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About Me

• NMR Spectroscopist (PhD London 1988)
• Postdoc (National Research Council Canada)
• NMR Facility Manager – Kodak 5.5 yrs
• Chief Science Officer – ACD/Labs 10 yrs
• Consultant & ChemSpider development – 2 yrs
• VP Strategic Development at RSC – 5.5 yrs
• EPA – 3 yrs
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As you can see…

• Not trained as a toxicologist
• First opportunity for a multi-hour training
• Some modules are still in beta mode – we 

released the new version 2 weeks ago 
– GenRA is in beta and presently offline
– Our Submit Comments layer is awaiting an update

• There are no silly questions
• I might not have all of the answers
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2:6 Fluorotelomer alcohol

• “How can the dashboard be used to 
characterize risks from exposure to 2:6 
Flourotelomer alcohol (CASRN 647427)?”

• The issues of Chemical Names and CAS RNs
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Names and CASRNs 

• In our domain most chemicals are text –
chemical names and CAS Numbers
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Generally problematic…
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Active vs Deleted CASRN
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This one has 316 Deleted CASRN
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https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID0050479

https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID0050479


Hazard Data from “ToxVal_DB”

• ToxVal Database contains following data:
– 30,050 chemicals
– 772,721 toxicity values
– 29 sources of data
– 21,507 sub-sources
– 4585 journals cited
– 69,833 literature citations
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Chlorobenzene

• How can the dashboard assist in developing an aquatic 
life criterion for chlorobenzene?

• Can the dashboard supplement Ecotox database and 
other sources of data available in the literature? 

• How can QSAR and Read-Across approaches for similar 
chemicals apply to fish and aquatic invertebrates?

• Can the dashboard provide insight into environmental 
fate and transport to reduce uncertainty concerning 
attenuating in the subsurface?
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Chlorobenzene

• The Hazard Table contains ECOTOX data 
and other data via Los Alamos National Lab

• We have experimental and predicted 
environmental fate and transport data

• Show OPERA Models and TEST real time 
predictions
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2:6 Fluorotelomer alcohol

• “How can the dashboard be used to 
characterize risks from exposure to 2:6 
Flourotelomer alcohol (CASRN 647427)?”

• We have 
– Hazard Data
– Exposure Predictions
– Production Volume Data
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Predicted Exposure Data 

• Five descriptors are capable of explaining 
roughly 50% of the variability in geometric 
means across 106 NHANES chemicals for 
all the demographic groups, including 
children aged 6–11
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3-trifluoromethyl-4-nitrophenol

• TFM (3-trifluoromethyl-4-nitrophenol)

• Potential exposures through drinking water 
pathway. In vivo toxicology data are limited, 
90d sub-chronic rat study underway.

• An RfD is available on the dashboard-how was 
it derived and can it be used to set a drinking 
water standard?
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Data is under constant curation

• Our data is under constant curation and 
with this release there is no RfD listed 
under the Hazard Tab

• There are LOAEL data and details under 
the Modal
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Details Under the Modal
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OPERA 
MODELS AND 

DATA
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Online Today
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We Curated These Public Data to 
Build Prediction Models 

Public data should be curated prior to modeling
Different Compounds



Duplicate Structures
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Covalent Halogens
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Property Initial file Curated Data Curated QSAR ready
AOP 818 818 745

BCF 685 618 608

BioHC 175 151 150

Biowin 1265 1196 1171

BP 5890 5591 5436

HL 1829 1758 1711

KM 631 548 541

KOA 308 277 270

LogP 15809 14544 14041

MP 10051 9120 8656

PC 788 750 735

VP 3037 2840 2716

WF 5764 5076 4836

WS 2348 2046 2010

Curation to QSAR Ready Files



LogP dataset: 
15,809 structures

• CAS Checksum: 12163 valid, 3646 invalid (>23%)
• Invalid names: 555 
• Invalid SMILES 133
• Valence errors: 322 Molfile, 3782 SMILES (>24%)
• Duplicates check:

– 31 DUPLICATE MOLFILES 
– 626 DUPLICATE SMILES
– 531 DUPLICATE NAMES

• SMILES vs. Molfiles (structure check)
– 1279 differ in stereochemistry (~8%)
– 362 “Covalent Halogens”
– 191 differ as tautomers
– 436 are different compounds (~3%)



OPERA Predicted Properties
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Detailed OPERA Prediction Reports
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GenRA
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Definitions: Read-Across

• Known information on the property of a substance 
(source) is used to make a prediction of the same 
property for another substance (target) that is 
considered “similar”
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Source chemical Target chemical

Property  





Reliable data
Missing data

Predicted to be harmfulKnown to be harmful

Acute fish toxicity?



GenRA (Generalised Read-Across)

• Predicting toxicity as a similarity-weighted activity 
of nearest neighbors based on chemistry and/or 
bioactivity descriptors

• Goal: to systematically evaluate read-across 
performance and uncertainty using available data

• The approach enabled a performance baseline 
for read-across predictions of toxicity effects 
within specific study outcomes to be established
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Read-across workflow in GenRA
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Decision 
Context

Screening level assessment 
of hazard based on 

toxicity effects from 
ToxRefDB

Analogue 
identification

Similarity context is based 
on structural 

characteristics

Data gap 
analysis for 
target and 

source 
analogues

Analogue 
evaluation

Evaluate consistency and 
concordance of 

experimental data of 
source analogues across 
and between endpoints

Read-across
Similarity weighted 

average – many to one 
read-across

Uncertainty 
assessment

Assess prediction and 
uncertainty using AUC and 

p value metrics



GenRA (Generalised Read-Across)
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GenRA (Generalised Read-Across)

