChem provides text for a given area of interest to CSO to train the 
ontology by adding appropriate concepts: 
1.  PubChem uses current set of ontology terms to auto-annotate the text 
2.  CSO manually reviews the auto-annotation for ontological gaps, makes fixes 
3.  Iterate 

�  PubChem may be able to provide tools that help to automate this iterative 
process and could even serve as a locus for volunteers to semi-manually 
annotate chemical safety text 

�  PubChem may be able to act as a repository for annotation 
�  Integration into the PubChemRDF project 
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� Many	
  scenarios	
  of	
  acute	
  interest	
  
�  ReacAon	
  planning	
  	
  

�  Anything	
  to	
  worry	
  about?	
  	
  Proper	
  protecAve	
  clothing?	
  	
  Explosion	
  hazards?	
  	
  
IncompaAbiliAes?	
  	
  Risks?	
  	
  Storage?	
  	
  Solvent	
  incompaAbility?	
  	
  Etc.	
  

�  Chemical	
  reacAvity	
  classificaAon	
  
�  NOAA	
  Chemical	
  ReacAvity	
  Worksheet	
  (CRW)	
  
�  Brethericks	
  
�  Knowledge	
  base	
  variants	
  –	
  CAMEO	
  (CRW)	
  

� Wouldn’t	
  it	
  be	
  great	
  to	
  classify	
  all	
  of	
  PubChem?	
  
�  Imagine	
  tools	
  where	
  you	
  could	
  determine	
  incompaAbiliAes	
  for	
  any	
  arbitrary	
  
chemical	
  reacAon	
  and	
  get	
  an	
  automated	
  assessment	
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�  PubChem	
  provides	
  chemical	
  health	
  and	
  safety	
  informaAon	
  LCSS	
  for	
  chemicals	
  
�  Clear	
  provenance	
  of	
  informaAon	
  provided	
  
�  Assembling	
  health	
  and	
  safety	
  informaAon	
  for	
  easy	
  access	
  
�  Breadth	
  and	
  depth	
  of	
  available	
  informaAon	
  varies	
  greatly	
  per	
  chemical	
  

�  Chemical	
  informaAon	
  is	
  (sadly)	
  messy	
  
�  PLEASE	
  double	
  check	
  the	
  informaAon	
  that	
  it	
  deals	
  with	
  the	
  same	
  thing	
  

� Working	
  with	
  chemical	
  health	
  and	
  safety	
  community	
  towards:	
  
�  Adding	
  structure	
  to	
  textual	
  data	
  to	
  make	
  it	
  computable	
  
�  Chemical	
  reacAvity	
  classificaAon	
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PubChem	
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  …	
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  Chen	
  

Tiejun	
  Chen	
  
Gang	
  Fu	
  

Renata	
  Geer	
  
Asta	
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Lianyi	
  Han	
  
Jane	
  He	
  

	
  

Siqian	
  He	
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  Kim	
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Paul	
  Thiessen	
  
Jiyao	
  Wang	
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  Wang	
  

Bo	
  Yu	
  
Jian	
  Zhang	
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  thanks	
  to	
  the	
  NCBI	
  Help	
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  especially	
  Rana	
  Morris	
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Physical Description 
Color 
Form 
Odor 
Taste 
Boiling Point 
Melting Point 
Flash Point 
Solubility 
Density 
Vapor Density 
Vapor Pressure 
LogP 
LogS 
Henrys Law Constant 
Atmospheric OH Rate 
Constant 
Stability 

Optical Rotation 
Auto-Ignition 
Decomposition 
Viscosity 
Corrosivity 
Volatility 
Heat of Combustion 
Heat of Vaporization 
pH 
Surface Tension 
Evaporation Rate 
Ionicity 
Dispersion 
Polymerization 
Odor Threshold 
Enthalpy of Formation 
Entropy of Formation 
Thermal Conductivity 

Electrical Conductivity 
Heat of Capacity 
Bioavailability 
Ghose Filter 
Hydrophobicity 
Isoelectric Point 
Polarizability 
Refractive Index 
Caco2 Permeability 
pKa 
pKb 
Dissociation Constants 
Relative Evaporation Rate 
Other Experimental Properties 
… 

PubChem Compound TOC - Experimental Properties 
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HSDB	
  is	
  very	
  high	
  quality	
  and	
  
peer	
  reviewed	
  ($$$);	
  
however,	
  it	
  is	
  limited	
  to	
  
~5800	
  chemical	
  substances	
  
	
  

To	
  extend	
  coverage,	
  sources	
  
of	
  addiAonal	
  authoritaAve	
  
informaAon	
  added	
  to	
  
PubChem	
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Section. 1. Chemical Product & Identification 

Section. 2. Composition/Information on Ingredients 

Section. 3. Hazards Identification 

Section. 4. First Aid Measures 

Section. 5. Fire Fighting Measures 

Section. 6. Accidental Release Measures 

Section. 7. Handling and Storage 

Section. 8. Exposure Controls/Personal Protection 

Section. 9. Physical and Chemical Properties 

Section. 10. Stability and Reactivity 

Section. 11. Toxicological Information 

Section. 12. Ecological Information 

Section. 13. Disposal Considerations 

Section. 14. Transport Information 

Section. 15. Regulatory Information 

Section. 16. Other Information 

OSHA SDS (Safety Data Sheet, formerly MSDS) standard 

The	
  PubChem	
  ClassificaAon	
  
Browser	
  is	
  a	
  filter	
  and	
  
analysis	
  tool	
  
	
  
Click	
  count	
  to	
  get	
  list	
  


