
HESI Webinar:  EnviroTox Database & Tools

Michelle Embry, PhD

Associate Director, Health and Environmental Sciences Institute (HESI)

membry@hesiglobal.org

mailto:membry@hesiglobal.org


Don’t miss our next webinar!!!

If you are on this webinar you 
will get the announcement!

Please pass along to others & 
contact 

membry@hesiglobal.org if you 
have topic ideas for future 

webinars!
21 April 2022

9 – 10 (US Eastern)

mailto:membry@hesiglobal.org


Health and Environmental Sciences Institute 
(HESI)

MISSION: Collaboratively identify and help to resolve global health and 

environmental challenges through the engagement of scientists from 

academia, government, industry, NGOs, and other strategic partners.  This 

mission is addressed within multi-stakeholder, global committees via:

• Development of decision frameworks

• Data sharing  and collective analysis

• Novel experimental studies

• Peer-reviewed manuscripts

• Tool and assay development

• Scientific meetings and trainings

Developing science for a safer, more sustainable world.

www.hesiglobal.org

http://www.hesiglobal.org/


HESI Next Generation Ecological Risk 
Assessment Committee

MISSION: To develop, refine, and communicate the scientific tools and approaches needed to support ecological 
risk assessment around the globe, with a focus on alternative, non-animal testing methods. This mission will 
include but is not limited to the following:

• Tools to evaluate the toxicokinetics of organic chemicals that facilitate the connection between exposure and hazard (e.g., 
ADME & bioaccumulation)

• Use and development of alternative methods for ecological assessment in various contexts (e.g., screening, prioritization, 
classification, risk assessment), sectors (e.g., pharmaceutical, agrochemical, chemical, personal care/cosmetics), and regulatory 
jurisdictions.



Threshold of toxicological concern (TTC)

• Identifies screening-level human 
exposure limits that pose negligible 

risk for groups of chemicals with 
limited data

• Originally applied to assess 
chemicals in food contact materials, 
flavorings, impurities

• Successfully used for a variety of 
human health endpoints for decades

• Being expanded to cover additional 
exposure routes, endpoints, and 
internal concentrations (iTTC)

Kroes et al., 2004:  https://doi.org/10.1016/j.fct.2003.08.006

Distributions of rodent oral NOEL data

https://doi.org/10.1016/j.fct.2003.08.006


Distribution approaches:  What are they good for?

Maximize resources

Enable rapid decision-making

Utilize existing knowledge

Useful for data-poor chemicals

Helpful for low-production volume chemicals

Support read-across



Human Health vs. ecological risk 
assessment

Human Health RA

One Species

Protection of individual

Effects / toxicity on target 
organ

Ecological RA

All taxa; many more 
species

Protection of population

Effects / toxicity on 
growth and reproduction

Challenges:

• Broader protection target

• Generally more data-poor

• Limited resources for testing

• Regulatory restrictions on 
vertebrate use

Need tools for prioritization!



Where do we start?

• Focus on the aquatic environment:  fish, invertebrates, algae

• TTC relies on use of existing data from conducted studies – need to 

collect data to develop information for those distributions

• Important challenges and considerations……



Challenges

Data Collection

• Chemical categories / classes

• Modes of Action

• Chemical functional uses

Large, diverse datasets from various 
sources

Data 
Harmonization

• Organization

• Data quality

• Architecture

Rigorous, transparent architecture that 
can be (re)organized, mined, shared

Data 
Characterization

• Assign and sort by:  Class, Mode of Action, Properties
Curation of data and metadata; MOA and 

property information

Distribution Metric
• Use regional assessment factors?  (EU / North 

America?)
Acute / Chronic workflow; PNEC 

calculations; Toxicity values

Data Analysis
• Evaluate statistical distribution metrics by group

• Derive ecoTTC value or chemical toxicity distribution 
(CTD value)

Expert analysis; application directions



The EnviroTox platform

www.EnviroToxDatabase.org
Database of ~80K curated aquatic toxicity 
records (v. 2.0 released Oct 2021)

User-friendly database filtering interface

Freely available analysis tools:
• PNEC calculator (US & Europe)
• ecoTTC distribution tool
• Chemical Toxicity Distribution (CTD) tool

Developed via a global, collaborative 
partnership with government, academia, and 
industry, managed by HESI



EnviroTox:  A fit for purpose database!

