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Health and Environmental Sciences Institute
(HESI)

Developing science for a safer, more sustainable world.

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

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.
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|dentifies 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/].fct.2003.08.006



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

Distribution approaches: What are they good for?

U
@ Maximize resources

\

@ Enable rapid decision-making
\

Utilize existing knowledge

Useful for data-poor chemicals

/
Helpful for low-production volume chemicals

e Support read-across
)




Human Health vs. ecological risk
assessment

Human Health RA Ecological RA

r

N

One Species

Protection of individual

{

Effects / toxicity on target
organ

-

All taxa; many more
species

~N

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 - heed to
collect data to develop information for those distributions

* Important challenges and considerations....




Challenges

Data Collection

Data
Harmonization

Data
Characterization

Distribution Metric

Data Analysis

A P e

- Chemical categories / classes
- Modes of Action
- Chemical functional uses

- Organization
- Data quality
« Architecture

- Assign and sort by: Class, Mode of Action, Properties

- Use regional assessment factors? (EU / North

America?)

- Evaluate statistical distribution metrics by group

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




The EnviroTox platform

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

User-friendly database filtering interface

S

Freely available analysis tools:

* PNEC calculator (US & Europe)

« ecolTC distribution tool

« Chemical Toxicity Distribution (CTD) tool

Developed via a global, collaborative
partnership with government, academia, and

industry, managed by HESI

www.EnviroToxDatabase.org

ENVIROTOX DATABASE

p:,f'j &?ge: Test species Y Ecotoxicology
i . information data
information

Search Filters

Dataset

Application
Factors

No Application
Factors

CTD
Calculator




EnviroTox: A fit for purpose database!

4

Aqguatic toxicity data / metadata

Trophic designations

SOURCES . CAS

ECHA (REACH) + Required fields
USEPA ECOTOX - Cualiers
Peer-reviewed literature . Effect
AIliDA * Duration
METI E . Test statistic
USGS Columbia + Effect

Pharmaceutical DB
ECOSAR training set
USEPA Pesticide Data « CAS, chemical name, SMILES
OECD QSAR Toolbox . Metals

* |ID of duplicates

» Removal of outliers

~—

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

Initial pull of available info from databases / sources

Fish, amphibian, invertebrate, algae

CAS Present

Effect value/ duration, test statistics, effect measured, source present
Exclude effect values with qualifiers (e.g., <>)

Specific measurement (e.g., EC50)

224h; Specific considerations made on a species-by-species basis
25% 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

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


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

Acute & Chronic Test Types

What group is being
assessed?

Fish — acute
chronic
designations

Connors et al,, 2019; https.//dol.org/10.1002/etc.4382

Fish, broadly defined as
both cartilaginous and
bony fishes

y

Freshwater
petramyzontidae
(lampreys) are in
scope

v

Sharks and rays
(Chondricthyes)
should be
evaluated on a
case-by-case
basis

Duration of the
study

<48 hrs

Do not consider
further (exclude)

48 hrsto 7 days depending on the
species, culture, and testing system

Candidate for acute
toxicity; many
commonly available

test guidelines provide
/ important context
(OECD 203, USEPA 850

series, ASTM 1241)

7 days and longer depending on the
species, culture, and testing system

Candidate for chronic
toxicity; large array of
species

Do not consider
further (exclude

)

Physiological,
biochemical or
genomic only

e

What
endpoint(s)
was measured?

Acute Toxicity:
NOECs for acute toxicity are
not to be used

Acute Toxicity:

Endpoint expressed as
duration and LC50
(boundary of LC30 to LC70)

<

Survival

}%

Chronic Toxicity:

Use lowest ECx that is
biologically meaningful
(priority); use lowest NOEC if
ECx cannot be used

Chronic Toxicity:
Endpoint expressed as (in
order of most to least

preferred) duration and EC10
(boundary of EC5 to EC20),
NOEC, Chronic Value

Survival, biomass,
organism density,
growth,
reproduction, and
deformity
endpoints.

Chronic Toxicity:
Endpoints that are not

assessed using a statistical

model are not to be used



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

Database search / filtering: Creating
groupings

SUBSTANCE INFO MOA TAXONOMY
/ PROPERTIES CLASSIFICATIONS PROPERTIES RESEEROFERIES

* Chemical name * Latin name * Duration
- CAS - Verhaar - Trophic level - Effect
* SMILES - ASTER - Kingdom - Test Statistics
* Molecular weight « TEST / MOAToOX - Superclass * Test type (acute /
- Log Kow - Oasis - Class chronic)
- Water solubility « Family
- ECOSAR class - Consensus MOA"

- Selected chem
categories

"Kienzler et al,, 2019 : https.//dol.org/10.1002/etc.4531



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

Step 1. Problem Formulation

EEE

nat is the question you are asking?

nat information do you need to answer that question?
nat 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

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

366 chems

ECOSAR class contains “phenol’

AND
277 chems

Canonical SMILES does not contain “Cl"

AND 168 chems

Log Kow <3.0

168 chemicals
2011 tests
483 taxa




Step 3: What do | do with this dataset?