Structure Similarity

Select and Review Analogs



GenRA (Generalised Read-Across)

Review Available Data Fingerprint indicating available dataSelect and Review Analogs



GenRA (Generalised Read-Across)
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Run GenRA
Target

Source analogues

Red : Toxicity effects. 
Blue: No Toxicity effects
Grey : Absence of data



Demonstration






BIOACTIVITY
DATA
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Internal Review of 25,000 curves
A “good fit” bioactivity curve
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Internal Review of 25,000 curves
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…and gain-loss fit with a cell 
viability assay (makes little sense)

Single-Point in middle of concentration range 
drives ACTIVE Hit Call



Internal Review of 25,000 curves
Abnormally High-Noise
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Internal Curve Review Results

• Internal curve review has resulted in:
– Instances of correction of fitting procedures in the ToxCast Pipeline
– Identification of issues with source data
– Identification of additional flags or filters that could be used, 

depending on the application of ToxCast data
– a beta implementation of quality assurance for HTS data
– Brown & Paul-Friedman, Uncertainty in ToxCast Curve-Fitting: Quantitative and 

Qualitative Descriptors Inform a Model to Predict Reproducible Fits (in 
preparation)
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STRUCTURE ID 
BY MASS SPEC
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• Targeted Analysis:
- We know exactly what we’re looking for 
- 10s – 100s of chemicals

• Suspect Screening Analysis (SSA):
- We have chemicals of interest
- 100s – 1,000s of chemicals

• Non-Targeted Analysis (NTA):
- We have no preconceived lists
- 1,000s – 10,000s of chemicals
- In dust, soil, food, air, water, products,                                                    

plants, animals, and…us!!

Comparing Analysis Approaches



Structure Identification by MS

• An LC/MS/MS examination of a sol 
sample for tentatively identified 
compounds (TIC), also called suspect 
chemical screens, returns an exact mass 
of 222.22 g/mol. How can the dashboard 
assist in identifying and characterizing the 
environmental hazard of this “unknown”?
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Advanced Search

• Search is based on the Neutral Mass
• Default error is +/-5ppm
• Search 222.22+/-5ppm – is it neutral mass??

– 1 compound (Multicomponent)
– Searching 67 million on ChemSpider – SAME compound
– Common adduct  searches 

– +H: 0 chemicals 
– +Na: 19 chemicals
– +NH4: 0 chemicals
– +K: 0 chemicals
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Result

• It is a C13 linear or branched monoamine
• https://tinyurl.com/yae59vpd

• Based on sources maybe tridecylamine
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MS-Ready Mappings 
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MS-Ready Mappings Set
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Mass and Formula Searches
Supporting Mass Spectrometry
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Advanced Searches
Mass Based Search
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Advanced Searches
Mass Based Search
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Batch Searching

• Singleton searches are useful but we work 
with thousands of chemicals!

• Typical questions
– What is the list of chemicals for the formula CxHyOz

– What is the list of chemicals for a mass +/- error

– Can I get chemical lists in Excel files? In SDF files?
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Batch Searching
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Batch Searching
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Excel Output
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The Dashboard to Support 
MS-Analysis
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MS-Ready 
Structures
Underpin
Analysis 



Specific Data-Mappings 
“MS-Ready Structures”
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MS-Ready Mappings 

• Input Formula: C10H16N2O8 
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MS-Ready Mappings 

• Same Input Formula: C10H16N2O8 
• MS Ready Formula Search: 93 Chemicals 
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MS-Ready Mappings

• 93 chemicals returned in total
– Only 7 of the 93 are single component chemicals
– Only 4 of the 93 are non-isotope-labeled
– 3 are neutral compounds and 1 is charged
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Complexity to Simplicity
93 Chemicals – 7 in EPAHFR
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Complexity to Simplicity
93 Chemicals – 7 in the list
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Searching batches 
Formula (or mass) searching
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PFAS
62



A List of Lists of Chemicals
https://comptox.epa.gov/dashboard/chemical_lists
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11 PFAS Lists
http://comptox-prod.epa.gov/dashboard/chemical_lists 
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The OECD List of PFAS
http://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/
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The OECD List of PFAS
http://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/
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CROWDSOURCED 
ANNOTATION
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How can be curate our data?

• Crowdsourcing is well proven nowadays
• Comments can be added at a record level 

• Submitted comments are reviewed by 
administrators and responded to
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Public Crowdsourced Comments
https://comptox.epa.gov/dashboard/comments/public_index
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Reviewer comments are public
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Crowdsourcing Comments
Single Cell Commenting added

• Highlight an alphanumeric text string
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Crowdsourcing Comments 
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FUTURE 
WORK
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Work in progress

• Development of a high-throughput screening library 
and collection of physical samples (~400)

• 75 PFAS chemicals for screening based on categories, 
diversity, exposure considerations, procurability and 
testability, availability of existing toxicity data
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Work in Progress

• CFM-ID
– Viewing and Downloading pre-predicted spectra
– Search spectra against the database

• Retention Time Index Prediction
• Structure/substructure/similarity search
• Generation of MS-ready structures:

– Upload file, download results
– Service based generation
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Predicted Mass Spectra
http://cfmid.wishartlab.com/

• MS/MS spectra prediction for ESI+, ESI-, and EI
• Predictions generated and stored for >700,000 

structures, to be accessible via Dashboard
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Library Fragmentation 
Spectra (20eV)

Observed Fragmentation 
Spectra (20eV)

Match 
Score

Predicted Mass Spectra



Search Expt. vs. Predicted Spectra



Prototype Development
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Prototype Development
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