CRITERIA SPECIFICS

Aquatic toxicity data / metadata Initial pull of available info from databases / sources

Trophic designations Fish, amphibian, invertebrate, algae

• CAS

• Required fields

• Qualifiers

• Effect

• CAS Present

• Effect value/ duration, test statistics, effect measured, source present

• Exclude effect values with qualifiers (e.g., <>)

• Specific measurement (e.g., EC50)

• Duration

• Test statistic

• Effect

• ≥24h; Specific considerations made on a species-by-species basis 

• ≥5% and ≤70% effect measure (e.g., IC10, LC50), NOEC, LOEC, MATC
• Regulatory relevant endpoints including:  Abundance, biomass, cells, 

chlorophyll, emergence, filtration rate, gross primary productivity, growth, 
hatchability, intoxication, mortality, nitrogen fixation, population change, primary 
production, regeneration, reproduction, shell deposition, teratogenesis

• CAS, chemical name, SMILES

• Metals

• ID of duplicates

• Removal of outliers

• Harmonized; trimmed to only include validated chemicals

• Inorganic compounds collapsed into a “dummy metal ion” CAS
• Removed records that were full duplicates

• When a chemical had multiple experimental results, identified and removed 
outliers within a species and/or trophic level

SOURCES
ECHA (REACH)
USEPA ECOTOX
Peer-reviewed literature
AiiDA
METI
USGS Columbia
Pharmaceutical DB
ECOSAR training set
USEPA Pesticide Data
OECD QSAR Toolbox

Connors et al., 2019:  https://doi.org/10.1002/etc.4382

https://doi.org/10.1002/etc.4382


Acute & Chronic Test Types

Fish – acute  
chronic 
designations

Connors et al., 2019:  https://doi.org/10.1002/etc.4382

https://doi.org/10.1002/etc.4382


Database search / filtering:  Creating 
groupings

SUBSTANCE INFO 
/ PROPERTIES

• Chemical name

• CAS

• SMILES

• Molecular weight

• Log Kow

• Water solubility

• ECOSAR class

• Selected chem 
categories

MOA 
CLASSIFICATIONS

• Verhaar

• ASTER

• TEST / MOATox

• Oasis

• Consensus MOA*

TAXONOMY 
PROPERTIES

• Latin name

• Trophic level

• Kingdom

• Superclass

• Class

• Family

TEST PROPERTIES

• Duration

• Effect

• Test Statistics

• Test type (acute / 
chronic)

*Kienzler et al., 2019 :  https://doi.org/10.1002/etc.4531

https://doi.org/10.1002/etc.4531


Step 1:  Problem Formulation

• What is the question you are asking? 
• What information do you need to answer that question?
• What tools / analyses are most suitable?

• Grouping methods
• Distribution tools & metrics

Original focus: Development of grouping-based threshold values



Some additional example contexts

A chemical walks into your office…..
• Screening level threshold for prioritization

• New-to-market pre-manufacture notice (PMN)

• Product pipeline screening

• Green chemistry design / sustainable chemistry

• Study design – species, dose-setting

• If in an existing category, does it make sense based on available 
data?

• Data gaps – where do additional data need to be generated?



Some additional example contexts

Method development / hypothesis generation

• Relationships between grouping factors & effects (e.g., MOA & 
species sensitivity; & phys-chem; & chemical category)

• Acute to chronic ratios (ACR) across chemical categories, species, 
MOA, etc.

• Relative potencies & taxa sensitivity for study planning



Step 2:  Database search / filtering

ECOSAR class contains “phenol”

Example:  A new non-chlorinated phenol chemistry with log Kow = 1.8

Canonical SMILES does not contain “Cl”

AND

Log Kow <3.0

366 chems

277 chems

168 chemicals
2911 tests
483 taxa

Target 
Dataset

AND
168 chems



Step 3:  What do I do with this dataset?

ecoTTC
CTD 

Calculator
AND/OR

BUT FIRST, WE MUST TALK ABOUT PNECs……



Predicted no effect concentrations

Predicted No Effect Concentration (PNEC):  The concentration of a chemical below which 
no adverse effects will occur during long-term or short-term exposure.