CTD

AND/OR Calculator

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
. : Wh TT
. Algae, invertebrate, fish at we need forecol TC
« 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)



Predicted no effect concentration AFs

1 trophic level acute
2 trophic levels acute; use most sensitive taxon
3 trophic levels acute; use most sensitive taxon

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

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

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

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

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

"..but we don't use PNECSs!”

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:

cas Chemical name Species TrophicLevel Acute (mg/L) Chronic {mg/L) -
135183 2-Naphthalenol Naphthalen-2-0l  Oncorhynchus mykiss FISH 3.2000000 0.00100000
123318 Hydroguinane Benzene-1 4-diol  Daphnia magna INVERT 01651205 0.00250000
26787780 Amoxicillin, (25 5R, BR)-6- Hydra vulgaris INVERT 0.01000000

{I(2R)-2-Amino-2-(4-

hycroxyphenyiiacetyllamino)-33- e ]

dimethyl-7-oxo-4-thia-1-
azabicyclof3 2 Ojheptane-2-
carboxylic acid

55061 O-(4-Hydroxy-3-iodophenyl)-3,5-  Rephidocelis subcapitata ALGAE 001100000
s Ty All downloadable

(e
50271 Estriol(16aipha,17beta) Estra-  Danio rerio FISH 001206778 E l f 1 l
1,3,5(10)triene-3,16.17-triol aS Xce I es
'
G eo m et r I ( : 1689845 Bromoxynil:3,5-Dibromo-4- Daphnia magna INVERT 38764924 002000000
hydroxybenzenitile

123318 Hydroquinone Benzene-1.4-diol Raphidocelis subcapitata ALGAE 0.0530000 0.03014868

I I l ea n S by 123308 4-Amincphenol 4-Aminophenol Raphidacelis subcapitata ALGAE 0.1303840 0.03968627
S i S 500982 Phenol, 3 5-dimethoxy-3,5- Daphnia magna INVERT 62016787 0.04000000

Dimethoxyphenol

Acute & chronic

Number Number

Acute Acute Acute Chronic Chronic Chronic of of Group Final
Algae Invertebrate Fish Algae Invertebrate Fish Acute Chronic PNEC Driving Application PNEC
Chemical name CAS (mgiL) (mgiL) (mglL) (mg/L) (mg/L) (mgiL) Levels Levels Group PNEC Factor (mgiL)
4-Nitrophenol;4-Nitrophenol 100027 10.721650  6.8834861 17 125669 8.000000 1.3000000 21178120 3 3 PNEC10 CINVERT 10 0.13000000
Benzaldehyde, 3-hydroxy-:3- 100834 74.000000 1 0 PNEC4 AALGAE 1000 0.07400000
Hydroxybenzaldehyde
2,4-Dinitro-1-naphthol 101836924 18.835723 1 0 PNEC4 AFISH 1000 0.01883572
sodium salt dihydrate
(Martius Yellow);Sodium 2.4-
dinitronaphthalen-1-clate—
water (1/1/2)
Acetaminophen;N-(4- 103902 150.000000 2231359181 774813145 31.811947  0.2144761 02924018 3 3 PNEC10 CINVERT 10 0.02144761

Hydroxyphenylacetamide

P N ‘ I a b le 2.4-Dimethylphenal;2,4- 105679 8.061638 7.1109778 13.162391 1.897367 0.9920080 0.5247843 3 3 PNEC10  C.FISH 10 0.05247843

Dimethylphenol

4-Bromophenol 4- 106412 6.575713 14 6865793 6.524747 2.000000 0.3000000 3.0000000 3 3 PNEC10  CINVERT 10 0.03000000 ENVIROTOX DATABASE
Bromophenol
p-Cresol;4-Methylphenol 106445 19.371692 273751528 14736120 9.500000 0.8491821 29000000 3 3 PNEC10 CINVERT 10 0.08491821

US or EU—based m-Cresol:3-Methylphenol 108394 37.1588872 17.725129 2 0 PNECS  AFISH 1000 0.01772613

Search Filters

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




Step 5A; ecoT TC Calculation

Obtain tox data for
multiple chemicals

Probability

1.0

08

0.6

0.4

0.2

0.0

=0.106
0.288
0.604

LCL
HCs
ucL

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

Application
Factors

T
0.01 01 1 10 100

Concentration (mg/L)

1000

10000

Determine CAS-
specific Predicted
No Effect
Concentrations
(PNECs); Apply
Application Factor

Plot all a distribution
of all PNECs;

Calculate the
lowest 5th
percentile value

ecolTTC
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Barron et al,, 2021, https.//doi.org/10.3389/ftox.2021.6401873



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

But what iIf | don't want AFs & PNECs?

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

CTD
Calculator

« 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)



Step 5B: Chemical toxicity distribution (CTD)

Obtain tox data for
multiple chemicals

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

Probability

1.0

0.6 08

0.4

0.2

0.0

S8 ]

§3§ Select type of CTD

SEE analysis to perform

No
Application
Factors
Plot a distribution of
selected toxicity
values; Calculate
the lowest 5th

percentile value

Concentration (mg/L)

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 hame contains “benzene”’

groups for

) CASE STUDY CHEMICAL SELECTION
Select chemical + Data rich
+ Ecologically relevant

assessment * Diverse MOAs AN D
Compile acute ' Compile ASTER MOA = Baseline Narcotic
& chronic ENVIROTOX SEARCH corresponding
toxicity data b * Chemical name, CAS regulatory
Xl !_y y + MOA, substructure values AN D
chemical group
1 | SMILES does NOT
Compare grou .
Compute group ( GENERATE ecoTTC & CTD estfmateg's & P Contaln ‘ N, S, C#N !
no-effect * Various CTD scenarios requlator
values Ot ecoTTC based on PNECs ga lues y

44 chemicals
14006 tests



mg/L

Benzene chemical

A B CDE F GH I J K L M NOW®POQWR S T UV W X Y Z AABB CCDD EE FF GG HH II JJ KK LL MM NN OO PP QQ RR

01 _ _ _ _ _ _ - _ _ _ - | g
I ==s °
0.01
[
0.001 o
@
0.0001
0.00001
I EnviroTox PNEC
0.000001
@ Individual criteria value
== =« Avg criteria value
0.0000001 CTD - acute
CTD — chronic suppl w/ acute, ALL
1E-08 m €COTTC —NOPNEC4 /5
m— eCOTTC —ALL
1E-09

An early peek..



Trophic-level sensitivity to specific MOASs

18,411 tests

Consensus MOA = 'S’ 711 chemicals
752 species
AND AND AND

: . Trophic level = Trophic level =
Trophic level = FISH INVERT ALGAE
11,775 tests 5249 tests 1286 tests

499 chemicals 460 chemicals 258 chemicals
253 species 409 species 71 species

CTD

Calculator Acute data separated by trophic level (fish, invert, algae)

[16,225 acute tests]



Trophic-level sensitivity to Specific MOAS

100 1000 10000 1e05 1e-05 1e-04 0.001 0.01 01 1 10 100 1000

Cancentration (mg/L)

ALGAE: Least studied; least sensitive FISH: Relatively invariable INVERTS: Most sensitive
Algae 7.75e-2 0.041 0.134
Fish 9.33e-3 0.0144 0.00582

Invertebrates 5.81e-4 0.00103 0.000309




Additional applications / case studies

Impact of New Kienzler et al., 2019. STOTEN.

Chemistries

693: 133510
e
ng?l\lllpa\ltl/l%n h In progress

Criteria
Prioritization Value In progress - soon!

Derivation




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

JRC SCIENCE FOR POLICY REPORT

EURL ECVAM Status Report

on the Development, Validation and Regulatory Acceptance
of Alternative Methods and Approaches (2019)

The work of the HES| Animal Altematies in Emiron-
et committae focuzed over the
oents testng (Norbarg-Hing et ol

9ronp astablished by HESL This group developed

o

o omeg
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e ot

(ML LZAL 13 @ rew i databace of ecotoncooc: ara, the Enolon catsbace, wwch rrg: together mere than
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Seusce B Soence MO (1o Jewos e OO

https.//publications,jrc.ec.europa.eu/repository/

bitstream/JRC119292/eurl_ecvam_status_report_

2019_online_1.pdf

HEALTH CANADA

ENVIRONMENT AND CLIMATE CHANGE CANADA
CHEMICALS MANAGEMENT PLAN SCIENCE COMMITTEE

Combined government discussion
paper and science committee report
on informed substitution