• A single metric that combines:
• Acute & chronic
• Algae, invertebrate, fish

• Regional differences that reflect various levels of conservatism based on:
• Study types
• Taxa representation

• Levels of conservatism vary and are captured by the use of application factors 
(AFs)

What we need for ecoTTC



Predicted no effect concentration AFs

Data Combination USA Europe

1 trophic level acute 1000 10000

2 trophic levels acute; use most sensitive taxon 1000 5000

3 trophic levels acute; use most sensitive taxon 100 1000

3 trophic levels acute; 1 chronic on less sensitive acute 
taxon

100 1000

3 trophic levels acute; 1 chronic on most sensitive acute 
taxon

10 100

3 trophic levels acute; 2 chronic including most sensitive 
acute taxon

10 50

3 trophic levels acute; 3 trophic level chronic including 
most sensitive acute taxon

10 10

Lower AF applied when you have more data

Belanger et al., 2021:  https://doi.org/10.1016/j.yrtph.2021.104933

https://doi.org/10.1016/j.yrtph.2021.104933


“…..but we don’t use PNECs!”

Approaches to address uncertainty are applied in other ways and are called different things:
• Safety factors
• Uncertainty Factors
• Levels of Concern
• Application Factors

Used in various ways to address extrapolation between:
• inter- and intraspecies
• acute-to-chronic
• LOEC → NOEC
• Laboratory to field

Pros and cons to different approaches – important to provide transparency in their application(s).

Strong need for additional work to explore better ways to address these uncertainties 

(work within this committee!!)



Step 4:  Basic Analysis:  

Target 
Dataset

Geometric 
means by 
species

PNEC Table

Acute & chronic

US or EU-based

Quick PNEC calculation with details regarding taxa, 
endpoints, AFs applied, and datapoint driving the PNEC

All downloadable 
as Excel files



Obtain tox data for 
multiple chemicals 

(CAS) in a similar 
group (e.g., MOA, 

ECOSAR class)

Determine CAS-
specific Predicted 

No Effect 
Concentrations 
(PNECs);  Apply 

Application Factor

Plot all a distribution 
of all PNECs; 
Calculate the 

lowest 5th

percentile value

Step 5A:  ecoTTC Calculation

ecoTTC

Application 
Factors



Barron et al., 2021:  https://doi.org/10.3389/ftox.2021.640183

https://doi.org/10.3389/ftox.2021.640183


But what if I don’t want AFs & PNECs?

CTD 
Calculator

• Allows you to look at the distribution of toxicity values WITHOUT 
the conservatism of PNECs

• ecoTTC → distribution of PNECs (with AFs)
• CTD → distribution of hazard values (without AFs)

• EnviroTox CTDs allow you to look at:
• Single species
• Single trophic level
• All trophic levels (algae, invert, fish)
• Acute data only
• Chronic data only
• Chronic data supplemented with acute data (ACR)



No 
Application 

Factors

Obtain tox data for 
multiple chemicals 

(CAS) in a similar 
group (e.g., MOA, 

ECOSAR class)

Select type of CTD 
analysis to perform

Plot a distribution of 
selected toxicity 
values; Calculate 

the lowest 5th

percentile value

Step 5B:  Chemical toxicity distribution (CTD)

CTD (HC5)



ILLUSTRATIVE EXAMPLES



Grouping-based threshold value example

Can water quality criteria values be effectively derived using a grouping 
approach (rather than chemical-by-chemical)?

Chemical name contains “benzene”

ASTER MOA = Baseline Narcotic

AND

SMILES does NOT 
contain “N, S, C#N”

44 chemicals
1406 tests

AND
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Benzene chemical
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CTD – chronic suppl w/ acute, ALL

CTD – acute

Avg criteria value

ecoTTC – no PNEC 4 / 5

ecoTTC – ALL

Individual criteria value

EnviroTox PNEC

An early peek….



Trophic-level sensitivity to specific MOAs

Consensus MOA = “S”

Trophic level = FISH

AND

11,775 tests
499 chemicals
253 species

Trophic level = 
INVERT

AND

5249 tests
460 chemicals
409 species

Trophic level = 
ALGAE

AND

1286 tests
258 chemicals
71 species

18,411 tests
711 chemicals
752 species

CTD 
Calculator

Acute data separated by trophic level (fish, invert, algae)
[16,225 acute tests]



Trophic-level sensitivity to Specific MOAs

Group 5th percentile
(mg/L)

95% LCL
(mg/L)

95% UCL
(mg/L)

Algae 7.75e-2 0.041 0.134

Fish 9.33e-3 0.0144 0.00582

Invertebrates 5.81e-4 0.00103 0.000309

ALGAE:  Least studied; least sensitive FISH:  Relatively invariable INVERTS:  Most sensitive



Additional applications / case studies

Mixtures

Evaluation 
of NAMs

Criteria 
Value 

Derivation

Impact of New 
Chemistries

Prioritization

Product 
Development

Kienzler et al., 2019.  STOTEN.  
693: 133510

In progress – soon!