January 2018

The: 50 icerbhid a NUmESs of speChE anas Whers data Gaps can be paricuany
[rotiematic and opportunties to Il these gaps. Thess comprise the following 0n ne:
zpeilic order] Jur exclogical nsk sssessment:

= ESors shaukd Loninise i mave baend radiional spamacnas that rely an aquatt
seceplors, given thal 3 substance's rme can ullisiely be in non-aquatic eccsyalers
ar EXpESR Non-aquatic ceokgical e

« Chemical paritcrng, fate, ammns:on Arcperties could be usad i holp pnpaint
Suokogical TecEgans of coneam and s tget subssquent sctltiss (for seampde,
wl-un:lu.mm"s

. meeds i lest g el fur meyer Lo lfor sample,
AmEATatES, N, s, Biris) My TRRSATENArS 1N CARAss (Rspacall FOEG) A%
deveicping allemsatie (1 i, neeanial models, such 33 Lesls on enibryss and
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12xa, and alo to nerease teshng eoences (a =, lest mers chemicals Lsing kess
TRSUNAS)
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appropriale in charackeriang ecosystem resk. For sxample, ECCC scenists ae

AAVEICRING AN fRsHNg hoth SYpeSINa And hazam foos Tor ralavant RAthe SPACES

Asuch ag hening gulks, comorants, and paar bears) to replace kesg-relevant bul

alhzrwse standard s

Data ram cx=tra mannanng and surecilance programs shoukd be used (o

understang ecosystems and speckes of concem ifor axamgde, haming gulls, poiar

B, b lrophic—eve] salmonids). The data from thess programs G be ussd

ATy T SURSIANGAS of £ONCAM and 10 Tack temporal 1rends of axisting

submtances, paricubary a%er applyng risk mitgaten actions. This sttivity curendy

applcs 1o curen subsances of cancam bt can readiy be extonded to substiules

Athe huture will cissm this “regratiabile substitution” If substhutes ara slEequantly

found lw be sccumulaling andion impacting an ecosysiem's heath).

Canlinue Lo expand curenl efforls k deveiop species sensibvly diskiulions for uss

T SCIGERING ASEAESMEDES

= Conskderusig *Fra TTC a5 2 new approach methodakgy; tis couid be

congidersd o be an “Ceo NART Puher dicusse beiow].

The sorementioned siraiegiee will resul in big data, wih the corsecuental

opparunty I devekap hammaneed, cenlritzed, and inuive data ooks and access

partals that and hazard data for af acoingieal

tigh assrssment o suppor IS,

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

KEM!

Swetiah Cremicals Apency

Chemicals of Global Concern
A strategy and criteria for their identification

Annex 3: The threshold of toxicological concern
(TTC) and the threshold of ecotoxicological concern
(ecoTTC)

The threshold of toxicological concem (TTC) is a de minimis concentration below which

m)nsmeu asmmedmhennhkely of concern for buman heaith (EFSA and WHO, 2016).
concem {ecoTTC) is 2 concentration

buwn]ur_h an ammbmm to cause toxic impacts on environmental organisms.

The {eco)TTC approach is distiburion-basad and derives chemicalclass specific
‘CoRCentrarian Hmit vaiues fom the auralatve diswbutions of experimenial Mo Observed
Effect Levels (NOELs) nu reievant toxicolozical endpeints (EFSA and WHO. 2018). Cenmal

0 applying this approach when estimating impact: on. buman bealth is de Cramer decisicn
mEmmmmemsmaww Cramer Classes), based on
‘the presence of potentially toxic functional zroups. The decision tree was onznally

mﬂmmmw*o,(mmn 1978} using a vary limited et of chemscals. Howsver,
EFSA and WHO recently concluded that the scheme is. even in the lizht of wodem
toxicalogical knowledge. sufficiently protectrve (EFSA and WHO. 2016).

The TTC/ecoTTC approach therefore only requires that the chemical struchare of the
aubstance in quastion is known and that the exposure iz estimated As such, it is espacially
suitable for a first priovitization of data-poar chemicals, so that mere reseurce-inensive
assessments can focus on relevant chemicals and exposure sCEDarios.

Exvironmenta] impacts or fmpacts on human health cannot be ruled out for chemicals hat
oCCuratc enceeding ing TTCacoTTC values. Within a full
chemical risk assessment (see Figure 3), the TTC approach is therefora used as a first
screening criterion fo separate Jow-prioricy chemicals from chemicals of potential concer fr
‘which a full hazard evalhation might be needed In the approach outlined above, the hazard
information provided from the GHS iz used to focus on chemicals that are likely to cause
concem, should they occur at concentrations exceeding the TTC/ecoTTC.

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
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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

|t 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
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