In progress



Ongoing and future work

• Water criteria case study – ongoing analysis (publication in 3 – 4Q 2022)

• Product development / new chemistry example – outlined and would love 

additional partners!

• Database updates – intent is to update 1x year with ECOTOX data; additional 

updates & additions on an ad-hoc basis depending on availability

• MOA classification refinement – will get started in 2Q 2022

• Toxicokinetics (TK):  Leverage this database + other committee work to 

address uncertainties in extrapolation & how TK information can be utilized

• Additional applications & uses – if you are interested in partnering, contact 

us!



Recognized potential of this approach

https://publications.jrc.ec.europa.eu/repository/
bitstream/JRC119292/eurl_ecvam_status_report_
2019_online_1.pdf

https://www.canada.ca/content/dam/hc-
sc/documents/services/chemical-
substances/chemicals-management-
plan/science-committee/meeting-records-
reports/cmp-eng.pdf

https://www.kemi.se/download/18.6df1d3df171c243fb
23960ef/1591782562041/pm-2-20-chemicals-of-
global-concern.pdf

https://publications.jrc.ec.europa.eu/repository/bitstream/JRC119292/eurl_ecvam_status_report_2019_online_1.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/chemical-substances/chemicals-management-plan/science-committee/meeting-records-reports/cmp-eng.pdf
https://www.kemi.se/download/18.6df1d3df171c243fb23960ef/1591782562041/pm-2-20-chemicals-of-global-concern.pdf


A few final points on EnviroTox

• EnviroTox was built for a specific purpose  - it doesn’t have everything!
• You can upload your own data using the Excel format

• It does not save searches or cache information

• Everything is downloadable in Excel at each stage

• The user guide is online and a great resource if you have questions

• We encourage people to use the database and connect with us about their 

work!

www.envirotoxdatabase.org

http://www.envirotoxdatabase.org/


ecoTTC publications [all open access]

www.envirotoxdatabase.org

• Belanger et al., 2015. It is time to develop ecological thresholds of toxicological concern to assist environmental hazard assessment. 
ET&C 34(12):2864-2869. https://doi.org/10.1002/etc.3132

• Kienzler et al., 2017. Mode of action (MOA) assignment classifications in ecotoxicology:  An evaluation of approaches. ES&T 
51(17):10203-10211; https://doi.org/10.1021/acs.est.7b02337

• Connors et al., 2019. Creation of a curated aquatic toxicity database:  EnviroTox. ET&C 38(5):  1062-1073; 
https://doi.org/10.1002/etc.4382

• Kienzler et al., 2019.  MOA-consensus classification in the EnviroTox database. ET&C.  39(10): 2294-2304; 
https://doi.org/10.1002/etc.4531

• Kienzler et al., 2019. Application of new statistical distribution approaches for environmental mixture risk assessment: A case study. 
STOTEN.  693: 133510; https://doi.org/10.1016/j.scitotenv.2019.07.316

• Brill et al., 2021.  Acute chronic ratios in algal toxicity for use in chemical toxicity extrapolations. Chemosphere 263: 127804; 
https://doi.org/10.1016/j.chemosphere.2020.127804

• Barron et al., 2021.  Ecological thresholds of toxicological concern:  A Review.  Frontiers in Toxicology; 
https://doi.org/10.3389/ftox.2021.640183

• Belanger et al., 2021. Comparisons of PNEC Derivation Logic Flows Under Various Regulatory Schemes and Implications for 
ecoTTC; https://doi.org/10.1016/j.yrtph.2021.104933

http://www.envirotoxdatabase.org/
https://doi.org/10.1002/etc.3132
https://doi.org/10.1021/acs.est.7b02337
https://doi.org/10.1002/etc.4382
https://doi.org/10.1002/etc.4531
https://doi.org/10.1016/j.scitotenv.2019.07.316
https://doi.org/10.1016/j.chemosphere.2020.127804
https://doi.org/10.3389/ftox.2021.640183
https://doi.org/10.1016/j.yrtph.2021.104933
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